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THESIS ABSTRACT 

Title: The Politics of  International Collaboration in Polar Research 

This thesis investigates the tension between science and politics in contemporary polar 
research. Twin objectives underpin this central theme. The first  is to investigate the 
relationship between science and politics when analysed through an understanding of 
international collaboration in Arctic and Antarctic research. The second is to gain an 
understanding of  the nature of  research collaboration as an important mode of  working 
in modern science. 
A framework  for  analysing collaboration as a work process is proposed. The empirical 
research interprets how and why polar researchers collaborate. This is done by 
investigating a number of  collaborative projects with reference  to their policy and 
political context. Three countries with contrastive polar political interests were chosen 
within which to conduct the empirical work: the UK, Norway and Germany. 
Science logistics (the means of  supporting research in the field,  e.g. transport, research 
platforms)  are identified  as the most significant  enabling factor  in experimental polar 
research. They also perform  a symbolic political role for  governments. In the three 
countries forming  the focus  of  this study, science logistics are controlled by 
government polar research institutes which also house multidisciplinary research 
programmes. 
Logistics are traced to the heart of  collaboration; they bring researchers together, and 
shape the nature of  collaborative research. Differences  in ease of  access to national 
logistics structure collaboration. The interface  between these politics of  access and 
national political agendas is blurred, owing to the central role played by logistics in 
both science and politics. However, the apparent conflict  between scientists' careers 
and polar politics masks the finding  that scientists shape their careers in creative ways, 
despite, or perhaps because of  the constraints imposed by structural conditions. 
Viewing science as work reveals the importance of  taking account of  what scientists do 
when analysing the relation between science and politics. 
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CHAPTER 1 

Introduction: The research problem in context 

What may not be expected in a country of  eternal light? I may there discover the wondrous 
power which attracts the needle; and may regulate a thousand celestial observations, that 
require only this voyage to render their seeming eccentricities consistent for  ever. I shall 
satiate my ardent curiosity with the sight of  a part of  the world never before  visited, and may 
tread a land never before  imprinted by the foot  of  man. These are my enticements... 
(Mary Shelley, 1818, Frankenstein,  pp.13-14) 

The key to many secrets of  Nature, the search for  which has now been carried out for  centuries 
(I need only refer  to magnetism and electricity and the greatest problems of  meteorology) is 
certainly to be sought for  near the Poles. But as long as Polar Expeditions are looked on 
merely as a sort of  international steeple-chase, which is primarily to confer  honour upon this 
flag  or the other, and their main object is to exceed by a few  miles the latitude reached by a 
predecessor, these mysteries will remain unsolved. 
(Lieutenant Karl Weyprecht in 1875, advocating an International Polar Year in an address to 
the Royal Geographical Society in London; quoted in Baker, 1982) 

1.1 Defining  the research problem 
Polar research is rooted in exploration, and its history is intertwined with the evolution 
of  national territorial ambitions. Are research and modern nationalism at the Poles still 
the uneasy bedfellows  implied by Lieutenant Weyprecht in 1875? This thesis 
investigates the tension between science and politics in the contemporary polar world. 
Twin objectives underpin this central theme. The first  is to investigate the relationship 
between science and politics by analysing international collaboration in polar research. 
The second is to gain an understanding of  the nature of  research collaboration as an 
important mode of  working in modern science. 

Polar research provides an ideal 'laboratory' for  investigating the relationship between 
research and its political and policy context. The relative remoteness and environmental 
hostility of  the polar regions are barriers to most forms  of  human activity. Because of  their 
relative inaccessibility, the Arctic Ocean and the Antarctic are the least researched and least 
understood regions on earth. In such a setting, science provides an important vehicle for 
pursuing political agendas. 
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Through international collaboration we can trace how polar political agendas are 
implemented through science, and thus how the macro political context may have 
implications for  research at the individual level. Polar research is necessarily 
collaborative, owing to the high cost of  conducting studies in polar terrain, and to its 
often  interdisciplinary nature. These factors,  combined with the largely extra-national 
setting of  polar research, also suggest high levels of  international collaboration. In this 
study, collaboration indicates how the political context affects  research at the 
individual level, and is seen as an important mode of  working in science in its own 
right. Because polar research is highly collaborative, it provides an opportune case-
study for  investigating the nature of  collaboration within a particular context. 

The overarching theme of  the thesis is the relation between science and politics. A 
starting point for  a discussion of  this theme is the assumption that science is driven by 
its own goals and norms and can be understood in terms unrelated to its context. The 
theme is of  interest for  two reasons. First, the nature of  the interactions between 
science and its context is of  policy relevance, reflecting  a need to steer science towards 
achieving social and economic goals. Second, it is of  academic interest how 
boundaries between science and its social context are upheld. 

In order to explore the nature of  the relationship between science and politics in the 
polar context, this thesis will investigate how and why polar researchers collaborate, 
analysing these questions in the light of  international polar politics. In this way, the 
thesis probes the question of  how processes at the micro level of  analysis (research 
collaboration) relate to the macro level of  polar politics. 

After  a brief  outline of  the importance of  collaboration in modern science (section 1.2), 
this chapter provides an overview of  polar politics and thus supplies the wider context 
for  the research questions. These are enumerated towards the end of  the chapter. 
Thus section 1.3 describes the political history of  the polar regions, with an emphasis 
on the political role of  science: section 1.3.1 deals with the Arctic context, and section 
1.3.2 with Antarctica. The contemporary significance  of  a study on collaboration in 
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polar research is discussed in section 1.4. Section 1.5 describes the research questions, 
and section 1.6 outlines the thesis structure. 

1.2 The importance of  collaboration in science 

Bibliometric studies have identified  that collaboration across institutions and countries 
is becoming an increasingly prevalent mode of  conducting research (e.g. Hicks and 
Katz 1996a; Luukkonen et al. 1992). For example, in their study of  the British science 
system, Hicks and Katz estimate that within the next five  years, collaborations between 
institutions will account for  over half  of  the UK scientific  output (1996a). Inspired by 
recent work on the social system of  science which posits that the research enterprise is 
undergoing a transition (Ziman 1994; Gibbons et al. 1994), Hicks and Katz go on to 
tentatively attribute these rising levels of  institutional collaboration to just such a 
systemic shift  in the way knowledge is produced (1996b). 

In their book The  new production  of  knowledge,  Gibbons et al. (1994) claim to identify 
pervasive changes in research practice which, taken together, signal the emergence of  a 
new mode of  knowledge production (labelled Mode 2), alongside the traditional 
discipline-based method of  conducting science (Mode 1). A central feature  of  Mode 2 
knowledge production is that it takes place in a context of  application. That is not to 
say that it is merely applied science: in Mode 2, discovery and application cannot be 
separated - 'the relevant science being produced in the very course of  providing 
solutions to problems defined  in the context of  application' (Gibbons et al. 1994 pp.33-
34). A number of  the defining  attributes of  Mode 2 would suggest that collaboration 
ought to be increasing throughout the research system; indeed Hicks and Katz's 
empirical study appears to bear this out (e.g. 1996b). These attributes include: 
transdisciplinarity; organizational diversity; and heterogeneity. Together, these 
characteristics define  a system of  knowledge production in which: multiple skills and 
experiences are required to solve a single problem; a wide spectrum of  institutions is 
involved in knowledge production (in addition to universities and colleges) (e.g. 
government agencies, industrial laboratories, think-tanks, and consultancies); the 
knowledge and expertise located at these sites is becoming ever more specialized; these 
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knowledge-producing sites are linked through multiple types of  formal  and informal 
communication networks (Gibbons et al. 1994 p.6 and Chapter 1). As Ziman (1994) 
observes, increased specialization implies collectivization, with large and highly 
differentiated  research units becoming more prevalent (p.65). If  these are indeed the 
emerging internal characteristics of  knowledge production, they imply that 
collaboration is becoming an ever more important mode of  conducting research. 

Factors underlying rising levels of  international collaboration are likely to include 
globalization (whereby national economies are displaced by a single international 
economy), and the growth of  'Big Science', or Megascience. The latter designate high 
cost, complex, and often  spectacular research efforts,  such as those involving large 
facilities  (e.g. telescopes, particle accelerators), and large distributed programmes (e.g. 
the Human Genome Mapping Project). Transnational collectivization is becoming 
more commonplace, as research fields  become too expensive for  a single country, or 
even continental region, to pursue alone. Thus, as Ziman points out, high energy 
particle physics and space research are transcending the funding  capacity of  a single 
continental region; oceanographic and atmospheric sciences are global in extent, 
requiring transnational collaboration (1994 pp.230-232).1 

Bibliometric studies not only identify  rising rates of  international collaboration, but also 
changing patterns of  international collaboration (e.g. Leclerc and Gagné 1994). Leclerc and 
Gagné interpret these as a function  of  a 'continentalization of  science', suggestive of  the 
role played by science in regional economic policies and in European integration (ibid.). 
Other evidence suggests that scientific  relations between countries are partly influenced  by 
political developments (e.g. Frame and Carpenter 1979; de Bruin et al. 1991). De Bruin et 
al.'s bibliometric analysis of  scientific  papers from  the Gulf  region indicates a 
correspondence between trends in scientific  links and political developments in the region. 

1 The growing importance of  such forms  of  research is suggested by the development of  international 
organizations to foster,  support, coordinate, and manage research on a multinational, even global scale. For 
example, the Megascience Forum, a subsidiary body of  the OECD, was established in 1992. This 
international inter-governmental committee of  science policy officials  discusses ways of  strengthening 
international cooperation on very larage scientific  projects and programmes (OECD: Megascience Forum. 
1996. The  Megascience  Forum,  http: / /www.oecd.org/dsti/mega/) 
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The authors suggest that patterns of  scientific  cooperation may be both the cause and effect 
of  political developments (1991 p.562). 

Increasing rates of  institutional and international collaboration raise the questions how and 
why scientists collaborate. Studying the nature of  international collaborative research in 
polar science can provide some insight into these questions. Further, in view of  the 
increasing economic interdependency of  states, and the fact  that 'transborder problems have 
moved centre stage' (OECD 1992 p.54), understanding international research collaboration 
is of  increasing relevance for  science policy. 

Social theorists acknowledge that social processes embody properties which cannot 
wholly be accounted for  by the nature of  the relationships between, and actions of, 
individuals.2 As a social process therefore,  it is insufficient  to conceive of 
collaboration merely in terms of  the interests and activities of  individual collaborators. 
This suggests the importance of  studying collaboration, as an increasingly 
commonplace feature  of  the science system, in context. In order to gain an 
understanding of,  and perhaps demystify,  international collaboration, this study adopts 
a dynamic conception of  collaboration as work. Research collaboration is broadly 
conceived as a process of  working together on research projects. The nature of  this 
work process is considered in the context of  national policies for  polar research. 

1.3 Background to polar science and politics 

This section provides an overview of  the development of  polar politics and the role of 
science in this development. The aim of  this overview is three-fold.  First, it elucidates the 
historical significance  of  the research problem. Second, it illustrates the close, but different, 
relation between science and politics in the Arctic and the Antarctic. And third, it provides 
a description of  the contemporary background to polar politics. 

2 e.g. Giddens, A. 1993. New  rules  of  sociological  method:  a positive  critique  of  interpretive  sociologies.  (2nd 
edition). Cambridge, Polity Press. 
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The  Antarctic  and the Arctic: geographical  contrasts 
Because of  the extreme cold and dry climate, and high latitude, of  the Arctic and the 
Antarctic, the two regions offer  similar research opportunities in many areas of  basic 
science. However, the geography of  the two regions contrasts starkly. 

The Antarctic is a frozen  continent surrounded by the Southern Ocean; only 2% of  the 
Antarctic continent is ice-free.  It has no indigenous human population, but is visited by 
scientists and tourists. Since 1961, the Antarctic has been governed by an international 
treaty, which preserves the continent for  science, and demilitarizes the region. 

The Arctic region, in contrast, is centred upon a frozen  ocean basin, surrounded by the five 
Arctic-rim states, the USA (Alaska), Canada, Denmark (Greenland), Norway (Svalbard), 
and Russia (Siberia). A large number of  indigenous groups and immigrants inhabit the 
Arctic peripheries. Throughout the cold war era, the Arctic was of  vital global military-
strategic significance,  reflecting  the proximity of  the superpowers.3 Both the USA and 
Russia guard important national economic and military assets in the region. The Arctic 
environment is on the whole less harsh, and the region itself  less remote from  densely 
populated areas than Antarctica. The Arctic Ocean is permanently frozen.  Until the last 
decade, its multi-year (thick) ice was only penetrable by nuclear-powered ice-breakers. In 
1991, however, diesel-driven research ice-breakers reached the North Pole. Nuclear-
powered submarines have navigated beneath the ice-cover since the 1950s. 

The  multidisciplinary  field  of  polar science 
This thesis operates with a definition  of  polar science as research relating to natural 
phenomena and processes which occur in the polar regions. For methodological and 
theoretical reasons, the emphasis of  this study is on experimental science. The study does 
not touch on social sciences and humanities, though these are components of  polar research. 
National polar research programmes are now being increasingly targeted to focus  on global 
change research. There are three main reasons why the polar regions are particularly 
important for  understanding the possible causes and effects  of  global change. First, they act 

3 Svalbard is, however, demilitarized by the Svalbard Treaty. 
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as 'heat sinks'; any warming is therefore  detectable at an early stage. Second, they are 
relatively pristine, providing a unique opportunity to monitor global pollution. Third, the 
chemical content of  polar ice-cores contains a record of  the history of  world climate change. 

Polar science encompasses the polar components of  a heterogeneous group of  disciplines, 
including: geosciences; life  sciences; atmospheric sciences; oceanography; and space 
science. Despite the multidisciplinary profile  of  polar research, many countries with polar 
programmes have one polar research institute, because this is seen as the best way to 
provide expensive fieldwork  logistics. However, polar research is likely to be less 
dependent on fieldwork  in the future,  with the introduction of  remote observation techniques, 
and more extensive use of  satellite remote sensing. 

Shared  trends  in Arctic and Antarctic  development 
Following developments in cold climate technology during and after  the Second World 
War, and the consequent expansion of  the range of  possible human activities, the polar 
regions entered into the political sphere of  interest of  a number of  governments. 
Different  types of  interests emerged in each region, reflecting  the different  political and 
environmental settings. Consequently, Arctic and Antarctic research profiles  have 
largely evolved according to different  political criteria (e.g. Elzinga and Bohlin 1989), 
providing a valuable opportunity to investigate how different  political contexts can 
affect  the development of  science. 

The environmental hostility and relative geographic isolation of  the two regions allow 
several parallels to be drawn between their respective political histories. As the last regions 
to be discovered, explored, and subject to sovereignty claims, their political histories are 
relatively young. The polar regions have been labelled 'new territories' (Sollie 1984b), as 
vast expanses of  land were terra nullius4 until well into this century. 

Uninhabited polar regions present a unique legal challenge in the context of  territorial 
sovereignty, owing to difficulties  in defining  the criteria on which such claims could be 

"The term terra  nullius  is applied to land 'not subject to the sovereignty of  any one nation, but open to the 
nationals of  all countries' (Singh 1980 p.4), in effect  no-man's land. 
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based or opposed5 (Beck 1986; Sollie 1984b p.704). This has been partially resolved by 
introducing innovative international regimes which now play an important role in the 
governance of  the polar regions, although territorial disputes continue to rumble below the 
surface.  The events of  the Second World War and its aftermath,  the cold war, have 
decisively shaped the political histories of  the Arctic and Antarctic. In the words of  a 
Russian commentator, 'the higher the latitudes, the bigger the politics' (Timchenko 1992 
p.47). 

Both polar regions are multinational, but the political arrangements for  their governance 
differ.  To the extent that political analysts have treated the Arctic and Antarctic together, 
the aim has more often  been to highlight the contrasts between the international politics of 
the two regions, than to draw parallels between them (e.g. Purver 1984, Sollie 1984b, 
0streng 1989). And indeed, whilst the Arctic has been described as 'an international region 
where states come into conflict  over questions of  jurisdiction, exploitation, militarization, 
and environmental degradation' (Hitchins and Liander 1991 p.314), human activities in the 
Antarctic are regulated by a single unique intergovernmental regime, the Antarctic Treaty 
System. However, the international politics of  both polar regions are currently adapting to 
a rising international interest in polar affairs,  and to global political changes. It is no longer 
feasible  to simply portray the Arctic in terms of  conflict  and the Antarctic in terms of 
international cooperation. 

Perhaps reflecting  an inherent quality to the problems posed by 'new territories', it is 
possible to understand the historical development of  Arctic and Antarctic regions within the 
same analytical framework.  Skagestad (1975 Chapter 2) offers  a means of  categorizing the 
historical development of  the polar regions into three overlapping phases which broadly 
reflect  the different  types of  actors and motives involved. These developmental stages 
apply equally to the histories of  the Arctic and Antarctic, though do not necessarily coincide 
in the two regions. The first  stage is characterized by exploration, the second by state 
activity to secure national interests, and the third by national interests translated into 
international values. 

'Traditionally, legal recognition of  sovereignty over newly discovered, unclaimed territory is achieved by 
'discovery, taking possession, and perfecting  an inchoate title through effective  occupation'. By effective 
occupation is meant effectively  administered and controlled possession (Beck 1986 p. 125). 
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The hallmark of  the explorative phase is geographical discovery, achieved to satisfy 
personal or national desire for  power, prestige, economic advantage, and new knowledge. 
Exploration of  Arctic regions began significantly  earlier, and proceeded at a faster  rate, than 
Antarctic exploration. The Vikings of  the early Middle Ages were the first  people to 
discover uninhabited Arctic lands, whilst exploration of  the waters of  the southern 
hemisphere began in the sixteenth century. 

An important incentive for  these early voyages of  discovery into middle southern latitudes 
was the search for  'a large and populous southern continent' that was thought to stretch 
into temperate latitudes (Fogg 1992 p.7). Belief  in the mythical Terra  Australis  Incognita 6 
arose from  the notion that the two hemispheres must counterbalance. Indeed, Captain 
James Cook had been given secret instructions to search for  a continent south of  Tahiti 
during the Endeavour  voyage of 1768. This voyage disproved the existence of  the Terra 
Australis  Incognita,  and so opened the way for  exploration further  south. Cook's next 
voyage of  1772 to 1775 was the first  to circumnavigate the Antarctic continent (Fogg 1992 
Chapter 2). 

The pinnacle of  the explorative phase is the Heroic Age of  polar exploration, straddling the 
turn of  this century. The Heroic Age encompasses the achievements of  the national polar 
heroes, such as Scott, Shackleton and Amundsen. It reached a dramatic climax when the 
North and South Poles were reached for  the first  time in 19097 and 1911 respectively (see 
Appendix A for  a succinct account of  polar science during the heroic age of  exploration, 
and of  the International Polar Year of  1882-83). 

Discovery and exploration paved the way for  political, economic and later strategic and 
scientific  national interests in regions with no prior political or legal status. Thus the second 
'nationalistic' stage of  development is characterized by the active involvement of  interested 
states in the political and legal development of  polar territories. State political intervention 

6 A Terra  Australis  Incognita  ('unknown land in the south') features  on early maps, e.g. that of  Ortelius of  1573 
(Fogg 1992 p.7). 7 There is some dispute whether Robert Peary actually reached the geographic North Pole in 1909, as he had 
claimed. 
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took one of  three forms:  annexing territory; reserving the rights of  access to a territory and 
its resources, possibly involving the right to annex territory in the future;  and challenging 
the validity of  an annexation (Skagestad 1975 p. 18). As a result of  a growing intensity of 
national involvement, partially inconsistent principles for  determining the legal and political 
status of  polar territories began to be formed.  These unresolved legal and political 
principles, coupled with conflicting  national interests, gave rise to international territorial 
disputes. Both the Arctic and Antarctic entered this nationalistic phase of  development 
around the turn of  the century. 

By then, the continental Arctic landmasses were under the undisputed sovereignty of  their 
respective contiguous states, whilst the Arctic Ocean and the islands and archipelagos at its 
borders were the focus  of  continued nationalist pretensions. In contrast to Arctic 
territories, much of  the Antarctic continent remained terra incognita  at the onset of  the 
twentieth century. However, national interests began to make themselves felt  here too, 
with the start of  a profitable  and extensive whaling industry in the Southern Ocean. 

From the establishment of  the first  Antarctic shore whaling station on South Georgia in 
1904, and until the Second World War, most of  the vessels operating in the Southern 
Ocean belonged to Norwegian whaling fleets  and to scientific  investigations associated with 
the industry (Headland 1989 p.27). Whalers were responsible for  discovering many coastal 
regions of  Antarctica during the first  half  of  this century, at a time when a growing 
heterogeneous group of  states was becoming politically involved in the region, often  in the 
guise of  scientific  expeditions. Some of  these states annexed vast Antarctic areas, although 
these sovereignty claims were not universally recognized. 

The third and final  phase in this overview of  political developments in polar regions is 
characterized by a trend towards internationalization. This trend is more likely to originate 
in attempts to seek international solutions to national problems rather than in a moral 
ascendancy of  international values over national interests. Skagestad (1975) sees the 
tendency towards international cooperation in polar activities as stemming from  a need to 
solve latent and new jurisdictional and political problems, which gain poignancy when new 
types of  activities need to be controlled. Attempts to regulate new economic and scientific 
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activities, now made feasible  by rapid post-war advances in science and technology, unearth 
latent international and jurisdictional conflicts  left  unresolved since the 'nationalistic' phase 
of  development, and highlight the difficulties  of  applying customary international law to the 
Arctic and Antarctic.8 

During this final  phase then, international cooperation in various fields  and taking different 
forms,  emerges as a way of  allowing states to secure their own national interests in regions 
of  unsettled jurisdictional and political status. It also allows them to pursue capital intensive 
activities which demand more resources than a single state or company could reasonably 
justify  committing alone.9 

In Skagestad's scheme, this 'international' phase is precipitated by scientific  and 
technological advances, which open new possibilities for  transportation, communication, 
and economic development in polar regions, and which in turn demand national and 
international regulation (Skagestad 1975 p.20). He argues that the pervasive role of 
science and technology in polar activities places scientists and scientific  organizations in a 
key position to shape national and international polar developments, at the political as well 
as the scientific  level. The scientists' potential to exert a strong influence  derives from  the 
crucial expertise they represent. Through this, as a professional  group, they are well placed 
to further  their interests in the development, political and otherwise, of  the polar regions. 

8 There are three major ways in which polar conditions present special challenges to customary international law. 
There is no consensus over the legal definition  of  landfast  ice and drifting  ice. The inhospitable polar 
environment makes it difficult  or impossible to exert territorial sovereignty by means similar to those used in 
more temperate latitudes. Thirdly, the considerable resources required to carry out activities which would 
normally be undertaken by a single state, demand the pooling of  national resources, which in turn requires 
alternative modes of  regulation. 

9 The important role of  international scientific  cooperation as a front-runner  to this 'international phase' of 
development is indicated by the Second International Polar Year (IPYII) of 1932-33. This international 
research programme marked the fifty  year jubilee of  the First IPY (described in Appendix A), and was again 
organized by the International Meteorological Committee. However, the severe world-wide economic 
depression of  the 1930s badly affected  the scope of  the plans for  the Second IPY, and the entire programme 
almost foundered  through lack of  resources. Although plans for  operations in the Antarctic had to be 
abandoned, a network of  special IPY stations were established mainly in the Arctic, on the fifty  year 
anniversary of  the First IPY (some 21 new magnetic stations were established north of  60° N (Robin 1982 
p.758)). Again, the emphasis was on geomagnetism, meteorology, and studies of  aurora, but the techniques 
and instrumentation employed were far  superior to those available to the First IPY researchers (Robin 1982; 
Laursen 1959). 
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1.3.1 Arctic science and politics 
Modern national scientific  interests in the Arctic and Antarctic are related to the 
international political history of  these regions. This section, and the next on the Antarctic, 
supply this historical backdrop by considering the nature of  the relationship between polar 
science and its geopolitical setting from  a historical perspective. Theoretical thinking about 
how this interrelationship operates at the broad, international level is discussed in the 
following  chapter. 

Today, all Arctic lands are the undisputed sovereign territory of  the respective Arctic-rim 
states: Russia,10 Canada, the United States, Norway (by virtue of  sovereignty over 
Svalbard), and Denmark (Greenland is under Danish sovereignty but enjoys considerable 
autonomy having achieved Home Rule in 1979). However, the jurisdiction of  some marine 
areas is disputed. 

As recently as in 1981, the perceived remoteness of  the Arctic prompted one author to refer 
to the region as 'the last unmanaged frontier'  (Bloomfield 1981). Yet not a decade later we 
were told that we were entering 'the Age of  the Arctic' (Osherenko and Young 1989 p.3). 
Recent events have transformed  the region from  one characterized by an 'abnormal 
vacuum' of  international relations activities to an emerging arena of  international 
cooperation through the formation  of  international regimes (Hitchins and Liander 1991 
p.297). International relations activities are increasingly shaping national approaches to 
Arctic problems. 

For the sake of  clarity, the development may be considered in terms of  three periods of 
modern Arctic history. The first  period from  1920 to 1945 marks the end of  the 
exploratory period and the onset of  the modern period of  scientific  exploration; during this 
period, jurisdictional conflicts  over land territories were resolved. During the second period 
of 1945 to 1987, national Arctic activities were subsumed by the East-West conflict,  as the 
Arctic became a militarized area of  strategic stand-off  between the superpowers (Hitchens 
and Liander 1991). The onset of  the final  period from  1987 to the present was marked by a 

10 Russia is the successor to the Soviet Union in the far  north. 
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slackening in cold war tensions as a result of  Mikhail Gorbachev's glasnost  policies, and the 
gradual opening up of  the former  Soviet North to western scientists after  the break up of 
the Soviet Union in 1990. I suggest that this periodization of  Arctic politics broadly reflects 
differing  conditions for  Arctic science and international research cooperation. 

The Svalbard Treaty  of 1920 and Soviet  protectionism in the Arctic 
The Arctic area most relevant for  this thesis is the Svalbard archipelago in the Arctic Ocean. 
Svalbard is located half  way between the northern Norwegian mainland and the North 
Pole. It has no indigenous population, but supports a small population of  largely 
Norwegian and Russian nationals. These islands were brought to the attention of  the 
public by the Dutchman Willem Barents, who landed on Svalbard in 1596, during a failed 
attempt to find  a north-east passage (Armstrong et al. 1978 p.223; 0streng 1975 p. 12). He 
named the islands Spitsbergen. u Until the mid to late seventeenth century, Spitsbergen and 
Greenland were assumed to be part of  the same land mass.12 By the eighteenth century 
however, most maps represent Spitsbergen as an island (Arlov 1989 p.42). 

In 1899 the first  load of  Spitsbergen coal was shipped down to Troms0, the prelude to a 
coalmining industry bringing with it international economic and therefore  political interests 
to the island. Conflicts  between the predominantly Norwegian miners and their non-
Norwegian employers arose, highlighting the lack of  a clear administrative and regulatory 
authority on the islands. The self-regulating  terra nullius  status was no longer feasible. 

The question of  sovereignty over Svalbard was resolved at the Treaty of  Versailles in 1920, 
when years of  international negotiations resulted in the formulation  of  the Svalbard Treaty, 
a unique international regime providing for  the islands' legal and jurisdictional status. 
According to the Treaty, Norway was granted sovereignty over the islands, albeit with 
considerable conditions attached.13 

" When Norway assumed sovereignty of  the islands in 1925, the archipelago was officially  given the Old Norse 
name Svalbard.  The largest island of  the group was called West Spitsbergen until 1969, when it was 
renamed Spitsbergen  (Singh 1980 pp.7-8). 

1 interestingly in this connection, for  centuries the Russians referred  to Spitsbergen as Grwnant,  a corruption of 
the name Groenland  or Greenland  (Singh 1980 p.7). 

l3The original signatories of  the Spitsbergen Treaty were Australia; Canada; Denmark; France; India; Italy; 
Japan; Netherlands; New Zealand; Norway; South Africa;  Sweden; United Kingdom; United States. Germany 
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The Svalbard Treaty recognized Norwegian sovereignty over the archipelago, whilst it also 
secured the strategic and economic interests of  the other signatory states in the area. Thus, 
whilst Svalbard came under the jurisdiction of  Norway, the Norwegian government had no 
authority to exclude other nationals from  using the resources of  the area. The signatory 
states were thereby guaranteed access to Svalbard for  the purposes of  engaging in 
maritime, industrial, mining and commercial operations on a basis of  full  equality with 
Norway (Arlov 1989 p.68, Osherenko and Young 1993 p.5). Amongst a number of  other 
stipulations, the Treaty stated that any taxes raised by Norway from  activities in the Treaty 
area could only be used to cover the costs of  administering the archipelago. Significantly, 
in view of  the subsequent strategic importance of  the North Atlantic, the islands were to 
remain demilitarized: 

Norway undertakes not to create nor to allow the establishment of  any naval base in the 
territories... and not to construct any fortification  in the said territories, which may never be used 
for  warlike purposes. 
(Spitsbergen Treaty, Article IX) 

The nature of  the Treaty articles creates the impression that 'the treaty conferred  upon 
Norway all the duties of  sovereignty but few  of  the benefits'  (Singh and Saguirian 1993 
p.70). 

When Norway assumed sovereignty of  Svalbard in 1925, several companies and 
nationalities were active on the islands. However, largely as a result of  the interwar 
economic depression coupled with slow coal markets, only two companies maintained 
production on Svalbard into the 1930s, the Norwegian Store Norske Spitsbergen 
Kullkompani  and the Soviet Trust  Arktikugol. u Norway and the Soviet Union have in fact 
been the only two countries to maintain sizeable permanent populations in Svalbard up to 
the present. This situation has determined the course of  political developments in the 
islands, and was a notable factor  in the later emergence of  Svalbard as a focus  for 
international Arctic science. 

and Russia were excluded from  the Peace Conference  and so were not original signatories. A total of 42 
states have now acceded to the Spitsbergen Treaty. The Treaty was signed in 1920 and entered into force  in 
1925. 

14A second Norwegian coal company, Kings  Bay Kulkompagnie  began mining at the end of  the 1940s (0streng 
1975 p.136). 
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The strategic significance  of  the Arctic for  the former  Soviet Union is underpinned by a 
combination of  three geographical factors.  Firstly, a large proportion of  former  USSR 
territory lies within the area generally described as the circumpolar north, and this territory 
is economically crucial to the country as a whole, since the development this century of 
abundant mineral and fossil-fuel  resources in the North. Secondly, almost half  of  the Arctic 
Ocean coastline belongs to the former  USSR; and thirdly, the north-east Atlantic Sea board 
of  Russia constitutes a crucial ice free  maritime approach to the country.1 s Tamnes (1991) 
describes how the Soviet Union strengthened its relative position in the North during the 
interwar years. The USSR's 'self-assertion'  |>/c] in the Arctic found  expression in 
increasing levels of  scientific  activity and in its 'striving to exclude other nations from  what 
Moscow regarded as its domain' (p.33); hence the course of  extreme protectionism 
pursued by the Soviet government in its coastal Arctic waters since the 1920s (Sollie 1984b 
p.712). Technological achievements improving accessibility in the frozen  north, fuelled 
Soviet desire to gain control over its long northern coast, and over the islands and waters of 
the adjoining Arctic Ocean. 

The  geopolitical  significance  of  the Arctic during  the cold  war 
Young (1992) writes of  'the cold war paralysis that gripped the Arctic through much of  the 
post-war period' (p.28), and of  the mutual antagonism with which the superpowers faced 
each other across the Arctic Basin, rendering the region 'an unpromising area for  initiatives 
involving international cooperation' (ibid. p.7). 

The strategic significance  of  the Arctic first  became apparent during the Second World 
War. Allied convoys bringing supplies to the Soviet ports on the Barents Sea were 

15The importance of  this factor  to Russia is illustrated by an event involving the USSR and Norway near the end 
of  the Second World War. In 1944 the Norwegian foreign  minister Trygve Lie was summoned to meet the 
Soviet foreign  minister Molotov in the Kremlin. Molotov suggested that the Svalbard Treaty be revised 
because it was incompatible with Soviet interests, and had been adopted without Russian participation. 
Soviet concerns are clearly expressed in Lie's account of  the encounter. In his memoirs Lie recalls Molotov's 
words,' "we must reach an agreement, because as the situation stands the Soviet Union is locked in." ' Lie 
recounts that at this point Molotov got up, '...got out a map, placed his clenched fist  on the Dardanelles and 
said, "Here we are locked in". He moved his hand to Öresund, "Here we are locked in. Only in the north is 
there an opening, but this war has shown that the supply line to northern Russia can be severed or hampered. 
This shall never happen again. We have invested much in this part of  the Soviet Union, and it is therefore 
important for  the entire Union's existence that we shall in the future  ensure that northern Russia is permitted 
to live in security and peace" ' (Lie 1958 p.159, quoted in 0streng 1975 pp.68-69 and Till 1986 p.69). 
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attacked by German submarines and planes, whilst airfields  were built on Greenland to 
serve as refuelling  bases for  allied aircraft  (Sollie 1978 p.2). With the new balance of  world 
power that evolved after  the War, and the formation  of  the NATO and Warsaw Pact 
defence  organizations, the Arctic emerged as a key strategic region, as it represented the 
shortest route between the heartlands of  the superpowers. Air space over the Arctic Ocean 
was early on in the cold war identified  as an attack route for  strategic bombers, and later for 
intercontinental ballistic missiles. By the end of  the 1950s military airbases and radar 
defence  chains ringed the Arctic periphery. The strategic role played by the Arctic itself 
vacillated, as new military technologies were introduced and then replaced. Overall, 
however, the military importance of  the Arctic intensified  during the cold war period, 
owing to the growth of  the Soviet Northern Fleet on the Kola Peninsula. The related 
development of  nuclear powered submarines capable of  navigating beneath the Arctic ice 
cover, and of  submarine-launched ballistic missiles also enhanced the strategic importance 
of  the region. 

During the 1980s, the Soviet Northern Fleet was reportedly the largest military complex in 
the world, 'part of  the Superpower balance of  terror' (0streng 1989 p. 100). The USA 
introduced military countermeasures against the Soviet Northern Fleet,' in this way, the 
Arctic has gradually changed from  a distinct military flank  to a front  between the blocs' 
(ibid.). The military-strategic importance of  the Arctic permeated all national interests in 
the region, perhaps especially research activities. 

During this period, the Arctic also became an area of  increasing economic importance for 
some of  the rim states. Since the 1960s, Arctic-rim countries have engaged in the 
exploration and exploitation of  hydrocarbons and metallic minerals, and the Arctic is 
now industrializing (Osherenko and Young 1989 Chapter 9). In 1987, oil production 
in Western Siberia comprised 66% of  total Soviet oil production. The Prudhoe Bay 
oilfields  in Alaska are estimated to contain approximately one-third of  the known oil 
reserves of  the USA (0streng 1989 p. 100). The security and economic interests are 
linked, since the economic assets of  the region are integral to its strategic importance. 
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The global military significance  of  the Arctic permeated research activities (0streng 
1989). Nationally, military agencies (especially in the USA and USSR) played a significant 
role in shaping Arctic research agendas, both directly through funding  research 
programmes, and indirectly, through providing logistical support. At the international level, 
several Western attempts to institutionalize circumpolar international Arctic science co-
operation foundered  because of  East/West distrust and the vital military and economic 
importance of  the region. Broad trends in national policies for  Arctic research, 
including the implementation of  bilateral governmental agreements, seem to indicate a 
close relation between fluctuations  in East/West relations and conditions for  Arctic 
research and international scientific  cooperation. 

The 1970s were marked by a détente in East/West relations, lasting until the invasion 
of  Afghanistan  in 1979. During the 1970s and early 1980s, national Arctic research 
activities of  the rim-states were generally organized in accordance with the 'sector 
principle'16 (Roots 1984); I suggest that this reflected  an absence of  a coherent policy 
for  Arctic science, rather than a conscious policy designed to facilitate  the exploitation 
of  the knowledge base. The period is also characterized by the institution of  a number 
of  bilateral governmental agreements involving the former  USSR, to further 
cooperation in a (usually technical) field  directly or indirectly related to Arctic 
research. Only one agreement - the Polar Bear Agreement of 1973, was multilateral 
(until 1990, this was the only multilateral cooperative agreement in Arctic research 
which involved the former  USSR).17 These developments reflected  a need to share 
expertise in order to solve common Arctic problems. 

In contrast, the subsequent Reagan era of  the 1980s has been labelled 'the second cold 
war'. Canadian, US and Norwegian Arctic research strategy documents from  the 
1980s stress the importance of  Arctic research for  questions of  sovereignty, economic 

16 That is to say that relevant agencies funded  those aspects of  Arctic research within their sphere of  interest, 
perhaps leading to a fragmented  Arctic research activity. 17 Examples of  bilateral governmental agreements with implications for  Arctic science are: the Agreement on 
Cooperation in the field  of  environmental protection between the USSR and the USA (1972); the Agreement 
between the USSR and Norway to cooperate in the fisheries  industry (1975). The Agreement on the 
Conservation of  Polar Bears (1973) was signed by Norway, Canada, the USA, Denmark and the USSR. In 
accordance with the terms of  the Agreement, these countries undertook to cooperate in Polar Bear research 
and exchange scientific  information  on the topic. 
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development and national security (Washburn and Weller 1986, Claes et al. 1987), 
emphasizing the overriding significance  of  the military-strategic aspect. During the 
1980s (a period of  continued military escalation in the Arctic), many Arctic, and indeed 
non-Arctic countries consolidated their Arctic research policies (Norges Offentlige 
Utredninger 1989; Natural Environment Research Council 1989; Boissavy-Vinau 
1991). In most Arctic countries the issue of  Arctic research was dealt with at the 
highest political level (Claes et al. 1987). This trend is illustrated by the United States 
Arctic Research Policy Act of  1984, in accordance with which the President was to 
nominate an Arctic Research Commission. The Act was designed to 'advance Arctic 
research in the national interest': 

Research fields  that require attention are weather and climate; national defense;  renewable and 
nonrenewable resources; transportation; communications and space-disturbance effects;  ... 
international cooperation. 
(Washburn and Weller 1986 p.633). 

The relevant strategic interests were not limited to the Arctic-rim and Nordic states, 
such interests extended into NATO and Warsaw Pact countries (0streng 1989). 

Throughout the cold war era, various Western attempts at establishing a non-
governmental scientific  body to further  multilateral cooperation in Arctic science 
foundered  because of  the closed Soviet attitude in questions of  basic and applied Arctic 
research (Scrivener 1989). This hindered the consolidation of  an international Arctic 
scientific  community across national boundaries. However, in 1984, scientists from 
eight Western countries involved in Arctic research, established a non-governmental 
Arctic Ocean Sciences Board to coordinate Arctic international research. The USSR 
was invited to join, but failed  to respond (Wadhams 1985 p.24). 

A former  director of  the Norwegian Polar Institute has reported that Soviet scientists 
and scientific  institutions were not permitted to take part in international collaborative 
research in the Arctic, and even failed  to fulfil  the terms of  the Polar Bear Agreement 
to exchange data and take part in joint field  studies (Gjelsvik 1986 p.7). Foreign 
scientists were refused  access to the large portion of  Arctic territory under Soviet 
jurisdiction (ibid.). 
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The  emergence of  the Arctic as a regional  entity in international  relations 
Against the background of  Soviet secretiveness, Mr Gorbachev had considerable 
impact with his Murmansk speech of 1987, in which he made an important 
pronouncement on Soviet Arctic policy with implications for  international scientific 
cooperation across the East/West divide: 

Let the north of  the planet - the Arctic - become a zone of  peace. Let the North Pole become a 
Pole of  Peace ... We propose holding in 1988 a conference  of  Arctic countries to coordinate 
scientific  studies in the Arctic. It would be possible to examine there the question of  setting up a 
joint Arctic Scientific  Council. 
(Translated in Armstrong 1988 pp.68-69) 

Although the level of  militarization of  the Arctic continued to escalate after 1985, this did 
not preclude a reduction in tensions between the US and the USSR (Hitchins and Liander 
1991). This final  period is characterized by the establishment of  a number of  circumpolar 
international cooperative agreements, regimes, and institutions dealing with various topic 
areas, now made possible by the political opportunities afforded  by improved East-West 
relations. This trend has been salient for  Arctic science, since circumpolar research 
cooperation has opened up the vast terrestrial and maritime regions of  the former  Soviet 
Arctic to Western scientists for  the first  time since early this century. 

A pan-Arctic non-governmental International Arctic Science Committee (IASC) was 
founded  in 1990 by the eight Arctic states (the five  rim states and three Nordic 
countries). IASC seeks 'to encourage and facilitate  international consultation and 
cooperation [in Arctic scientific  research]'. Participation is open to scientific 
organizations of  other countries 'during such time as those countries are engaged in 
significant  Arctic research' (IASC 1990). Its membership now includes a number of 
non-Arctic nations. 

A dual role seems to underlie the foundation  of  IASC. It is apparent that the Soviets 
regarded it primarily as a regional, as opposed to a scientific  body: Soviet authorities 
would only approve the Committee on the condition that non-Arctic countries were 
excluded from  becoming founding  members (Scrivener 1989 p.59). The regional 
emphasis serves to undermine the scientific  role of  IASC, for  which it was originally 
intended. It seems that this dualism is an inevitable consequence of  the need to 
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accommodate the different  national scientific  interests of  Arctic and non-Arctic 
countries, as well as those of  former  Eastern Bloc and Western states. 

The greatest proportion of  Arctic research is carried out by the five  Arctic-rim states 
(Canada, the US, Norway, Russia, Denmark). A group of  Nordic and non-Arctic 
countries also supports a significant  amount of  research in the region. This group 
includes Finland, Sweden, Germany, the UK, France, the Netherlands, Poland and 
Japan (IASC 1991). Some Non-Arctic countries are turning their research interest 
northwards partly in response to the opening of  the Russian Arctic. 

In 1993 the German ice-breaker Polarstern  worked in the Laptev Sea, off  the Siberian 
shelf,  reflecting  the opening of  former  Soviet waters to Westerners. (A similar cruise 
planned for 1991 was at the last moment prohibited by the Russian military.) Final 
permission for  the August 1993 cruise was only granted in June of  the same year, and 
the Russians ordered certain changes to be made to the cruise plans just before  the ship 
sailed, such as increasing the number of  Russians on board. 

Reflecting  the close relationship between Arctic science and politics, the schizophrenic 
nature of  the Arctic as both an international, and a 'nationalized' region, is mirrored in 
Arctic science. As an international region with unique physical, biological, social and 
cultural characteristics, the Arctic presents transboundary scientific  problems and 
opportunities. As a 'nationalized' region, the Arctic is penetrated by the sovereign 
authority of  states, and science becomes integral to their Arctic economic, military, and 
jurisdictional national interests. 

Knowledge generated by Arctic natural science itself  lends credence to both ways of 
understanding Arctic problems: as being part of  a whole Arctic regional complex of 
problems, or as merely Arctic versions of  more generic problems. For whilst Arctic science 
has revealed that the dynamics of  Arctic ecosystems are best understood in a circumpolar 
context, it has equally shown that geophysical processes in the Arctic are integral to 
understanding global processes. 
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1.3.2 Antarctic science and politics 

The  International  Geophysical Year  and the Antarctic  Treaty 
Whilst the political history of  the Arctic suggested that the relation between 
international science and politics in the region was largely antagonistic, scientists and 
politicians alike have tended to further  an image of  Antarctica as a scientific  Utopia, in 
which a political superstructure - the Antarctic Treaty, functions  in the interests of 
science. In this setting, international scientific  cooperation is promoted as a scientific 
(and therefore  a political) priority. However, this section will suggest that the political 
significance  of  Antarctic science should be understood in the light of  the history of 
conflicting  national interests in the region, and the way in which these have been 
accommodated within the framework  of  the Antarctic Treaty, the central feature  of 
international politics and science in Antarctica. 

A superficial  inspection of  modern Antarctic history would suggest that the 
introduction of  modern science in Antarctica transformed  Antarctic politics from 
national rivalries over sovereignty issues to peaceful  stability and consensus, grounded 
in and serving the interests of  science. 

By 1942, seven nations - Britain, New Zealand, Australia, France, Norway, Chile, and 
Argentina - had laid claim to a sector of  the Antarctic continent.18 However, the 
British, Argentinian and Chilean sectors overlap (see map II appendix B), and the then 
emerging superpowers, the USA and the USSR, refused  to recognize any rights of 
sovereignty - reserving for  themselves the right to claim the entire continent. Against 
this background, state scientific  expeditions to Antarctica seemed to have little to do 
with science, but rather to have been demonstrations of  power or 'effective 
occupation' (Beck 1986 p.2; Gjelsvik 1984).19 

18 In 1908 and 1917 Britain claimed a sector of  Antarctica as part of  the Falkland Islands Dependencies; in 1923 
Britain claimed the Ross Dependency sector for  New Zealand; in 1933, Britain established the Australian 
Antarctic Territory; France claimed the Adelie Land Sector in 1924; Norway claimed a sector in 1939; 
Argentina and Chile claimed sectors in 1940 and 1942 respectively (Beck 1986 pp.28-30). 

19These operations reached a peak in 1946/47 with the US government-sponsored Operation Highjump 
comprising c.4700 men, 12 ships and 9 aircraft.  In the words of  the acting Secretary of  State in 1946, this 
was part of  a strategy 'that we may be in a position to advance territorial claims to those areas [to which we 
already have a reasonable basis for  claim]' (cited in Beck 1986 p.37). 
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The turning point in Antarctic science and politics is marked by the International 
Geophysical Year (IGY) of 1957-58. Twelve nations, which included the seven 
claimant countries, the two superpowers, and Belgium, Japan and South Africa, 
cooperated in an Antarctic scientific  programme under the auspices of  the International 
Council of  Scientific  Unions (ICSU). 

The IGY originated as a proposal for  a third International Polar Year, to be held twenty-
five  years after  the Second EPY, at a time of  maximum solar activity. The proposals for  a 
third Polar Year were put to the Executive Board of  ICSU in 1951, which then formed  a 
Special Committee for  a third International Polar Year. However, the World 
Meteorological Association stressed the need to extend synoptic observations of 
geophysical phenomena over the whole surface  of  the earth, and pointed out that an 
International Geophysical Year would be more appropriate (Spencer Jones 1959). ICSU 
extended the original programme into tropical and southern non-polar regions, and set up a 
special committee for  the IGY, the Comité  Spécial  de 1'Année  Géophysique Internationale 
(CSAGI) in 1953, to plan the scientific  programme and to invite participation (Fogg 1992 
p. 169, Robin 1982). 

At the Second CSAGI meeting in 1954, it was agreed that special effort  would be directed 
to two regions that were now accessible to technology, outer space and the Antarctic 
(Fogg 1992 p. 172). Knowledge about the Antarctic continent at the onset of  the 1950s 
was still extremely superficial,  for  example the Antarctic coastline had yet to be mapped. 

The scientific  aim of  the IGY is described by Sidney Chapman in his introduction to the first 
volume of  the Annals of  the International Geophysical year. 

The enterprise is an intensive study of  the whole earth, in a wide variety of  its large-scale physical 
aspects.... 
The main aim is to learn more about the fluid  envelope of  our planet - the atmosphere and oceans -
over all the earth and at all heights and depths.... Weather, the ionosphere, the earth's magnetism, 
the polar lights, cosmic rays, glaciers all over the world, the size and form  of  the earth, natural and 
man-made radioactivity in the air and the seas, earthquake waves in remote places, will be among 
the subjects studied.... 
It is being amply supported by governments because of  its immense short-term and long-term 
importance to mankind.... A notable feature  has been the spirit of  harmony that has characterized 
the organization, despite the political troubles of  our epoch. 
(Chapman 1959a p.l) 
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In Antarctica, twelve nations set up forty-eight  stations in connection with IGY activities. 
Investigations were carried out in such fields  as geomagnetism, glaciology, ionospheric 
physics, meteorology and seismology (Fifield 1987). A former  director of  the British 
Antarctic Survey has reported that 'throughout the planning period [of  the Antarctic 
IGY programme] politics were firmly  kept in the background, although elsewhere the 
"cold war" held sway' (Laws 1989 p.171). As pointed out by Robin (1982), the 
ambitious nature of  the IGY proposals, and the willingness of  governments to support 
them, should be seen as facets  of  the surge in political and social approbation enjoyed by 
science after  the Second World War. 

Few stations were set up in the Arctic specifically  in connection with the IGY, although 
over seventy previously established weather stations were adapted for  IGY operations 
(thirty-four  of  these were run by the USSR) (Polar Record 1957). Four of  the stations 
(two Soviet and two US) were drifting  stations set up on the Arctic pack-ice20 (ibid, p.446; 
Barry 1983). 

The IGY led to the institutionalization of  international Antarctic science with the 
creation of  the Scientific  Committee on Antarctic Research (SCAR) under ICSU, in 
1958. SCAR is a direct descendant of  the Comité  Spécial  de VAnnée  Géophysique 
Internationale,  the coordinating committee of  the Antarctic IGY programme.21 
Nations active in Antarctic science submit their future  research plans to SCAR, which 
informs  its members about each country's activities. 

The IGY also had a catalytic effect  on the international negotiations over a future 
international regime for  Antarctica. These negotiations resulted in the signing of  the 
Antarctic Treaty in 1959 by the twelve IGY nations. In drawing up the Antarctic 

20Keen to develop the ice infested  Northern Sea Route during the inter-war period, the USSR embarked on a 
major programme of  research into sea ice properties and movement. This led to the establishment of  the first 
Arctic Ocean drift  station, North Pole-1, in 1937. During the 1950s and 1960s, the Soviet Union and the 
United States manned a number of  Arctic ice islands and ice floes  in any one year (Wadhams 1985; Barry 
1983). 

21 A function  of  SCAR is to 'take primary responsibility, within the context of  Antarctic science, for  the co-
ordination of  national science programmes in Antarctica, for  the promotion of  cooperation among scientists on 
the international level, and for  the initiation of  new research projects' (SCAR 1990). 
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Treaty, the IGY governments were purportedly motivated by a dual desire to 
perpetuate the IGY-type environment in Antarctica, and to seek a peaceful  solution to 
the underlying political conflicts  (Beck 1986; Fifield 1987).22 

This solution was facilitated  by freezing  all sovereignty claims - in effect  agreeing to 
disagree over the sovereignty question, and by avoiding the related issue of  biological 
and mineral resource exploitation. The resource potential of  Antarctica was (and to 
some extent still is) unknown, and the exploitation of  minerals was not regarded as 
technically or economically feasible  in the near future.  An Antarctic diplomat has 
reported that the sovereignty issue was the most difficult  part of  the Treaty to 
negotiate (Wolfram  (ed.) 1984 p. 126). Article IV.2 of  the Antarctic Treaty reads: 

No acts or activities taking place while the present Treaty is in force  shall constitute a basis for 
asserting, supporting or denying a claim to territorial sovereignty in Antarctica or create any rights 
of  sovereignty in Antarctica. 

Another Treaty expert, speaking in 1983, suggested that the Treaty was a product of  a 
time when 'internationalism was thought to be a great good', and that 'it would be 
difficult  to conceive of  negotiating the Antarctic Treaty now' (Heap 1984 p.40). 

The  role of  science within the Antarctic  Treaty 
A country which is not an original signatory, can gain full  voting rights in the Antarctic 
Treaty System by making a successful  application for  Consultative Party membership. The 
criteria used to assess such an application are based on an interpretation of  Article IX.2 of 
the Treaty which states that signatory countries can participate in Consultative Party 
Meetings 

during such time as that Contracting Party demonstrates its interest in Antarctica by conducting 
substantial scientific  research activity there, such as the establishment of  a scientific  station or the 
despatch of  a scientific  expedition. 
(Antarctic Treaty Article IX.2) 

22 The Antarctic Treaty, signed in 1959, came into force  in 1961. The original signatories were: the 7 claimant 
states - the UK, France, Australia, New Zealand, Norway, Chile, and Argentina; the 2 superpowers - the USA 
and the USSR; Belgium, Japan, and South Africa.  Central to the Treaty's provisions are: Article IV which 
freezes  all sovereignty claims; Article I which demilitarizes the region; Article II which ensures the 
continuation of  'Freedom of  scientific  investigation in Antarctica and co-operation toward that end', and 
Article IX.2 which defines  the criteria by which a country may become a voting member of  the Treaty (and so 
influence  Antarctic politics). 

24 



As voting membership of  the Treaty is only achieved by demonstrating 'substantial 
scientific  research activity', there is a close relationship between political influence  and 
scientific  activity in Antarctica. Of  the few  activities that are currently feasible  and 
permitted in the region, science and science logistics are the most legitimate in political 
terms. As such, these activities confer  the greatest national prestige in Antarctica 
(Bohlin 1991). (Other activities currently undertaken are tourism and fishing;  a fifty 
year moratorium on mining was implemented in 1991.) 

The close relationship between science and politics in Antarctica is evident in the 
observation that countries with strong science programmes are also amongst the most 
influential  at Treaty Consultative meetings (e.g. Bohlin 1991). Thus an Antarctic 
science historian has traced the 'still evident' 'Commonwealth leadership in Antarctic 
affairs'  to the strong role played by science in the Heroic Age expeditions of  the British 
Empire (Fogg 1992 p. 128). 

It has been suggested that the sheer size of  the Antarctic research programmes of  the 
USA, the USSR (although the Russian programme has been reduced since the breakup 
of  the Soviet Union), Argentina, and to a lesser extent the UK, Chile, and Australia, 
exceeds their scientific  merit (Kimball 1990; Quigg 1983). In the twenty years 
following  the IGY, for  example, nine thousand Soviet citizens are reported to have 
served in Antarctica (Quigg 1983 p. 61). 

Antarctic  science and the sovereignty  issue 
The negotiation of  the Treaty was to a large degree motivated by the need to find  a 
'conflict  avoidance mechanism' in the face  of  disputes over sovereignty claims (Beeby 1991 
p.4; Beck 1991). It may be argued that the ability of  the Treaty parties to work together 
hinged on the way the Treaty dealt with the sovereignty problem. Thus Article IV of  the 
Treaty, by which claims to sovereignty in Antarctica were frozen,  and by which signatories 
agreed to disagree over the issue, has been regarded as the 'cornerstone' of  the Antarctic 
Treaty (Beck 1991 p.233). 
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Sovereignty claims were frozen  by the Antarctic Treaty, but they were not nullified 
(nor officially  recognized). For most of  the seven claimant countries, sovereignty 
remains a serious issue. As a former  British delegate to Antarctic Treaty meetings has 
suggested, 'A claimant State, going into negotiations under the Antarctic Treaty, does 
so on the basis of  its territorial sovereignty in the area which it claims' (Wolfram  (ed.) 
1984 p.60). Many of  the original IGY bases were located in accordance with political 
rather than scientific  criteria.23 For claimant countries, the strategic location of  bases 
remains a strong feature  of  their Antarctic science logistics. 

During the Southern winter of  1996, forty-two  scientific  stations were operating in the 
Antarctic. The bases of  claimant states are located within the respective sector claims. 
Argentina maintained six scientific  stations, Russia four,  and the UK, the USA, and 
Chile, three (SCAR 1996). 

Antarctic  science and the resources issue 
The Antarctic Treaty was designed to dissipate conflicts  of  interest between countries 
involved in Antarctica. Indeed, the success of  the Treaty is often  attributed to the manner 
in which it reconciles the interests of  claimant and non-claimant states in the name of 
science. However, it would appear that reconciliation was only achieved by avoiding the 
issue of  resource ownership (Beck 1986 Chapter 9). 

The Southern Ocean surrounding the Antarctic Continent is rich in biomass and number of 
species; krill, a shrimp-like crustacean, is particularly abundant. During the early 1970s 
some Antarctic Treaty governments began to voice concern over evidence of  over-
fishing  in Antarctic waters, and over the growing international interest in krill 
harvesting, at a time when little was known about the role of  krill in the ecology of  the 
Southern Ocean. 

23 The claimant states located their bases within their own sectors; the USA maintains one of  its original IGY 
bases on the South Geographical Pole itself,  interpreted as a symbolic negation of  the validity of  the sector 
claims which converge at the Pole; the USSR built bases at the Pole of  Inaccessibility - the point furthest 
from  all coasts, and at the South Geomagnetic Pole (Elzinga 1991; Laws 1989). 
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Fears about the effects  of  a depleted krill stock, together with longstanding concerns about 
other species, such as whales, led to the issue of  the conservation of  marine resources being 
placed on the agenda of  the Eighth Consultative Meeting in 1975. This triggered a series of 
negotiations between 1977 and 1980 designed to establish an Antarctic marine resources 
regime, separate from  the Antarctic Treaty, to secure the conservation (including rational 
use) of  all Antarctic marine life.  The Canberra Convention on the Conservation of 
Antarctic Marine Living Resources (CCAMLR) was signed in 1980; the original 
contracting parties (with decision-making powers) were the thirteen existing Consultative 
Parties, plus East and West Germany.24 

Partly in response to the concern over marine resources, SCAR set up the SCAR 
Group of  Specialists on Living Resources of  the Southern Ocean. In 1976 this SCAR 
Group, co-sponsored by the Scientific  Committee on Oceanic Research (SCOR), 
developed the scientific  guidelines for  a major international oceanographic research 
programme, Biological Investigations of  Marine Antarctic Systems and Stocks 
(BIOMASS). The objective of  BIOMASS was to gain a better understanding of  the 
Antarctic marine ecosystem 'as a basis for  the future  management of  potential living 
resources' (quoted in Powell 1983 p.l 13). BIOMASS research was largely centred on 
krill and its role in the ecosystem; it ended with a final  evaluating meeting in 
Bremerhaven, Germany, in 1991 (Fogg 1992 p.243). 

The regulation of  potential minerals resource activities proved far  more controversial and 
complex than the regulation of  marine resource activities. This was partly because the 
technical and legal conditions of  minerals exploitation have a greater bearing on the issue of 
sovereignty, but also because the minerals issue attracted the indictment of  the 
environmental and Third World lobby in a way unprecedented in the history of  Antarctic 
politics. 

24 Although CCAMLR is legally and institutionally separate from  the Antarctic Treaty, there was a conscious 
attempt to secure inter-connections between CCAMLR and the Antarctic Treaty, 'thereby reinforcing  the 
treaty system' (Beck 1986 p.228). CCAMLR negotiations were conducted in secret by the Consultative 
Parties, in a manner 'serving not only to preserve the dominant role of  the Consultative Parties, but also to 
insulate the negotiations from  interference  by the international community' (Beck 1986 p.225). Beck notes 
further  the 'somewhat arrogant attitude [of  the Consultative Parties] when dealing with a subject possessing 
significant  implications for  the wider world' (1986 p.229). 
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This general focus  on Antarctic resources within the Treaty System, had implications 
for  Antarctic science in two main ways. First, as the BIOMASS programme 
illustrated, research activities themselves were to some degree shaped by the political 
and economic interests. Second, a large, heterogeneous group of  countries established 
Antarctic research programmes in order to join the Antarctic Treaty. 

By the time the minerals negotiations were underway in the 1980s, some of  the energy 
anxieties of  the 1970s, which had been partly responsible for  fuelling  political and scientific 
interest in Antarctic minerals in the first  place, had dissipated. However, the level of 
Antarctic geological and geophysical activity increased considerably during the late 1970s 
and into the 1980s, and this increase has been attributed to the rising interest in the region's 
possible economic potential, and in its oil and natural gas potential in particular (Luard 
1984 p. 1183). 

Whilst the geoscientific  effort  of  several nations, most notably the USSR, Japan, the United 
States, West Germany, and Norway, focused  in part on geological structures which are 
reportedly the most promising for  hydrocarbons, namely the West Antarctic continental 
margin and the adjacent sedimentary basins of  the Ross and Weddell Seas, geologists are 
keen to point out that 'basic exploration does not involve methods which are not used in 
[basic] scientific  research' (Bergsager 1983 p. 174). There is little doubt, however, that this 
geoscientific  work was at least partially economically motivated. The third symposium on 
Antarctic geoscience in 1977 included four  papers on economic geology, including the first 
on multi-channel seismic surveys on the continental shelf;  the fourth  Antarctic geoscience 
symposium in 1982 included seventeen papers on economic geology (eight related to 
metallic mineral deposits, eight to the geology and geophysics of  the continental basins or 
margins, and one to coal measures) out of  a total 191 papers delivered (Gjelsvik 1983 
p.62). 

The Antarctic Treaty attracted a large number of  acceding states throughout the 1970s and 
1980s. A specialist on Antarctic Treaty matters has indicated a likely link between the 
rising international interest in Antarctica and the 'generally increased attention given to the 
question of  mineral resource potentials in Antarctica and a desire to be a participant in an 
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eventual development of  those resources' (Sollie 1984a p.24). The number of  Antarctic 
Treaty Consultative Parties (ATCPs) - countries demonstrating 'substantial research' -
increased from  thirteen in 1980 to twenty-seven by the end of  1990. The group now 
comprises less developed as well as developed countries.25 

Beck (1986 pp. 194 ff.)  suggests that from 1983 when India and Brazil were admitted as 
Consultative Parties, the entry criterion of  a substantial research commitment was 
interpreted with some flexibility.  The admission of  Third World states in particular would 
serve to mollify  critics of  the Antarctic Treaty regime, who were labelling it an exclusive 
rich-man's club. 

The increase in ATCPs has resulted in a proliferation  of  scientific  bases on a relatively 
small island, King George Island off  the Antarctic peninsula - the most accessible (and 
therefore  cheapest) location in Antarctica. The peninsula area is also where the 
British, Chilean, and Argentinian claims overlap. Duplication of  station siting and data 
collection is reportedly especially evident in the Antarctic peninsula (Davis 1992 p.51). 
Referring  to research duplication on King George Island, the SCAR Secretary has 
observed that, as a relatively cheap form  of  research, meteorology is a prevalent 
activity: 'they're all reading thermometers, and they're all reading the same temperatures' 
(personal communication). 

Some commentators have questioned the quality of  some Antarctic science, since the 
scientific  quality of  Antarctic research may be of  minor concern to the national funding 
agencies. A World Resources Institute report claims that certain nations 'have been 
criticized for  carrying out shoddy research or conducting "token" programs' (Kimball 
1990 p. 23). For example, South American research groups have been known to play 
rock music to penguins and to force-feed  them beef,  in the name of  science. 

25 Motives for  joining the Antarctic Treaty of  course vary between countries, but the 'rush' to join the Treaty in 
the 1980s clearly indicates a link between Treaty membership and the resources discussion. Apart from  the 
original twelve signatory states (the IGY nations), the following  countries were judged to maintain sufficient 
research programmes to become Consultative Parties to the Treaty in the following  years: Poland (1977); 
West Germany (1981); Brazil (1983); India (1983); Uruguay (1985); China (1985); East Germany (1987); 
Italy (1987); Spain (1988); Sweden (1988); Finland (1989); Peru (1989); South Korea (1989); the 
Netherlands (1990); Ecuador (1990) (27 states; but 26 since the East German programme was integrated into 
the West German programme in 1990). 
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The  changing context: environmentalism in Antarctica 
The Convention on the Regulation of  Antarctic Minerals Resource Activities 
(CRAMRA) was adopted in 1988 after  twelve sessions of  the Special Consultative 
Meeting. The Convention required that it be ratified  by a minimum of  sixteen 
Consultative Parties (all seven claimant countries, and at least five  developing and 
eleven developed countries) before  it could enter into force. 26 Thus when two claimant 
states, Australia and France, withdrew from  the consensus and rejected the 
Convention, CRAMRA failed. 

Australia's reasons for  rejecting CRAMRA, an instrument she had herself  helped 
negotiate, are widely attributed to altruistic conservationist concerns. However, there 
are clear indications that legal and economic self-interest  also played a role. Australia 
sets great store by her sovereignty rights in Antarctica, and CRAMRA appears to have 
been perceived as offering  claimants a raw deal (Beck 1991 pp.252-255). A diplomat 
who followed  the minerals negotiations at close hand attributes the failure  of 
CRAMRA to the impasse created by Australia's tall order during the final  stage of  the 
negotiations. As he recounted: 

Australia had two issues they wanted. [They demanded that] ninety per cent of  any Antarctic 
minerals profit  should go to the claimant state - this is called 'claimant state benefit'  - they should 
never have put a figure  to it. [And they demanded that] there should never be subsidization of 
[Antarctic] mining, it was perceived that this would put Australian mining at risk. ... The 
representatives of  the two relevant Australian government departments hadn't been able to decide 
which was the most important issue. So when this created an impasse, Australia went straight off 
to Greenpeace (UK1 p.5) [so that Greenpeace could take the credit for  the failure  of  CRAMRA, 
which it had lobbied against]. 

The minerals issue served to illustrate the vulnerability of  the Antarctic Treaty in the 
face  of  conflicting  interests between different  groups both within and external to the 
Treaty System. The Antarctic Treaty was reportedly close to collapse over the 
minerals negotiations when it ultimately proved impossible to reconcile the interests of 
claimants and non-claimants, as illustrated by the Australian episode. 

26 There were 14 Consultative Parties when the minerals negotiations began in 1982; by 1987 a further  six 
countries had been admitted to Consultative Party status, and these joined the talks from  their respective dates 
of  admission. 
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The minerals issue and the recognition of  the global environmental importance of  the 
polar regions, attracted the critical attention of  environmental non-governmental 
organizations towards activities in Antarctica. Greenpeace established a base on the 
continent and carried out regular inspections of  scientific  bases (May 1988). Because 
of  the lack of  consensus on the minerals convention, and because environmentalist 
pressures on the Treaty System needed to be accommodated, the Treaty governments 
rejected the newly drawn-up Minerals Convention, in favour  of  an Environmental 
Protocol in 1990. 

Treaty states are legally required to abide by the Protocol which enforces  strict 
procedures for  environmental protection. For example, all Antarctic activities, 
including science logistics, are subject to environmental impact assessment. Research 
managers appear to concur that for  the moment, at least, increasing pressures to carry 
out environmental monitoring and impact assessments are not having an overtly 
detrimental affect  on basic research activities. Scientists do however, voice concern 
that this may happen in the future,  since extra funds  are not being diverted to 
environmental management. 

As a result of  the Protocol, Antarctic Treaty governments are having to address issues 
relating to international scientific  cooperation. There is increasing pressure on them to 
share bases and science logistics, to merge research objectives and to implement an 
international form  of  peer review (Kimball 1990; Antarctic Treaty 1989). Against this 
background, an investigation into international scientific  cooperation in Antarctic 
research seems timely. 

Summary 
Political scientists stress that the geopolitical position of  the Arctic is fundamentally 
different  from  that of  the Antarctic (Osherenko and Young 1989, 0streng 1989). 
Though science and politics are closely related at both Poles, they are related in 
different  ways, reflecting  the different  geopolitics of  the two regions. The overview 
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has also illustrated that the political backdrop of  both regions is in a state of  flux,  with 
implications for  science. 

Whilst the essence of  Arctic research problems is predominantly circumpolar, the 
motives for  supporting the research are more directly linked to national interests and 
needs than is the case for  Antarctic research. However, as Arctic research becomes 
increasingly pervaded by environmental concerns - both of  a regional and global nature 
- and the need for  a collaborative approach is recognized and acted upon, so the direct 
relationship between exclusively national interests and Arctic research blurs somewhat, 
and national research motives become interwoven with, and influenced  by the 
opportunities and limitations as set by the broader geopolitical context. 

Antarctic science is more evidently a political resource than Arctic science. 
Government officials  ostensibly founded  the Antarctic Treaty to promote international 
scientific  cooperation. In the face  of  outside pressure, Treaty governments need to 
maintain a front  of  cooperation and agreement, which is symbolized by science. 
However, the conflicts  over the sovereignty and minerals issues, which provided the 
motivation to draw up the Treaty in the first  place, have not been resolved. Previous 
work has indicated that Antarctic science has the symbolic function  of  'political 
capital', of  'underscoring] and strengthen[ing] sovereignty claims or geopolitical 
stature' (Elzinga and Bohlin 1989 p.71). 

In the light of  these differences,  Arctic and Antarctic science might be expected to be 
transnational in different  ways. Transnationalism in Arctic science may be regarded as a 
function  of  collectivized action to solve common national Arctic problems, and 
transnationalism in Antarctic science more reflective  of  a universal ethos of  science. 
However, Aant Elzinga's work indicates that Antarctic research is assuming a more 
pragmatic form  of  transnationalism, whereby disciplinary boundaries within Antarctic 
science are breaking down, as Antarctic science merges with global environmental science 
(Elzinga 1992). Perhaps this is illustrative of  a trend that may occur in comparable fields 
such as ocean and space research, as natural phenomena are conceptualized in new ways, in 
line with an accumulation of  knowledge on global systems and processes. 
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In view of  the close relationship between polar science and politics, it is of  interest how this 
manifests  itself  at the level of  research practice. Collaboration provides an opportunity to 
investigate this. 

1.4 The contemporary significance  of  a study on international collaboration in 
polar research 

Current developments in polar science, in polar politics, and in research technology, 
are creating a changing context for  polar research. Polar science itself  is attracting 
political and popular interest because of  its importance for  understanding global 
environmental change. The international politics of  the polar regions are volatile. 
They are currently adapting to a rising level of  international interest in polar affairs,  and 
to global political changes. Arctic politics have been especially influenced  by the 
changes in East/West relations. New forms  of  multilateral cooperation have been 
developing in the Arctic since the internal upheavals and eventual collapse of  the Soviet 
Union. The Russian Arctic is now opening up to Western scientists for  the first  time 
since the 1920s. The Antarctic political regime has adapted to accommodate pressures 
from  the environmental lobby, and some Less Developed Countries are now equal 
partners around the Antarctic Treaty table. In view of  these changing political 
circumstances, and the global significance  of  the science itself,  Polar research provides 
a unique arena of  contemporary importance in which to investigate the interface 
between science and politics. 

Literature on the political and economic setting of  contemporary polar science emphasizes 
the importance of  national political, economic and military interests in polar regions, 
suggesting that national polar research policies should be understood in the light of  these 
interests (Elzinga and Bohlin 1989). Foreign policy concerns are identified  as an important 
motivating factor  behind national polar research programmes, 'Arctic as well as Antarctic 
science bears the stamp of  international and even superpower political conflicts'  (Bohlin 
1988 p.4). The work of  Elzinga and Bohlin shows that Arctic and Antarctic research 
profiles  have largely evolved according to different  political criteria, providing a valuable 
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opportunity to investigate how different  political contexts can affect  the development of 
science. 

International scientific  cooperation is in itself  an important issue in the organization of 
polar science. National polar research communities are small, and therefore  dependent 
on a transnational communication network. Polar research is greatly concerned with 
transboundary environmental problems, which are perhaps most effectively  tackled 
through an international, interdisciplinary approach. Finally, polar research depends on 
expensive technical equipment and logistic support which individual countries may not 
be able to provide. 

In light of  the close relation between polar science and politics identified  at a macro 
level, it is of  interest to ask how this affects  the practice of  research itself.  A study of 
international scientific  cooperation in polar research can add a new dimension to 
studies of  the macro role of  polar research, whilst also providing valuable insight into 
the nature of  collaboration within a particular policy context. 

This study differs  from  previous work on the politics of  polar science in its focus  on 
the micro level of  research practice. It differs  from  previous work on collaboration in 
its emphasis on the process of  collaboration, and in its attempt to locate this process 
within the relevant policy context. Such an approach is made feasible  by restricting the 
in-depth analysis of  international collaboration to a specific  policy context. In this 
sense, this study provides a case-study of  collaboration in a highly-collaborative field. 
Understanding the process of  collaboration can inform  science policy, which is 
becoming increasingly concerned with the phenomenon of  international scientific 
cooperation, as collaboration becomes an increasingly important aspect of  the 
organization of  science. 

1.5 Research questions 

This thesis operates at two analytical levels: at the level of  scientific  practice, and at the 
broader level of  the political role of  polar research. The theoretical and empirical 
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components interweave at both levels. Linking these levels involves investigating the nature 
of  international collaboration in Arctic and Antarctic research as a process, and thereby 
focusing  on the nature of  the relationship between research and macro-level polar politics. 

The research questions then, are designed to link the analytical levels by generating 
insight into both the nature of  collaboration as a process, and the relation between 
polar research and politics. They are aimed at testing the hypothesis that the nature of 
international collaboration in Arctic and Antarctic science respectively, demonstrates a 
relationship between polar research and its political setting. 

The question central to the thesis is: 
• What is the nature of  the ties between international collaboration in polar research 

and the political environment in which these collaborations take place? 
This main question is illuminated by addressing a series of  sub-questions: 
• Can patterns of  collaborative partnership between countries in Arctic and Antarctic 

science be related to the geopolitical interests of  governments in the polar regions? 
How do collaborative relationships in Arctic and Antarctic research compare in this 
respect? 

• How can international collaboration in polar research be described and interpreted 
as a process-, and what light does the nature of  this process shed on the nature of  the 
relationship between the process of  polar research and macro level polar politics? 

• Why do polar scientists engage in international collaboration, and what light do 
these reasons shed on the relationship between science and politics in the polar 
context? 

These questions are investigated by analysing collaboration at a macro level of  global co-
authorship patterns, and at a micro level of  scientific  practice. In order to interpret these 
patterns and processes within a policy context, three 'model' countries with contrastive 
polar political interests: Norway, the UK and Germany, were chosen within which to 
investigate the relationship between collaboration and its policy and political backdrop. 

This study then, combines the two questions of  the nature of  the relationship between 
polar politics and scientific  practice, and the nature of  collaborative research, through 
its focus  on understanding international collaborative research within the broader 
context of  polar politics. In so doing, it supplements previous studies on the 
relationship between polar research and politics at a national and institutional level, and 
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adds a qualitative dimension to recent work highlighting the increasing prevalence of 
collaborative work patterns in research. 

1.6 Organization of  the thesis 

The following  three chapters discuss theoretical perspectives relating to the substantive 
work of  the thesis. Chapter Two describes a macro theoretical perspective on the 
political role of  polar science. Chapters Three and Four discuss modes of 
conceptualizing research collaboration. It is argued that traditional, static concepts of 
collaboration (described in Chapter Three) are insufficient  for  understanding 
collaboration as a process. Chapter Four proposes a framework  for  analysing 
collaboration as work. 

Chapter Five explains the combination of  quantitative and qualitative methodological 
techniques employed to collect and analyse the empirical data. It details the mapping 
of  international collaborative links in polar research based on one year's set of 
internationally co-authored papers. It also outlines the qualitative research stages of 
studying the process of  international collaboration by way of  a number of  case studies, 
and of  studying the relevant policy context of  the collaborations. 

Chapters Six to Nine constitute the empirical component of  the thesis. Chapter Six 
assesses rates and patterns of  international co-authorship in polar research, and 
attempts to link these with national polar political interests. Chapter Seven shows how 
differences  between the national policies for  polar research in Norway, the UK and 
Germany, reflect  differences  in these countries' polar political interests. It describes 
the institutional and logistic organization of  polar research in each of  these countries, 
and also discusses the implications of  the nascent EU involvement in polar research for 
national polar programmes. Chapter Eight draws on the collaboration case-studies to 
analyse collaboration as a work process. It argues that conceiving collaboration as 
work reveals a distinction between fieldwork  and non-fieldwork  collaborations. The 
nature of  these differences  is traced to the implications of  science logistics for  the 
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practice of  research. Chapter Nine links collaboration with national polar political 
interests by answering the question why scientists collaborate. 

The final  chapter concludes that it is insufficient  to conceive of  the relationship 
between science and politics in the polar context as a one-way process. Analysing how 
and why polar scientists collaborate reveals that a hierarchy exists among scientists, 
largely determined by an inequitable access to science logistics and therefore  fieldwork. 
This hierarchy, which is indirectly determined by national polar politics, structures 
collaboration. However, the resourceful  ways in which scientists use collaboration to 
pursue their preferred  research, despite, or perhaps because of,  structural constraints, 
shows that they actively reconcile their own careers with polar politics. 
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CHAPTER 2 

The politics of  science at the Poles 

2.1 Introduction 
This chapter describes how the relation between polar science and politics has been 
conceptualized in previous research. The insight into the relation between polar 
science and its context described here, derives from  the macroscopic perspective 
adopted in some recent studies on the political and economic setting of  contemporary 
polar science. This chapter reviews this work because it initially guided my own study, 
and because it serves as a point of  departure for  understanding how the political 
context of  polar research might be expected to relate to collaboration. 

The way polar research has been conceptualized in previous research is interpreted 
here as a normative portrayal of  a science knowable independent of  society; the 
perspective implies that the smooth-working of  the science system depends on the 
maintenance of  a boundary that 'exists' between science and its social context. This 
interpretation is based on the analytical distinction between internal and external 
scientific  factors  in the work described here. This distinction accounts for  an empirical 
distinction between 'symbolic' and 'instrumental' science, which shows how 
differences  between Antarctic and Arctic science are related to their political contexts. 
Such a perspective on science results in normative implications, which assume a clear 
(if  shifting,  as a result of  'epistemic drift')  distinction between the scientific  and non-
scientific  institutions and the relevant actors. 

2.2 The political role of  polar science 

In his study On Polar Research,1 Ingemar Bohlin advocates a 'broad, international and 
comparative' methodological approach to the study of  polar research (1991 p.5). He 

'This text is only published in Swedish as: Bohlin, 1.1991. Om Polarforskning.  Report No. 167, 10 September 
1991. Gothenburg, Department of  Theory of  Science and Research, Gothenburg University. However, the 
central ideas in this study are published in English: Elzinga, A. and Bohlin, I. 1989. The Politics of  Science 
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grounds this choice in the multidisciplinary, yet relatively distinct character of  polar 
research (polar research is, for  example, an institutional category in many countries, 
even if  it lacks a clearly identifiable  theoretical identity). Further, Bohlin points out 
that 

the magnitude of  the political, economic and military forces  that impinge on polar science implies 
that... choosing a method that does not take these kinds of  factors  into consideration would be 
particularly inappropriate. Thus, in the initial stage of  a study of  modern polar research, there are 
good reasons to adopt an approach that draws upon political science and science policy studies, 
using a comparative analysis to highlight macro-social and political factors  that shape the conditions 
of  this scientific  field. 
(Bohlin 1988 p.4). 

Bohlin acknowledges, however, that he could only attain the international and 
multidisciplinary scope of  his study at the expense of  gaining insight into the nature of 
scientific  practice, and at the risk of  making 'some rather crude generalisations'2 
(Bohlin 1991 p.5). 

Work on modern polar research has analysed differences  between Arctic and Antarctic 
research agendas in terms of  the different  sets of  national interests in the polar regions, 
and by extension, as a function  of  the different  geopolitical settings of  the two regions 
(Bohlin 1991; Elzinga and Bohlin 1989,1993; 0streng 1989). The work has also 
analysed how the nature of  the relationship between science and politics has varied 
over time in accordance with changing international political and scientific  agendas; 
these latter studies emphasize the case of  Antarctica, where such historical effects  are 
perhaps more pronounced and visible than in the Arctic (Elzinga 1991, 1992, 1993; 
Elzinga and Bohlin 1989, 1993). In sum, the work on polar research demonstrates the 
'inseparable and highly integrated' nature of  science and politics in the Arctic and 
Antarctic (0streng 1988 p.20). 

Elzinga and Bohlin's collaborative study (1989,1993) claims that one of  its aims is to 
show why 'internal and external motives are more easily distinguished [in polar 
research] than in many other fields'  (Elzinga and Bohlin 1989 p.71). And indeed, a 

in Polar Regions. Ambio, Vol. 18, No. 1, pp.71-76 (a revised version of  this paper can be found  in: Elzinga, 
A. ed.  1993. Changing  trends  in Antarctic  research. Dordrecht and London, Kluwer Academic Publishers, 
pp.7-27); they also appear in English in an unpublished conference  paper: Bohlin, I. 1988. The  Motive 
Structure  in Contemporary  Polar  Science.  Paper presented at the 'Study of  Science and Technology in the 
1990s', Joint Conference  of  4S and EASST, Amsterdam, November 16-19,1988. 

2 Translated from  the original Swedish. 
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theme permeating science studies work on polar research concerns the relative 
influence  of  internal and external scientific  factors  on the shaping of  polar research 
agendas. The balance between internal and external factors  is itself  shown to be 
influenced  by fluctuating  Arctic and Antarctic international political agendas. 

2.2.1 Modes of  research instrumentality 
Bohlin (1990, 1991) adopts the concept of  institutional  research motive to 
demonstrate the link between categories of  national interest in polar regions and the 
different  types of  role fulfilled  by polar research.3 He illustrates the appropriateness of 
the 'institutional motive' concept by juxtaposing it with another, perhaps more familiar, 
term which has been used to relate science to its social context, that of  'knowledge 
interest'.4 Bohlin argues that this concept is too restrictive to account for  the range of 
ways in which polar science relates to its political context: 

The reason why the concept of  knowledge interest is of  limited value in an analysis of  the societal 
role of  polar science, is precisely that in its normal usage, it focuses  the immediate link between 
political priorities and the content of  scientific  theories. ... In its stead, I will simply use the concept 
of  motive,  which in this connection does not refer  to the incentives of  individual scientists, but to the 
returns expected from  scientific  research projects by the authorities that provide the funding.  The 
concept is very useful  in an analysis of  the conditions of  scientific  research activities. 
(Bohlin 1988 pp.10 and 5). 

Bohlin suggests that in order to understand the social (including political) role of  polar 
research, it is necessary to conceptualize two levels of  scientific  utility or 
instrumentality, 'at only one of  which the actual knowledge content is directly linked to 
social interests' (Bohlin 1988 p.5). The appropriateness of  the motive concept lies in 
its capacity to account for  the distinction between the practical use, and the symbolic 
value of  science; a distinction particularly important for  understanding the link between 
science and politics in the polar context. 

3In 0streng's analysis of  the 'relationship of  research to national interests' in the polar regions (1989 p.88), use 
of  the concept 'national interests' appears to perform  a similar role to that of  Bohlin's 'institutional motives'. 
The distinction between the two concepts is perhaps that they relate to different  organizational levels of 
'interest'. 0streng's analysis is located at a broad national level, whilst Bohlin appears to be largely 
concerned with the bureaucratic interests of  institutions. 

4 The concept 'knowledge interests' is adopted and defined  by Andrew Jamison in his work on links between 
science and environmental politics (1988). He derived the concept from  Jiirgen Habermas' notion of  cognitive 
interests, and uses it to refer  to 'historically-contingent and socially-conditioned positions in regard to 
knowledge ... For us, knowledge interests make up the cognitive  praxis , the relation to knowledge of 
identifiable  social groups' (Jamison 1988 pp.70-71). 
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Bohlin maps out a 'motive structure' of  polar research in order to describe the set of 
interests that political and administrative institutions invest in polar research. Six 
institutional motives are identified,  and these are classified  as internal or external to 
science:5 

At the level of  an institution or as part of  a nation's science policy, the basic motive manifests  itself 
in the existence and support to a group of  specialists who define  their problems at some distance 
from  the daily pressures of  politics and economics, frequently  as part of  a broader community 
bridging across national and international boundaries. This is only possible when the group is 
sufficiently  large to maintain itself  as a relatively stable and continuously active community, 
relatively immune from  commercial, military, political and other so-called external pressures. In 
this sense, the basic research motive is 'internalist', as distinct from  'externalist' institutional 
motives which have their point of  departure in the quest for  economic gain, national prestige, or 
power. 
(Elzinga and Bohlin 1989 p.71). 

The structure, or pattern, of  institutional motives is shown to vary between the Arctic 
and Antarctic, and between countries with polar interests. Differences  in the relative 
intensity of  these motives account for  the different  Arctic and Antarctic research 
profiles  (Elzinga and Bohlin 1993). The difference  in these conditions gives rise to 
epistemic as well as organizational disparities, leading Elzinga to conclude that 'the 
organisation and "logic" of  the production of  scientific  knowledge in the two poles 
follows  somewhat different  modes' (Elzinga 1991 p. 19). 

Reflecting  the relatively distinct roles science is required to perform  in the international 
politics of  the Arctic and the Antarctic, the predominantly practical-instrumental nature 
of  Arctic science has been contrasted with the broadly symbolic-instrumental nature of 
Antarctic science (Bohlin 1991; Elzinga and Bohlin 1989; 0streng 1989). The 
distinction between the practical utility and the symbolic value of  research is less a 
reflection  of  any inherent quality of  the science itself,  than of  differences  in the way the 
various institutional motives relate to science. Thus the two forms  of  research utility 
serve different  types of  institutional research motive, or research interest. 

5 One motive is scientific,  and five  are non-scientific.  The motives are: the basic research motive (curiosity 
driven); the political motive; the economic motive; the military motive; the jurisdictional/administrative 
motive; and the environmental motive (Bohlin 1991 pp.19-44; Elzinga and Bohlin 1993 p.9). 
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In principle, the practical and symbolic utility of  science are not necessarily mutually 
exclusive concepts, since they refer  to different  levels of  instrumentality. However, in 
the polar context, the defining  characteristics of  the two forms  of  scientific  utility are 
largely incompatible. This is because the symbolic value of  science is by and large 
assessed in relation to internal scientific  evaluation criteria, whilst the practical utility of 
science is a function  of  its ability to solve pre-defined  concrete problems.6 This 
distinction presupposes some boundary between the inside and outside of  science. 
Thus, symbolic research tends to be constituted by relatively autonomous basic 
science, whilst practical-instrumental research tends, by definition,  to be applied, or 
targeted; indeed, the symbolic value of  science may be inversely related to its practical 
utility (Bohlin 1991 p.66). The grounds for  this distinction may be explained with 
reference  to the political role of  Antarctic and Arctic science respectively. 

2.2.2 Antarctic science as symbolic-instrumental research7 

The Antarctic Treaty requires 'substantial research' for  full  Treaty membership.8 With 
tourism and fishing  the only other activities that are currently feasible  and permitted in 
the Antarctic, science and science logistics are the most politically legitimate, and so 
have come to bear a heavy political load:9 

6 The distinction between internal and external scientific  evaluation criteria originally appears in Alvin 
Weinberg's explication of  'criteria for  scientific  choice' (Weinberg 1963). He describes the nature of  the 
distinction thus: 'internal criteria [for  scientific  choice] are generated within the scientific  field  itself  and 
answer the question: How well is the science done? External criteria are generated outside the scientific  field 
and answer the question: Why pursue this particular science?' (Weinberg 1963 p. 163). 

7 0streng (1989 p.89) supplies the following  definition  of  symbolic-instrumental research: 
Symbolic-instrumental  research serves primarily political ends. It is initiated in order to demonstrate that the 
party in question possesses scientific  capacity capable, should the need arise, of  being used as a basis for 
influence  also in non-scientific  fields.  Here the client aims to ensure the presence of  researchers in a region 
where he wishes to assert himself.  Such presence will signal two things: first,  the state's interest in and 
attachment to the area, and second, the government's political will to play an active part in the development 
of  the area. In the eyes of  the government, the scientific  component is of  secondary importance in relation to 
the symbolic function. 

8 Antarctic Treaty Article IX.2 states that a country qualifies  to participate in the biennial decision-making Treaty 
meetings by 'demonstrating its interest in Antarctica by conducting substantial scientific  research activity 
there, such as the establishment of  a scientific  station or the despatch of  a scientific  expedition'. 

9 A fifty-year  moratorium on mining was implemented in 1991. Some authors suggest that as a consequence of 
the adoption of  the Protocol  on Environmental  Protection  to the Antarctic  Treaty  in 1991, environmentalist 
interests are increasingly pressurizing scientific  research activities, and that environmental monitoring and 
impact assessment studies may be replacing basic research as the most politically legitimate Antarctic 
activities (Elzinga 1992; Karlqvist 1991). 
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The strategic significance  of  science in Antarctic politics primarily flows  from  the presence that 
scientific  activity implies and the national prestige which the resulting expert knowledge provides, 
in the struggle for  power among the treaty states. 
(Bohlin 1988 p.10). 

Elzinga and Bohlin (1989) analyse the strategic role of  Antarctic science partly in terms 
of  a 'trade-off  between scientists and politicians in Antarctic affairs.  Each serves the 
interests of  the other; national governments do not primarily support Antarctic science 
for  its own worth, but for  its symbolic value as a means of  'advancing the national 
interests of  their own country in a geopolitical arena' (p.75). The role of  Antarctic 
science as 'politics by other means'10 has earned for  it the oft-cited  epithet 'the 
currency of  Antarctic politics' (Auburn 1982 p.93). 

Elzinga and Bohlin (1989,1993) indicate that the nature of  this 'trade-off'  relationship 
has implications for  national Antarctic science policies. They suggest that Antarctic 
researchers may enjoy a relatively high degree of  autonomy (especially compared with 
Arctic researchers). The underlying assumption is that the symbolic value of  a 
country's research is related to the perceived quality of  the country's scientific 
programme, and that quality is best assured by scientific  autonomy. 

Bohlin (1988) points out how the symbolic role of  Antarctic science should be 
understood in conjunction with a perceived tension between the basic research motive 
as an internal steering mechanism and the political research motive as an external 
steering mechanism: 

Antarctic science serves its political purpose most effectively  when investigations are permitted to be 
governed by internal scientific  criteria. The less the political research motive encroaches upon the 
basic research motive - the greater the political effect. 
(Bohlin 1988 p. 10). 

Further, pointing out the naivety of  assuming that funding  authorities do not have 
ambitions for  the science beyond its role of  merely demonstrating a national presence 

'"Referring  to the political symbolism intrinsic to Antarctic science, Elzinga declares that 'science in the 
Antarctic is the continuation of  politics by other means' (1991 p.15). Star (1991a p.28) imputes it with a 
different  meaning when she attributes the aphorism 'science is politics by other means' to Bruno Latour, who 
coined it in the context of  his discussion of  the 'Pasteurization of  France' (1988 pp. 142-143). In this case, 
science is conceived as co-extensive with society, such that the development of  one cannot be decoupled from 
the development of  the other. The phrase is a play on Karl von Clausewitz's (1780-1831) famous  aphorism, 
'War is the continuation of  politics by other means'. 
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(1991 p.88), Bohlin identifies  three ways in which the political research motive appears 
to impinge on the basic research motive. First, since an Antarctic science programme 
serves its symbolic, or political, role most effectively  through gaining outside 
recognition as high quality science, national sponsors are naturally likely to be keen to 
ensure the scientific  quality of  their Antarctic programmes. As a result, Bohlin 
suggests that a government might be more ready to support those areas of  Antarctic 
science in which it is already excelling, in order to maximise investment returns in the 
form  of  international scientific  recognition. This tendency, which Bohlin dubs a 
'Matthew effect  resulting from  the political symbolism of  Antarctic science',11 partially 
accounts for  the differences  between national Antarctic research profiles,  and to some 
extent undermines basic research (1991 p.32), presumably because it leaves scientists 
with little room to explore other research areas of  interest to them. Two further  ways 
in which the political nature of  the research manifests  itself  in the execution of 
Antarctic research programmes are identified.  Because of  the political importance of 
outward demonstrations of  scientific  excellence, funding  authorities may seek to 
maximise the visibility of  national expeditions, and therefore  encourage the dispatch of 
spectacular operations. They may also be inclined to prescribe where research 
activities are to take place, in accordance with political, rather than scientific,  criteria. 
Both these subtle modes of  research steering may impose limits on what scientists can 
achieve (Bohlin 1991 p.90). As an adjunct to these observations, Bohlin's Swedish 
case-study suggests that scientific  grant applications for  Antarctic projects appear at 
times to be evaluated in accordance with their suitability for  pre-planned logistics 
operations, rather than on scientific  merit alone (Bohlin 1991 pp. 104-112). This 
perceived tension between the internal (basic) research motive and the external 
(political) research motive gives rise to an equivocal assessment of  the quality of 
Antarctic research. 

As the drift  towards the applied is far  stronger in Arctic than in Antarctic science, the scientific 
recognition of  the former,  and thus its symbolical value, in a certain respect is less than that of  the 
latter. In another respect, however, the reverse relation holds true. This is so because many 
scientists feel  that the purely scientific  quality of  Antarctic research is a minor concern to those who 
provide the funding,  and that consequently, a great deal of  bad science is being done. 
(Bohlin 1988 p.14). 

" Translated from  the original Swedish. 
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Elzinga and Bohlin (1989) suggest that politicians are more interested in the reputation 
of  Antarctic research activities than in their actual scientific  value (p.75). However, as 
long as 'political credibility presupposes scientific  credibility [which] must be matched 
by scientific  quality', the integrity of  Antarctic science is buffered  against the external 
pressures of  political interests (Elzinga 1992 p.74). Yet it is this very integration of 
science and politics that renders science vulnerable in the face  of  fluctuating  political 
agendas. And as environmental interests move centre-stage in the international politics 
of  Antarctica, so Elzinga suggests that the symbolic value of  Antarctic research as 
political capital is being displaced by the growing prestige of  research and research-
related activities associated with the protection of  the environment (1993 p.94). This 
type of  displacement is interpreted by Elzinga and Bohlin as an almost perfidious 
'tendency to drift  from  internalist to externalist criteria in the evaluation of  polar 
research projects' (1989 p.75). 

Antarctic  science as big science 
Elzinga (1991) demonstrates how the symbiosis of  science and politics in Antarctica is 
rooted in the conflation  of  internal and external histories of  Antarctic science. The 
International Geophysical Year (IGY) of 1957-1958 and the subsequent 
institutionalization of  Antarctic scientific  co-operation appear to mark the point of 
convergence. For at this time the availability of  new technologies contributed to the 
recognition that Antarctic science could play a role in the intellectual development of  a 
number of  natural science disciplines whilst it was equally apparent that science 
provided interested states with a political resource. 

Science had become a cover for  power politics; accomplishing that which a show of  military 
strength did elsewhere. Thus, cold war rivalry was transformed  into scientific  competition, with the 
two superpowers as the largest and most powerful  actors. 
(Elzinga 1991 p.20). 

Elzinga appropriates the term 'Big Science' to encapsulate the essence of  modern 
Antarctic science as an expression of  this conflation  of  internal and external histories. 
Antarctic science as big science may be conceptualized as the manifestation  of  the 
trade-off  relationship between scientists and politicians outlined above; it would appear 
that the bigness lies principally in the integration of  science with big politics rather than 
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in the scale of  operations (Elzinga 1991 p. 15), though these are linked, as suggested by 
a hint of  ambiguity on this point: 

It is clear that science, due to its central role in the ATS [Antarctic Treaty System], has become Big 
Science in Antarctica. In some cases it is Big Science by virtue of  the scale of  activities and logistic 
support, in other cases it is more so because of  its role as an instrument of  state policy. 
(Elzinga 1992 p.268). 

With its roots in the geopolitical tensions that underpin the Antarctic Treaty and in the 
application of  technologies resulting from  the war (Elzinga 1991 p.20), Antarctic 
science as Big Science is perhaps best conceived as an organizational context of 
scientific  activity: a hybrid of  sublimated politics, or symbolic science, and a specialized 
research area dependent on highly sophisticated technical equipment, partially derived 
from  the military. This dualism underpins the dynamics of  this form  of  Big Science, 
which in turn are redolent of  the forces  defining  the nature of  symbolic-instrumental 
research, outlined above. 

Big Science became the product of  this political sublimation. In order for  science to be politically 
useful,  it could not be direcdy fettered  to a political master. Hence the emphasis on 
internationalism; which became a lasting feature  of  Antarctic Big Science. 
(Elzinga 1991 p.20). 

Such an understanding would allow for  the analysis of  a heterogeneous group of 
Antarctic science projects within the same rubric, as in the current study; for  as Elzinga 
points out: 'some parts of  Antarctic science are little science in a big science power 
context' (1991 p.24). Accordingly, this thesis relates polar science to its political 
context, though it extends the analysis to both polar regions. 

Shifting  policy agendas  for  Antarctic  science and the notion of  'epistemic  drift' 
Elzinga (1992,1993) suggests that the nature of  Antarctic research activities is 
susceptible to shifting  Antarctic Treaty policy agendas, to the extent that the latter 
impinge on the 'dynamics of  the research process itself  (Elzinga and Bohlin 1993 p.3). 
This observation underpins his adoption of  the Antarctic context to illustrate his notion 
of  'epistemic drift',  a theoretical principle linking changes at a social or organizational 
level with changes in research agendas. Elzinga describes epistemic drift  as: 

a shift  from  a traditional reputational control system associated with disciplinary science to one that 
is disengaged from  disciplinary science and, thus, more open to external regulation by governmental 
and managerial policy impositions. The norms of  the new system have a strong relevance 
component, transmitted from  the bureaucracies to which the hybrid research community is linked. 
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The bureaucracy thereby influences  not only problem selection but also the standards of  performance 
of  research, standards of  significance  and territorial definition  of  the field  or specialty in question. 
(Elzinga 1985 p.209). 

Thus an understanding of  epistemic drift  hinges on the recognition of  clearly distinctive 
internal and external epistemic criteria for  evaluating research, where epistemic criteria 
refer  to 'criteria which scientists apply in their discussions concerning the cognitive 
contents of  their research projects' (Elzinga 1985 p.207). The nature of  the distinction 
between internal and external epistemic criteria is closely associated with that between 
the putative 'moral order' of  disciplinary research communities and the norms of  so-
called 'hybrid' research communities. The latter are constituted by a mix of  scientists 
(often  from  several disciplines) and non-scientists; this mix reflects  their dual scientific 
and policy-advisory function  (Elzinga 1992 p.271). The hybrid communities embody 
'new forms  of  institutionalization and new communication structures' which evolve in 
connection with the development of  problem-oriented research fields  (Elzinga 1985 
pp.208-209). They are thus responsible for  mediating 'new evaluation standards and 
reputational structures' fashioned  in the context of  'politically and administratively 
determined goals' (Elzinga 1985 pp.209 and 207). 

The notion of  epistemic drift  constitutes a diagnosis of  widespread transformations  in 
the research system during the 1970s and 1980s. These transformations  are perceived 
as the combined outcome of  stagnant public resource allocations to basic research and 
the concomitant introduction of  selective science and technology policies designed to 
promote an efficient  and accountable research system, and to facilitate  the exploitation 
of  the science base (Elzinga 1985 p. 192). Ziman (1987, 1994) characterizes these 
developments as a transition to 'steady state' conditions for  science.12 

12 Yoxen (1988 pp. 13-15) supplies a succinct description of  Ziman's concept of  'steady state science'. Ziman is 
referring  to a situation which: 
'combines fixity  and structural change: whilst the envelope of  funding  is fixed,  organizationally, technically 
and economically research is changing rapidly. It is becoming more specialized, more likely to be organized 
around the collaborative use of  expensive facilities,  more often  based on team work and more international in 
scope, increasing the mobility of  scientists. Ziman has called this trend 'collectivization', and presumably the 
allusion to Stalin's drastic policies for  the reform  of  Soviet agriculture in the late 1920s is intended. ... 
Ziman then is talking about the complex dynamics of  a system in which internal pressures are continually 
increasing, whilst the boundaries are fixed'. 
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Elzinga's diagnosis suggests that the nature of  these transformations  is problematic 
since they bring about, and are in part constituted by, a confrontation  between two 
groups (scientists and decision-makers) which embody distinct norms and values. The 
problem lies not so much in the confrontation  between the two groups as in the 
consequences for  basic research of  the power differential  between them. According to 
Elzinga's 'epistemic drift'  thesis, this power imbalance could, under certain policy 
conditions, impinge at the heart of  the research process, resulting in the displacement 
of  'internal' standards of  research assessment and procedures by 'external' standards, 
which link the research to a specific  social context. Ultimately, such a situation might 
lead to an institutional conflation  of  science and politics, as scientists (presumably 
reluctantly) incorporate external assessment criteria into research procedures, criteria 
which they may be partially responsible for  defining  themselves (Elzinga 1985 pp.204-
205). 

We see then a shift  of  values, norms and ideas of  science at several different  levels. The 
phenomenon here referred  to as 'epistemic drift'  at the level of  research performance  seems to be 
attended by a general shift  in the social  paradigm  of  research. 
(Elzinga 1985 p.210). 

Elzinga's analysis appears to ascribe a privileged status to the values of  basic research 
(Rip 1988 p.79) as demonstrated by its concern with the maintenance of  scientific 
integrity in the face  of  threatening extraneous forces.  An alternative perspective is 
offered  in the analysis of  the pervasive transition to the form  of  knowledge production 
represented by Gibbons et al.'s Mode 2 concept (outlined in Chapter 1, section 1.2), 
where the shift  appears somewhat more benign. 

I suggest that the shifts  in the social and cognitive dimensions of  research, 
encapsulated by the Mode 2 concept, share salient features  with those represented by 
the epistemic drift  thesis. Like epistemic drift,  the Mode 2 form  of  knowledge 
production is defined  in contrast with its putative predecessor, disciplinary science 
(Mode 1). In Mode 2, science and technology research is conducted by a more 
temporary and heterogeneous group of  practitioners (than in Mode 1), who work 
together on problems, projects, and programmes defined  in a specific  and localized 
context, rather than according to disciplinary criteria. In a similar fashion  to the 
epistemic drift  thesis, the Mode 2 concept implies the emergence of  mechanisms and 
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criteria for  quality control which are inconsistent with, and would appear to threaten, 
the structures and processes which have been created to protect the integrity of 
disciplinary science (e.g. peer review; internal reward and communication structures). 
As Gibbons et al. explain, Mode 2 involves 'a shift  from  control located within 
disciplines to more diffuse  kinds of  control that reflect  the transdisciplinary nature of 
the problems being addressed' (1994 p.33): 

Looked at from  the point of  view of  Mode 1 such a process of  quality control [in Mode 2] 
necessarily appears as dislocated. It takes on transient and temporary forms,  exhibits fluid 
contours and provisional norms, and occupies temporary institutional spaces which can 
accommodate knowledge producers with many different  institutional affiliations...'  (ibid.). 

However, unlike Elzinga, Gibbons et al. appear to be value-free  in relation to this move 
away from  internal scientific  forms  of  quality control and assessment criteria. As they 
acknowledge, 'No judgement is made as to the value of  these trends [in the way 
knowledge is produced] - that is, whether they are good and to be encouraged, or bad 
and resisted' (1994 p.l). Being non-committal in this way implies shying away from 
assessing the epistemological status of  the resultant knowledge. Naturally, from  such a 
perspective, Elzinga's apparent concern over the displacement of  internal epistemic 
criteria by context specific  values, would be unfounded. 

The effect  of  epistemic drift  within the context of  an international science-based regime 
occupies a central position in Elzinga's accounts of  the interrelations of  Antarctic 
science and politics (1992,1993). The Antarctic Treaty regime is conceptualized as a 
'transepistemic arena'13 of  events and negotiations which will influence  the direction of 
Antarctic research. 

The regime concept may be employed... to refer  to events in a transepistemic arena where one finds 
both convergence and tensions or conflicts  between the perspectives and strategies of  researchers, 
funders  of  research and policy-makers. These also constitute structural determinants which will 
influence  the way an object of  research is constituted qua 'research object'. ... 
Science is thus affected  by the social rules of  interaction between the different  actors involved, as 
well as between actors and their political, economic and natural environments, i.e. the institutional 
motives that are at work in the foundation  of  this regime and in significant  interactions that take 
place within it. The present regime in Antarctica both facilitates  and constrains science, permitting 
the duality of  nationalism and internationalism in the context of  the thrust which currently moves in 
the direction of  greater ecological security. 
(Elzinga 1992 pp.268 and 271). 

13 This term is borrowed from  Knorr-Cetina, 1981a. 
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By conceptualizing Antarctic science as embodied within an international regime which 
both shapes, and is to some extent shaped by, the science dynamics, Elzinga is able to 
demonstrate the implications for  science of  such a 'dual contingency'.14 In the context 
of  shifting  agendas of  interests, science itself  adapts to, and contributes to, the nature 
of  these interests, through shifts  in scientific  assessment criteria, and through social 
changes in the character of  scientific  decision making and policy advice. 

2.2.3 Arctic research as practical-instrumental science15 

Studies on polar research have contrasted Antarctic and Arctic research and traced the 
differences  to three main differences  in their political contexts. Firstly, Arctic 
territories are extensions of  nation-states, their jurisdiction is not in dispute;16 secondly, 
the Arctic peripheries are of  strategic, political and economic importance to the 
respective states. Thirdly, the Arctic is not a demilitarized zone (with the important 
exception of  Svalbard); during the cold war, the Arctic constituted a militarized front 
between the superpowers17 (Bohlin 1991 pp.33-34; Osherenko and Young 1989). 

The Arctic component of  Elzinga and Bohlin's (1989) and Bohlin's (1991) 
comparative analyses draws largely on the research agendas of  the five  Arctic-rim 
states, as these countries are responsible for  the greater proportion of  Arctic research. 
However, reflecting  their focus  on the influence  of  national interests on research 

14 Rip (1988 p.64) attributes the term 'dual contingency' to sociologist Anthony Giddens. Rip's use of  the term 
relates to the 'contextual dynamics of  science': 'The institutions of  science constrain actions and interactions 
of  scientists, while at the same time enabling them, e.g. by providing legitimations and opportunities. On the 
other hand, the outcomes of  the scientists' actions add to and modify  the organizational field'  (Rip 1988 
p.64). The term should be understood in the context of  Giddens's structuration theory (e.g. Giddens 1993). 

15 0streng (1989 p.89) offers  the following  definition  of  practical-instrumental research: 
Practical-instrumental  [research] aims at solving current problems for  immediate application, be they 
military, economic or of  another kind. Clients are to be found  in public administration, in private 
organizations and in industry. They have basically two objectives in mind with such research: in addition to 
finding  answers to the problems impeding the achievement of  their interests, they also wish to gain a 
comparative advantage in relation to their competitors. 

16 Note that Arctic marine areas are not included in this statement; the precise legal status of  some marine areas 
is disputed. 17 Although the changes in East/West relations, and especially the collapse of  the Soviet Union, have had 
profound  implications for  the strategic significance  of  the Arctic, and thus the political context of  Arctic 
research, the main grounds for  distinguishing the politics of  Arctic and Antarctic science, as reviewed here, 
retain their validity, since the Arctic remains a largely nationalized region and the Antarctic Treaty remains 
intact. 
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agendas, the authors draw a distinction between the political role of  Arctic science 
conducted by rim-states, and that of  countries without Arctic territory. Since rim-
states maintain a diverse range of  activities in their respective Arctic regions, science is 
not required to perform  the strategic role of  demonstrating a national presence; rather, 

The reason why Arctic science is such an extensive undertaking is that mainly, it serves other 
purposes [than foreign  policy]. ... The value of  Arctic scientific  research to the funding  authorities 
is primarily bound up with commercial, military and social interests, and thus mainly concerns the 
practical usefulness  of  the knowledge produced. 
(Bohlin 1988 p.14). 

Accordingly, Elzinga and Bohlin maintain that the nature of  Arctic research priorities is 
to a large extent determined by 'external driving forces',  pulling science in an applied 
direction (Elzinga and Bohlin 1989 p.74; Bohlin 1988 p. 14). The strength of  these 
'externalist' institutional motives arouses the authors' concern about the management 
of  Arctic research, because a policy system which promotes the systematic harnessing 
of  scientific  research for  the fulfilment  of  non-scientific  goals will not maintain high 
scientific  standards: 

In Arctic science generally, the ... external motives seem to be far  more powerful  than the basic 
research motive and, correspondingly, the accountability pressure is strong. According to some 
scientists, the negative effects  of  the prevailing science policy strikes Arctic science particularly 
hard. Only to some degree is this tendency countervailed by the support for  basic research that 
issues from  the use of  science for  foreign  policy purposes. 
(Bohlin 1988 p. 16). 

Arctic research programmes of  non-Arctic countries, on the other hand, are described 
as performing  a politically strategic role analogous to that performed  by Antarctic 
research. Science serves as a vehicle for  such countries to demonstrate a national 
interest in the region, and is 'justified  on the merits of  [its] symbolical value, in many 
cases at the expense of  the practical usefulness  of  knowledge which is produced' 
(Bohlin 1988 p. 17). Bohlin suggests that as a consequence, non-Arctic countries 
supporting significant  Arctic research activities (such as Germany, the UK, Japan and 
Sweden) 'generally make contributions of  high internal scientific  quality' (ibid.). 

2.3 Normative Implications 

The analysis of  the political role of  polar science described above appears to be 
premised on, and indeed to endorse, a normative theory of  the relation between science 
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and its context. The essence of  the underlying theoretical stance is evident in the 
nature of  the analytical categories employed, and is further  implied in suggestions that 
the distinction between these categories of  'internal' and 'external' research motives is 
reproduced in differentials  of  scientific  quality. 

The way in which research and its motives in the Arctic and Antarctic are contrasted 
serves as an effective  rhetorical device to present the normative aspects of  the analysis. 
Scientific  quality is perceived as an important contributing factor  to the effectiveness  of 
the political symbolism inherent in Antarctic research; it is also suggested that the 
symbolic role of  science is best served by (with some qualification)  a substantial degree 
of  researcher autonomy. The strong links between Arctic science and external or non-
scientific  interests on the other hand, are reportedly conducive to a 'fragmentation  of 
knowledge production' (Elzinga and Bohlin 1989 p.74), and are thus assumed to 
undermine the cause of  scientific  excellence. The symbolic role of  Antarctic research is 
perceived as beneficial  to the extent that it serves to protect quality basic science, 
whilst the applied nature of  much Arctic science is seen in a pejorative light because it 
tends to undermine the political integrity of  internal scientific  evaluation criteria. 

The normative inference,  set in relief  by the 'deviant' Arctic situation, is that the 
integrity and efficacy  of  science as an institution is contingent on at least a degree of 
self-governance.  In the long term, the benefit  accruing to society from  science is best 
preserved by the maintenance of  a clear political distinction between scientific  and non-
scientific  institutions.18 

2.4 Scientific  entrepreneurship as a way of  understanding structural change 

The formulation  of  the epistemic drift  concept may be interpreted as a political project 
to defend  the integrity of  science in the context of  changes in a specific  economic and 
political climate.19 As Elzinga himself  declares: 

18 Because this perspective allows for  the distinction between an 'inside' and an 'outside' to science, it is 
somewhat redolent of  a functionalist  sociology of  science as developed, for  example, in the work of  Robert 
Merton (1973). However, the perspective on polar science developed in Elzinga and Bohlin's work has been 
developed within a neo-institutionalist framework,  and is not Mertonian. 

19 That of  Sweden in the 1970s and 1980s; and the more international state of  'steady state' science. 
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We claim that there is some usefulness  in upholding some version of  the distinction between 
internal and external regulatives in research. Failing to do this, the tendency to epistemic drift 
introduced by the contemporary de-institutionalisation process might well signal a - possibly 
irreversible - breakdown of  the integrity of  science. 
(Elzinga 1985 p.217). 

In Elzinga's work on changes in the macro social conditions of  science, scientists 
appear as victims of  policy and bureaucracy, exercising 'counter strategies' in a 
process of  damage limitation (Elzinga 1985 p.201). Elzinga's defence  of  science 
appears to be predicated on an implicit assumption that there is a right, or at least a 
better, way to do and to organize science, independent of  the social, political and 
economic context. 

With its emphasis on the changing relationship between the social and cognitive 
dimensions of  science on a macro scale, Elzinga's work contributes to the 'literature of 
adjustment' (Yoxen 1988 p. 16), a body of  science policy literature that emerged during 
the 1980s, documenting a historic change in the institutional structure and ethos of 
research (e.g. Ziman 1987; Remington 1988; Jamison (ed.) 1988). This literature 
shares with the epistemic drift  thesis a conceptualization of  change in terms of  a 
beleaguered science: 

The manifold  activities, through which scientists try to represent parts of  the natural world with 
predictive models, are conducted under some duress. ... Science now is representing  under 
pressure. 
(Yoxen 1988 p.22, italics in the original). 

Yoxen documents the threefold  sources of  this pressure: 'competition'; 'the 
strengthening institutional imperative to shape research to fit  the programmatic needs 
of  funding  agencies and other sponsors'; and 'episodic eruptions of  public interest, 
concern and protest' (Yoxen 1988 p.22). According to much of  this 'literature of 
adjustment', these influences  are extraneous, and their impact on the scientific 
enterprise is consequently perceived as damaging: the process of  change is constituted 
by one-way 'policy inroads into the Republic of  Science' (Rip 1988 p.61). 

With reference  to this perspective on the dynamics of  change, Rip (1988) points to the 
inadequate way scientists are implicitly conceptualized as automatons, 'functionaries 
following  the scientific  method, or [Mertonian] CUDOS norms' (Rip 1988 p.63). 
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Thus, whilst endorsing the fact  of  structural change in the research system, Rip calls 
for  a more sophisticated approach to understanding the dynamics  of  this change. 

That something is changing in contemporary science is not at issue. But the simplistic idea of 
policy inroads into the Republic of  Science cannot be the final  answer. Not only have scientists 
actively collaborated in bringing about such a situation, the Republic of  Science idea is also 
misleading in that it suggests that the basic ways of  doing science remain (or should remain) the 
same. In fact,  I will try to show that structural changes are occurring in science, which affect  its 
sociology as well as its epistemology. 
(Rip 1988 p.61). 

Concerned to take account of  the nature of  this sociological change, both Rip and 
Yoxen adopt models of  the dynamics of  the research system underpinned by 
'calculative models'20 linking the scientific  world with the socio-political world: 
scientists are seen as entrepreneurs, 'mobilising resources and acting strategically to 
further  their own ends' (Rip 1988 p.63). 

This distinction between rational and more 'calculative' models of  the dynamics of 
science forms  a springboard to, and feeds  into, the following  two chapters on modes of 
conceptualizing research collaboration. 

20 Andrew Webster's term (Webster 1991 p.32), referring  to a model of  the scientist as social actor pursuing 
his/her own interests, 'in order to link the analysis of  the world of  scientists with its wider socio-economic 
and political context' (ibid.). 
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CHAPTER 3 
Science studies perspectives on research collaboration 

3.1 Introduction 
This chapter describes modes of  conceptualizing and interpreting research 
collaboration within science studies. Studies of  big science collaboration1 and 
dispersed collaboration are discussed separately. It is argued that in both groups, a 
distinction can be made between studies which perceive collaboration as a 'problem' 
requiring explanation, and those which perceive collaboration as work. Studies in the 
latter category understand collaboration not as a problem, but as a complex interplay 
between individual interests and accommodation, involving discord, compromise, 
negotiation, and trust. Different  conceptions of  science underpin this distinction. A 
fuller  conceptualization of  collaboration as work is elaborated in the following  chapter. 

The modes of  conceptualizing collaboration outlined here reveal a lack of  coherence 
between science studies approaches to studying and understanding research 
collaboration. It has been said that metascience is characterized by a lack of 
constructive dialogue between its constitutent disciplines and specialities (Shadish, 
Fuller, Gorman et al. 1994 p.70). The lack of  theoretical and methodological 
integration in science studies has been partly diagnosed as a symptom of  the 'micro-
macro' dispute that permeates social theory: 

Part of  the problem here is that historians, philosophers, sociologists, and psychologists have each 
typically wanted to explain certain purported facts  or features  about science that some of  the others 
have wanted to deny. In recent years, this problem - the site of  most of  the incommensurability that 
afflicts  science studies - has been the need to clarify  and explain the sense in which modern natural 
science has been a distinctly 'successful'  cognitive enterprise ... Failure to agree on the micro-
macro dimensions of  what needs to be explained has hampered interdisciplinary collaboration - any 
collaboration, for  that matter. 
(Shadish, Fuller, and Gorman et al. 1994 p.70) 

1 Examples of  big science programmes, or Megascience, that have been studied as international cooperative 
ventures are CERN (Krige 1993), and the European Space Agency space science programme (Zabusky 1995). 
As mentioned in Chapter 1, section 1.2, the growth of  big science, or Megascience, is a significant 
development in the social organization of  science, and therefore  in rates and patterns of  international 
collaboration. 
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1 suggest that this is reflected  in science studies approaches to studying research 
collaboration. 

3.2 Collaboration in big science 

This section focuses  on how collaboration in 'named' big science programmes has been 
conceived. In so doing, it will show that collaboration in big science is perceived by 
some commentators as a problematic facet  of  the social organization of  research, 
whilst for  others, it is not a problem, but an aspect of  science as work. 

According to the conventional conception of  big science as expensive research 
requiring teamwork, big science is necessarily collaborative, and often  internationally 
collaborative (Yearley 1988).2 Because of  their massive scale, big science projects are 
often  multinational ventures, entangled with national politics and international 
relations. The political salience of  big science projects derives both from  the scale of 
their financial  dependency on national governments, and more subtly, from  the 
ideology of  scientific  universalism as a political resource (e.g. Crawford  et al. 1993, 
Ziman 1994). I suggest that these two dimensions of  the political significance  of  big 
science projects inform  different  modes of  conceiving collaboration in big science. 

Collaboration  and collectivized  teamwork 
The large scale of  big science projects, and the degree to which they are politically 
steered, arouses concern over their implications for  the nature of  science and scientific 
work (Ziman 1994). Big science is equated with an industrial model of  science, where 
scientific  work has come to resemble industrial labour, in contrast with a putative 
earlier state of  science as craft  work (Price 1963). The industrial model of  science and 
the 'collectivization' of  research that it implies are regarded by some as incompatible 
with the individualistic ethos of  earlier scientific  work (e.g. Ziman 1991). This is partly 
because the necessary teamwork makes it difficult  for  researchers to claim an 
experiment as their own. 

2 Looser conceptions would simply use the two criteria of  scale and scope to distinguish big science. 
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In this context, collaboration is conceptualized as a function  of  the complexity and 
scale of  the scientific  and technological work. It is constituted by collectivized team 
research, involving a rational division of  labour, hierarchically organized tasks, and 
routine (Yearley 1988 p.76). The hierarchical structure alienates workers from  the 
experimental goal of  the project (Merton 1973). 

A study of  collaboration at CERN (European Organization for  Nuclear Research) 
extends the industrial metaphor of  big science to collaboration (Krige 1993). Krige 
found  that because the CERN collaborations he studied included a mix of  professional 
groups, there was ambiguity about whether to include names of  engineers and 
technicians on physics papers. In the face  of  this ambiguity 'collaborators tended to 
adopt a policy of  generosity' (p.250). However, the ambiguity was not only about 
credit sharing, but also about who was in fact  a physicist; the boundary between 
physicists and other professional  categories had become blurred in the collaboration. 
Whilst the 'policy of  generosity' served to avert conflict,  it equally imposed an 
unwelcome anonymity (p.253). As Krige concludes: 

it is increasingly difficult  inside large collaborations to gain recognition simply because one is a 
good physicist. As the traditional 'objective' criteria of  assessment, like the publication become 
irrelevant inside the community, so physicists are finding  that they have to 'sell' themselves, to 
make sure their efforts  are visible to the rest of  the collaboration. What you know matters. Who you 
know - and who knows you - also matters, and increasingly so. 
(Krige 1993 p.253) 

Such a perception of  collaboration is coloured by the normative framework  within 
which it is conceived. 

Collaboration  and symbolic politics 
Through their high political profile,  big science programmes can constitute a source of 
imagery of  national identity. In the case of  transnational big science projects, this 
imagery can combine with the ideology of  science as a universalistic and peaceful 
pursuit to provide governments with a potent source of  political symbolism. When 
political requirements dictate, international collaboration can be exploited as a symbol 
of  scientific  universalism, thus becoming entangled with national interests and 
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international relations. The point here is that organizations and governments can 
become implicated in inter-individual collaborations. 

Studies of  collaboration at CERN (Krige 1993) and the European Space Agency 
(ESA) (Zabusky 1995) point to the notional role played by collaboration as a force  for 
European political and economic integration, suggesting an ideology of  international 
unity to be inherent in big science. Krige's observation that 'a typical paper from  one 
of  CERN's largest detectors was recently signed by 521 people from  44 institutes in 19 
countries' (p.234) illustrates the transnational imagery inherent in CERN 
collaborations. 

A more blatant example of  international scientific  collaboration as a political instrument 
is provided by a case study of  the Atomic Bomb Casualty Commission 'ostensibly a 
joint Japanese-American effort  with a purely scientific  goal', set up to study the genetic 
effects  of  the Hiroshima bombing (Beatty 1993 p.205). Beatty illustrates how 
scientific  collaboration between the Americans and Japanese was only apparent, and 
yet provided the necessary diplomatic front  to dispel any impression that the project 
was in fact  linked to the USA's own agenda: 'evidence of  the joint nature of  the 
project was everywhere on exhibit: from  jointly authored papers, to carefully  designed 
letterhead' (p.231). In this case collaboration was a sham, necessary to create an 
impression of  cooperation. The political salience of  transnational scientific  cooperation 
is also apparent in the centrality of  international collaboration in European Union 
science programmes, where science is a tool in effecting  European political cohesion. 

From a normative stance, Ziman (1991,1994 Chapter 8) is concerned about the 
negative implications for  science of  the use of  transnationality as imagery. To illustrate 
his point, he distinguishes between the trend towards internationalization in science and 
the 'traditional cosmopolitanism of  science' (1991 p. 16). Whilst the latter is 
compatible with the individualistic and competitive ethos of  science, the former  is seen 
in a pejorative light as 'transnational collectivism', the function  of  an imposed 
systematic internationalization of  scientific  work: 'scientific  activities are put on an 
international basis, often  at some extra cost, simply as symbols of  political co-operation 
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and solidarity'. The previous two chapters suggested that the ideology of  scientific 
internationalism serves political needs well in the Antarctic and now increasingly, in the 
Arctic. 

Collaboration  and pragmatism 
In the two previous subsections both 'teamwork' and the international dimension of 
collaborative work are treated as potentially problematic aspects of  big science work. 
This is because collaboration is implicitly conceived in antithesis to competition and 
diversity. However, in-depth qualitative studies of  teams of  workers in big science 
programmes suggest that this oversimplifies  the way scientists in such teams actually 
do work together. These studies dispel the myth of  the 'steady industrialization of  the 
experimental workplace' (Krige 1993 p.234) by revealing the conflict  and individual 
initiative underlying big science 'cooperation'. 

Krige (1993) used the analogy of  work within corporations to analyse the structure of 
work within two collaborations at CERN (named UA1 and UA2). He found  only 
superficial  parallels. For example, whilst he did find  a hierarchy of  responsibility in the 
CERN collaborations, all scientists in the collaborative teams were able to take part in 
shared decision-making processes, and informal  relationships across hierarchical 
divides flourished.  Further, scientists actively resented the dogmatic leadership style of 
a particular self-appointed  'boss': 'many of  those interviewed ... revolted against a 
structure in which there was Rubbia and the rest' (Krige 1993 p.248). 

Krige identifies  pragmatism as an important factor  bringing collaborators together, as 
reported by a CERN participant: 'the simplest and possibly the best reason why groups 
collaborate is that collaboration is to their advantage' (p.243). Krige also finds  that a 
build-up of  mutual trust and respect over time are key ingredients in successful 
collaborations. The importance of  trust explains why the core membership of 
collaborations endured after  individual projects had ended: 

Having worked successfully  together before,  the same people tend to think of  what they might do 
together next as one experiment draws to an end. Correlatively, it was precisely because this trust 
was lacking, because it was feared  that it was not a 'strong group', that the collaboration initially 
reacted so negatively when it learnt that a team from  Vienna was interested in joining. 
(Krige 1993 p.241) 
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This observation does not sit easily with perspectives that explain collaborative work 
purely in terms of  the functional  requirements of  science and technology, or that view 
competition as the only fruitful  mode of  interaction among scientists. 

Through her ethnographic approach, Zabusky (1995) is able to expand on Krige's 
findings.  She identifies  how collaborating scientists at the ESA impute 'cooperation' 
with particular meanings, and respond accordingly. The participants in her study made 
implicit distinctions between cooperation as an imposed ideology of  harmony and 
order, and the nature of  their day-to-day activities which 'required no name because it 
was the very thing that people inhabited as they did their work' (p. 12). Zabusky calls 
this day-to-day activity 'working together', stressing the key roles of  diversity and 
disharmony in this process: 

Working together is a process that depends on disorder and ambiguity, on independence and interest 
confronting  and circling about each other in noisy altercations, the perpetual conflicts  of  diversity. 
This is the negotiation of  the differences  of  the division of  labor, negotiations that characterize the 
practice of  cooperation. 
(Zabusky 1995 p. 12) 

For Zabusky cooperation involves 'getting things done', an interpretation she uses to 
understand the nature of  the scientific  work and scientists' attitude towards it. 

'Working together' and 'getting things done' may seem mundane observations, but 
Zabusky's analysis serves to identify  a discrepancy between a mythical notion of 
cooperative work in big science and actual work practices, and recasts this discrepancy 
as distinct ways of  conceptualizing cooperation. The scientists she studied, 'informed 
by notions of  what was "expected" of  them', had bought into the mythical perception 
of  cooperation, and therefore  denied cooperation as an expression of  their resistance 
(p. 11). The discrepancy between mythical and 'real' versions of  cooperation appears 
to be created by scientists as they rebel against an imposed structure of  cooperation 
(whether real or perceived). These insights into subjective attitudes to cooperation 
suggest that Ziman's concern over an imposed internationalization of  scientific  work is 
unfounded,  and opens up new perspectives on the relationship between cooperation 
and scientific  competition. 
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3.3 Dispersed collaboration 

3.3.1 The functionalist  approach 
Early sociological investigations of  the modern scientific  research community were 
concerned with explaining how the observed normative structure distinctive to science 
was related to the function  of  science as a social institution.3 These studies were 
'internalist', in so far  as explanations for  scientific  development were confined  to the 
social and intellectual structure of  the social institution of  science rather than focusing 
on the context of  knowledge itself  (Mulkay 1977). 

The functionalists'  concern with structure and procedure is reflected  in their 
development of  a detailed analysis of  communication and reward systems within the 
academic scientific  community. Central to these studies is the twin role of  the 
scientific  publication as the main channel of  formal  communication and the currency of 
scientific  reward and recognition; it is largely in the context of  this twin role that these 
studies contribute to an understanding of  scientific  collaboration. More specifically, 
collaboration is conceived as a problematic facet  of  scientific  work because the 
implicitly cooperative relationship it represents sits uneasily with the competitive ethos 
underpinning the reward system in science (which itself  is perceived as crucial to 
scientific  progress). Therefore  collaboration requires interpretation in the light of  'the 
delicate balance between cooperation in the pursuit of  shared problems and 
competition for  the recognition associated with the solution of  these problems' 
(Mulkay 1977 p. 133). 

3 From its beginnings in the 1940s and until the 1960s, the sociology of  science was dominated by a functionalist 
approach, reflecting  the importance of  functionalism  in mainstream sociology. Central to sociological 
functionalism  is an assumption of  the existence of  'system needs' (Cuff  et al. 1992 p.63). The way in which 
the parts of  the system serve the requirements of  the system as a whole constitutes an explanation for  the 
nature of  those parts (ibid.). Within this approach, the social integration of  distinct social groupings (such as 
the scientific  community) was thought to be achieved by 'some form  of  normative or moral consensus' 
(Mulkay 1977 p.97). The social norms or 'institutional imperatives' which distinguished the scientific 
community from  other social groupings (universalism, communality, disinterestedness, organized scepticism, 
originality and humility) were identified  by the sociologist Robert Merton (1973). These provided a 
foundation  for  further  sociological interpretation of  the internal social processes of  scientific  development. 
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In these studies then, collaboration is conceived as a form  of  (largely informal) 
communication and exchange, with consequent implications for  the distribution of 
reward. As an aspect of  the social organization of  science, collaboration is interpreted 
in terms of  its contribution to the overall smooth-working of  the science system. 

The  growth  of  science and 'mass collaboration' 
De Solla Price's study Little  science, big science (1963) documents the exponential 
growth of  scientific  manpower and publications this century, and suggests a close 
relationship between the nature of  this growth and structural change in science.4 By 
analysing the distribution of  the increase in scientific  papers among scientists, Price 
found  that most papers were produced by a small number of  individuals who were 
becoming ever more prolific,  and that the already large proportion of  minimally 
productive scientists were increasing in numbers (p.89). Price reasoned that the 
original role of  the scientific  paper as the most important communication channel and 
the prime currency of  recognition could not remain static, because it would hinder 
individuals from  keeping pace with their field,  and contributing to its development. He 
posited the development of  alternative informal  communication channels in the form  of 
'invisible colleges', described as 'international groups of  scientists who maintained 
close liaison between themselves through informal  channels' (Meadows 1974 p. 174). 
The invisible college concept contains the idea of  networking only by an élite. 

Through the application of  bibliographic techniques, Price showed that the proportion 
of  scientific  publications with multiple authorship had been increasing at an 
accelerating rate since 1900, and that the number of  authors per publication had also 
been rising at an increasing rate. Price interprets 'this movement toward mass 
collaboration' in the context of  the transition from  little to big science, and the 
structural change brought about by scientific  growth implied by this transition. 

4 As Mulkay (1977) points out, the functionalists'  interest was focused  on the impact of  scientific  growth on 
procedures of  scientific  communication and reward, rather than on the processes responsible for  scientific 
growth. 
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Collaboration is conceived as a hierarchical mechanism by which the growth of  science 
can be sustained. It enables the most prolific  scientists (team leaders and presumably 
members of  invisible colleges) to increase their productivity, and it ensures the 
maintenance of  the requisite number of  'fractional  authors', whose activities are related 
to those of  the élite by virtue of  collaboration (Price 1963 p.90). In Price's work then, 
collaboration is conceived as a function  of  teamwork as well as a means of  diffusing 
knowledge, and reflects  the interdependent relationship between teamworkers and 
leaders. This would accord with Price and Beaver's later observation that 'part of  the 
social function  of  collaboration is that it is a method for  squeezing papers out of  the 
rather large population of  people who have less than a whole paper in them' (1966 
p.1015). 

Scientific  communication and the role of  the scientific élite  in collaboration 
De Solla Price's theory of  a relationship between structural change and growth in 
science, provided an impetus for  more precise investigation of  the nature of  change in 
the procedures whereby information  is communicated. In particular, the notion that 
such change manifested  itself  in the formation  of  intensive informal  communication 
links among scientific élites, led to an interest in the precise identity of  these élite 
groupings (e.g. Price and Beaver 1966, Crane 1972). And because these studies use 
multiple authorship data as a means of  identifying  patterns of  social interaction in 
research, they also contribute to an understanding of  patterns of  collaboration. Indeed, 
as the significance  of  interpersonal communication grows at the expense of  'paper to 
paper' communication (Price 1963 p.91), the conceptual distinction between scientific 
communication and collaboration becomes hazy. The close alliance between 
communication and collaboration is observed by Meadows (1974) who suggests that 
as the means by which scientists interact in the production and dissemination of 
research results, collaboration constitutes a fundamental  aspect of  scientific 
communication (p. 172). 

By analysing publication and co-authorship patterns within an actual 'invisible college' 
or 'in-group' of  researchers in a well-defined  field,  Price and Beaver (1966) discovered 
that the most productive members of  the group also collaborated with the largest 
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number of  colleagues. Further, an analysis of  the clusters of  co-authorship links within 
the group showed that the group actually consisted of  a number of  smaller non-
intersecting groups of  collaborators, and that these subgroups tended to be physically 
centred on the work-place of  the most productive members (probably leaders of 
research groups). On the basis of  their evidence, Price and Beaver suggest that the 
research front  is dominated by a small core of  highly active leaders of  research groups 
who collaborate with a 'large floating  population of  lightweights' (p. 1015). 

In the context of  a study which demonstrates how social and intellectual factors 
combine in the development of  a research area, Crane (1972) takes Price and Beaver's 
approach further  by linking communication and collaboration networks to the 
development of  a research area. By constructing a sociogram of  informal 
communication choices between researchers in an area, she was able to identify  two 
types of  subgroup, each with a distinct social role within the research area. One type 
of  subgroup, labelled 'groups of  collaborators' appears to correspond with the 
subgroups of  scientists linked by published collaborations identified  in Price and 
Beaver's study. Groups of  collaborators serve as 'solidarity' groups, dependent on the 
'aggressive leadership' of  their most productive members who, by surrounding 
themselves with collaborators, socialize new members, create a sense of  commitment 
to the area, and set standards for  research evaluation (pp.55-58). The second type of 
subgroup, the 'communication network' consists of  the most productive and 
collaborative members of  the smaller groups of  collaborators and form  an indirect link 
between the various groups of  collaborators (p.35); this group would appear to 
correspond with Price's original notional 'invisible college'. Crane's study suggests 
that interactions between a core group of  workers in a field  and members of  their own 
group are at least as important as interactions with each other.5 This concurs with 

5 Crane's findings  are broadly endorsed by the results of  more recent studies on co-authorship and social 
structure within specialties. In a study of  collaboration in schistosomiasis, Pao (1992), like Crane, identified 
two 'collaborator types'; 'local' collaborators were dependent on more senior scientists and restricted their co-
authorship to a small circle of  scientists, whilst 'global' collaborators (the most productive scientists) also co-
authored with members of  other groups, and so served as a link between groups (p. 107). Pao concludes that 
collaboration 'contributes towards science stratification'  (p. 109). Stokes and Hartley (1989) also find  an 
internally differentiated  social structure within specialties; collaboration serves both to perpetuate the 
influence  of  'key' figures  within groups, and as a bridge between groups. However the 'bridging' figures  who 
in Stokes and Hartley's study connect groups together by being co-authors, are distinct from  the most 
influential  group members, and are therefore  not necessarily coincidental with members of  Crane's 
'communication network'. 
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Mulkay's observation that the élite performs  a cohesive role, helping to bring together 
elements of  diffuse  and rapidly changing research networks (1976). 

If  co-authorship links are taken as an indicator of  an intensive form  of  communication, 
then de Solla Price's original notion of  an 'invisible college' as a mechanism for 
maintaining intensive informal  communication links among the most productive and 
influential  scientists, requires some revision in the light of  these findings.  Indeed 
'invisible college' may be considered a misnomer, for  as Mulkay points out, members 
are in fact  likely to be highly visible within their own research network (1977). 

Collaboration  and the scientific  reward  system 
Given the close relationship between producing papers and receiving recognition 
identified  in early sociological studies of  the internal structure of  science, the growth of 
multiauthorship as a facet  of  change in the social organization of  science also aroused 
concern in studies focusing  on the reward system. 

Explaining rising levels of  multiauthorship from  a functionalist  perspective is 
problematic because a high rate of  collaboration would appear incompatible with the 
individualistic and competitive ethos of  science on which the reward system is 
predicated. This section suggests that collaboration can be perceived in two very 
different  ways when conceived in the context of  a functionalist  understanding of  the 
scientific  reward system. A relatively high rate of  collaboration in science can be 
viewed as an unwelcome manifestation  of  a latent conflict  between the idealized 
independence of  scientists and their actual interdependence. However, it may equally 
be conceived as a means of  resolving that very conflict.  In the former  case, the 
breakdown of  the traditional reward system with ever more complex division of  labour, 
causes 'misallocation of  credit' as individual contributions to a project become difficult 
or impossible to identify  (Merton 1973 p.444). In the latter case however, 
collaboration restructures the reward system. Collaboration solves the 'problem' of 
scientific  interdependence, because it serves as a means by which recognition can be 
shared (Hagstrom 1965 Chapter 3). 
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There are two main ways in which teamwork and multiple authorship undermine the 
reward system in science. One is rooted in the 'intertwined ideologies of  authorship 
and possessive individualism' (Trimbur and Braun 1992 p.21), and concerns the 
negative consequences of  name-ordering practices which fail  to reflect  the relative 
contribution of  scientists to a project. The second relates to the role of  collaboration 
as a socialization mechanism. Both these aspects of  collaboration serve to reproduce 
the scientific élite. 

Studies on collaboration which take the reward system in science as their departure, 
also identify  the central role of  the scientific élite in patterns of  collaboration. The 
findings  of  a study which compared patterns of  name ordering among joint research 
papers by Nobel prize winners and an age-matched control group (Zuckerman 1968) 
are broadly interpreted in terms of  collaboration as an 'advanced form  of  socialization' 
(Zuckerman and Merton 1973 p.546). The study found  that Nobel laureates 
consistently collaborated more than the control group at every age. It also found  that 
Nobel laureates collaborated less in the early stages of  their careers than in the latter 
stages, that they were more often  first  author when young than the control group, yet 
less likely to be first  author when mature. The interpretation offered  for  the higher rate 
of  collaboration among Nobel laureates was that as promising young scientists they 
were more likely to be selected as apprentices by established eminent scientists. 
Further, as mature and eminent scientists themselves, they are more likely to grant co-
authorship to junior colleagues, thus displaying the same generosity, or 'noblesse 
oblige', to their young collaborators that they themselves had experienced early in their 
own careers (Zuckerman and Merton 1973 p.550). Collaboration then, provided for 
interaction between age-strata, and served to reproduce the élite. These findings 
accord with a study on the 'natural history' of  collaboration, which suggests that 
collaboration has historically served as a means of  professional  mobility (Beaver and 
Rosen 1979). This form  of  socialization may take on a new dimension as collaboration 
and research teams become the order of  the day. 

Citing work by Harriet Zuckerman, Merton (1973) suggests that as the social 
organization of  science becomes more complex and collaborative, 'the visibility of 
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individual role performance  is reduced' (p.332). And because the allocation of  peer 
recognition depends on identifying  distinctive individual contributions, members of  a 
team may experience 'a kind of  anonymity' or estrangement from  the project (ibid. 
p.332). In such a context, patterns of  name ordering are conceived as 'devices to 
reduce the stress of  collaboration' (Zuckerman 1968 p.290). However, evidence 
suggests that name order is an unreliable indicator both of  actual contribution to a 
project and actual degree of  recognition received. 

The study of  name ordering described above not only identifies  age as a factor 
structuring opportunities and motivations for  collaboration, but also suggests that 
scientific  reputation plays a role in determining patterns of  name ordering. It is, for 
example, presumably by virtue of  his scientific  standing that the Nobel laureate can 
impart first  authorship to junior colleagues; it costs him nothing. Further, the so-called 
'Matthew effect'  whereby the more eminent co-author will receive recognition 
precisely because of  his eminence, irrespective of  name-order or actual contribution 
(Merton 1973) might also contribute to the willingness of  a well known scientist to 
exercise 'noblesse oblige'. Both concepts of  'noblesse oblige' and the 'Matthew effect' 
explain ways in which collaboration can serve to reproduce the hierarchical structure of 
science. 

The difficulty  of  identifying,  defining  and ranking individual roles in a research project, 
especially in teamwork, combined with the importance attached to name-order and the 
related allocation of  credit, result in a lack of  transparency in actual name ordering 
practices (Trimbur and Braun 1992). Processes of  political and social negotiation 
often  appear to determine the eventual name-order on a paper (ibid.).6 

Both Zuckerman and Merton are concerned about the consequences of  the 
fundamental  conflict  between the reward system and collaboration, inherent in 

6 In their study of  the determination of  authorship in science, Trimbur and Braun find  that the very fact  of 
collaboration 'makes it difficult  to assess the relative contributions of  individual co-workers and to distribute 
credit among them', consequently, 'authorship ... may have less to do with the act of  writing than with 
processes of  negotiation by which recognition is allocated. It is a fluid  and potentially contested social status 
...' (1992 pp.20-21). They suggest that the ambiguity in authorship can give rise to conflicts  which 
paradoxically inhibit, rather than facilitate  communication in collaborative groups (p.22). 
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ambiguous patterns of  name ordering. As Zuckerman points out: 'the functional 
requirements of  the evaluation system and of  collaborative groups are incompatible and 
so call for  different  and sometimes conflicting  procedures for  making role performance 
visible' (1968 p.290). Merton refers  to 'the ambivalence of  scientists', who are 
becoming more concerned with how their own contribution will be identified  than with 
the 'historically dominant' desire to ensure priority over others in their field  (1973 
pp.408-409). His observation that 'a new ethos of  science must be abroad, a new set 
of  values' (1973 p.328), is partly attributable to increasing levels of  collaboration.7 

The studies described above conceive of  collaboration as an aspect of  the development 
of  the social organization of  science which is in broad conflict  with the individualistic 
ethos of  the reward system. However, empirical work by Hagstrom (1965) describes 
collaboration as a mechanism by which scientists resolve the problematic implications 
of  their interdependence. Hagstrom's understanding of  collaboration is anchored in a 
thesis which links the scientific  reward system to the communication system in order to 
explain how solidarity within the scientific  community is achieved and maintained. 
Central to this thesis is the operation of  a particular form  of  exchange system between 
scientists, metaphorically described as 'gift-giving'.  Information  is conceived as a gift 
that the scientist gives to other scientists, and in return for  which he expects 
recognition.8 This exchange mechanism links donor and recipient in a solidarity 
relationship whilst allowing them to retain their independence; it is thus perceived to 
relieve the putative tension between scientists' simultaneous autonomy and 
interdependence (p.l 11).9 

7 Merton does however make the point that the extent of  the trend towards increasing levels of  collaboration 
varies between disciplines; 'sciences with cogent theory, complex and costly instrumentation and rigorous 
experiments ... seem to have experienced this change earlier and at a more rapid rate' (1973 p.408). This 
echoes Meadows' observation that multiplicity of  authorship appears to be linked to the 'hardness' of  a 
subject (Meadows 1974 p.201). (More recent co-authorship data however, identifies  medical and biological 
sciences as the most collaborative science areas (Katz et al. 1995).) 

8 Within Hagstrom's thesis, social recognition is a scarce reward for  which scientists compete. Recognition by 
competent colleagues was widely accepted by sociologists as the basic reward within the research community; 
Barnes (1985) calls recognition 'the currency of  the reward system' of  the academic scientific  community 
(pp .45-46). 

9 As Knorr-Cetina (1982 p.104) observes, the mechanism of  exchange represented by Hagstrom's 'gift-giving' 
thesis may be conceived as a 'pre-capitalist economic model' of  the dynamics of  science, whereby interactions 
within the scientific  community are interpreted in terms of  'quasi-economic competition'. She critiques such 
internalist interpretations based on the economic metaphor, and suggests that in order to understand the social 
character of  scientific  work it is insufficient  to treat scientific  communities as the unit of  analysis. As she 
points out: 'Scientists make their laboratory work intelligible by referring  to engagements and negotiations 
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Within this framework,  collaboration is conceived as a 'type of  arrangement' in which 
the participating scientists agree to a short-run coordination of  efforts  in the pursuit of 
a joint reward, a process which normally entails consenting to joint authorship (p.l 12). 
Sharing professional  recognition for  any joint results is central to Hagstrom's 
conceptualization of  collaboration. Because collaboration allows scientists to share a 
reward, it enables them to work together without compromising their independence.10 

The central place of  credit sharing in Hagstrom's definition  of  collaboration excludes 
many forms  of  working together in science. Technical help, which may be exchanged 
for  resources other than a share of  the recognition, would presumably not count as a 
collaborative contribution. Maienschein (1993) adopts a similar conceptualization of 
collaboration; for  her, a collaborator is defined  by the extent to which he or she 
assumes responsibility for  a common project. Such a notion of  collaboration 
presumes, indeed reinforces,  a hierarchy of  workers: 

co-laboring toward a common goal is, in itself,  not sufficient  for  all to be equal partners or full 
collaborators. Participation in articulating the goal... will help to insure the contributor's role as a 
'true' or 'full'  collaborator. It is useful  to distinguish along these lines between primary and 
secondary collaborators, where it is the former  who participate fully  in defining  the project and its 
goals. 
(Maienschein 1993 p.170)11 

Hagstrom contributes a fuller  understanding of  collaboration than any of  the work 
described so far  in this section, in that he identifies  motivations for  scientists to 
collaborate, and thereby factors  which appear to account for  choice of  collaborator. 
He found  that forms  of  collaboration vary by scientific  field  (the main distinction being 

which point beyond the site of  inquiry... But scientists' laboratory reasoning not only takes us outside the 
walls of  the research site, it also takes us beyond the borders of  the specialty under which a scientist - or a 
piece of  research - comes to be classified.  We are thus confronted  with arenas of  action which are 
transepistemic;  they involve a mix of  persons and arguments that do not fall  naturally into a category of 
relationships pertaining to 'science' or 'the specialty', and a category of  'other' affairs.'  (ibid, p.l 17) 

10 Hagstrom identifies  three norms of  independence, which are 'very strongly held in science': 'First, the scientist 
is expected to be able to select research problems freely.  Second, he is expected to be able to select freely  the 
methods and techniques to be applied to them. Third, he is expected to be free  to evaluate results...' (1965 
p. 105). 

" From a political stance, it could be argued that such a perspective on collaboration effectively  'deletes' the 
important contributions of  many workers who within this schema would fall  outside the category of 
collaborator. Star (1991b) points out that rationalized perspectives such as this represent a dangerous 
development in social science, rendering important aspects of  social life  'invisible'; accordingly, she calls for 
a 'fundamental  pluralism' in social science which 'listenfs]  to all the voices in a situation' (pp. 276 and 271). 
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that between theoretical and experimental sciences), by degree of  formal  organization 
(they may be free,  'between freely  acting individuals' or built into the organization of  a 
research institute), and by the nature of  the division of  labour (technical, intellectual, or 
none) (p. 112).12 However, common to all forms  of  collaboration is that choice of 
partner is influenced  by an evaluation of  potential gain or loss of  prestige (p. 122); this 
was hinted at, but not elaborated in the studies outlined earlier. 

Hagstrom distinguishes 'free',  or ad hoc collaborations from  work carried out within 
hierarchical teams or groups of  faculty,  postdoctoral workers, and students.13 Since 
groups are the norm in the experimental sciences, he conjectures that free  collaboration 
between peers occurs more often  among theoretical scientists, who do not generally 
work in teams (p.121). When free  collaboration does occur in the experimental 
sciences, it is more likely to be between groups, than between individuals (p.l 18). 

Free collaboration in theoretical fields  tended to arise from  a desire or need to avoid 
isolation or direct competition. For example, mathematicians were induced to seek 
collaborative relationships to gain social confirmation  that they were working on 
worthwhile problems, and in the hope that a co-worker might contribute valuable 
insight into a problem. These motivations were not conducive to the formation  of 
clear divisions of  labour in the collaboration. Any division of  labour that arose either 
related to 'trivial' aspects of  the work, or developed once å degree of  intimacy had 
been established in the collaborative relationship (pp. 112-113). 

Collaborations in theoretical subjects usually arose from  informal  contacts and 
conversations which revealed shared interests. The likelihood of  collaboration was 
thus related to the frequency  of  informal  contact, and therefore  to social and physical 

n Subsequent studies point to the difficulty,  or impossibility of  distinguishing intellectual from  manual work. 
Machines and scientific  instruments can, for  example, be conceived as embodied intellectual work (Latour 
and Woolgar 1979); and 'what appears today simply as material or supplies may in fact  be yesterday's data, 
the results of  scientific  experiments that have been absorbed into the domain of  science and taken for  granted' 
(Trimbur and Braun 1992 p.30). 

13 The suggestion is that collaboration must be 'free'  (i.e. participants enter into the collaboration voluntarily, 
and on an equal footing  with one another) if  it is to be compatible with the scientific  reward system. For this 
reason, 'unfree'  teams of  collaborators, or 'the provision of  professional  assistance in formal  organizations' 
constitutes an unwelcome development in the organization of  scientific  work (Hagstrom 1965 p.293). 
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proximity.14 Because of  the importance of  informal  relationships in this type of 
collaboration, collaborative partners tended to be like-minded and of  similar abilities; 
criteria such as race, sex, and appearance were also thought to have a bearing on 
choice of  collaborator (p. 123).15 

Collaborations in experimental fields  were found  to arise from  an 'interdependence of 
efforts',  and thus to involve a technical or intellectual division of  labour more often 
than collaborations in theoretical fields.  A scientist with skills in a particular technique 
might be a sought-after  collaborator; but in order to be considered as such, his services 
would have to be given freely  (p. 117). Compared with collaborations in theoretical 
subjects, collaborations in experimental fields  were more directly entered into, and 
were less likely to require like-mindedness, social or physical proximity. Experts were 
sought out as potential collaborators even if  they had to travel some distance (p. 122). 

Hagstrom's differentiation  of  collaborations in theoretical and experimental fields 
would appear to broadly correspond with a distinction between 'affective'  and 
'instrumental' types of  collaboration, where the former  are driven and shaped largely 
by personal relations, and the latter by the desire or need to execute a task.16 This 
identification  of  different  motives behind collaborations opens the way to studying 
collaboration as a process.17 

14 The important role of  frequent  contact and physical proximity in bringing collaborative partners together is a 
recurrent theme in studies of  scientific  communication and collaboration (e.g. Crane 1972 p.63, Meadows 
1974 p.195, Kraut et al. 1988). Indeed, an empirical study of  the process of  scientific  research collaboration 
concludes 'the establishment and maintenance of  a personal relationship is the glue that holds together the 
pieces of  a collaborative research effort'  (Kiaut et al. 1988 p.53). If  quality and quantity of  communication 
(and therefore  proximity) are crucial ingredients of  a successful  collaboration (as Kraut et al. 1988 
demonstrate) then inter- and intra-institutional collaborations might be expected to be qualitatively different. 
It is interesting that such studies, written both before  and after  the widespread use of  ICTs, agree on the 
significance  of  physical proximity in the development of  collaborative relationships. 

15 Hagstrom labels these criteria 'irrelevant' because they contravene the norms of  science: 'Such criteria are not 
legitimate; the norms of  science excluding personal qualities extend even to the choice of  collaborators, and 
these norms seem usually to be followed'  (1965 p.123). 

16 The distinction between these two motives underlying collaboration is identified  in a more recent study of  the 
process of  scientific  research collaboration (Kraut et al. 1988), where these two categories do not define 
collaboration types, but are both ongoing and intertwined elements of  all the collaborations studied 

17 A shortcoming of  Hagstrom's study of  collaboration is that he only asked his respondents about research 
collaboration in theoretical terms; he did not systematically investigate the nature of  actual collaborations. 
Thus he only considers the nature of  collaboration in the light of  structural determinants, rather than as a 
process which also influences  the nature of  scientific  work. 
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Summary  of  the functionalist  approach to studying  collaboration 
For functionalist  sociologists of  science the rising levels of  multiple authorship 
identified  by de Solla Price (1963) reflected  changing patterns of  communication and 
reward in science that were themselves rooted in the growth of  science. Collaboration 
was thus studied as a symptom of  change in the social organization of  science, and 
concern focused  on the repercussions of  such change for  the normative structure of 
science. 

In the context of  communication studies, collaboration was found  to perform  a social, 
as well as an intellectual function.  Within complex communication networks in a 
research area, collaboration was identified  as a way of  diffusing  knowledge, 
maintaining cohesiveness, and perpetuating a social hierarchy. From a perspective that 
focused  on the reward system, the role of  collaboration was explained in the context of 
the tension between cooperation and competition. Science is often  necessarily 
collaborative, yet the reward system is predicated on the individualistic and competitive 
ethos of  science. Some functionalist  studies therefore  treat collaboration as a 
problematic developement which requires explanation, as it appears broadly 
incompatible with the reward system on which the success of  the scientific  enterprise 
depends. These studies also emphasised the social role of  collaboration as a means by 
which the already influential  accrued yet more recognition. 

The functionalist  perspective attempts to identify  an objective role of  collaboration in the 
context of  a rational understanding of  science and the scientific  community as a distinctive 
system. Thus the role of  collaboration is only considered at the institutional level of 
analysis, when it may in fact  perform  different  roles at the individual (personal) and national 
level. Further, collaboration appears to be defined  by the nature and level of  the 
participants' contribution; a perspective which does not admit the role of  negotiation, 
compromise and self-perception. 
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3.3.2 Collaboration as a methodological construct: exploring the relationship 
between co-authorship and collaboration 
Studies of  collaboration outside big science facilities  have largely been conducted as 
co-authorship studies.18 This section traces an evolution in the way co-authorship is 
perceived to relate to collaboration. This will show how different  perceptions of  this 
relationship reveal different  conceptions of  collaboration, and point forward  to a 
conceptualization of  collaboration as work, the subject of  the following  chapter.19 

I suggest that the relationship between co-authorship and collaboration has been 
perceived in different  ways over time, and that different  illusions about the nature of 
collaborative work underpin each of  these perceptions. Different  ways of  perceiving 
the relationship between co-authorship and collaboration appear to mirror evolving 
perceptions of  the scientific  community within science studies; thus the shifts  in 
perceptions of  the relationship between co-authorship and collaboration as outlined 
below, are epistemological. 

In the first  mode co-authorship and collaboration are assumed to be equivalent. This 
facilitates  the illusion that collaboration involves sharing responsibility for  scientific 
tasks and apportioning recognition (in the form  of  authorship) according to relative 
contribution. This perception endorses the notion of  a scientific  community bound by 
a normative framework.  The second mode of  perceiving the relationship between co-
authorship and collaboration belies this illusion about collaborative work. Notions of 
authorship become redefined,  highlighting a mismatch between co-authorship and 
collaboration; they are separate entities. This shift  appears to mirror the need to 
account for  'aberrations' in the normative framework  of  science (Chubin and Restivo 
1983 p.58). The third mode, like the first,  perceives that co-authorship and 
collaboration are inextricably bound up with one another, but by sophisticated social 
and political processes of  negotiation, rather than by the naively democratic process of 

18 It may be argued that an interest in research collaboration went hand-in-hand with the development of  the field 
of  bibliometrics, although as section 3.3.1 showed, qualitative studies within the Mertonian tradition also 
used co-authorship as a measure. Krige (1993) and Zabusky (1995) did not however, equate collaboration 
with co-authorship. 

19 Ways of  perceiving the relationship between co-authorship and collaboration also have important 
methodological implications, touched upon in chapter 5, section 5.2.4. 
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sharing responsibility and recognition. This shift  may be taken to reflect  an emphasis 
on the similarities rather than the differences  between scientists and other goal-oriented 
actors. 
Classical  co-authorship studies:  illusions of  collaboration  and co-authorship as 
credit  sharing 
From their beginnings in the 1960s bibliometric co-authorship studies assumed a 
relatively unproblematic relationship between co-authorship and collaboration. 
Collaboration was an aspect of  the social organization of  science requiring explanation 
because it appeared incompatible with the functional  role of  the reward system. 
Consequently research questions were aimed at identifying  factors  which appeared to 
account for  rates and patterns of  domestic and international collaboration. The factors 
examined included: the professionalization  of  science (Beaver and Rosen 1978); the 
trend towards interdisciplinarity (Qin 1994); and levels of  research funding  (Heffner 
1981, Pao 1992).20 Factors such as these were perceived to account for  some 
differentiation  between collaborative and solo work. 

Whilst these quantitative studies contribute valuable insights into factors  affecting  co-
authorship, they can only provide a limited 'macro' view of  collaboration. The unit of 
analysis (the co-authored paper) is conceived as a relatively unproblematic reflection  of 
collaboration, effectively  divorcing collaboration from  its social context. And because 
this type of  bibliometric study obviates the possibility of  studying collaboration in 
context, it fails  to ask key questions about collaborative processes and the way they 
relate to authorship. 

If  science is regarded as a particular communication system (e.g. Lievrouw 1992) then 
the classical co-authorship studies are a legacy of  the nature of  scientific 
communication some decades ago: 

20 A thorough review of  the bibliometric literature on research collaboration can be found  in: Harsanyi, M.A. 
1993. Multiple authors, multiple problems - bibliometrics and the study of  scholarly collaboration: a 
literature review. Library and Information  Science Research, Vol. 15, No. 4, pp.325-354. 
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The study of  scientific  communication lent itself  to a formalized,  largely quantitative approach to 
investigation because the scientific  community possessed an apparently unambiguous, rigidly 
structured set of  channels for  communicating research findings  through book publishing, paper 
presentations at meetings, and refereed  journals. 
(Lievrouw 1992 p.6) 

The  conventional critique: the questioning of  co-authorship as a metric 
As part of  a broader social studies of  science critique of  scientometric approaches 
(Edge 1979, Chubin and Restivo 1983), the illusions about collaborative work implied 
in the classical co-authorship studies were questioned. The apparent discrepancy 
between co-authorship and collaboration became a topic of  research within the field  of 
bibliometrics itself,  resulting in a reconceptualization of  the role of  authorship and how 
it was perceived to relate to collaboration. The substance of  the critique warned 
against confusing  the usual evidence of  collaboration (joint authorship) with 
collaboration itself,  on the grounds that joint authorship may sometimes be a false 
advertisement of  a collaboration (Beatty 1993 p.208). Yet the perception that 
recognition and credit-sharing were central to collaboration remained intact. 

Stressing the difficulty  of  inferring  social aspects of  research activity from  trends in 
multiple authorship, Gordon (1980) identifies  three assumptions implicit in classical co-
authorship studies. First, they assume that the number of  papers published by a given 
group of  scientists is proportional to the research activity of  the group; second, they 
assume that the relative frequency  of  co-authorship within a group is proportional to 
the degree of  collaboration in the group; and third, they assume that the relative 
frequency  of  production of  multi-authored papers with different  numbers of  authors is 
proportional to the frequency  of  publication of  such papers in research journals. 
Gordon systematically investigated the validity of  this last assumption by comparing 
the rate at which research papers with differing  numbers of  authors were rejected by a 
leading astronomy journal over a six year period. He found  a significant  relationship 
between the number of  authors per submitted paper and the editorial decision upon 
such papers; the acceptance rate increased with the number of  authors per paper. 
Gordon concludes that 'studies attempting to draw inferences  about scientific 
collaboration from  multiple authorship data, should qualify  their findings' ... (p. 199). 
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An inherent ambiguity in authorship status is suggested in a number of  studies which 
indicate that authorship can represent a variety of  types of  contributions and 
affiliations.  For example, co-author order is found  to be an unreliable guide to the 
relative contribution of  individual authors (Stokes and Hartley 1989, Vinkler 1993). 
Vinkler discovered that authorship was sometimes related to an author's position in the 
organization hierarchy, and that some individuals got automatic co-authorship for 
papers to which they had not made research contributions.21 Heffner (1979) identified 
a perceived exclusion from  co-authorship among female  PhDs, indicating a gender bias 
in the allocation of  authorship credit in collaborative research. 

Harsanyi (1993 p.335) points to the distorting effect  of  'paper inflation'  on co-
authorship studies of  collaboration. Paper inflation  results from  publishing the same 
data in different  places, from  publishing shorter papers, and from  a disproportionate 
increase in co-authorship. In response to this trend, professional  bodies and journals 
are becoming concerned with the ethics of  authorship.22 

The findings  summarized above revise notions of  authorship by suggesting that factors 
other than relative research contribution influence  allocation of  authorship. Yet the 
ideal that collaboration ought to be reflected  in an equitable sharing of  authorship goes 
unchallenged. 

The  two-way link  between co-authorship and collaboration 
The two subsections above endorse a linear relationship between collaboration and 
authorship. This section challenges this perception by suggesting that practices of 
authorship allocation are infused  with negotiations which are bound up with 

21 Evidence from  my own respondents also suggests that authorship, and author-order, serve a variety of 
purposes. 22 Harsanyi reports that in 1990 the American Association of  University Professors  issued a 'Statement on 
Multiple Authorship' which stressed the requirement for  'a forthright  accounting of  the respective 
contributions of  co-authors'. She adds that a year later, the New  England  Journal  of  Medicine  adopted new 
authorship policies after  receiving a paper with more than 200 co-authors, including departmental secretaries, 
'authorship now requires "substantial contributions" ' (Harsanyi 1993 p.335). 
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collaboration itself.  The implication is that processes of  negotiation link collaboration 
and questions of  authorship in a two-way relationship.23 

A study by Trimbur and Braun (1992) explores how authorship of  a number of  multi-
authored scientific  papers was determined within a leading molecular biology 
laboratory. The study indicates that authorship is often  negotiated, and that 
collaboration gets caught up in these negotiations. Negotiations arise both because the 
nature of  collaborative work in science is inherently complex, and because of  the 
important role of  authorship in furthering  individual careers: 

Authorship of  scientific  papers is highly charged, in part because of  the ambiguities involved in 
allocating credit and in part because authorship mediates in a very real sense between the production 
of  scientific  knowledge and the formation  of  individual careers. ... There may be significant 
tensions between the collaborative production of  knowledge and individual scientists' interest in 
visibility and mobility within the socially stratified  world of  academic science. 
(Trimbur and Braun 1992 p.26) 

As an illustration of  the complexity of  the relationship between collaboration and co-
authorship, Trimbur and Braun recount a tale of  an American junior faculty  member 
who is keen to secure tenure and obtain continued grant funding.  He has produced a 
significant  research finding  and prepares a manuscript. Although he is uncertain of  the 
consequences, he sends his manuscript to the head of  a prestigious laboratory in 
Europe because his work has involved collaboration with the lab. The head of  the 
European lab likes the paper and suggests a further  experiment to strengthen it. The 
American researcher conducts the suggested experiment and publishes the paper as its 
first  author, with his collaborators listed as co-authors. He is relieved because the 
European lab could have taken control of  the project by insisting that the second 
experiment be done there. As Trimbur and Braun point out, the junior faculty  member 
is communicating more than scientific  information  to the European lab: 

On the one hand, sending a manuscript to European collaborators is indeed an episode in an 
ongoing collaboration between two laboratories, a matter of  conferring  with co-workers in order to 
present scientific  information.  ... From another perspective, however, sending the manuscript also 
represents ... a 'proprietary claim,' an assertion of  ownership of  the finding  and a bid for  the status 
of  first  authorship. What we may begin to discern in our researcher's apparently simple act of 
sending a manuscript is that the kind of  collaboration that has become the standard operating 
procedure in most scientific  fields  produces not only scientific  knowledge. It also produces careers 
in science. ... The sheer fact  of  collaboration simultaneously makes it difficult  to assess the relative 

23 The methodological implication of  this suggestion would be that co-authorship data can provide a means of 
measuring collaboration, but that the assumptions classical co-authorship studies make about the nature of  the 
co-authorship-collaboration link would need to be revised. 
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contributions of  individual workers. 
(Trimbur and Braun 1992 p.20) 

Another example given in the same study showed how the issue of  authorship could be 
instrumental in disrupting a collaboration, inhibiting communication of  scientific 
information. 

For Trimbur and Braun then, the essentially collaborative nature of  scientific  work and 
the ambiguities inherent in divisions of  labour produce 'structural and epistemological 
ambiguities about the nature of  individuals' contributions to common projects and the 
credit to which they are entitled' (p. 19). The local processes of  intercession and 
negotiation that they identify  as part of  the allocation of  authorship, are also inherent in 
collaboration; Trimbur and Braun refer  to 'the social processes that have articulated 
complex divisions of  labor and that allocate credit and prestige differentially'  (p.35). 
Consequently, they suggest that research on collaboration is unlikely to yield a general 
model of  collaboration, but 'a wide range of  possible collaborative practices adapted to 
local conditions' (ibid.). 

Collaboration  within a communication system 
Trimbur and Braun's emphasis on the negotiated character of  authorship is conducive 
to a view of  the nature of  science as a communication system; communication between 
scientists is integral to the process of  knowledge-building. And because the creation of 
information  involves processes of  communication which incorporate negotiation and 
interpretation, scientific  communication cannot readily be measured (Lievrouw 1992 
p. 17). The processual, negotiated, and interpretative nature of  scientific 
communication constitutes the everyday context of  science, and the production of 
papers is part of  this everyday context. The perception of  science as a 'discourse 
community' (Schilb 1992 p.109) is compatible with the 'extended translation' model of 
science, where 'science is a vast enterprise of  writing' (Callon 1995 p.51). 

Notions of  collaboration become redefined  along with scientific  information  and 
communication. If  science is perceived as essentially a communicative enterprise, 
collaboration cannot be uncoupled from  questions of  authorship; through authorship, 
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collaboration is involved in the co-construction of  knowledge and careers in science. 
And authorship is itself  part of  the process of  collaboration, bringing collaboration into 
the community arena. 

In the workplace, collaboration may be embedded in hierarchical social structures. 
Through the political salience of  authorship (which is 'not only achieved by the 
intellectual merits of  a scientist's work' but 'is also negotiated socially to form  social, 
professional,  and financial  linkages among laboratories') collaboration produces 
'monopolies of  expertise and differential  access to prestige and credit' (Trimbur and 
Braun 1992 p.32). The notion that collaboration is involved in the production of 
careers as well as science can be seen in conjunction with a confrontational  model of 
science dynamics where science and authorship are inherently political (e.g. Latour 
1987). Within such a perspective the interactive process of  collaboration is germane to 
the conduct of  science, and insights into how collaboration is practised capture some 
of  the essence of  how science functions. 

It follows  that collaboration per se does not require explanation, as suggested in 
bibliometric co-authorship studies, but description. Scientific  work demands working 
jointly, either as routine or as the outcome of  a conscious effort,  for  a variety of 
technical, economic, political, and personal reasons. Collaboration is only perceived  as 
problematic because it is intertwined with authorship in complex and at times 
controversial ways. 

3.4 Summary of  science studies perspectives on collaboration 

This survey of  science studies perspectives on collaboration demonstrates that the way 
collaboration is viewed depends on how science is viewed. By their very nature these 
approaches fail  to consider the social dynamics of  collaborative work. Perhaps this 
oversight should be seen in the light of  an implicit conceptual distinction between 
communication as passing information  and communication as practice, and the 
arguable hegemony of  the former  within studies of  collaboration.24 For as sections 

24 The assumption being made here is that communication is an essential facet  of  scientific  work and 
collaboration, and that understanding collaboration as a dynamic process involves adopting a sophisticated 
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3.3.1 and 3.3.2 showed, science studies work on collaboration has tended to fall  within 
the functionalist  and scientometric research traditions. Because these perspectives on 
collaboration are based on studies of  co-authorship (and cannot therefore  capture the 
complex dynamics of  scientific  communication), they endorse a static (or 'snap-shot') 
conception of  collaboration. In their concern with structural contingencies, studies in 
the functionalist  tradition omitted to consider collaboration as action, and classic co-
authorship studies endorse a rigid, authoritative view of  science. Trimbur and Braun, 
on the other hand, studied authorship as an outcome of  practice, showing that 
collaboration involves negotiation and compromise. 

This conceptual distinction between communication as passing information  and 
communication as practice is compounded by a lack of  interchange between qualitative 
and quantitative approaches in science studies. The latter uncovers rising levels of 
institutional and international collaboration which go unheeded by the former.  The 
difficulty  for  qualitative analysis is that accounting for  the types of  interactions which 
make up the process of  collaboration involves acknowledging the diverse, 
unpredictable, and complex nature of  scientific  work, which becomes intensified  when 
more than one individual is involved. It also involves straddling traditional levels of 
analysis (e.g. organizational, personal) because work processes happen at various 
levels (Strauss 1993 p.97). 

However, the time has come for  a broad view of  collaboration, and of  the products of 
scientific  work. Griesemer and Gerson (1993) point out that the traditional emphasis 
on identifying  the appropriate categories of  collaboration (e.g. shared goals, shared 
products) misses the fact  that research work involves more than scientists: 'There are 
many kinds of  joint effort  that serve science without being limited to scientists or to 
shared "scientific"  goals' (pp. 185-186). For them, adopting a broad definition  of 
collaboration avoids the problem of  imposing an arbitrary decision. In a sense, they are 

notion of  communication as a process in which participants build up mutual knowledge and understanding 
through negotiation, compromise etc. Science studies work on collaboration has mostly been carried out as 
co-authorship studies, which endorse an unsophisticated notion of  communication as transferring  ready-
packaged pieces of  information  from  one participant to another. Communication as practice acknowledges 
that communication is the process through which knowledge and understanding are arrived at. Further, recent 
work which emphasizes science-as-practice is concerned to transcend, or bridge the conceptual boundary 
between knowledge and practice in science (e.g. Pickering (ed.) 1992, Clarke and Fujimura (eds.) 1992). 
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suggesting that the work itself  should do the defining,  in line with a pragmatic view of 
science as situated or localized practice and work, where boundaries of  science are for 
actors to actively construct. Collaboration is work, but it involves more work than is 
apparent in static conceptualizations of  collaboration, because it also involves fitting 
work together. 
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CHAPTER 4 

Collaboration as a work process 

4.1 Introduction 
The previous chapter showed that in accounting for  collaboration, science studies has 
adopted a static conceptualization of  collaboration (that is to say a 'snap-shot view', 
rather than a dynamic perspective) - collaboration is for  example, viewed in terms of  its 
implications for  the reward structure of  science, and as co-authorship. The 
shortcoming of  these perspectives on collaboration is that they can only attempt to 
shed light on why scientists collaborate. Viewing collaboration as a process, allows 
the study of  how researchers work together, and how collaborations develop over 
time. I suggest that the nature of  collaboration can only be revealed by focusing  on 
such 'how' questions, and that it is only through understanding the nature of 
collaboration, that is, how researchers collaborate, that we can gain insight into their 
motives, and why they collaborate. 

Paradoxically, the increasing prevalence of  collaborative working arrangements in 
science, does not appear to be matched by an increasing understanding of  collaboration 
as a process. Perhaps the dearth of  qualitative work on research collaboration partly 
reflects  the relatively unreflective,  or taken-for-granted  way scientists work together. 
The notion that researchers themselves are unreflective  or unselfconscious  about how 
they work together, in turn suggests that any essential distinction between 
collaborative and non-collaborative research is elusive.1 

1 This is not to say that collaborative work and solo work are essentially the same, just that for  many scientists 
collaborative working arrangements have become the norm. Indeed, at some stage, collaborative work 
relationships are necessarily planned or premeditated because the work processes constituting the cooperative 
work need to be related in content if  they are to produce something. The idea that scientists may be 
unreflective  about how they cooperate is suggested by Zabusky's observation that scientists at the European 
Space Agency who were working together 'did not, in fact,  have a name for  the process in which they were 
involved on a day-to-day basis ... this system [of  working together] required no name because it was the very 
thing that people inhabited as they did their work.' (Zabusky 1995 pp. 11-12). Whilst the participants in 
Zabusky's study appear to have been unselfconscious  about how they cooperated, geographically distributed 
(as opposed to face-to-face)  forms  of  collaboration presumably require a higher degree of  self-consciousness. 
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Clearly, the static view of  collaboration conveyed by functionalist  and scientometric 
approaches cannot capture the essential features  of  collaboration as a dynamic process. 
This chapter will suggest that this can be done by focusing  on the collaborative project 
as a process, and more particularly an interactional work process. Indeed, the idea that 
an analysis of  the nature of  work should be integral to understanding collaboration is 
suggested by the very etymology of  collaboration,  which is rooted in the Latin labor, 
meaning 'labour', 'toil', 'exertion'.2 

The conceptualization of  collaboration as a work process outlined here, is informed  by 
the related concepts of  science as practice or work, and work as a form  of  action (and 
by extension, interaction).3 Understanding collaboration as a process requires 
following  the course of  the collaborative research project. In this way, it is possible to 
see how collaborations unfold. 

4.2 An interactionist perspective on work 

Whilst the sociology of  work has traditionally been concerned with occupations, 
professions,  and work organizations, ethnomethodological and interactionist studies of 
work claim to focus  on 'the actual work  itself,  in its real world, experienced character' 
(Cuff  et al. 1992 p. 187). In their refusal  to operate with predetermined categorizations 
of  work and nonwork, these perspectives endorse and develop a generic meaning of 
work  (which includes, but is not limited to employment); the notion of  work thus 
assumes an analytical role as the 'in situ accomplishment of  the activity' (ibid.). 
Consequently, from  ethnomethodological and interactionist perspectives,'any activity 

2 Lewis, C.T. 1979. Elementary  Latin Dictionary.  Oxford,  Oxford  University Press (p.454). 
3 The use of  the term work 'as our most general word for  doing something, and for  something done' can be 

contrasted with the predominant specialization of  the word to denote paid employment (Williams 1983 
p.335). The idea of  work as a form  of  action (and interaction) has been developed within interactionist 
sociology, and especially in the work of  Anselm Strauss and his colleagues (e.g. Strauss et al. 1985; Strauss 
1985, 1988, 1993; Star 1991b for  a commentary on the primacy of  work in the writings of  Anselm Strauss). 
During the 1970s and 1980s, feminist  approaches also argued for  a broadened understanding of  work, to 
include tasks within people's domestic and social lives (e.g. the various tasks of  reproduction: of  children; of 
the welfare  of  others; of  existing social relations) (Mc Dowell and Pringle 1992 p.124). 
Akin to a broad application of  the term work is the 'constructivist insight that doing science is real work and 
that real work requires resources for  its accomplishment' (Pickering 1992 pp.2-3). Associates of  Strauss have 
applied Strauss's insights into the nature of  work to analyse the dynamics of  science (e.g. Gerson 1983; 
Clarke and Fujimura eds. 1992; Fujimura, 1987; Star 1985). 
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which involves expenditure of  effort  and time to attain an outcome can be investigated 
for  the "work" which constitutes it' (ibid. pp. 187-88). 

The interactionist sociologist Anselm Strauss has developed an analytical 
understanding of  work as 'a major form  of  action' (Strauss 1993 p.51) which should 
therefore  be understood in the context of  Strauss's general theory of  action.4 
Understood as a form  of  action, work performance  (in any organization, whether 
formally  or informally  constituted) refers  to a 'coordinated collective act' requiring 
interactional processes (of  various forms)  for  its accomplishment (Strauss 1993 p.89).5 
With its stress on investigating the nature of  interactional processes as an integral part 
of  work processes, the perspective on work developed by Strauss provides an apt 
framework  within which to perceive collaboration as a work process. 

Strauss repudiates an allegation that he appears to be equating work with all forms  of 
action.6 Nor does he consider work to be necessarily restricted to those forms  of 

4 Strauss has evolved his own brand of  a theory of  action (which rests on the interactionist theoretical assumption 
that action depends on interaction; things cannot happen or unfold  without interactional processes): 'Whether 
he is theorizing about negotiations, identity, images, or the management of  chronic illness, we find  that action 
is there, in fluid  interactional and processual form,  weaving all his major concepts together into a set of  tightly 
integrated relationships' (Corbin 1991 pp.36-37); (see Corbin (1991) for  a review of  Strauss's intellectual 
biography, and Strauss (1993) for  a synthesis of  his theory of  action/interaction). 
The concept of  'negotiated order' is central to Strauss's way of  conceiving social life  (Strauss 1978). This 
concept embodies an understanding of  action which combines a recognition of:  the diverse stances of  social 
agents/units; the effect  of  time; and the reciprocal relationship between the constraints and opportunities of 
structural conditions and (collective) action. Thus 'action ... is always seen in processual terms, i.e. 
responding to changes in structural conditions' (Corbin 1991 p.18) (which are fluid  and revisable through the 
collective, ongoing efforts  of  actors). Another commentator refers  to Strauss's 'creed' of  a 'theory of  motion' 
in order to comprehend a 'world in motion': 'For Strauss, the analysis of  action always contains the analysis 
of  sequences of  action' (Soeffner 1991 pp. 359 and 363). 

5 In those of  Strauss's writings dealing explicitly with work, the term work appears to have two senses (though 
these senses are intimately related). One refers  to the subject matter of  these writings: the work of  projects in 
formal  or informal  organizations (e.g. Strauss et al. 1985, Strauss 1988); the other is an analytical use of  the 
term to foreground  the processes of  'working things out' that enable action to flow.  This duality is mirrored 
in the two senses in which interaction is central to work performance.  At an aggregate level, work 
performance  requires interaction because it requires articulation; whilst at an individual level, interactive 
processes feature  throughout the evolution of  a project, as work arrangements are 'worked out' between 
actors. In Strauss's words: 'when we say that work performance  requires interaction, we are speaking of 
interaction in both its broader and  narrower senses. Interaction refers  first  of  all to the articulated collective 
act of  work performance.  Interaction also refers  to the strategies used in working out the arrangements that 
allow for  the articulation of  those collective acts within any given structural/organizational context' (Strauss 
1993 p.89). 

6 As examples of  activities not considered to be work, Strauss lists: 'play, games, casual conversation, 
"expressive" action, very "emotional" action, fantasizing, ... passing rumors, following  fads,  and forms  of 
"collective behavior" like mass panic, ... and symbolic actions such as the sacrificial  and the devotional'. 
However, he goes on to stress that although such activities are not equivalent to work, 'aspects of  work may 
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action which actors themselves would consider as work (Strauss 1993 pp. 94-95). He 
implies that the distinction between work and other forms  of  action lies in the exertion 
of  effort  which work entails. For example, after  citing a dictionary definition  of  work, 
Strauss makes the following  comment: 

To 'exertion of  effort',  one might wish to emphasize the output of  energy involved in work even to 
the extent of  exhaustion; also the time that work consumes, whether a great amount or relatively 
little for  'something to be made or done'. 
(Strauss 1993 p.82) 

A further  indication of  how Strauss perceives work is provided by a quotation he has 
chosen to head a chapter on 'Work and the Intersection of  Forms of  Action': 

There is something about constraints that distinguishes work.... The work part comes in when you 
have to operate under constraints, apply effort. ... Something you have to make yourself  do, even if 
you love it. 
(Leigh Star (personal communication), quoted in Strauss 1993 p.81) 

I suggest that Strauss is unable to be more specific  about the properties of  work in 
relation to other forms  of  action because to create such distinctions outside concrete 
situations is to dichotomize work and nonwork - to reify  activities; for  Strauss, such 
reifications  are misleading because they create empirical blind spots. The nature of  the 
distinction between work and other forms  of  action is less relevant for  understanding 
work than how different  forms  of  action (including different  types of  work) overlap 
and combine over the course of  any activity. Work and nonwork are often  intertwined, 
the boundaries between them varying according to situation and over time. In other 
words, whilst work and nonwork activities are distinguishable, they are not 
dichotomous; such a dichotomy would only serve to 'block a deeper understanding of 
the relationships between work and other forms  of  action' (Strauss 1993 p.95). And it 
is these relationships that help us understand the nature of  work.7 

be associated with them. They may sometimes even depend on work for  their initiation, continuance, or 
completion' (Strauss 1993 p.95). 

7 Strauss offers  the example of  'going on a picnic' to illustrate the point that clear-cut distinctions between work 
and nonwork activities are not backed up by experience. An apparently nonwork activity such as a picnic is 
likely to involve work (at least by some participants, and at various stages of  the event) even if  those carrying 
out the work do not perceive it as such: 

Consider the recreational activity called 'going on a picnic'. The very phrase conjures up - at least for 
many women, who are usually in charge of  preparation for  this 'fun'  expedition - planning the menu, 
shopping for  food  and other supplies, cooking or at least cleaning and packing the food,  and so on until 
the end of  the picnic when these now very tired workers are often  relieved that their ordeal is over. Yet 
I am not asserting that picnics can't be fun  for  everyone involved nor that the women think that they are 
'working', or even that picnics can't involve a bare minimum of  actual work. From a sociological 
perspective, aspects of  the picnic do follow  the dictionary definition  of  work, and sometimes the 
participants see some of  the event in terms of  that definition  too. 
(Strauss 1993 pp.95-96) 
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It follows  from  Strauss's understanding of  work as a form  of  action, that any enterprise 
or project can be investigated for  the different  types of  work carried out at different 
stages, and engaged in by different  actors together or separately. Such an analytical 
way of  perceiving and researching work allows goal-oriented activities which demand 
effort,  but which would be invisible to conventional conceptualizations of  work (either 
because of  the identity of  the worker, or because of  the nature of  the task, or both), to 
emerge as work.8 The range of  activities potentially considered as work thus becomes 
far  broader. For example, in their hospital study Strauss et al. (1985) observed and 
described the several types of  work involved in the care of  each patient ('illness 
trajectory management') by breaking the work down according to the substantive 
nature of  tasks. The types of  work identified,  included clinical safety,  technological, 
error, psychological, information,  and articulation work. Thus through 'intense focus 
on the work itself - its task sequences, its organization, its many variants and their 
conditions and consequences, its articulation, its evaluative processes' (Strauss 1993 
p.289), work is uncoupled from  assumptions about how, where and by whom it is 
carried out. These are questions for  empirical investigation. 

4.2.1 The role of  interaction in work 
The  concept of  trajectory 
Strauss's perception of  the role of  interaction in the carrying out of  work is clarified 
and operationalized by a key concept, that of  trajectory.  By serving as an 'ordering 

This example suggests that participants in the same event may experience the distinction between work and 
nonwork activities differently,  and that participants and researchers may not always agree whether or not an 
activity constitutes work. 

8 One clear example is the 'invisible work' carried out by hospital patients, identified  in a study of  work in 
hospitals (Strauss et al. 1985). Whilst the field  researchers in this study observed patients engaging in many 
types of  work 'to insure their own comfort,  to catch staff's  errors,... maintaining their composure during 
procedures, making decisions about whether to go through another operation or to die, and monitoring dialysis 
machines and other equipment' (p.191), much of  this work was invisible to hospital staff.  Patients' work was 
either not seen, or if  seen, was 'not defined  as work but just as patients' activity or general participation in 
their own care' (ibid.). From a feminist  stance, Star (1991b, 1995) warns of  the danger of  failing  to take 
account of  all the work contributing to an outcome: 'Deleting that work means that some people appear larger 
than life  and other people's work is erased. Over a long period of  time, these inflations  and erasures become 
institutionalized, and enormous suffering,  both direct and bureaucratic, results' (1995 p.506). Strauss (1993 
p.70) and Star (1991b p.271) point out that data should be gathered from  as many of  the actors in a situation 
as possible, in order to achieve the 'fundamental  pluralism' they advocate (footnote  11, of  the previous 
chapter, makes a similar point in relation to rationalized definitions  of  collaboration). 
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concept', the notion of  trajectory provides a vehicle for  analysing the processes of 
work, interaction, the links between them, and their outcomes.9 The concept refers  to: 

(1) the course of  any experienced phenomenon as it evolves over time (an engineering project, a 
chronic illness, dying, a social revolution ...) and (2) the actions and interactions contributing to its 
evolution. That is, phenomena do not just automatically unfold  nor are they straightforwardly 
determined by social, economic, political, cultural, or other circumstances; rather, they are in part 
shaped by the interactions  of  concerned actors. 
(Strauss 1993 pp.53-54, italics in original) 

The trajectory concept is rooted in Strauss's tenets that 'human activity is the 
phenomenon that must be theorized ... that events rather than variables are the proper 
unit of  analysis' (Maines 1993 p.xii). Participants in the phenomenon (trajectory) 
under study (in Strauss's terms, interactants) are conceived as actively attempting to 
shape the course of  the phenomenon. And because the trajectory concept emphasises 
the process of  acting - 'the sequential order of  planning, expectation, cooperation, 
confrontation,  and consequences of  action' (Soeffner 1991 p.368), it makes visible all 
the work contributing to the evolution of  a phenomenon (and thus to its outcome, or 
consequences). Thus the trajectory concept foregrounds  the dynamic, processual and 
unpredictable nature of  social phenomena, giving 'life  and movement to studies of 
phenomena and the related interactions' (Strauss 1993 p.54). 

The trajectory concept relates the evolving course of  the phenomenon being studied to 
the associated interactions. The phenomenon is shaped by the actors, and their actions 
are influenced  in part by the constraints and opportunities inherent in the situation.10 A 
strength of  this perspective lies in its recognition that normally, no single actor guides 

9 The concept of  trajectory  was first  used as a means of  analysing types of  work in Strauss et al.'s study of  work 
in hospitals, Social  Organization  of  Medical  Work( 1985). Here, the authors coin the term 'illness 
trajectory', which they contrast with a 'course of  illness ... a commonsense and professional  term'. 
Trajectory  refers  'not only to the physiological unfolding  of  a patient's disease [course of  illness] but to the 
total organization  of  work done over that course, plus the impact  on those involved with that work and its 
organization. For different  illnesses the trajectory will involve different  medical and nursing actions, different 
kinds of  skills and other resources, a different  parceling out of  tasks among the workers ... and involving 
quite different  relationships - instrumental and expressive both - among the workers (p.8, italics in original). 
An advantage of  the trajectory concept is that 'it protects the researchers from  being confined  by the 
perspective of  the health workers themselves' (p.9). 

10 Strauss uses the term reciprocal  impact  to describe this relationship; reciprocal impact refers  to 'the 
potentiality for  consequences of  interaction to become, in their turn, conditions that affect  further  interaction, 
which then produces further  consequences' (Strauss 1993 p.56). 
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or manages the course of  a social organization alone.11 Seoffner (1991 p.369) clarifies 
this point in relation to trajectories of  illness and dying: 

Illness and dying have often  been depicted as processual events belonging to each individual 
separately, and perceived, feared,  and experienced as such. Very rarely have these been perceived as 
interactively and intersubjectively formed  processes. They occur, or rather, we make them occur, by 
acting out and interpreting a given physical, perceptual, and intellectual movement. But we do not 
act them out on our own. Others adapt themselves to our situation, they are - depending on their 
degree of  closeness to us - inside the same trajectory. ... 
We are always within a system of  action that has as its focal  point a theme, that gives us and others 
the responsibility of  acting upon this theme, and that produces (again) or varies social forms  of 
organization whose author is the trajectory of  all participants and not any one concrete, individual, 
aging subject. 

Researching the course of  a trajectory involves concentrating on the perspectives of 
different  participants. Yet, as a result of  the outcome of  interactional processes, some 
actors will be more influential  than others in shaping all or parts of  the trajectory.12 

Since trajectory refers  to the unfolding  of  a phenomenon (and to the complex 
interactive acts required to manage that course) it can be broken down into phases. 
(Time in this context is made up of  'units of  action', rather than referring  to a unit of 
measurement (Soeffner 1991 p.363).) As the phenomenon under investigation 
evolves, changing conditions are likely to bring about 'changes in the interaction 
occurring over time "around" the phenomenon as it evolves'. Strauss stresses that the 
researcher's conceptualization of  phases may not coincide with interactants' own 
conceptualization of  phases (Strauss 1993 p.54) (presumably because the actors 
themselves do not possess the historical and spatial overview of  the researcher). Yet 
nor are the phases necessarily deterministic (pre-ordained) - the future  direction of  the 
trajectory depends to some extent on its past, but it is still open-ended. 

11 Again, this observation is rooted in Strauss's assumption that action is essentially interactional. As Strauss 
points out: 'If  one interactant were to completely dominate the entire course [of  a phenomenon], then we 
would not be discussing interaction but some sort of  command structure - something that occurs in a blueprint, 
"on paper", in planning but rarely in actual execution no matter how dominated from  above' (1993 p.57). 

12 Interactional processes refer  to the way actors 'come to terms with the goals and actions of  each other' (Strauss 
1993 p.57). In a work context they are strategies by which actors work out the arrangements for  carrying out 
the work (such as what is to be done, by whom, for  what purposes, with what resources, technology, 
information  etc.). Such strategies include negotiation, and variants of  negotiating some exchange, such as 
persuading others, educating/teaching relevant others, manipulation, and coercion or the threat of  coercion; 
strategies will normally be aimed at obtaining the best possible arrangements for  oneself  or one's organization 
(Strauss 1988). 
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I suggest that the comprehensive perspective and sequential organization of  processes 
(phases) implied by the trajectory  idea make this an apt ordering concept for  empirical 
data relating to the making and evolution of  collaborative research projects in science. 
This would allow analysis to focus  on the types of  work and the related interactions 
entailed along the evolving course of  the collaborative research project. This idea that 
the concept of  trajectory,  with its phases, can serve as a vehicle to analyse 
collaboration as a work process will be expanded on in the final  section of  this chapter. 

The  concept of  articulation  work 
By making the trajectory the focus  of  analysis, Strauss and his co-authors (Strauss et 
al. 1985) were able to classify  kinds of  work in terms of  the nature of  the tasks 
themselves (as noted above, this approach contrasts with more conventional sociology 
of  work approaches, which tend to focus  on the divisions of  labour, roles, careers etc.). 
This focus  enabled them to identify  a type of  work, labelled articulation  work,  which 
would be invisible to studies adopting a conventional conceptualization of  work as 
production. Strauss calls articulation  work  a 'supra-type of  work' (1985 p.2). It 
consists in the additional tasks required to initiate and maintain the flow  of  work 
associated with a trajectory or project. In complex situations, tasks do not 
automatically order themselves into trajectories. Rather, they must be articulated - and 
articulation is itself  work. 

The notion of  articulation work embodies the recognition that an accomplished project, 
or work-goal, has involved work over and above the actual tasks which have 
manifestly  contributed to its completion. Examples of  articulation work are: 
connecting a number of  different  tasks in order to achieve a desired outcome; dividing 
up work; and allocating tasks to people (Strauss 1985). To highlight the role of 
articulation work then, is to make explicit that action needs to be coordinated for 
something to get done. Successful  articulation work ensures that the work 
contributing to a project flows  smoothly. 

In a paper describing a model for  understanding how work within projects is 
articulated, Strauss (1988) distinguishes between the articulation of  work (or 
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articulation work) and the articulation process. Articulation work, 'the specific  details 
of  putting together tasks, task sequences, task clusters, and even the work done in 
aligning larger units such as subprojects, in order to accomplish the work' is a 
constituent element of  the articulation process, 'the overall process of  putting all  the 
work elements together and  keeping them together' (pp. 174-175, 164). 

The model illustrates that articulation is a basic aspect of  work carried out by more 
than one person, 'Even temporary or loosely coupled collectivities need to have their 
action "coordinated" if  a task is to get done' (Corbin 1991 p.32). Strauss identifies 
four  work processes which are both essential for  reaching the project goals and basic 
to the articulation of  project work. These are: 'achieving and maintaining a flow  of 
resources' (money, personnel, skills, equipment, participants commitments etc.); 
'making arrangements about the division of  labour' (deciding on the component tasks, 
and who will do what tasks); 'matching workers' motivations with tasks' and 
'supervising delegated or assigned responsibilities for  task performance'  (1988 p. 166). 
Further, these work processes (or articulation processes) in turn depend on 
interactional processes (such as persuading, teaching, negotiating, manipulating, and 
coercing): 'Interactional processes are the strategic means by which the work 
processes are started, maintained, strengthened, and supported' (pp. 166-167). 
Strauss illustrates the point thus: 'if  resources are needed,... there may be negotiation 
for  funds;  manipulation or coercion may be employed to obtain the most skilled work 
force  available ...' (ibid.). In this way, forms  of  interaction are shown to be essential to 
articulating people's work and getting the work done. These work processes apply 
equally to scientific  work, and therefore  collaboration. 

Fujimura (1987) makes the point that whether a task constitutes articulation work or 
not depends on the context. The same task may constitute articulation work to one 
person, and 'production work' to another, depending on whether it is carried out as a 

13 

response to an emergency, or as routine. The lab technician making sure she has an 
13 Fujimura contrasts production work with articulation work thus: 'Production means carrying out a relatively 

well-defined  task. Articulation is the work of  pulling together everything that is needed to carry out 
production tasks: planning, organizing, monitoring, evaluating, adjusting, coordinating and integrating 
activities.' (Fujimura 1987 p.258). 
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ultra-centrifuge  available so that she can do her experiments is carrying out an 
articulation task, whilst the laboratory director purchasing the ultra-centrifuge  is 
carrying out a production task. 

Star (1991b, 1995) combines a recognition of  the permanence of  articulation work in 
workplaces with an emphasis on its unpredictable, local, even creative nature. This is 
because she sees articulation as a way of  resolving inconsistencies that exist in the 
workplace 'by packaging a compromise that "gets the job done" ' (Gerson and Star 
1986 p.266). Such inconsistencies are constituted by the unforeseen  circumstances 
that arise, the 'different  goals and ways of  working' of  the actors, and 'incompatible 
viewpoints about what should be done in a situation' (Star 1991b pp. 226, 277). 
Because of  its local, unexpected nature, articulation work is invisible to 'those 
representations of  work and production that consider a smooth, unproblematic, 
sequence of  events as an adequate representation' (Star 1991b p.275). Thus Star's 
understanding of  articulation work recognizes the likelihood that a planned or 
envisioned course of  action will encounter unforeseen  disruptions, 'by definition, 
articulation work is contingent and occurs in "real time" ' (1995 p.504). As examples 
of  articulation work taken from  the context of  medical work, she cites the steps taken 
by a head nurse to avoid accidents in the event of  an unexpected power failure, 
'tending to a patient, repairing a sentimental mistake in a conversation with a family,  or 
finding  a substitute implement in the middle of  emergency surgery' (ibid.). Such 
examples illustrate that solutions to unexpected problems, or 'articulation strategies' 
depend on local knowledge. 

The local and creative aspects of  articulation work are themes permeating science 
studies work which has applied Strauss's interactionist approach to analyse the 
dynamics of  science (see following  section). Articulation work at several levels might 
be expected to constitute a necessary aspect of  collaborative research. This is because 
joint action is constituted by the fitting  together of  acts; people who work together 
need to mesh their work so all of  it gets done. But also because the several 
participants would presumably need to fit  the collaborative research with their own 
careers, with the interests of  their institutions, and with their national research systems. 
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This section illustrates that Strauss's interactionist perspective on work is sensitive to 
the details of  the work processes themselves, and by placing multiplicity in the 
foreground,  it emphasises the role of  interaction processes (negotiation) in keeping the 
action flowing.  I suggest that processes of  organizing difference,  inherent in this 
perspective, are important elements of  collaborative work processes. 

4.3 Science as work 

The notion that 'doing science is real work', and that there is in this sense 'no 
distinction between a scientist and any other goal-oriented social actor' (Callon 1995 
p.45) has been fostered  by researchers applying the same microsociological methods of 
analysis to the study of  science as might be applied to any other human activity (e.g. 
Latour and Woolgar 1979; Knorr-Cetina 1981a; Lynch 1985; Traweek 1988). 
Contrasting such approaches with the more epistemologically-oriented sociology of 
scientific  knowledge, Pickering argues that 'The attempt to understand scientific 
practice is interesting in its own right... what scientists do is just as important as the 
knowledge they produce'; indeed, close attention to practice issues can inform  our 
understanding of  science-as-knowledge (1992 pp. 6-7).14 

For Star there are ethical and political (as well as philosophical) reasons for  studying 
science in terms of  work/practice. Restoring 'accounts of  the actual work and its 
organization' to 'reports of  science stripped of  production history' can serve to 
demythologize science and technology by recovering work (and therefore 
responsibility and agency) that has 'disappeared into the doneness' (1988 p.201; 1991b 
p.267; 1995 pp. 503, 506). Recovering all the work means making the heterogeneous 
and collective character of  scientific  work central to the analysis. This in turn implies 'an 
ecological sociology of  science', which studies the dynamics of  science as part of  a 
situation (1988 p.201). This approach is rooted in a pragmatist philosophy: theories 

14 As an indication of  what 'doing science' actually consists in, Pickering cites: 'the dense work of  building 
instruments, planning, running, and interpreting experiments, elaborating theory, negotiating with laboratory 
managements journals, grant-giving agencies ...' (1992 p.5). 
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are anchored in experience; scientific  theories are 'made, not born'; and organizational 
robustoess and truth need not be separated: 

Scientific  theories begin with situations: a charity hospital with a mandate, its desperate clients 
having seizures on the doorstep; antivivisectionists lobbying for  an end to those same doctors' 
experiments; a war that results in coded messages, and the attempt to decode them. ... The theories 
that scientists form  about nature are the actions that both meet specific  contingencies and frame 
future  solutions. ... People do not unearth facts,  but, rather, assemble, array, propose and defend 
them from  their situations. ... The situations which create scientific  theories are not single 
experiments, laboratories or moments in individual biographies. The stratification  of  perspectives 
occurs as a result of  numerous interactions and power relationships. ... Robust findings  are 
collections of  actions which, taken singly, may not hold up as valid or reliable, but which 
collectively describe or manipulate the world well enough for  a number of  purposes. ... Truth, 
viewed pragmatically, means shared consequences. 
(Star 1993 pp. 93-95)15 

Pickering (1992) shares with the pragmatist interactionist research tradition the perspective 
that science is a practice which can be analysed like all practices: doing science implies 
attempting to 'engineer associations' between the diverse array of  resources available in 
order to reach goals, which although pre-defined,  are also likely to be redefined  (Pickering 
1992 p.9; Clarke and Fujimura 1992). Pickering conceives these resources as constituting 
the 'culture' that scientists draw upon to do their work: '[culture] encompasses all of  the 
resources, many of  them humble and mundane, that scientists deploy and transform  in their 
practice'; such resources may be material, social or conceptual in nature (pp.3,8). In 
material and socio technical practice, 'cultural elements' frequently  fail  to fit  together, or 
associate as desired: 

Experiments... go wrong all the time. To successfully  engineer an association of  disparate cultural 
elements is, then, a nontrivial achievement that can itself  be taken as the explanation of  a degree of  closure 
in scientific  practice, of  a limit where practice can rest (temporarily at least). ... The production of 
instruments, facts,  phenomena, and interpretations in the laboratory is precisely the hard, uncertain, and 
creative work of  bringing together... disparate cultural elements... 
(Pickering 1992 p.9) 

15 With its emphasis on action, situation, and power (the 'co-construction' of  science and society), the pragmatist 
interactionist approach to understanding the dynamics of  science is redolent of  the translations and 
intéressement  (' actor-network') model of  Bruno Latour and Michel Callon (e.g. Callon and Law 1982; Callon 
1991; Latour 1983, 1987). However, Star (especially 1991a) takes issue with the undemocratic implications 
of  Latour's maxim to 'follow  scientists': 'the political order described in actor network theory ... [is] warlike, 
competitive, and biased toward the point of  view of  the victors (or the management)' , 'in the case of  Pasteur 
or any executive, much of  the work is attributed back to the central figure,  erasing the work of  secretaries, 
wives, laboratory technicians ... When this invisible work... is recovered, a very different  network is 
discovered as well' (Star 1991app. 33, 29). Rather than telling the story from  the point of  view of  one 'passage 
point' - 'usually the manager, entrepreneur, or scientist', Star proposes a 'many-to-many mapping, where several 
obligatory points of  passage are negotiated with several kinds of  allies, including manager-to-manager types' (Star 
and Griesemer 1989 p.390). 
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Further, applying the science-as-practice approach to a case of  conceptual practice 
(modelling), Pickering and Stephanides (1992) found  that the process of  modelling is 
constituted by a combination of  'free  and forced  moves' ('active choices' and 'surrender of 
agency'). They conclude that the resistance to association identified  in material and 
sociotechnical practice applies equally to conceptual practice. A similar observation is 
made by Restivo (1990) who, in a study of  pure mathematics, suggests that mathematical 
practice 'has more in common with tinkering than with formalistic  and deductivistic modes 
of  inquiry and argument' (p. 130). 

For Clarke and Fujimura (1992), the cultural resources identified  in Pickering's volume 
make up the 'elements' of  the situation in which scientific  work is being done.16 To 
understand scientific  practice entails posing empirical questions to capture the 
complexity of  the interrelations between the elements in the situation. Thus they ask: 
'How do scientists pull together and articulate various tools in order to do their work? 
How and under what conditions do these arrangements change over time?' (p.3). A 
'right' scientific  practice is the outcome of  successful  articulation between 'tools' and 
'jobs'. Thus, 'Central to the practice of  research is the contingent nature of  what is a 
'right' tool or task or problem in light of  an array of  situational variations and their 
interdependencies'17 (p.18). 

Craftwork  and articulation  work  in science 
Coming from  a similar research tradition, Nutch (1996) supplies an empirical illustration of 
the point that resources only become defined  as such by virtue of  the way individuals 
interrelate with 'an indefinite  environment' (p.222). In his research on a marine biological 
research station, he identifies  a type of  field  research scientist particularly adept at managing 
practical problems with research equipment and scientific  instruments, the 'gadget-

16 Clarke and Fujimura list the following  as elements of  a situation of  scientific  work: workplaces; scientists; 
other workers; theories; models; other representational entities; research materials; instruments; technologies; 
skills and techniques; work organization; sponsorship and its organization; regulatory groups; audiences and 
consumers (1992 p.5). 

17 According to Clarke and Fujimura, studying science as a situated practice is conducive to an ecology of 
knowledge, 'an ecology of  the conditions  of  its  production - an ecology of  scientific  activity/practice/work' 
(1992 pp.4-5). In other words, nothing is predetermined. 
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scientist'.18 Because of  their practical skill, gadget-scientists in the field  'perceive a broad 
spectrum of  resource possibilities and produce opportunities when confronted  by 
"obstacles"' (ibid.). 

The idea that particular skills and knowledges (whether acquired in professional  or 
everyday settings, whether tacit or codifiable)  contribute to the 'construction' of  resources 
(by rendering elements in the situation potentially useful),  points towards the creative 
processes that go into creating scientific  problems and claims within a particular situation. 
Clarke and Fujimura highlight the contributions of  craftwork  ('tinkering') and articulation 
work to 'the work behind the claims' (1992 p. 18). As they point out, these need not be 
discrete processes. 

The important role of  craftwork  in scientific  practice was identified  by ethnographic studies 
of  laboratory sciences, such as those referred  to at the beginning of  this section. Knorr 
Cetina (1981a) used the concept of  'tinkering' to describe the actual activity that takes 
place in a laboratory and leads to scientific  results. She found  that exploiting what is at 
hand in the laboratory, 'making-do', constituted an important strategy for  scientists in their 
efforts  of  'producing and reproducing some kind of  workable object which successfully 
meets the purpose they have temporarily settled on' (p.34). This echoes Pickering's 
observation 'that the achievement of  intended associations [between disparate cultural 
elements] is a nontrivial accomplishment' (1992 p. 12). 

Other work suggests that field  and experimental research demand different  kinds of 
craftwork  (e.g. Haila 1992; Nutch 1996). For example, Nutch shows how the highly 
practical 'gadget-scientists' in marine field  research are more likely to be able to complete a 
research project than their less practically inclined colleagues. Their practical skills allow 
them to cope better with local research conditions by 'repairing, maintaining, designing, 
modifying,  and building research equipment and instruments' (p.216). Nutch identified  four 
ways these scientists tinkered with available materials to 'make do': 'using objects that are 
designed for ... different  purposes ...; creating a piece of  research equipment from  bits and 
pieces found  around a research site...; modifying  available tools, instruments and 

18 This epithet is not meant to be pejorative in any sense. 
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equipment for  coping with specific  emergencies or project contingencies ...; saving money 
and time, and circumventing bureaucratic delays by constructing a needed piece of 
equipment' (p.219). It may be argued that in view of  these gadget-scientists' evident 
pragmatism, opportunism, and creativity, the label 'gadget-scientist' is too narrow. 

The significance  in science of  craftwork  as a creative, ad hoc activity, is indicative of  the 
important role of  tacit or local knowledge in scientific  practice.19 As Ravetz (1971) points 
out: 'in every one of  its aspects, scientific  inquiry is a craft  activity depending on a body of 
knowledge which is informal  and partly tacit' (p. 103). The link between hands-on scientific 
practice and tacit knowledge is empirically demonstrated by Collins (1982) who found  that 
British physicists, lacking the requisite practical experience, had considerable difficulty  in 
reconstructing a laser invented in Canada.20 Collins's finding  that the ability to build the 
laser could only be acquired through the experience of  successfully  building one, leads him 
to suggest that 'a participant in the flow  of  knowledge here was not simply a carrier of 
packages of  information  but a part of  a small scientific  culture' (1992 p.61). Callon (1995) 
draws the implication from  the 'enculturation' model of  the production of  scientific 
knowledge that 'practices incorporated in human beings (those who manipulate and 
interpret) are intertwined with experimental apparatus, protocols, and observational or 
theoretical statements' (p.43). 

In its refusal  to make analytical distinctions between practice and knowledge in 
scientific  work, empirical work within the pragmatist interactionist tradition has turned 
to the 'nitty-gritty' of  scientific  practice to account for  the accomplishment of  scientific 
goals. The suggestion is that goals are achieved as the successful  outcome of  fitting 

19The distinction between tacit knowledge and local knowledge is unclear. Knorr Cetina (1981a) distinguishes 
between tacit knowledge which is available to the scientific  community and local knowledge which is resident 
in individual researchers or particular laboratories; yet as Collins's work shows [see further  on in same 
paragraph], her understanding of  local knowledge could apply equally to tacit knowledge. The conflation  of 
local knowledge and tacit knowledge is particularly apparent in field  research. As Nutch (1996) observes, 
researchers are more likely to be able to carry out their planned research if  they have a working knowledge of 
the local conditions at a specific  research site (which can presumably only be acquired by experience). And in 
polar marine fieldwork,  knowledge of  local sea ice conditions is likely to constitute an essential ingredient in 
planning and executing the research; such knowledge appears to be acquired overyears of  field  experience. 
Tacit and local knowledge, then, may be conceived as the same type of  knowledge: the former  relating to 
equipment and the latter to the environment. 

20 Collins points out that in experimental work, 'much tacit knowledge is embodied in visible rather than abstract 
objects'. This may partially account for  the scientists' difficulty,  since the research field  was new, and the 
British scientists' knowledge of  it was largely theoretical (1992 p.60). 
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resources, tasks, and scientific  claims together: 'what makes a tool right for  a job and 
the job supportive of  a claim is the joint articulation of  tools, jobs, and claims' (Clarke 
and Fujimura 1992 p. 18). The articulation work implied here is described as 'the 
invisible and unacknowledged but often  arduous work of  pulling various elements together 
in the "right" sequences and at the "right" times and places in order to achieve particular 
goals' (ibid. p.9). In this instance, the boundary between articulation work and craftwork 
appears fuzzy. 

As an example of  the requirement for  articulation work to achieve a desired outcome, 
Nutch (1996) shows how marine field  scientists must 'synchronically choreograph' 
their research project with a host of  schedules, over which they have greater or lesser 
control. These include: the scientist's own personal and professional  demands, and 
funding;  the work schedules of  other staff  'especially when scientists visit laboratories 
in "faraway  places" '; the schedules of  equipment and of  technical and administrative 
support staff  (this aspect appears particularly important); and the cycles of  nature: 
'Marine field  scientists must... align the social and mechanical with nature's "cycles 
and whims" if  they are to conduct research' (p.222). Similar conditions might be 
expected to hold for  polar research. Nutch's 'gadget-scientists' can to some extent 
distance themselves from  the local conditions that may impede the progress of  a 
research project because of  their ability to improvise. Articulation work might be 
expected to be more evident, or visible in projects carried out in the field  than in a 
home laboratory. This is because fieldwork  is likely to be more vulnerable to external 
conditions (such as the weather, ice conditions, mechanical breakdowns) and so 
require some improvisation. Further, the scope for  successful  improvisation might be 
reduced, owing to the limited range of  resources at hand; on a ship for  example, 
several individuals or teams may be attempting to coordinate their projects in a 
confined  space, perhaps with limited time and equipment. 

Further, articulation work is shown to be central not only to accomplishing scientific  goals, 
but also to defining  them. Fujimura (1987) extends the role of  articulation work to 
explain how and why scientists come to work on certain problems and not others. She 
indicates that the very problems and projects scientists work on are 'processes'. 
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Problems are worked on because they are 'do-able' within a particular work situation. 
And problems become do-able as a result of  the articulation work that has gone into 
aligning different  levels of  work organization: the level of  the experiment, of  the 
laboratory, and of  the broader worlds of  research conventions, scientific  and 
extrascientific  support. In a similar vein, Nutch (1996) stresses the importance of 
articulating work between the three dimensions of:  material resources (equipment and 
instruments); organizational routines; and research conventions (p.223). Alignment 
between the three work levels is achieved by 'articulating - considering, collecting, 
coordinating and integrating - tasks between these levels of  work organization' 
(Fujimura 1987 p.258). In other words: 

At the heart of  constructing doable problems lies actively manipulating and articulating the various 
elements in the research situation (or at least attempting to do so). This involves understanding the 
constraints, opportunities and resources in terms of  each of  the various elements involved in the 
construction of  research enterprises. 
(Clarke and Fujimura 1992 p.9) 

The 'doability' of  a research problem is high if  articulation is 'streamlined or well 
executed' and low if  articulation is 'difficult  or neglected' (Fujimura 1987 p.282); this 
is because 'scientific  work gets done and problems are solved when all the necessary 
parts at all levels of  work organization are collected and made to fit  together' (ibid, 
p.262). 

Articulation in scientific  work not only takes place between levels of  work organization 
when investigators are deciding whether and how to pursue a specific  line of  research. 
Tasks (or research problems) may be adjusted and readjusted during the course of  the 
research work in response to unforeseen  problems and opportunities within a particular 
level of  research organization. Such reorganization again implies articulation work, or 
'crafting':  'this includes dropping or substituting tasks, altering a task's structure, and 
substituting audiences and relabelling the problem' (Fujimura 1987 p.262). 

If  articulation work is conceived as a response to local conditions, the ability to carry it 
out must depend on local knowledge. In the case of  collaborative research projects, 
such knowledge would presumably include an overview of  the whole project, and thus 
an awareness of  the activities of  fellow  collaborators. 
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An understanding of  science as practice highlights the collective nature of  scientific 
work, and that scientific  knowledge is built up in the course of  joint practice (Star 
1993 p.94). It implies investigating science in terms of  the dynamics of  work processes, 
and their relationship to more organized structures. This section has identified  two main 
types of  work important in science, and therefore  collaboration: craftwork,  or production 
work (including gadget-work and conceptual work); and articulation work, which 
includes the work of  negotiating the division of  labour. 

4.4 Collaborative research projects as trajectories of  work 

This section suggests how Strauss's schema for  understanding action and therefore 
work, together with an understanding of  science as work or practice, can provide a 
framework  for  analysing scientific  collaboration as a work process. The features 
shared by these two bodies of  work which suit them for  this task are: an emphasis on 
temporal processes; a focus  on the work itself;  and the recognition that actors 
approach a situation with diverse perspectives and yet can achieve joint outcomes 
through negotiation and other forms  of  interaction. The concept of  trajectory 
incorporates these three features,  which are also properties of  collaborative projects. 

Research projects as trajectories 
Strauss offers  a definition  of  projects which, when applied to collaborative research 
projects, indicates how they can be conceptualized in terms of  trajectories. According 
to Strauss, projects share properties 'such as a goal [which may alter over the course 
of  the project], a temporal flow,  assembling and maintaining resources, a number of 
necessary tasks, and a termination' (1988 p. 165). Yet they differ  in 'difficulty,  scope, 
specificity  or number of  goals, and degree of  consensus on the goals,... structural 
context'. A project may be a one-off,  or may be one of  a series (ibid.). Projects 
evolve over time and have 'narrative histories' (p. 163). The work of  project members, 
which includes their efforts  to fit  their work together, and the work relationships 
between these members, develop over the course of  that evolution; and the original 
project goal may alter. 
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Conceptualized in this way, the evolving collaborative project and its related work, 
constitutes a pre-planned trajectory, to be analysed in terms of  its work, division of 
labour, resources, the relationships between these elements, and how these change 
over time.21 The project itself  is in the foreground,  and the pertinent questions to ask 
about the collaboration relate to the unfolding  of  the project: How did the project 
come into being? What types of  work are involved? Who carries out the various 
tasks? How are such decisions arrived at? 

By relating the activities of  co-workers to the shaping of  the collaborative project 
itself,  collaboration is imbued with a dynamism. The nature of  interactions between 
co-workers (whether face-to-face  or distributed) not only shapes the trajectory course, 
but constitutes part of  the research environment which shapes future  interactions: the 
way an individual collaborator interacts with co-workers may be partly defined  by a 
past (and future,  through envisioning) relationship with them. Concepts such as 
'trajectory projection' and 'trajectory scheme' (Strauss 1993 p.55) acknowledge the 
role envisioning (along with past experience) plays in shaping interaction, and that 
unexpected disruptions to the envisioned work flow  may occur, resulting in a need for 
articulation work to 'get things back on track' or revise the visions (Star 1991b). Thus 
the history of  the collaboration, which includes past relationships of  collaborators, and 
the envisioned plans for  the project, are significant  for  understanding its evolution. 
Conceiving collaborative research as a work trajectory suggests the simultaneous 
shaping of  the project and ongoing collaborative interactions. Focus on interaction in 
turn suggests that communication (including conflict)  is an essential feature  of 
collaboration. 

To the extent that a collaborative project is conceived as an outcome of  an 
interactional process, it may be perceived as representing 'negotiated order' (Strauss 
1978). This concept recognizes that consensus is not a precondition for  collaborative 
work to be accomplished. Interactive processes such as compromise and negotiation 
(which may result in the revision of  goals) enable collaborative goals to be achieved in 

21 Research projects are likely to be more pre-structured than some processes, such as that of  a hospital patient's 
illness trajectory. 
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the face  of  differing  viewpoints. This makes it clear that no individual guides the 
trajectory course, although some individuals may be more influential  than others. How 
and why that comes to be is a question for  empirical investigation. 

Heterogeneity  and collaboration 
To apply the trajectory concept to a collaborative project then, is to recognize that 
collaborating scientists necessarily approach the project from  different  perspectives: 
that working towards the same goal does not necessarily imply social or intellectual 
cohesion. I suggest that this heterogeneity accounts for  an essential difference 
between collaborative and solo work; it also explains why articulation work might be 
expected to constitute an important aspect of  collaborative work. 

An important source of  heterogeneity in a collaboration is the collaborators' own 
career paths. Fujimura's finding  that research problems are defined  and redefined  in 
light of  what is 'doable' (1987), might be expected to be particularly applicable in 
collaborative research, where the project needs to be aligned, not only with work at 
different  organizational levels (as in Fujimura's study), but also with the career 
trajectories of  the scientists involved. This idea suggests that a collaborative research 
project is shaped in an interactive process whereby each collaborator is involved in 
articulating the collaborative project work with their own careers, which 
simultaneously need to be articulated to the collaborative project. This process will 
likely entail a degree of  negotiation and similar interactions, as scientists with different 
perspectives together attempt to shape the work situation. Ideally then, the 
collaborative work would represent a point of  intersection between the collaborators' 
career trajectories, and the work involved in the production of  individual careers would 
merge with the work involved in the collaborative project. In practice however, the 
significance  of  a collaborative project to the careers of  individual participants will vary; 
accordingly, co-workers are likely to be committed to the project in different  ways and 
to different  degrees. If  alignment between a collaborative project and a co-worker's 
career is not achieved, the individual may perceive the collaboration to be a waste of 
time. In response, the project may change, or fail,  or the individual may withdraw 
from  the collaboration. It follows  that successful  collaborations are perceived as 
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beneficial,  or even crucial to participants' own work or career, but perhaps in very different 
ways. The factors  that appear to determine these perceptions are questions for  empirical 
inquiry. 

A further,  more esoteric source of  heterogeneity is individuality, or identity itself. 
Zabusky's ethnographic study of  scientists at the ESA illustrates the importance of 
individuality to the success of  cooperation. She found  that cooperating scientists 
thrived on difference,  or the 'disorder of  diversity that motivates practice' (1995 p.ll). 
Zabusky indicates that this form  of  heterogeneity or diversity is also related to 
'doability', or in her terms 'getting things done' (p.26). The heterogeneity implied by 
individuality also implies differential  exercise of  power. The question of  how and why 
particular individuals acquire relative power in particular situations needs to be 
investigated empirically. In the case of  research collaboration, pertinent questions may 
be: Who defines  the necessity for  the project? Who defines  what work is entailed? 
Who carries out the different  types of  work? 

Since diversity or heterogeneity is a precondition for  achieving complementarity, 
collaborative research goals are likely to be defined  in terms of  some form  of  diversity 
(as well as dictating the constitution of  that diversity in a collaboration). In 
collaborative science, some aspect of  diversity or heterogeneity will likely inform 
notions of  what constitutes a 'doable' research problem in a particular situation; in this 
sense, collaboration constitutes a balance between doability and heterogeneity. 
Collaboration is partly about managing or organizing that heterogeneity, and this is 
achieved by articulation work. 

Since, as suggested above, collaborative research problems are likely to be defined  in terms 
of  what is feasible  in the particular situation (in Strauss's language, by articulating, or 
aligning each participant's career trajectory) the nature of  the heterogeneity will be a 
function  of  what potential co-workers can offer  (e.g. knowledge, skills, material 
resources). Thus the constitution of  the diversity inherent in a collaboration might 
represent some explanation for  the constitution of  the collaboration itself.  For 
example, in the field  of  polar research, where science and politics have traditionally 
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been bedfellows,  difference  in nationality might be expected to constitute a crucial 
element of  the collaboration. It is significant  for  understanding the nature of  the 
collaboration whether the differences  are related to individuals or categories. 

The notion that heterogeneity is inherent in collaboration gives the lie to popular and 
idealized conceptions of  collaborative unity and consensus, which as Zabusky's study 
illustrates, is at times exploited to further  political interests. Rather, because collaborative 
work spans a tension between the production of  careers and the production of 
knowledge, it should perhaps be linked to issues of  competition, such as access to 
resources. And paradoxically, it is its competitive edge that makes it so attractive to 
exploit as a symbol of  unity. 

Collaboration  as a relationship:  communication and conflict 
Qualitative studies on research collaboration within the field  of  Computer Supported 
Cooperative Work (CSCW) have emphasized the central role of  communication in 
collaborations (e.g. Chen et aL 1992; Kraut et aL 1988,1990). Collaborators' different 
interests, motives, expertise, and ways of  conceptualizing information,  exacerbate their 
need to communicate effectively  in order to work successfully  together. This section 
discusses the implications of  the heterogeneity of  collaborations for  understanding 
collaboration as a relationship; it suggests that acknowledging the heterogeneity of 
collaborations implies conceiving of  communication as a means of  building mutual 
understanding, rather than of  reaching agreement. 

In a study on information  management in research collaboration, Chen et aL (1992) stress 
the important role of  sharing information  in a collaboration in order to maintain awareness 
and overview, and to 'effect  changes in the thinking and actions of  the people involved in 
the collaboration process' (p.421). A 'knowledge element' essential for  the task of 
collaborative information  management is 'collaboration knowledge': knowledge about 
co-workers' expertise and current research activities, 'only through effective 
information  sharing and communication can the group function  as a unit in response to 
its external environment' (p.429). 'Collaboration knowledge' might be particularly 
important if  the collaborative work involves the integration of  past research efforts. 

103 



Perhaps it is this necessity to manage heterogeneity in a collaboration that underlies the 
findings  of  another empirical study on research collaboration, which identifies  social 
interaction - quality and quantity of  communication - as a key factor  contributing to a 
successful  collaboration (Kraut et al. 1988, 1990). In these studies, the importance of 
communication in collaboration is attributed to the role it plays in initiating and 
sustaining personal relationships, especially through informal  interaction: 'naturally 
occurring, informal  contact and communication provide the opportunity for  potential 
collaborators to learn about each other, and also serve as the framework  within which 
collaborative tasks are accomplished' (Kraut et al. 1990 p. 159). The requirement for 
frequent,  informal  contact and communication was found  to be higher during the 
stages of  planning the project and writing; although the joint supervision of  the project 
throughout its course was facilitated  by quick and easy access to a partner (Kraut et al. 
1988 pp.44-45). The longevity of  a collaboration and the degree of  satisfaction  of  co-
workers appeared to be associated with 'the pleasantness of  the interpersonal 
relationship between the collaborators' (ibid. p. 164). The emphasis this study places 
on the importance of  quality and quantity of  communication for  successful 
collaborations, appears to suggest that collaborations are best understood as personal 
relationships. However, this study was based on data from  pairs of  collaborators, 
rather than larger groups, and from  only one natural science field,  computer science 
(the other fields  were social psychology and management science). 

The notion that affective  relations are significant  for  understanding the progress made by 
members of  a group towards fulfilling  the group goal is found  in social psychological 
studies of  the dynamics of  small groups. This work shows that a distinctive set of  relations 
is likely to develop within a group. Activities within the group, which mainly revolve 
around the group's goal, are either directly focused  on achieving the group goal 
(instrumental), or concerned with feelings  for  and towards others in the group (expressive, 
or socio-emotional). Expressive behaviours counteract tensions which develop and which 
threaten the stability of  the group, and therefore  its progress in completing the task (Brown 
1988 Chapter 2; Fraser 1978). 
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Whilst Kraut et al.'s study appears to emphasise the importance of  harmonious 
collaborative relationships, other work within CSCW acknowledges the likelihood of 
conflict  in collaboration: 

A fundamental  aspect of  collaborative work is that individuals are not identical, and will approach 
the same task with differences  in their expectations, goals and preferred  styles of  working. They 
will have different  amounts of  time to commit to the resolution of  a problem, and even different 
notions of  what the problem is. These differences  will at times lead to conflict. 
(Easterbrook et al. 1993 p.3) 

Thus conflict  may be inherent in collaboration because of  its heterogeneous nature. In their 
literature review on conflict,  Easterbrook et al. (1993) highlight the complexity of 
conflict:  its many forms  and causes; and its possible utility, resolution, and 
consequences. They cite work which identifies  three conditions under which conflicts 
arise; these are: communicational (e.g. insufficient  exchange of  information);  structural 
(e.g. the goal incompatibility of  group members); and personal factors  (e.g. individual 
value systems and personality characteristics) (p.22). Three general characteristics of 
conflict  appear to be: interaction, interdependence, and incompatible goals (p.4). In 
collaborative work, the twin goals of  accomplishing the planned work, and maintaining 
'at least minimally cordial' interpersonal relationships might be expected to constitute 
sources of  potential conflict.  The authors stress that conflict  is not the opposite of 
cooperation, 'but a phenomenon that may arise whether people are cooperating or not. 
Successful  cooperation depends on how the conflicts  are handled' (ibid. p.4). 

The notion that the potential for  conflict  in collaborative work groups is high, appears to be 
confirmed  by small group behaviour studies focusing  on communication structure within 
groups. In a group where members are formally  peers (as in most collaborative groups of 
researchers), a communication structure which is initially horizontal (all members are 
consulted equally) is likely to become differentiated,  with some members being consulted 
more than others (Fraser 1978). More naturalistic studies of  face-to-face  collaborative 
writing groups (especially in learning environments) show that 'writing groups are 
micropolitical environments' (Selfe  1992 p. 149). Owing to the nature of  personal 
interaction within such groups, some individuals come to control discussions and the 
collaborative work, whilst others become marginalized (Selfe 1992; Schilb 1992). 
However, as these groups may not be entered into voluntarily, comparability with 
collaborative research groups may be limited. 
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I suggest that the idea that heterogeneity (and therefore  the potential for  conflict,  and 
actual conflict)  does not preclude collaboration, rests on a particular understanding of 
communication. The participants' relationship changes through communication 
processes, because these generate a mutual understanding. In this sense, 
communication itself  is collaborative: 'a process in which meaning is constructed in the 
interaction between speech-act participants' (Weiss 1991 p.43). Just as scientific 
knowledge is built up in the mutuality of  joint practice, so collaboration rests ultimately 
on understanding, rather than agreement. 

If  communication is understood as a process of  reaching understanding, the familiarity  and 
trust built up in the course of  informal  communication that Kraut et al identify  as important 
in collaborations, does not preclude conflict.  In the face  of  an ever-present potential for 
conflict  in a collaboration, interaction and communication needs to be maintained so that 
conflict  can be handled as it arises. Collaborators may need to put some emotional effort 
into maintaining this interaction by managing their feelings  in the service of  'emotion work'. 

4.4.1 Work processes 
Research on group performance  has shown that the actual productivity of  groups falls 
short of  potential productivity. A number of  process losses (due to impeding 
processes within groups) have been identified  to account for  the reduction of 
productivity, or work effectiveness  of  groups.22 As Kraut et al. point out, the research 
on group performance  appears to cast doubt on 'claims of  unalloyed benefits  from 
research collaboration' (1990 p. 152). 

I suggest that in a similar vein, collaborative work entails additional or extra work 
processes linked to the requirement for  collaborators to work in a relationship, and for 

22 These sources of  decrement in group activity include: 'social loafing'  (a concept which describes the research 
finding  that people do not try as hard in a group as they do alone, due to a drop in motivation); difficulties  in 
coordinating activity; and social influence  processes (the tendency to conform  within a group) (Brown 1988 
Chapters 3 and 4). 
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their work to be related if  it is to result in a single goal.23 This extra or additional work 
is invisible to static concepts of  collaboration, but becomes apparent when 
collaborative work is viewed processually. The perspective on work incorporated by 
the trajectory concept allows this additional/extra work to emerge as work, because it 
takes nothing for  granted: work is viewed as a process which also constitutes the 
evolution of  the research project. All the extra work required to organize each 
collaborator's work activities into a single project, I term articulation  work,  and the 
extra work generated by the need to manage feelings  in a collaborative relationship (in 
order, for  example, to keep up motivation for  the collaboration) I call emotion work, 24 
Both these types of  work processes help the production  work  of  the project to flow 
smoothly. None of  these types of  work are more important than the others, all are 
necessary processes to accomplish a collaborative project. 

The work processes involved in research collaboration then, can be classified  by kinds 
of  work: production  work,  articulation  work,  and emotion work.  Whether different 
types of  work are more important during various stages of  the project needs to be 
investigated empirically. 

Production  work 
Production work refers  to carrying out the tasks which feed  more or less directly into 
the problem-solving work of  scientific  research; it thus includes the actual work of 
generating, interpreting, and analysing scientific  data, and the dissemination of  results. 
As Fujimura notes, production tasks are relatively well-defined  (1987 p.258). 

Two broad types of  production work can be identified:  conceptual work  and gadget 
work  (hands-on work), though the two may merge. As pointed out above, craftwork 
may be integral to both, but is likely to be more evident or obvious in gadget work; 

23 The requirement for  extra work in a collaboration does not detract from  the enjoyment people may experience 
from  working in a collaborative relationship. Indeed Kraut et al. report that 'for  many of  our respondents, 
working with another person was simply more fun  than working alone' (1990 p. 152). 

24 Articulation work and emotion work doubtless constitute part of  non-collaborative work processes too, but I 
suggest they are more pervasive or pronounced in collaborative work where two or more people are trying to 
achieve a single goal with particular resources, and within a particular time-frame. 
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whilst gadget work is more likely than conceptual work to constitute 'scut work' (Star 
1995 p.504) (boring, routine, and repetitive work). Conceptual work appears to rank 
highest in a perceived hierarchy of  types of  work. For example, in a discussion of  how 
collaborators allocated credit, Kraut et al. note 

Almost invariably, intellectual work was judged as more valuable than work the collaborators 
thought was menial (e.g., running experiment participants), clerical (e.g., keypunching data), or 
routine (e.g., coding software),  regardless of  the time and effort  needed to do these tasks. 
(1988 p.50) 

Articulation  work 
Articulation work may be conceived as an extension of  production work; Fujimura 
describes articulation work as: 

the work of  pulling together everything that is needed to carry out production tasks: planning, 
organizing, monitoring, evaluating, adjusting, coordinating and integrating activities 
(1987 p.258). 

It is a 'supra' type of  work that enables production tasks to be done, and tends to be 
overlooked by conventional conceptions of  work. And as Clarke and Fujimura (1992) 
point out, the invisibility of  articulation work is exacerbated in science because the 
products of  science are abstracted from  their situations of  production (p. 18). 
Everyone involved in a project or work trajectory may engage at any time in 

25 

articulation work when they perceive it as necessary. By definition,  articulation work 
cannot be routine. If  articulation breaks down, the whole enterprise breaks down into 
a 'cumulative mess' (Strauss 1988). 
Fujimura's study of  constructing doable problems stresses the importance of  the 
articulation work carried out between levels of  work organization (p.258). In 
collaborative research however, I suggest that articulation work is entailed in aligning 
scientists' work within the same organizational level, as well as between work levels. 
By aligning scientists' work, I mean both their 'career trajectories', and their day-to-
day tasks within the collaboration. 

25 As Star notes: 'Some people's daily work, such as that of  secretaries, homeless people, and parents, seems 
especially rich in articulation; others, such as executives and royalty, are able to delegate large parts of  it 
(although nobody escapes it)' (1995 p.504). Writing about articulation work within a stratified  workplace, 
Strauss (1985) states that workers will normally only articulate tasks downwards; thus workers at the bottom 
of  the hierarchy would not normally do any articulation except 'that which was involved in doing a given task 
itself'  (p.9). 
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As its name suggests, articulation work entails interactional processes (e.g. 
'negotiating, persuading, educating, manipulating, and coercing') (Strauss 1988 
p.175); and in this sense, 'work rests ultimately on interaction' (ibid. p.167). Thus 
communication underpins articulation. A collaborator may then control articulation 
processes, and thus the collaboration (for  example, for  competitive or political reasons) 
by withholding information,  so reducing co-workers' awareness and overview. The 
central role of  communication in achieving articulation suggests that collaborations 
which involve researchers with differing  national and cultural backgrounds may involve 
a greater amount of,  and more complex, articulation work, than those which do not. 

I suggest that two types of  articulation work can be distinguished in collaborative research. 
One entails planning and coordinating production tasks, 'working things out'; the other is 
getting things 'back on track' when unanticipated events disrupt the project's progress. 
Both types serve work flow.  The first  type of  articulation work includes three types of 
task: obtaining and maintaining appropriate resources (if  the research involves 
fieldwork,  this task is likely to be particularly complex); devising and maintaining a 
division of  labour (this includes deciding what tasks need to be done and who does 
them, when, where, and how);26 the specifics  of  putting together tasks (coordinating 
tasks) (Strauss 1988 pp. 174-75; Corbin 1991 pp.37-8). The human impossibility of 
planning for  every type of  possible disruption to the work, necessitates articulation 
work throughout the course of  the project to patch things up when they go wrong. 

I suggest that collaborative research involves much articulation work because it 
requires considerable organizing and orchestrating. In work situations where the 
collaborators are geographically distributed, and in fieldwork  situations, the process of 
articulation might be expected to be particularly complex. Further, the more people 
involved in a project, the greater the likelihood of  things going wrong, and the greater 
the likelihood that collaborators will have different  interests, motivations, and 
approaches. In sum, the reasons articulation work might be expected to be important 
to collaborative work are: because of  the complex work organization; because 

26 This division of  labour is not static. An individual may do several types of  task, and these may shift  over time. 
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collaborations are vulnerable to disruptive events and circumstances outside the 
researchers' control; and because of  differences  between collaborators (e.g. the need to 
align their disparate career trajectories). 

Emotion work 
Emotion work refers  to the interpersonal activity of  managing feelings  in a collaborative 
relationship. It is conceived as a necessary process in collaborations by virtue of  its role in 
helping to maintain the interaction on which successful  collaborative work rests. Emotion 
work is necessitated by the inherent heterogeneity of  collaborations, and the inevitable 
potential for  conflict  this implies. In the sense that emotion work helps to keep 
collaborative work flowing,  it may be conceived as a form  of  articulation work.27 

The conceptualization of  interpersonal activities as work (and thus the development of 
emotion as a legitimate topic for  sociological discussion) derives from  the recognition that 
the production of  'social relations, technical and social skills, attitudes and values' may 
constitute work, even if  such work is not paid and the product is unspecific.  This is 
because the 'emotional interpersonal gestures' involved in their production are 'not merely 
expressive but must also be focused  or directed so that they communicate the intended 
emotion'. In other words, emotional action to create desired emotional states in others 
(and oneself)  is not necessarily purely natural and spontaneous (Daniels 1987 p.410). 

A study which applies the concept of  'emotional labor' to describe the work of  flight 
attendants, defines  it as: 

the management of  feeling  to create a publicly observable fecial  and bodily display... This labor requires 
one to induce or suppress feeling  in order to sustain the outward countenance that produces the proper 
state of  mind in others ... [It] calls for  a coordination of  mind and feeling  ... 
(Hochschild 1983 p.7) 

In an employment context, these acts have 'exchange value', whilst in a private context, 
they have 'use value' (ibid.). With its emphasis on the subordination of  emotion in the 
service of  strangers, this definition  is coloured by the commercial context for  which it 
was developed. 

271 use emotion work to refer  to interpersonal activities between collaborators, rather than any emotion work 
which may accompany the actual 'production work'. However, the creative aspects of  science, identified  in 
studies of  scientific  practice, are suggestive of  an emotional dimension to scientific  work. 
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Daniels (1987) offers a perspective on the nature of  emotion work which emphasises 
some of  its more private functions.  I suggest that with its focus  on the work entailed 
in the 'construction and maintenance of  interpersonal relations', this perspective is 
more appropriate for  understanding the possible contribution of  emotion work to 
making collaborative work go smoothly. Daniels identifies  four  behaviours which this 
type of  emotion work entails: 

(1) attending carefully  to how a setting affects  others in it - through taking the role of  the other and 
feeling  some of  the same feelings; (2) focusing  attention through ruminating about the past and 
planning for  the future;  (3) assessing the reasonableness of  preliminary judgements by checking over 
the behavior of  all respondents in an interaction ...; (4) creating a comfortable  ambience through 
expressions of  gaiety, warmth, sympathy, and cheerful,  affectionate  concern for  or interest in 
another. 
(Daniels 1987 p.409) 

Like articulation work, emotion work is often  invisible because it is 'informal  and 
unregulated - outside of  bureaucratic rules and obligations' (ibid.). 

Perhaps the ideology of  rationality that underpins scientific  practice makes it difficult  for 
collaborating scientists to acknowledge, or even carry out, the necessary emotion work; 
though women scientists may be more ready to perceive the tasks of  supporting and 
encouraging co-workers as properly belonging to collaborative work.28 Further, the issue 
of  emotion management in collaborative work might be expected to be more pertinent to 
fieldwork  situations when workers are living together, than in more routine work situations. 
And, as with articulation work, emotion work may be more arduous in collaborations 
across cultural and national boundaries, owing to potential communication problems and 
misunderstandings. 

The concept of  emotion work focuses  on the relational aspect of  collaborations. Both 
emotion and articulation work are likely to be inextricably bound up with the nature of 

28 This observation derives from  the suggestion that emotion work in every-day situations is largely carried out by 
women. As Star notes: 'feminists  have recognized that emotion work falls  largely on women, especially in 
conversations. The work of  nodding, smiling, encouraging, and smoothing over is important in keeping 
interaction moving' (1995 p.506). In this context, it is relevant to note that the three women collaborators 
among my own respondents for  this study, on the whole interpreted their collaborations in more 'emotional' 
terms than their male co-workers; though this is, of  course, a generalization. 
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the collaborative relationships, because both are inherently interactive, taking place 
between collaborators. 

4.5 Summary 

This chapter has suggested that research collaboration can be viewed as a process by 
conceiving it as an organizational aspect of  work. This interpretation of  the nature of 
research collaboration is informed  by an interactionist understanding of  work as a form 
of  action, and an understanding of  science as practice or work. 

Conceiving a collaborative project as a trajectory draws attention to work processes 
which, though germane to collaborative research, tend to be overlooked by static 
perspectives. These amount to each collaborator attempting to shape the course of  the 
collaborative project in ways that will largely serve their own interests. The question 
of  how decisions are arrived at, relating for  example to acquiring and maintaining 
resources, and to dividing up the work between the collaborators is significant  for 
understanding the collaboration process, as it reveals the interactional style of  the 
collaboration. Stressing interaction as a process which helps action to move on, allows 
for  analysis of  how collaborators with diverse perspectives can reach a point of 
understanding about how to approach their joint work. 

The broad understanding of  work as a form  of  action allows different  types of  work 
processes, necessary for  accomplishing a joint work goal, to emerge as work. This 
chapter has identified  three main types of  work which might be expected to be 
important in collaborative science: production work (which includes both conceptual 
work and gadget work); articulation work; and emotion work. Production work is 
evidently instrumental, in that it contributes directly to the scientific  project, whilst 
articulation and emotion work, although necessary aspects of  collaborative work, are 
not evident in the scientific  product. These three types of  work are integral to any 
scientific  project, whether collaborative or not, but I suggest their character changes in 
collaborative work. 
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I suggest that every collaborative research project involves various mixes of  these 
types of  work. Their relative importance is likely to shift  during the course of  the 
project, and vary between collaborative groups. Thus, for  example, collaborations 
which involve researchers from  different  countries or disciplinary backgrounds might 
be expected to involve more articulation and emotion work than those that do not. 
This observation suggests The emphasis on the effects  of  the passage of  time, implicit 
in the trajectory concept, acknowledges, and allows for  an understanding of,  change in 
any of  the collaborative work processes. Thus phases of  collaborations can be 
analysed in terms of  types of  work. However, distinctions in types of  work must to 
some extent be arbitrary, as they define  a complex mixture of  shifting  processes 
contributing towards the same goal. The work that contributes to the trajectory course 
can be seen as a more or less coherent, dynamic system. 

Applying the trajectory concept to collaboration means looking at how things get done. 
The concept of  'doability' suggests that the very feature  that makes collaborations unwieldy 
- heterogeneity of  various forms,  constitutes an explanation for  their constitution. The 
research goals may be defined  in terms of  this heterogeneity, which at the same time needs 
managing. In the face  of  heterogeneity, the collaborative work should ideally represent a 
balance between the collaborators' own interests, activities, and ways of  working, and a 
jointly defined  group goal Achieving such a balance is likely to involve articulation work. 

It is then an empirical question how the constitution of  the collaboration (individuals, 
material resources, types of  work) relates to the 'doability' of  the collaborative project; 
whether the essential elements of  the collaboration relate to power disparities in the 
collaborative group; and whether these in turn are related to the broader context in 
which the collaboration takes place. In polar research, for  example, the organization of 
research projects is dominated by the expense of  logistics required to get the science 
done. Therefore,  'doability' and the constitution of  the collaboration might be 
expected to be related to this factor  in some way. 

The trend towards international research projects and programmes, coupled with 
increasing environmental and economic pressures on countries to share bases and other 
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logistics (e.g. Elzinga (ed.) 1993 p.63), suggests that international groups of  scientists 
will increasingly collaborate over logistics. This observation, when coupled with the 
fact  that cultural, linguistic, and disciplinary differences  within a collaborative group 
may exacerbate the amount and complexity of  invisible work, suggests a possible link 
between logistics and invisible work in collaboration. 

Conducting an empirical investigation of  collaborative research as a work process 
entails gathering data on the course taken by collaborations from  their inception, and 
focusing  on the nature of  collaborators' experiences and activities during the 
collaboration. 
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CHAPTER 5 

Combining quantitative and qualitative research techniques in the 
study of  international research collaboration in a multidisciplinary field 

5.1 Introduction 

This chapter provides an account of  the research techniques used to collect the empirical 
material for  this study, describing how the concept of  collaboration as work outlined in the 
previous chapter is operationalized. Whilst the emphasis is on methodology in the practical 
sense of  procedures for  generating empirical data, some attempt is made at placing these 
methods within an analytical context. Since method and the nature of  the information 
generated are inextricably linked, the method chosen for  this study is explained in terms of 
the aims of  the research (described in chapter 1) and the nature of  the objects of  inquiry (or 
more accurately, the way collaboration is conceptualized) (outlined in chapter 4).1 In this 
way, weaknesses in the empirical evidence (relating for  example to completeness and bias), 
and the consequent limitations of  the overall argument, can be addressed. 

The method employed in this study incorporates a quantitative and a qualitative phase. The 
first  mapped one year's co-institutional international co-authorship links as indicated by 
jointly authored papers in the polar science literature. The second phase, contingent on the 
outcome of  the first,  established the nature of  international collaboration in polar research 
through a multiple case-study of  collaborative research projects, and an investigation of  the 
nature of  the political and policy context of  these collaborations. 

The bibliometric data provide background descriptive information  on patterns and rates of 
international co-authorship in polar research, but cannot offer  any explanation. Their main 
role within the overall research design is the identification  of  collaborative projects, which 
could then be examined in terms of  their history and context, generating qualitative 
information  concerning processes, activities, relations and events. The policy context was 

1 It should be noted, however, that the relationship between concepts and methods is iterative: 'research methods 
are the medium and outcome of  research practice' (Sayer 1992 p. 3). 
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investigated to provide a common environment allowing the diverse collaborations to be 
understood within the same analytical framework.  The bibliometric data also supply 
context. Sayer (1992) stresses the analytical importance of  context in an intensive research 
design: 'Contexts or causal groups are rarely just background; exploration of  how the 
context is structured and how the key agents under study fit  into it - interact with it and 
constitute it - is vital for  explanation' (p.248). 

The research techniques used in this research design are conventional social science tools. 
However, I suggest that the way they are combined generates data with the capacity to 
provide new insights into the qualitative nature of  collaboration, and the way it relates to its 
context. 

5.2 Mapping collaborations 

In the quantitative phase international co-institutional links in polar research were mapped 
and analysed using internationally co-authored papers (as identified  in the Science Citation 
Index  for 1992). The objective of  this bibliometric study was to compare the patterns of 
Arctic and Antarctic international co-authorship links, to investigate the hypothesis that the 
patterns would differ  because the geopolitical contexts differ.  The chain of  activities 
described in the following  sections may be represented thus: 
make decisions about definition/construct  search strategy => execute search => clean-up 
data => manually process collaboration data => make maps (visualization) => choose 
interview respondents. 

5.2.1 Defining  a multidisciplinary field  in a bibliometric study 
This thesis operates with a definition  of  polar science as research relating to natural polar 
phenomena and processes, which by virtue of  the extreme environmental conditions/high 
latitude tend to be unique. The thesis adopts the same criteria to demarcate the boundaries 
of  the polar regions as those used in a Norwegian government report on Norwegian polar 
research (Norges Offentlige  Utredninger 1989 p. 11). The Arctic is defined  as: land areas 
with continuous permafrost  north of  the tree-line and marine areas north of  the line of 
maximum extent of  sea-ice; in the Norwegian sector of  the Arctic, the marine area is 
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extended southwards to the coast of  Finnmark (72° N). The Antarctic is defined  as: land 
and marine areas south of 60° S, i.e. the area covered by the Antarctic Treaty (see maps of 
the Arctic and Antarctic, Appendix B). 

In order to appropriate the internationally co-authored scientific  paper as a proxy measure 
for  international collaboration, a comprehensive bibliography of  the field  of  polar research 
needed to be compiled. In practice, the process of  defining  the nature of  the relevant items, 
and the process of  devising a search strategy for  locating relevant publications were 
conducted in tandem, but are discussed here separately, for  the sake of  clarity. 

Operationalizing the definition  of  polar research adopted in this thesis is not straightforward. 
Woolgar (1976) highlights the nature of  this very problem in his discussion of  the 
identification  and definition  of  scientific  collectivities. He points to 'the complex interplay 
between our conceptualizations of  these collectivities, the techniques for  their location and 
the assumptions we make about practical difficulties  likely to be encountered when these 
techniques are employed' (p.244). The necessary distinction between conceptualizing and 
defining  for  technical purposes a research field  has non-trivial implications for  research 
procedures and therefore  for  subsequent research findings.  (However, in this study, choice 
of  respondent was not affected  by conceptual structure and definitions  of  researcher, 
because it was dictated by international co-authorship.) An awareness of  this observation is 
necessary when assessing the bibliometric results: the insight into collaboration rates and 
patterns obtained is ultimately a function  of  the way the field  of  polar research was defined. 
The subsequent qualitative analysis of  collaboration is less susceptible to this influence, 
since the data interpretation incorporated scientists' own perceptions of  the nature of 
collaboration. 

In a discussion on the application of  citation analysis to the sociology of  scientific 
knowledge, Hicks and Potter (1991) relate the complexity of  demarcating a field  (in order, 
for  example, to compile a bibliography) to the degree to which the field  is self-contained 
(pp. 462-463). In accordance with this reasoning, I suggest that polar research is 
particularly elusive to define  in a bibliometric study, owing both to its multi- and 
interdisciplinary nature (and therefore  lack of  methodological and theoretical identity), and 
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to the indeterminate geographical limits of  the polar regions themselves. This observation is 
borne out by the results of  a citation study, carried out at the British Antarctic Survey 
(BAS), to assess the relative importance of  Antarctic and non-Antarctic literature in 
Antarctic research. The study indicates a considerable degree of  interchange between 
Antarctic research and other natural science fields:  of  the 6006 citations in a sample of 
Antarctic research papers 37.6% were to non-Antarctic literature on non-Antarctic subjects 
(Phillips n.d.).2 The apparently relatively low level of  self-containment  of  Antarctic research 
is further  suggested by a bibliometric study carried out at the Library of  Congress which 
demonstrates the considerable dispersion of  Antarctic serial literature. The 13 665 journal 
articles indexed for  the Antarctic  Bibliography  over an eleven year period (1970-1981) 
were published in 1430 different  serial titles, and the average number of  Antarctic articles 
per serial title over the same period was 9.55 (less than one a year), 'illustrating the known 
fact  that many articles on any given subject (or geographic region) are found  in journals that 
contain such articles only occasionally' (Thuronyi 1982 p.245).3 Whilst these studies relate 
to Antarctic literature, the pattern for  Arctic literature is unlikely to be significantly 
different.  A final  manifestation  of  the problematic identity of  polar research relates to the 
professional  self-identification  of  polar scientists. I have observed that whilst this appears 
somewhat related to institutional affiliation,  they often  identify  themselves in terms of 
specialty or discipline, rather than as polar scientists. 

The development of  a strategy to compile a bibliography of  polar scientific  literature 
entailed making necessarily subjective decisions about the geographical and intellectual 
parameters of  polar research. These decisions were founded  on a combined understanding 
of  the fluid  nature of  the boundaries discussed above, and the practical limitations imposed 

2 The sample comprised: all papers published in two volumes of  the journal Antarctic  Science  (Vols. 1&2, 1989-
90) and papers published by BAS scientists in 1990. The subject area upper atmospheric sciences was 
excluded from  this study 'partly because it was often  impossible to tell from  the title of  a cited paper whether 
or not the research had been carried out in Antarctica and partly because two of  the main journals in the field 
... do not include article titles in their references'  (Phillips n.d.). Note that the study does not investigate how 
many citations to non-Antarctic subjects are to Arctic research, or whether the figures  are high or low (similar 
figures  may obtain in other fields  such as chemistry or physics) 

3 It should be noted, however, that the Antarctic literature was unevenly dispersed over the range of  journals: of 
the 1430 serials, 1086 carried only one or two Antarctic articles over the 11-year period, whilst 44 serials 
averaged more than 4 articles a year over the 11-year period (Thuronyi 1982 p.254); these 44 are equally 
distributed between specialized polar journals and non-polar journals. 
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by available techniques. The following  section outlines the relationship between these 
decisions and the resultant search strategy. 

5.2.2 Devising the bibliometric search strategy 
In a paper reporting the results of  a bibliometric project on human genome research, Balmer 
and Martin (1991) suggest four  methodological approaches to compiling publication data 
for  a given research area (pp. 370-71). This section will first  explain the bibliometric 
method adopted in my own study in the light of  these suggested alternatives. 

The first  methodological alternative proposed by Balmer and Martin (and dismissed for 
their own purposes) is to compile a list of  all the institutions working in the field,  and 
thereby identify  all the relevant papers (p. 370). I suggest that this approach is as 
impracticable in the case of  polar research as for  human genome research, and for 
similar reasons. For in spite of  the dominance of  designated polar research institutes in 
most countries active in polar research, a large number of  dispersed individuals and 
groups outside these institutes often  make significant  contributions to national polar 
research activities. Another option (chosen by Balmer and Martin) involved searching 
a specialized abstracting service for  relevant publications. To my knowledge, 
however, no such service exists for  the field  of  polar research. 

A further  suggestion forwarded  by Balmer and Martin is to use an existing dedicated 
publications database. During an initial phase of  my project, I investigated the 
feasibility  of  using the Arctic and Antarctic  Regions CD-ROM for  my purposes.4 
However, the database entries did not give information  on second (or subsequent) 
addresses for  publications produced at two (or more) institutions. It would therefore 
have been impossible to study collaboration using this data. 

A fourth  approach to compiling publication data for  a given research area is to search the 
Science Citation  Index  (SCI)  using keywords to identify  relevant papers. Whilst this 

4 The Arctic  and Antarctic  Regions CD-ROM (available in the UK at the Scott Polar Research Institute, 
Cambridge) consists of  several relevant databases, e.g. Antarctic  Bibliography,  SPRILIST\  World  Data 
Centre-A  Cold  Regions. 
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method is dismissed by B aimer and Martin on the grounds that the resultant data are not 
particularly 'clean' (p. 370), it was adopted (and adapted) in my study. A prime reason was 
because this database indexes corporate affiliation  data for  all listed authors of  a publication, 
enabling me to identify  the country of  origin of  all the authors of  any paper.5 In view of  the 
'unclean' nature of  the data generated by keyword searches of  the SCI,  a strategy was 
implemented in order to maximize the validity of  the resultant data set. There were two 
main elements to this strategy. First, considerable effort  was expended in the identification 
of  appropriate searchable terms. Second, three precautionary measures were taken to 
eliminate duplicate and non-relevant material: a reference  management software  package 
( Papyrus) was employed as a way of  eliminating duplicate publications; the data were 
checked manually for  extraneous material; and where there was still doubt about the 
relevance of  a publication, it was looked up in the relevant journal. The importance 
attached to the development of  a search strategy and to ensuring the cleanliness of  the data 
was necessitated by the role of  the resultant data as a springboard to further  qualitative 
analysis. 

Before  embarking on the process of  identifying  searchable key terms, a number of  decisions 
were made about the relevance of  items collected. Firstly, since only substantive new 
research results were to be included, the search was limited by document type to: Articles', 
Notes-,  Letters-,  Reviews.6 Secondly, for  practical reasons, the search was limited to English 
language items. Third, in accordance with the definition  of  the polar regions employed in 
this study, papers relating exclusively to subpolar regions were excluded. In the first 
instance the collection of  items was made as all-inclusive as possible within the pre-defined 
limits of  polar research. Where there was doubt about the inclusion of  a publication, it was 
initially included, and then subsequently eliminated if  later judged to be irrelevant. 

The remainder of  this section outlines the main procedures adopted in the construction of  a 
search of  the SCI  to compile a set of  polar scientific  literature for 1992. These procedures 

5 A further  (though subsidiary) advantage of  using the Science Citation  Index  was that it was available on-line at 
my home institution (as the Bath Information  and Data Services (BIDS) UK on-line version). The SCI  is 
compiled by the Institute for  Scientific  Information  (ISI) inc., USA; the basic unit of  information  is an article. 

6 The following  document types were explicitly excluded from  the search: book reviews; discussions ; editorials', 
items about an individual ; meeting  abstracts;  bibliographies. 
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attempted to take account of  the problematic nature of  polar literature (its considerable 
dispersion and the shifts  in subject emphasis (as outlined above)).7 Initial choices relating to 
appropriate search terms were largely informed  by my own knowledge of  the field  of  polar 
research (I have a Master's degree in Polar Studies, although I am not a natural scientist). 
The basic structure of  the search strategy was constituted by a combination of  keyword 
searches (papers identified  by a selection of  proper nouns and scientific  terms), words in 
corporate address searches (papers identified  by the institutional affiliation  of  authors), and 
words in journal title searches (papers identified  by journal name) on the terms polar, 
antar* and arctic. These nine searches were supplemented by more detailed searches.8 

The more detailed searches were developed by experimenting with potentially fruitful 
searches in a systematic recursive manner. Whilst this process was informed  by the adopted 
definitions  of  the geographical and intellectual parameters of  polar research (outlined 
above), it also constituted a process of  forming  operational definitions,  not necessarily 
entirely convergent with the original concepts. 

The single most important search in terms of  number of  'hits' was the keyword polar. 
However, when a search was run on this keyword, it was observed that it was frequently 
collocated with a large number of  other words in titles of  papers that were not 'polar' in the 
sense meant in this thesis. In order to reduce the amount of  extraneous material at an early 
stage, I counted the frequency  with which the most recurrent of  these collocations occurred 
(42 combinations with the keyword polar).9 I was then able to subtract the ten most 
frequent  of  these combination words from  the main 1992 search, so considerably reducing 
the amount of  non-polar material in the data at an early stage. 

7 The complete 1992 SCI  database was not yet available during the early phases of  the development of  the 
search; some development work was therefore  carried out in the context of  other years' data. In order to 
minimize slants in my data attributable to the shifts  in subject emphasis within polar research, these searches 
were checked on the 1992 database when this became available. Because the search was largely developed in 
the context of  the 1992 database, it is not necessarily entirely transferable  to other years (although the 
procedures by which the search was devised, are of  course transferable  to other years). 

81 decided against enlisting systematic help from  active polar scientists in the development of  a search strategy, 
as their very specialized knowledge does not square well with the multi- and interdisciplinary character of 
polar research. However, discussion with a specialist polar librarian suggested that it was adequate for  the 
purposes of  my thesis. 

9 These frequency  counts were carried out on the 1982 and 1991 SCI  databases, at a time when the complete 
1992 database was not yet available. 
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The 'hits' generated by a search on the keyword polar were together assumed to be largely 
representative of  polar science literature, especially since they appeared to span the 
disciplinary and regional boundaries of  polar research. For this reason, a trial search on the 
term polar in 1991 was used as a means of  identifying  further  potentially fruitful  search 
terms. Each of  the polar science 'hits' was then listed under the four  headings: journal, 
substance of  the research',  keyword  in title  [other  than 'polar']-,  institutions.  Keywords, 
words in journal names, and words in corporate address that recurred in this list of 
references  were a source of  potential search terms for  the 1992 search (particularly those 
that recurred without the words polar, arctic or antar * in the same heading). In this way, it 
was possible to build upon the basic search structure, especially by adding an array of 
proper nouns and names of  geophysical and geomorphological phenomena. The 
appropriateness of  each potential new search term was tested by running the search over a 
number of  years (or over the 1992 database when this became available). Two rough 
estimates were made: the frequency  with which the term occurred without polar, arctic or 
antar* (a high frequency  suggested it was likely to be a valid independent search term); the 
regularity with which it was collocated with other terms in papers that were never polar (the 
combination words could then be used to eliminate irrelevant material). Certain search 
terms which initially appeared promising (examples are cryosphere and King  George Island) 
never occurred independently (without polar, arctic or antar *) in polar papers in the 1992 
database, and so were not included in the search. See Appendix C for  a full  list of  searched 
terms. 

At this stage, questions relating to the proper inclusion or otherwise of  two problematic 
categories of  papers were addressed. These categories were: papers recording (usually 
environmental) modelling and computer simulation work, with at least a partial bearing on 
polar processes; and those recording studies of  high-latitude upper atmospheric physics. 

Reflecting  the important role of  polar phenomena and processes in global processes, polar 
data constitute important inputs into computer simulation models (Global Circulation 
Models) of  the atmospheric, oceanic and cryospheric systems. Papers recording computer 
simulation work which focused  primarily on global processes were excluded from  the data 
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set.10 The auroral zones, a polar band of  latitudes that surround each of  the Earth's 
geomagnetic poles, are important regions for  the study of  upper atmospheric (ionospheric 
and magnetospheric) physics.11 I adopted a rule of  thumb in relation to the relevance or 
otherwise of  auroral ionospheric physics: research based on observational data collected in 
the polar regions was relevant, whilst purely theoretical work was not.12 However, it was 
not always possible to discriminate between publications in accordance with these guidelines 
(cf.  also footnote 2, this chapter). In cases where there was still doubt about the proper 
inclusion of  a paper after  it had been looked up in the relevant journal, it was excluded. 

5.2.3 Processing the bibliometric data 
Having completed the bibliometric search, the year's (1992) raw data of  3000+ papers were 
loaded into the bibliographic database program Papyrus.13 This package facilitated  the 
cleaning and processing of  the bibliometric data, as described in the following  section. 

First, the many duplicates in the raw data were eliminated by Papyrus. Each paper in the 
database was then manually classified  as: Arctic; Antarctic; or bipolar, and assigned a 
country. As much non-relevant bibliometric material as possible was eliminated at the same 
time. However, a large number of  papers (700+) could not be confidently  identified  as 
polar, as their titles were ambiguous. These articles were therefore  further  scrutinized by 

10 Aant Elzinga provides a theoretical explanation for  the growing importance of  global circulation simulation 
work in Antarctic research. He suggests that Antarctic research is undergoing a policy driven 'globalization' 
process, whereby polar science is making significant  contributions to international programmes studying 
global physical, geophysical and biological processes: 'in a sense then we can say that Antarctica has been 
epistemically dissolved as an object in its own right to be transformed  into an aspect of  global science' 
(Elzinga 1993 p.101). 

11 Intensive investigations of  the high latitude ionospheric global region started during the International 
Geophysical Year (IGY) 1957-59. Such investigations are important because disturbances in the auroral and 
polar-cap ionosphere can have profound  effects  on radio signals traversing the high-latitude ionosphere 
(Hunsucker 1992 p. 818; Lyons 1992 p. 93). 

12 The outcome of  decisions over whether or not to include a piece of  auroral research in my data set was often  a 
rather arbitrary function  of  instrumentation. For example, whilst I included research using ground-based 
observations of  the ionosphere from  the new European Incoherent Scatter Radar Facility (EISCAT) on 
Svalbard, I excluded studies using the older EISCAT facility  near Troms0 (at the southern boundary of  the 
auroral zone) on the grounds that the Northern Scandinavian mainland is subarctic; studies based on satellite 
images from  space were also excluded. 

13 As bought, Papyrus  was not compatible with the BIDS output format;  it was necessary to get the program 
tailored to my data. 
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looking them up in relevant journals.14 Even so, 6.5% of  the total papers in the database 
remained unidentified  (and were therefore  eliminated from  the data set), largely because of 
the unavailability of  Russian language journals. For this reason, the resultant collaboration 
data for  the Soviet Union are not reliable.15 

International collaboration was measured by counting pairs of  international co-institutional 
links. For each Arctic, Antarctic or bipolar paper, each international co-institutional link 
was registered on the respective country-by-country matrix. Thus, one internationally co-
authored paper was registered on the relevant matrix once for  each unique pair of 
institutional addresses. Table 5.1 relates the number of  collaborations yielded per paper 
(column 2) to the number of  institutions per paper.16 In their bibliometric study of 
international scientific  cooperation Leclerc and Gagné (1994) adopt a similar counting 
technique. They suggest that a strength of  the approach lies in its multiple counting, a 
function  of  its focus  on collaborations rather than articles (it recognizes that one article may 
be the result of  several collaborations): 'What we feel  must truly be measured is less the 
overall production of  collective scientific  work than the actual contribution  or participation 
of  national scientific  communities in the "knowledge  construction  cycle"  ' (p.264 (italics in 
the original)). It was anticipated that the main differences  between patterns of  Arctic and 
Antarctic international collaborative links would become apparent by comparing maps 
showing the intensity of  the collaborative relations between countries (see following 
chapter). 

In addition to international collaboration data based on international institutional links, 
separate records were kept of  each reference.  Each paper in the data set was categorized by 
region, country of  authorship, and type of  authorship: single institution; multiple institution 
(intranational); and multiple institution (international). I was thus able to calculate not only 
patterns and rates of  international co-authorship for  each region, but also the proportion of 

14 Although this proved time-consuming, it allowed me to gain some appreciation of  the substance of  the science, 
an advantage when conducting interviews with scientists. 15 The papers published in 1992 list the USSR, rather than the constituent Republics, as national address. 

16 The relationship may be numerically represented thus: N(N-l)/2, where N is the number of  institutions (Katz 
1994 p.35; Leclerc and Gagné 1994 p. 265). 
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papers (for  each country and overall) that is: i) single institution; ii) multi-institution 
(intranational); iii) multi-institution (international). 

Table 5.1 Number of  collaborations per paper by number of  institutions per paper 

Nfo.  ofdiffcantt No. of  pairs 
institutions listed on registered on matrix 

a paper 
1 0 
2 1 
3 3 
4 6 
5 10 
6 15 
7 21 
8 28 
9 36 
10 45 

5.2.4 Appraising the bibliometric technique 
The technique described above reflects  more a happy compromise than an ideal method of 
compiling international co-authorship data for  the field  of  polar research. The advantages 
and disadvantages of  the technique need to be assessed in the light of  the goals of  the 
bibliometric study. 

Bibliometric approaches to the study of  science are attractive in the broad overview they 
can offer  of  the scientific  context. Whilst the technique described above adequately 
provides quantifiable  evidence of  the patterns of  international co-authorship in polar 
research, and therefore  a means of  comparing countries and regions (Arctic/Antarctic), the 
limitations of  this evidence need to be kept in mind when interpreting these data. These 
stem from  three related sets of  problems, each highlighting the uneasy relationship between 
conceptualizing and defining  for  operational purposes (cf.  Woolgar's observations referred 
to above). First, the data are not complete. The adequacy of  the SCI  as a resource for 
bibliometric studies on polar research needs to be addressed, as does the search technique 
by which the polar papers were identified.  The second issue relates to the counting 
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technique. Thirdly, and more seriously, how the measure of  international co-authorship 
relates to the concept of  international collaboration is problematic, with implications for  the 
nature and interpretation of  the case-study data. 

The  completeness of  the bibliography  and the counting technique 
Whether the bibliography is complete and whether the counting technique is suitable are key 
factors  determining how adequately the stated aims of  the bibliometric study (to identify  and 
map co-institutional international links in a year's output of  polar scientific  literature) were 
carried out. These two factors  are discussed in the light of  the technical limitations of  the 
SCI  and the search strategy employed. 

The technical limitations of  the SCI  for  bibliometric studies are well documented elsewhere 
(e.g. Anderson et al. 1988; Rothman 1984 p. 13; Hicks and Crouch 1990). These need to be 
considered in relation to publication practices in polar research and the claim that my data 
are global in scope. 

The incomplete journal cover of  the SCI,  and the fact  that the database does not carry all 
types of  publication, suggest that the bibliography is not comprehensive. Three categories 
of  polar research papers are likely to be particularly affected:  articles published in 
specialized polar journals; grey literature; and polar articles published in foreign  language 
journals. Though outdated, Thuronyi's list of  serials averaging more than four  Antarctic 
articles per year between 1970 and 1981, suggests that specialized polar journals, most of 
which are in-house polar institute journals, are important sources for  polar science 
literature. Currently, the SCI  does contain some specialized polar journals, but non-
commercial serials are not indexed. Further, polar scientists have suggested that publication 
forms  which do not enter the journal literature (so-called grey literature) are important in 
polar research (e.g. cruise reports, conference  proceedings), perhaps owing to the relatively 
small size of  the polar science community. In addition, emerging scientific  fields  may not be 
adequately covered in the SCI.  Rothman (1984 p. 13) states that although the SCI  attempts 
to index the most significant  journals in most disciplines, it is biased against non-English 
language journals and therefore  'problems could arise for  certain kinds of  international 
studies'. In view of  the multinational nature of  polar research, the completeness of  the 
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bibliography is doubtless compromised by the database's limited international coverage. 
Some papers may have been missed owing to orthographic discrepancies and clerical errors, 
reportedly common in the database (Advisory Board for  the Research Councils 1986 
pp. 148-149; Rothman 1984 p. 13). 

Whilst conducting the search I noticed that the SCI  systematically listed only one address 
for  articles in the journals Polar Research and Antarctic  Science.  I was able to complete 
these data by looking up the relevant articles. I suggest that these second and subsequent 
author affiliations  were omitted from  the SCI  because they appeared at the foot  of  the page 
in the printed article, rather than at the head with the first  author address. 

The complex nature of  the search described above represented an attempt to retrieve as 
many relevant papers as possible from  the SCI.  Yet in spite of,  or perhaps because of  its 
complexity, the search is necessarily flawed  in the sense that it cannot retrieve all the 
relevant publications. This is perhaps an inevitable function  of  the multi- and 
interdisciplinary nature of  polar research. However, the manual procedures ensured the 
elimination of  non-relevant material. 

Collaboration counts are distinct from  publication counts. The technique of  measuring 
collaboration employed in this study counts the number of  two-way international 
collaborations in each paper. It thereby measures the number of  'pairings' a country has 
with other countries, an indicator of  a country's 'collaborative attractiveness' (Katz 1994 
p.35). Large collaborations (papers with several different  institutional addresses) are over-
represented in the data set because the number of  pairs of  institutions they yield is 
disproportionate to the number of  different  institutions listed (cf.  Table 5.1); numbers of 
international institutional linkages bear no relation to gross publication counts. For this 
reason, separate publication counts needed to be conducted to establish the distribution of 
papers by country and by type of  authorship. This raised the question of  how to deal with 
multiple authors and affiliations  (discussed for  example by Long and McGinnis 1982). 
There appear to be three main practices: fractional  counting, where credit for  the paper is 
divided equally among the authors; multiple (or collaborative) counting, where each 
contributor is given full  credit for  the paper; and straight (or whole) counts, where only the 
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first  author receives credit (ibid, p.380). I opted for  multiple counting, whereby each 
country in the address-list received full  credit for  the paper. I chose this counting method 
because I was concerned with how papers are distributed amongst countries, rather than 
with absolute output statistics. 

Co-authorship  as a proxy for  collaboration 
The relationship between institutional co-authorship and international scientific 
collaboration is problematic. The qualitative attributes of  the latter are not well 
understood and cannot be assumed to necessarily result in an internationally co-
authored paper. A commentator on the use of  bibliometrics in the study of  research 
collaboration suggests that 'studying final  publications to understand the collaborative 
efforts  that produced them is akin to reading a postmortem report to construct a 
biography' (Harsanyi 1993 p.340). Yet since the study of  scientific  research 
collaboration has largely been the province of  the field  of  bibliometrics, science studies 
has to a degree come to equate collaboration with co-authorship (see chapter 3). 
Endorsing this tradition, Meadows (1974, Chapter 7) singles out two pieces of 
evidence as confirmation  that multiple authorship provides a definite  measure of  the 
degree of  collaboration in a subject: fluctuations  in multiple authorship figures  during 
WWII; and the relatively small degree of  co-authorship in mathematics papers 
(p. 199).17 However, bibliometricians do offer  methodological critiques of  the 
problematic logic which assumes an equivalence between multiple authorship and 
collaboration, concluding that the co-authored paper can only serve as a partial 
indicator of  collaboration (e.g. Katz and Martin n.d.; Luukkonen et al. 1993). 

As a single indicator, the multi-authored paper implies a somewhat simplistic notion of 
collaboration, one which cannot capture or re-present the nature of  collaboration in its 
complexity. Thus although international co-authorship studies can shed light on trends 
in the rates and patterns of  international collaboration, they do not allow for  analysis of 
the social mechanisms underpinning the trends. Macro social and economic trends, 

17 The data cited by Meadows derive from  De Solla Price's work (1963). Meadows does however acknowledge 
deficiencies  in this method of  measuring collaboration, citing as an example that the work of  skilled 
technicians is rarely rewarded in the form  of  authorship (Meadows 1974 p.196). 
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such as globalization, the transition to Mode 2 knowlege production, and the growth 
of  Big Science and Megascience, are likely to account for  increasing institutional and 
international co-authorship rates (see Chapter 1, section 1.2). Yet the complex causes 
and effects  of  the collaboration such processes entail cannot be revealed by co-
authorship studies alone. 

Further, co-authorship data may only measure a certain class of  collaboration: one 
defined  in terms of  its success in the production of  publishable research results, whilst 
qualitative work hints at the diversity of  forms  of  working together. For example, as 
described in the preceding chapter, previous work suggests that tension is integral to 
cooperation, and that an understanding of  cooperative work needs to take account of 
the nature of  conflict  (Easterbrook et al. 1993). Other work on social interaction in 
science indicates the importance to scientific  work of  'unusual or atypical social 
relationships', which though not necessarily aimed at producing joint results, are 
crucial to the social organization of  science (Callon 1995 p.44). Because this study 
adopts a loose definition  of  collaboration, the simplistic notion of  collaboration implied 
in co-authorship becomes amenable to 'unpacking' and to more elaborate 
conceptualization. Woolgar's distinction between identification  and 
conceptualization18 is important here: in my work co-authorship does not determine 
collaboration but provides a means of  identification  and entry. It links a concept with 
observable facts. 

5.3 Investigating international collaboration in context 

The bibliometric results provide both an indication of  global co-authorship patterns in polar 
research, and a means of  identifying  collaborations for  further  study. There are two 
elements to the qualitative research, described separately below: identifying  and studying the 
relevant policy context of  the collaborations,19 and identifying  and studying the process of 

18 As described in section 5.2.1, Woolgar (1976) points to the inevitable mismatch, in scientometric studies, 
between the way the phenomenon to be studied is conceptualized, and its functional  definition  for  technical 
purposes. This mismatch arises because of  the practical limitations imposed by scientometric techniques. 

19 By 'policy context' is meant the configuration  of  institutions involved in organizing and funding  polar research, 
and the interests of  these institutions. The bulk of  polar research is nationally funded.  Much polar research is 
however, conducted within the framework  of  international programmes of  global scope. These include: the 
World Climate Research Programme (under the World Meteorological Organization (WMO) and ICSU); the 
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international collaboration as a number of  case-studies. The latter entailed conducting a 
series of  interviews with polar scientists who had been involved in international 
collaborative research, and the former  entailed interviewing polar research managers and 
policy makers. It will become apparent that the main significance  of  the link between the 
co-authorship data and the subsequent qualitative research lies in the rationale underpinning 
the choice of  respondents. 

5.3.1 Identifying  and studying the relevant policy context 
Social theorists acknowledge that social processes embody properties which cannot 
wholly be accounted for  by the nature of  the relationships between, and actions of, 
individuals (see for  example Giddens 1993). As a social process therefore,  it is 
insufficient  to conceive of  collaboration merely in terms of  the interests and activities 
of  individual collaborators. For this reason, this study incorporated an investigation of 
the political context into its examination of  collaboration. During the first  stages of  the 
empirical work on the process of  international collaboration, it became apparent that 
first-hand  contextual data on national polar research programmes and on national 
approaches to the international politics of  the polar regions in the three countries 
studied would facilitate  interpretation of  the collaboration details. 

The choice of  respondents should ultimately be understood in the context of  the original 
research proposition: that international collaboration in polar research can be interpreted in 
the light of  geopolitical interests (i.e. the international politics of  the polar regions) (see 
chapter 1). To make sense of  this proposition, the study of  collaboration needed to be 
internationally comparative whilst maintaining the Arctic/Antarctic comparative dimension. 
Accordingly, the following  three criteria were used to choose the countries within which to 
investigate international collaboration. They were to have both Arctic and Antarctic 
research programmes (to allow within-country comparison); they were to have contrasting 
polar political interests (to allow between-country comparison); finally,  preference  was 
given to European countries to facilitate  analysis of  the policy context (travel costs were an 

International Geosphere Biosphere Programme (ICSU); and the World Ocean Circulation Experiment (under 
WMO, ICSU/SCOR, and Unesco). These programmes lend credibility to research proposals submitted to 
national agencies, but do not generally carry significant  amounts of  research funding. 
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additional, if  subsidiary issue). The UK, Germany, and Norway fulfil  all these criteria. 
Table 5.2 locates the three countries along the combined dimensions of  Arctic and Antarctic 
science and politics. The bibliometric data for  these three countries suggest that the size of 
their publication output for 1992 is similar; they rank 3rd, 4th and 5th respectively, after  the 
USA and Canada. 

Table 5.2 Relative significance  of  the polar scientific  and political 
interests of  the UK, Germany and Norway 

Arctic National significance  of  
political interests 

MOUCM Strong 
National 
significance Modest UK 
of  science 
programme Strong GERMANY NORWAY 

Antarctic National significance  of 
political interests 

Modest Strong 
National 
significance Modest NORWAY 
of  science 
programme Strong GERMANY UK 

Data on the political context were collected by interviewing senior scientists (committee 
members and project managers), administrators and officials  within a set of  national and 
international institutions. The national institutions approached varied according to the 
organization of  polar science and politics in each particular country; they included 
government departments, research councils and national polar institutes. The four 
international institutions approached were one environmental and three scientific  NGOs. 
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The interviews focused  on the relationship between science and politics in decision-making 
relating to the polar regions. The aim was to gain a broad picture of  the policy and political 
landscape within which the collaborations studied took place. More concretely, the 
interviews were aimed at generating factual  information,  supplemented by institutional and 
personal views, on the configuration  and role of  the institutions involved, and on recent 
initiatives. This complements and provides a context for  understanding the collaboration 
case-study data. 

The interview format  was governed by the type of  information  required and by the nature of 
this group of  respondents. I was primarily interested in gaining access to 'facts',  rather than 
trying to make sense of  action; and these respondents tended to be élites with 
correspondingly sophisticated outlooks, and unique vantage points. To accommodate these 
conditions, I designed separate (non-standardized) open-ended questionnaires tailored to 
each situation. This required working over the ground beforehand,  partly in order to 
acquire knowledge about the specific  experience and role of  the respondent. The semi-
structured format 20 enabled me to guide the interview, but equally allowed for  the 
respondent's personal insight and commentary. (See Appendix D for  a list of  these policy 
respondents by institution, and Appendix E for  sample 'policy' questionnaires.) These 
interview data were supplemented with the study of  documents. 

In practice, the degree to which I adhered to the pre-planned schedule varied. In some 
instances I improvised questions during the course of  the interview to accommodate a 
respondent's perspective, or to probe for  more information  on a particular topic. Whilst 
some interviews took the form  of  a 'guided conversation' in order to realize the benefits  of 
individual experiences (Fielding 1993 p. 136), I perceived a lack of  frankness  in the 
responses of  others. In accordance with the 'matter of  fact'  nature of  much of  the data 
gained from  the policy interviews, I analysed them in a somewhat positivistic light. 

20 This refers  to the extent to which the interviews are determined and standardized before  being held (Moyser 
1988 p.115). 
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5.3.2 Identifying  and studying case-studies of  collaboration 
This stage of  the qualitative work entailed using a case-study approach to investigate the 
process of  international collaboration in polar research. The internationally co-authored 
paper served as a proxy for  international collaboration. From the bibliometric data set I 
identified  the subset of  internationally co-authored papers that included institutional 
addresses in at least two of  these countries. This subset contained 20 papers which were to 
serve as case-studies of  international collaboration.21 

The  questionnaire 
I attempted to reconstruct the collaboration narratives behind each of  the twenty 
internationally co-authored papers by collecting separate reports from  at least two co-
authors of  each paper using a standardized interview questionnaire. The aim was to 
synthesize accounts derived from  co-authors of  differing  nationalities into a 
'collaboration story'. The collaboration case-studies could then provide a basis from 
which to abstract analytical categories with explanatory potential. 

The questionnaire was designed to gauge how individual scientists perceived their own and 
their co-authors' involvement in the project, and to tease out any role macro-level polar 
politics may have played in the collaborative research process. The specific  questions were 
aimed at tracing the origins and evolution of  the collaborative project and to thereby 
generate a chronological account of  the events making up the collaborative process. 
21 Twenty case-study collaborations was judged to be an appropriate number of  cases for  the purposes of  this 

study. The following  reasons account for  this. In order to achieve data triangulation (i.e. achieve internal 
case-study data validity), up to four  authors of  each paper were interviewed (43 authors of  papers were 
interviewed) (see Appendix G); thirty additional respondents were interviewed for  the broader policy/political 
context (see Appendix D). To interview more than 70+ respondents would not have been practicable in a 
study of  this scope. Further, the objective of  case-study research is to generalize to theory, rather than to 
other cases, or to the population in general; this implies that the number of  case-studies does not affect  the 
external validity of  the generalization (as long as the case-study is carefully  conducted), and that it is flawed 
to choose cases on the grounds of  their perceived representativeness. The criterion for  choosing the cases was 
the nationality of  the paper authors. The papers chosen included author addresses in at least two of  the 
following  countries: the UK; Norway; and Germany. These countries have contrasting polar political 
interests, to allow for  investigation of  the research proposition that the nature of  international collaboration in 
polar research demonstrates a relationship between polar research and its political setting. The scientific 
disciplines represented in the case studies is therefore  incidental to the rationale underpinning their selection 
and subsequent analysis. The theoretical emphasis of  this thesis - on science as practice, rather than on 
science as knowledge - tends to lessen the significance  of  the disciplinary content of  the case-study 
collaborations for  the purpose of  generalizing to theory. 
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There were four  main sections to the questionnaire itself:  background ; origins of  the 
collaboration ; dynamics of  the collaboration ; and fate  of  the partnership  subsequent to 
publication.  The second section aimed to elicit how and why the collaboration came about 
with the particular partners in question. The third section aimed to assess the qualitative 
nature of  the collaborative relationship, and how this may have been affected  by any social, 
scientific,  or political changes over the course of  the project. The final  section dealt with 
the issue of  commitment, in an attempt to understand any distinction between incidental or 
low committal forms  of  collaboration, and the emergence of  stable, enduring forms  (see 
Appendix F for  'collaboration' questionnaire). 

The standardized format  enabled me to pursue a theoretical agenda about the nature of 
collaboration in polar research because it allowed for  matching across sets of  responses, and 
in particular across responses relating to the same collaborative project. In order to take 
advantage of  this comparability, I generally aimed at approaching the interviews in a 
uniform  manner by adhering to the wording of  the interview protocol (though at times I 
compromised on this uniformity  in order to derive maximum benefit  from  the interview 
situation; see following  section). The open-ended question format  was chosen because it 
allows respondents to draw on their own points of  reference  when recounting experiences 
and events, and consequently has the potential to generate qualitatively rich data. This 
format  is therefore  suited to the complex aim of  exploring a process (Selltiz et al. 1976 
pp.312-317; Moyser 1988 p.l 15). 

Data gathering 
In my experience, personalized discussions tended to generate the most insightful  data, since 
they by definition  had the potential to elicit subjective views and attitudes. For this reason, I 
attempted to conduct the interviews in a conversational style, and yet not stray significantly 
from  the interview schedule. In each instance, this entailed finding  an appropriate balance 
between pursuing my own agenda and accommodating the respondent's particular interests 
and personal style. In many cases this merely involved making allowances for  responses 
which pre-empted later questions. In rarer cases, I was obliged to abandon the 
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questionnaire in favour  of  benefiting  from  the insights of  a particularly loquacious 
respondent. 

The variability in the style of  interviews, partly induced by 'interviewer effects'  (Fielding 
1993 p. 144-45), sits uncomfortably  with the desired aim of  matching data.22 However, by 
basing data analysis on full  and accurate records of  interviews, the potentially damaging 
effects  of  this mismatch on the quality of  analysis can be minimized. This is because such 
records serve not only as the foundation  of  analysis, but also as 'the best index of  the effects 
we may have had on the things the respondent says' (Fielding 1993 p. 145). Herein lies a 
valid argument for  tape-recording interviews and preparing verbatim transcripts. However, 
I decided against tape-recording the majority of  interviews (I only taped four)  on the basis 
of  two important drawbacks of  this method. First, it reportedly takes eight hours to fully 
transcribe a one hour tape (Arber 1993 p.45) (the duration of  my interviews ranged from 
thirty minutes to a whole morning or afternoon).  Second, I reasoned that the presence of  a 
tape-recorder might compromise the quality of  responses. 

To maximize the accuracy and completeness of  my own interview transcripts, I wrote up 
interview notes as extensively as possible on the day of  the interview (only in a very few 
cases was it not possible to transcribe interviews on the same day). I did tend to screen the 
interview data for  relevance during the interview, as I already had some notion of  the 
analytic uses of  the data. Although this mode of  recording interviews served my purposes 
adequately, I did experience some disadvantages. These stemmed from  the distractive 
activity of  extensive note-taking during interviews. Not only does this make interviews 
slower and more cumbersome, it detracts from  the quality of  interaction with respondents. 
At times I elected to engage with a respondent at the cost of  detailed note-taking, and was 
often  well rewarded in terms of  the quality of  the data. This accords with Sayer's 
observation that a researcher can maximize the information  flow  during an interview by 
'making use of  communicative and social skills, [and] by being willing to adapt 
preconceived questions and ideas ... according to what is relevant to the respondent' (1992 
p.245-46). 

22 On the issue of  'interviewer effects',  Fielding refers  to research which indicates that respondents may resort to 
'socially acceptable responses', rather than expressing their actual views, as a way of  dealing with the 
interviewer (1993 p. 145) 
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Problems incurred  using this technique to study  collaboration 
Two categories of  problems were encountered with this method: failure  to gain access to a 
listed co-author, and failure  to maximize the opportunity once access had been gained. 
Both are rooted in the problematic assumptions implicit in the use of  the co-authored paper 
as an entry route to a qualitative study of  collaboration. These problems manifest 
themselves in two shortcomings of  the research: the failure  to achieve data triangulation in 
four  of  the case-studies, and the low quality data of  a small number of  the case-studies. 

Failure to achieve the goal of  data triangulation for  all the case-studies was a combined 
outcome of  three factors:  failing  to locate listed authors; depending on the cooperation of  a 
relatively small pool of  potential respondents; and keeping research expenditure at a feasible 
level. The following  reasons account for  the attrition of  case-studies. Some author 
addresses were never located owing both to the difficulty  of  correctly matching author and 
affiliation,  and to misleading or outdated address lists; for  example, some potential 
respondents (often  former  research students) had left  a listed institution, and others had 
listed a temporary place of  work. Yet others, whose whereabouts was not a mystery, were 
unavailable for  the following  reasons: three were away, two declined to be interviewed, and 
two had died. 

The problem of  maximizing the opportunity offered  by the interview situation was 
experienced as a difficulty  in gaining the full  cooperation of  a small number of  respondents. 
These seemed to fall  into two groups: those who appeared unenthusiastic about their own 
role in the collaborative project in question; and those in senior positions who appeared 
reluctant to talk about the personal dimension of  their own work. Further, I experienced 
some suspicion as to my motives for  talking to more than one individual about the same 
project. Perhaps such an attitude partially reflects  the positivistic outlook of  a scientist, as 
suggested by the comment said in jest 'So you can see who is lying?'. I suspect this was 
only half  meant as a joke. 
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Describing the case-study  data 
The aim at the outset of  the research was to interview at least two co-authors of  each of  the 
20 case-study collaborations; ideally two nationalities were to be represented between the 
co-authors interviewed (none of  the 20 case-study papers included institutional addresses in 
all three countries). In practice, I conducted interviews with at least  two co-authors of  16 
of  the collaborations; two nationalities were represented in 15 of  these sets of  co-authors, 
whilst one nationality was represented in one of  them. Data triangulation was thus achieved 
for 16 of  the case-study collaborations; table 5.3 shows how these 16 papers were 
distributed across nationality pairings. Of  the remaining four  case-study collaborations I 
conducted interviews with only one of  the co-authors. See Appendix G for  the paper 
references  of  the collaborations, and the number of  authors interviewed by nationality. 

Table 5.3 Distribution of  case-study collaborations across nationality pairings 

UK UK - Germany 
Germany 5 - Norway 
Norway 5 5 1 

The nature of  the science represented in the collaboration case-studies seems 
heterogeneous. This scientific  heterogeneity can be categorized in terms of  its 
geographic focus,  its disciplinary emphasis, and less straightforwardly,  in terms of  its 
natural medium: ocean, ice, atmosphere, and land based studies. As table 5.4 shows, 
the geographic focus  of  the 20 collaboration case-studies is as follows: 13 are Arctic, 6 
are Antarctic, and 1 is bipolar. The disciplinary range of  the science represented can be 
categorized by type of  journal as follows:  9 papers are in life  science journals; 5 in 
geoscience journals; 3 in atmospheric science journals; and 3 in the interdisciplinary 
journal Polar Research. These four  disciplinary groupings are unevenly distributed 
between Antarctic and Arctic papers: all 6 Antarctic papers are in life  science journals; 
whilst the 13 Arctic papers are almost evenly distributed between the four  discipline 
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groups. The distinction between ocean, ice, atmosphere, and land based studies cuts 
across disciplinary and geographical boundaries. 

Table 5.4 Categorization of  case-studies by disciplinary emphasis 
and geographic focus 

Discipline Arctic Antarctic Bipolar Totals 
Life  science 2 6 1 9 
Geoscience 5 5 
Atmospheric science 3 3 
Interdisciplinary 3 3 Totals 13 6 1 20 

The names of  the journals in each category are as follows: 
Life  science Comp. Biochemistry and Physiology - A; Hydrobiologia ; 

Philosophical  Trans,  of  the Royal Society - B \ Polar Biology 
Geoscience Geology, J.  Glaciology,  Marine  Geology; Norsk Geologisk 

Tids  skrift] Tectonophysics 
Atmospheric science J.  Atmospheric and Terrestrial  Physics; J.  Geophysical 

Research - Atmospheres 
Interdisciplinary Polar Research 

Yet differences  are less than they first  seem. Irrespective of  place of  publication, many 
of  the scientific  projects are multi- or interdisciplinary, tending to lessen differences 
between them. Further, the harsh polar environment subjects all forms  of  research, 
indeed all forms  of  human activity, to the same limiting conditions. The consequent 
dependence on logistics, usually the expensive factor  in polar research, means that 
similarity may be greater than differences  in discipline, when science is conceived as 
practice/work. Therefore  the analysis of  cases does not treat them as representing 
different  disciplines (see footnote  21, this chapter for  the rationale underpinning choice 
of  case-studies). 
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Data triangulation 
Two or more scientists' reported views and experiences of  the same collaborative 
research project were collated to compile descriptions of  each collaboration. Fusing 
and comparing interview data collected from  different  perspectives in order to make 
better sense of  each perspective, and therefore  of  the collaboration as a whole, 
constitutes a form  of  data triangulation (Macdonald and Tipton 1993 p. 199; Silverman 
1985 p. 158). Triangulating data sources within case-studies allows corroboration and 
facilitates  interpretation; it therefore  serves to enhance the integrity or robustness of 
the case-study data and its theoretical relevance. 

The need for  data triangulation results from  the principle that no single perspective on 
the nature of  a collaboration can be regarded as representative. There are two reasons 
why this is so. Firstly, the representativeness of  an individual's account of  a 
collaboration is compromised by the tendency, on the part of  a respondent, to 
consciously or unconsciously describe an idealized version of  motives and events. 
Secondly, co-workers in a collaboration present different  versions of  events and 
motives, both because individual collaborators of  necessity relate to the same 
collaboration from  different  perspectives, and because there can never be complete 
agreement about phenomena. A description of  the nature of  a collaboration can 
therefore  only be compiled at a collective level. Accordingly, data triangulation may 
be conceived as a means of  dealing with two methodological issues: that the interview 
technique is not a wholly adequate means of  gaining access to subjective 
interpretations of  events and experiences; and that method should be informed  by an 
understanding of  the nature of  the phenomenon being studied. I will discuss the role of 
data triangulation in the light of  these two issues. 

Data triangulation  and the interview technique 
Data triangulation represents a means of  partially resolving problems relating to the 
way respondents respond to the interview situation. For example, triangulation can 
reveal partially incongruous data resulting from  the difference  between rational and 
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emotional, or public and private, accounts of  the same collaboration. The nature of 
this difference  is interesting in itself. 

The tendency to reconstruct narratives in the light of  moral norms or ideal standards of 
behaviour constitutes a paradoxical duality in social science. Whilst it may present 
itself  as a methodological problem, it may equally be perceived as an expression of  a 
sociological truth, an aspect of  the social ontology of  everyday life.  Conceived as a 
methodological problem, an account which undercommunicates actual activities and 
interests in favour  of  an idealized version may be regarded by the investigator as 
somehow deficient,  especially in descriptive studies, as is illustrated by the 
anthropological analogy: 

Anthropologists have learned that, when they ask a member of  a community for  an account of  the 
local kinship system, they are as likely as not to receive an account of  the moral order rather than a 
description of  the vagaries of  actual practices. 
(Harré 1986 p.89) 

The adoption of  ethnographic techniques in the social sciences may be conceived as a 
response to this type of  methodological problem. And it is through the application of 
these very techniques that the tendency outlined above has been revealed as a facet  of 
everyday social interaction, consequently assuming the status of  a legitimate object of 
social inquiry. Ethnomethodologists for  example would treat interview data as a topic 
rather than a resource (Fielding 1993 p. 151). Goffman (1959) described the staging of 
social meetings in terms of  the analogy of  drama: in the presentation of  the self,  we are 
consciously or unconsciously performing  to an audience: 

When the individual presents himself  before  others, his performance  will tend to incorporate and 
exemplify  the officially  accredited values of  the society, more so, in fact,  than does his behaviour as 
a whole. 
(Goffinan  1959 p.45) 

Goffman  cites work suggesting that professional  groups, perhaps especially scientists, 
unconsciously assume 'a cant or pose' in response to an impulse 'to show the world a 
better or idealized aspect of  [the profession]'  (Goffman  1959 p.44, quotes Cooley 
1922 pp.352-53). This is perhaps expressive of  the norms of  a subculture or of  a 
'collective consciousness'. 

Although data triangulation cannot make up for  the shortcomings of  the interview 
technique, a comparison of  separate reports of  the same collaboration may shed some 
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light on how the context of  the production of  interview data may have impinged on its 
content, and thus allow some distinction to be made between idealized and more 
candid accounts (which, ethnomethodologists would argue, are in themselves artificial 
categorizations). In addition, contradictions among reports can provide important 
leads for  further  investigation. 

An important advantage of  the interview technique over an ethnomethodological 
approach is that it allows for  a greater breadth of  data. This is particularly important in 
the study of  dispersed collaboration. 

Data triangulation  and the relation  between the nature of  the object of  inquiry and 
method  of  analysis 
The approach employed in this study is grounded in an understanding of  the 
collaborative research process as a social situation with its own structure and 
dynamics. The unit of  analysis is the collaborative group, and the analytical emphasis 
is on the nature of  the relationships between the collaborating scientists and on the 
dynamics of  the collaboration as a whole; this would approximate Star's 'ecological 
unit of  analysis' (Star 1993 p. 106). A strength of  this approach lies in its recognition 
of  the idea that social conduct is contingent upon the conduct of  others, an observation 
encapsulated in the term 'interactionism' (Knorr-Cetina 1981b p.9). Knorr-Cetina 
expands on this concept. 

Social action arises from  the interlocking of  intentionalities rather than from  their singular 
existence. Human conduct appears to be interlocked not only through the forming  of  interpersonal 
ties, but also through individuals' taking  account of  others. ...The perspective of  others partly 
constitute the self. 
(1981b pp.10 and 11, italics in original) 

The approach is micro-social in that the unit of  analysis, the scientific  collaboration, is 
a small-scale social situation (albeit institutionally and geographically distributed); yet I 
attempt to carry out the analysis with reference  to the policy and political environment 
in which the collaborative science takes place. The rationale underpinning this 
approach is grounded in interlinked methodological and theoretical considerations. I 
am acknowledging the methodological importance of  describing social phenomena 
with reference  to a relevant setting, a type of  approach labelled 'methodological 
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situationalism' (Knorr-Cetina 1981b p.15), or 'ecological analysis' (Star 1993 p.100). 
In so doing, I am embracing the idea that 'action ... is the stuff  of  social organization or 
collective life'  (as well as a quality of  the individual) (Giddens 1993 p.5). The aim is to 
transcend the traditional micro/macro dichotomy by considering the ties between the 
nature of  the collaborations under investigation and the nature of  the policy and 
political environment. In other words, it is hoped that by investigating scientific 
collaboration, some insights may be gained about the macro-order.23 It is precisely in 
this attempt to locate scientific  collaboration within the relevant policy context, and 
thereby to focus  on the relation between collaboration and its context, that this study 
differs  from  previous work on international collaboration. Such an approach is only 
made feasible  by restricting the in-depth analysis of  international collaboration to a 
specific  policy context. 

5.4 Data analysis: the multiple-case study as method 

The multiple-case study is a central feature  of  this study's research design. The logic 
underpinning multiple-case analysis is analogous to 'comparative' studies in political science 
or anthropology, but remains within the case-study strategy: each case should have a 
specific  purpose within the inquiry. This is because the choice of  cases determines the 
validity of  the research results for  making theoretical inferences. 24 An advantage of  the 
multiple-case approach over the single case-study is that evidence from  multiple cases might 
be considered more robust (Yin 1984 pp.47-48). 

The primary unit of  analysis in this study is the international collaborative polar research 
project. The cases were chosen in the light of  my original research proposition. They are 
defined  by a country criterion, on the grounds of  the nature of  the relationship between 
Arctic and Antarctic science and politics within and between the countries. The cases are 
Arctic and Antarctic collaborations which include at least two participants from  Britain, 
Germany, and Norway. 

23Here,  the term macro-order is synonymous with social structure, and is taken to denote such features  as 
constraint, power, and large-scale social organization. 

24 A central precept of  case-study research is that it should generalize by abstracting to theory, rather than to 
other populations (Yin 1984 p.39; Sayer 1992 p.246). 
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In accordance with the replication  logic  integral to multiple-case study design and analysis, 
the cases can be categorized into groups in line with their selection criteria. Predicted 
results should be similar for  cases within each group, and 'contrary but for  predictable 
reasons' for  cases across groups (Yin 1984 pp.48-49). Table 5.5 shows the grouping of 
cases for  which international data triangulation was achieved.25 

Table 5.5 Distribution of  cases between groups of  cases 

Region 
Arctic Antarctic Bipolar 

International 
collaborations 
studied by 
nationality of 
participants 

UK/German 
UK/Norwegian 
German/Norwegian 

2 3 
3 1 1 
4 1 

The first  step in the data analysis entailed collating participants' reports into a detailed 
narrative recording the motivations and processes making up each collaborative project. 
The 'story' of  the collaboration served as a basis from  which to discover 'relations of 
connection' (Sayer 1992 p.246) between patterns within the collaborative relationship and 
macro-level national interests. These were compared and contrasted within and between the 
six groups of  cases in order to draw plausible cross-case conclusions. Micro and macro 
perspectives were thus linked in order to make sense of  the process of  collaboration. 

Chapter  summary 
This chapter described the research techniques used to collect the data on which the 
empirical component of  the thesis is based. The method employed in this study 

25 Note that the five  cases for  which international  data  triangulation  was not achieved are not included in this 
table. 
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incorporates a quantitative and a qualitative phase. A preliminary probe into patterns 
of  international co-authorship in polar research was conducted by mapping one year's 
co-institutional international co-authorship links as indicated by jointly authored papers 
in the polar science literature. As well as providing an indication of  global co-
authorship patterns, the bibliometric results provided a means of  identifying 
collaborations for  further  qualitative study. 

There were two elements to the qualitative research: studying the process of 
international collaboration by way of  a number of  case-studies; and studying the 
relevant policy context of  the collaborations. Three countries with contrasting polar 
political interests (the UK, Germany, and Norway) were chosen within which to 
undertake this qualitative research. In order to investigate a number of  cases of 
international collaborative polar research, a sub-set of  papers, chosen because they 
included institutional addresses in at least two of  these countries, was identified  from 
the original set of  internationally co-authored polar scientific  papers. Descriptions of 
the initiation, dynamics and conclusion of  each collaborative research project were 
compiled by collating the reported experiences of  two or more of  the co-authors. Thus 
data triangulation was achieved: it was hoped that an 'inside' picture of  the nature of 
these case-study collaborations could be constructed by pooling data derived 
separately from  two or more co-authors of  differing  nationalities. The details of  each 
'collaboration story' formed  a basis for  cross-case analysis. The policy context of  the 
collaboration case-studies was investigated by conducting interviews with officials  and 
scientists in a range of  institutions in the three countries. 

The chapter discussed some shortcomings of  the interview technique as a means of 
investigating collaboration as a process, but stressed that the technique described offers 
the advantage of  providing data from  a dispersed range of  respondents as well as data 
triangulation. It was pointed out that this approach to studying collaboration could 
generate highly valid case-study data with respect to understanding collaboration as a 
process, since it allows for  comparison between separate reports. 
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CHAPTER 6 

An assessment of  international co-authorship in polar research 

6.1 Introduction: the bibliometric study in context 

The bibliometric study was designed to fulfil  two roles. It was to serve as a means of 
identifying  researchable collaborations, by the same token supplying a contextual 
backdrop to the interpretative work. It was also to serve as a preliminary probe of  the 
research proposition that international collaboration data can demonstrate a 
relationship between science and politics in the polar context. 

In accordance with this last aim, the subject matter of  this chapter examines two 
related comparative themes: rates and patterns of  international co-authorship in Arctic 
and Antarctic research. The discussion is based on a year's set of  polar science papers 
derived from  the Science Citation  Index  (SCI) 1992 database (see chapter 5, Section 
5.2 for  a description of  how the data were compiled and processed). 

Background  to co-authorship studies 
Previous studies of  rates and patterns of  co-authorship in science attribute findings  to 
aspects of  the social organization of  science and to macro-scale extra-scientific  factors. 
Studies of  international co-authorship tend to fall  into the latter category. The 
following  section provides a brief  overview of  some of  these quantitative studies to 
provide a context for  my own analysis. 

Although it is acknowledged that scientists have always exchanged visits and 
information,  the development of  bibliometric techniques in the 1960s provided 
confirmation  that scientific  work was changing from  an individualistic to a collective 
mode. Price inferred  that an increase in joint authorships reflected  the growing 
incidence of  teamwork in certain natural science fields  (Price 1963). Subsequent 
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studies have pursued the question of  the origins of  the trend towards more 
collaborative science, or more properly, towards the decline in individual authorship. 

Price and Beaver (1966) and Beaver and Rosen (1978) explained the increase in 
collaborative research in light of  changes in the social organization of  science (the 
development of  'invisible colleges' is conceived as symptomatic of  such changes1). 
These changes are themselves shown to be rooted in the professionalization  and 
growth of  science, and to be manifested  in its consequent stratification.  More 
narrowly, research funding  has been identified  as a factor  determining levels of 
collaboration. Hirsh and Singleton (1965) and Heffner (1981) found  correlations 
between the number of  authors per paper and levels of  financial  support for  a piece of 
research. 

Studies of  international co-authorship likewise stress the increase in internationally 
authored papers. They find  country-to-country differences  in rates of  international co-
authorship, and in networks of  international scientific  collaboration, explaining 
observed patterns in the light of  a variety of  macro-level determinants. 

Leclerc and Gagné (1994) found  that the internationalization  index  'the rate of 
internationalization of  research' on a worldwide basis had almost doubled between 
1980 and 1990, when it reached 20% (p.268). However, the figure  varied greatly 
between countries; it was lower for  large industrialized countries such as Japan and the 
USA, and much higher for  some less developed countries (p.267). Frame and 
Carpenter (1979), Schubert and Braun (1990), and Leclerc and Gagné (1994) found 
rates of  international collaboration to be inversely related to the size of  a country's 
scientific  enterprise (as measured by volume of  papers). They suggest that this 
correlation reflects  smaller countries' lack of  means to provide adequate support for 

1 The concept of  an 'invisible college' describes an informal  grouping of  the scientific  elite in a subfield.  The 
size of  the group is approximately one hundred members, the maximum number of  individuals with whom a 
member can maintain personal communication. The formation  of  such groups, which are generally made up 
of  the most prolific  scientists in an area, is conceived as a social adjustment to the changing role of 
publication in science from  primarily a means of  claiming results, to a source of  prestige. The activity of  the 
invisible college constitutes a relatively efficient  means of  deriving status from  peers and keeping abreast of 
new developments, in the face  of  an exponential growth in scientific  publishing. The increasing growth rate 
of  collaboration is conceived to be related to the productivity of  the élite (Price 1963 Chapter 3). 
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science: 'it is actually as if  the small countries were seeking in collaboration the means 
they lack locally' (Leclerc and Gagné 1994 p.267). Luukkonen et al. (1992) who find 
a weak, but detectable, correlation between country size and rate of  international co-
authorship (p. 104) expand on this explanation. They suggest that the trend towards 
increasing specialization in science partially accounts for  this inverse relationship. The 
effects  of  the specialization trend are likely to be more marked in 'scientifically 
peripheral countries' where scientists may perforce  look abroad for  intellectual 
stimulation and cost-sharing (p. 104). 

In their study, Luukkonen et al. (1992) find  that only a small percentage of  the 
variance in co-authorship rates can be attributed to difference  in size of  country, a 
finding  which diverts attention towards alternative ways of  accounting for  the variance 
(p. 107). Comparing rates of  international collaboration across scientific  fields  and 
examining patterns of  partnership can provide some insight. 

There is a consensus in the literature that the three fields  with the highest proportion of 
internationally co-authored papers are earth and space science, mathematics, and 
physics (Leclerc and Gagné 1994 p.268; Frame and Carpenter 1979 p.483; Luukkonen 
et al. 1992 p.123; Moed et al. 1990). Using a fixed  journal set (no new journals were 
added after 1981), Luukkonen et al. (1992 p.118) found  that between 1981 and 1986 
just over 11% of  both earth and space science and mathematics papers, and just below 
10% of  physics papers were internationally co-authored. In contrast, for 1990, Leclerc 
and Gagné found  the Internationalization  index  (a ratio of  the number of  articles co-
authored internationally to the number of  total publications) for  earth and space papers 
to be 32%, for  mathematics 29%, and for  physics 27% (p.268).2 

Frame and Carpenter explain field-to-field  differences  in transnational publication rates 
in terms of  an essential difference  between basic and applied sciences (p.485). The 
apparently greater international orientation of  basic science fields  may be explained by 

2 The considerable difference  between the results of  two studies is more likely to be grounded in the different 
techniques and data sets used, than in an actual almost three-fold  increase in international co-authorships 
between 1981-1986 and 1990. The main point, however - that earth and space science is among the most 
highly internationalized fields - remains valid. 
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their intrinsic transnational nature (as opposed to more locally relevant applied fields). 
Scientists in more basic fields  may as a consequence be more outward-looking. In 
explaining high rates of  international collaboration in oceanography, atmospheric, and 
space science, Frame and Carpenter add the availability of  government support for 
international cooperative activities to the norm of  internationalism (p.485). 
Luukkonen et al. (1992) attribute the high rates of  international collaboration in earth 
and space science and physics partially to economic factors,  such as the sharing of 
transnational research facilities  (p. 123). But they share with Frame and Carpenter the 
view that certain fields  within the earth and space category (such as oceanography, 
atmospheric, and space science) are intrinsically transnational, demanding an 
international coordination of  research resources and facilities  (p. 119). 

Luukkonen et al. (1992) point out that the three most international fields  are not the 
most collaborative in terms of  levels of  institutional collaboration. A discussion of  field 
differences  in rates of  collaboration should therefore  distinguish between domestic and 
international institutional collaboration. For example, whilst mathematics has a high 
rate of  international collaboration, its overall institutional collaboration rate is low, and 
the converse holds for  medical research, where the high rate of  institutional 
collaboration is largely accounted for  by domestic collaborations (pp.120-21).3 

Several attempts have been made at visualizing patterns of  international scientific 
collaboration using maps which convey the intensity of  co-authorship links between 
countries. The relative position of  countries in these maps bears some similarity to a 
geographic world map (e.g. Moed et al. 1990 p. 16; Luukkonen et al. 1992 p. 108; 
Leclerc and Gagné 1994 p.270). Consequently, the studies explain the pattern in terms 
of  geographic proximity, and linguistic, historical, cultural, and political affinities 
between countries. Anomalous features  of  the pattern, such as an apparent scientific 
affinity  between the UK and some members of  the British Commonwealth, and 

3 The high rate of  domestic collaboration in medical research can be partially explained by the large size of  this 
field  in the most productive countries - scientists can therefore  expect to find  collaborative partners in then-
own countries. The dominance of  the US in this field  is an allied factor:  it accounts for  a large proportion of 
the world output, and its considerable number of  institutions means that scientists have an ample pool of 
potential collaborators in their home country. A further  factor  accounting for  the high rate of  domestic 
collaboration in medical research is that the science itself  may be more country- or region-specific  than many 
other research fields. 
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between France and some African  countries, can be ascribed to special relations 
between the countries of  a former  empire (Moed et al. 1990 p. 16-17). 

Leclerc and Gagné (1994) draw mainly on macro economic factors  to analyse 
international scientific  relations. They suggest that the pattern of  supranational 
scientific  exchanges is changing 'before  our eyes', as the role of  international scientific 
collaboration becomes motivated by the 'economic logic' of  survival in a global market 
place (pp.261 and 287). International scientific  collaboration is conceived as a means 
of  gaining access to foreign  markets and maintaining competitiveness at home, and 
scientific  relations become redistributed in accordance with changing patterns of 
dependency within the global economy (p.288). 

In the light of  the studies outlined above, I suggest there are several reasons why polar 
research might be expected to exhibit a high rate of  international co-authorship. A 
large proportion of  polar science is likely to be based on teamwork since it is becoming 
increasingly specialized. Further, national polar research communities are small and 
therefore  dependent on a transnational communication network. Polar research is 
largely concerned with transboundary environmental problems. These can be met most 
effectively  by an international, interdisciplinary approach. Finally, polar research is 
increasingly dependent on sophisticated technical equipment and logistic support which 
individual countries may not be able to supply. Cultural and economic factors  might be 
expected to play a less prominent role in determining patterns of  partnership in polar 
research than in most other fields,  in view of  its extra-national setting and transnational 
relevance. 

6.2 The bibliometric data 

The data set contains 1436 polar science papers. These are almost equally divided 
between Arctic and Antarctic papers: 49% of  the papers are Arctic; 45% are Antarctic, 
and 6% are bipolar papers (relating to both polar regions). 
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A cursory overview of  the journal sources of  the articles indicates that the articles are 
unevenly dispersed over a large number and range of  journals. The distribution of 
articles appears to broadly agree with 'Bradford's  law of  scattering', which was 
developed to explain the way research papers in certain subjects are distributed 
throughout the journal literature. According to Bradford's  law, the articles in a subject 
are equally distributed between three groups of  journals. The first  group contains only 
a few  journals, the second group contains many more journals, and the third group of 
journals is very large (Meadows 1974 pp.152-153). The first  small group of  core 
journals would correspond with specialist polar science journals, the second group 
seems to consist of  key disciplinary journals covering scientific  areas important in polar 
research, such as glaciology, geophysics, oceanography, ecology, space science, and 
meteorology. The largest group consists of  a disparate array of  interdisciplinary and 
disciplinary journals. 

Both publication and collaboration counts were conducted. The publication count 
followed  a multiple counting technique. Arctic, Antarctic and bipolar publications 
were allocated to each country represented in the list of  author affiliations;  papers were 
simultaneously classified  according to type of  institutional co-authorship (single 
institution, multi-institution (domestic), and multi-institution (international)). In this 
way each nationality represented amongst the co-authors of  a paper was apportioned 
credit for  the paper. The collaboration count entailed identifying  all the possible pairs 
of  institutional links represented in the author affiliation  list of  each internationally co-
authored Arctic, Antarctic, and bipolar paper, and allocating each institutional link to 
the relevant pair of  countries (see chapter 5, section 5.2.3 for  a more detailed 
description of  these techniques). 

The 1436 papers are authored by scientists from  a total of 37 countries. For the sake 
of  clarity and space, I only include the 15 most productive countries (countries with 26 
or more publications) in the discussion of  the publication count results. These 15 
countries account for 93% of  all the papers. Data for  the remaining 22 countries are 
aggregated into a 'rest of  the world' category. A disaggregated table of  the 
distribution of  papers by country is found  in Appendix H. 
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The 297 internationally co-authored papers in the data set are co-authored by scientists 
from  a total of  33 countries. Austria's two papers, and Greenland's, Jamaica's, and 
Taiwan's single papers are all single-institution papers. I only include the 15 most 
internationally collaborative countries in the discussion of  the collaboration count 
results. These 15 countries account for 93% of  the total number of  international 
collaborative links, and correspond with the 15 most productive countries (in terms of 
number of  publications). Again, data for  the remaining 18 countries are aggregated 
into a 'rest of  the world' category. 

In order to map pairs of  international co-authorship links, I reduced this set of  16 
elements (including the 'rest of  the world' category) to a set of 10 by incorporating the 
5 least internationally collaborative countries into the 'rest of  the world' category, and 
combining New Zealand and Australia data into a single category. The five  countries 
amalgamated with the 'rest of  the world' category are Sweden, Denmark, the 
Netherlands, Italy, and Belgium, which all have under 45 international institutional 
collaborative links. Thus the remaining 10 elements, which formed  the basis for 
analysing patterns of  international collaborative links, are made up of  the 8 most 
internationally collaborative countries, an amalgamation of  the 9th and 10th most 
collaborative countries, and a 'rest of  the world' category. The 10 named countries in 
this set of 10 elements correspond with the most productive countries (in terms of 
number of  publications) with two exceptions. New Zealand and Japan respectively 
rank 11th and 12th in number of  papers, but 9th and 7th in number of  international 
collaborative links. They thus displace Italy and Denmark, which rank 8th and 10th 
respectively in number of  papers, but 14th and 11th in number of  international 
collaborative links. 

Table 6.1 shows the distribution of  Antarctic, Arctic and bipolar papers amongst the 
15 most productive countries. Each country has been allocated to one of  three groups 
according to whether its output is both Arctic and Antarctic (group 1), is mainly Arctic 
(group 2), or is mainly Antarctic (group 3). When the number of  a country's Arctic or 
Antarctic papers was at least three times larger than the sum of  the other two 
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categories, the country was allocated to the Arctic or the Antarctic group. A country 
with a ratio below 3 was allocated to the bipolar group of  countries. 

Table 6.1 Distribution of  papers by country 

No. of  papers per country % Share of  papers 
Country Antarc. Arctic Bipolar Total Antarc. Arctic Bipolar 
Group 1: Bipolar 
USA 181 277 47 505 22 32 40 
UK 111 44 10 165 14 5 9 
W.GERMANY 100 49 12 161 12 6 10 
USSR 25 76 8 109 3 9 7 
FRANCE 48 23 9 80 6 3 8 
JAPAN 26 7 9 42 3 1 8 
SWEDEN 18 16 1 35 2 2 1 
NETHERLANDS 18 8 - 26 2 1 -

Group 2: Arctic 
CANADA 9 154 5 168 1 18 4 
NORWAY 6 111 5 122 1 13 4 
DENMARK 6 53 1 60 1 6 1 
Group 3: Antarctic 
ITALY 61 2 3 66 6 <0.5 3 
AUSTRALIA 56 3 3 62 7 <0.5 3 
NEW ZEALAND 44 3 - 47 5 <0.5 -

BELGIUM 22 6 - 28 3 1 -

Group 4 
Rest of  world 80 34 4 118 10 4 3 
(22 countries) 
Totals 809 863 117 1789 100 100 100 

The distribution of  countries between the three groups partly reflects  the geopolitics of 
the polar regions. The Arctic category is made up of  three of  the five  Arctic-rim 
states. The remaining two Arctic-rim states (the former  USSR and the USA) are in the 
bipolar category, but produced significantly  more Arctic than Antarctic papers. 
Figures for  the former  USSR are likely to be significantly  lower than the true values 
because of  biases in the data. Despite this, the five  Arctic-rim states still account for 
78% of  all the Arctic papers (although the USA accounts for  a third of  all Arctic 
papers). Seven countries maintain sovereignty claims in the Antarctic (Argentina; 
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Australia; Chile; France; New Zealand; Norway; the UK). Of  the four  countries in the 
Antarctic category, two are Antarctic claimants (Australia and New Zealand); a further 
two Antarctic claimant countries (the UK and France) are in the bipolar category, but 
produced approximately twice as many Antarctic papers as Arctic papers. As an 
Antarctic claimant, Norway's position in the Arctic category appears anomalous. This 
may reflect  methodological weaknesses in the study. However, it may also reflect  the 
difficulty  of  maintaining healthy Arctic and  Antarctic research programmes in a small 
country with concomitant financial  and manpower constraints. Further, Norway has 
traditionally set greater national store by her responsibility for Svalbard than by her 
Antarctic interests. It should also be noted that with the exception of  the USA, all 
countries with over 40 papers produced at least twice as many papers in one region as 
the other. 

6.3 Rates of  international co-authorship 

Just over half  the papers in the data set (53%) are institutionally co-authored, and may 
be taken to represent institutional collaborations. Of  the institutionally collaborative 
papers, 297 (39%) are internationally co-authored, accounting for  21% of  all the 
papers in the data set. The proportion of  internationally co-authored papers in this set 
of  polar papers falls  between the figures  for  the level of  international collaboration in 
earth and space science found  in two previous studies (11% and 32%, see above). 

Table 6.2 compares levels of  collaboration in Antarctic, Arctic, and bipolar papers. 
The international co-authorship rate for  Antarctic papers is somewhat higher than for 
Arctic papers; the latter are more likely to be domestic collaborations. Further, a 
greater proportion of  Antarctic papers is authored within a single institution than either 
Arctic or bipolar papers. Perhaps these differences  can be partially explained by 
differences  in the way Arctic and Antarctic research tends to be organized. The bulk 
of  Arctic research is conducted by universities and research institutes in the five 
Arctic-rim states. Antarctic research is carried out by a broader range of  countries, 
and tends to be associated with specialized polar institutes because of  the greater 
logistical problems of  working in the Antarctic. Opportunities for  domestic 
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collaboration might therefore  be expected to be relatively greater in Arctic research 
than in Antarctic research, which is consequently more likely to be internationally 
collaborative or conducted within a single institution. 

Table 6.2 Comparison of  institutional collaboration figures  in Arctic, 
Antarctic, and Bipolar papers 

Number of  papers % Share of  papers Antarc. Arctic Bipolar Total Antarc. Arctic Bipolar Total 
Non-
collaborative* 

322 326 32 680 50 46 38 47 

Domestic 
collaboration 169 257 33 459 26 36 39 32 

International 
collaboration 150 127 20 297 23 18 24 21 

Total 641 710 85 1436 100 100 100 100 
*This refers  to papers produced in one institution rather than single-author papers. 

Of  the 85 bipolar papers in the data set, 63% are institutionally co-authored, compared 
with 49% of  Antarctic papers, and 54% of  Arctic papers. Although it is tenuous to 
generalize from  such a small number of  papers, my observation of  the bipolar data set 
suggests that these papers tend to report research of  a Big Science nature, driven by a 
bipolar approach. Examples are conjugate point observations taken at both ends of  the 
magnetic field, 4 bipolar ice-ocean-atmosphere interaction models, the comparative 
mass balance of  ice sheets, and atmospheric chemistry (e.g. comparative Ozone UV 
effects).  Such sophisticated and expensive experimental work would be expected to 
involve high levels of  institutional collaboration (both international and domestic). 

Data comparing rates of  collaboration between the 15 most productive countries 
(Table 6.35) can corroborate, and add a further  dimension to the interpretation offered 

4 Because the Earth's magnetic field  lines join up at the Poles, the coupling of  solar wind to the Earth's magnetic 
field,  and its dissipation, is best studied by conducting conjugate experiments. 5 Comparison with Table 6.1 will show that some of  the percentages in Table 6.3 are based on very low absolute 
values, and should therefore  be treated with caution. This applies to the Antarctic percentages of  'group 2' 
countries, the Arctic percentages of  'group 3' countries, all bipolar percentages, and all figures  for  Sweden, 
Belgium, and the Netherlands. 
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above for  differences  in rates of  collaboration between Arctic, Antarctic, and bipolar 
papers. 

A comparison of  Table 6.1 (which showed the distribution of  papers by country) and 
Table 6.3 shows that the 5 countries with the largest number of  Arctic papers (which 
are also the Arctic-rim states) were the only countries to have higher levels of 
international collaboration in Antarctic than in Arctic research. As suggested above, 
their relatively  low levels of  international collaboration in Arctic research may reflect  a 
lack of  need to collaborate internationally. The existence of  a larger pool of  potential 
co-workers and institutional partners within the country, coupled with the putative 
close and direct relationship between these countries' Arctic science programmes and 
national interests and needs (Elzinga and Bohlin 1989), may underpin their greater 
propensity to produce single-institution and intranationally collaborative papers. 

With key exceptions, the rate of  domestic collaboration is universally lower than levels 
of  single-institution and internationally authored papers in both Antarctic and Arctic 
research. In US Antarctic and Arctic papers, Canadian and Soviet Arctic papers, and 
Australian and Swedish Antarctic papers, levels of  domestic collaboration outstrip 
levels of  either single-institution or internationally authored papers, or both these 
categories (percentages for  Sweden are based on small absolute values and are 
therefore  not reliable). These exceptional instances of  higher rates of  domestic 
collaboration provide a further  indication that greater national interest in a region tends 
to undermine levels of  international collaboration. 

The general inference  to be drawn from  comparing percentages of  domestic and 
internationally co-authored papers across the countries is that the proportion of 
domestically co-authored papers tends to increase and the proportion of  internationally 
co-authored papers tends to decrease as numbers of  papers increase. Previous work 
on international scientific  collaboration shows that an inverse relationship between size 
and propensity to collaborate internationally is to be expected (see introduction to this 
chapter). 
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To ascertain whether the pattern discerned in the data could indeed be largely 
attributed to the effect  of  size, it was necessary to incorporate size into a calculation of 
relative international 'collaborativeness'. This was done by calculating each country's 
share of  the total number of  international co-institutional collaborative links in the data 
set, and representing this as a ratio of  the country's share of  papers. The resultant 
figure  provides some indication of  a country's intrinsic international 
'collaborativeness', regardless of  size; it was thus hoped that figures  deviating from  an 
expected ratio of 1, might reveal patterns that would allow interpretation by factors 
other than size. 

Table 6.4 shows the value of  these ratios in Antarctic, Arctic, and bipolar research for 
the 15 most productive countries.6 The column averages indicate that countries are 
slightly more likely to be more internationally collaborative in Arctic than in Antarctic 
research. In addition, when the distribution of  the ratios across the individual 
countries, and across the groups of  countries, is examined, a pattern emerges. 

All countries are indeed more internationally collaborative in Arctic than in Antarctic 
research, with the significant  exception of  the five  Arctic-rim states (the US, the 
USSR, Canada, Norway and Denmark) and Belguim. There are two apparent 
anomalies in this pattern: Denmark (an Arctic-rim state through her reduced 
sovereignty over Greenland) appears to have been equally internationally collaborative 
in both the Arctic and the Antarctic; and Belgium (a non-Arctic state) appears to have 
been more collaborative in the Antarctic than the Arctic. I suggest the validity of  these 
countries' figures  is compromised by the low publication counts for  Danish Antarctic 
papers and Belgian Arctic papers. The Antarctic papers of  the bipolar group of 
countries, and the Arctic papers of  the Arctic group of  countries show comparable 
levels of  international collaborativeness, as do the Arctic papers of  the bipolar group of 
countries and the Antarctic papers of  the Arctic group. The bipolar group of  countries 
is significantly  more internationally collaborative in Arctic than in Antarctic research, 

6 Again, some of  the ratios are based on small absolute numbers and should therefore  be interpreted with caution. 
This applies particularly to the Arctic and bipolar ratios of  countries in 'group 3' (the 'Antarctic' group). 
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Table 6.4 The relative international collaborative 'attractiveness' of 
countries: ratio of  share of  international institutional collaborative links 

to share of  papers 

Country Antarctic Arctic Bipolar All 
Group 1: Bipolar 
USA 0.86 0.78 0.73 0.82 
UK 0.93 1.60 0.06 0.89 
W.GERMANY 0.83 1.50 1.90 1.22 
USSR 1.00 0.22 1.57 0.67 
FRANCE 1.67 2.67 0.50 1.60 
JAPAN 1.00 2.00 1.75 2.50 
SWEDEN 1.00 2.50 - 1.50 
NETHERLANDS 1.50 3.00 - 3.00 
Group average 1.10 1.78 0.81 1.53 
Group 2: Arctic 
CANADA 3.00 0.67 2.25 0.78 
NORWAY 2.00 0.85 2.00 1.00 
DENMARK 1.00 1.00 0.50 1.00 
Group average 2.00 0.84 1.58 0.93 
Group 3: Antarctic 
ITALY 0.83 - 0.33 0.50 
AUSTRALIA 1.00 2.00 0.33 1.00 
NEW ZEALAND 1.40 2.00 - 1.00 
BELGIUM 1.33 1.00 - 1.00 
Group average 1.14 1.25 0.17 0.88 
Group 4 
Rest of  world 1.00 1.50 0.67 1.00 
Column averages 1.27 1.46 0.79 1.22 
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whilst the Arctic group of  countries is almost twice as internationally collaborative in 
Antarctic than in Arctic research. 

It may be inferred  from  these observations that countries in the 'bipolar' group without 
Arctic territory are more dependent on international collaboration in Arctic research 
than in Antarctic research, and that the reverse holds for  the 'Arctic' group of 
countries. I suggest that with the exception of  the USA and the USSR, the 'bipolar' 
countries' polar science infrastructure  is tailored to Antarctic rather than Arctic 
conditions, and that the reverse is true for  the 'Arctic' group. 

6.4 Patterns of  international co-authorship 

The data discussed so far  have provided some indication of  relative differences  in the 
propensity of  countries to collaborate internationally in Arctic and Antarctic research. 
It was suggested that groups of  countries with different  polar political interests had 
different  international co-authorship rates. The idea that the effect  of  polar politics 
could be discerned in the international co-authorship data was pursued further  by 
comparing the patterns  of  international collaborative links between countries in Arctic, 
Antarctic, and bipolar research. This was done by calculating the number of 
international co-institutional links between pairs of  countries, and mapping them in a 
way that would make the relative intensity of  the links between countries apparent. 
Separate maps were created for  the Antarctic, Arctic, and bipolar data, so that 
comparisons could be made (Figure 6.1) (see legend on the following  page for  the 
scale used for  two-way collaboration links; Appendix I shows the matrices on which 
the maps are based). 

The maps, which are in the form  of  circles, display the intensity of  international 
collaborative links between ten elements: eight of  these elements are the individual 
countries with the largest number of  international co-institutional links; one represents 
aggregated data for  Australia and New Zealand; and one represents aggregated data of 
the remaining 23 countries in the data set.7 The relative position of  the elements is the 

7 These are countries with 3% or less of  the total number of  international co-institutional links. 
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same in all three maps, and represents an attempt to reproduce a very simplified 
version of  a world map. The four  European countries are adjacent to one another at 
the top of  the circle. Canada and the USA are juxtaposed, as are Australia/New 
Zealand and Japan, which are located at the bottom of  the circle and across the Pacific 
from  the Americas, so to speak. As a country spanning Asia and Europe, the former 
USSR is positioned between Japan and Europe. 

The links portrayed in the three maps represent 583 institutional collaborations: 82% 
of  the total number of 707 international co-institutional links in the data set. Three 
categories of  collaborations are omitted from  the maps: collaborations between 
Australia and New Zealand (2% of  the total); collaborations between countries in the 
'rest of  the world' category (6% of  the total); and 72 links (10% of  the total) 
representing less than 4 co-institutional collaborations. 

The number of  collaborations represented in the Arctic and Antarctic maps is not 
dissimilar: 43% and 39% respectively of  the 583 collaborations,. The bipolar map 
represents 18% of  the collaborations represented on the maps (see legend to maps). 
Since the Arctic and Antarctic maps portray similar numbers of  collaborative links, the 
respective patterns of  collaboration are largely comparable by eye. 

The width of  the links depicted in the maps bears some relation to the number of 
collaborations represented (see legend to maps). Thus a thicker line represents a 
relatively large amount of  activity between two countries, and a thinner line 
proportionally less activity. It should be borne in mind that only the international 
component of  a country's activity is represented, and that the width of  a link does not 
necessarily bear any relation to the overall activity of  a country. Thus the relatively 
small number of  collaborative links depicted between the former  USSR and other 
countries belies the Soviet Union's ranking as the fourth  most productive country in 
terms of  number of  publications. However, the small number of  collaborations 
represented by the majority of  country-to-country links precluded making allowance 
for  country size. 
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Figure 6.1 
Patterns of  international collaboration 
iji polar research, based on pairs of 
international co-institutional links 
TOP: Antarctic papers 
CENTRE: Arctic papers 
BOTTOM: Bipolar papers 
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Scale for  two-way collaboration links 
4 - 6 collaborations 
7 - 9 collaborations 

10- 12 collaborations 
13- 15 collaborations 
16- 18 collaborations 
19- 21 collaborations 

22 + collaborations 

Map A (Antarctic) represents 227 two-way collaborations 
Map B (Arctic) represents 250 two-way collaborations 
Map C (Bipolar) represents 106 two-way collaborations 
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Distribution  of  the collaborative  links 
A glance at the Antarctic and Arctic maps suggests that there are two poles of 
collaborative 'attractiveness', the USA and the 'rest of  the world' category. This is 
borne out by the proportion of  collaborations involving the USA and the 'rest of  the 
world'. Of  all the collaborations represented on the maps, 28% involve the USA and 
16% involve the 'rest of  the world'.8 Thus almost half  the collaborations shown 
involve either or both the USA and the 'rest of  the world'. I suggest that the 'rest of 
the world' is collaborating from  weakness, whilst the other countries are collaborating 
from  strength.9 

The polarity of  the USA appears somewhat stronger in the Arctic than the Antarctic, 
where Australia/New Zealand, West Germany, the UK, and France also constitute 
lesser poles of  collaborative activity. Thus Antarctic collaborations appear to be more 
concentrated between country-pairs than Arctic collaborations, which appear to be 
relatively more evenly distributed between a broader range of  country-pairs. Relatively 
more Antarctic collaborations involve countries in the lower third of  the circle 
(particularly Australia/New Zealand and to some extent Japan) than Arctic 
collaborations. Conversely, Arctic collaborations appear to be concentrated in the top 
two-thirds of  the circle. The USSR collaborates little even in its region of  strength (the 
Arctic). This may be interpreted as an indication of  Soviet isolationism, which as 
chapter 1 showed, was particularly strong in the cold war Arctic. 

A third group of  countries with a high proportion of  the collaborations is constituted 
by the four  European Union or European Economic Zone countries on the maps: 
Norway; West Germany; the UK; and France. These four  countries between them 
account for 37% of  all the collaborative links shown on the maps; in the Antarctic they 
account for 39% of  the links, and in the Arctic they account for 36% of  the links. 

8 All the percentages given in this section derive from  the numbers of  collaborative links portrayed on the maps; 
because certain categories of  collaborative links are excluded from  the maps, the percentages given diverge 
slightly from  those that would be found  in the data set as a whole. 

9 Though this is likely to be the case in an expensive, extra-national field,  such as polar research, it cannot be 
assumed that countries with a small scientific  output collaborate from  weakness. Small countries may well 
have particular scientific  strengths or attributes which make them very attractive international collaborative 
partners (e.g. see Thorsteinsdottir, H. n.d.). 
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Collaborations between the four  European countries and the USA account for  almost a 
quarter (22%) of  all the collaborations in the maps. These countries collaborate with 
the USA rather more in the Arctic (23% of  all Arctic collaborations) than in the 
Antarctic (18% of  all Antarctic collaborations). 

USA  Collaborations 
The USA collaborates with every country or group of  countries in the Arctic, and with 
every country or group of  countries in the Antarctic except Norway. As mentioned 
above, US collaborations appear to dominate the Arctic map more than the Antarctic 
map. This is borne out by the relevant percentages: collaborations which involve the 
USA account for 24% of  all the Antarctic collaborations, 29% of  all the Arctic 
collaborations, and 33% of  all the bipolar collaborations. 

The USA's main partner in the Antarctic (after  the 'rest of  the world') is 
Australia/New Zealand, which accounts for  almost a quarter of  the USA's Antarctic 
collaborations, whilst the USA accounts for 54% of  Australia/New Zealand's Antarctic 
collaborations. In the Arctic however, Australia/New Zealand accounts for  only 3% of 
the USA's collaborations. 

In the Arctic, the USA's main partner is Canada, which accounts for 28% of  the 
USA's Arctic collaborations, whilst the USA accounts for  65% of  Canada's Arctic 
collaborations. In comparison, Canada accounts for  only 6% of  the USA's Antarctic 
collaborations. 

The four  European countries, Norway, West Germany, the UK, and France account 
for 37% of  the USA's Antarctic collaborations and 40% of  its Arctic collaborations. 
In both the Antarctic and the Arctic, the USA's collaborations with these countries are 
relatively evenly distributed between them, except that the USA does not have any 
links with Norway in the Antarctic. 
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European collaborations 
The four  European countries collaborated with each other as much in the Antarctic as 
in the Arctic; the number of  collaborations between them accounts for  13% of  the 
Antarctic links, and 12% of  the Arctic links. 

In the Antarctic, the UK is the most internationally collaborative of  the four  European 
countries and Norway the least collaborative. The UK's biggest partner in the 
Antarctic is the 'rest of  the world' category, after  which she has most links with 
Australia/New Zealand. In the Arctic, Norway is the most internationally collaborative 
of  these four  countries, and France the least collaborative. Norway's biggest partner in 
the Arctic, after  the 'rest of  the world' category, is the USA; Norway's collaborations 
are however relatively evenly distributed between her partners, that is all countries 
except the USSR, Japan, and Australia/New Zealand. West Germany is a strong 
collaborator, collaborating equally in Arctic, Antarctic and bipolar papers; her 
collaborative link with the USA dominates the bipolar map. Perhaps this pattern 
reflects  West Germany's strong science programme and lack of  territorial interest in 
either polar region. 

Almost a third (30%) of  all collaborations involving the four  European countries are 
with the USA. In the Antarctic 23% of  the collaborations involving the European 
countries are with the USA, in the Arctic the figure  is 32%. Thus the proportion of 
European Antarctic and Arctic collaborations that involve the USA is significantly 
lower (23% and 32% respectively) than the proportion of  US Antarctic and Arctic 
collaborations involving the four  European countries (37% and 40% respectively). 
The figures  suggest that the European countries are less dependent on US 
collaboration in Antarctic than in Arctic research, and that the importance of  European 
collaboration to the US overall, is relatively greater than the importance of  US 
collaboration to the four  European countries. Perhaps these differences  can be 
partially explained by the fact  that the UK, France, and Germany each have large, well-
established Antarctic research programmes (in the case of  the UK and France rooted in 
foreign  policy interests); these countries are therefore  in a position to operate relatively 
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autonomously, or indeed in collaboration with smaller Antarctic countries such as 
some South American and Asian countries. 

Summary 
The distribution of  papers among groups of  countries was found  to be related to 
territorial interests in the polar regions; for  example, Arctic-rim states had the highest 
number of  Arctic papers. Groups of  countries with different  polar political interests 
had different  international co-authorship rates. The data suggest that greater national 
interest in a region tends to undermine levels of  international collaboration. It may 
thus be inferred  that the higher rate of  international collaboration in the 'weaker side' 
of  a country's polar research activity reflects  a position of  need, which is again related 
to territorial interests. Thus paper counts and rates of  international co-authorship 
reflect  the geopolitics of  the polar regions. 

Some aspects of  the patterns of  international co-institutional links in Antarctic and 
Arctic papers described, can be explained by factors  identified  in previous studies on 
global patterns of  international scientific  collaboration. These include: the dominance 
of  the USA; and an apparent affinity  between the USA and Canada, the UK and 
Australia/New Zealand. However, other features  of  the patterns need to be 
understood in the light of  the polar political contexts of  the collaborations. Such 
features  include: the contrasting Antarctic and Arctic patterns of  US collaboration with 
Australia/New Zealand and Canada respectively; disparities in the respective 
collaborative 'attractiveness' of  Norway, Canada, and Australia/New Zealand in the 
Arctic and the Antarctic; and the lesser dependence of  European countries on US 
collaboration in the Antarctic than in the Arctic. In sum, these data suggest the impact 
of  geopolitics on the research. 
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CHAPTER 7 

National policies for  polar research 

7.1 Introduction 

The role of  Arctic and Antarctic international relations in shaping the relationship between 
science and politics in these regions was described in chapters 1 and 2. This was 
investigated empirically in the previous chapter by analysing patterns and rates of 
international co-authorship in polar research in the light of  polar politics. This chapter 
seeks to elaborate, by considering the nature of  polar research policies in Norway, the UK, 
and Germany. By the same token, the chapter describes the policy backdrop for  the 
micro-scale collaborative research activities described in the following  chapter. 

The discussion, which draws on interview material from  polar officials  and scientists, policy 
documents, and policy meetings, focuses  on the origins, organization, and logistic 
capabilities of  the national polar science programmes.1 The main differences  between the 
national polar programmes will be interpreted in the light of  national polar political 
interests. The polar science programmes of  the three countries include both Arctic and 
Antarctic components. However, these two components are not necessarily accorded 
equal priority within the national programmes discussed, and the balance between them is 
apt to fluctuate  over time. This will also be interpreted in the light of  national polar political 
interests. 

For much of  the postwar era, international polar, and particularly Arctic, politics bore the 
hallmark of  cold war rivalry. (The role of  the cold war as a factor  driving Antarctic politics 
is less apparent after  the Antarctic Treaty entered into force  in 1961.) In this political 
climate, Arctic research in particular was driven by motives of  military strategy and 
technology. Following the end of  the cold war, a shift  in national polar interests took place, 
whereby the overriding importance of  security and military interests in the Arctic gave way 

1 Science logistics denote the means of  supporting research in the field,  and include transport, scientific  bases, 
and research platforms. 
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to global and regional environmental interests. As we saw in chapter 1, section 1.3.2, 
environmentalism is also emerging as a dominant force  in Antarctic politics. Changes of 
emphasis within national polar science programmes are symptomatic of  the end of  the cold 
war and the emergence of  environmentalism as a political priority in both polar regions. 

During the first  half  of  the 1990s, the research directorate of  the European Commission 
took an increasingly active interest in polar sciences. The final  section of  the chapter 
discusses the origins and nature of  this process, and the implications of  this emerging EU 
involvement for  national polar science programmes. 

7.2 The organization of  polar research in Norway 

Norway is unique as the only country with sovereignty claims in both polar regions. 
Norwegian explorers played a leading role during the heroic age of  polar exploration, 
and Norwegian whalers and sealers were among the first  to exploit the living resources 
of  the Antarctic on a large scale. Indeed, Norway was among the most active whaling 
nations, maintaining whaling stations in the Antarctic from 1892 to 1967. Because of 
her territorial interests in both north and south polar regions, and her historical role in 
polar activities, Norway defines  herself  as a 'polar nation'. 

7.2.1 A historical overview of  Norwegian polar politics and research 

Norwegian  sovereignty  claims and related  research activities 
The Svalbard Treaty, which entered into force  in 1925, granted Norway sovereignty 
over the Svalbard archipelago. However, signatory countries were to be allowed free 
access to conduct economic activities on the islands (see chapter 1, section 1.3.1). 
Norwegians were carrying out mining and research activities on Svalbard while it was 
still terra nullius.  From 1909 geologists from  the University of  Oslo conducted annual 
investigations on Svalbard with some financial  support from  the state; and in 1916, 
Norway became the leading coal producer on Svalbard. Indeed, when the question of 
sovereignty over Svalbard was to be resolved at the Treaty of  Versailles, research 
activities were used to legitimate Norway's claim. 
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In 1928, after  the Svalbard Treaty had been ratified,  the Storting  (the Norwegian 
parliament) established a permanent state institution for Svalbard and Arctic research: 
'the Norwegian Svalbard and Arctic Ocean Investigations', financed  initially from 
national lottery profits  (Instilling til Stortinget 1928). This institution organized annual 
Svalbard expeditions, and is the precursor to the modern Norwegian Polar Research 
Institute (NP). It was administered initially by the mining division of  the Ministry of 
Commerce (later to become the Ministry for  Industry), reflecting  Norway's economic 
interests on Svalbard. 

During the first  half  of  the 20th Century, Norway also established a tradition for 
privately financed  Antarctic research. Whaling companies initiated and sponsored 
investigations into stocks and potential hunting grounds, and carried out mapping. 
Between 1927 and 1937 the whaling entrepreneur, Consul Lars Christensen, promoted 
a series of  Antarctic expeditions (the Norvegia  expeditions) which mapped parts of  the 
coast of  Dronning Maud Land.2 The first  two Norvegia  expeditions each annexed 
Antarctic islands for  the Norwegian Government: Bouvet Island in the South Atlantic; 
and Peter I Island in the South Pacific  sector of  the Southern Ocean (J0rgensen-Dahl 
n.d. p.4). 

In 1939 Norway annexed a large slice of  the Antarctic continent, Dronning Maud 
Land. Two motives can be identified.  The claim was made to protect her extensive 
whaling interests in the Southern Ocean, and to avoid paying the British for  whaling 
rights (N04a p.5). However, a dramatic event during the austral summer of  1938-
1939 precipitated Norway's decision to annex the territory. News that the Hitler 
Government intended to send a large German expedition to the (as yet unclaimed) 
region, reached Norway via Adolf  Hoel, the director of  the Norwegian Svalbard and 
Arctic Ocean Investigations. The allied forces  pressurized Norway into taking action 
before  the expedition landed. Thus Dronning Maud Land was officially  claimed for 

2 Dronning Maud Land is the section of  the Antarctic continent claimed by Norway. It lies between the British 
Antarctic Territory and the Australian Antarctic Territory. 
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Norway just days before  the German ice-breaker Schwabenland  reached the Antarctic 
coast. 

The German Schwabenland  Expedition sought to establish territorial claims by 
carrying out aerial surveys, and was the first  to use photogrammetry for  mapping in the 
Antarcitc (Fogg 1992 p. 141). Using aircraft,  the coast of  Dronning Maud Land was 
mapped up to 300 miles inland. Symbolic acts were also carried out. Swastika flags 
were released from  the planes and were also planted by landing parties. Following the 
Schwabenland  Expedition, a series of  large Government-financed  expeditions were 
sent to Antarctica by the United States and Britain, amongst other countries, during 
and just after  the War. 

In 1948 the newly established Norwegian Polar Research Institute assumed 
responsibility for  Antarctic as well as Arctic research.3 The Norwegian government 
invested substantially in Antarctic research during the early post war period (1948-
1960) in order to consolidate her new sovereignty interests in the South. The 
Norwegian Polar Institute organized two Antarctic scientific  expeditions during this 
period: the Norwegian-British-Swedish 'Maudheim' Expedition (1949-1952); and the 
Norwegian International Geophysical Year Antarctic Expedition (1956-1960). Both 
established main bases on the coast of  Dronning Maud Land, and mapping Dronning 
Maud Land was a priority activity. These expeditions suggest that the interrelationship 
between science and territorial interests was more complex in the relatively inaccessible 
Antarctic, at a time when the international legal status of  the continent was undecided, 
than in the more accessible Svalbard, where jurisdiction was undisputed. 

3 The Polar Research Institute's (NP) mandate was that it should be 'a central state institution to carry out 
mapping, and practical and scientific  investigations of  Svalbard, Jan Mayen, the Polar Oceans and the 
Norwegian Antarctic territories' (Norsk Polarinstitutt 1973). The Institute was also to advise government 
authorities on polar research issues, and on the management of  polar regions in general. As the only research 
institution in the country dealing exclusively with polar regions, NP assumed a central role in the management 
of  polar research. The Institute remained under the Ministry for  Industry until 1979, when it was transferred 
to the Ministry of  the Environment. A social science research institute, the Fridtjof  Nansen Institute (FNI), 
was established in Oslo in 1958, largely to cany out political science research, and to advise the Norwegian 
government on international affairs.  During the cold war, the FNI played an important role as an advisor on 
polar affairs  to the Norwegian authorities. 
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As a claimant country and a participant in the IGY Antarctic programme, Norway was 
an original signatory, and thus a Consultative Party, to the Antarctic Treaty. 
According to the Treaty, signatory states could not carry out activities in order to 
either deny or assert current territorial claims. Ratification  of  the Treaty in 1961 
marked a changing point in Norway's Antarctic research effort.  Norway's political 
status in Antarctica was now secure, and thus after  the return of  the Norwegian IGY 
expedition in 1960, there was no independent Norwegian Antarctic expedition until 
1976. 

Thus the lack of  Norwegian Antarctic activity between 1960 and 1976, can 
paradoxically be attributed to the significance  of  political considerations in determining 
the Norwegian Polar Research Institute's budget. Whilst annual Svalbard expeditions 
were financed  regularly through the institute's budget, any Antarctic activity had to be 
financed  by extra funds.  Archival material from  the Norwegian Ministry of  the 
Environment shows that the authorities treated Antarctic research as a low priority 
area, since Norwegian sovereignty had been frozen  by the Antarctic Treaty, and 
Norway's status as a Consultative Party within the Treaty System was apparently 
secure. However, the director of  the Norwegian Polar Institute from 1960-1983, Tore 
Gjelsvik, felt  that it was 'no longer possible to continue activity in the Antarctic, or 
even just fulfil  our responsibilities in accordance with the Treaty, without a more 
permanent arrangement for  the Antarctic within the Institute'.4 

The director's lobbying for  a Norwegian Antarctic research expedition paid off,  when 
he was given five  minutes to explain to state authorities why an increase in the 
Antarctic budget was necessary. He has recounted that he had used Norway's 
sovereignty claim to justify  more funds  for  Antarctic research. He had told the 
authorities that because of  her passivity, Norway was failing  in her duties as a claimant 
country of  the second largest Antarctic claim, whilst other countries were increasing 
their activities in Dronning Maud Land (N04b p.4). Eventual support for  Antarctic 
research came from  the Foreign Ministry; as Tore Gjelsvik has later observed, 'to be 

4 Ministry of  Environment archive: Tore Gjelsvik, Plan  for  utbygging  av Norsk  Polarinstitutt  i budsjettårene 
1962-64. 
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director of  the Norwegian Polar Research Institute, you have to be interested in 
[Government] Departments.'5 

Thus, as a result of  continued lobbying by the Norwegian Polar Institute, a Norwegian 
interdisciplinary research expedition worked in Dronning Maud Land and the Weddell 
Sea in the summer of 1976-77. The timing of  this revival of  Norwegian Antarctic 
activities is significant.  These years marked the half-way  point of  the 30-year period 
during which no amendments could be made to the Antarctic Treaty; it was important 
to demonstrate national involvement in Antarctica in order to carry some political 
weight in decisions over the future  of  the continent. Secondly, the question of 
renewable and more especially non-renewable resource exploitation was first  taken up 
by the Consultative Parties during the second half  of  the 1970s. 

Redirecting  research priorities  to the Arctic in the 1960s and 1970s: the 
establishment  ofNy Ålesund  as an international  research station 
During the cold war, the Arctic emerged as a militarized region where the two 
superpowers neighboured one another. In this geopolitical context, the Svalbard 
archipelago occupied a particularly strategic position at the entrance to the Atlantic 
from  the Soviet North, and with the Soviet Northern Fleet, the world's largest, on its 
doorstep (see chapter 1, section 1.3.1). Largely because of  Svalbard's strategic 
location, the Soviet Union maintained a substantial population on the islands; indeed, 
during the cold war period, the USSR was the only country to exploit the 'equal 
access' clause of  the Svalbard Treaty to any significant  degree. As the state 
responsible for Svalbard and the Svalbard Treaty, Norway assumed the politically 
delicate task of  ensuring that the 'equal access' and demilitarization clauses of  the 
Svalbard Treaty were upheld, whilst not compromising her role as a NATO member. 
Svalbard's geopolitical significance  shaped Norway's polar research policy during the 
cold war period. In the 1960s, the Norwegian Foreign Minister personally told the 
director of  the Norwegian Polar Research Institute to concentrate the institute's 

5 Tore Gjelsvik, seminar NAVF's Utredningsinstitutt, Oslo, 13.12.89. 
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research activities in the North, and to pursue activities that would consolidate 
Norwegian sovereignty over Svalbard (i.e. mapping).6 

Norway's prime political concern on Svalbard was the degree to which Soviets 
outnumbered Norwegian citizens on the islands, as a heavy Soviet presence 
undermined the credibility of  Norwegian sovereignty. At the beginning of  the 1960s, 
there were five  permanent coalmining settlements on Svalbard; three of  them were 
Russian (Barentsburg, Pyramiden, and Grumant) and two were Norwegian 
(Longyearbyen and Ny Ålesund). In addition, a small Polish research community 
maintained the Polish IGY station at Hornsund, established in 1957. In 1961/2, the 
total overwintering population on Svalbard was 2961, 27% Norwegian citizens, and 
69% Soviet citizens (0streng 1975 p. 15). By the end of  the decade, one of  the Soviet 
and one of  the Norwegian mining settlements had ceased production. The Soviet 
settlement, Grumant, remained a ghost town, whilst the Norwegian settlement, Ny 
Ålesund, was in the process of  evolving into a research station. 

During the 1960s, two events in particular weakened Norway's relative position on 
Svalbard. The 'oil fever'  attracted large-scale Soviet exploration expeditions to the 
islands; whilst a mining accident at Ny Ålesund in 1962 brought a halt to activities in 
the settlement. Both these events played a role in shaping Norwegian Arctic research 
policy. 

Large Soviet geological and geophysical expeditions of  250 scientists, carried out aerial 
photography and terrestrial mapping on Svalbard; a clear example of  'science as politics by 
other means' (see chapter 2, e.g. footnote 10). Alarmed by the scale of  these activities, and 
concerned at the degree to which they dwarfed  the Norwegian geological mapping 
effort,  the then director of  NP instigated a 'crisis plan'. He asked the Department for 
Industry for  new geology and sea-ice research posts, as well as for  a vessel to carry out 
marine mapping7 (N04b p.7). He was granted the new posts, but recounts that his 
efforts  to obtain an ice-breaker were not successful;  the institute used existing sealers 

6 ibid. 
7 Tore Gjelsvik, seminar NAVF's Utredningsinstitutt, Oslo, 13.12.89. 
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and whaling vessels (ibid.). Since the end of  the 1970s, the Institute has shared a 
research vessel with the Norwegian marine mapping institution. 

The role played by research as a means of  swelling the number of  Norwegians on 
Svalbard is particularly evident in Norway's motives for  establishing a research station 
at Ny Ålesund in 1968. The Norwegian Kings Bay Coal Company had been mining at 
Ny Ålesund since 1916, and had expanded its mining installations there after  the 
Second World War. The company's activities were, however, marred by four  gas 
explosions. The mines in Ny Ålesund were permanently closed as a result of  the final 
accident in 1962, which claimed 21 lives. The Department for  Industry assumed 
responsibility for  the tragedy, as it was in charge of  implementing and monitoring the 
safety  measures. Further investigations into the Department's handling of Svalbard 
mining activities uncovered inept practices, leading to the resignation of  the Minister 
for  Industry, and the downfall  of  the Gerhardsen Government (G0the 1988). 

At the height of Ny Ålesund's mining activity, 300 people lived in the settlement, by 
1963, there were only a few  maintenance workers there. It was politically 
unacceptable that the settlement should become a ghost town when Norwegian 
nationals on Svalbard were so heavily outnumbered by Soviets. Further, Ny Ålesund 
occupied a strategically important, and environmentally favourable  location, with 
Svalbard's best harbour.8 The then director of  the Norwegian Polar Institute has 
suggested that he played a decisive role in encouraging the Government to finance  a 
research base in Ny Ålesund (N04b p.8). In 1964 he convinced the Foreign Ministry 
and the relevant research council to offer  the European Space Research Organization 
(ESRO) a site at Ny Ålesund, since ESRO needed to install a satellite telemetry station 
on Svalbard. This arrangement meant that the Norwegian Polar Research Institute 
could use Ny Ålesund as a research base, whilst the research council supported ESRO 
there (ibid.). 

In 1974, ESRO ceased its activity in Ny Ålesund, and consequently the cost of  maintaining 
the Polar Institute station rose significantly.  A Government report on Svalbard 

8 ibid. 
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questioned the purpose of  maintaining the Ny Ålesund research base; a research station 
in Longyearbyen (which had a better developed infrastructure)  would be more cost-
effective.  However, the Department of  Industry's argument of  'a continued 
Norwegian presence in Ny Ålesund' won through, and the research station's future 
was secured (Stortingsproposisjon 1975 p.76). 

Since 1968, the Norwegian Polar Research Institute has had a permanent agreement 
with the Kings Bay Coal Company, which owns and runs Ny Ålesund, to rent some 
buildings as a year-round research station. The research station's equipment and 
laboratories are available for  use by Norwegian scientists with government funded 
projects, and by foreign  scientists collaborating with Norwegian scientists or 
institutions. Since 1968, the level of  research activity at Ny Ålesund has grown 
(Stortingsmelding 1993 p.71). 

7.2.2 The modern polar research programme 

7.2.2.1 Institutional organization 
The growth of  Arctic research, perhaps at the cost of  Antarctic research, continued 
throughout the 1980s. The total Norwegian annual spend on polar research is c.£25 
million9 (N03 p.3). In the early 1990s, Antarctic research accounted for  less than 5% 
of  polar research funding  (NOl p.l).10 Most of  the Antarctic funding  is administered 
by the Polar Institute, although some Antarctic project grants are administered by the 
Norwegian Research Council (N03 p.5). 

In 1979 the Norwegian Polar Research Institute (NP) was transferred  from  the 
Department of  Industry to the Department of  the Environment. The transfer  resulted 
from  a general review of  the Department of  Industry's workload, which had increased 
significantly  throughout the 1960s and 1970s, as a consequence of  Norway's growing 

9 As definitions  of  polar research vary, this (1994) figure,  quoted by the Department of  the Environment, is 
approximate. 

10 Statistics collected for  a government report on Norwegian polar research show that in 1993, 218 man-years 
were applied to Arctic research, whilst in the same year, Antarctic research only consumed 18 man-years 
(Norges forskningsråds  polarforskningskomité  1993 p.8). 
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petroleum industry. The transfer  may also be interpreted as a reflection  of  a shifting 
emphasis in the institutional motives for  conducting polar research in Norway: from 
economic to environmental interests. The Ministry of  the Environment now funds 
between a third and a half  of  all Norwegian polar research (N03 p.3). 

During the 1980s, the Norwegian Research Council funded  an increasing share of  polar 
research.11 Polar researchers compete for  research council funding  on an equal footing 
with other scientists. However, assessing polar research projects on a par with 
applications in other fields  has been found  to disadvantage polar researchers, because 
their proposed projects are more expensive. 

Whilst in the mid-1970s, the bulk of  Norwegian polar research was carried out by the 
Norwegian Polar Research Institute and the Marine Research Institute in Bergen, the Polar 
Research Institute's share of  national polar research activity decreased significantly 
throughout the 1980s. In 1993 the four  Norwegian universities accounted for  more than 
three-quarters of  Norway's polar research activity (in terms of  man-hours), whilst the 
Norwegian Polar Institute accounted for  just under 10% of  Norwegian polar research 
(Norges forskningsråds  polarforskningskomité  1993). 

Restructuring  of  Norwegian  polar research 
In the late 1980s the government studied the organization and financing  of  polar 
research, concerned that the level of  Norwegian polar research was no longer matching 
up to that of  other countries, and that the Norwegian polar research community was 
too fragmented. 12 The results confirmed  that other countries had increased their polar 
research activities during the 1980s and so Norway's relative contribution had declined 

11 In the early 1990s the five  Norwegian research councils were amalgamated to form  a single council. Prior to 
this reorganization, polar research was funded  by the National Committee for  Environmental Research of  the 
Science and Humanities Research Council. After  the reorganization, polar research funds  were administered 
by a newly established Polar Research Committee within the research council's Section for  Environment and 
Development. 

12 As well as being fragmented,  the polar research effort  was identified  as being dominated by the interests of  a 
handful  of  powerful  scientists. This was believed to be unhealthy, as it was not conducive to the effective  use 
of  resources, and was logistically impractical and expensive (N03 p.4; N05). 
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(though funding  had remained constant). Polar research was found  to account for  an 
unacceptably small proportion of  total Norwegian R&D (2%). 

As a result, more money was dedicated to polar research and the Norwegian Polar 
Research Institute is to be moved from  Oslo to Troms0. In Troms0, the Norwegian 
Polar Institute is to gain new positions and to increase its research activities related to 
the management of  Norwegian polar territories. The institute will continue to have 
responsibility for  the logistic organization of  Antarctic research. Troms0's polar 
profile  is to be further  enhanced by the establishment of  new polar institutions in the 
town, such as a polar environmental centre and a branch of  the Norwegian Institute for 
Atmospheric Research. 

Reflecting  Norway's self-image  as a 'polar nation', the debate surrounding these 
initiatives captured considerable public interest, inciting newspaper headlines such as: 
'Norwegian polar research has been left  behind' (Nordlys 25.4.90); 'Norway a second-
rate polar nation' (Aftenposten 7.9.90). Whether the Polar Institute should remain in 
Oslo or move to Troms0 was a particularly controversial, even emotional, issue (e.g. 
Aftenposten 31.1.91; 24.4.93). 

Initially an issue of  regional politics, the location of  the Norwegian Polar Institute was 
eventually determined by Norwegian foreign  policy interests in relation to the former  Soviet 
Union. In January 1993, the Norwegian Foreign Minister, Thorvald Stoltenberg, finalized 
the Euro Arctic Barents Region agreement, with the aim of  encouraging regional economic, 
political, and environmental cooperation between northern Norway and northwest Russia.13 
The first  draft  of  the 1993 polar research White Paper did not mention the Barents Euro 
Arctic Region initiative. At the insistence of  the Foreign Ministry, it was eventually 
included, and the Barents Region initiative now takes up a large part of  the White Paper.14 
Locating the Norwegian Polar Research Institute in Troms0 was a means of  lending 
substance to the Barents Euro Arctic agreement. An official  in the Polar Department of  the 

13 The Barents Euro Arctic region includes the northern regions of  Norway, Sweden and Finland, and northwest 
Russia. Marine areas are not included in the cooperative agreement. Environmental issues form  the main focus  of 
cooperation. 

14 The Ministry of  the Environment was content with the original version of  the White Paper (N02 p.2). 
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Ministry of  the Environment explained that in Troms0 the Polar Institute could play an 
important role in the Barents Region cooperation by collaborating eastwards (N03 p.5) (as 
indeed, it could in Oslo too). 

7.2.2.2 Logistics and support 

Research vessels and field  equipment 
Logistics coordination is to be carried out by the recently established Polar Research 
Committee under the Norwegian Research CounciL Currently, the Norwegian Polar 
Research Institute has some responsibility for  coordinating the use of  logistics. The 
Institute has a logistics department in Oslo, and another in Longyearbyen on Svalbard. 
It owns field  equipment such as skidoos, sledges, and camping gear, which is largely 
used by Norwegian research groups. 

To the chagrin of  some marine polar scientists I spoke to, Norway does not have a 
government research ice-breaker; the country is too small. For its own work, the Polar 
Institute uses a government ice-strengthened research vessel for  two months every 
summer. This ship is owned by the Norwegian Marine Mapping Agency. The Polar 
Institute hires helicopters from  a Svalbard company, at a reduced rate. One of  the 
University of  Troms0's two research vessels, a rebuilt trawler, has some ice-breaking 
capacity. Several ice-breaking vessels are available for  hire on the private market. 
Further, the Norwegian Coast Guard at times makes its vessels available for  research, 
and for  Antarctic expeditions in particular.15 

A research council official  explained that competition between researchers makes 
coordinating logistics (and more especially research vessels) an impossible task. University 
groups do not tend to cooperate with one another. Some influential  scientists manage to 
operate outside the Polar Institute system; if  a research group obtains the use of  a vessel, it 
may prefer  to keep the fact  to itself.  This leaves other researchers without the knowledge 

15 One university researcher in particular, who has links with the Coast Guard, reportedly 'gets them to do the 
most amazing things for  him with their ships, and he gets the forces  to use their helicopters for him' (N02 
p.8). 
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of  how to obtain vessels (N02 p.3). Further, institutions which own research vessels prefer 
to fill  the ship with their own researchers (ibid.). 

The Ny  Ålesund  Svalbard research station 
From the late 1980s, the Norwegian government pursued a policy of  encouraging 
other western countries to establish research programmes and bases in Ny Ålesund. 
This would ensure a relatively high level of  activity there, and help redress the 
Soviet/western population imbalance on Svalbard. Further, with the demise of 
Norwegian coalmining on Svalbard, research support (along with tourism) is being 
exploited as a viable economic activity in both Longyearbyen and Ny Ålesund (N04 
p.6). (The White Paper states that Norwegian Arctic research will aim to build up 
Svalbard as an international research platform.)  Consequently, Ny Ålesund has 
developed into an international station, with permanent Japanese, German, and British 
bases. These countries came in directly through the Kings Bay Coal Company, dwarfing 
the Norwegian Polar Institute's role in Ny Ålesund (N02 p.4). The presence of  scientists 
swells the summer population of Ny Ålesund to 100, falling  to approximately 15 in winter. 

Some researchers have commented that research is being duplicated at Ny Ålesund. 
For example, a Japanese group was measuring the same ground ozone data as the 
Norwegian Institute of  Atmospheric Research, which has a station at Ny Ålesund, 
though the groups 'have been able to compare results with some benefit'  (E6 p. 12). 
Another researcher likened Svalbard to King George Island in the Antarctic,16 
suggesting that Ny Ålesund would be an ideal location for  a 'Euro base' (BUK). 

The  Troll  Antarctic  base and Nordic  cooperation in Antarctic  research 
A national strategy for  Antarctic research is to be developed by the Research Council's new 
Polar Research Committee, which consists of  both scientists and users (N02 p.l). During 
the southern summer of  1989/90 a Norwegian expedition built 'Troll' a permanent 

16 As the most accessible island within the Antarctic Treaty area, many poorer countries have set up research 
bases on King George Island, in order to satisfy  the 'substantial research' criterion of  becoming an Antarctic 
Treaty Consultative Party. The small island is reportedly overcrowded with research bases. 
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summer-only research base in Dronning Maud Land. After  abandoning the IGY base 
'Norway Station' in 1960, and before  Troll was built, Norway had no Antarctic field 
station. Expedition members lived in tents. An Antarctic researcher explained that this 
limited the research that could be done, as no analysis could be carried out in the field,  and 
much time was spent just surviving (H3). 

In the early 1990s, Norway, Sweden, and Finland developed an agreement to cooperate in 
Antarctic research.17 Joint annual expeditions are organized by one of  the three countries in 
rotation. The main country responsible for  an expedition determines its location, and 
therefore  scientific  emphasis (N03). Prior to this collaborative agreement, the Department 
of  the Environment made funds  available for  Antarctic research at sporadic intervals; the 
Nordic cooperation ensures continuity in the Norwegian Antarctic research effort. 

A British delegate at Antarctic Treaty meetings reported that although the Norwegian 
Antarctic research effort  is small compared to that of  many other Antarctic Treaty nations, 
Norway plays an active role in Antarctic Treaty Meetings. He further  observed that though 
the country is a claimant, it maintains a neutral position in relation to the claimant/non-
claimant divide (UK3 p.2b). I suggest that, despite the small size of  her Antarctic research 
programme, Norway is in a position to contribute actively to the political development of 
the Treaty System on the basis of  her long involvement in Antarctica, and her self-image  as 
a 'polar nation'. 

Summary 
Historically, Norway has tended to emphasize either Antarctic or Arctic research at the 
expense of  the other. The geographic emphasis of  Norway's polar research effort  has 
tended to reflect  her polar political interests in any particular period. During the 1950s, 
before  an international agreement over the jurisdictional status of  Antarctica had been 
reached, Norway's polar research effort  was concentrated in the South, and served as a 
means of  consolidating her sovereignty claim. This institutional motive for  supporting polar 

17 Such an agreement was only possible after  Sweden and Finland became Antarctic Treaty Consultative Party 
members in the late 1980s. 
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research, concurs with Elzinga and Bohlin's finding  that much research in Antarctica serves 
symbolic purposes (Elzinga and Bohlin 1989) (see chapter 2, section 2.2.2). 

Once the Antarctic Treaty had been ratified  in 1961, and Norway's participation in 
Antarctic politics was secured, the country concentrated its polar research activities in 
Svalbard. This research was particularly driven by Svalbard's position as a microcosm of 
an (albeit demilitarized) cold war zone. The preponderance of  Soviet nationals on the 
islands was of  particular concern to the Norwegian government, and research played a role 
in consolidating Norway's sovereignty through mapping activities. The importance of 
research activities as a means of  swelling the number of  western nationals on Svalbard, was 
illustrated when a research station was established at Ny Ålesund in 1968, to prevent it 
becoming a ghost town, following  the closure of  its coalmine. The political importance of 
the Norwegian Polar Institute's mapping activities and general presence on Svalbard during 
the cold war years, was reflected  in the Institute's close relations with government, and the 
Department of  Industry (after 1979, the Department of  the Environment) in particular. The 
Norwegian policy of  inviting western nations to establish research bases in Ny Ålesund 
should also be understood in the context of  the cold war, and the desire to maintain a 
substantial population in the settlement. 

Regional politics played a role in the political decision that the Norwegian Polar Institute 
should move from  Oslo to Troms0. However, the decision was also grounded in a change 
in Norwegian foreign  policy towards Russia. The move reflects  a Norwegian desire, and 
perhaps obligation, to cooperate with Russia, especially over environmental issues. The 
Polar Institute is to play a role in this cooperation. In the face  of  a declining Norwegian 
coalmining industry on Svalbard, Norway is keen to exploit Svalbard as a base for 
international research activities. 

Following the decline in Antarctic research activities during the cold war years, a Nordic 
Antarctic cooperative agreement is now assuring continuity in Norwegian Antarctic 
Research. Norway's renewed interest in Antarctica is also demonstrated by the 
establishment of  a permanent summer research base in Dronning Maud Land. 
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Finally, this overview illustrates that though polar science serves polar politics, the 
relationship is not a one-way system. Scientists themselves exploit state interests in the 
polar regions to gain more resources for  their activities. 

7.3 The organization of  polar research in the UK 

The UK's modern polar research interests, like Norway's, have their origins in polar 
exploration and in the early nineteenth century Antarctic whaling industry. Unlike 
Norway, however, the UK's polar political interests are primarily Antarctic, and this is 
reflected  in the Antarctic emphasis of  UK polar research policy. Whilst the UK 
Antarctic research programme is centralized and relatively well funded,  the UK Arctic 
research community, and its funding  sources, are fragmented,  reflecting  the absence of 
a coherent national strategy for  Arctic research. 

The bulk of  UK Antarctic research is carried out by the British Antarctic Survey (BAS), an 
institute under the Natural Environmental Research Council (NERC). Public sector Arctic 
science is carried out by a small number of  university groups around the country. Although 
a bipolar institution, The Scott Polar Research Institute, a department of  Cambridge 
University, has traditionally been a centre for  Arctic research in the UK NERC is 
responsible for  approximately three-quarters of  the £33 million UK annual spend on polar 
science. Most of  this total spend is BAS handing (BAS accounts for  approximately three-
quarters of  NERC's polar science spend).18 Arctic research accounts for  approximately 3% 
of  the UK's public spend on polar science.19 

Historical  overview of  Britain's  political  interests  in the Antarctic 
Britain was the first  country to claim a sector of  the Antarctic to protect her Southern 
Ocean whaling and sealing interests. The Falkland Islands Dependencies, as the sector was 

18 Further, BAS accounts for 17% of  NERC's total public spend (source for  figures:  personal communication 
(1994), secretary of  NERC polar sciences and technology board). 

19 Whilst BAS is totally funded  by the NERC, a broad range of  UK organizations support Arctic science. These 
include: the NERC and other research councils; the Ministry of  Agriculture Fisheries and Food; the Ministry 
of  Defence.  The private sector (especially BP) also funds  some Arctic research, but this funding  is not 
included in the statistics given. 
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known, were declared British in 1908 and 1917 (today, this sector, which includes the 
Antarctic peninsula, is known to the British authorities as the British Antarctic Territory). 
Britain's whaling interests also led her to claim a sector of  the continent for  New Zealand in 
1923, and for  Australia in 193320 (Beck 1986 pp, 28-30). Subsequently, in 1940 and 1942 
respectively, Argentina and Chile laid claim to sectors of  the continent which overlapped 
the Falkland Islands Dependencies. In the ensuing conflict  over territorial sovereignty, 
Argentina and Chile agreed to join forces  in tackling their disputes with Britain, before 
attempting to resolve their own conflicting  territorial claims.21 

In the wake of  World War n, the Antarctic was the focus  of  international discord. There 
were two main sources of  tension: the territorial dispute between Britain and South 
America; and cold war friction.  Further, neither superpower recognized the validity of  any 
existing territorial claim. In 1948 the US Government proposed that Antarctica should be 
governed as a condominium by the seven claimant countries, together with the USA, or 
that it should be internationalized under the UN (Headland 1989 p.323). The condominium 
proposal failed  partly because of  the strong reaction it provoked from  the Soviet Union, 
which refused  to recognize the legal validity of  any Antarctic regime developed without its 
participation. The UK also staunchly opposed the USA move, as it would undermine her 
own extensive economic and territorial interests in the area. 

Geopolitical tensions in Antarctica were eventually laid to rest by the Antarctic Treaty 
which was drawn up in 1959 and entered into force  in 1961. Britain had played an 
influential  role in Treaty negotiations. The cornerstone of  the Treaty (Article IV) defused 
the sovereignty issues by preserving existing claims as well as denials of  those claims. 
Further, the Treaty demilitarized the continent and prohibited nuclear testing or dumping. 
Science was identified  as an area in which countries with conflicting  interests could 
cooperate within the Treaty framework.  Britain's Antarctic policy is to maintain and 
strengthen the Treaty framework,  though the UK does not consider her claim to the British 
Antarctic Territory to be nullified: 

20 During World War I, whale oil was used as an ingredient in the manufacture  of  explosives, the resource was 
thus of  considerable significance. 

21 Argentina and Chile consider their Antarctic territories to be extensions of  their metropolitan territory, rather 
than colonies (UK1 p.3). 
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British Antarctic policy during the past 30 years has been predicated on the view that the most appropriate 
way for  us to manage our affairs  in Antarctica with states which dispute our territorial claim and with 
those which deny all claims is through a strong Antarctic treaty. Anything that might weaken the treaty 
system would bring with it the danger of  reintroducing tensions in that area. That view remains as 
relevant today as it did in the late 1950s when the treaty was negotiated. 
(House of  Commons 25.2.94 p.559) 

In accordance with this policy, Britain has played an influential  role in Antarctic affairs 
throughout the history of  the Treaty, and has helped shape the development of  the Treaty. 
A strong and visible science programme serves as a key to this influence,  while maintaining 
a national presence in the UK's traditional area of  interest in the Antarctic. The UK 
considers that she has a vested interest in Antarctica, and for  that reason sees no need to 
give up her territory. 

7.3.1 The development of  the UK Antarctic research programme 

The  Discovery Investigations 
The history of  Britain's Antarctic research effort  follows  the contours of  her political 
interests. British Government involvement in Antarctic research began before  the Second 
World War in the form  of  the Discovery Investigations of 1925-1939. These voyages, 
which undertook pioneering marine biological research (mainly relating to whaling) in the 
Southern Oceans, were financed  by the Falkland Islands Government from  its substantial 
whaling and whale oil revenue (British colonial rules stipulated that any profits  from 
colonies were to be used in the colony itself). 

Biological results from  the Discovery Investigations were reportedly referenced  in research 
publications as late as the 1970s (Powell 1983 p. 113). However, Beck (1986) points out 
that the expeditions also served political purposes during a period when it was 'difficult  to 
separate economic from  either scientific  or political motives' (p.27). He continues: 

The British Discovery investigations yielded valuable scientific  research on whales and made significant 
geographical discoveries, but this overt role was complemented by political and economic contributions; 
thus, the investigations provided a British presence in the region in the terms used to justify  'effective 
occupation', while their findings  provided an invaluable foundation  for  the whaling industry, such as in 
regard to the location of  whaling grounds. 
(Beck 1986 p.27) 
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History  of  the British Antarctic  Survey 
The political motivations underlying the Falkland Islands Dependencies Survey, the 
predecessor of  the British Antarctic Survey, were more apparent. The Falkland Islands 
Dependencies Survey (FIDS) was a civilian continuation of  'Operation Tabarin', a World 
War II naval operation to establish a permanent presence in the Falkland Islands 
Dependencies, in the face  of  perceived Argentine and German threats to British 
sovereignty, and to South Atlantic shipping routes. Operation Tabarin opened bases in the 
Falkland Islands Dependencies, which were staffed  mainly by scientists serving defence 
purposes (Drewry et al 1993 pp.31-32). In 1943, a polar affairs  desk was established at 
the research department of  the Foreign Office. 

After  the War, the activities of  'Operation Tabarin' were renamed the Falkland Islands 
Dependencies Survey (FEDS), and administered by the Governor of  the Falkland Islands 
under the Colonial Office.  In 1950 the Falkland Islands Dependencies Scientific  Bureau 
was set up in London and directed by Vivian Fuchs (Headland 1989 p.332).22 

During the early 1950s, Britain's policy towards her Antarctic territories appears to have 
been unclear, and this is reflected  in a discussion between the Colonial Office  and the 
Foreign Office  over the role and future  of  the Falkland Islands Dependencies Survey. The 
Colonial Office  (backed by the Treasury) was less inclined than the Foreign Office  to 
maintain a presence in the Antarctic; the Foreign Office  believed the UK had a legal 
obligation not to leave the British Antarctic territories to Argentina and Chile. Thus whilst 
the Foreign Office  was urging the Colonial Office  to maintain a presence in the Falkland 
Islands Dependencies, through the Survey, the Treasury was urging the Colonial Office  to 
do so in the cheapest possible way. The consequent reluctance of  the Colonial Office  to 
invest in British Antarctic interests may account for  the reported scientific  decline of  the 
Falkland Islands Dependencies Survey during the early 1950s (UK1 pp. 1-2). The political 
priority was quantity rather than quality. It was more important to have a large number of 
men present in the territories, than to invest in good science (ibid.). This reluctance of  the 

22 In 1955-58 (during the IGY) Sir Vivian Fuchs and Sir Edmund Hillary led the privately funded 
Commonwealth Trans-Antarctic Expedition, which achieved the first  land crossing of  the Antarctic Continent. 
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Treasury to invest in British Antarctic interests partly accounts for  Britain's supportive 
stance towards internationalizing Antarctica through a Treaty. 

In 1962, following  the ratification  of  the Antarctic Treaty, FIDS was renamed the British 
Antarctic Survey (BAS), and was placed under the Department of  Education and Science 
'to mark the treaty's suspension of  sovereignty claims and the emphasis on research' 
(Drewry et al. 1993 p.32). The Wilson Government of 1964 was willing to support 
Antarctic science as a 'good way of  doing a poor man's space programme', and BAS was 
transferred  to the Natural Environment Research Council in 196723 (UK1 p.3). The move 
to NERC reflected  a new British Antarctic policy that British Antarctic interests were best 
served by carrying out high quality science in the continent. The former  head of  the 
Foreign and Commonwealth Office  Polar Regions Section has remarked, 'Whatever the 
UK's interests are [in the Antarctic], they are best supported by the pursuit of  scientific 
excellence. ... Science is the only thing [the original Antarctic Treaty Parties] could all 
agree on, but the agendas we had to sort out were political' (UK1 p.4b). From 1976 the 
administrative and scientific  work of  BAS were brought together and housed in a purpose 
built headquarters in Cambridge (Drewry et aL 1993 p.32). 

Although the British Antarctic Survey (BAS) was under a scientific  body (the Natural 
Environment Research Council), its main 'user' department was (and remains) the Foreign 
Office  (FCO), for  which BAS activities provided Britain with a legitimate presence in 
Antarctica and the South Atlantic. A mismatch between the institutional interests of  NERC 
and the FCO led at times to differences  in opinion over the management of  BAS.24  
However, the British-Argentinian conflict  over the Falkland Islands intervened in 1982. 

23 At about the same time the Colonial Office  was terminated, and the Foreign Office  became the Foreign and 
Commonwealth Office. 24 In 1981 NERC intended to withdraw BAS activities at South Georgia. The FCO was unhappy about leaving 
South Georgia open, and a temporary scientific  station was 'stitched together' using South Georgia funds 
(UK1 p.5b). In 1982 the chairman of  the NERC and of  the Advisory Board to the Research Council were 
'summoned to Downing St to explain why they had decided to cut funding  to the British Antarctic Survey' 
(Wilkie 1991 p.85). 
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7.3.2 The central role of  the British Antarctic Survey 
I had always been interested in Antarctica. ... I did not know whether it was scientifically 
important. But I did think that it was very, very important for  Britain. We have lands there 
... And I did say the Antarctic survey must have more money. And it was they who 
discovered the depletion of  the ozone layer... 
(Lady Thatcher, Nature  Programme,  BBC Television,  2. March 1989; cited in Beck 1989 p. 
68) 

In the wake of  the Falklands War, the then chairman of  NERC, Sir Herman Bondi, 
submitted proposals for  the extension of  BAS research activities in the Antarctic (the 
'Bondi Programme') to the Minister for  Education and Science (National Audit Office 
1993 p. 1). The Survey's budget was initially increased by £5 million, and ring-fenced  by 
the Government. After 1986, the budget was substantially increased annually, to reach a 
peak in 1990-91.25 The scientific  programme grew substantially, but the budget increase 
largely funded  four  major capital projects to enhance BAS's infrastructure  and logistic 
capabilities in Antarctica.26 

BAS's budget has now stabilized, and although its funding  remains protected, the Survey is 
not immune to the effects  of  national science policies as endorsed in the UK Government 
White Paper on science and technology of 1993. As a senior BAS scientist explained, 

BAS is subject to the same constraints as other science areas - indexation, but we're not hit as hard, 
because we started from  a high base line. And because BAS includes its own logistics costs, it means that 
salaries are [a minor aspect of  the budget] compared with logistics (L3 p.2). 

However, he also remarked that BAS's overtly political role allowed the institution more 
direct access to Government than other NERC institutes, enabling it to influence  its own 
fate  in a way that other NERC institutes could not (ibid. p.5). He observed that whilst 
'during the Falklands conflict,  No. 10 [Downing Street] was on the phone every day, now 
we're to OST straight [the Office  of  Science and Technology]' (ibid.). Other BAS 
researchers remarked that they were not naive about the political role of  their institute. 

25 Source: National Audit Office.  1993. The  British  Antarctic  Survey: Management  of  major capital  projects  and 
scientific  programmes.  Report by the Comptroller and auditor general. London, HMSO. 26 The number of  scientific  and technical staff  at B AS increased from 119 in 1982 to 186 in 1991. The capital 
projects were: building a new research and supply vessel with ice-breaking capacity (the vessel was launched in 
1991); building a hard airstrip and jetty for  ships at the BAS Antarctic research base Rothera on the Antarctic 
peninsula (completed 1991); rebuilding the BAS research station Halley, on the Antarctic continent (completed in 
1992); and purchasing a Dash 7 aircraft  and converting it for  Antarctic operation (completed 1993). £80 million was 
spent on these projects (National Audit Office 1993 pp.6-9). 
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Reflecting  the nature of  this 'political discussion', a Foreign and Commonwealth Office 
representative sits on the BAS review board (along with OST, Treasury and NERC 
representatives) as well as on the NERC polar science and technology board. A Foreign 
Office  official  explained that whilst BAS funding  comes from  the OST, the FCO plays the 
greater role in determining the fate  of  the institute and its Antarctic bases, as the leading 
Whitehall Department involved in running the British Antarctic Territory. Thus although 
the FCO is not involved in the day-to-day running of BAS, it maintains very close relations 
with the institute. The Foreign Office  needs to be consulted over any planned changes in 
the Survey's activities, including funding  issues and how these may have a bearing on 
British scientific  bases in the Antarctic (UK3). 

Science strategy 
Whilst science does serve to maintain a British presence in Antarctica, British Antarctic 
interests are also perceived to be best supported by carrying out high quality science. In 
1989 NERC published its scientific  strategy for  Antarctic research, Antarctica 2000 (based 
largely on the 1983 'Bondi Programme'), which emphasises the role to be played by global 
change research in BAS's research profile.  In accordance with the new strategy, BAS was 
restructured in 1987 into six new science divisions.27 The role of  Antarctic research in 
understanding the causes and effects  of  global change gives a legitimate scientific 
justification  for  maintaining a British presence in Antarctica. 

The 1993 Government White Paper on science and technology prompted a revision of 
BAS's science plans.28 Further, in response to the White Paper, the FCO has reportedly 
taken a greater active interest in the nature of  the research carried out by the Survey 
(reflecting  its role as the main 'user' department of  the Survey). In particular, the FCO is 
concerned about the balance between academic research and resource related research as 

27 These are: Ice and Climate; Geology; Geophysics; Terrestrial and Freshwater Life  Sciences; Marine Life  Sciences; 
and Upper Atmospheric Sciences (Aldhous 1991 p.297). 28 The 1993 Science and Technology White Paper stressed that the science base should play a stronger role in 
fostering  wealth creation and in enhancing the quality of  life.  Hie then BAS director identified  four  areas in 
which BAS research could contribute to 'quality of  life'  and 'wealth creation': Global Change; Sustainable 
Development; Environmental Conservation and Management; Enabling Technologies. These, together with a fifth 
area labelled Framework Science, will now define  BAS's main areas of  research (British Antarctic Survey 1994). 
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recommended by the Convention on the Conservation of  Antarctic Marine Living 
Resources (CCAMLR)29 (L3 p.4). Revising the science plan of BAS also entailed linking 
BAS research with NERC's Arctic research 'as part of  a coordinated polar strategy' 
(British Antarctic Survey 1994 p.2). However, FCO interests will ensure that this does not 
imply reduced visibility of  Britain's Antarctic research programme, as an FCO official 
commented, 'We've insisted we want to pull out the Antarctic strategy; it's necessary to 
show to Antarctic Treaty parties that that's what the UK strategy is. Otherwise its impact 
gets watered down with the Arctic element' (UK3 p. lb). In sum, British Antarctic science 
is protected by foreign  policy interests. 

British Antarctic  Survey  logistics 
British Antarctic research logistics are run by the British Antarctic Survey and funded  from 
the Survey's budget. Thus only a small proportion of  the BAS budget goes to scientific 
research itself.  BAS scientists explained that the advantage of  having logistics in-house was 
largely rooted in the idiosyncrasies of  working in the Antarctic, though they were aware 
that this led to some resentment among university groups. However, in 1984, NERC 
initiated the 'Antarctic Special Topic' programme, to encourage BAS collaboration with 
university groups, and to allow university researchers greater access to the Antarctic. A 
NERC official  reported that despite the 'Special Topic' arrangement, some university 
groups would like greater access to BAS logistics, but that this is impractical because BAS 
research problems have priority (UK2). 

The Survey has five  aircraft  and two ships, and until very recently, it ran four  year-round 
stations and one summer-only station, all located in the British Antarctic Territory within 
the Antarctic Treaty area.30 Following the recent substantial investment to improve BAS 
research infrastructure  in the Antarctic, BAS developed a strategy to rationalize resource 
use, the Way  Forward  Programme.  This involves reducing the total number of  permanent 
BAS bases within the Treaty area to two year-round bases, and two summer-only bases. 

29 The Convention on the Conservation of  Antarctic Marine Living Resources (CCAMLR) was signed in 1980 by 
the Antarctic Treaty Parties. It is an Antarctic marine resources regime, separate from  the Antarctic Treaty, to 
secure the conservation, and rational use of  Antarctic marine life. 

30 A sixth station on South Georgia is outside the Treaty area (which is defined  by all areas south of 60° South). 
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Two of  the original five  bases, Faraday and Halley, are geophysical observatories. BAS 
closed Faraday in 1996, and gave it to the Ukraine on the understanding that some of 
the data sets will be continued.31 BAS projects at Faraday were transferred  to Halley 
V, the newly rebuilt geophysical station. A year-round biological station, Signy, in the 
South Orkney Islands, became summer-only in 1995. The complete closure of  this 
station was resisted by the FCO, which is concerned about the possible signals 
withdrawing a permanent British presence in the South Orkney Islands might send. 
The BAS marine biological work at Signy is being transferred  to Rothera (a recently 
expanded earth sciences station on the Antarctic peninsula); a hard runway at Rothera 
was completed in 1991. In winter approximately 70 people work for  BAS/NERC in the 
Antarctic, and approximately four  times that number in the summer. 

BAS has recently acquired a new ice-breaking research vessel, the James  Clark  Ross, 
designed within the Survey, mainly for  marine biology and marine geophysics. The 
work of  this vessel complements that of  a second supply and cargo ship.32 For two 
months of  the year, during the southern winter, the James  Clark  Ross is financed 
directly through the NERC for  non-B AS use (i.e. Arctic research). 

7.3.3 'Britain in the Arctic' 
As observed at the beginning of  this section on Britain, the organization of  the 
country's Arctic research activity contrasts with the Antarctic research programme in 
two main ways. First, Arctic research is supported by the public sector at a much 
lower level than Antarctic research (c. £1 million compared with c. £30 million for 
Antarctic research). Second, UK Arctic research activity lacks the coherence of  the 
Antarctic programme, as it is supported and undertaken by a broader range of 
organizations (including the private sector). These contrasts mirror differences  in the 
nature of  Britain's political interests in the Arctic and Antarctic. 

31 Ukrainians were responsible for  much of  the physics research of  the former  Soviet Antarctic programme. 
32 A third ship, the British Navy ship Endurance  works (unarmed) in the Antarctic during the summer. The 

Endurance  carries out Hydrographic survey work in the Southern Ocean for  the Ministry of  Defence,  as well 
as assisting BAS with some supply work. 
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Since the end of  the 1980s, Britain's interests in the Arctic have been in flux.  During the 
cold war, UK Arctic interests reflected  the strategic defence  importance of  the Arctic. The 
country's main foreign  policy interests in the region were driven by Arctic shipping routes, 
and military access. Much UK Arctic research was funded  by military organizations, such 
as the US Office  of  Naval Research, and the UK Admiralty Research Establishment. Now, 
however, according to one researcher who was funded  by such bodies, the British Navy has 
a specific  commitment not to work in the Arctic, reflecting  the official  view that the Arctic 
no longer poses a threat (BUK p.5b). 

Mr Gorbachev's Murmansk speech of  1987, in which he signalled the willingness of  the 
Soviet Union to cooperate across the East/West divide in Arctic science and politics (see 
chapter 1, section 1.3.1) marked a turning point for  the nature of  British interests in the 
Arctic. As approximately 45% of  the Arctic coastline is former  Soviet Union territory, the 
end of  the cold war brought new political and scientific  opportunities and (particularly 
environmental) needs. 

In 1990, the UK successfully  negotiated membership of  the International Arctic Science 
Committee (IASC) Council, reflecting  the changing nature of  UK Arctic interests.33 As 
national membership of  IASC is through national non-governmental Arctic organizations, 
the National Arctic Research Forum was set up in 1990, in order to enable the UK to have 
a representative on IASC. The official  aim of  the National Arctic Research Forum was to 
bring together government departments and other funders  of  research to coordinate Arctic 
research, and to send a delegate to IASC meetings. The first  NERC strategy for  Arctic 
research, Britain in the Arctic, was published in 1989, signalling a recognition that the 
Arctic region offered  important opportunities for  environmental research, and that the 
diffuse  and fragmented  British Arctic research effort  required greater coordination. A 
further  signal of  the changing nature of  UK Arctic interests was the transfer  in 1995 of 

33 The International Arctic Science Committee, a non-governmental organization, was established in 1990 by the 
eight Arctic states. The aim of  IASC is to 'encourage and facilitate  international consultation and cooperation 
for  scientific  research concerned with the Arctic' (IASC 1990). Participation is open to scientific 
organizations of  countries without Arctic territory, 'during such time as those countries are engaged in 
significant  Arctic research' (ibid.). 
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Arctic issues from  the Environment, Science and Energy Department of  the FCO, to the 
Polar Regions Section of  the South Atlantic and Antarctic Department (which has dealt 
with Antarctic issues since its inception). 

NERC  Arctic initiatives 
As part of  its Arctic initiative, the NERC launched a Special Topic on Arctic 
Terrestrial Ecology in 1989/90, as a means of  developing expertise and interest in this 
area among the scientific  community.34 Simultaneously, the research council rented 
laboratory facilities  in Ny Ålesund, Svalbard. Priority use of  this leased laboratory 
space was given to researchers supported through the Arctic Ecology Special Topic. 
Subsequently, NERC built a research station in Ny Ålesund to its own specifications, 
which was officially  opened in 1992. 

In addition to these initiatives, the NERC made the UK's new research ice-breaker James 
Clarke  Ross, which was built for  BAS use, available to the Arctic research community for 
two months a year. Accordingly, the research council set up a Ship Time Assessment Panel 
to assess bids from  Arctic researchers for  ship time. A NERC official  pointed out that this 
new arrangement (of  making an Antarctic research vessel available for  non-BAS use), 
removes some pressure from  the BAS budget, since these two months of  ship time are 
funded  directly by the NERC (UK2 p.4). At least one Arctic researcher, however, was 
dissatisfied  with how this arrangement worked in practice, 'in theory [the ship] is available 
for  Arctic research, but you can't prize it loose from  the Antarctic/BAS' (BUK p.4). 

Despite such initiatives, a NERC official  and UK Arctic researchers observed that the UK 
Arctic research community lacks a nucleus. The NERC Britain in the Arctic document 
states that its Working Group had received several submissions advocating that 'the UK 
interest in Arctic research merits the creation of  a UK Arctic research institution with 
permanent Arctic bases equivalent to those of BAS'. However, the document concludes 

34 The scientific  secretary of  this research programme commented that within days of  Gorbachev's Murmansk 
speech, he had the head of  NERC on the phone asking him to develop an Arctic programme. He further 
observed that prior to Gorbachev's speech he was practically the only UK scientist working on Arctic 
terrestrial ecology; now there are approximately five  university groups involved, and expertise has been built 
up (HI p.2). 
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that 'it seems unrealistic, at this time, on political and financial  grounds, to entertain the 
possibility as being feasible  ...', and goes on to encourage the strengthening of  research 
links between UK and Norwegian Arctic researchers (NERC 1989 p.25). Further, there 
are indications that since the European Union is now funding  more UK Arctic research, it 
will also influence  UK Arctic research policy. 

Summary 
This overview of  the organization of  British polar research provides a strong illustration of 
the link between national territorial interests and polar research. Reflecting  the country's 
political interests in the Antarctic, UK funding  for  polar research is largely in support of 
Antarctic research. In the wake of  the Falklands conflict,  the Government recognized that 
Antarctic research played an overtly political role by demonstrating an active British interest 
and presence in the British Antarctic Territory and the South Atlantic. Consequently, the 
Government made a substantial investment to improve the research infrastructure  and 
logistics for  Antarctic research. A new ice-breaker was built largely for  Antarctic work, 
and a new research base, and hard runway were also built on the Antarctic continent. 
Emphasis is also placed on ensuring the quality of  UK Antarctic research. The national 
strategy for  Antarctic research is coherent and clearly defined,  and UK Antarctic 
researchers form  a clearly identifiable  community. 

In contrast, Arctic researchers are not a tangible group. This reflects  the lack of  a coherent 
national policy for  Arctic research. As the UK has no Arctic territory, there is no institute, 
and the emphasis is on encouraging UK scientists to participate in international 
programmes. However, there are indications that this stark imbalance is being redressed, 
though the dream of  an Arctic institute to match the BAS will not be realized. The British 
Antarctic Survey is in the process of  rationalizing its activities, and some investment in an 
Arctic research station and a research programme has recently been made. As the 
European Union is making more funds  available for  polar research, the imbalance is likely 
to be redressed further. 
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7.4 The organization of  polar research in Germany 

The First International Polar Year of 1882-83 (IPY) owed much to the drive and 
enthusiasm of  German scientists, and of  Georg von Neumayer, 'a persistent advocate 
for  Antarctic research', in particular (Fogg 1992 p. 102). German Antarctic 
expeditions at the end of  the nineteenth, and beginning of  the twentieth centuries, are 
notable for  their emphasis on scientific  research, rather than politically motivated 
exploration. The German IPY expedition to South Georgia collected the first 
complete set of  meteorological data for  the Antarctic to span a year (ibid. p. 105). 

In contrast to both Norway and the UK, Germany does not maintain any territorial 
claims in polar regions. Despite a tradition of  polar exploration and science, neither 
East nor West Germany took part in the IGY Antarctic programme of 1957-58, and 
consequently neither was an original signatory to the Antarctic Treaty (West Germany 
did partake in Arctic IGY activities). Until the late 1970s, West Germany's polar 
research activity was fragmented  and at a comparatively low level. In 1980, however, 
the West German Government made a substantial investment in a new and extensive 
polar (particularly Antarctic) research programme, in order to qualify  for  Antarctic 
Treaty Consultative Party status, and thus assume a decision-making role in Antarctic 
affairs.  West Germany became an Antarctic Treaty Consultative Party in 1981. 
Though much of  Germany's polar science experience and expertise has been built up 
since 1980, the country is now considered a leading nation in polar science, with a 
particularly strong marine programme based around one of  the world's largest and 
most powerful  research ice-breakers. 

Thus the origins of  the modern German polar science programme were clearly associated 
with the 'price of  entry' to Antarctic Treaty Consultative Meetings. The Antarctic Treaty 
requires a country to demonstrate 'substantial scientific  research activity' in Antarctica, in 
order to gain full  voting rights in the Antarctic Treaty System. 
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7.4.1 Background to German Antarctic Treaty membership 

Political  background 
West Germany had taken a close interest in the Antarctic Treaty negotiations during 
the late 1950s, but decided, partly for  political reasons, against taking the matter 
further  (Beck 1986 p. 195). Chancellor Ardenauer (West German Chancellor 1949-
1963) maintained that priority should be given to more pressing interests closer to 
home, and that the Antarctic could wait (DEI p. 1). 

The revived West German interest in polar research during the late 1970s can be traced to a 
rising international interest in the resource potential of  the Antarctic. During the 1970s, 
Antarctic Treaty discussions were focused  on developing a regime for  marine living 
resources, and a regime for  minerals resources. West Germany's potential interest in 
Antarctic resources, and her consequent desire to play a role in the future  regulation and 
management of  Antarctic resource activities (by becoming a Consultative Party), was a 
significant  factor  behind the political goodwill shown towards Antarctic science from  the 
late 1970s. 

The 1959 Antarctic Treaty had skirted resource ownership and management. The tendency 
within the Treaty System to shelve resource-related questions seems to have largely 
reflected  a fear  of  the consequences of  unearthing the sensitive sovereignty problem; the 
resulting legal problems might destabilize the Treaty System itself.  As described in chapter 
1 (section 1.3.2), fears  about the effects  of  a depleted krill stock, and concerns about other 
species such as whales, led to the issue of  the conservation of  marine resources being 
placed on the agenda of  the 1975 Consultative Meeting. An Antarctic marine resources 
regime (separate from  the Antarctic Treaty but closely related to it), The Canberra 
Convention on the Conservation of  Antarctic Marine Living Resources (CCAMLR), was 
signed in 1980 after  three years of  negotiations. CCAMLR was designed to secure the 
conservation (including rational use) of  all Antarctic marine life.  East and West Germany 
were invited by the Antarctic Treaty Consultative Parties to participate in the negotiation 
process 'in consideration of  the research and harvesting activities which they had been 
conducting for  a number of  years' (Couratier 1983 p. 147); the original CCAMLR 
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contracting parties (with decision-making powers) were the thirteen existing Consultative 
Parties, plus East and West Germany. 

The Third United Nations Law of  the Sea Conference  of 1974 to 1982 allowed coastal 
states to create a 200 nautical mile Exclusive Economic Zone (EEZ) to gain sovereign 
rights over the resources of  the sea and seabed (Birnie 1988 p. 113). Widespread adoption 
of  economic zones by coastal states, particularly during the 1970s, excluded some states 
with high seas fishing  fleets,  West Germany among them, from  their traditional fishing 
grounds (Couratier 1983 p. 140). The impact of  EEZs was heightened by declining stocks 
in some major fisheries  in the Northern Hemisphere, coupled with an overall concern about 
limitations of  global resources. Naturally, a search for  alternative catching areas and types 
of  marine resource began, and led to an interest in Southern Ocean krill as a potential 
source of  protein.35 West Germany's desire to be involved in a Southern Ocean resource 
management regime, governing a prospective commercially viable krill fishery,  emerges as a 
significant  motive behind the country's decision to sign and subsequently to become a full 
member of  the Antarctic Treaty.36 

The 1979 Antarctic Treaty Consultative Meeting urged 'for  progress towards timely 
adoption of  a regime for  Antarctic Mineral Resources' (quoted in Holdgate 1983 p.79). 
The 1977 Consultative Meeting had concluded that though the existence of  commercially 
significant  hydrocarbon or metallic mineral deposits in the Antarctic had yet to be proved, 
exploration for  such deposits was feasible.  The meeting agreed to a voluntary moratorium 

35 Krill stocks are a critical link in the marine Antarctic food  chain. The Fisheries Committee of  the UN Food 
and Agricultural Organization concerned itself  with the question of  resources south of  45°S latitude, 
particularly during the period 1976-1978. This interest was partly focused  on krill as a potential source of 
world protein. The USSR pioneered Southern Ocean krill fishing  in 1964. Harvesting levels increased 
sharply from  1977, the major krill fishing  nations being the USSR, Japan, Poland and West and East 
Germany. However, the fishery  is dogged by difficulties  with the processing and marketing of  krill; only 
Japan and the USSR have made significant  commercial catches (Sahrhage 1984, Holdgate 1983). 

36 The Convention for  the Conservation of  Antarctic Marine Living Resources (CCAMLR) is a separate legal 
instrument from  the Antarctic Treaty. Indeed, West Germany was an original contracting party of  the former, 
before  she had gained Antarctic Treaty Consultative status. However, the two regimes are closely connected; 
CCAMLR served to reinforce  the treaty system and preserve the authority of  the Consultative Parties, 'it was 
deemed desirable that newcomers [to CCAMLR] should observe the Antarctic [Treaty] framework'  (Beck 
1986 p.228). 
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on minerals activities until a regime had been finalized  (Beck 1986 p.249).37 West 
Germany's agenda for  joining the Antarctic Treaty appears also to have been bound up 
with a desire not to 'miss the train' should the exploitation of  non-renewable resources 
prove viable (DEI p.l). 

Germany does not recognize the territorial claims made by the seven nations in the 
Antarctic, believing rather that the continent belongs to all or none. Perhaps reflecting 
this stance, Germany was the first  nation to break with the traditional interpretation of 
'substantial research', which until 1990 meant the building of  a land station in the 
Treaty area. In 1990 Germany chaired a Consultative meeting at which the 
Netherlands was admitted as a Consultative Party without a base, but with a strong 
marine programme, largely in collaboration with other nations. 

Scientific  background 
Prior to adopting its Antarctic research programme in 1980, West Germany lacked an 
organizational structure to coordinate, finance,  and provide logistical support for  polar 
research. There were however, pockets of  polar scientific  activity in the early and mid 
1970s, in the run up to Germany's accession to the Antarctic Treaty. These did not 
amount to a national programme, as there was little or no coordination between them. 

The 1975 Antarctic Treaty Consultative Meeting articulated the need for  greater 
understanding of  population dynamics within the Antarctic ecosystem, as a basis for 
management. German scientists played a leading role in the krill research in Antarctic seas 
that ensued. Thus a group of  marine biologists from  the University of  Kiel and the Federal 
Institute for  Fisheries Research in Hamburg organized two Antarctic cruises to carry out 
krill research in the southern summers of 1975/76 and 1977/78. Both cruises carried 
out biological and fisheries  research in the Scotia Sea (Hempel 1984 p. 134). 

37 Some Consultative Parties were later accused of  contravening the moratorium by exploring for  minerals under 
the guise of  scientific  research; among those countries facing  this criticism were Japan, the USSR, France, and 
West Germany (Beck 1986 p.250). 
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These activities brought the West German scientists into contact with the working groups 
of  the Scientific  Committee on Antarctic Research (SCAR) (Hempel 1984 p.135).38 
Further, Hempel reports that the results of  the first  two krill expeditions were important 
elements for  the development of  a major cooperative Antarctic marine research programme 
under SCAR, Biological Investigation of  Marine Antarctic Systems and Stocks 
(BIOMASS) (1984 p.135).39 As a result of  the rising involvement of  West German 
scientists in Antarctic research from  the mid 1970s, the German Research Society 
( Deutsche Forschungsgemeinschaft,  DFG), was admitted as a full  member of  SCAR in 
1978.40 

A member of  these early German krill expeditions, and the founding  director of  the erman 
Alfred  Wegener Institute for  Polar and Marine Research (AWI), has suggested that the 
scientific  community was itself  involved in promoting the importance of  the marine 
resources issue to further  its own ends: 

The Law of  the Sea Conference  meant we had no more access to traditional fishing  grounds.... The 
scientific  community was developed in marine science and were interested in going South. The 
political people didn't want to lose rights in the Antarctic as well, when they'd lost their fishing 
rights (DE5 p.l). 

These investigations signalled to the German Government that Germany had its own 
interests in the Antarctic, and so should invest more in Antarctic science (DEI p.l). 
For as the former  AWI director has observed: 'Hope in natural resources has always been 
exaggerated by scientists as a bait for  politicians to sponsor expeditions.' (Hempel 1984 
p.136). 

38 The Scientific  Committee on Antarctic Research (SCAR) is a scientific  committee of  the International Council 
of  Scientific  Unions (ICSU). SCAR's constitution states that SCAR is 'charged with the initiation, promotion 
and coordination of  scientific  activity in the Antarctic, with a view to framing  and reviewing scientific 
programmes of  circumpolar scope and significance'  (SCAR 1987 p.5). 

39 In 1976, the SCAR Group of  Specialists on Living Resources of  the Southern Ocean together with the 
Scientific  Committee on Oceanic Research (SCOR), developed a major international oceanographic research 
programme, Biological Investigations of  Marine Antarctic Systems and Stocks (BIOMASS). BIOMASS 
research was largely centred on krill and its role in the ecosystem. The research programme should be seen in 
the context of  some Antarctic Treaty governments' concern, from  the early 1970s, over evidence of  over-
fishing  in Antarctic waters, and over the growing international interest in krill harvesting, at a time when little 
was known about the role of  krill in the ecology of  the Southern Ocean (Powell 1983 p.113). The significant 
role played by West German scientists in BIOMASS marks the beginning of  the modern West German 
Antarctic research programme. BIOMASS ended in 1991 with a final  evaluating meeting in Bremerhaven, 
Germany (Fogg 1992 p.243). 

40 Full membership of  SCAR is open only to countries 'with active and continuing independent programmes of 
research in the Antarctic' (SCAR 1987 p.5). 
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In 1977, and independently of  this marine biological research, the Federal Institute for 
Geosciences and Resources in Hannover (Bundesanstalt  fiir  Geowissenschaften  und 
Rohstoffe,  BGR)41 embarked on an extensive on- and off-shore  geological and geophysical 
Antarctic research programme. This research was conducted in the Victoria Land and 
Ross Sea region, on the opposite side of  the continent to the marine biological activities.42 

A senior member of  the Norwegian Petroleum Directorate describes BGR's offshore 
seismic surveys as leaning towards basic commercial exploration (Bergsager 1983 p. 170). 
A participant in these activities explained that the oil crisis had prompted the West German 
government to carry out this Antarctic work in the mid-1970s (BF p.2): 

Our [BGR] philosophy is that we work to combine both applied and basic [research], ... Our 
institute and Norway were the first  groups in 1978 to do multi-channel seismics [in the Ross Sea 
area]. The objectives were not purely scientific.  There were two aspects. One was: what is the 
situation? And the second was: are the continental shelves and margins prospective areas for 
exploitation? We did reconnaissance surveys, the government recommended us to do this, it was 
just before  West Germany became a Consultative member. ... 
The 1980 Ross Sea data were discussed under the terms of  hydrocarbon potential... There was an 
initiative from  SCAR that all multichannel seismic data should be stored in a seismic data library 
'SDLS', some countries were willing, others not. ... We have provided about 70% of  our data (BF 
p.l). 

The nature of  these early Antarctic research activities, which focused  on Antarctic krill 
research and on Antarctic geology, mirrored Germany's political motives for  joining 
the Antarctic Treaty. They were clearly at least in part motivated by political interest 
in Antarctic marine resources and Antarctic minerals; they may have generated such 
interests also. 

41 The Federal Institute for  Geosciences and Natural Resources is a government institute under the Federal 
Ministry of  Economics. Its remit is, in broad terms, to advise the federal  government on national and 
international geoscientific  issues. 

42 Although this marked the beginning of  independent Antarctic activity carried out by the BGR, the Institute 
had previously carried out Antarctic work with the US Geological Survey, and some Arctic work (BF p. 2). 
BGR conducted Antarctic expeditions at least every other southern summer from 1977/78 to the early 1990s. 
Much of  the marine geophysical work was multi-channel seismics (BF p.l). (Multi-channel seismic surveys 
measure the return of  artificial  shock waves sent through the materials below the sea floor.  They can give an 
indication of  the thickness, structure and physical nature of  sediments. Although such methods are used by 
the petroleum industry in exploring for  hydro-carbon deposits, the purpose of  these seismic investigations 
seems to have been to establish the 'broad picture of  the geological conditions and history of  the Antarctic 
continental margin' (Gjelsvik 1983 p.64).) 
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These scientific  activities formed  an intellectual base from  which Germany's new polar 
programme grew. Further, the scientists engaged in these early polar activities, and the 
Kiel marine biologists in particular, were strong advocates for  a substantial German 
investment in a comprehensive polar programme and research infrastructure. 

7.4.2 The modern German polar research programme 
In 1979 the West German government acceded to the Antarctic Treaty.43 In the same year, 
the Bundestag  unanimously decided in favour  of  a substantial governmental engagement in 
Antarctic research, in preparation for  promotion to Consultative status, which it achieved in 
1981. 

The proposed Antarctic Research Programme adopted by the federal  government was 
presented by the Federal Ministry for  Research and Technology (Bundesministeriumfiir 
Forschung  und Technologie,  BMFT). Central to the programme was the large and 
sophisticated purpose-built research ice-breaker, the Polarstern,  which was completed 
in 1982, at a cost to the German Government of  DM 300 million (historic cost). Other 
initiatives included: the building of  a year-round, research station in Antarctica; the 
foundation  of  a polar research institute at Bremerhaven in 1980, the Alfred  Wegener 
Institute for  Polar and Marine Sciences (AWI) (which was to run the Polarstern)-, 44 the 
intensification  of  polar research activities at universities; extensive research expeditions 
to the Antarctic on the Polarstern ; and international cooperation on the Polarstern 
(Lange and Hempel (eds.) 1992 p.3, BMFT 1982). Referring  to Germany's route to 
Consultative Party status, a German polar research manager commented, 'We did it 
properly' (DE3 p.5). The programme was in many ways a scientist's dream 
programme. 

43 There is a distinction between purely acceding to the Antarctic Treaty and gaining Antarctic Treaty 
Consultative Party status, and the decision making role that this confers.  Accession confers  few  rights but 
'provides a means of  indicating an interest in Antarctic matters, but without the extensive fiscal  and material 
commitment required of  Consultative status' (Beck 1986 p.187). 

44 The Alfred  Wegener Institute for  Polar and Marine Research (AWI) is the smallest of  the 16 federal  research centres 
in Germany (Grofiforschungseinricht ungen). One commentator has remarked that with the creation of  this institute, 
polar science became big science in Germany (Aant Klinga, personal communication). (AWI is discussed further  in 
Section 7.4.2.1.) 
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Several factors  account for  the Government's willingness to make an investment in the 
Polarstern.  A vessel was needed to supply the Antarctic base that would secure 
Antarctic Treaty Consultative Party status for  the Government. More importantly, 
influential  Kiel marine biologists, who had been involved in the early krill research 
cruises in the mid-1970s, suggested to the Government that an innovative Antarctic 
research programme would need to be largely marine, since so many other countries 
had invested highly in coastal research stations (DE5 p.l). Further, the German 
Antarctic base (the Georg von Neumayer 45) would be mainly for  geosciences, so a 
platform  would be needed from  which to conduct biological research (i.e. the 
Polarstern).  In addition, centring the new programme on marine research, dovetailed 
with the Government's interest in Southern Ocean fish  and krill as potential resources: 
the new programme could capitalize on the established expertise in Southern Ocean 
ecology (indeed, one of  these Kiel marine biologists became the first  director of  AWI). 
This scientist also argued that the vessel needed to be big enough to provide space for 
foreign  scientists, as the Germans were new to polar science. Building a large and 
strong ice-breaker would also give German industry the chance to demonstrate its 
technical capacity (DE5 p.l). 

Throughout the 1980s and into the beginning of  the 1990s, polar research was a high 
priority research field  on the Government budget, largely because of  its contribution to 
the country's global change programme (DE3 p.5; BN p.3). During this period the 
intellectual base for  polar research was built up, partly through collaborating with 
foreigners  on the Polarstern.  The emphasis of  the research programme was marine, 
and predominantly (c. two-thirds) Antarctic. This emphasis was to change somewhat 
in the early 1990s, when West Germany subsumed the (predominantly terrestrial) East 
German polar programme, and the German Government asked for  greater emphasis to 
be placed on Arctic activities. Polar and ocean sciences currently account for 2.2% of 
BMFT's expenditure.46 

45 The first  German Antarctic station Georg  von Neumayer  was built in 1981 on the Weddell Sea ice shelf;  it was 
to serve as a scientific  observatory for  geophysical, meteorological, and air chemistry measurements, as well 
as a logistical base for  summer expeditions. This station was replaced in 1992 by a new station, Neumayer 
Station. 

46 Source: BMFT statement at European Conference  on Grand  Challenges  in Ocean and Polar  Sciences,  12-16 
September 1994, Bremen. 
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7.4.2.1 Institutional organization 
The Alfred  Wegener Institute (AWI), the central institute for  polar research, was 
established in 1980 as one of  sixteen Grofiforschungseinrichtungen  (national research 
centres). It is financed  by the Federal Ministry for  Research and Technology (90%) 
and by the State of  Bremen (10 %). AWI carries out 70-80% of  German polar 
research,47 and is a predominantly marine research institute. The institute manages 
Germany's polar logistics, including the Polarstern,  in theory for  the whole German 
scientific  community. AWI's polar research capability was largely built up during the 
1980s, partly through collaborating with foreign  researchers on the Polarstern. 

Initially, a relatively clear division of  labour existed between AWI and the Federal 
Institute for  Geosciences and Resources (BGR). The latter was to carry out polar 
terrestrial work, whilst AWI was predominantly a marine research institute. However, 
the growing emphasis within the German programme on global change research is 
marginalizing the role of  basic geological mapping, as carried out by BGR. To 
facilitate  AWI's coordination role, BGR informs  the polar institute of  its plans and 
activities, and of  its data sets, although BGR operates logistically independently of 
AWI, preferring  to go to the charter market (BF p.2b). 

The implementation of  Germany's new polar programme involved establishing a 
'Priority Programme' for  Antarctic research within the Deutsche 

forschungsgemeinschaft,  primarily to encourage university groups to undertake polar 
projects (though these grants do not cover logistics costs). Subsequently, the remit of 
this programme has widened to include 'comparative Arctic studies'. 

When Germany reunified  in 1990, AWI took the initiative to integrate the East German 
Antarctic research programme into the West German programme. The East German 
programme had operated in close cooperation with the Soviet Antarctic expedition and 
relied on Soviet logistic support. It was largely terrestrial, complementing the West's 

47 Source: Ibid. 
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strength in marine research (DE3 p. 1; DE5 p.2). In 1992 AWI opened a subsidiary 
institute in Potsdam (which had been the focal  point of  East German Antarctic activity). 
The mandate of  the AWI branch in Potsdam is to maintain and develop the former  GDR's 
Antarctic research activities, and to integrate them into German polar research; the 
Potsdam branch's fields  of  strength are to complement those of  the main AWI. As a 
consequence of  this reorganization, the Potsdam branch concentrates on the following  three 
research fields:  atmospheric physics; air chemistry (AWI's atmospheric research 
programme was moved to Potsdam); and geosciences (Alfred-Wegener-Institut  fur  Polar-
und Meeresforschung 1993 p.7). The integration of  the East German research programme 
with that of  the West entailed transferring  the former  GDR's overwintering Antarctic 
research base, the Georg Forster  Station,  to AWI. Under AWI this base, which is located 
in Dronning Maud Land, is to serve as a summer base, and a point of  departure for  land-
based research activities. 

In a similar fashion  to Norway and the UK, the end of  the cold war, and the concomitant 
increasing emphasis on environmental change research, incited the German authorities to 
encourage scientists to take advantage of  new opportunities offered  by the opening of  the 
Russian Arctic, and to collaborate with Russian scientists. In the early 1990s, the 
Government decided that the proportion of  Arctic research should be increased to 40%, 
accounting for  a recent shift  of  interest within AWI towards Arctic research (DE3 p.4). A 
university oceanographer suggested that the initiative to undertake more Arctic research 
also emanated from  scientists, who provoked 'grumbles in Bonn' on asking the 
Government for  more facilities  and resources to work in the Arctic (BD p. lb). Thus from 
the early 1990s, German scientists from  AWI and the University of  Kiel ran 
German/Russian cruises to the Siberian seas (the Siberian shelf  seas are a key region for 
the study of  sea ice). It was perhaps fortunate  then, that Germany's major investment was 
a research icebreaker; switching focus  from  the Antarctic was relatively unproblematic, in 
contrast with Norway and the UK 

In 1993, respondents reported that the 1980s 'boom' period for  German polar research 
funding  was over. Whilst the field  is largely protected because of  its contribution to 
understanding global change, small policy changes, for  example requiring AWI 
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researchers to seek external funding  for  certain projects, indicate a less robust budget 
(B 1 pp. 1-2; 12 p.3). A similar trend was identified  in both Norway and the UK. As a 
German polar research manager pointed out, 'this points towards closer European 
cooperation' (DE5 p.3). Such a relative decline in governmental good-will towards 
polar science may be interpreted as symptomatic of  a shift  in the underlying national 
motives for  polar research: from  interests of  national security, to motives driven by 
environmental concerns. 

7.4.2.2 Logistics 
Running and maintaining science logistics consumes half  the AWI budget. The 
German Government's polar logistics include the Polarstern  (which accounts for  20% 
of  AWI's budget), aircraft,  Antarctic stations48 and an Arctic base (DE4 p.l). The 
AWI logistics section is responsible for  supplying all scientists who join a 
governmental expedition, and has an agreement with the Deutsche 
Forschungsgemeinschaft  (DFG) to this effect.  Thus university scientists funded  by 
DFG grants apply to AWI for  enabling technology and support (DE4 p.l). In 1993, 
AWI and BAS agreed to closer logistical cooperation. 

Although, in principle, AWI manages the polar science logistics for  use by the German 
scientific  community in general, both AWI and university researchers suggested that, in 
practice, AWI researchers gain priority access to fieldwork,  to the disadvantage of 
university researchers. However, AWI does have strong research links with Kiel 
University: many AWI researchers were trained at Kiel, and Kiel researchers appear to 
enjoy a somewhat privileged access to research cruises, through personal relations with 
AWI researchers (e.g. X p.2; R p.4; W p. 1). The problems university researchers 
experienced in gaining access to AWI logistics may be partly rooted in the different  time-

48 AWI has responsibility for  four  research stations in the Antarctic: the Neumayer  Station  (an overwintering base 
on the Ekström Ice Shelf,  northeastern Weddell Sea); the Georg Forster  Station  (Dronning Maud Land, 
summer-only); Jubany  (attached to the Argentian station of  the same name on King George Island, Antarctic 
peninsula, this base is summer-only and mainly used for  biological work in ice-free  regions); and Filchner 
Station  (on the Filchner-Ronne Ice Shelf,  Weddell Sea, serves as a base for  the international Filchner Ronne 
Ice Shelf  Programme, and as a starting point for  geoscience expeditions to adjacent regions). In addition, the 
Federal Institute for  Geosciences and Natural Resources (BGR) maintains a small Antarctic base, Gondwana 
Station,  which serves as a logistic base for  field  work. 
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frames  within which university groups and AWI scientists plan their work. AWI 
researchers plan further  ahead, because their handing base is secure; the science logistics are 
thus necessarily tailored to AWI projects. Further, with the addition of  the former  East 
German programme to AWI's activities, pressure on ship time and aircraft  use has 
escalated. 

The  Polarstern 
At five-yearly  intervals a skeleton cruise plan for  the Polarstern  is drawn up at AWI in 
consultation with the German scientific  community. Representatives from  the large marine-
oriented research institutions in Germany sit on an advisory board for  Polarstern  missions 
(which in principle, if  not in practice, are equally divided between biology and 
geosciences (12 p. lb)). A member of  the AWI logistics department observed that though 
realistic requests from  the scientific  community were taken into account when drawing up 
the plans, the ship's itinerary was ultimately AWI's responsibility ('of  course the ship is 
ours') (DE4 p. 1). Foreign scientists either asked to participate in a cruise (often  on the 
basis of  friendship),  or were invited to participate, if  they had a specific  expertise. On 
average, foreign  scientists make up approximately a quarter of  the cruise participants 
(ibid.). 

Within a narrower time-frame  of  approximately two years, a precise cruise-plan is 
developed. At this stage, the duration, location, and research activity of  each cruise-
leg are detailed; a cruise coordinator is nominated for  each cruise (normally a senior 
AWI scientist) (DE4 p. lb). Because of  this ability to make long-term plans, and the 
ship's considerable size (approximately 50 scientists and technicians participate on 
each cruise), cruises tend to centre on a broad interdisciplinary theme which may run 
for  two or three years (BUP p.4; II p.3b). The ship always carries two helicopters on 
board to deploy scientific  groups into the field. 

Germany's leading role in polar research can in part be attributed to the Polarstern. 
Scientists reported that the large size of  the Polarstern  and its consequent stability, 
provided excellent conditions for  carrying out lab work. Further, its considerable ice-
breaking capacity opens up new research avenues. However, as one AWI official 
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commented, 'the ship is not to gain "leadership" - it's like a British understatement -
that's why we make it available to everyone ...' (DE3 p.5). Making it available also 
gives German researchers the opportunity to learn from  others.49 

Ny  Ålesund base 
Reflecting  Germany's increasing emphasis on Arctic research during the late 1980s and 
early 1990s, the country opened its own station, Koldewey, at Ny Ålesund, Svalbard, 
in 1991. The AWI-based committee which decided where to locate the German 
Svalbard base, chose Ny Ålesund partly on the basis of  the settlement's existing 
infrastructure,  and as a means of  supporting Norwegian policy to maintain Ny Ålesund 
as an international research centre (F2 p.3b; DE4 p.2). The German Ny Ålesund 
station is operated throughout the year by AWI. It is particularly heavily used by the 
stratospheric ozone group at AWI, which in 1988, set up a lidar instrument in Ny 
Ålesund to measure ozone.50 Continuous atmospheric and meteorological 
measurements are recorded at the German station (E8 p.3). 

Summary 
In contrast to Norway and the UK, Germany does not maintain any territorial interests 
in polar regions, and was not an original signatory to the Antarctic Treaty. In the late 

49 The data suggest that the majority of  foreign  participants on Polarstern  cruises do not pay for  ship-time; 
income from  foreign  participation does not therefore  appear as a significant  factor  for  collaboration on the 
ship. A number of  factors  appear to account for  Germany's benevolent attitude towards foreign  researchers 
during the Polarstern's  early years: first,  in the long-term, German researchers (and therefore  German polar 
research) could benefit  from  working alongside more experienced foreign  colleagues; second, inviting foreign 
participation might have exchange-value in a barter economy of  international science; third, promoting an 
apparently internationalist ethos in Antarctic science, and thus fostering  for  herself  a positive image as a 
benign newcomer to polar affairs,  could conceivably confer  political leverage in the realm of  Antarctic 
politics; and finally,  a genuine need for  particular types of  expertise unavailable in Germany, and a related 
need to fill  up the ship, may also in part account for  Germany's generosity. It should be noted that 
competition for  ship-time within the German research community has increased during the 1990s, with 
consequently decreasing overall levels of  foreign  participation on the Polarstern. 

50 A scientist who helped build up the equipment for  the lidar instrument in 1988, commented that for  scientific 
reasons, he had not wanted to go to Ny Ålesund, but would have preferred  to keep the instrument in Kiruna 
(northern Sweden). He explained that the lidar, which has a high time resolution, can measure changes in 
ozone over a few  hours. However, since atmospheric chemistry requires radiation, the lack of  diurnal 
variation in light at Ny Ålesund, combined with the low temperatures, preclude making optimum use of  the 
lidar's time resolution (the chemical changes do not take place quickly enough). This scientist left  AWI, 
reportedly because he 'couldn't get any publications from  it' (E9 p.lb). 
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1970s, a combination of  political and scientific  interests induced the German 
Government to seek Antarctic Treaty Consultative Party status. In order to qualify, 
the Government made a considerable investment in a national infrastructure  for  polar 
research in 1980, marking the beginning of  the modern German polar research 
programme. 

Marine sciences, centred on a new powerful,  large, and highly sophisticated research 
ice-breaking vessel, are a particular strength of  the modern programme. Scientists, and 
a group of  Kiel marine biologists in particular, played a strong role in convincing the 
Government that a sophisticated ice-breaking research vessel would be necessary, and 
in developing the new polar programme in general. In the absence of  a long 
continuous tradition of  Antarctic research, scientific  criteria could play a strong role in 
determining the location of  new Antarctic bases. 

Polar scientific  expertise in Germany has largely been developed since 1980. The large 
size of  the ice-breaker enables foreign  researchers to join research cruises, to the 
benefit  of  both German and foreign  scientists. Most polar research is carried out by 
scientists at the Alfred  Wegener Institute for  Polar and Marine Research, which also 
operates the logistics. Some university-based scientists intimated that this system of 
organizing Germany's logistics disadvantaged them. 

Initially, the emphasis of  the German programme was Antarctic. Arctic activities, 
which include a new research base on Svalbard, increased towards the end of  the cold 
war, in order to take advantage of  new research opportunities after  the opening up of 
the Russian Arctic. In view of  Germany's technological contribution to the 
development of  polar sciences, and the considerable capacity of  its programme, 
Germany is now acknowledged as a leading polar science nation. 

7.5 The European Commission: fostering  European cooperation in polar 
research 

As late as the early 1980s, the US was the focal  point for  European polar scientists (DE5 
p. lb; IN2 p.7). However, as the US National Science Foundation was reportedly 
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becoming 'less hospitable than before  towards European scientists' (DE5 p.2), and as 
national budgets stagnated, and the European common source grew, polar scientists 
found  ways of  tapping European Union research funds  (which are necessarily 
collaborative), even though the European Union was not committed to funding  polar 
research. 

Whilst some polar glaciology and atmospheric science has been funded  under European 
environment programmes since the mid-1980s, the European Marine Science and 
Technology Programme (MAST II)51 stipulated that it would only fund  oceanographic 
work in the European marginal seas. Although this precluded Arctic Ocean research, polar 
oceanographers did succeed in winning funding  for  a project in the Greenland Sea, on the 

52 

grounds that it is a European marginal sea. 
During the second half  of  the 1980s and into the 1990s, the European Science 
Foundation (ESF) coordinated and sponsored three major cooperative polar research 
projects, which also gained some funding  from  the European Union. These initiatives 
marked the beginning of  European Union involvement in defining  a broader strategy 
for  European polar research, in the form  of  two large polar programmes, or 'Grand 
Challenges'. In order to succeed, this European strategy needs to be supported by 
national polar research policies, since the majority of  the funding  for  the 'Grand 
Challenges' will be national. 

European Science Foundation  Polar Network 
In 1985 the ESF launched 'scientific  networks' as a mechanism to promote scientific 
cooperation in Europe.53 The then Director of  the Alfred  Wegener Institute for  Polar 

51 MAST n was replaced in 1996 by MAST IE. 
52 A member of  the Greenland Sea project thought it absurd that officials  at an EC oceanographic research policy 

meeting had asked the scientists where the European ocean ended, adding, 'they should be willing to accept that 
European science doesn't mean European waters' (BD pp.3,4). 

53 ESF Networks are flexible  and self-managed  (by scientists); they are 'designed to bring together ideas and 
efforts,  human resources and equipment, training capacity and expertise, in a field  designed by the scientists 
themselves', and may 'take a wide variety of  forms  of  communication and cooperation'. The ESF Network 
Seed Fund finances  each network during the first  phase of  its activity (normally two years) (Mykletun 1987 
p.5). 
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and Marine Research proposed polar science as an ideal area in which to apply the ESF 
Network approach to foster  European cooperation, because 'European players in 
Antarctica were not very strong on logistics, but were [high quality] scientists' (DE5 
p. lb). Consequently, the ESF Network on Polar Science was established in 1986 as 
one of  the first  Scientific  Networks. 

A planning group of  polar scientists recommended three major projects under the 
Network scheme, in ecology, geology, and glaciology. The projects were to be of  a 
limited time-span, and funded  largely by national agencies, with ESF seed money, and 
some European Community funding. 

The ecology project, the European Polarstern  Study  (EPOS), took the form  of  two 
European cruises, the first  to the Weddell and Scotia Seas in the Antarctic in 1988/89, and 
the second to the Arctic in 1991. EPOS was largely financed  by the German Government, 
which paid for  the vessel (the Polarstern ); planning and workshops were sponsored by the 
ESF. Scientists from  eleven countries participated (DE5 p.2). The geology project, Polar 
North  Atlantic  Margins  (PONAM) ran from  1989-94. PONAM had participants from  five 
countries, and was largely funded  by research councils and oil companies. 

The glaciology project was the Greenland  Ice  Core Project  (GRIP), with the objective of 
drilling and analysing an ice core in the central part of  the Greenland ice sheet (European 
Science Foundation 1996 p.3). The coring was completed in 1992, though analysis 
continued until 1996.54 Eight countries participated in GRIP, which received additional 
funding  from  the European Union. GRIP drilling ran parallel with a US ice core 
project, the Greenland  Ice  Sheet  Project  (GISP), which operated only 32 km from  the 
GRIP station. There was initially no contact between the US and European teams 
working in Greenland, though collaboration over logistics facilities,  and joint 
workshops, were later initiated.55 

54 GRIP drilled down to 3 km over 3 field  seasons (BUL p.l). 
55 One senior scientist suggested that whilst the US and European teams justified  their separate efforts  by the 

scientific  advantages of  comparing results from  two cores drilled in close proximity, they had in fact  been 
unable to undertake a joint project. For him, this epitomized the ethos of  European/US competition 
underlying these European initiatives to create large, high quality, cooperative polar science programmes (N3 
p.6). Reportedly, GRIP and GISP arrived at different  results. 
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The  European Committee  on Ocean and Polar Sciences 
In pursuance of  a more comprehensive and long-term strategy for  European polar 
science, the European Commission together with the European Science Foundation 
appointed a committee of  polar and marine scientists to advise the EU. The European 
Committee  on Ocean and Polar Sciences  (ECOPS) was established in 1989, and given 
two major tasks: to develop a European long-term strategy on marine and polar 
research; and to foster  major individual European projects in ocean and polar studies 
(Hempel 1996 p.ll). The Committee comprises ten active polar and marine 
scientists,56 nominated in a personal capacity, as well as an ESF representative and a 
representative from  the European Commission (Directorate for  Science, Research and 
Development, DG XII). The Committee is chaired by the former  Director of  the 
German Alfred  Wegener Institute.57 

Since its inception, ECOPS has proposed four  major long-term European cooperative 
projects, as a means of  engaging EU involvement in polar and marine sciences. In 
accordance with the principle of  subsidiarity, and in line with EU DGXII policy to 
emphasise large-scale projects, the proposed projects, named 'Grand Challenges', 
would not be achievable at a national, or even bilateral level. All four  require 'large-
scale technological developments in terms of  new instrumentation and research platforms' 
(Hempel 1996 p.20). As an ESF official  observed, 'If  the CEC and ESF join forces, 
then you have to aim for  something grand, [they're] not concerned with minor things. 
Our influence  can institute new lines of  financing'  (INI p.2b). 

Two of  the Grand Challenges are marine science: Operational Forecasting of  the 
Oceans and Coastal Seas; and Variability of  the Deep Sea Floor; and two are polar 
projects: The Arctic Ocean; and the European Programme on Ice Coring in 

56 As of  1993 
51 One scientist pointed out that in theory the Committee members were appointed in their scientific  capacity as 

experts, yet large EU countries represented among the members had two delegates, and small countries had 
one delegate (BUK p.l) 
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Antarctica.58 Each Grand Challenge was promoted by an individual ECOPS member 
(Hempel 1996 p.19).59 Detailed discussion of  each Grand Challenge took place 
through a series of  Euro-Conferences  and work shops, attended by 400-500 marine 
and polar scientists.60 The projects were presented at a conference  held in Bremen in 
1994. The purported aim of  the conference  was to demonstrate that there was 
consensus for  the Grand Challenges, and to convince Brussels, and perhaps especially 
national agencies, to endorse the projects.61 

The Grand Challenges were submitted as draft  proposals to the ESF and the EC 
DGXH for  consideration in the CEC Fourth Framework programme (Hempel 1996 
p.20). Reflecting  the marine/polar profile  of  ECOPS, the fourth  EU Framework 
Programme (1994-1998) includes a section, 'Innovative  technologies  and 
infrastructure  for  marine and polar research ' (Commission of  the European 
Communities 1992 p.24). 

The  Grand  Challenges  for  European Cooperation 
Each Grand Challenge will last for  ten years, at the first  instance, at a cost of  over 50 
million ECU each. These large amounts demand the creation of  a new line of  funding, 
As the Chairman of  ECOPS explained: 

Those amounts are beyond the scope of  national budgets for  ocean and polar sciences but also 
beyond the regular EC programmes ... Therefore  ECOPS proposed to establish an extra funding 
line of  25 Million ECU per annum within the CEC Framework, this would allow the Grand 

58 This Antarctic Grand Challenge involves two deep drills of 4 km, to investigate the cause and effect  of  climate 
change, complementing the Greenland ice coring project. 59 The Antarctic ice-coring project was promoted by a French glaciologist, and the Arctic Ocean Grand Challenge 
by a Norwegian oceanographer. An ECOPS member observed that those with the most influence  in the 
Committee were the four  programme leaders (BN p.7). Some scientists who were not involved in ECOPS 
remarked on the close correspondence between the nature of  the 'Grand Challenges' and the individual 
preferences  of  some ECOPS members (e.g. BUK p.lb). Describing the Grand Challenges, one scientist half-
jokingly remarked that 'it originated in mysterious things, things going on in dark, smoke-filled  rooms ...' 
(BUK p.l). 

60 One ECOPS member had perceived at ECOPS meetings that this European initiative appeared to serve as a 
vehicle to develop an area of  science where Europe could come up with an advantage over the US, stressing 
that although the aim was not to exclude international (as opposed to European) cooperation, more funding 
from  Brussels implied less US cooperation (BN p.3). He further  recounted that though he had informed  an 
American colleague of  an important Euro-meeting, he had scheduled the meeting to coincide with the 
American colleague's fieldwork  plans: 'the Americans are anxious' (ibid, pp.7-8). 

61 Though, as one ECOPS member commented, Brussels was already convinced (BN p.5). 
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Challenges to start in a staggered manner without competing too hard with other projects (Hempel 
1996 p.20). 

However, as he goes on to point out, the Grand Challenges will not be feasible  without 
substantial national governmental funding  (ibid.). 

The Grand Challenges will be funded  through the European Commission DG XII Marine 
Science and Technology programme (MAST) and the Environment  and Climate 
programme. Since the promotion of  the projects, the budget of  MAST has increased. The 
Arctic Ocean Grand Challenge is a proposal under MAST IE (1996 onwards), which 
specifically  seeks projects in 'ice-covered northern seas' (NERC 1995 p.40).62 

According to national statements made at the 1994 ECOPS Bremen meeting, 
Germany, the UK, and Norway63 are supportive of  both polar Grand Challenges. 
Norway has greater interests in the Arctic Ocean Grand Challenge than in the Antarctic 
ice-coring, but intends to contribute to the latter (Norway attempted to convince the 
fourth  Framework Programme to list polar research as a priority area (N3 p.9)) 
(Orheim 1996). The polar research policies of  both the UK and Germany endorse the 
Grand Challenges in a more explicit manner than Norway.64 Of  the three countries, 
Germany makes the most explicit commitment to the Grand Challenges; a BMFT 
official  stated that 'The German Federal Government explicitly welcomes and supports 
the ECOPS proposals and will introduce complementary measures at the national level' 
(Schluter 1996 p.316).65 ECOPS proposed to establish a European Ocean and Polar 

62 An Arctic scientist recounted that the promoter of  the Arctic Ocean Grand Challenge had persuaded the 
European Commission that the Arctic Ocean directly affects  the European climate (BUK p.3b). 63 Though not an EU member, Norway is a full  member of  the EU science programme. 

64 For political reasons, however, the UK Foreign and Commonwealth Office  is suspicious of  EU involvement in 
Antarctica through BAS (UK3 p.5). Any EU involvement in the Antarctic Treaty would create a group within 
a group. Further, of  the EU Antarctic Treaty Consultative Parties, only the UK and France maintain 
sovereignty claims, the EU would likely maintain a non-claimant stance. Thus from  the perspective of  the 
FCO, BAS scientists should 'take their [EU] money and run' (ibid. p.3b). 

65 Some scientists and officials  who were not ECOPS members perceived it, and the Grand Challenges, as a 
German initiative (e.g. Al p.7; N03 p.8). Others pointed out the identical marine/polar profile  of  ECOPS and 
the German Alfred  Wegener Institute for  Polar and Marine Research (e.g. Hl p.2b; IN2 p.6) (this is perhaps 
not coincidental as the founding  director of  the latter chairs the former).  Closely related to this observation is 
the perception that 'the EU part of  polar research is dominated by oceanography' (HI p.2b), and the 
implication that polar science is a branch of  ocean sciences. For polar oceanographers, at least, this is a 
welcome development. As one Arctic oceanographer pointed out, 'one of  the problems sea ice research had, 
was getting accepted by oceanographers as oceanography. They thought it was sticking stakes in ice and that 
we should publish in the Journal of  Glaciology' (BUK p. lb). 
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Secretariat at the European Science Foundation in Strasbourg to implement the Grand 
Challenges. 

Summary 
This section has outlined the development towards greater European Union involvement in 
determining a common strategy for,  and funding,  polar research in Europe. This 
development is driven simultaneously by polar researchers themselves, and by the EU. 
Polar scientists saw a need for  greater European cooperation over facilities,  and a need to 
secure a share of  the increasing proportion of  research funding  through the EU. Polar 
research is an attractive area for  EU involvement for  three main reasons. First, European 
cooperation is necessitated by the considerable expense of  logistic and technological 
facilities  required to carry out polar research. Second, polar research can make important 
contributions to understanding global and environmental change; supporting polar research 
is in line with EU environmental interests. Third, polar research is a scientific  area where 
Europe can achieve an advantage over its competitors. 

The development of  a European strategy for  polar and marine research resulted in the 
formulation  of  four  'Grand Challenges', major long-term projects. Two of  the Grand 
Challenges are polar projects: one Arctic and one Antarctic. These are influencing 
national polar research priorities. 

7.6 Conclusion 

The different  polar political interests of  Norway, the UK, and Germany, are reflected  in 
the main differences  in these countries' polar research policies. In the cases of  Norway 
and the UK, which have territories in polar regions, science has historically served to 
reinforce  sovereignty. Even today, polar science in these countries performs  an overtly 
political role, though it also finds  justification  in its important contribution to 
understanding global environmental change. The establishment of  Germany's new 
polar research programme in the early 1980s, served to secure the country a decision-
making role within the Antarctic Treaty. 
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As a small country with territorial interests in both polar regions, the emphasis of  the 
Norwegian polar research effort  has historically vacillated between Antarctic and 
Arctic research, in line with geopolitical vicissitudes. Because Norwegian polar 
researchers tend to work in both polar regions, national research emphasis in one of  the 
polar regions, automatically compromises activity in the other. Thus, in the early 1960s, 
when the Antarctic Treaty secured Norway's political role in Antarctic affairs,  and cold war 
politics permeated Norway's Arctic interests, the research effort  turned from  Antarctic to 
Arctic research. Throughout the cold war era, and into the post-cold war era, priority has 
been given to Arctic research. Norway's Arctic research interests are barometers of 
Norwegian/Soviet relations. During the cold war, research provided a means of 
demonstrating Norwegian sovereignty over Svalbard in the face  of  increasing numbers of 
Soviet nationals on the islands. Initially, cold war politics also inspired Norway to promote 
Ny Ålesund as a 'western' centre for  Arctic research. A renewed political focus  on polar 
research has recently stressed the importance of  Norwegian Arctic research in fostering 
closer cooperation within the Barents Region of  northern Scandinavia and northwest 
Russia, and an intention to build up Svalbard as an international research platform.  The 
Norwegian Polar Research Institute manages research logistics. Norway has no research 
ice-breaker, but a number of  vessels are available for  hire on the private market. 
Competition and rivalry between university groups over access to vessels means that some 
are left  without the means to conduct research. 

In so far  as Norwegian polar research is primarily focused  on the Arctic because it signals 
Norwegian political interest in the area, the UK polar research effort  is its mirror image, in 
its primary focus  on the Antarctic. The political significance  of  UK Antarctic research lies 
in its role as a means of  demonstrating interest in the British Antarctic Territory. This was 
explicitly acknowledged in the wake of  the Falklands conflict  when the UK 
Government made a substantial investment in Antarctic research infrastructure,  at a 
time when the budget for  basic science in general was stagnating. It is further  reflected 
in the keen interest taken by the Foreign and Commonwealth Office  in Antarctic 
research policy. UK Antarctic research stations serve as visible markers of  British 
interests in the British Antarctic Territory. The emphasis on Antarctic research in the 
UK sets in relief  the fragmented  nature of  the Arctic research effort,  and a 

214 



corresponding invisibility of  the Arctic research community. Antarctic researchers at 
the British Antarctic Survey are privileged in their access to research logistics. Arctic 
researchers do not enjoy comparable facilities,  leading to some resentment. 

Without the encumbrance of  territorial interests to protect, or entrenched polar 
scientific  infrastructure,  Germany could develop a polar research programme tailored 
to maximize existing national scientific  and technological strengths. Marine research, 
centred around a purpose built, sophisticated icebreaking research vessel, is a strong 
feature  of  the German polar programme. German polar researchers tend to work at 
both poles. However, German polar research policy is not immune to the effects  of 
geopolitical developments. A potential interest in Antarctic living and mineral 
resources was a factor  behind the establishment of  the programme, and a greater 
research effort  is now being directed northwards, where the opening of  the Russian 
Arctic makes western access to the region possible for  the first  time since 1920. The 
Alfred  Wegener Institute for  Marine and Polar Research manages the Polarstern  and other 
logistics. Differential  access to these within the German research community is divisive. 

The role of  influential  scientists in shaping Government policy is particularly apparent in 
Germany. This role played by scientists themselves is also evident in the development of  a 
European strategy for  ocean and polar sciences, which may bring the polar research policies 
in the three countries to closer harmony. 

Several features  then, are common to all three national overviews. Reflecting  the end 
of  the cold war and the subsequent emergence of  environmental interests as the 
prevailing political motive, polar research budgets are less strong than during the 
1980s, and polar science is being directed into global change research. Recent 
geopolitical changes in the Arctic have inspired all three countries to place greater 
emphasis on their Arctic research efforts.  Thus both the UK and Germany established 
research stations in Ny Ålesund, Svalbard at the end of  the 1980s. All three national 
overviews suggested that certain sectors of  polar research communities enjoy 
privileged access to research logistics. This appeared to have a divisive effect,  creating 
some resentment among those who did not enjoy such access. 
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CHAPTER 8 
Analysing non-fieldwork  collaborations 
and fieldwork  collaborations as work 

8.1 Introduction 
This chapter attempts to describe how international collaborative projects in polar research 
are carried out. For this purpose, international research collaboration is conceived as a 
process of  working together in carrying out research projects. This draws attention to 
the diversity of  the types of  work involved at various stages of  projects. 

Investigating collaborative projects as work processes entails considering the nature of  the 
tasks linked to managing a collaborative work relationship; and in particular, how 
difference,  inherent in collaboration (as suggested in chapter 4), shapes these work 
processes. This in turn involves investigating how appropriate resources are obtained, how 
the collaborative work is divided up among the co-workers, and the nature of  interactional 
processes associated with these tasks. Further, as collaborative work plays a role in the 
production of  careers as well as knowledge, focusing  on collaboration as work draws 
attention to the management of  the relationship between collaborative projects and 
collaborators' careers, and the related negotiations and compromises. In short, this 
chapter attempts to illustrate how lab benches are linked, by describing the work involved in 
carrying out international collaborative research projects. 

The broad analytical distinction made in this chapter, between the nature of  collaborations 
centring on projects which do not directly involve fieldwork,  and those that do, serves to 
clarify  how work processes shape collaboration in the polar context. The distinction 
implies that collaborations involving logistics are qualitatively different  from  those that do 
not, in terms of  the types of  work, and in particular articulation work, entailed. 
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Table 8.1 Characteristics of  the collaboration case-studies 

Non-fteldwork  / 
fieldwork 

Relevant 
legion 

Type of  non-fieldwork 
collaboration / Fieldwork 

situation / Name / size of  cruise 
Duration of 

cruise 
Duration of 

collaboration 

Non-fieldwork Arctic Pooling data from  different  regions - Ongoing 
Non-fieldwork Arctic Pooling data from  different  regions - 1st time, but 

evolved into 
programme 

Non-fieldwork Arctic Student/Supervisor - 1st time 
Non-fieldwork Arctic Sharing data/expertise - Ongoing 

(between 2 of 4 
co-authors) 

Non-fieldwork Arctic Modeller/Experimentalist - Ongoing 
Non-fieldwork Arctic/ 

Antarctic 
Paper for  special edition - Ongoing 

Non-fieldwork Antarctic Taxonomist/Ecologist - Ongoing 
Non-fieldwork Antarctic Paper for  special edition - Ongoing 
Fieldwork Antarctic Polarstern 1 (large cruise) 1 month 1st time 
Fieldwork Antarctic Polarstern 1 (large cruise) 1 month 1st time 
Fieldwork Antarctic Polarstern  2 (large cruise) 1 month Ongoing 
Fieldwork Arctic Polarstern 3 (large cruise) 2 months 1st time 
Fieldwork Arctic Johan Ruud  (small cruise) 2 weeks Ongoing 
Fieldwork Arctic Lanse (small cruise) 1 day 

respondents 
together 

Ongoing 

Fieldwork Arctic Chartered vessel on private market 
in Svalbard 

? Ongoing 

Fieldwork Arctic Norwegian and Polish vessel 7 Was ongoing, 
now finished 
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8.2 The collaborative projects 
The analysis of  collaborative work processes draws on 16 case-studies of  international 
collaborative projects in polar research. Ten of  the case-study collaborations are 
Arctic projects (all these concern the European Arctic), five  are Antarctic projects, and 
one is bipolar. As described in Chapter 5, section 5.3.2, the distribution among broad 
disciplinary groups is as follows:  6 are marine biology/ecology; 2 are terrestrial 
ecology; 2 are marine geoscience; 3 are terrestrial geoscience (including glaciology); 
and 3 are chemistry and physics of  the atmosphere. Half  of  the case-studies are 
projects in which at least two respondents worked together in the field.  The remaining 
'non-fieldwork'  projects are collaborations which did not involve joint fieldwork 
(though some of  these respondents had future  plans for  joint fieldwork).  Table 8.1 
lists characteristics of  the collaborations relevant to the discussion. These case-study 
data are supplemented with interview data from  additional polar scientists who had 
been involved in international collaborative research. 

As described in chapter 5, each case-study is compiled from  at least two separate reports 
of  the situation and events behind the collaborative research recorded in a multi-
authored scientific  paper. The resultant picture of  the course taken by collaborations 
attempts to reconcile necessarily different,  and at times discrepant, accounts of 
collaborative experiences and activities.1 Differing  accounts of  the same collaboration 
arose because individuals entered a collaboration with different  motives, and therefore  had 
different  perspectives on its nature and significance  (for  example in relation to their own 
career). Consequently, respondents may actually recall very different  aspects of  a 
collaboration. Whether or not the work went smoothly, and whether or not the 

1 In some cases, reports which are ostensibly about the same collaboration are hardly recognizable as such. A 
recurrent point of  discrepancy related to how, and by whom, the internationally co-authored paper was 
actually written. First authors commonly attributed this task wholly to themselves (explaining that co-authors 
were only included in return for  some favour,  or even out of  politeness) when co-authors described a joint 
effort.  In an extreme example, a British respondent described how he threw together a 4-way paper as a 
gesture of  goodwill, as he had been invited on a German cruise; however, one of  his two German co-authors 
described a process of  planning and writing the paper together with the second German co-author on board 
ship, during a cruise in which the British co-author did not participate. I suggest that such discrepancies are 
rooted less in a deliberate desire to mislead, than in selective memory, or perhaps in the complexity of  the 
writing process itself.  Further, it should be borne in mind that the interview itself  constitutes part of 
respondents' career trajectories; respondents are therefore  likely to recount a version of  events which 
highlights their own role, perhaps playing down that of  their collaborators. 
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collaboration was effective,  may be perceived quite differently  by various participants. 
These observations suggest the necessity of  interviewing more than one co-author when 
undertaking a qualitative investigation of  collaboration; it also highlights that the majority of 
the case-studies on which this analysis is based are not comprehensive since only four  of 
them are based on reports given by all co-authors. 

Use of  the term 'project' to describe the collaboration case-studies is perhaps 
misleading in its suggestion that the research recorded in a scientific  paper constitutes a 
relatively clearly delineated phase of  activity. In compiling the case-studies, I often  found 
it was necessary to look beyond the immediate context of  the co-authored paper in order to 
allow respondents' accounts to define  the boundaries of  the collaboration. 

I observed that the nature of  the relationship between collaborative projects and co-
authorship appeared to vary according to type of  project. Thus small science projects 
tended to be described as relatively long-standing, ongoing collaborative relationships; the 
research recorded in a co-authored paper defined  a phase of  the relationship, which was 
characterized over time by intermittent periods of  fieldwork  and non-fieldwork 
collaboration. Further, such small science collaborations were often  driven by a pair of 
good friends;  additional co-authors were normally linked to one or other of  these 
partners, without sharing their commitment to the collaborative relationship. 
Collaborations on organized international cruises were less likely to be characterized as 
ongoing relationships. 

These characterizations are inevitably over-simplified.  Some insight into the complex 
nature of  the relationship between collaborative projects and co-authorship is supplied 
by two respondents' observations on this topic. One, presumably referring  to a 
relatively well defined,  funded  project, described a system of  different  levels of  project 
output. Within this system, the best publications are preferably  authored by all the 
project members and come out first;  beneath these, there are layers of  work authored 
by individuals, pairs, and groups of  three which constitute sub-groups (P6 p.3). A 
similar fluid  relationship between projects and co-authored papers is described by a 
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German atmospheric chemist, based on his experience of  a major European research 
programme, the European Arctic Stratospheric Ozone Experiment (EASOE): 

there is no actual group that we could speak of,  because, like for  this publication, for  example - and 
that holds for  other publications dealing with EASOE results - those working on that certain aspect, 
they gather and work on it, and at the same time other groups find  themselves working on another 
aspect and so on. So you might find  authors appearing in several papers, or contributing to several 
groups, and others never showing up in any one of  those, but having another one, and that is neither 
fixed  for  a time, or a number of  people, it's always evolving. You get a certain amount of  system, 
so to speak, into this whole business, by the European project running for  two or three years. There, 
of  course you have your number of  partners receiving funding,  but even in those cases, you might 
have others showing up and saying 'hey look, we can contribute to your programme, why don't you 
include us?' - then those are not formally  included, they are not participants receiving money, but 
they are working together with the researchers, and papers in the end come out with co-authors, 
some of  them from  the project, some from  others ... (E8 p.17) 

8.3 Non-fieldwork  collaborations 
As suggested, collaboration case-studies represent phases of  collaborative activity, 
rather than clearly defined  research projects. This section discusses the character of 
phases within collaborative work relationships in which geographically distributed 
collaborative work predominates: that is to say, collaboration without fieldwork. 2 
Perhaps significantly,  all but two of  these collaborative partnerships represented 
'ongoing' collaborations (of  the two that appeared to be 'one-off'  collaborations, one 
was a student/supervisor relationship, and the other did evolve into a large CEC 
funded  project (EASOE)). Those that are ongoing have evolved because they 'work', a 
point made explicitly by some respondents. The focus  of  this section is to explain how 
they 'work', which includes considering the implications of  working at a distance. 

The eight case-studies on which this section is based vary in their organizational 
context. Two centre around work connected with a meeting hosted by the Royal 
Society, Antarctica  and Environmental  Change ; one is a student/supervisor situation; 
and the remainder were means of  pooling data and/or expertise in various ways and for 
various reasons (for  example, one person may contribute data collected on fieldwork, 
whilst the other provides expert analysis). Despite the apparent organizational 

2 The majority of  the respondents for  this chapter engage in field  research at regular intervals, and certainly all 
depend on scientific  data collected from  the polar regions. However, the data on which this section is based, 
relate largely to aspects, or phases, of  non-field  collaborative work; these respondents do not, on the whole, 
have a history of  joint fieldwork. 
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diversity of  these projects, I suggest that conceiving of  them as dynamic work 
processes reveals that they share important features. 

Motives:  'mutual  use'  as a work-enhancing  strategy 
These collaborations originated in the need to pool data and share specialized knowledge 
about the production and interpretation of  the data, with the aim of  achieving a scientific 
goal which would not otherwise be realizable. One respondent described the process as 
making 'mutual use' of  one another. At times, the scientific  goal itself  appears to have been 
defined  in the light of  the possibilities offered  by such 'mutual use'. For example, a 
taxonomist (who had never been to the Antarctic) was working with an ecologist (who 
regularly visited a British Antarctic base) on an ecological flora  of  the South Orkney 
Islands; as he explained, when asked where the idea for  the project came from:  'it was 
something that was doable'. The main form  taken by this 'mutual use' appears to be 
pooling data sets from  different  regions, or from  several field  seasons. 

Several respondents suggested that data derived from  one region was of  limited value. In 
the European Arctic, for  example, various groups were launching ozone sondes from  their 
'patch' of  the Arctic (e.g. Germans from  the Ny Ålesund base, Norwegians from Bj0rn0ya, 
Finns from  Sodankylä, Danes from Greenland). Their eventual collaboration was explained 
by the need to 'look at the data in one big lump' (E6 p.9), or the added value it gave to 
each group's data. As one explained: 

others do what you don't do, and we feel  the necessity to bring together as many pieces of  the puzzle as 
possible. ... If  you want to look at stratospheric ozone, you have to compare the results obtained at 
different  stations. It's almost useless to look only at the data from  one station; it has some merits, but you 
get much more out of  your data if  you combine it with the data of  another station (E8 p.6). 

Later, the same respondent reveals that it was not until these groups were made aware of 
each other through an American campaign, that these benefits  of  sharing data were realized: 

What happened was that in winter 88-89, there was the first  American Arctic stratospheric research 
campaign... flying  their aeroplanes out of  Norway. ... And at the same time... it turned out that a lot of 
stations in Europe were conducting ozone soundings by balloon-borne ozone sondes,... but these started to 
do it independently from  each other. ... But during the campaign we learned about each other, and then it 
was ... these Finnish guys [first  2 authors of  co-authored paper] who started to actively collect the data 
from  the different  stations and put them together and compare them... and that's how this list of  authors 
comes together, it reflects  the different  stations that contributed the data (E8 pp.7-8). 

In this instance, the necessity of  sharing data collected in different  parts of  the Arctic 
resulted in a formalized  collaboration in the form  of  a European funded  project, EASOE. 
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A database was established in conjunction with this project, and the participating groups 
continued to cover separate geographic areas. A scientist who was in the core planning 
group for  EASOE reported that 

All the data is accessible on-line [the database is] very heavily used... There was disagreement at the 
beginning, scientists didn't want their results to be made available before  publication, but as it turned out, 
it was a positive thing, they could use the database to enhance their own work (E6 p.9). 

There are several such examples of  collaborations which serve as a means of  pooling data 
from  different  regions. A British glaciologist who works regularly on Svalbard, was able 
draw on data from  several British and Norwegian field  expeditions by collaborating with a 
Norwegian Polar Institute scientist: 

The paper draws together lots of  threads ... It draws on a lot of  Norwegian information  going back many 
years. It's a paper which takes a lot of  past data, it's not a review paper ... We highlighted the major 
features  of  Svalbard glaciers, you can't do it just using data from  one glacier (A1 p.3). 

This collaboration also evolved into a larger scale European funded  project under the EC 
Environment Programme, 

Two collaborations between British and German scientists were partially explained in terms 
of  the opportunity to compare data from  different  parts of  the Southern Ocean (British and 
German research vessels tend to work in different  areas). As a British scientist, who co-
authored a paper with two Germans, explained, 'the Germans mainly work in the Weddell 
Sea [which we do not], we don't do winter work [which Germany does]' (Ml p.4). In the 
second case, a German post-doc researcher was able to enhance his own work, by 
supplementing his data on a crustacean from  the high Antarctic, with data on the same 
animal collected from  the British South Georgia base: 

[British collaborator] had some data on South Georgia shrimps that he'd never published, it fitted  really 
well ... [I was able to] compare populations from  different  occasions [i.e. cruises]. It's good that I worked 
with [collaborator] because of  his reputation. By cooperating, you meet different  people. If  you have 
problems you can ask them. This is good, because I want to look at the larvae of  the shrimps, and I want 
material from  South Georgia. There is a biologist on South Georgia, and I know him, and he knows 
[collaborator], so I can get data from  him (LI p.4,5). 

In this case, analyses were conducted separately in the collaborators' respective labs, and 
much work (e.g. data exchange) was carried out via fax.  The German post-doc suggested 
that this collaboration might improve his career chances, stressing that international 
contacts and publications were important to him: 

If  I want to stay here and do more later on, I need to get money from ... foundations  or research sponsors 
that favour  work in cooperation with other institutes and Europe. ... So it's good if  you can show 
cooperation with other scientists, other institutes and other countries. [British collaborator] is very well 
known. I'm lucky to have cooperated with him (LI p.2, 3). 
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His British collaborator (a senior scientist), on the other hand, regarded the co-authored 
paper as 'minor, the thin edge of  a bigger project of  mine ... it is a minor aspect of  what 
I'm doing' (L3 p.6). Perhaps this apparent failure  to articulate careers accounts for  the 
subsequent death of  this collaboration.3 (Though it should perhaps be added that the 
German post-doc is no longer working in science, whilst his British collaborator continues 
to work with the post-doc's former  supervisor (L3 p. 12).) 

The need to combine data from  different  areas appears to be linked with a pervasive trend 
in polar science whereby 'global change research is of  the essence' as an Antarctic scientist 
put it. An Alfred  Wegener Institute (AWT) scientist explained: 'if  I want to go on the 
Polarstern , and space is limited, they'll ask me "what's your research?" [if  I say] "only 
taxonomic" [they say] "not you" ' (LI p.2). This trend has implications for  the type of 
scientific  questions asked, and therefore  the nature of  papers, and collaborative work. In 
the words of  an ecologist, 'as the area becomes more and more a problem of  global 
significance,  you have to collaborate' (HI p.7); a glaciologist suggested that 'A lot of 
papers these days are terribly broad, it's unlikely that single people can write them' (A1 
p.5). In this sense, collaboration is a symptom of  the 'globalization' of  polar science: global 
processes can only be studied by pooling data from  more than one polar area.4 

A second important motivation behind some of  these collaborations, and one perhaps 
related to the requirement to pool data from  different  regions, is the opportunity 
collaboration offers  of  close contact with individuals who have actually produced the raw 
data or the models, or collected the specimens, used in the project. Such contact may 
provide information  which facilitates  data interpretation; as one scientist pointed out, 

31 suggest that for  collaborations to be successful,  the work involved in the collaborative project should 
contribute to the furtherance  of  each collaborator's individual career, albeit in different  ways and to varying 
degrees. Where this is the case, it may be said that the collaborators' careers have been successfully  aligned, 
or articulated. Collaborators achieve such alignment or articulation by negotiating and compromising over the 
nature of  the collaborative project, and perhaps by adapting career ambitions to the project. When a co-
worker perceives that the work involved in a collaborative project is at odds with his or her desired career 
path, or perhaps just that it does not enhance his or her working life,  it may be said that the group of 
collaborators has failed  to articulate each of  the co-workers' careers. In such cases, the individual in question 
may pull out of  the collaboration, which has then failed.  Alternatively, co-workers may re-negotiate the 
nature of  the project, or career ambitions may be adapted. 

4 Elzinga identifies  a 'globalization' trend in Antarctic research, whereby 'Antarctica has become an aspect in a 
number of  large interdisciplinary programmes and projects attempting to simulate global processes of  change 
on this planet* (1992 p.272). 
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'Not everything is communicated by scientific  papers' (T1 p.6). For a German research 
student working in Norway on a project to compare ozone data from  satellite and ground-
based Dobson stations, relatively easy access to a Dobson instrument expert proved 
advantageous: 

They've got one [Dobson instrument] in Oslo, one in Troms0, and one in Longyearbyen. I got them 
[Dobson measurements] from  those who were working with them. ... I also went there [Oslo] and looked 
at the instrument, and looked at how it worked and so on, at least I did in Oslo. ... Of  course I got much 
more information  about those data, since I could talk to the guy in Oslo. He was the one who started ozone 
measurements in Norway (D1 pp.3,7). 

She appeared to rank this benefit  of  working in Norway above any other. Another student 
working with spectrometer instrumentation reported a similar benefit  from  close access to 
his supervisor's American collaborator, a modeller: 

[Modeller] is the best in the world at making models of  radiation in the atmosphere. ... [by collaborating 
with him I got access to] newest versions of  models and results; it's much easier to use them when you can 
go personally to their author and ask for  help (03 pp. 2-3). 

'Pulling  data  together'  and 'putting  a paper together' 
As the motivations behind these non-fieldwork  collaborations might suggest, most of 
the 'production work' described by respondents revolved around the twin processes of 
'pulling data together' and 'putting the paper together'. In some cases, and 
particularly those in which the collaborative work was aimed primarily at producing a 
joint paper, there was little distinction between these two processes. Much of  the 
related 'articulation work' represented various means of  tackling the problem of 
distance. However, the very organization of  these production tasks often  appeared 
designed to minimize the amount of  articulation work inevitably associated with 
working over distances. For example, in several cases, production work was not so 
much a joint enterprise, as a set of  tasks initiated and seen through by an individual, 
who normally became the first  author. This individual (and often  one other of  the 
authors) appeared also to constitute the 'axis' of  communication, or driving force  of 
the collaborative relationship. The work of  articulating tasks is clearly reduced when 
the division of  labour, and responsibility for  the work, is clear-cut. And it is perhaps as 
a consequence of  a relatively straightforward  division of  labour that none of  the 
respondents in these case-studies voiced any dissension about order of  authorship; 
indeed incidences of  conflict  are hardly mentioned in these collaborations. 
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The ways in which the tasks were allocated to people, varied (as did co-workers' 
accounts of  this process). In one case (a paper on Arctic ozone measurements, with 
13 authors), a co-author described how the authors met to decide who should do what: 

People did the research independently and got together to write the paper. The Finnish guy [first 
author] initiated the paper. He's at the Finnish Meteorological Office.  The Finnish Meteorological 
Office  did most of  the work, edited the paper. We had a meeting at NILU [Norwegian Institute for 
Atmospheric Research] to decide who should do what, when all the authors came together (E6 p.5). 

However, reconciling this account with that of  another co-author, gives a slightly 
different  perspective: 'I was sent the manuscript from  [Finnish first  author], and my 
name was on it! ... I said "send it to JGR [Journal of  Geophysical Research]" ' (E9 
p.l). In the other cases (none of  which had more than four  co-authors), explicit 
decisions about the division of  labour do not appear to have been necessary; division of 
labour in these ongoing collaborations appeared to follow  an established pattern. 

First and subsequent authors often  had different  perceptions of  the nature and amount 
of  the work involved in the production of  the paper. This is because the projects were 
often  driven by the first  author's attempt to realize an opportunity identified  by him: 
thus second and subsequent authors tended to describe these papers (but not the 
collaborations themselves) as relatively insignificant  pieces of  work. 

Two of  the case-study publications arose from  invited papers delivered at a scientific 
meeting on global change. One of  these invited speakers was a German scientist, who 
had asked a British colleague to help him write the talk. Following the talk, they were 
dissatisfied  with the manuscript, and decided to rewrite it. As the British scientist 
(who became first  author) explained: 'We sat down and threw ideas together, [German 
colleague] turned it into a talk. It wasn't really what we wanted, so we sat down and 
redesigned it' (Ml p.3). However, elsewhere in the same interview, the British 
partner suggests that the lion's share of  the work fell  to him: 'After  the meeting, I 
revamped it [the presentation] entirely in one and a half  months. ... I was someone 
prepared to rewrite the paper for  them'. He suggests that a lack of  communication 
was partially responsible for  the rewrite: 'there was tighter contact when specifically 
writing the paper, otherwise you go off  track again' (Ml pp.2,3,4). The third author's 
perspective (another German scientist) suggests a more equitable division of  labour: 
'The manuscript went back and forth  several times, everyone put in an effort  at a 
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specific  time when input was needed, on an on-hand basis' (M3 p.4). Different 
perspectives on the work involved in the paper are mirrored in perceptions of  its 
importance. From the first  author's point of  view: 

That paper went from  basic physiology to state of  the art. ... [It was] a way of  crystallizing ideas, 
and addressing problems ... and it's shaped the discussions we've had since (Ml p.2). 

The third author however, dismissingly described the paper as 'an additional output'. 

In another example, a scientist explained that one person should take overall 
responsibility for  the writing process. When asked where the idea of  his project came 
from,  and how it came to be realized, he replied: 

It came from  us [himself  (1st author) and his research student (2nd author)]. It came to be realized 
by me writing it. [Research student] did a good survey [of  the literature], [Norwegian collaborator] 
chipped in bits we asked him to, about certain [...]. It's important that one person leads the writing. 
All of  us did field  work which contributed to the paper... My specific  contribution to the paper was 
the idea of  writing it. I initiated it, and got the others to contribute. I wrote three-quarters of  it. I 
had overall responsibility for  its progress. [Research student]... had a nice table on [...]. I thought 
it was interesting, when [research student] talked to me about it over tea It hadn't really been said 
before.  ... [Norwegian collaborator] is good and nice, but he's not really good at taking initiatives, 
not a go-getter. He doesn't push things forward  (A1 p.5). 

Later, this researcher maintained that he could have written the paper without his 
Norwegian co-author. In response to the same question (where the idea for  the project 
came from),  the Norwegian co-author replied: 'it was a dialogue between us, we're 
both interested in the same area, it developed ... just turned out that way' (A3 p.3). In 
this instance, personality appears to have been partly instrumental in determining the 
division of  labour. 

Articulating  careers5 

Authors' differing  perceptions about the amount of  work put into a paper, and 
consequent differing  opinions about the paper's importance, may be interpreted as 
resulting from  a failure  to articulate co-authors' careers. Yet even in such cases, there 
was often  (though not invariably) a willingness to invest effort  into maintaining the 
collaboration itself.  Indeed, joint papers themselves may be perceived as performing 
just such a role; for  example, a British scientist described a project with two German 
scientists in the following  way: 'It's part of  a long process and is continuing. It 

5 Footnote 3, this chapter, explains the meaning of  this phrase. 
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reinforced  links between the two research groups' (Ml p.3). Effort  in the short term 
was in some instances regarded as an investment for  the long term, when the benefits 
of  collaborating might become more evident. One AWI respondent, who hoped 
opportunities would arise from  giving blood and milk samples from  Antarctic seals to a 
particular university group, talked of  such collaborations, which did not yield 
immediate benefits,  as 'monitoring collaborations'. 

There is some evidence that collaborations which clearly represent long-term working 
relationships, and which are characterized as successful,  despite a lack of  unequivocal 
evidence that the work they entail is of  equal benefit  to both sides, are pursued because 
they actually demand relatively little effort,  and modest resources. In an example of  a 
taxonomist and Antarctic ecologist collaborating to produce a flora  of  the South 
Orkneys, both were pushed to make time for  this work. Whilst the ecologist stressed 
that their co-authored paper was 'not a major piece of  research', the taxonomist 
described it as 'the top of  an iceberg'. Perhaps it is the few  resources required for  this 
collaborative research that make the inevitable extra work worthwhile. As the 
ecologist explains: 

I've managed to latch onto a specialist who's very authoritative and keen, and he manages to be 
able to get time to do it. He can be relied on to do stuff  on time. It's not costing us any money; the 
main cost is sending the samples, and travel (K1 p.4). 

He goes on to describe his co-worker as 'the most promising guy who came forward. 
... As a person he's easy to get on with' (K1 p.4,5). The taxonomist had more to 
gain from  the collaboration, since he was dependent on samples from  the field  (he had 
an open invitation to join an Antarctic expedition, but had not been able to go because 
of  his heavy teaching schedule). Yet he did stress the importance of  the 'personal 
chemistry' between himself  and his collaborator, and the way each complemented the 
other's expertise. 

Active attempts were sometimes made to articulate the work of  the collaboration with 
the work of  a researcher's own research group. As mentioned above, for  example, 
two of  these case-study collaborations evolved into large-scale funded  EU projects; 
British and German scientists who had co-authored a paper had 'plans into the next 
century' and had 'tried to get each other on each other's ships' (M3 p.3). Another 
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researcher suggested that personal factors  were important motivations for  seeking to 
articulate the collaboration work with the work of  his own research group. When 
asked how the collaborative research tied in with the work of  his group, he responded: 

We're pursuing that. I'm writing another paper in the whole series ... The collaboration with 
[Norwegian Institute] is still going on. We get on well. I really like  the people [there]. ... 
[Norwegian Institute] and [my own institute] [have] a kind of  tradition of  collaboration, but it's 
attached to individuals. ... The reason it's worked is the individuals involved. I always got on well 
with Norwegians, they actually like  the British. ... I will be working with [Norwegian colleague] 
for  the foreseeable  future.  It's a bit vague what we'll do ... (A1 p.2, 6). 

In another example, where a third party (a first  author) evidently attempted to bring 
two of  his collaborators (second and third authors who did not know each other well) 
together, personal dislike appears to have prevented these two from  pursuing a line of 
collaborative work. The third author, who said he had never met the second co-
author, stressed: 

actual cooperation can't be forced,  at least in our field,  we're still so-called free  scientists. ... There 
are people you ought to work and write papers with, but you avoid it because you don't like them 
(C3 p.4). 

The second author explained that he had not worked closely with the third author: 'It's 
never evolved with [him]. Although [1st author] brought us somewhat together' (C2 
p.2). It is perhaps significant  that neither second nor third authors regarded the 
collaboration as significant  to their careers. Their respective descriptions of  the paper 
were: 'an opportunistic paper through a Navy connection', and 'a side product during 
my visit [to Scripps]'. 

The failure  of  another collaboration to evolve appears to be attributable to the difficulty  of 
articulating or aligning careers in different  national research systems. A British 
researcher hoped that a co-authored paper with a Norwegian scientist would evolve 
into something more: 

[Norwegian co-author] came on board because I met him on Svalbard, at the research base there. 
He's good at [...] which we lacked. ... I hoped it would lead to something else, but it didn't. 
Norwegians don't have the priorities that we have, they don't have the same problems.... There's 
definitely  something in that. ... They don't need to publish. They're off  all summer in their holiday 
cottages, so you can't get hold of  them. They don't write  in other countries, they don't have the 
pressures that we do (HI p.6,8). 
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Summary  of  non-fieldwork  collaborations 
These non-fieldwork  collaborations were often  motivated by the scientific  advantage 
gained from  pooling data from  different  regions, and the related need for  individuals who 
produced or collected the data to be involved with interpretation. They thereby allow 
individuals to draw on more than their own skills and knowledge in the production of 
scientific  papers. Since data from  one place is of  limited value in the context of  global 
change research (and the related broadened scope of  scientific  papers), this motive 
outweighed the hindrance of  working over distances. 

These collaborations thus centre on a relatively clear division of  labour, and require 
relatively modest resources. Researchers are therefore  able to exert control over the 
circumstances of  the collaboration, and personal factors  appear to play a significant 
role in whether a collaboration is perceived to 'work' or not. If  a collaboration is 
perceived not to 'work', little is lost by not pursuing it. The problems that are incurred 
during the course of  the collaboration are likely to be attributable to the distance 
between collaborators. 

A degree of  self-selection  appears to underpin these collaborations. Most were 
described as ongoing relationships that had evolved over a significant  amount of  time, 
and two evolved into formally  organized funded  projects. Collaborations were 
normally driven by an 'axis' of  work: pairs of  partners, rather than the co-authorship 
group as a whole. Those collaborations that 'worked' appeared both to attract 
researchers' loyalty, and to be perceived to enhance the quality of  their work. At 
times, effort  was invested in maintaining contact, even when there was no immediate 
gain, in the expectation of  future  gain. 

Conceptual work (carried out individually) features  heavily in these collaborations. 
Such articulation as happened seems linked to distance, and to differing  career paths, 
rather than to differences  in approach, or to heavy resource requirements. Papers 
resulting from  these collaborations were often  described as relatively unimportant in 
relation to individual careers, but at times served to cement the collaborative 
relationship itself. 
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8.4 Fieldwork collaborations 
This section describes the types of  work involved in fieldwork  collaborations. Types of 
work are distinguished as 'production work', and others, which fall  into the broad 
categories of  'articulation work' and 'emotion work' (see chapter 4 for  descriptions and 
definitions  of  these work categories). The latter two types of  work are invisible in so far  as 
they do not manifestly  contribute to the collaborative project. 

The section draws on eight collaboration case-studies; six of  which were marine science, 
and two were terrestrial science. The six marine science projects related to five  cruises (Le. 
two of  the projects were on the same cruise). Of  the five  cruises, three were on the 
German icebreaking research vessel Polarstern,  one was on Lanse, the vessel used by the 
Norwegian Polar Research Institute around Svalbard, and one was on the University of 
Troms0's research vessel Johan Ruud. 

All four  collaboration case-studies on the three Polarstern  cruises were directly related to 
major international cooperative projects.6 The four  remaining case-studies (two Arctic 
cruises, and two Svalbard terrestrial projects) were more loosely related to larger 
cooperative initiatives. In these case-studies, and particularly the Polarstern  collaborations, 
the distinction between accounts of  the cooperative project as a whole, and accounts of  the 
work of  the immediate co-authorship group, is blurred. The merging of  the two is 
particularly apparent in accounts of  the pre-cruise planning phase. This is because actual 
co-authorship groups may arise as a consequence of  developments during the cruise. 

These fieldwork  collaborations were of  two main types according to origin. Three of  the 
eight (all Polarstern  cruises) were collaborations between Alfred  Wegener Institute (AWT) 
scientists and British or Norwegian cruise participants, who had never worked together 

6 In order to protect respondents' identity, the three Polarstern  cruises are referred  to as Polarstern 1, Polarstern 
2, and Polarstern 3. Polarstern 1 and 2 are two of  three cruises forming  a European Science Foundation 
programme, funded  largely by Germany. Polarstern  3 is an international expedition to the central Arctic 
together with the Swedish ice-breaker Oden II.  Reaching the North Pole itself  was an explicit aim of  this 
expedition, as diesel driven vessels had not up till then reached as far  as the Pole. (It should be noted that the 
Oden II  is referred  to simply as the Oden  in quotes; respondents invariably referred  to the Swedish icebreaker 
in this way.) 
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before  (some of  the non-German collaborators had been formally  invited as cruise 
participants). Of  the remaining five  collaborations, four  were relatively well-established and 
ongoing collaborative relationships; these case-studies were normally (though not 
universally) smaller scale projects. The organization of  this section into three sub-sections 
reflects  different  stages of  collaborative projects; it also serves as a means of  highlighting 
the different  types of  work involved during these stages. 

8.4.1 Preparing for  fieldwork 
'Production work' during this stage of  fieldwork  collaborations involved accessing research 
vessels, and assembling large resources and personnel. It also involved planning. 
Assembling resources involved more articulation for  scientists with little or no connection 
to government polar institutes, whilst organizing cruises involved much invisible articulation 
work for  scientists at the institute running the cruise. 

'Hosts' and 'guests' constituted the collaborative relationships discussed in this section. 
'Host' refers  to co-workers based in the institution managing or funding  the primary 
logistics required for  the project (research vessels in the case of  the six marine projects; 
means of  transport around Svalbard in the case of  the two terrestrial projects), whilst 
'guest' refers  to co-workers who were invited, or applied to join the expedition. 'Host' 
scientists in the six marine science case-studies were based in government polar research 
institutes (AWI and the Norwegian Polar Research Institute (NP)), with the exception of 
one 'host' group, which was based at the University of  Troms0. The 'host' elements of  the 
two terrestrial collaborative projects (both on Svalbard) were university scientists, though 
both forged  links with the Norwegian Polar Institute, through which they gained the use of 
logistics and equipment. All but two of  the 'guests' were university scientists. 'Hosts' and 
'guests' appeared to carry out different  types and amounts of  work, particularly when 
preparing for  fieldwork. 

Gaining access to logistics 
For scientists working on projects independent of  government polar institutes, the work of 
obtaining use of  vessels, or gaining access to cruises, was described as problematic, since it 
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not only required very substantial resources, but also 'insider' information  about the cruise 
plans of  other groups. Several university scientists suggested that logistics were not 
properly coordinated at the national, let alone regional, level7 As a German university 
researcher studying Arctic ocean currents, explained 

There are only a limited number of  vessels available - you get to know them all. There are a limited 
number of  scientists. You have to be really keen [to stick at polar work]. One way we do research, is to 
deploy wood instruments, these have to be recovered every year to get data. We need to get the 
instruments back year after  year. I always knew in advance, who's going up when; you have to do a lot of 
pre-planning. ... There is no formalized  way of  knowing [about field  operations]. Polar work is a good 
example oibemg forced  to work internationally. We haven't got the logistics ... Germany only has the 
Polarstern.  We're trying to establish a longer time-series, you have to make sure you can get up there 
once a year, at least (BDp.2). 

Availability of  vessels has however improved, as a large number of  Russian ice-breakers has 
become available to western scientists, who either charter the ships, or collaborate with 
Russians using a Russian vessel. Whilst these ships are relatively cheap (the Russian 
scientists are 'desperate for  western currency'), and are increasingly used by European 
polar scientists to work off  the Siberian shelf,  several respondents reported that dealing 
with Russian scientists was a complicated and risky business, partly because the old military 
still wielded some power (in 1993/94).8 A Norwegian researcher in the process of 
chartering two Russian ships explained that Russian scientists had begun to use government 
property to make their own way; however, 'there's a danger that at the last minute, when 
everything is about ready, they may pull the plug on you' (B3 p.6). The German 
oceanographer cited above was making use of  the possibility of  accessing Russian vessels: 

There is now cooperation with Russia on Arctic shelves; there is a large number of  medium sized vessels 
available to work regularly on the shelves - the Barents Sea, Kara Sea.... You join them on their cruises 
and pay for  it. It's pretty cheap, fuel  bills are the main thing. ... In May we join a cruise. There's a lot of 
dealing before  you go, there are still certain areas where you can't go, but the role of  admiralty is 
declining, Moscow is far  (BDp.3). 

7 Owing to the vast resources required to carry out major cruises, it is difficult  for  a non-governmental body, such 
as the International Arctic Science Committee (IASC) (which has no money) to systematize coordination of 
logistics for  the Arctic. As one Arctic scientist said, 'coordinating logistics ... has to be done at the lab level' 
(A1 p.2). The General Secretary of  IASC suggested that logistics needed to be coordinated to avoid 
duplication, and to facilitate  broad participation in major cruises. To illustrate the point that such 
coordination was not happening, he referred  to a recent IASC meeting at which a German group reported that 
it had done sea-ice research in the Laptev Sea (in the Russian Arctic), another German group reported that it 
had looked at the same ice (in a different  geographic area); the two groups had not been aware of  the 
similarity of  each other's activities until the meeting (INI p.6). 

8 The multi-ship Arctic Ocean Expedition was originally scheduled to carry out a major part of  its research within 
the former  Soviet Exclusive Economic Zone along the Eurasian continental margin; however, the former 
USSR refused  permission, even though Soviet participation was solicited both for  participating scientists and 
an icebreaker. According to a revised plan, the Swedish icebreaker, Oden II  would sail alone to the Laptev 
Sea before  heading north. After  two years planning, and days before  the Oden II  was due to sail, permission 
to enter the Soviet 200 mile Exclusive Economic Zone was retracted. Therefore  the Oden II  sailed directly 
northwards (The Nansen Icebreaker, May 1992, pp.1,10). 
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An oceanographer based at a Norwegian university gave some insight into the enormous 
resources required to carry out work in the field. 9 Describing his project on ocean currents 
in the Fram Strait (between Greenland and Svalbard), he estimated that the whole project 
(running for  2-3 years) had cost 40-50 million kroner  (c.£4-5 million) for  boats and 
personnel His main problem was not the lack of  available vessels: 'to get hold of  a ship is 
easy ... Norway is a polar nation, it's relatively easy to get hold of  an ocean research vessel 
for  a smaller project' (Q2 p.6). Perhaps ironically, in view of  the enormous cost of  ship 
time, his prime worry appeared to be the per diem 'cruise allowance' payable to Norwegian 
technicians (c. £100 a day, in 1993); a fee  dictated by the oil industry. International 
collaboration provided a means of  avoiding that additional expenditure: 

If  I can get an American interested in the project and willing to partake, he brings technical staff  who 
don't need to be paid that extra amount. A lot of  routine work is involved, we need 6 or 7 highly qualified 
technicians or students (Q2p.2). 

Four of  the five  non-AWI scientists among my respondents who participated on Polarstern 
cruises, were invited to partake, having been identified  as 'key players' (II p.7). One 
described how he came to participate: '[the director of  AWI] rang me up, he was 
organizing [Polarstern 1 and 2] and needed people to fill  up the Polarstern'  (L3 p.9). An 
AWI scientist explained why it was important that his Norwegian co-author joined 
Polarstern 3: 

[Norwegian co-author] is an internationally well-known scientist, so it was important to have him with 
because he represents important research. ... For us, it was the first  time in the central Arctic. He had 
experience from  ice islands with the Americans. He had expertise of [...] research in the Arctic, and we 
wanted to learn (Blp.4). 

The AWI participants amongst my respondents appear to have been asked to partake in the 
cruises by their superiors, as a participant in the Arctic Ocean cruise recalled, 'My boss said 
"a cruise is scheduled for  the central Arctic, we want you to go" ' (B1 p.4). 

An informal  network appears to play a key role in disseminating information  relating to 
cruise plans. A researcher at the University of  Kiel, who participated in Polarstern  3, 

9 He reported that it cost c. £7000 a day to hire Jan  Mayen  (a University of  Troms0 research vessel, ice-
strengthened), a two week cruise would come to c. £100 000; to hire Håkon Moshy  (a University of  Bergen 
vessel, not ice-strengthened) cost c. £4000 a day. In comparison, the Polarstern  cost c. £40 000 a day to run 
(all amounts correct at 1993/94). It should perhaps be added that in Germany, scientists never have to pay 
any extra for  ship time because, as one scientist explained, the money would ultimately come from  the same 
source anyway. 
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suggested that Kiel was a somewhat favoured  institution in terms of  getting to know about 
cruise plans: 

Sometimes we get to know about cruise plans almost too late, but it usually works out OK in the end. 
Many people at AWI came from  Kiel, there are very strong links - we're lucky in that respect - yes, we're 
quite privileged because of  strong links to AWI. ... There is a lack of  real synthesis of  programmes. You 
have to read a lot of  newsletters to know what's going on [cruise wise]. You have to read it all - it might be good tohave something published that includes everything ... so you have information about current 
projects - it works with ESF news (X p.2). 

A Norwegian participant on Polarstern 1 took the initiative to tell the Norwegian Research 
Council about the cruise, and was thus able to obtain research council funding  earmarked 
for  the Polarstern  cruise. He had heard about the cruise through his research network: 'we 
know long before  the research councils'. As he pointed out, 'it's more or less arbitrary 
who can go on a cruise' (J10 p.7); though participants in Polarstern 1 and 2 had submitted 
proposals to AWI, which were then 'filtered'  (J4 p. 16). A story recounted by a non-
German scientist illustrates that with the right contacts, scientists who are not based at 
government polar institutes can access institute logistics through the back door, so to 
speak. He described how he had gone to the then AWI director's flat  one Sunday night, 
and asked for  use of  the Polarstern  for  two months. The director made a phone call to 
secure the ship for  the researcher, who then promptly wrote 20 letters informing  colleagues 
of  his forthcoming  Polarstern  cruise. This made it difficult  for  the director to go back on 
his word (BN p.8). 

The complex origins of  large programmes such as Polarstern  1,2, and 3 is illustrated by the 
differences  between participants' accounts of  how these projects started. The AWI 
respondents who had participated in them appeared to be unclear about the origins of  these 
projects. The seeds of  the projects were evidently sown at a high administrative level 
within AWI. Describing the origins of  Polarstern 1 and 2, two participants suggested the 
remoteness of  such decisions: 

Scientist  1: I think the idea... I don't know whose idea, [the director's] probably, to do this sort of  thing, 
to make... a European campaign, and he made a suggestion, one of  his friends  and colleagues was at that 
stage the head, or the director, of  ESF. He was there, maybe that's how it came to be, and then they got 
the ball rolling, and then there was a lot of  interest, and in feet  they've had a second one in the Arctic... 
Scientist  2 ... and maybe there'll be more, there will be more in the future,  there's this ECOPS now, and I 
don't know what they'll come up with (J4, J7 p.13). 

Referring  to the origins of  the same programme, a British participant recalled: the Germans 
wanted to find  money to run their ship. They wanted to study as intensively as possible in 
one ecosystem, so they mounted three cruises... (II p.5). Two AWI participants in 
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Polarstern  3 placed this expedition in the context of  a directive from  the BMFT (Federal 
Ministry of  Research and Technology) in the late 1980s to 'show more activity in the 
North' (B1 p.3a). One of  these participants was involved relatively early on in the planning 
phase: 

First there was a general agreement one level above us with the Americans and Swedes, we agreed it 
might be possible to use ice-breakers in the central Arctic. Then [the question was] what can we do 
[scientifically]  with the equipment etc. There was a planning meeting in October [...] when the research 
groups met. The Americans, Germans, Swedes and Norwegians discussed what to do. Beforehand,  it had 
been agreed to use 2 ice-breakers. The Americans were late in, when all was just about arranged, and 
joined with the Polar  Star.  ... A really big part was that we could manage this on our own (B1 p.3a). 

The story of  the expedition's origins from  the perspective of  a Norwegian participant 
suggests some of  the complex processes of  negotiation that may have shaped the 
expedition's style and scale: 

The way it started out was the Swedes decided to have an expedition to the North Pole, and asked me to 
direct the [...] programme; this was the original proposal. The Germans got wind of  this. The Swedish 
Polar Science Committee and Alfred  Wegener didn't want to collaborate, due to institutional clashes; it's 
much harder for  the Swedes to get money, whilst the Germans get money anyway. They calmed down 
and came to an agreement; [research areas a and b] would be on the Polarstern,  [research areas c and d\ 
would be on the Oden  (B 1 p.4). 

Planning for  fieldwork 
The nature of  the work involved in collaborations appeared to differ  broadly between the 
large Polarstern  cruises on the one hand, and the two smaller cruises and land-based 
fieldwork  on the other. As indicated by the two quotations above, large cruises involve 
considerable planning. Closer scrutiny of  the planning of  fieldwork  collaborations, reveals 
the complexity of  this process. As might be expected, the scale and nature of  planning 
varied with the size and location of  the collaborative venture. Planning a 70 day Polarstern 
cruise to the North Pole with 50 scientists is of  course a different  task from  the work of 
planning to 'take Johan Ruud  up to the ice' from  Troms0 for  two weeks, with a few 
scientists on board (G3 p.3). Several respondents preferred  small ships, primarily because 
work can be carried out more efficiently,  but also because programme planning is easier. 
Further, the work involved in planning fieldwork  in regions with sparse or no infrastructure, 
such as north Greenland or continental Antarctica, is of  a different  order from  planning a 
field  trip to Svalbard, where helicopters, ships and other field  equipment can be hired or 
borrowed on location. 
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Two co-workers, one British and one German, who worked together in both Greenland 
and Svalbard remarked that the Greenland expedition was the result of  6 years planning, 
whilst their accounts of  the Svalbard work suggest that they were able to organize much 
transport and borrow necessary field  equipment once they were there. The description 
given by one of  them of  how they coped for  two field  seasons, illustrates the extent to 
which they 'made do' by hiring and borrowing available equipment. 

For the 1988-89 season expedition we chartered a vessel for  four  weeks from [...] - a big personality on 
Svalbard with three ships he hires out, he ripped us totally off. ... [We] collaborated with the University of 
Oslo principally on logistics, rubber boats, and with Norsk  Polarinstitutt,  radios and rifles.  To justify  the 
link we took on board two Norwegian research students from  Oslo. ... In 1990 [we] sailed to Litiefjord  to 
the base camp there. We sailed around the area and spent time on land because we couldn't afford  the 
boat for  the entire season. On Germania Halv0ya [a peninsula] there's a big camp erected by German and 
Swiss universities. ... We shared logistics with this German/Swiss team, and that worked well, because it 
meant we had a fuel  and food  supply in the north, and we borrowed their zodiacs (F2 p.3). 

The unpredictability of  weather and ice conditions compounds the complexity of  planning, 
as does the probability of  technical problems and damage to equipment. A Norwegian 
Polar Institute scientist with much experience of  equipping field  groups (and who regularly 
helped out a British group with the logistics and field  equipment necessary to work on 
Svalbard) observed that unexpected problems which necessitated alteration of  fieldwork 
plans, were inevitable; for  example, he always had to reckon on having difficulties  moving 
equipment, because of  problems with the helicopter (A3 p.4). 

In Polarstern 3, planning centred on the division of  labour, both between the ships, and 
between individuals, as well as on the issue of  data and authorship. Before  the cruise, it 
was decided that the Swedish and German vessels would carry out discrete research topics. 
The case-study in question related to the collaboration between a group on the Polarstern, 

who had decided to work in two clearly defined  groups often  - one of  which would carry 
out marine research (the German group), whilst the other would work on the ice (the 
Scandinavian group). Each of  these two groups would process its own data. This 
arrangement allowed each group to pursue its own interests. However, owing to the 
extreme unpredictability of  the projects and the conditions: 'everything there is first'  (B1 
p.3a), a considerable degree of  flexibility  was built into this agreement, to allow full 
advantage to be taken of  eventual favourable  conditions experienced by one or other of  the 
two groups. As pointed out by a member of  the German group: 'it's always impossible to 
plan ice-work thoroughly, it's dependent on ice conditions, you have to do whatever's 
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possible' (B2 p.4). It was thus agreed that 'what they worked on would depend on who 
has the best results', 'any results should be a joint paper', and 'the first  author comes from 
the group which does the main research' (B1 p.4,5,6). However, the flexibility 
incorporated into the work arrangements backfired,  when one group's project failed, 
resulting in conflict. 

To summarize, the four  Polarstern  collaborations depended upon the considerable planning 
work that goes into these cruises, especially in a bid to synchronize the work of  the fifty  or 
so scientists on board. Organizing Polarstern 1 and 2 involved not only planning for  the 
cruises themselves, but also for  joint publications and for  post-cruise workshops and a 
symposium (J4 p.36). The ways in which collaborations on large cruises were perceived, 
and thus their nature and indeed fates,  were more likely than the smaller collaborative 
projects, to be tied up with perceptions of  the way the cruise was planned, and of  the way 
contingencies during the cruise were dealt with. This is because the origins of  these 
collaborations were closely related to the cruise plans themselves. 

In the Polarstern  cruises, the chief  scientist appeared to play an important role in the work 
of  planning and coordinating the scientific  work of  the cruise; the role of  the chief  scientist 
was not so apparent in the smaller cruises. As a participant on Polarstern 3 told me: 
'Planning on the ship and in advance is difficult  because you never know what's going to 
happen. ... It's up to the chief  scientist to merge interests on the ship; before  a cruise there 
are working groups and planning groups' (X pp. 1,2). Some insight into the complexity of 
the chief  scientist's task was given by another scientist: 

Where the ship goes during a cruise is organized by the scientific  leader. One year before  the cruise, all 
the people have to submit proposals, and it's coordinated how much time each person needs, and where 
the stations are. Then, if  conditions change, the crew's leader has to make decisions as to where they go, 
and who gets to do what. It's not always easy, the interests of  the scientists are very different,  some want 
open ocean, 3-4000 m. deep, others, like me, want shelf,  500 m. deep (LI p.4). 

One of  the Polarstern  case-studies illustrates the considerable 'backstage' preparation and 
coordination work involved just before  a large international cruise. In this case, the 
majority of  this work appears to have fallen,  by default  it seems, to two AWI researchers. 
The chief  scientist was the director of  the institute, and so was unable to devote much time 
to 'nitty-gritty' preparation work. Some insight into the magnitude of  this task is given by 
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the two scientists' response when asked about their role in the 'actual science 
collaboration': 

scientist  1: the two of  us were responsible for  maintaining communication between all the people who 
were going. 
scientist  2: But not officially ... We did the job, but not on paper. 
scientist  1: Officially,  it was [chief  scientist], and there were the three cruises, each one was given a chief 
scientist and leader of  the cruise... and because [chief  scientist] was the director... no, [head of  division] 
was the overall coordinator too?... And because he's our head of  department and he had too much to do, 
we sort of  slithered into this responsibility... which kept us away from  our own things. 
scientist  2: And then we had to organize chemicals for  the others, and all the things... 
scientist  1: Yes, we had to buy things ... It's quite complicated to organize. 
scientist  2: We really did quite a lot of  organization. 
I.S.  : Was that frustrating? 
scientist  2: It was exhausting ... 
scientist  1: No, actually, it wasn't frustrating ... I mean we had some good fun  and we cursed a few  people. 
scientist  2: When there came a fax  one week before  Polarstern  left,  to buy chemicals, and I was frustrated 
at this. 
scientist  1: Yes, what was frustrating  was that some people considered us to be technical support for  them, 
but I think it's just because they didn't realize we were fellow  colleagues and scientists (J4.7 pp.29-31). 

This considerable articulation work compromised the amount of  time these two scientists 
were able to devote to their own cruise projects; consequently, the enthusiasm of  one of 
them for  international Polarstern  cruises dwindled significantly.  When asked whether they 
would pursue the collaboration, one of  the scientists replied: 

scientist  1: I would like to do it on a personal basis, I would really like to do it, but I must admit if  I was 
approached by the director, or somebody, who said - look, plan this thing, go through, do this, - it's a full 
time job, it means the next 3 years you're just busy with all these things, and then, alright if  you have a 
secretary, and then you only get half  a secretary to help you, and you can't go to students, because they say, 
'look, I'm only here... I haven't got a job like you, don't bother me with all these things', so you end up 
doing a lot of  the stuff  yourself,  and it takes up too much time, and what you get out if  it doesn't warrant 
this effort  really, so it's a bit of  a touchy thing. But if  somebody approached me, or if  some other country 
organized something like this, and said - look, write a proposal to join us, - I'd like to do - I'd immediately 
like to do that... 
scientist 2 [jokingly]: particularly from  Russia [laughs] (J4,7 pp.38-9). 

A British Antarctic Survey (BAS) scientist who was involved with AWI in planning 
Polarstern 1 and 2 suggested that collaboration was an integrated aspect of  the programme 
organization. He recounted that whilst his own main co-worker on Polarstern  2 was a 
long-standing collaborative partner: 

most of  the collaborations were initiated in the German group. They outlined the research programme, 
and then they identified  key players, and asked them if  they wanted to come on board, although there was 
a competition for  ship time. The cruise programme was drawn up on selected paths ... 
There were 8 people in [his own group on board], most of  whom hadn't been to the Antarctic before,  and 
they gave us the opportunity to address broader problems. In the [...] group were French, German, 
English, Dutch, Belgian, Italian [scientists] put together to form  a [...] group. There were planning 
committees early in planning. Once it was decided we wanted to work on the water column, people were 
invited to offer  programmes within overall themes, and we selected from  these. [We] selected those that 
could gel into a cruise, where they couldn't gel, they were put on the back end of  the cruise. You think of 
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a process, then get people. On [Polarstern 1 and 2], few  people were left  out who really wanted to come, 
because so many could go (II p.7,8). 

Perhaps because he was involved in Polarstern 2 at a relatively high level, this scientist had 
been able to plan his own cruise work in relative detail, together with his main co-worker 
on the ship, with whom he had cooperated for  almost a decade. 

I went over [to Germany] to do it [plan], as I'm sure did others. We decided the style and locality of  work, 
in the south Weddell Sea between the coast line and the ice. We wanted to work in the high Antarctic, 
and look, at the beginning of  winter, through a lead on the coast... (II p.7). 

Polarstern  2 gave this British scientist the opportunity to work in a part of  the Antarctic he 
had not worked in before;  his previous work had been on low Antarctic communities. The 
work with his German partner centred on a special type of  net for  sampling. His co-worker 
recounted that much of  the planning was conducted by phone, and that the sampling net 
had been a particular focus  of  discussion. He characterized planning, and transporting 
equipment in particular, as the most problematic part of  a collaborative project: 'Getting the 
equipment down to the Antarctic there are always customs problems. It needs good 
organization, the shipping of  things between two countries and down South' (12 p.2). 

A British participant on Polarstern 1, who had also been invited to participate, likewise saw 
the cruise as an opportunity to access a part of  the Antarctic where UK ships do not 
normally go. Like his colleague, the access to the high Antarctic provided by Polarstern  1, 
enabled him to construct a comparative project using data he already had from  the low 
Antarctic, and, in this case, data from  Arctic fieldwork  also. As he explained: 

There was a problem in [...] I had been interested in for  a long time and having to wait until I got the 
opportunity to do it. ... I wanted Arctic-Antarctic comparisons, I looked at four  species, three Antarctic 
and one Arctic. ... 
The only way we could get samples was on the Polarstern  in the Weddell Sea; our boats don't go to the 
right place. And to some extent, having been invited on it, and to plan it, I thought, that gives me the 
opportunity to do that, that I've been wanting to do for  some time (L3p.ll,10). 

However, he described the paper which he had co-written with German colleagues as: 
...a minor aspect of  what I'm doing. It was a thankyou for  the feet  I'd been invited on board. ... 
We came together to see what we should do and we ended up with a four-way  paper to go into the volume. 
We threw the paper together to be seen to be there (L3 p.6,11) 

In these two examples, the British scientists were able to integrate the opportunity offered 
by the Polarstern  cruises into their career trajectories;10 perhaps their significant  roles 

10 The term, career trajectory is almost synonymous with career path, or course, but incorporates the idea that 
scientists are actively attempting to shape their career paths in accordance with their own interests, partly 
through interaction with others. Some scientists may attempt to shape their careers in line with purely 
scientific  interests, and others may be primarily interested in shaping their careers in accordance with more 
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during the planning phase made this relatively easy to do. In the former  example, the 
collaborative project carried out on board appeared to constitute a prime motive for  joining 
the cruise, to the satisfaction  of  both co-workers, whose collaborative work is ongoing. In 
the latter example, however, the collaborative aspect of  work on board does not appear to 
have dovetailed so neatly with the scientist's career trajectory, thus the resultant paper was 
characterized as 'minor', and the collaboration appears to have been a 'one-off. 

Though these two British scientists were involved in devising the scientific  programme on 
the ship, as 'guests' on the cruise, they were not involved in the time-consuming 
'backstage' preparation and coordination work, described above. This fell  to the institute 
running the cruise. 

It appeared that the planning process in the smaller projects was less detailed and 
meticulous than planning for  the large Polarstern  cruises. Further, when collaborators in 
the smaller field  projects readjusted work plans in the field,  owing to weather conditions or 
other contingencies, they did not appear to consider this as 'failure'  or even a disadvantage. 
This was both because work plans were relatively loose to begin with, and because 
flexibility  itself  was at the outset regarded as a distinguishing feature  of  the way they 
conducted their fieldwork.  A researcher based in Troms0 identified  his own geographical 
proximity to the Arctic as an advantage, because it reduced the degree of  planning 
necessary for  fieldwork: 

You can go out from  Troms0, you can do a whole cruise to the ice and back in one week; it makes 
everything so much easier, for  family  life,  for  example, you don't have the hassle of  being away for  a long 
time and getting into trouble at home. All this makes research here much more dynamic,  you can take 
samples where needed, it's easy to get the whole thing off  the ground. Unlike researchers in the south, for 
whom it's a whole grand undertaking, needing a lot of  planning (G3 pp.2-3). 

The extensive planning involved in large fieldwork  operations, made it difficult  for 
university scientists to partake, for  two reasons. The long time-frame  within which cruise 
plans are drawn up was reported to preclude researchers on soft  money from  participating. 
As one university researcher said: 'there are problems about using the ship [Polarstern ], I 

have to plan a cruise years in advance, and I don't even know if  I'll have a job then, 

social ambitions. Further, the nature of  scientists' ambitions (i.e. whether they are primarily driven by 
scientific  or social interests) may shift  over the course of  individual careers. In practice, however, these two 
types of  'motive' are not always distinguishable. 
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whether my contract will be renewed' (R2 p.4). Second, several university researchers 
found  it difficult  to coordinate fieldwork  with teaching schedules. 

8.4.2 Working together in the field 
This section is unique in the context of  this chapter, in its examination of  how scientists 
who are physically together collaborate. During this stage of  collaborations, 'production 
work' consists of  collecting data, and sometimes interpreting and writing up results. The 
section illustrates that attempting to carry out production work in the field  involves much 
work that is 'hidden' or 'invisible', and which is particular to the conditions of  fieldwork 
itself. 

Closer inspection of  the 'hidden' work entailed during fieldwork  shows that it can largely 
be classed as articulation and emotion work, and that it can be linked to two features  of 
collaborative fieldwork  in particular. These are: the difficult  physical conditions in which 
the 'production' work is carried out; and three main interrelated sources of  difference 
between the co-workers: difference  in type and degree of  previous field  experience (and 
therefore  different  knowledge about environmental conditions, equipment, and ways of 
working); interpersonal differences  of  a more esoteric nature; and difference  in career 
courses, or motives for  joining the collaborative project in the first  place. 

I suggest that the significance  of  interpersonal differences  for  the nature of  collaborative 
work is greater, or perhaps just more apparent, during this stage of  collaborative fieldwork, 
both because of  the physical closeness of  the researchers, and because they are contending 
with an extraordinary work environment. Thus by the same token that fieldwork 
conditions are conducive to 'camaraderie', so differences  are more likely to be apparent in 
friction  and tension between workers. Such differences  particularly emerged when changes 
to the fieldwork  plan were required, owing to unexpected conditions or accidents. In 
instances where the co-workers' relationship was ongoing, such events were coped with; in 
cases where the co-workers had not worked together before,  the necessity of  making 
changes to work plans in the field  was more likely to be a source of  conflict.  Where such 
conflicts  were not 'patched up', the collaboration was not resumed after  the fieldwork. 
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Survival  work  in the field 
The fieldwork  conditions varied between the case-studies, affecting  the ease with which 
'production work' could be carried out. Polarstern  projects differed  from  projects carried 
out on smaller vessels or on land. 

Several respondents observed that the quietness, comfort,  and particularly the stability of 
the Polarstern  enabled them to work more effectively,  for  example, carrying out more lab 
work during the cruise itself.  As one researcher explained: 'we try and come back with 
data rather than samples' (II p.8). Stable working conditions clearly facilitate  lab work, 
particularly when working with microscopic organisms (L3 p. 11). However, due to their 
size, Polarstern  cruises were longer than cruises on smaller vessels, consequently, 
monotony was cited as a problem by one scientist on Polarstern 3: 

We got to 86° N„ two days before  the North Pole, then we met the Oden,  and the Oden  took us to the Pole. 
We had a party at the Pole, we took cores as well. But you've got to have parties as well, when you're two 
months in the ice - or at least on board a ship. It gets really boring, you see the same people every day... 3 
meals, sleep. I know the Polarstern  from  top to bottom. It's a nice ship, you need that when you're on for 
so long (Xp.2). 

It would appear that the comfort  offered  by the vessel is to some extent counterbalanced by 
monotony. 

On smaller vessels, work might well come to a halt in bad weather. For a British researcher 
who joined the University of  Troms0 cruise to the ice edge with the Johan Ruud, 
experiencing the difficulties  of  working in the Arctic for  himself  proved a revelation: 

It was my first  time in the Barents Sea. It makes you appreciate all that's involved in such research out in 
the field.  I wouldn't be so scathing of  a paper now -1 appreciate the difficulties  of  conducting research in 
those circumstances. We were very lucky with the weather, we only had one bad day when the ship was 
rolling so much we couldn't do much (G1 p.3). 

Other respondents stressed that working from  a tent reduced the amount of  time that could 
be spent on research. A British researcher, whose long-established collaboration with a 
Swede allowed him regular access to the Swedish sub-Arctic research station at Abisko, 
was keen to point out that he was able to work much more effectively  in the comfortable 
station than from  a tent: 

the position and facilities  there [Abisko] are excellent, there's nothing more we could want, it's a nice 
building, has a sauna, library... If  you're in tent, you spend so much time just surviving that you don't get 
much research done. At Abisko we can spend all our time working on science (HI p.5). 
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Living together  in the field 
The significance  of  interpersonal relations to collaborative work in the field  is suggested by 
the frequent  references  made by several respondents to the nature of  their relations with co-
workers. This was more apparent in the smaller cruises and land-based collaborations than 
Polarstern  collaborations. Clearly, the physical closeness of  workers for  an extended 
length of  time must shape the nature of  these fieldwork  collaborations in some way; for 
example, one marine biologist felt  that collaborative relationships in marine science were of 
a different  nature from  other sciences, 'when you've vomited together...' (R2 p.4). In the 
smaller projects particularly, collaborative partnerships appeared to be primarily based on 
the efficiency  with which good friends  were able to work together in the field.  As one 
researcher remarked: 'purely personal collaborations are better, more efficient,  you know 
how to manage it' (F2 p.4). By the same token that joint fieldwork  could perform  a 
cohesive role in a collaborative partnership, so it could also strangle a potential 
collaboration. Perhaps curiously, in view of  the emphasis placed on the importance of 
interpersonal relations in fieldwork,  some collaborations which were primarily based on 
fieldwork,  were pursued despite an apparent antipathy between partners. I suggest that in 
such instances, the collaboration brought relatively important benefits  to partners' careers; 
in other words, the cost of  not collaborating was too high. 

Friction, or tension between co-workers was more apparent in fieldwork  than in non-
fieldwork  collaborations, particularly during fieldwork  itself.  However, incidences of  such 
interpersonal friction  or conflict  did not appear to be associated with the level of  comfort  of 
working conditions, but were more apparent in collaborations between partners who had 
not worked together in the field  before  (tense incidents during fieldwork  were mentioned in 
all three 'first  time' fieldwork  collaborations). Presumably, a degree of  self-selection  had 
already taken place in ongoing collaborations; work partners with a relationship were 
therefore  in a better position to maintain communication, and so deal with eventual 
conflicts. 

One case of  two researchers who work together on Svalbard, illustrates that ceasing to 
work with a field  partner can have important career implications. It also gives some insight 
into how interpersonal relations and work become inextricably linked in fieldwork 
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conditions, suggestive of  emotion work. The two began collaborating after  each of  them 
fell  out irrevocably with a third party. Before  they began developing joint projects, both 
were engaged in separate collaborative projects with the third party, who had logistical 
equipment on Svalbard. One of  the pair reported that he could only break from  this group, 
when he became a professor  and 'could do work without other professors'  (F1 p.l). His 
current collaborator was their former  co-worker's student; when he eventually left  the 
group and thus his former  supervisor 'who of  all people, I've fallen  out worst with' (F2 
p.l), he was left  without the means to conduct Arctic fieldwork.  However, he is now able 
to carry out fieldwork  together with the professor,  funded  largely by German research 
grants. Their now established collaborative relationship appears to be based on a good 
friendship. 

Because the careers of  both researchers were in different  ways tied up with the 
collaboration with the third party, they persisted in working with their former  partner even 
though their relationship with him was not particularly amicable. Their respective 
disagreements with their former  collaborator were partly related to the latter's 'aggressive 
competition' and attitude to data: 'he's like a hen' (F1 p. 1,3), but his behaviour in the field 
appears to have been instrumental in severing collaborative ties. The following  incidents 
were recounted by one of  the researchers to illustrate why it was not possible to work with 
his former  co-worker: 

We lived together for  two months in tents, cooking together, he always made porridge in the morning ... 
Then some years later [we] met in Svalbard... I helped [former  partner] load lots of  very heavy equipment 
from  the airport to [his] ship in the fjord  at Longyear. Then I wanted to get across the fjord  with my 
rucksack. [Former partner] wouldn't take me in his dingy. And then I heard [former  partner] was selling 
boats on Svalbard, and... I asked if  I could buy aboat? 'No'. ... 
[Former partner's] boat sank with all the equipment - they had nothing left,  it all went down. ... We 
helped the woman on the boat that sank, she was very happy to get help. ... She was in the field  with 
[former  partner]. We met her later on the same mountain looking for  the same things. She wouldn't even 
tell us the broad thrust of  what she was doing. She said [former  partner] didn't want her to tell anyone 
what they were doing. So [current partner], who likes to go to Svalbard, works with me on Svalbard (Fl 
P-3). 

The other member of  this pair observed that people's personality was quickly revealed in 
the field,  and that working in the field  together 'helps friendships';  however, 'you don't go 
into the field  with someone you don't get on with. You know what it involves, so if  you 
can't face  them you just don't go into the field  with them, as you spend your entire time 
together' (F2p.7). 

244 



As this case suggests, competitiveness, in particular, appears to sit uneasily with the nature 
of  fieldwork.  This point was made explicitly by a participant on the Johan Ruud  cruise. In 
his experience, getting to know a co-worker normally dispersed all competition; failed 
collaborations were cited as instances where this had not been the case. Stressing the 
importance of  really knowing a collaborator, he added, 'like on the boat, any criticism - you 
don't take it too hard if  you know them. Otherwise it's very difficult'  (G3 p.5). 

Reports of  interpersonal differences  and misunderstandings were slightly more apparent in 
the Polarstern  collaborations (two of  four)  than in the other collaborations (one of  four). 
Collaborators on Polarstern  cruises were less likely to have worked together before;  their 
collaborations were thus less likely to have been based on personal relationships. Indeed, 
three of  the four  were one-off  collaborations, and do not appear to have been pursued after 
the cruise. Perhaps this is because the collaborative projects themselves might be said to 
have been primarily constructed as opportunities to use the considerable capacity and 
power of  the Polarstern.  Secondly, the size and duration of  these cruises doubtless 
contributed to the potential for  conflict.  I suggest that precisely because of  the relatively 
long duration of  these cruises, significant  emotion work went into maintaining an 
atmosphere within which scientists could work together. 

The international nature of  these cruises appears to have been at the root of  incidents of 
misunderstandings, and consequent emotion work. An example was given by two German 
researchers who joined a Polarstern  cruise. One reported feeling  that some cruise 
participants had 'preconceived opinions about Germans' (J4 p.31), and the other reported a 
way in which she had experienced this: 

I made some jokes on board, on working, and [I] said, 'yes, the Germans are always the first';  so it was 
more or less a joke [directed at] my job, I was not like that, and some took it seriously, they didn't 
understand my sort of  humour, and then I felt  - or I thought how their feelings  about us were (J7 p.31). 

Problems caused by linguistic boundaries were apparent in several case-studies. 
Referring  to a previous British cruise on which he had been the only German on board, 
one respondent talked of  the strain of  having to speak English all the time; whilst a 
British participant on another Polarstern  cruise related that 'some Germans wouldn't 
speak English to me' (12 p.2; A1 p.l). When asked about the drawbacks of  a 
collaboration on the Arctic Ocean cruise, a German replied: 'all the Scandinavians 
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speak German, but we don't speak Swedish - so they can understand us and we can't 
understand them!' (B2 p.6). I suggest that these comments mask a more serious point 
about the problem of  communication on a multinational cruise, which creates more 
articulation and emotion work. 

Respondents' descriptions of  large cruises suggest that the leadership style of  the chief 
scientist can play a pivotal role in shaping subjective evaluations of  cruises, and their related 
collaborations. Two respondents cited the leadership style of  chief  scientists as the key 
factor  colouring their different  cruise experiences, largely because it was perceived as the 
source of  some friction.  One researcher labelled his chief  scientist on a cruise 'almost 
tyrannical It was a bad cruise for  that reason' (N2 p. 1). When asked about the degree of 
formality  of  his collaboration, a participant on a Polarstern  cruise dubbed the cruise leader 
a 'dominating factor'  (J10 p.3). Some insight into why this may have been the case was 
given by two German participants on the same cruise. On being asked whether they were 
regarded as attractive collaborative partners, they responded that they were, but that some 
cruise participants had disliked working with the chief  scientist on the cruise. He had 
reportedly managed the cruise in a somewhat regimented fashion,  which some of  the 
researchers had resented. Further, he had required all the researchers to partake in a 'polar 
baptism' ritual, even when there was some protest (J4.7 pp.25-26). Carrying on working 
together after  instances of  conflict  or tension requires invisible effort,  such as emotion 
work. 

Organizing  work  in the field 
This section draws on the case-studies in an attempt to illustrate the links between 
work organization, tacit and local knowledge, and work improvisation. The case-
studies suggest that a broad distinction can be made between work organization on the 
large Polarstern  cruises and the smaller-scale fieldwork  projects. Work on the larger 
cruises appears to have been planned in advance in a way that the work organization 
on the smaller cruises does not appear to have been. The work scheduling and 
relatively clear-cut division of  labour of  the larger projects may be assumed to have 
reduced the requirement for  articulation work; however, the ease with which plans 
could be changed on the hoof,  when necessary, was also reduced. The smaller 
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projects, on the other hand, appear to have required articulation throughout; indeed, it 
may be argued that the loose work organization is designed to facilitate  improvisation 
(a form  of  articulation work): for  example, an experienced field  researcher described a 
cruise with Lanse, the vessel used by the Norwegian Polar Institute, 'if  [co-worker] 
and I see a good opportunity, we take it. You can't do that on the Polarstern'  (N2 
p.l). The case-studies suggest that local and tacit knowledge play a key role in helping 
a pre-planned work schedule to flow,  and in organizing work on the hoof  - particularly 
when unanticipated conditions preclude work from  being carried out as planned. Four 
types of  knowledge appear to be particularly important in this context: knowledge 
about how to work on board a research ship; knowledge about how a particular ship is 
run; knowledge about the local environment, including how ice conditions change; and 
knowledge about equipment, including how to reduce damage. 

Approximately 45 scientists took part in each Polarstern  cruise. Cruise participants in 
Polarstern 1 appear to have been organized into groups of  about eight scientists, with each 
group focusing  on a type of  organism. The chief  scientist explained that he organized 
people into mixed nationality groups, 'it worked, it was really fun,  they [scientists] behaved 
better, everyone really tried. It was the most fun  I've ever had on a cruise' (DE5 p.2). It 
would appear that the work of  a project or group was relatively clearly divided up between 
group members. I suggest that a comparatively tight coordination of  tasks on board was 
necessitated both by the relatively large number of  participants, and by the fact  that many 
cruise members had not been to the Antarctic before,  and were therefore  working in 
unfamiliar  surroundings. This last factor  would have also facilitated  a tight work 
organization, since scientists new to the Antarctic would not have had their own pre-
established agendas, or areas they wanted to visit. A cruise participant explained how work 
within his project was organized: 

We had this joint project, and each one did a part in that project, we determined that on the ship, or before. 
We depended on the Italians to get nutrients, results on the nutrients. We depended on the Swedes to get 
data for  physics of  the water column. They depended on me [for  data] on physical ice cores, and actually it 
worked quite well, and there was a bit of  friction  with one particular Belgian for  instance, but then it 
wasn't that serious (J4 p.32). 

Lab work was conducted between work stations. Another researcher described that 'while 
you're waiting to do fieldwork  on board, you work on data from  the previous station, or 
you work on the living animals on board' (LI p.5). 
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A Norwegian participant on one of  the Polarstern  cruises, the leader of  a group of  six 
divers, who was used to smaller cruises, appeared to have experienced the nature of 
work organization on his cruise as problematic. His motive for  joining the cruise had 
been the chance it offered  to go into the ice, preferably  'multiyear ice - but I had to 
look at annual ice instead' (J10 p.5). He somewhat resented being almost 'ordered to 
work together ... you can't get the time to do what you want' (p.6). He felt  the 
project had been too ambitious, and had told the chief  scientist so beforehand.  In his 
view, there had been 'too many scientists, and too little deck space, so you can't carry 
through your project'; for  example, they had to wait in a queue to get water, a process 
which took half  a day (pp. 1,5). Further, he implied some annoyance at the conditions he 
had to work under whilst diving under the ice. Other cruise participants related that 
there had been some friction  between the divers and the chief  scientist over working 
conditions, because the latter 'was afraid  of  an accident', and because 'the people were 
so excited by what they were seeing and forgot  that they were there to do science' (J7 
p.32; J4 p.32) - an attitude to work which may have been perceived as incompatible 
with the tight science plan. 

Some respondents suggested that the difference  between disciplinary approaches becomes 
particularly apparent during fieldwork,  because it becomes evident in different  ways of 
working, or different  types of  work reflecting  different  ways of  collecting and handling 
data. As a physical oceanographer explained: 

If  you take the Polarstern  out, you spend a day working - steaming along - taking a deep profile  with 
physical parameters. Whilst getting to the next place, you put it into the computer, ready for  the next 
place. Whilst the biologists work very differently.  They get one sample, and it takes ages to analyse... (BD 
P-2). 

Synchronizing the work of  different  disciplines on board can be a problem. This appears to 
apply particularly to the smaller cruises, where there is a greater likelihood that scientists 
from  different  disciplines will work together, whether by choice or otherwise. A 
Norwegian terrestrial scientist preferred  to join BAS expeditions, which allowed him to 
work on field  stations and so avoid competing over logistics with scientists from  other 
disciplines. He described the smaller multidisciplinary Norwegian expeditions as 

very complicated, the expedition is not just for  you. There are 20 other scientists too, so all have to give 
and take. They're working on a ship with very different  interests, so they all want the ship to go in 
different  directions. This can also interfere  with field  parties going ashore, they have to be taken there and 
picked up (H3pp.5-6). 
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However, in other cases, different  disciplinary approaches defined  the division of  labour 
within a project. On the Johan Ruud  cruise, the work of  a project was divided into 
biochemistry and taxonomy, with both elements being dependent on the other. As a 
biochemist on board explained: 

In biochemistry we have to do experiments on board,  unlike biology, which is just dipping and picking. 
The Johan Ruud  has got good lab facilities,  which we need.  We're dependent on the biologists to get and 
identify  samples, otherwise we wouldn't know what the things are. The Norwegians are in place, they've 
been going there for  years. It's on their doorstep ... Being a polar biologist is different  from  being a 
temperate biologist. The Troms0 people know the polar biology upside-down (G1 pp. 1,3). 

This last quote suggests the importance of  extensive field  experience for  carrying out work 
in the field.  In some cases, a significant  difference  between work partners in the nature and 
extent of  their previous field  experience, had implications for  the way the work was divided 
between them. This was particularly apparent in two of  the Polarstern  cruises, where as 
mentioned above, many, if  not the majority of  the cruise participants had not worked in the 
polar regions before.  Those who had, and particularly the German scientists on board who 
were familiar  with the physical layout of  the Polarstern,  and with how it is run, appeared to 
carry out much work over and above their own projects which was connected with 
assisting those unfamiliar  with working in such surroundings. This extra 'invisible' work 
consisted in such tasks as: helping other scientists to learn how to work on board; helping 
them to actually get their data; and maintaining communication between these scientists and 
the crew. These extra tasks prevented some of  the German scientists from  carrying out 
their own work during the cruise. They illustrate that the apparently clear-cut work 
organization described at the beginning of  this subsection, masks a significant 
imbalance in participants' work load. 

One AWI researcher said that that the international collaboration on the Polarstern  had not 
enabled him to partake in a more ambitious research project than he might otherwise have 
been able to carry out, 'because, somehow, I spend a lot of  time looking after  other 
people's interests. ... I would probably get the same done with fewer  people' (J4 p.28). 
He went on to explain in more detail what looking after  the interests of  others entailed for 
his co-worker and himself: 

scientist:  We did a lot of  basic work, provided data for  a lot of  people, because we did measurements for 
other groups. ... We were sort of  go-betweens between the people and the crew often;  if  they requested 
reconstruction, or if  something was broken and needed servicing... we would always speak to the crew and 
organize it. 
I.S. : Was that because of  the language? 
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scientist : Yes; it was also because we were doing that before  the cruise, and on the cruise we were 
automatically the partners on the ship. So that was one of  the reasons why I didn't get as much done as I 
wanted to (J4p.31). 

Likewise, his AWI colleague explained the downside of  the international collaboration in 
the following  terms: 

The only disadvantage was that [colleague] and I, we had to organize everybody so much on our own 
work. And this is always the case, I mean on the Polarstern  you have been on board so often,  and you are 
so familiar  with all these technical things, and how to do research and how to work on the ship, and you 
always have a little disadvantage in the beginning ... Finally, at the end, you like it, and say OK, it was 
OK (J7 p.37). 

A British participant on one of  the Polarstern  cruises stressed how important it was that his 
work partner on board, a former  AWI scientist, was an 'insider person'; on being asked to 
describe his partner's role in the collaboration, he responded: '[co-worker] was the internal 
person, who knew how the German system worked' (II p.7). 

Prescribed cruise plans were often  altered during cruises in response to factors  outside the 
scientists' control, such as unexpectedly good or adverse weather or ice conditions. Such 
changes involved making decisions about the organization of  work, so that full  advantage 
could be taken of  the unexpected situation. Some of  the case-studies reveal the complexity 
of  such decisions, and the potential for  conflict  associated with them. In some cases, the 
potential for  conflict  inherent in such decisions was a function  of  differing  degrees or types 
of  field  experience among the co-workers. I suggest that when conflict  resulted from  such 
situations it represented a breakdown of  articulation work. 

The year of  two of  the Polarstern  cruises was reportedly a very light year for  ice. A team 
of  two biologists had worked out a detailed project plan before  their cruise. They planned 
to carry out repeat sampling in a transect defined  by a coastal polynya which is normally 5-
30 miles wide.11 However, that season there was no ice, and therefore  no polynya. Rather 
than remaining in the pre-planned transect (though not now defined  by ice), as others on the 
cruise thought they should, they took advantage of  the favourable  ice conditions and made 
their transect 250 miles long, though this meant there was no time to do repeat sampling. 
According to their new plan, they had a slot each morning when they were able to do 
sampling: 

it meant we could compare results; we got away with it. You need to be flexible  and use changes to your 
advantage, but sometimes you fall  over. How the cruise was organized dictated what we could and 

11 Polynyas are large areas of  open water which occur on a regular basis in pack ice (sea ice). 
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couldn't do... It was a difficult  balance between abandoning the bit you're supposed, according to the 
plan, to be doing, and doing something new because suddenly a golden opportunity comes up to use a 
particular piece of  equipment. It's a delicate balancing act, keeping everybody on board happy and 
making the most of  expensive equipment that you can suddenly do cutting edge stuff  with (II p.7). 

In this case, both scientists had many years Antarctic field  experience; further,  they had 
worked together in the field  on previous occasions. These factors  may have contributed to 
the apparent ease with which they were able to make successful  changes to their work plan 
- to the ease, in other words, with which they were able to align or articulate their project 
with the unexpected conditions. 

In a second example however, making changes to cruise plans was not such a smooth 
process. The original plan of  Polarstern 3 was that the US ice breaker Polar Star  and the 
Polarstern  would sail together into the deep Arctic, and carry out a coordinated research 
programme. However, at 85° North, the Polar Star  had to retire due to severe mechanical 
problems (The Nansen Icebreaker, May 1992, pp. 1,10). On reaching the Lomonosov 
Ridge,12 86°North, those on board the Polarstern  were left  with the dilemma of  whether to 
proceed northwards alone (the impetus for  this expedition came largely from  the success of 
the Polarstern  in reaching 86°North alone some years previously), or whether to wait for 
the Oden II,  and sail northwards in convoy. The case-study data of  a collaboration 
between four  researchers on board the Polarstern  suggest that this dilemma was the cause 
of  some friction. 

The chief  scientist on the Polarstern  decided that they should wait for  the Oden II  at the 
Lomonosov Ridge; it would appear that the crew were unwilling to go any further  north 
alone. Once the Oden II  reached them, they sailed together to the Pole and beyond, the 
Oden II  sailing one mile in front  to break a channeL13 One of  the German researchers 
explained why it had been necessary to wait for  the second ship (and thereby lose valuable 
research time): 

In the central Arctic, you can't operate with a single ship to carry out [research area b]. For security 
reasons you need more than one ship. The captains won't go there alone. ... No one wanted to overwinter 
on the ship. ... We knew we couldn't manage without two icebreakers (Blp.2,3,4) 

12 The Lomonosov Ridge in the central Arctic Ocean is a submarine mountain chain of  Alpine dimensions. It 
stretches across the Arctic Ocean, dividing it into two basins, the Eurasian and the American basin. The 
detailed topography of  the sea bed of  the Arctic Ocean is as yet unknown. 

13 The ice class of  the two ships does not appear to have been very different,  but the Oden II  consumed less fuel, 
the most important constraint (B1 p.3). 
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From the perspective of  a Norwegian scientist, however, this decision was not so 
straightforward.  He did not agree that the ships should follow  one another 'in case the ice 
was so tight we couldn't get through; as it was we lost the Oden  (B3 p.3); and complained 
that the chief  scientist wouldn't take the advice of  his group, 'we messed around for  a week 
[there were] psychological reasons, the captain was on hold waiting for  the Swedish 
icebreaker' (p.4). It would appear that the chief  scientist's decision was regarded as over-
cautious by this researcher, who had considerable experience of  working in the central 
Arctic. I suggest that the emotive manner in which respondents recounted such differences 
of  opinion is indicative of  behind-the-scenes emotion and articulation work. 

The year of  this cruise appears to have been a light year for  ice in the Arctic. These 
unexpected conditions necessitated changes to work plans which also gave rise to some 
conflict  between the German and the Scandinavian group on board the Polarstern.  In this 
instance, conflict  was associated with the breakdown of  the prescribed division of  labour 
between the two groups, and the related issues of  access to, and use of  data. It reflected 
failed  articulation, leading to the eventual breakdown of  the collaboration. 

The work-plan drawn up by the two groups, was that the German group would carry out 
marine work (ship-based), and the Scandinavian group ice work (on the sea ice). This 
division of  labour was determined by the respective groups' ongoing research interests; it 
enabled the German group to use the marine equipment on board the Polarstern,  and the 
Scandinavian group to try out a piece of  towing equipment. In the words of  one of  the 
German scientists: '[Norwegian co-worker] was focused  on that research he wanted to do 
on the sea ice with the [towing equipment]' (B1 p.5), and in this Norwegian's words: 'the 
Germans had control of  the marine equipment, because it was their vessel, they thought 
they knew everything' (B3 p.3). 

The German group was interested in learning how to work in Arctic conditions; when 
asked whether they had gained access to any facilities  through the collaboration, one group 
member replied: 

We had everything. We thought we had the necessary experience from  working in the South, but it didn't 
tum out that way. ... We had four  years Antarctic experience, and had adapted our equipment to those 
conditions. ... For us, it was the first  time in the central Arctic. He [Norwegian co-worker] had 
experience from  ice islands with the Americans. He had expertise... and we wanted to learn, for  example, 
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the skills of  [using the] towing equipment. [Norwegian co-worker] didn't dare to look behind, in case we 
lost it (Blp.4). 

The Norwegian who led the Scandinavian group was able to assist the German group in 
other ways too. For example, a German respondent reported that the Norwegian gave 
them advice about reducing damage to equipment caused by the ice, that he 'had ideas 
where we had difficulty  deploying our stuff,  and that he contributed 'ideas about where to 
start the profile'  (B2 pp.3-4). Further, the Scandinavian team took part in watches for  the 
marine data. 

Unfortunately,  the ice was too open for  obtaining worthwhile results with the towing 
equipment. As one of  the scientists explained: '[Norwegian co-worker] wanted to do an 
experiment measuring on ice. He planned to use skidoos on ice, but the floes  weren't big 
enough, and the leads were too big, so he needed the logistics of  the Polarstern...' 14 (B1 
p.4). His own project having failed,  the Norwegian assisted the German group to acquire 
their measurements of  the Lomonosov Ridge, which he described as 'a gem' (B3 p.3). 
Clearly, this project was a success; as a member of  the German team explained: 'We were 
very happy with the data we got. Everyone got more enthusiastic as the [marine] data was 
going very well,... the data was very good' (B2 pp.4-5). 

However, perhaps in part owing to the high quality of  these marine data, a dispute arose 
over which of  the two groups had primary claim on them. For whilst the assistance given 
by the Scandinavian group's leader doubtless contributed to the success of  the 
measurements, the Germans not only had a right to the data according to the pre-cruise 
agreement over the division of  labour, but they also had the equipment to interpret them. 
In the words of  the Norwegian: 'we had arguments about use of  the data and access to it. 
... This situation strangled the collaboration' (B3 p.4). This scientist felt  that the German 
group would have been unable to acquire the data without his help; he also suggested that 
they did not have the appropriate skills for  interpreting the data, 'they came up with out of 
this world things' (B3 p.4). A member of  the German group however, stated: 'We got that 
data on our own, we had good wind conditions. Everything there is first,  it's easy to get 
good papers. ... It was our equipment, we collected it' (B1 p.3a,6). 

14 Leads are cracks of  open water that occur randomly in pack ice. 
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A paper based on the marine data was co-written on board. The first  two authors are 
German, the third Norwegian, and the fourth  Swedish. As a symptom of  the disagreement 
over access to the data, there was contention over authorship. On being asked whether it 
was easy to decide who was to be first  author, the third author replied, 'the Germans 
thought it was easy, I didn't; there were discussions' (B3 p.5). When asked the same 
question, the first  author replied, 

Yes; clearly... we said the first  author comes from  the group who does the main research. This data was 
marine, it had been decided that AWI should have control of  this aspect. [Third author] did the over-ice 
part. It was scheduled before  we knew what the outcome would be. I think we played a strong role in the 
science too. ... We risked our equipment, that puts us in front  of  the paper (Blp.6). 

This last comment illustrates how disputes over authorship can be tied up with ownership 
of  logistics. 

In this case-study the eventual failure  to agree over access to data was associated with an 
unclear division of  labour which itself  was the outcome of  making impromptu changes to 
work organization in the field.  The problem of  dealing with the collapse of  a predefined 
work organization - which led to the eventual breakdown of  the collaboration - was 
exacerbated by the disparity in previous field  experience between the two work groups. 
Thus the failure  of  attempts to articulate work between the two groups (i.e. of  making 
impromptu changes) mirrors a failure  to articulate the two groups' work trajectories - in the 
face  of  too great a disparity between them. 

8.4.3 Home again 
Polarstern  and non-Polarstern  collaborations had broadly different  fates.  Three of  the four 
Polarstern  collaborations ended with the cruise, though in two of  these cases a co-written 
paper was produced some time after  the cruise. Three of  the four  remaining collaborations 
were ongoing and were pursued after  the fieldwork.  During this post-cruise phase the 
'production work' of  data processing and writing tended to be carried out individually. The 
articulation work of  coordinating cruise results fell  to researchers in the institute running the 
cruise. 
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Fieldwork  and personal life 
Several scientists in both Polarstern  and non-Polarstern  collaborations described a period 
immediately after  fieldwork  characterized by little or no interaction with field  co-workers. 
This period gave them the opportunity to recuperate. For example, one researcher 
described needing to 'cool it a bit' after  the extended period of  intense interaction (F2 p.5). 
Another reported: 'Just after  a cruise, there is less contact, everyone just wants to be 

with their family  for  one month' (12 p.2). 

The reports of  several respondents suggested that regular fieldwork  took a 
considerable personal toll, particularly, though not exclusively, because of  its 
detrimental effect  on family  life.  Responses to the adverse effect  of  fieldwork  on 
scientists' lives differed.  Some tried to stay shorter in the field,  for  example by working in 
the Arctic rather than the Antarctic, whilst others made more drastic career changes. I 
suggest that the complex relationship between fieldwork  and private life,  which is of 
course not apparent in non-fieldwork  collaborations, contributes to the extra 'emotion 
work' entailed in fieldwork  collaborations. 

Some scientists who undertook fieldwork  annually appear to have adapted to this way 
of  life,  though Arctic researchers did experience being away during the summer months 
as having an adverse effect  on family  life.  A researcher who every year works for  the 
whole summer at a sub-Arctic research station ('my wife  says I'm addicted to the 
Arctic') had tried to solve this problem by taking his family  with him, but 'that's 
expensive and there's nothing much for  the children to do there' (HI p.3). Another 
researcher who had only missed five  field  seasons in the past 23 years, reported that he 
had 'never had a family  summer holiday' (F2 p.l). 

Others pulled out of  polar research because of  the difficulties  of  being away on 
fieldwork.  For example, a researcher with diving skills was naturally a sought-after 
cruise participant. However, he reported that he would probably not collaborate with 
his co-fieldworkers  again, because he wanted to spend more time with his family.  In 
an average year he had been away on fieldwork  for 3 months, and now that he had 
small children, he could not afford  to be away for  so long. He had consequently 
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changed jobs to science administration work, though he was 'still keeping pace with 
science' (J10 p.l). For him, leaving active research was a way of  dealing with the 
detrimental effect  of  fieldwork  on family  life.  In another case, a researcher left  polar 
research partly in response to his first  overwintering experience at a Ny Ålesund base. 
The dark and the isolation there, compounded by the bad weather in his home town, 
was experienced as too oppressive (E9 p.l). 

Data processing and writing  after  collaborative  fieldwork 
The case-study data do not suggest that collaborative fieldwork  was followed  up by joint 
production work to analyse and interpret field  data. These tasks appear to have been 
carried out separately in home labs. In some instances, co-workers became elusive during 
the stage of  data processing, and at times, contact between former  co-workers failed  to be 
re-established after  fieldwork,  despite the attempts of  a keen partner to maintain contact. 

Some evidence suggests that processing data after  fieldwork  may not receive priority 
attention. In such cases, international conferences  provide an opportunity for  co-
fieldworkers  to meet, and 'catch up with what's left  behind' as one scientist put it. In his 
case, a SCAR biology symposium gave him the opportunity to confront  his partner with 
'Hey, what about those data?' (II p. 8). In another case, a scientist made attempts to 
pursue joint work with his co-fieldworker  after  their cruise together. He was disappointed 
however, by his field  partner's apparent lack of  interest in the joint project. For example, 
on arriving back after  the cruise, his colleague had ruined all the samples they had collected, 
and which had been the main point of  the cruise. Being forced  to work on a different  set of 
samples instead, the scientist failed  to get much response from  his colleague: 

[Co-fieldworker]  put [the a samples] upside-down in the freezer,  so all the labels were ruined, and the 
samples were useless, even though it said This  Way  Up  really clearly, people were angry at him. 
Sometimes I felt  his heart wasn't in it. They're very relaxed in [...], maybe that's why. I had these [b] 
samples, and we worked on them here, our technicians analysed them, and so on. And we sent them to 
[...] for  them to [do something with]. We could have got a good publication out of  that, but I never heard 
about them [the b samples], I suppose that was [co-fieldworker's]  group. We still haven't had a reply, but 
it's too late now, there's been two or three publications meanwhile on [b  work]. So we missed out on a 
really good chance (Glp.4). 

It should be added, that this scientist was not deterred from  collaborating further  with 
this group, despite these incidents. The collaboration gave him welcome opportunities 
to participate in cruises. 
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A similar elusiveness was experienced by the leader of  the German group on Polarstern  3. 
He had tried to bring the group together after  the cruise by inviting the Scandinavian group 
to AWI. However, it would appear that the Scandinavian group saw no benefit  in 
maintaining the link, as it perceived the Germans had control of  the high quality data. As a 
member of  the German group realized: 'their interest is not that big, because we had that 
[good] data' (B1 p.5). On being asked whether they would share the data, he replied, 

It was part of  the agreement that everyone should process their own data. They never asked to make 
further  cooperation. We didn't close that shop. Their programme failed,  so they said, 'let's see what 
comes from  the Germans'. It was our equipment, we collected it [data]. ... It was a mistake not to write 
an agreement down (Blpp.5-6). 

The German group was not unwilling to pursue the collaboration 'as long as it will be fixed 
who is doing what' (B1 p.8). However, the Norwegian leader of  the Scandinavian group 
was clearly unhappy with what he perceived to be the German group's proprietorial 
attitude to their data: 

I was supposed to go to Germany to discuss the results, but I didn't. They run the show, so I'm just 
letting them get on with it. ... In general collaboration can only bring positive results, you just bend 
out if  it gets problematic (B3 p.5). 

The relationship between working together in the field  and writing a joint paper varied 
broadly between the Polarstern  collaborations (which were not, with one exception, 
ongoing work relationships) and the collaborations which were part of  smaller expeditions 
(with one exception, these were ongoing collaborative relationships). 

Co-authored papers from  the smaller expeditions were normally one of  a series of  papers 
intermittently produced by a small set of  co-workers. These papers did not necessarily bear 
a direct relationship to one particular field  trip, but may have been the outcome of  several; 
further,  there was no set relationship between those listed as co-authors on a paper and 
those who had worked together in the field.  Although one person wrote these papers, yet 
was not necessarily listed as first  author, no instance of  dispute, or even discussion over 
authorship appears to have occurred in these papers. 

A two-man team who worked regularly together on Svalbard alternated first  authorships 
between them, even though the writing appears to have generally fallen  to the British 
member of  the team. According to the British scientist, his German partner 
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got his name on the paper because he supplied the money. [He] spends a lot of  time applying for  money, 
he's good at that. ... He wants an English language speaker to work with. ... [He] got his name on the 
paper, and I got some logistics. The paper in question was more or less written waiting for  a plane (F2 
p.2). 

This system whereby one partner provided publications, and the other provided funding, 
seemed to have functioned  well to the satisfaction  of  both partners. As the British scientist 
explained, 'authorship is not a serious problem in the longer term, because it depends on 
what it is, and who's in the team. If  there are only two authors I'm not that bothered about 
being number 2, both are cited' (F2 p.6). However, the same scientist did suggest that he 
had tried, and failed,  to get his German co-worker to help with writing: 

[His] work method is a bit lugubrious. It was very difficult  to sit down and write something with [him], 
they don't do that. In [...] it was really hard work trying to write a paper with [co-worker] (F2 p.4). 

In a similar way to some of  the non-fieldwork  collaborations, this case illustrates the 
difficulty  of  'articulating careers' in different  research systems. For example, the British 
researcher cited here, contrasted the problem he had getting his German co-author to write, 
with the ease with which he was able to write together with a French collaborator. He 
drew a parallel between this difference  and apparent national disparities in pressures to 
publish: 

I find  working with the French efficient.  ... The French, like us, are very hard pressed to write up results 
and get papers. Germans are a little bit inefficient.  They write reports, they don't have a tendency to write 
for  internationally reviewed journals. They write reports, and then it grinds down (F2 p.2). 

This scientist suggested that his own style of  working was more compatible with that of  a 
French colleague than with that of  his German collaborator, attributing this to putative 
similarities between British and French attitudes to publishing. Significantly,  his 
collaboration with the German researcher was not compromised because of  the apparent 
one-sidedness of  the writing process. This may have been because of  a clearly understood 
division of  labour (ie. applying for  funding  and writing), and because the work partnership 
enabled the British scientist to carry out work in the field. 

The co-authored papers connected to Polarstern  cruises were linked more clearly to a 
particular cruise. As mentioned in the previous section, some results from  the Arctic cruise 
were co-written on board. A participant described the advantages of  doing this: 

We decided to write a joint paper on board ship because the [data] were very, very good. We just sat down 
on board - it's the best thing to do - write on board. It's much easier just to sit face  to face  with co-authors 
and write. As soon as you're just 20 km apart it's easier to put things off  (B2 p.3) 
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In other cases, however, there was either not enough time to write up results on board, or 
the data needed to be processed and analysed in home laboratories. 

Three of  the co-authored papers connected to Polarstern  cruises appear to have been the 
planned outcome of  post-cruise working group meetings. The articulation work of 
organizing these meetings fell  to AWI cruise participants. Decisions about what kinds of 
publications should be written, and who should write them were taken at such meetings. 
One of  these papers, which had ten co-authors listed alphabetically, had been mainly written 
by an AWI researcher who listed herself  as seventh author. The three first  authors were 
Italian. On being asked why she had not put herself  first,  the German main author replied: 

No, because I thought it was a very international cruise, very international people, and all the people 
worked very hard on the ship, and the Italians are not so good at English, and they hadn't done this kind of 
research before,  or not so international, so... And so I decided it would be a very nice paper, to have all 
these things together in one big paper, and if  they had worked so much, and the Italians worked like hell, 
then I decided we do it alphabetically (J7 p. 19). 

She suggested that this had not been an easy task, as 'it took so much time to get all the 
data back, and to write back and forth,  and I would [make suggestions] so that everybody 
was satisfied,  but I liked it...' (J7 p.20). This invisible post-cruise organization work 
mirrors the pre-cruise administration work undertaken by AWI researchers preparing for 
the cruise. 

Summary  of  fieldwork  collaborations 
This section described fieldwork  collaborations in terms of  three phases of  distinct 
activity: a preparatory phase; a phase of  working together in the field;  and a post 
fieldwork  phase. Each phase is characterized by different  types of  'production work', 
and therefore  different  types of  'articulation', or hidden work. The distribution of  the 
amount and kind of  work between collaborative partners was often  unequal, and was 
partly related to their institutional setting. Some of  the evidence suggested that 
university scientists and polar institute scientists, or in the cases of  the larger cruises, 
'hosts' and 'guests', carried out different  amounts and kinds of  work at each phase of 
collaborative activity. 
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During the preparatory phase, production work was related to assembling resources 
and planning. Assembling resources involved more articulation for  scientists with little 
or no connection to government polar institutes, partly in the form  of  gaining access to 
the use of  logistics, or gaining a place on a cruise. Polar institute scientists were likely to 
be asked to participate in a cruise by their superiors. Planning and coordination, on the 
other hand, involved much 'hidden' organizational work for  scientists at the institute 
running the expedition. For invited cruise participants, the cruise was an opportunity 
out of  which they could construct a 'doable' research problem tailored to their own 
interests and career paths. 

Actual fieldwork  involved the production work of  collecting, and sometimes 
interpreting, data. The case-studies suggested that extra, often  hidden, work during 
this phase was associated with: the difficult  physical conditions in which fieldwork  was 
carried out; the intensity of  the interaction between co-workers and the need to 
maintain communication across linguistic and cultural divides; and the need to make 
impromptu changes to prescribed field  plans. Individuals with appropriate previous 
field  experience, and therefore  relevant knowledge about the natural conditions and 
handling equipment, carried out work over and above their own projects, helping those 
without the appropriate experience. A significant  difference  in degree and type of 
previous field  experience was also identified  as a factor  that exacerbated the potential 
for  conflict  inherent in making impromptu changes in the field  (a form  of  articulation 
work). Conflict  was interpreted as a sign of  the breakdown of  articulation work. 

During the immediate post-fieldwork  phase, there was little contact between co-workers. 
The 'production work' of  data processing tended to be carried out separately. After  the 
large cruises, writing joint papers involved much articulation work for  individuals based in 
the 'host' institute, in the form  of  organizing working group meetings to decide on the 
nature of  the publications to be produced, and coordinating the writing of  multiauthored 
scientific  papers. 
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8.5 Comparative review of  results 
This section summarizes the broad differences  between fieldwork  and non-fieldwork 
collaborations that come to light when collaboration is investigated as work. The section 
will suggest that the differences  between the two are particularly apparent in the nature and 
degree of  articulation work they involve, which can in turn be related to the different 
motives behind these collaborations, and to the relative significance  of  these two groups of 
collaborations to scientists' careers. 

Work processes in fieldwork  and non-fieldwork  collaborations involved different  types of 
tacit and local knowledge, and skills. This suggests that they each reflect  different  types of 
communication needs among scientists. 

In accordance with the motive of  pooling data from  different  regions and combining 
different  skills or knowledge, the composition of  the collaborative group in non-fieldwork 
collaborations was often  defined  in terms of  complementary skills and knowledge. The 
type of  relevant knowledge was normally related in some way to data; for  example, to the 
functioning  of  instruments, or to the interpretation of  data supplied by instruments. In these 
collaborations, there was a relatively clear relationship between the constitution of  the 
collaboration itself  and the nature of  the scientific  project; the collaborative project 
tended to grow from  the collaborative partnership. 

In fieldwork  collaborations the link between the composition of  the group and particular 
types of  skills and knowledge was less evident. A more diverse, and perhaps esoteric set of 
motives determined the constitution of  these collaborations, such as the desire of  an 
individual to get into a particular region. In these cases, the collaborative project tended to 
define  the collaborative partnership, rather than vice versa. Further, logistics often 
determined what was doable scientifically. 

Differences  in the degree  and nature of  articulation 
Articulation work was more apparent throughout fieldwork  projects than in non-fieldwork 
projects. In fieldwork  collaborations, articulation was associated with the relatively 
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complex project organization, and with the vulnerability of  these projects to a diverse array 
of  factors,  partly external to the project itself  and outside the control of  the scientists. In 
non-fieldwork  projects, scientists had greater control over the fate  of  the project; the 
distance separating co-workers appears to have been the main problem. 

Fieldwork collaborative projects were more resource intensive than non-fieldwork  projects, 
and therefore  involved more effort  obtaining resources, such as hardware, substantial 
funding,  and logistics. The resources required for  non-fieldwork  projects were more 
likely to be data or expertise. In general, organization work was not evenly distributed 
among the collaborative partners in fieldwork  collaborations; the degree and type of 
organization work engaged in by expedition members tended to vary by institutional 
belonging. University scientists were more likely to expend effort  attempting to learn 
about planned expeditions, and securing a place; whilst government institute scientists 
were more likely to expend effort  organizing collaborative expeditions. 

The division of  labour was less clear in fieldwork  collaborations than in non-fieldwork 
collaborations. In at least one instance, the breakdown of  a prescribed division of 
labour resulted in conflict,  or disillusionment over the collaboration. The role of 
craftwork  and its associated tacit knowledge and skills gained through extensive field 
experience, was more apparent in fieldwork  projects. Local and tacit knowledge, including 
how to solve logistical and technical problems in the field,  were more obviously central to 
the articulation work of  maintaining work-flow  in fieldwork  projects than non-fieldwork 
projects. Indeed, local knowledge and skills specific  to working in the field,  were central to 
the successM conduct of  fieldwork. 

Differences  in the nature of  interaction 
The quality of  collaborative interaction was important in both fieldwork  and non-fieldwork 
collaborations. The majority of  respondents in both groups of  case-studies referred 
unprompted to feelings  relating to the quality of  this interaction. Non-fieldwork 
respondents were more likely than fieldwork  respondents to cite interpersonal 'resonance', 
and the quality of  communication as important factors  contributing to the success of  their 
collaborations. Failure of  interaction was not detected in non-fieldwork  collaborations 



because such failure  would have impeded the collaboration (so no paper would have been 
produced). Descriptions of  the fieldwork  collaborations suggest that the quality of 
interaction played a more significant  role in shaping the nature of  work processes in 
fieldwork  than non-fieldwork  projects. For example, familiarity  appeared to ease the way 
co-workers coped with the unexpected situations which occurred frequently  in the field. 
Failure of  interaction was detected in fieldwork  collaborations, reflecting  their forced  nature 
(such collaborations did lead to joint papers). 

I suggest that the greater importance of  quality of  interaction to fieldwork  than to non-
fieldwork  collaborations can be partly explained by broad differences  in the nature and 
intensity of  communication processes in fieldwork  and non-fieldwork  collaborations. 
The relationship between the quality of  interaction and 'production' work is likely to 
be more intimate and complex, when communication is largely face-to-face,  as in 
fieldwork,  rather than distributed, as in non-fieldwork. 

I suggest that a paradox in the nature of  interaction between co-workers underlies the 
distinction between fieldwork  and non-fieldwork  collaborations, and its implication for 
work processes. Non-fieldwork  collaborative projects were more likely than fieldwork 
projects to have developed from  an ongoing collaborative relationship, which was ongoing 
precisely because it 'worked' in terms of  personal 'resonance'. Fieldwork collaborative 
projects, on the other hand, were more likely to have developed during a field  expedition, 
between individuals who had not worked together before.  Thus whilst personal differences 
had a greater effect  on the nature of  work processes in fieldwork  than in non-fieldwork 
collaborations, interpersonal 'resonance' was less likely to have been a significant  factor 
determining choice of  partner in fieldwork  collaborations. 

In short, incidences of  conflict  in the fieldwork  case-studies suggest that collaborative work 
in the field  involves more articulation and emotion work related to various forms  of 
difference  between partners, than non-fieldwork  projects. This is both because interaction 
is more intense, and because partners are less likely to be well matched in terms of  field 
experience and as individuals. The failure  of  three of  the Polarstern  collaborations to be 
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pursued after  the cruise may be interpreted as an indication that collaborations need to be 
based on relationships to succeed. 

Differences  in importance for  career 
The career rewards of  non-fieldwork  collaborations appeared to be relatively modest 
compared with the potential rewards to be reaped from  a fieldwork  collaboration. 
Fieldwork collaborations enable scientists to access expensive facilities  in order to 
obtain new data, perhaps from  regions they would otherwise be unable to access. New 
data are the seed of  new publications, which will in turn enhance their chances of 
receiving funding,  and perhaps eventually launching their own expeditions in the 
competitive world of  polar science. Thus though fieldwork  collaborations may be 
more unwieldy than non-fieldwork  collaborations, and though there may be greater 
risk associated with them, the potential career benefits  are greater. 

The difference  between fieldwork  and non-fieldwork  collaborations in terms of  their 
significance  for  scientists' careers might explain why collaborators in non-fieldwork 
projects tended to know each other better than in the fieldwork  projects (even though 
this appears paradoxical because the complexity of  fieldwork  would be reduced if  co-
workers understood one another well). Pulling out of  a non-fieldwork  collaboration 
does not compromise career opportunities to the degree that pulling out of  a fieldwork 
collaboration might. Some of  the case-study material suggested that too much was at 
stake in fieldwork  collaborations to allow personal tension or friction  to lead to their 
demise. Thus I suggest that a degree of  trade-off  between the individual similarity, or 
'resonance' of  partners, and the significance  of  the collaboration for  partners' careers 
is inherent to collaborations in both groups.15 

The difference  in the significance  of  non-fieldwork  and fieldwork  for  scientists' careers is 
reflected  in the different  reasons non-fieldwork  and fieldwork  collaborations might end. 
Scientists were more likely to drop non-fieldwork  collaborations because the rewards were 

15 There is no rule as to how similar/different  (in terms of  knowledge, skills etc.) collaborators need to be for 
collaboration to work most effectively.  Clearly, however, collaborators should be similar enough to be able to 
communicate well and effordessly,  and yet not so similar that one cannot learn from,  and therefore  derive 
benefit  from,  the other. 
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too small, whilst they were more likely to drop fieldwork  collaborations because of  the 
problems of  being away, or because of  the organization entailed (this reason was given by 
an AWI scientist who was unwilling to engage in a similar large international collaborative 
project again, unless invited to do so by another country). In both groups, collaborations 
failed  because personal differences  were too great. 

Summary 
Investigating collaboration as work shows that much work besides 'production work' goes 
into shaping the course of  collaborative projects and making them doable. Juxtaposing 
non-fieldwork  and fieldwork  collaborations served to bring into focus  a broad distinction in 
the work processes involved in these two groups of  projects. The nature of  this distinction 
is twofold.  First, articulation work in non-fieldwork  and fieldwork  collaborations 
respectively, is associated with different  features  of  the collaborative relationship. In non-
fieldwork  collaborations, articulation was particularly associated with researchers' different 
career paths, and the problem of  distance between co-workers. In fieldwork  collaborations, 
articulation was particularly associated with assembling resources, organizing logistics, and 
improvising in the field.  Secondly, juxtaposing these two groups of  projects also served to 
throw into relief  the considerable relative significance  of  articulation work at every stage of 
collaborative projects involving fieldwork. 

As pointed out in chapter 4, heterogeneity, or diversity is inherent in complementarity, and 
has implications for  collaborative work processes. This chapter has identified  several types 
of  heterogeneity that come into focus  because they are the subject of  articulation work. 
These include: scientists' individual career paths (e.g. manifest  in different  levels of 
commitment, and different  motivations for  working on a topic); different  types and degrees 
of  knowledge held by collaborators (especially tacit and local field  knowledge, apparent for 
example in the Polarstern 3 collaboration); individuality (e.g. personality); nationality and 
institutional belonging. 

In non-fieldwork  collaborations the need to articulate collaborative projects with careers 
was particularly apparent. This illustrates that collaboration is about the enmeshing of 
doing science and pursuing careers. Articulation in fieldwork  collaborations highlights 
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that collaboration in polar regions is about pooling resources to capture and frame 
material agency under the most extreme conditions. 
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CHAPTER 9 

The politics of  access: An analysis of  the motives for 
collaborating and the factors  affecting  choice of  collaborator 

9.1 Introduction 

The previous chapter indicated that the complementarity underlying collaborative 
research needs managing through extra work. This chapter will attempt to shed some 
light on that complementarity by examining the reasons scientists gave for 
collaborating, and for  working with particular partners. Exposing the main aim of 
collaborations can shed light on the role international collaboration plays in the 
organization of  science, which in turn can inform  an understanding of  the nature of  the 
relationship between polar science and politics. 

The analysis of  the motives for  collaborating draws on the 16 case-study collaborations 
discussed in the previous chapter, supplemented with additional interview material. 
Data from  the nine Arctic, five  Antarctic and single bipolar case-studies, are compared 
to link the nature of  the differences  and similarities between these groups of  cases to 
macro-scale national polar political interests (as outlined in chapters 1,2, and 7). This 
chapter aims to demonstrate how the constitution of  collaborations, and the viability of 
collaborative research projects, relate to the macro context of  national interests in polar 
regions. In this way, the chapter may be conceived as the qualitative analogue to the 
analysis of  the bibliometric data (chapter 6). 

The  collaboration  paradox:  international  collaboration  as a demanding  bonus 
When respondents were asked in general terms whether international collaboration 
made it easier for  them to pursue their research interests, they gave two types of  reply. 
They stressed that they had to collaborate internationally to do science, but they also 

pointed out that they had to divert valuable time and resources into collaboration -
resources which would otherwise have been directly channelled into their research. 
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Scientists often  maintained that research would not be possible without international 
collaboration. Some explained the importance of  international collaboration by 
observing that their subject matter was essentially international. One scientist went as 
far  as to suggest that without an international network to 'get ventilated', 'you're not a 
scientist... you dry out' (N4 p.2). Antarctic researchers in particular were keen to 
highlight the international ethos of  Antarctic science; as a British Antarctic Survey 
(BAS) scientist observed: 'International collaboration happens naturally, it falls  out of 
the way the world is in the Antarctic. We actively pursue it, we like to do it' (L3 p. 8). 
Other scientists pointed out that the research community in their field  was small, and 

that consequently their colleagues were abroad; in the words of  a glaciologist: 'It's a 
small community. Personal contact is widespread,... contact is established on 
expeditions. All over the world you meet the same people' (P6 p.4). Yet others 
explained international collaboration in terms of  the need to solve shared operational 
problems. An oceanographer observed that 'there are all sorts of  logistical and 
technical problems, so that's why we talk to each other' (BD p.l). Thus, at least in 
theoretical terms, international collaboration was more often  described as the rule 
rather than the exception. 

However, a flip  side to international collaboration was described by some respondents, who 
pointed out that it claimed valuable time and resources. For example, a BAS scientist 
observed: 

You could to a large extent do it nationally. A lot of  groups try to be self-contained,  because it's easier, 
and you avoid conflicts.  There really is a pressure to publish, and international collaboration can be a huge 
barrier to people who want to publish (BUP p.4). 

För another respondent, the major downside to international collaboration was the travel it 
demanded, 'you have to support international contacts, otherwise you're ostracized, 
outside'; for  him, a university scientist, travel expenses were a problem. And as he pointed 
out 'all the problems we face  with international collaboration are marginal to the 
science itself  - like travel' (P6 p.3,4). 

Reflecting  both the scientific  necessity for  international collaboration and its 
concomitant downside, two main types of  explanations were given for  specific 
international collaborations. One was constituted by reasons for  working with 
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particular partners (these correspond with the observation that international 
collaboration is an important mode of  sharing resources and expertise). The second 
was constituted by reasons for  collaborating internationally rather than nationally 
(these reasons correspond with the general observation that international collaboration 
exerts a strain on time and resources). Motives in the first  category (reasons for 
choosing to work with a specific  partner) normally designated an opportunity to access 
resources (e.g. funds,  equipment, logistics, data, even a particular geographical area), 
or a specific  expertise, which enabled the research to be carried out. Motives in the 
second category often  reflected  a position of  need, such as an inability to access the 
required resources, skills or expertise nationally, perhaps because of  an unwillingness 
to compete for  national resources, or because of  being on the institutional periphery of 
polar research. In cases where such 'push' factors  featured  strongly in a scientist's set 
of  motives for  collaborating, international collaboration equated to survival in polar 
research. Both types of  motives played a role in the majority of  the case-studies, 
though some factors  or motives were generally more significant  than others in each 
collaboration. It should be stressed that the distinction between these two types of 
motives was often  blurred, since reasons for  not working nationally often  influenced 
choice of  co-worker, and some needs may generate opportunities, and vice versa. 

9.2 Motives of  need; why international  collaboration...? 

The motives for  collaborating described in this section, amounted to reasons why 
respondents had been unable to carry out their work in collaboration with colleagues in 
their own country. These were often  linked to institutional factors,  and were at times 
symptomatic of  respondents' marginalization from  national polar institutional and 
funding  structures. The majority of  scientists who used such 'negative' motives to 
explain their international collaborations, were Arctic researchers. I suggest that this is 
because the Arctic is more accessible than the Antarctic; it is feasible  to conduct Arctic 
research independently of  a national polar science infrastructure,  whilst it is relatively 
difficult  to do so in the case of  Antarctic science. 
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... Because national competition for  funding  is stiff 
For some respondents based in universities, stiff  competition for  the limited resources 
of  their home countries directly or indirectly contributed to their need to work with 
foreign  partners. In these cases, international collaboration was often  a means of 
surviving in polar science, because it provided access to funding.  As described by 
respondents, this national competition appears to have manifested  itself  in two main 
ways. Some described their international collaboration in the light of  failed  grant 
applications to national funding  bodies; though in these cases, respondents attributed 
the failure  of  their proposals to faulty  or even corrupt systems, rather than to stiff 
competition. Others placed their need to work with foreign  colleagues partially in the 
context of  intranational (i.e. within a country) institutional rifts,  which precluded them 
from  collaborating with colleagues in their home countries. Friction between research 
institutions in the same country appears to have been largely grounded in competition 
for  relatively scarce resources. 

The examples of  two university-based Arctic researchers, one Norwegian, and one 
British, illustrate the link between failed  grant applications and international 
collaboration. Both could provide a catalogue of  rejected research council 
applications, and both were indignant at the rejections. Further, both cases illustrate 
how the two issues of  the distribution of  research council funds  and intranational 
institutional rivalry are linked. 

The Norwegian researcher, an atmospheric scientist, believed that the nature of  his 
scientific  findings,  rather than their quality, prevented him from  receiving funding  from 
the Norwegian Research Council's ozone programme. He identified  those who did 
receive funding  with an Oslo élite, who won the favour  of  the research council through 
their scaremongering tactics, by claiming that there was a very real anthropogenic 
threat to ozone levels in the Northern hemisphere. He claimed that his own research, 
based on ground-based Dobson measurements, indicated that any change in ozone 
levels was wholly attributable to natural, rather than anthropogenic, causes; in 
maintaining this stance, he was also refuting  NASA's opinion. As he stated: 'the 
problem in Norway is to get UV/Ozone money, what steers this money is catastrophe. 
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It's political money. ... You have to say it's going west to get research money' (Ol 
p.2,4). As a mark of  his indignation, he asked his parliamentary representative to 
question the minister for  research about the apparently prejudicial allocation of 
research council funding.  The representative duly posed the following  question: 

[The Norwegian Research Council's] programme for  climate and ozone research has relatively large 
sums of  money at its disposal. The allocation of  funds  over the last few  years suggests that 
researchers and research groups which are critical of  the generally accepted opinion on ozone levels, 
are not funded.  Is this reasonable, and how does the minister propose to improve the criteria for  the 
allocation of  funds? (Stortinget 27.1.93). 

At the end of  his reply, the minister for  research stated: 
... of  course the research council should fund  critical [i.e. against the tide] research also. That is to say that 
research groups should be funded  because they are critical [i.e. against the tide], and we should not find 
ourselves in a situation where research groups become critical [i.e. oppositional] because they are not being 
funded  [this is a play on the Norwegian word kritisk]  (ibid. p.2). 

Underpinning this Troms0 scientist's perceived ostracization from  the national research 
community, lies a longstanding rift  between his own research group and the Norwegian 
Polar Research Institute (NP); this rift  appears to have been triggered by differences  over 
the siting of  a new Auroral Observatory on Svalbard in 1978. The Polar Institute favoured 
Ny Ålesund as a site, in accordance with Norwegian government directives to convert the 
former  mining settlement into a centre for  research. The Troms0 group favoured  a site in 
Adventdalen, near Longyearbyen, claiming that the light pollution in Ny Ålesund would be 
problematic, and that it would be difficult  to transport equipment from  Longyearbyen 
(where Svalbard's airport and main harbour are located) in winter, when the harbour at Ny 
Ålesund might be frozen. 1 Though the Norwegian government was apparently not 
interested in funding  an auroral observatory in Longyearbyen, physicists at the University of 
Alaska were. Thus an observatory was built in Longyearbyen funded  largely by the US 
National Science Foundation (NSF). The Troms0 and Alaska groups were thus able to 
collaborate over using the facility.  Indeed, the Troms0 scientist had been asked by the 
Norwegian Polar Institute to ensure that American scientists were never working at the 
facility  without a Norwegian being present. He was consequently obliged to pay students 
to be present at the observatory, which he described as 'problematic' (01 p.4). 

The Troms0 scientist acknowledged that a research group from  the physics department at 
the University of  Oslo was carrying out similar measurements in Ny Ålesund to those he 

1 Longyearbyen and Ny Ålesund are the Norwegian settlements on Svalbard. 
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was carrying out at the NSF-funded  Longyearbyen Auroral observatory. Yet he was 
unwilling to collaborate with those whom he perceived to be an élite group, in cahoots with 
the Norwegian government and the research councils. Thus an ongoing collaboration with 
an Alaskan colleague who coordinated 'millions of  fat  American dollars' gave him the 
possibility of  doing something  (Ol pp.4-5). As he explained, 'politically speaking, there 
should be more [national] collaboration. ... But I have made my way, even so, for  I have 
contacts in the east and west, north and south' (01 p.4,5). Perhaps because of  this 
scientist's indignation at the Norwegian Research Council and the Norwegian Polar 
Institute, it would appear that he values the possibility of  operating independently of  NP. 
As he stated: 'It's easier to look abroad for  a collaborator. I didn't want pompous NP 
behind me, then I would have had to follow  their directives and rules' (01 p.3). 

In the second case, a British scientist would not have been able to pursue his Arctic 
research were it not for  his collaboration with a German group. He claimed to be at a 
double disadvantage, because not only had he been repeatedly unsuccessful  in winning 
research ftinding  from  the Natural Environment Research Council (NERC), the prime 
public sponsor of  Arctic research in the UK, but he was based in a polytechnic (now a 
'new' university), where he was encouraged to prioritize teaching, if  not actively 
discouraged from  keeping up his Arctic research interests. 

He described how, despite a very heavy teaching load, he had kept up his research whilst 
his institution was a polytechnic, by working until midnight every night, as well as on 
Sundays. However, now that his institution has become a university, he is encouraged to 
carry out research, 'My boss gives me travel money, and money to have colleagues in 
England. I can't do anything wrong now... because I kept my research up' (F2 p. 1). He 
had put in a NERC grant application with two British colleagues to carry out a comparative 
study on Svalbard and Greenland. By pooling their expertise, they had been able to tailor 
the proposal to fit  under the rubric of  climate change. 

He attributed the eventual failure  of  the proposal to the 'personal attack' of  'one or two' of 
the five  reviewers, since the other reviewers had been positive. As the president of  a 
professional  scientific  society, he claimed to know the identity of  those 'one or two': 'I was 
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very cross, I accused them [NERC] of  the old boy network' (F2 pp.2,3). He also 
recounted that NERC had used the remoteness of  Greenland against him (p.6). He 
perceived the NERC polar committee, which he had tried and failed  to join, as 'a bit of  a 
club. Now it's heavily Cambridge, Manchester, Edinburgh, Bristol - the heavy research 
universities' (F2 p.2). 

This British scientist's fieldwork  on Svalbard was mostly funded  by his German 
collaborator, who explained: 'I tried to put in a joint application for  [British co-worker] and 
me to the DFG [Deutsche  Forschungsgemeinschaft ], but they said that the British were 
responsible for  him. But he had to be supported by our group' (F1 p.2). The British 
scientist explained how he was supported by his collaborator's grant: 'there's usually a 
degree of  slack, especially in German money, there's 20% over for  safety,  that works in our 
favour'  (F2 p.2). He stated that the collaboration was a 'one-way process in terms of 
money supply and facilities',  but that he had come up with the original idea for  the project 
(ibid. p.4). 

Another British Arctic scientist who, like the scientist cited above, had kept up his Arctic 
research interests against the odds, also found  that international collaboration provided a 
means of  pursuing his research interests. He had been based at a NERC Institute where 
researchers were expected to obtain 50% of  their funding  externally. This meant he had to 
diversify  and 'do other jobs, because industry won't buy [his research field]'  (HI p.2). As 
he says, 'I was struggling to keep up my Arctic interests, even though there was not much 
of  a market for  it in the UK. What kept me going was the place, you get hooked on the 
polar regions, the people, and the scientific  problems too' (HI p.2). He found,  however, 
that he was able to get research grants from  Sweden and Denmark through collaboration, 
and became an 'honorary Swede' for  the purposes of  funding.  As he explained: 'to work 
nationally there's so much competition, it's almost easier to work internationally and avoid 
that competition' (HI p.8). 

For another British Arctic scientist with an ongoing cooperation with Norwegian scientists, 
the possibility of  accessing European funding  (which is by definition  collaborative) meant a 
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change from  'getting bits and pieces [of  funding]  here and there', to commanding £3/4 
million of  active research grants, 70% of  which was EU money. As he said: 

I would be in the USA if  it wasn't for  EC funds.  ... The competition in NERC responsive mode is so 
great. The amount left  to university scientists after  HQ and NERC institutes [have received their share], is 
not really fair.  The NERC committee that looks at my proposal has about £1 million, if  you ask for  a grant 
bigger than about £200 000, you're asking for  too large a slice, and it's not healthy, even if  you did get it. 
... It's a smallish discipline. People get onto committees and get to referee.  Someone [on the committee] 
can mess things up. This is what happened. ... (HI p.3,4). 

He went on to suggest that the scant support available to the UK Arctic science community 
was in part attributable to its lack of  unity or coherence. His collaboration with Norwegian 
scientists had enabled him to partake in a more ambitious project than he would otherwise 
have been able to because 'it's easier to get resources, so you're dipping into two sets of 
resources. There's only a finite  amount the UK will stand' (N2 pp.4-5). 

Intranational institutional rivalry, rooted in competition, was (if  somewhat furtively) 
revealed by a number of  respondents as a contributing factor  in their decision to work 
internationally. The reluctance to acknowledge the existence of  such rivalry, let alone 
its significance  for  scientists' work patterns, is perhaps indicative of  a consciousness 
among scientists of  some normative ethos. 

Intranational institutional competition was cited as a factor  affecting  an Arctic 
collaboration between a group of  scientists at a Norwegian university and a British 
research institution. Thus a Norwegian researcher gave the following  explanation for 
his collaboration with the British scientists: 

My specialty is a relatively small research area in Norway, there are people in my field  in Bergen, 
but it's not so easy to collaborate with them. It's easier to talk and to develop ideas with the people 
in Scotland. Here in Norway there's so much competition for  funding  (G2 p.l). 

His Norwegian colleague confirmed  this, stating 'it's almost impossible to compete for 
open funding.  It's easier to get funding  [in an international collaboration]. Several 
qualified  applicants ensure that the project will be accomplished' (G3 p.3). Their 
British collaborator remarked that he thought it strange that the two Norwegian 
groups did not appear to cooperate, adding how at a conference,  he had noticed that 
the two groups did not talk to each other. However, as if  in response to his own 
musing, he then added: 

It used to be that Southampton was the major place, now it's Plymouth. We don't collaborate with 
them. People are very reluctant to tell you what they're doing, they're a bit secretive, there is an 
element of  competition (G1 p.4). 
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Several British and Norwegian respondents reported that research councils regarded a 
proposal naming international collaborators more favourably  than one that did not. 
Scientists explained this in the light of  the reduced risk accompanying a project with 
investigators from  more than one country, since such projects could draw on a greater 
range of  resources and expertise. A British Arctic researcher remarked that if  a 
proposal did not involve international collaboration 'NERC would wonder why' (N2 
p.4). Similarly, government polar institutes looked favourably  on international 
collaboration, which they could then document in their annual reports. For example, a 
member of  the British Antarctic Survey directorate explained that NERC was 
encouraging BAS to engage in more international collaboration (BUQ p.6). 

... Because it can be difficult  for  university scientists to access national logistics 
University scientists at times explained that they collaborated internationally because they 
were unable or unwilling to use logistics belonging to their own government. There were 
two main reasons for  this. First, there was often  a mismatch between the nature of 
university scientists' projects and the science programmes of  national polar institutes, which 
were dependent on using government logistics. Secondly, there was often  a mismatch 
between the time-frame  within which university scientists and institute scientists 
respectively, were able to plan ahead and thus coordinate their plans with the availability of 
logistics. In practice, therefore,  if  not always on paper, polar institute scientists gained 
priority access to government logistics. Although university scientists in all three countries 
expressed dissatisfaction  at this, many appeared to value the freedom  they gained from 
working independently of  government polar institutes. 

Two German university scientists working on an Arctic and an Antarctic project 
respectively, had problems gaining access to Alfred  Wegener Institute (AWI) logistics. 
The Arctic researcher maintained that he was precluded from  joining AWI cruises because 
he was on soft  money and unable to plan his work years in advance (the Polarstern 
itinerary is planned every five  years). Collaborating with a scientist at the University of 
Troms0 allowed him access to Barents Sea cruises. He did not perceive any significant 
difference  between national and international collaboration, 'Troms0 is as far  as 
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Bremerhaven in this respect' (R2 p.3). Similarly, a university-based Antarctic scientist 
described 'the AWI set-up' as 'problematic' because it placed him in a catch-22 situation 
regarding access to funding  and logistics in Germany. His research sponsor (DFG) did not 
fund  logistics; these were funded  by the Ministry for  Research and Technology (BMFT), 
and had to be organized before  applying for  research funding.  However, as a university 
scientist, he was only able to plan for  the next 1-2 years, and so was unable to 'participate 
in [BMFT sponsored] expeditions, or make a positive answer to expeditions in 5 years 
time' (P6 p.3): 'The problem is the infrastructure  in Germany, with the bigger institutes. ... 
In universities, we are outside this system, so [we] have to be sure the logistic base is 
available' (P6 p.2). This scientist also explained his international collaboration in terms of 
access to logistics, but unlike the Arctic researcher above, he was concerned that 
international collaboration should be underpinned by a 'logistics exchange': 'we're 
interested in an equilibrium. ... If  you get activities from  another country, you have to 
make sure it's in equilibrium' (P6 p.2). Thus for  him, gaining access to German logistics, 
meant winning 'exchange support' which enabled him to enter international collaborations 
on an equal footing  with his partners. 

Scientists pursuing projects independently of  their own government's logistics, whether 
voluntarily or not, at times displayed considerable resourcefulness  in the way they made use 
of  privately owned facilities.  This was apparent, for  example, in the way two university 
scientists described using tourist operations as a means of  transport in the field,  having 
failed  to access the government logistics of  their home country. 

A Norwegian university-based Arctic scientist was carrying out a project together with a 
German scientist. The Norwegian was keen to obtain logistics help from  the Norwegian 
Polar Research Institute (NP), explaining that it was otherwise very difficult  to get around 
Svalbard. He was unsuccessful  in gaining logistics help, but did receive some funding  from 
NP. This led him to conclude: 

It seems to be easier to work with international colleagues. I'm organizationally on the periphery of  the 
polar science community [in Norway], which is why I have problems using Norwegian logistics. NP are 
committed to doing certain investigations every year; it's easier for  them to grant a lump sum of  money. 
But I would have been much better helped by use of  logistics. I wouldn't have minded staying on the ship 
for  3 weeks, and not do something for  a week, or helping someone else, - just to get at a sample (T1 p.7). 
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He managed to travel around Svalbard by combining two different  tourist operations, by 
staying in a tent and taking what he needed with him. In the event, the flexibility  suited him. 

A German penguin biologist based in a university, solved his logistical problems in a 
similar manner. He was unable to get to the populations he studied with AWI 
logistics, 'they don't want to use the ship as a transport ship ... they don't want to pick 
us up [from  South America] and leave us where we'd like to be' (Z p.l). 
Consequently, he worked with French and Argentinian groups, on their research bases. 
He described resorting to tourist boats in pejorative terms: 'we have to prostitute 
ourselves', although in a comparable manner to the Norwegian cited above, he 
appeared to value his freedom:  'we go where the winds take us'. In this case, the 
currency of  exchange was papers rather than logistics; international cooperation 
enabled this scientist to access preferred  areas in return for  papers: 

It costs us nothing to put [their] names on papers. Whenever we work with people [on their bases], 
they come on publications with us. The fact  it's Argentina, is neither here nor there. We never 
even send them the paper to check through, we can do it without their comments, which aren't 
worth much anyway (Z p.3). 

... Because national expeditions  do not go to the appropriate  place 
Several respondents, particularly Antarctic researchers, reported that international 
collaboration allowed them to access regions where their national expeditions did not go. 
In the majority of  these cases, accessing a new area did not so much fulfil  a need, as offer  a 
welcome opportunity to supplement and enhance their current data sets. Two Antarctic 
terrestrial scientists (both Norwegian university researchers) among my respondents 
however, reported that their research had been curtailed by the geographic focus  of 
Norwegian Antarctic expeditions. Through collaborating with BAS scientists, both were 
able to access samples collected from  more appropriate locations, and so pursue their 
respective projects. 

In one of  these cases, a researcher recounted that he became interested in Antarctic lichens 
as the result of  asking a geophysicist friend,  who was going to the Antarctic with a 
Norwegian expedition, to bring back lichen specimens from  the mountains in Dronning 
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Maud Land.2 He was able to write a thesis based on those specimens, and went on to work 
with specimens brought back for  him from  Bouvet Island.3 However, his research was 
restricted by the location of  Norwegian expeditions, as he explained: 'It would be a huge 
advantage for  me to go South but I have little to gain from  a Norwegian expedition [to the 
continent]. It's well researched already and there aren't many plants there' (K2 p.5). By 
collaborating with a British Antarctic Survey scientist who worked regularly on British 
bases, he was able to access interesting specimens and so pursue his lichen interests. As an 
adjunct to this case, it might be added that this Norwegian researcher was invited to join a 
BAS expedition, but was unable to go because he could not get funding  to travel to South 
America, from where the expeditions start, and from  where he would have been the guest 
of BAS. 

... Because the expertise is not available nationally 
Some scientists explained that their project was necessarily international because it required 
expertise that was not available nationally. They tended to be Antarctic researchers based 
in government polar institutes. Their own access to particular facilities  or logistics at times 
created the need for  a particular expertise not readily available at home. In some cases, 
these constituted the flip  side of  collaboration with marginal scientists unable to gain 
resources at home. 

Two Antarctic researchers, BAS and AWI scientists respectively, cited different  reasons for 
being unable to access the expertise they required in their home countries. The BAS 
scientist (who collaborated with the Norwegian lichen expert referred  to above) recounted 
that he was the only researcher at BAS, indeed in the UK, with any knowledge about the 
extensive and unique BAS herbarium. BAS lost its expertise on the plant collections in the 
mid-1970s, as a result of  a NERC policy to cease funding  all forms  of  taxonomic research. 
However, with NERC's current interest in biodiversity, the BAS scientist was able to 
regenerate work with the herbarium, but the UK lacked expertise on Antarctic mosses and 
lichens. His Norwegian collaborator had some expertise, and was interested in building on 

2 Dronning Maud Land is the name given to the large section of  continental Antarctica claimed by Norway. 
3 Bouvet Island is an island in the South Atlantic/Southern Ocean claimed by Norway. 
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it. In the second example, an AWI biologist gained access to a UK climate modeller, who 
was 'more accessible' than his German counterpart, through collaborating with a BAS 
colleague. 

Three non-German participants on Polarstern  cruises partially attributed their 
participation on the cruises to a need to 'fill  up the [ship]' (L3 p.8). As a supplement 
to this perception, two AWI participants suggested that the cruises had provided them 
access to expertise or manpower not available in Germany. When asked whether their 
collaboration was motivated by a need to access facilities,  they responded: 

scientist 1: I mentioned the diving, but other things, we have [everything]. It's more the expertise, 
the people. 
scientist  2: ...it sounds a bit arrogant... to say we're probably the best equipped. 
scientist 1: ...but it doesn't mean that we have the best results and the best people (J4,7 p.25). 

The observation made by cruise participants that the Germans apparently needed to fill 
the ship, is corroborated by the former  director of  AWI, who was a driving force 
behind the cruises referred  to here, and the building of  the research ice-breaker. He 
recounted that the ice-breaker was designed large at the outset, partly in order to 
accommodate foreign  scientists: 

I told [the German Government] the [ice-breaker] should be big enough to provide space for  foreign 
scientists. ... As we were new to the field,  it was best to invite as many foreigners  as possible. [We] 
wanted to learn (DE5 p.l). 

9.3 Motives of  opportunity; factors  affecting  choice of  partner 

Whilst the previous section highlighted the role of  international collaboration as a means of 
survival in polar research, this section highlights its role as a route to achieving more 
ambitious projects than would otherwise be possible. Thus although the two sections may 
be similar in substantial content, they document two types of  role a collaboration may play 
in the careers of  individual scientists. The distinction between the two types of  motives 
further  suggests that a single collaboration may vary in its significance  for  partners' careers. 
In contrast to the motives of  need described above, respondents defined  motives of 
opportunity in terms of  access to resources or knowledge, and in so doing, linked their 
motives to particular partners; closer scrutiny of  these motives reveal that they are often 
related to the nationality of  the partners in some way. 
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9.3.1 Accessing logistics: collaboration as 'piggybacking' 
Perhaps the most prevalent motive respondents cited for  collaborating was the 
opportunity of  getting into the field,  and of  obtaining the use of  fieldwork  facilities  in 
the field.  This motive was cited by at least one of  the partners in each of  the fieldwork 
collaborations. Some expressed this motive as an opportunity to get into the field  per 
se, whilst others expressed it in terms of  accessing a particular region; collaborators in 
this latter category all partook on Polarstern  cruises. In some cases, this motive was 
underpinned by formalized  collaborative agreements between research institutions. 

In Arctic fieldwork  collaborations between British and Norwegian scientists, access to 
logistics featured  as an important factor  in the British scientists' decision to 
collaborate. For example, a collaboration between a British university-based group 
and scientists at the Norwegian Polar Research Institute (NP), constituted an ongoing 
relationship, whereby the British group obtained considerable help to access fieldwork 
facilities  on Svalbard. In the case-study project, the British group loaned NP field 
equipment, gained access to helicopter transport, the NP research vessel, and 'some 
data acquisition systems' (N4 p.4). Although the British group paid for  the use of  NP 
logistics, 'no one gives anyone anything' (A1 p.4), the group was offered  NP prices 
(i.e. lower than the market price) because it was a cooperative programme. For the 
British group then, collaboration with the NP group brought good access to facilities, 
reduced prices for  the use of  logistics, and help with the practical side of  fieldwork. 

This collaboration should be understood in the context of  a 'special relationship' 
between the two institutions, and a 'kind of  tradition of  collaboration' (N1 p. 2). Thus 
these British and Norwegian researchers became acquainted with one another through 
their respective predecessors. Reflecting  this 'special relationship', NP scientists 
recounted that scientists from  this British university department always pass through 
Oslo and NP on their way to Svalbard. However, as if  in defence  of  his autonomy, the 
British collaborator denied that the relationship was of  a bureaucratic nature: 

In 1983 I think there was some formal  thing [collaborative agreement made by his former 
supervisor], and I may have signed a formal  thing. But I'm not interested in these agreements. 
They're spurious, agreements between institutes, you've got to like them [collaborators] (N1 p.4). 
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Despite this scientist's emphasis on the importance of  the personal in collaboration, 
one of  his Norwegian colleagues suggested that it was of  decisive importance for  the 
British group to gain access to NP field  equipment (A3 p.3). 

A second example is a collaboration between a scientist at a NERC Unit and University of 
Troms0 scientists. In this case, the British scientist's specialized expertise as an 
experimenter was clearly a valuable asset. He was invited on a cruise to the Barents Sea ice 
edge, as a guest of  the Troms0 group: 'I took substrates with me on the cruise, otherwise 
the Norwegians supplied and paid for  everything' (G1 p.2). Though he regarded himself 
primarily as a 'lab person', going on cruises helped maintain his credibility as a researcher in 
a NERC Unit, and to pursue research which he would not otherwise have been able to do: 
'I couldn't have done the research here. It was an ideal opportunity; as I'm in a NERC 
Unit, I feel  I should get out into the field  now and again, but I have to piggyback' (G1 p.2). 
Piggybacking implied that he had little say over the location of  the field  research: 'you have 
to go where the ship goes' (G1 p.l), but he appeared surprised at the generosity of  his host 
country: 'sometimes we wonder whether they need to fill  the German and Norwegian ships 
up, because we've got an open invitation to join cruises' (G1 p.4). 

All three respondents involved in this collaboration emphasised its informal,  personal 
nature. However, this collaboration was also underpinned by a formal  cooperative 
agreement between the two institutions. This agreement was described by the British 
collaborator as a 'very profitable  link' (G1 p.2). Formalizing the link guaranteed the British 
group access to cruises and samples, and the Troms0 group access to experimental 
expertise and analytical equipment. 

Owing to its considerable strength, the Polarstern  can penetrate further  into the ice than 
most other research vessels. As it is a research vessel (rather than a regular ice-breaker) it 
is well equipped for  scientific  research. For these reasons, those invited to collaborate with 
German colleagues on cruises with this ship, often  cited the opportunity to access a 
particular, relatively inaccessible region as a reason for  collaborating. Going into such a 
region offered  a chance to obtain valuable data or samples which might otherwise have 
been unobtainable. 
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A Norwegian scientist who participated in the North Pole expedition with the Polarstern, 
appears to have been primarily motivated to collaborate by the chance to gain 'access to the 
German vessel' as an element in his long-term strategy to 'contribute to the Norwegian 
momentum in the Arctic'4 (B3 p. 1). As he explained: 'the task is so large [exploration of 
the Arctic Ocean] that you have to communicate, integrate expeditions' (B3 pp.2). His 
guest status on the ice-breaker ('the ship was for  free')  did not appear to sit easily with his 
own research ambitions; this is suggested by the frustration  he voiced that the Germans had 
'control of  their amazing facilities'  (B3 p.3). 

The remaining three collaborations on Polarstern  cruises were projects under the umbrella 
of  the ESF, largely funded  by the German Government. The three cruise legs of  the 
programme worked in the Weddell Sea (the High Antarctic). Norwegian and British 
respondents who collaborated with German scientists on these cruises all reported that 
accessing a region of  the Antarctic which was new to them, was the strongest attraction of 
participating on the cruise. In addition, the ftmding  'was there for  us' (II p.5). 

Thus a Norwegian diver interested in algae on the underside of  ice, joined the cruise hoping 
to get into thicker multiyear ice (in the event, the cruise only went into annual ice). Two 
British respondents who participated in these cruises were British Antarctic Survey 
scientists who were invited to participate. For them, the cruise represented an opportunity 

4 At the time of  this expedition, this Norwegian professor  was playing a leading role in planning a £13.5 million 
Norwegian scientific  Arctic Ocean expedition, the Nansen  Centennial  Arctic  Programme.  Like Fridtjof 
Nansen's project in 1883, this was to involve freezing  a research vessel into the ice and allowing it to drift 
with the ice in the transpolar current. It was to have begun in 1993, but failed,  at the final  instance to gain 
sufficient  government support. This initiative should perhaps be viewed in the context of  the Norwegian 
Government's apparent interest in Arctic Ocean research at the time. The final  chapter of  a Norwegian 
Government report of 1989 on polar research is entitled 'The conquest of  the Arctic Ocean'. With reference 
to the potential economic, environmental, and political importance of  the central Arctic 'within the next 
decades', and to the pioneering contribution of  the Norwegian explorer and oceanographer Fridtjof  Nansen to 
Arctic Ocean research, the report suggests that Norway should take a leading role in the exploration of  the 
central Arctic by establishing an international research station in the central Arctic Ocean 'for  example at the 
North Pole' (Norges Offentlige  Utredninger 1989:9 p.98): 

If  Norway is to be in a position to play a role in the exploration and exploitation of  the central Arctic Ocean, we must have a 
common goal which we will invest national prestige to achieve. This goal should be to establish a research base in the central 
Arctic Ocean by the year 2000, which in accordance with our best traditions as a polar nation would secure international 
research in this region. In 1993, it will be 100 years since Fridtjof  Nansen embarked on his ambitious research project to 
drift  across the Arctic Ocean in Fram.  If  we compare economic conditions and the state of  technological progress then and 
now, the magnitude of  his project is comparable with establishing a permanent research base in the central Arctic Ocean (ibid. 
p.98). 
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to access an area where UK ships do not normally go, and thereby complement their 
ongoing work. As one of  these scientists said of  his own and his German collaborator's 
approach 'none of  us is on soft  money, so we're looking for  an opportunity to use the 
vessel' (II p.5). 

These Antarctic collaborations between German (AWI) and British (BAS) scientists 
should be viewed in the context of  a 'special relationship' between AWI and BAS, 
forged  at director level. The link is represented by a formalized  agreement between the 
institutes 'to work logistically together', as an AWI official  put it (DE3 p.3), and to 
provide for  the exchange of  scientists. One BAS scientist described 'annual 
exchanges' between the two institutes (Ml p.3). When another BAS scientist was 
asked whether he would engage in further  collaborative research with his German co-
worker, he replied, 'Probably, yes; it's more a reflection  of  the fact  that AWI and BAS 
talk to each other a lot. BAS and AWI already have a complex web of  interaction... 
the two directors...' (L3 p.10). Whilst he intimated that he did not agree with this way 
of  effecting  collaborative relationships, he added that a good time was had in 
Bremerhaven. These collaborations then, are not only instrumental in furthering  the 
careers of  the individuals involved, but also in cementing the relationship between the 
two 'sister institutes' as a BAS scientist termed them. 

In an example of  an Arctic collaboration between an AWI researcher and a British 
scientist (both were visiting a US oceanography institute and were introduced by an 
American third party), the German researcher's involvement in the collaboration was 
directly linked to a formal  agreement between the US Office  of  Naval Research (ONR) 
and the Alfred  Wegener Institute, arranged by the director of  the German institute. 
The German researcher explained: 

There was a deal between AWI and ONR, because ONR used the Polarstern  during MIZEX 
[Marginal Ice Zone Experiment, a large international Arctic experiment in the 1980s] and other 
cruises. They were asked to fund  some German research sabbaticals in the States in return (C3 p.4). 

This institutional agreement indicates how the German vessel could be used as barter 
material in securing sabbaticals for  German scientists who may have been relatively 
new to polar research. 
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9.3.2 Accessing data and samples 
Collaborators often  pooled data collected from  different  geographic regions. This 
motive was particularly apparent in non-fieldwork  collaborations, as indicated in the 
previous chapter. It was also apparent in fieldwork  collaborations, however, as the 
opportunity of  accessing data or samples from  a region hitherto inaccessible to the 
respondent went hand-in-hand with the goal of  accessing logistics. As mentioned in 
the previous chapter, the scientific  advantage gained from  pooling data from  different 
regions is, at least partially, rooted in global change research (and the related broadened 
scope of  scientific  papers). Since national expeditions are regularly conducted within 
traditional regions of  national interest, collaboration is often  necessary to access data or 
samples from  another geographic area. This point is illustrated by examples of  both Arctic 
and Antarctic collaborations. 

In one case, a European funded  project on glaciers became feasible  because a British 
glaciologist collaborated with a Norwegian Polar Institute scientist. He was thereby able to 
access data on several different  glaciers collected over many years during annual 
Norwegian Polar Institute expeditions to Svalbard. The European Arctic Stratospheric 
Ozone Experiment was also based on data collected from many geographical regions. In 
this case, scientists taking ozone measurements in their Arctic 'territory' deposited their 
data in a database. Broad geographic coverage of  ozone measurements was obtained by 
collaborating over the database. 

In three Antarctic collaborations between British and German scientists, each partner was 
able to access specimens/data from  Antarctic marine areas where their own ships did not 
go. Although one of  these scientists acknowledged that 'I can do most things I want in the 
BAS context' (Ml p.2), pooling data from  different  regions enabled each of  the three 
groups to achieve more ambitious projects. In one case, the paper was described as 'wider 
scale than we [at BAS] would have gone for'  (Ml p.2). In the other two cases, both 
marine biological projects, collaboration allowed for  the comparison of  different 
populations of  the same animal As a BAS scientist commented: 'most of  my work has 
been on low Antarctic marine communities, [the German cruise] gave me the opportunity 
to compare and contrast the continental shelf  system to the low Antarctic [where British 
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ships work]. Asking a comparative question gave perspective' (II p.7). Yet ironically, the 
difference  in geographical and seasonal emphasis of  the two countries' Antarctic cruise 
programmes, was in one of  these cases, cited as an explanation for  why there was not more 
collaboration between the two groups. 

9.3.3 Accessing knowledge, reputation, and language 
Closely related to the motive of  collaborating to access data or samples, is that of 
collaborating to access a particular knowledge or skill. As indicated in the previous 
chapter, the two are related because specific  knowledge is acquired when collecting 
data which facilitates,  or is indispensable to, interpreting and using those data. Two 
types of  knowledge featured  as important: knowledge of  local natural conditions 
acquired through field  experience; and analytical or technical expertise. Field 
experience, gained through frequent  exposure to a particular region, was often 
indirectly related to nationality because traditionally, national expeditions have gone to 
regions of  national polar interest. Links between scientific  expertise and nationality 
were less evident. 

Two collaborations, one Arctic and one Antarctic, illustrate that field  experience can be an 
important factor  influencing  choice of  collaborative partner. They further  illustrate that 
national interests and traditions link the nature of  this knowledge to the collaborator's 
nationality. First, on the multi-ship Arctic Ocean expedition to the North Pole, the 
Germans were clearly keen to work with a Norwegian scientist primarily because of  his 
considerable scientific  experience in the central Arctic. In the second example a Norwegian 
and a British scientist collaborated to create a flora  of  the South Orkney Islands, which lie 
within the British Antarctic Territory. The British scientist's extensive field  experience in 
the area was vital, particularly since the Norwegian had never been to the Antarctic. 

The German group had no experience in the Arctic Ocean. This first  cruise to the central 
Arctic came in the context of  revived German political interest in the North, following  the 
collapse of  the Soviet Union (both German respondents referred  to BMFT directives to 
work in the Arctic when explaining the history of  this expedition). Members of  the German 
group suggested that whilst they did not need to collaborate to access any equipment, they 
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required the assistance of  the Norwegian researcher, the only scientist they knew with the 
relevant expertise, to 'make things much easier for  us' (B2 p.2). He could help them 
establish their own geophysical programme in the North; as the leader of  the German group 
observed: 

the ship... [was] the driving factor  to establish a geophysical programme. He's [Norwegian collaborator] 
the only one with experience in the central Arctic. We're at the beginning of  that field  of  research. At the 
beginning, you always look at people with experience (B1 p.7). 

His colleague corroborated this view: 
We have our own equipment, we didn't need anything. ... [Norwegian] has ideas where we had difficulty 
deploying our stuff.  ... 
[Norwegian] knows so much about the Arctic. This is important. He's been there lots of  times. He knew 
about ice conditions... The more experience you have working in ice, talking to people - the more ideas 
you have (B2 pp.3,5). 

The Norwegian researcher had acted as chief  scientist on US ice drift  stations (drifting  ice 
floes  in the Arctic Ocean) on two occasions, describing this as 'the classical way of  doing 
things' (B3 p.l). 

A Norwegian taxonomist compiling a flora  of  the South Orkney Islands was able to draw 
on more than thirty years field  experience by collaborating with a British Antarctic Survey 
colleague. Whilst the Norwegian taxonomist classified  the plant material, his British 
partner's rote in the collaboration reflected  his field  expertise: he not only supplied the 
material, but was able to describe its type of  habitat. In this case, the geographic focus  of 
the whole collaborative project was determined by the location of  a British biological 
station in the South Orkneys. Indeed, the Norwegian taxonomist intimated that South 
Georgia, where BAS also had a base, would be the most interesting geographic focus  for 
such a project. However, conducting a project based on South Georgia plants was not 
feasible,  owing to a military presence.5 

In other cases, access to knowledge was cited as the most important factor  influencing 
choice of  partner. This reason was given more emphasis by Norwegian scientists than 
by British or German scientists, perhaps reflecting  the small size of  the Norwegian 

5 It is now difficult  to conduct scientific  projects from  the BAS biological station on South Georgia because of  a 
military presence. As a BAS researcher explained: 'We've got big complications on South Georgia. The 
military took over the research station. We can't get any information  out of  the MoD about their long-term 
plans, they probably don't know themselves. They don't want civilian pressure. But scientists can use 
Husvik, the old whaling station which has been renovated, but next year will be the last year of  its  operation. 
Military operations and science don't seem to work side-by-side ... We had lots of  good programmes on 
South Georgia, but when the Argentinians invaded, we had to abandon them' (K1 p.3). 
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scientific  community. In some cases, the co-worker's expertise was intrinsically valued 
by collaborators, because it allowed them to work on more sophisticated research 
problems than would have been otherwise possible. As a scientist observed, 'You can 
only address one question yourself,  by collaborating ... you can pool information  and 
do, for  example, trophic interaction studies' (II p.2). In other cases, collaborators 
appeared to value a co-worker's specialized expertise, not so much for  the knowledge 
per se, but for  the reputation it conferred  upon its holder, and therefore  indirectly upon 
themselves, for  example through joint grant applications and publications. 

In some cases, accessing knowledge, reputation, and language went hand-in-hand. A 
Troms0 researcher collaborating with a British scientist whom he described as 'highly 
regarded', suggested it was easier to get published working with a 'big name', not only 
because the article would be better written (in English), but also because 'they're 
closer to the journals, they often  have colleagues who are referees  for  the journals' (G3 
p.2). Further, he stated that it was easier to obtain research funding  when applying 
together with foreign  researchers, because in the eyes of  proposal assessors, they lent 
assurance that the project would be completed. A scientist based in Oslo stated that he 
had only accessed knowledge through his collaboration with a British colleague. This 
was perceived as crucial, not only because the specialized knowledge of  his British 
colleague enabled them to carry out a better project, but also because it served as an 
argument to obtain further  research funding: 

The [British] group had knowledge on [...] which didn't exist in Norway. ... The fact  that we could 
document collaboration with [British university group] was used as an argument for  getting more 
money. ... [British co-worker] and his colleague are interested in [...] modelling. This was used for 
arguing that we needed further  funding,  to draw on knowledge not available in Norway (N4 p3). 

Collaborating with a native English speaker is perceived as beneficial  by scientists 
whose first  language is not English, because joint publications can be written quicker. 
As a British scientist reported of  his German collaborator, 'he wants an English 
language speaker to work with' (F2 p.2); in the words of  the German scientist, 'very 
often  the English are quicker because of  the language' (F1 p.4). Significantly,  their 
collaboration is predicated on a clear division of  labour whereby the British scientist 
writes the papers, and the German scientist applies for  research funding.  For a German 
post-doc researcher, collaborating with a British scientist was primarily perceived as 
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beneficial  because of  the latter's good reputation; the collaboration resulted in 
internationally co-authored papers, which would in turn improve his prospects of 
obtaining research funding. 

9.3.4 Accessing political legitimacy 
There is clear evidence in the interview data that before  the break up of  the Soviet Union, 
cold war politics infiltrated  research, and therefore  collaboration, in the Arctic in general 
and on Svalbard in particular. The data are scattered with anecdotes of  small cold war 
incidents being played out between Soviet and western scientists. One Norwegian 
researcher described the Marginal Ice Zone Experiment (MTZEX) (a large international 
Arctic experiment, largely undertaking meteorology/oceanography) in which he had 
participated as chief  scientist: 

11-12 nations were involved in MIZEX. ... It was really  generated by scientists. There was lots of 
momentum. In 1983 we had 3-4 ships, 10 helicopters, planes etc. I'm lucky to still be alive. ... There 
was only western participation; the Russians were all around us watching what we were doing, they cut the 
cables for  the acoustic measurements (BN p.l). 

In a less spectacular example, a German geologist reported how during the mid 1980s on 
Svalbard, 'the Russians followed  us, looking at what we were doing, like spies' (F1 p.2). 
One Svalbard collaboration among my case-studies illustrates the role collaboration can 
play in 'big polities', since it was initiated during the mid 1970s between Norwegian and 
Polish scientists. The Polish group intended to carry out a geophysical programme on 
Svalbard. In response, the Norwegian Foreign Ministry requested that the Norwegian 
scientist, a seismologist, join them, maintaining that there 'should absolutely be a 
Norwegian in the picture' (PI p.2). It would appear that the Norwegian had little choice 
but to partake in the collaboration, 'I just had to accept it' (his primary research interests 
were not polar) (PI p.3). His leadership role in the collaboration appears to have been 
political, 'we were agreed that it was proper that the leadership should fall  to Norway' 
(ibid. p.5). The Norwegian scientist recounted that the amount of  contact between the 
groups was more a function  of  cold war vicissitudes than of  the progress of  the research 
project. Thus during the 'Solidarity' period of  1978 to 1981 there had been frequent 
contact, after  which it decreased. Further, the Polish scientists had been asked to 'look 
around' to see what was happening in Norway whilst their vessel stopped there en route for 
Svalbard (p.4). 
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Although Norway has sovereignty over Svalbard, the Svalbard Treaty allows citizens of 
any signatory country (Britain and Germany are both signatories) to freely  carry out 
economic and research activities on the islands (the Svalbard Treaty is described in chapter 
1). Indeed, during the 1980s, Norway actively pursued a policy of  encouraging western 
nations to establish research programmes on Svalbard in an attempt to counterbalance the 
large Soviet presence on the islands. 

It would appear that in the political climate of  the cold war, the Norwegian authorities 
preferred,  or even required, foreign  groups of  scientists on Svalbard to have contact with 
Norwegian scientists. As a former  Norwegian Polar Institute (NP) scientist told me, 'It's 
an advantage for  foreign  groups to come through NP. Before,  they had to go through NP' 
(A3 p.2). This policy is reflected  in the restrictions placed on the American scientists using 
their Auroral Observatory in Longyearbyen, who (in 1978) were advised that there should 
always be a Norwegian present when they were working there (see above). A further 
indication of  this policy was recounted by a German geologist who carried out much 
mapping work in the Ny Ålesund area during the mid 1980s, using British equipment: 'we 
met a Norwegian Polar Institute man who said, "why don't you do it with us? Why do you 
only work with the British?" ' (F1 p.l). 

The above indicates that previously, foreign  groups were required to work with 
Norwegians on Svalbard for  political reasons. Data relating to more recent collaborations 
suggest that although this is no longer the case, British and German scientists preferred  to 
include Norwegian scientists in their Svalbard projects, perhaps as a way of  legitimating 
their presence. Further, there appeared to be some ambiguity, both among Norwegian and 
non-Norwegian respondents, about the exact protocol to be followed  by foreigners 
working on Svalbard. I suggest that in the face  of  such ambiguity, foreigners  prefer  to 
work with Norwegians on Svalbard for  the sake of  political legitimacy. 

A German marine scientist observed that when working in the waters around Svalbard 'you 
need really to work with Norwegian colleagues', although he was aware that it was not 
legally necessary (Y p.2). This perspective was corroborated by a Norwegian professor 
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who acknowledged that Arctic collaborations with Norwegians could be politically 
motivated. When asked whether his co-workers gained access to any major facilities 
through collaborating with him, he replied, 'Being a polar nation... Svalbard plays quite a 
big role, especially for  the Germans, they like to invite Norwegians with them on a project 
in the Arctic' (Q2 p.6). This observation echoes the comment made by an official  in the 
Polar Department of  the Norwegian Ministry of  the Environment, 'It's Norway's aim to 
utilize Svalbard as a basis for  international research. Norway may not have an icebreaker, 
but we have got Svalbard' (N03 p.6). 

Two scientists, one British and one German, indicated that the political legitimacy 
gained by collaborating with Norwegians on Svalbard, was expressed in, or perhaps 
rewarded by, facilitated  access to logistics on Svalbard. As the German scientist 
observed, 'On Svalbard you need to exchange with the ... Sysselmann. 6 It's easier if 
you have a Norwegian scientist in the group, to get government support, and to gain 
access to logistics. That's the easiest way' (P6 p.4). The British scientist, who works 
regularly on Svalbard with Norwegian Polar Institute scientists, was less willing to 
show such deference  to Norwegian sovereignty, but yet was more explicit about the 
political aspect of  collaborating with Norwegians on Svalbard. He recounted that he 
writes to the governor of  Svalbard, not to ask for  permission to work there, but to 
inform  the governor, in a polite, ambivalent way, of  the research group's fieldwork 
plans, 'I don't want them to get the idea that they've got the power to grant access' 
(N2 p.4). For as he observed, 

It's never been clear whether you have to ask the Sysselmann  or not, to go to Svalbard. Svalbard has 
changed a lot. It was a company town. It was very difficult  to work there in the late 1980s. It's 
been opened up, you can now wander in using private people (ibid. p.7). 

When asked whether the collaboration with his Norwegian co-workers was determined by 
a need to access research facilities,  this scientist's response mirrored that of  the Norwegian 
professor  quoted in the previous paragraph: 

It makes it easier. It would be foolish  to work in Svalbard without Norwegians. As a scientist, 
strategist, politician - the latter - politically, it would be seen as a good thing to be doing [working 
with Norwegians on Svalbard] (N2 p.4). 

6 The governor of  Svalbard, and the representative of  the Norwegian State on the islands. 

290 



9.4 Comparative analysis of  motives for  collaborating 
The distinction between motives of  need and motives of  opportunity is necessarily 
subjective; even within a collaboration, a motive communicated as a need by one partner 
may be perceived as an opportunity by another.7 I suggest that the distinction between 
motives of  need and opportunity can be related to differences  in scientists' national and 
institutional settings, illustrating the relationship between collaboration and macro-level 
polar politics. 

Tables 9.1 and 9.2 list some of  the more prominent criteria for  choice, by nationality of 
collaborator (Source  country) in Arctic and Antarctic research respectively. It should be 
noted that the Motives  of  opportunity  column links source country collaborators with a 
particular collaborating  country. This is because motives of  opportunity have a stronger 
bearing on choice of  partner than motives of  need. 

Motives of  need differed  more between Arctic and Antarctic scientists than between 
country of  origin of  the scientists, and were stronger amongst Arctic than Antarctic 
scientists. In general, university scientists were more likely to be driven by need (and 
therefore  to be collaborating from  a position of  relative weakness) than government 
institute scientists. As suggested above, need may have been a stronger motive for  Arctic 
scientists because the Arctic is more accessible than the Antarctic, and it is feasible,  though 
difficult,  for  Arctic scientists to work outside national polar research infrastructures  (for 
example, by collaborating). There are more opportunities to work outside the government 
institute systems in Arctic than Antarctic research, both because there is a greater number 
of  institutions involved in Arctic research, and because there are more possibilities of  hiring 
logistics on the private market (e.g. in Svalbard, Norway, or Russia). 

I suggest that in countries with central polar institutes housing research programmes (as is 
the case with the three countries discussed here) it is relatively hard, if  not impossible, to 
survive as an Antarctic researcher outside the government institute system, partly because 

7 The observation that the distinction between motives of  need and motives of  opportunity is subjective, merely 
acknowledges that the nature of  such a distinction is anchored in experience. To suggest that an experienced 
phenomenon is subjective does not necessarily imply that it has no basis in reality. The validity of  the 
subsequent analysis ultimately rests on this epistemological assumption. 
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Antarctic research is on the whole more expensive than Arctic research. Significantly, 
therefore,  institute scientists (from  AWI or BAS) played a pivotal role in all the Antarctic 
collaborations studied. Indeed, the majority of  Antarctic researchers interviewed were 
institute scientists, whilst the majority of  Arctic researchers interviewed were university 
scientists. It appears ironic that though Antarctic research is more expensive, Antarctic 
researchers are less 'needy'. 

University and institute scientists enjoy broadly unequal access to government logistics. 
This is to some extent reflected  in differences  in their motives for  collaborating: university 
scientists were more likely to collaborate from  need, or a position of  relative weakness, and 
institute scientists from  a position of  relative strength. This is however, a generalization, 
and there are several influential  university scientists among my respondents who work 
independently of  government polar institutes. The relatively recent availability of 
substantial amounts of  European Union research funding  for  some aspects of  polar 
research, has allowed university scientists to generate large research programmes. A 
British Arctic university researcher described as an 'opportunity' the EU project he 
initiated: 

the EC agreed to support the [...] work,... 21 other partners were foisted  on one. In other cases, it's need; 
you see a piece of  science you want to do, and the people who can help you do it are not in the UK, you can 
now get it supported through the EC. ... (BUKpp.5-6). 

However, the new EU opportunities spawn competition also. This scientist's Norwegian 
colleague was spearheading the gestation of  a major European research programme in the 
same field  as his own project: 'He... bulldozes his way through, but he does it openly. He 
stabs you in the front,  whereas the normal way of  doing science in Britain is to stab you in 
the back' (ibid. p. 1). (This is an indication that greater availability of  EU funding  may 
create the same type of  competition for  funding  across Europe that currently makes it hard 
to collaborate inside a country.) Clearly, polar institute scientists do not have to compete 
for  resources in the same way, and so find  it easier to cooperate - fostering  strong 
institutional links, such as that between AWI and BAS. In such cases, collaborations, like 
co-authored papers, can serve to cement institutional relationships; this is especially 
evident in large cruise collaborations. 
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In the UK, need was more often  related to difficulty  in obtaining research funding,  than in 
Germany, where need was more often  related to problems of  accessing national logistics; in 
Norway, motives of  need were related to both these factors.  On the whole, need was less 
strong in Germany than in the other two countries. I suggest that in the UK, strong 
motives of  need reflected  a relative lack of  national funding  and logistic support for  Arctic 
research, compared with Antarctic research. UK Arctic researchers were therefore  more 
likely to collaborate from  a position of  weakness than UK Antarctic researchers, who were 
more likely to collaborate from  a position of  strength. In Norway, motives of  need 
amongst university Arctic researchers reflected  intranational institutional rifts,  and a 
concomitant difficulty  of  accessing national logistics; whilst need in Antarctic research 
reflected  the difficulty  of  accessing a region outside Norwegian Antarctic territory. 

British Antarctic researchers and Norwegian Arctic researchers tended to collaborate from 
a position of  relative strength, reflecting  the dominant polar political interests of  the two 
countries. Thus the reasons scientists collaborated with UK Antarctic and Arctic 
researchers respectively, differed.  In the Antarctic, British researchers appear to be 
relatively strong collaborators, as they can offer  access to appropriate data/samples and 
extensive field  experience. Similarly, the reasons scientists collaborated with Norwegian 
Arctic and Antarctic researchers respectively, differed.  In the Arctic, researchers were 
likely to collaborate with Norwegian scientists to access logistics, field  experience, and 
indeed Svalbard itself.  In fact,  the reasons scientists collaborated with Norwegians in the 
Arctic, were broadly similar to the reasons scientists collaborated with UK researchers in 
the Antarctic. Germany appears to be a strong partner in both Arctic and Antarctic 
research. The reasons scientists collaborated with German scientists in the Arctic and the 
Antarctic were broadly similar, because they were often  related to the opportunity of 
accessing the Polarstern.  Accessing cruises with this vessel is a strong motive for  foreign 
researchers because the ship has the power to penetrate further  into the ice than most 
research platforms,  allowing researchers to reach relatively inaccessible regions and thus 
conduct unique marine science. Indeed some evidence, such as interinstitutional 
agreements, suggests that access to the vessel is used as barter material, or as a means of 
cementing collaborative relationships. In sum, the strengths of  the three countries (as 
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reflected  in the opportunities scientists in each country can offer  collaborators) differ 
broadly according to the main polar political and scientific  interests of  each country. 

Motives for  collaborating, then, are often  related to funding  structures and to institutional 
factors,  which are in turn related to national polar interests. Further, the distinction 
between motives of  need and motives of  opportunity suggests that scientists may 
collaborate from  a position of  strength or weakness. To the extent that this may be 
reflected  in a scientist's status within the collaboration, it may be said that the personal is 
political in polar research collaboration. In other words, individual experiences of 
collaboration are to some extent bound up with the realm of  polar politics. 

9.5 Conclusion 

This chapter has suggested that it is insufficient  to conceive of  collaboration merely in 
terms of  the nature of  the relationships between, and actions of,  individual 
collaborators, as has perhaps dominated the traditional approach to studying 
collaboration (see chapter 3). Indeed, as pointed out in chapter 5, section 5.3.2, social 
theorists acknowledge that social processes embody properties which cannot wholly be 
accounted for  by the nature of  the relationships between, and actions of,  individuals. 
Focusing on the motives for  collaborating and on factors  affecting  choice of  partner, reveals 
that individual interests are interlinked with the interests and motives of  others, and 
therefore  with the macro level. In short, whilst the previous chapter showed that 
collaboration is about the enmeshing of  getting science done and pursuing individual 
careers, this chapter indicates that careers (and therefore  collaboration) are linked to 
national polar policies. 

The  pivotal role of  logistics  in collaboration:  the personal is political 
Chapter 7 observed that polar political interests are reflected  in the organization of 
polar science and science logistics in each country studied. The link between 
scientists' careers and national polar politics may be partially attributed to this 
observation. More specifically,  because logistics enable scientists to get into the field 
and so collect data, and because logistics are the main expense in research projects, direct 
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or indirect access to logistics confers  a competitive edge. Since researchers can gain 
access to this competitive edge through collaborating, the relative attractiveness of 
potential collaborators is likely to be characterized by access to logistics. 

The ease with which members of  a national science community can access national 
logistics, appears to broadly differ  according to institution. Some scientists are 
marginalized, who for  a variety of  reasons want to pursue careers doing polar work, 
but who cannot easily access national logistics. Such scientists may be able to team up 
with foreign  research groups. This situation can be seen as a conflict  of  interests between 
government policies over the organization of  logistics, and basic research (little science), 
which is played out in collaboration, when scientists 'marginal' to the government polar 
science infrastructure,  seek nonetheless to pursue their projects through international 
collaboration. In the South, few  such marginal Antarctic scientists exist because the relative 
inaccessibility of  the Antarctic makes it too difficult  for  researchers to operate outside 
national polar science institutes. 

Whilst some scientists may perceive themselves as victims of  an unjust system 
(especially in relation to research council and national polar institute policies), others 
(both university and institute scientists) are acknowledged as powerful,  attracting such 
epithets as 'totally ruthless thug', 'bulldozer approach to get what he wants'. Such 
resourceful  scientists are often  able to pursue research programmes independently of 
the national scientific  infrastructure,  and even, more recently, to shape the fate  of 
national programmes, through spawning major European funded  initiatives. Such 
'institutional scientists' as one researcher dubbed them (because they sit on 
committees), create their own opportunities by going outside their national systems, and 
exploiting links with colleagues abroad. The more 'marginal' scientists can then take 
advantage of  these opportunities. I suggest that such 'institutional scientists' are a certain 
type of  person, with particular skills of  operating in the political sphere. They are able 
to communicate with politicians, and get them interested in their projects. 

In short, unequal access to logistics is linked to political processes, and creates hierarchies 
within the polar research community. Such hierarchies play a role in the structure and 
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process of  collaboration, because nationality and institutional belonging partly determine the 
kind of  choices available to scientists in collaboration. 

I suggest then, that the distinction between collaborating from  a position of  strength or 
weakness reflects  polar political interests, mediated through a universal dependence on 
logistics. Analysing both the process of  collaboration and the motives for  collaborating 
within a particular policy and political context, suggests that the personal is political and 
that politics is personal in polar science. In this sense, collaboration offers  a means of 
tracing the relationship between science and politics in the polar context. 
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CHAPTER 1 0 

Conclusion 

10.1 Introduction 

This study discussed the politics of  science at two levels, first  at a macro level of 
institutional interests and global co-authorship patterns, and second at a micro level of 
research practice in collaboration. This chapter seeks to reconcile these levels by 
discussing their reciprocal impacts. The chapter also clarifies  how conceiving 
collaboration as a work process contributes to an understanding of  the relation 
between science and politics in the polar context. 

The following  two sections summarize how the study portrayed macro and micro level 
processes. The subsequent section discusses how the empirical work has contributed 
insight into the nature of  the link between the two levels. Sections 10.5 and 10.6 
discuss some policy implications flowing  from  the empirical findings,  and suggest 
topics for  future  research. The final  section of  the chapter summarizes the thesis. 

Previous research on the politics of  polar science has demonstrated a strong link 
between geopolitical factors  and polar research. It illustrated the nature of  this link by 
relating differences  in Arctic and Antarctic research profiles  to differences  between the 
geopolitical setting of  the two regions. It further  pointed out that polar science 
logistics perform  a symbolic political role for  governments (chapter 2). Previous 
research on collaboration suggested that collaboration across institutions is rapidly 
becoming the most prevalent mode of  working in science. 

As collaboration is coming to dominate scientific  research, this study in part sought to 
connect insights of  the collaboration and polar science literature by tracing out how 
and in what way politics and collaboration are linked. But there is also a wider 
problem: that of  how macro and micro levels of  analysis interrelate. For whilst 
previous work on polar research has failed  to analyse the level of  research practice, 
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previous research on collaboration has failed  to analyse how collaborative work relates 
to its policy context. 

10.2 Science and politics at the policy level 

The effect  of  the polar political context on collaboration and on national polar research 
programmes was investigated by an empirical investigation of  international co-
authorship in polar research, and by carrying out a survey of  national policies for  polar 
research in Norway, the UK, and Germany - countries with contrasting polar political 
interests. 

Global patterns of  international co-authorship in polar research did indeed appear to 
support the hypothesis that geopolitical factors  structured collaboration. This was 
particularly borne out by differences  between the Arctic and the Antarctic in patterns 
and rates of  international co-authorship (chapter 6, sections 6.3 and 6.4). 

The survey of  national policies for  polar research in Norway, the UK, and Germany 
(chapter 7) showed that national polar political interests, epitomized by territorial 
sovereignty, had a direct bearing on the way in which research and science logistics 
were organized at the national level. Thus Norway emphasises Arctic research, and 
the UK emphasises Antarctic research. These different  emphases were reflected  in the 
nature of  their respective national polar research institutes and logistic capabilities. 
Germany, a country with no polar territory, stresses both Arctic and Antarctic 
research; her predominantly marine programme is centred on a research ice-breaker. 
Thus research at Germany's central polar institute is approximately equally divided 
between Arctic and Antarctic research, and the ice-breaker spends half  its time in the 
Arctic, and the other half  in the Antarctic. In short, the strengths of  each country's 
logistics, and the way they are deployed, generally reflected  the nature of  the country's 
political and economic traditions and ambitions in either or both polar regions. The 
survey also indicated that senior scientists used government interests as 'bait' to gain 
resources for  polar research. The shifting  nature of  national motives for  Arctic 
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research - from  those of  national security and military technology within a cold war 
arena to global and regional environmental motives - was also noted. 

In the three countries forming  the focus  of  this study, government-owned logistics are 
managed by national polar research institutes, which also house multidisciplinary 
experimental research programmes. Thus the apparent 'hub' of  polar researchers in 
the government institutes, enjoyed relatively easy access to science logistics, the most 
significant  enabling factor  in experimental polar research. 

The co-authorship data can be interpreted in light of  these findings  that national 
research policies serve polar politics. Chapter 6, section 6.3, showed that international 
co-authorship levels for  countries with primarily Antarctic political interests, were on 
the whole higher in Arctic than Antarctic research; whilst international co-authorship 
levels for  countries with primarily Arctic political interests were on the whole higher in 
Antarctic than Arctic research. It may be assumed that national polar research 
infrastructures  (including logistics) are tailored to conditions in the region of  political 
interest, reducing the need for  international collaboration. 

The bibliometric study coupled with the survey of  national policies for  polar research 
appears to substantiate the claim that polar science should be understood in the context 
of  national polar political interests. However, the dynamics of  this relationship must be 
sought at the micro level of  research practice. 

10.3 Science and politics at the level of  research practice: describing 
collaboration as a process 

How  can international  collaboration  in polar research be understood  as a process ? 
In this study, international research collaboration was interpreted as a process of 
working together on research projects. Chapter 4 devised a framework  for  classifying 
collaboration work into three types: 'production work'; 'articulation work'; and 
'emotion work'. Articulation work comprises the tasks which need to be done for  the 
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'production work' to flow  smoothly (articulation work and emotion work relate to 
managing production work and the collaborative relationship; they are invisible unless 
collaboration is viewed as a process). This framework  stressed that when two or more 
individuals attempt to achieve a joint goal, through 'production work', extra effort  is 
entailed - linked to the nature of  the collaborative relationship itself.  It further  stressed 
that the work in collaborations shapes individual careers, as well as producing scientific 
knowledge. 

In chapter 8, complementarity was found  to be a prerequisite for  successful 
collaboration. However, it was also found  that the greater the personal and 
professional  differences  between co-workers, the greater the effort  involved in carrying 
out the collaborative work. Thus the balance between similarity and difference  (i.e. 
complementarity) within a collaboration was found  to affect  the amount of  work entailed in 
the collaboration. 

Analysing collaboration as work (chapter 8), then, drew attention to the diversity of 
work involved in collaboration, and to the nature of  interactions between researchers. 
It was found  that fieldwork  collaborations and non-fieldwork  collaborations differed 
broadly in terms of  the nature of  the work involved. Fieldwork collaborations involved 
collaborating over science logistics in the field,  non-fieldwork  collaborations did not. 
Fieldwork collaborations involved more complex processes of  interaction and work, 
and in particular more articulation and emotion work. Differences  between co-
workers were found  to be more pronounced in fieldwork  than non-fieldwork 
collaborations (necessitating more effort  on the part of  collaborators). 

Thus in section 8.4, the 'extra' work in fieldwork  collaborations, less apparent in non-
fieldwork  collaborations, was traced to the difficulties  of  organizing and carrying out 
joint work in the field,  and to the effort  required to reconcile differences  between co-
workers (both interpersonal differences,  and differences  in the type and amount of 
previous field  experience). These two sources of  'extra' work were linked, since 
differences  between co-workers exacerbated the difficulties  presented by difficult 
working conditions. 
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Fieldwork and non-fieldwork collaborations played broadly different  roles in 
researchers' careers. Because non-fieldwork  collaborations did not entail collecting 
new data from  the field,  they were on the whole less significant  for  researchers' 
careers. Therefore,  extra work arising from  differences  between individuals was not so 
apparent in non-fieldwork  collaborations, as a degree of  self-selection  had evidently 
taken place. Some fieldwork  collaborations were pursued despite conflicts  because 
accessing the field  was important to researchers. However, some fieldwork 
collaborations, and particularly those on large cruises, failed  after  the initial cruise. 
Such failures  indicated that successful  collaboration required interpersonal resonance. 

Thus the distinction between fieldwork  and non-fieldwork  collaborations was 
underpinned by a paradox. Whilst good personal relations were more significant  for 
work flow  in fieldwork  than non-fieldwork  collaborations, collaborators were in fact 
less likely to know each other well in fieldwork  than non-fieldwork  collaborations. 
This was because pulling out of  a fieldwork  collaboration had a relatively greater 
impact on a scientist's career, and because fieldwork  collaborations were more likely 
to be logistics-driven, rather than science-driven. 

It was found  that different  stages of  collaborative fieldwork  projects involved different 
types of  work, which were unevenly distributed among collaborators. The concept of 
articulation work drew attention to the work of  accessing ships, gaining a place on a 
cruise, and making preparations for  fieldwork.  Fieldwork preparations fell  particularly 
to scientists in the institute running the cruise (section 8.4.1). During a cruise, 
scientists familiar  with the ship carried out the invisible work of  helping co-workers 
who were less familiar  with the working conditions. Capricious weather and ice 
conditions called for  improvisation in the field,  and for  making impromptu changes to 
project plans (forms  of  articulation work) (section 8.4.2). Organizing post-cruise 
workshops also fell  to scientists in the institute running the cruise (section 8.4.3). Thus 
much of  this 'invisible' work, which was related to collaborating over logistics, and 
which became visible by focusing  on articulation work, was undertaken by scientists 
running the cruise. 
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Analysing fieldwork  collaborations as work revealed a distinction between large 
cruises and small fieldwork  projects. Collaborators on large cruises were less likely to 
have worked together before.  Because of  this, and because the logistics cart often 
came before  the scientific  horse, large cruises involved more articulation work at every 
stage of  a collaborative project. 

Adopting a dynamic concept of  collaboration then, revealed work overheads invisible 
to static concepts of  collaboration. It also revealed that different  stages of 
collaborative projects involve different  types of  work: the nature of  collaborations 
changes over their course. In the polar context, the 'extra' work is particularly linked 
to fieldwork  and logistics. It is affected  by the nature of  the working conditions, by 
interpersonal differences  between the workers (including cultural differences),  and by 
the nature of  their previous field  experience. The significance  of  personal relations is 
shown by the failure  of  some fieldwork  collaborations which were not based on 
personal relationships. 

Why  do polar scientists engage in international  collaboration  ? 
Chapter 9 showed that motives for  collaborating were often  related to accessing 
fieldwork  (i.e. logistics or a particular geographic area), field  expertise, or the products 
of  fieldwork.  A broad distinction was found  between the motives of  university 
scientists and the motives of  government polar institute scientists. University 
researchers were more likely to collaborate from  a position of  need, and government 
institute scientists were more likely to collaborate in order to exploit an opportunity. 
This distinction was mirrored in the reasons researchers chose their partners. These 
reasons revealed an apparent hierarchy amongst polar researchers within a country, 
defined  partly by disparate ease of  access to science logistics. The attractiveness of  a 
potential scientific  collaborator was to some extent defined  by access to logistics. 

In the three countries studied, institute researchers tended to gain priority access to the 
logistics managed by their own institutions. This was partly because they could tailor 
their research projects to the available logistics, and because these logistics were more 
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likely to be deployed in line with ongoing in-house projects. Certain university groups 
appeared also to gain privileged access to logistics through close ties with the polar 
institutes. Polar scientists in the university sector, who did not enjoy comparable 
access to national logistics, often  regarded themselves as marginalized from  the 
perceived national hub of  polar research. This hierarchy was identified  as an important 
factor  structuring collaboration: university scientists often  forged  links with 
international programmes and partners in response to the difficulty  of  accessing the 
national pool of  logistics. 

Because the nature of  this hierarchy is bound up with the institutional organization of 
polar research, it is indirectly determined by polar political interests. As section 10.2 
pointed out, national infrastructures  for  polar research generally reflected  polar 
politics. Thus the marginality of  some polar scientists is a function  of  these national 
interests. As was hinted at above, the distinction between collaborating from  motives 
of  need and motives of  opportunity identified  among researchers was a function  of  this 
hierarchy, which structured collaboration. In short, because research serves to 
reinforce  sovereignty and other political interests, collaboration also becomes political, 
evident in the distinction between strong and weak collaborators. 

Thus national polar politics generated a division among national polar research 
communities: researchers were either 'in' or 'out' of  national polar research systems, 
to the evident dissatisfaction  of  those outside. These 'politics of  access' then, reflect  a 
tension between science and politics in the polar context, which is played out in 
collaboration. 

o 

10.4 Linking levels 

The  scientific  and political  significance  of  science logistics 
Logistics enable scientists to collect the data which they need to pursue their careers; 
they are simultaneously symbolic demonstrations of  national presence. Logistics thus 
perform  a dual role as significant  elements in the process of  polar research, and as 
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instruments of  symbolic politics. This dual significance  shapes collaboration, and the 
way in which it does so, sheds light on the way in which polar science as work relates 
to the macro context. 

As a material thing over which scientists have to collaborate, logistics shape both the 
motives bringing collaborators together, and the nature of  collaborative work, 
particularly through invisible work processes (described in section 10.3). Unequal 
access to logistics, creates a hierarchy among researchers. Those with relatively easy 
access collaborate from  a position of  strength, and those with relatively difficult  access 
(normally researchers marginalized from  national polar research institutes) collaborate 
from  a position of  weakness. In this manner, differences  in access to logistics 
(determined by the macro political environment) structure collaboration. The interface 
between these politics of  access and national political agendas is blurred, both because 
of  the central role played by logistics in science and politics, and because scientists 
exploit government interests in negotiating with politicians for  resources. 

The  paradox  behind the hierarchy of  collaboration 
It appeared at first  sight that scientists low in this collaboration hierarchy had little control 
over their marginal position. Chapter 9, section 9.2 showed that these scientists 
collaborated from  need, as a means of  surviving as polar researchers. However, closer 
scrutiny of  the collaborations of  these 'frozen  out' scientists in terms of  work (including 
careers), suggests that this hierarchy of  collaboration does not accurately convey their 
actual position. These researchers often  dealt with their perceived marginality in resourceful 
and creative ways. They generated their own research opportunities and programmes, for 
example through alternative modes of  funding.  New EU funding  sources allowed them to 
operate outside government polar programmes. In many instances, international 
collaboration in fact  provided a means, not only of  survival in polar research, but also of 
pursuing preferred  careers, outside the national polar research system. This was more 
apparent in Arctic than Antarctic research, as few  such marginal scientists existed in 
Antarctic research, owing to the relative inaccessibility of  the continent from  Europe. 
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Many of  the 'marginal' scientists clearly valued the freedom  of  operating outside the 
established polar research infrastructure  in their home country, though publicly they 
portrayed themselves as victims of  an inequitable system. This freedom  enabled them 
to shape, and to have control over their own career trajectories, partly through 
collaboration. Therefore,  characterizing them as marginal (in terms of  a collaboration 
hierarchy dictated by polar politics) misses the fact  that these scientists successfully 
articulated, or reconciled, their career trajectories with their collaborations. In other 
words, when science is conceived as work, it is a fallacy  to characterize their position 
as marginal. 

It also appeared at first  sight that because of  their easy access to national logistics, 
scientists at the top of  the collaboration hierarchy had greater control over their 
collaborations and their careers. The nature of  the fieldwork/non-fieldwork  distinction 
in terms of  work showed that collaborative projects on large cruises in particular, 
involved substantial amounts of  hidden or invisible work, such as administrative work 
(outlined above). A further  illustration of  the paradox behind the collaboration 
hierarchy, is that those who carried out this extra, time-consuming work, were at the 
top of  the collaboration hierarchy, based in the institutes which ran the international 
cruises (chapter 8, section 8.4.2). Whilst these researchers were collaborating from  a 
position of  strength, defined  by ease of  access to logistics, the extra tasks they had to 
carry out in collaboration, prevented them from  successfully  articulating or reconciling 
their collaborative work with their own career trajectories, in the way that the 
apparently marginal scientists could. Their position of  strength, as dictated by polar 
politics, is thus founded  on the paradox that it is accompanied by invisible work which 
is not conducive to pursuing successful  scientific  careers. 

The  political  significance  of  invisible work 
The invisible work that accompanies fieldwork  collaborations makes collaborative projects 
doable. The larger the cruise, and the more diverse the group of  collaborators (i.e. the 
more the collaboration is logistics-driven), the greater the amount of  invisible work entailed 
in the collaboration. Through its function  of  integrating collaborative research projects with 
logistics, this invisible work constitutes the effort  required to reconcile researchers' careers 
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with polar politics. By the same token, it is the work that articulates (or reconciles) the 
careers of  'strong' and 'weak' collaborators in collaboration. Through its association with 
the distinction between 'strong' and 'weak' collaborators, invisible work can be conceived 
as the bridge between science and politics in the polar context. 

Implications  for  understanding  the interface  between polar science and politics 
The tension between science and politics is reproduced in the polar research 
community as a collaboration hierarchy, which has been identified  as a factor 
structuring collaboration. Focusing on collaboration as work reveals that this 
collaboration hierarchy masks the paradox that those collaborating from  a position of 
strength are in fact  less able than those collaborating from  a position of  weakness to 
articulate their collaborative work with their careers as scientists. This paradox is 
rooted in the invisible work processes associated with the interface  between 
collaborative projects and logistics, and carried out by the strong collaborators. In so 
far  as such work links collaborative research projects with logistics, it constitutes 
researchers' efforts  to reconcile the tension between polar politics and their own 
careers. 

It is thus argued that whilst structural conditions (polar politics) shape patterns of 
collaboration, scientists are also creative in the ways they shape their own career 
trajectories. This observation undermines the perception that the relationship between 
science and politics in the polar context is uni-directional Not only do scientists exploit 
political interests to further  their own goals, but they adapt their own careers to exploit the 
political circumstances. In other words, they exploit science to take advantage of  the 
political conditions. 

This in turn suggests that it is misguided to perceive of  the interface  between polar politics 
and scientists' careers, as a tension zone. It is more accurate to conceive of  it as a zone of 
opportunity, which scientists can work to exploit. Such a perspective links micro and 
macro elements analytically through work processes. Viewed from  this perspective, 
collaboration involves enmeshing three elements, namely: getting science done; 
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pursuing careers; and exploiting polar politics. Individual interests are enmeshed with 
the interests and motives of  others (and therefore  with the macro environment). 

Theoretical  implications 
The empirical findings  outlined above, highlight the importance of  taking account of  what 
scientists do  (ie. work) to understand the dynamics of  polar science, and thus the way polar 
science relates to its context. Underlying this observation is a view of  polar scientists as 
sophisticated, calculative actors. Scientists' intellect, with which they approach 
theoretical and technical problems, is significant  for  understanding how they deal with the 
material and social world (see e.g. Clarke and Fujimura 1992 p. 14). This was made visible 
in the current study, through an emphasis on the nature of  collaboration as a relationship, 
and on a dynamic conceptualization of  collaboration as work. 

Understanding work processes in polar research supplements previous research which 
stresses the political role of  polar science. The nature of  work processes highlights 
that though scientists' careers are inextricably bound up with the macro context, they 
are not determined by it. Scientists shape their own career courses or trajectories.1 

The light this study sheds on the complexity of  the interrelationship between science 
and politics in the polar context may inform  an understanding of  the process of 
collaboration in comparable fields  such as ocean and space research. The 
generalizability of  this study to these fields  rests on the important features  they share 
with polar research, such as their essential transnationalism, their dependence on 
expensive facilities,  necessitating the pooling of  national resources, and their potential 
to play a symbolic political function  for  governments. The Human Genome Mapping 
Project provides an example of  another form  of  such 'big science', with its 
considerable political dimensions, scale, and dispersion. 

1 Here, as elsewhere in the thesis, the term 'trajectory' refers  to the interactionist concept, rather than to a pre-
ordained course taken by a phenomenon. The sense in which 'trajectory' is meant here, emphasises that 
participants are actively attempting to shape the course of  the phenomenon in question; it foregrounds  the 
dynamic, processual and unpredictable nature of  social phenomena (see Chapter 4, section 4.2.1, and Chapter 
8, footnote  10). 
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10.5 Policy implications of  research findings 

Implications  for  funding-driven  collaboration 
Funding-driven collaboration is becoming an increasingly important science policy 
mechanism, both nationally, and at the supra-national level, where it is most obviously 
expressed in the criteria for  European Union grant funding.  European Union science 
grants are inherently collaborative: the nationality of  the joint applicants is a criterion 
for  allocation. Two EU countries, preferably  including a European Less Favoured 
Region, must be represented amongst the grant holders. These criteria mean that joint 
applicants may be united more by pragmatism than by personal and professional 
compatibility. 

The empirical component of  this thesis indicated that successful  collaboration is 
predicated on a balance between complementarity and similarity amongst co-workers. 
This was suggested in chapter 8 by the finding  that interpersonal resonance was 
perceived as a factor  for  success in both non-fieldwork  and fieldwork  collaborations, 
and by the allied finding  that three of  the fieldwork  collaborations were not pursued, 
apparently because of  too great a difference  between co-workers. 

To elaborate, some of  the case-studies discussed in chapter 8 suggested that too great 
a disparity among collaborators, whether this difference  consisted in disparate career 
trajectories or in personal incompatibility, generated 'invisible' work within the 
collaborative project. In some cases, a collaboration's benefit  to co-workers' careers, 
did not warrant the 'work overheads' involved. Allied to this was the finding  that co-
workers who had worked together in the field  before,  were able to work more 
effectively  together than co-workers who had not. Thus the 'invisible' work, which 
detracted from  the efficiency  of  the collaboration, was facilitated  and minimized when 
co-workers knew each other well, and yet too great a similarity between co-workers 
would not warrant a collaborative effort  in the first  place. Because such 'work 
overheads' appeared to be exacerbated when collaborators did not know each other, 
collaborations which were not based on personal relationships were less likely, than 

310 



collaborations which were, to be pursued further.  Prior experience of  working with a 
collaborator, and thus personal knowledge about the co-worker, proved an important 
factor  for  success. 

These findings  have two policy implications relating to European funded 
collaborations. First, they suggest that flexibility  should be built into contracts, 
allowing collaborators to withdraw from  the collaboration without significantly 
compromising the individual's career. European funding  locks collaborators in 
explicitly, making it difficult  to withdraw should the collaborative relationship become 
problematic. Second, they suggest that a nationality criterion for  grant allocation may 
be wasteful,  rather than catalytic, because of  the scientific  compromises that need to be 
made. Adopting a dynamic concept of  collaboration reveals work overheads, affected 
by differences  between the actors, that tend to get overlooked in policies which assume 
only the benefits  of  collaboration. Top-down policies may maximize rather than 
minimize these overheads. 

Further, collaborative funding  mechanisms should recognize that the nature of 
collaborations changes over their course. This thesis has shown that different  stages of 
collaborative projects involve different  types of  work. Therefore  the intensity of 
interaction varies over the course of  the collaborative project (chapter 8). 

Policy incentives to collaborate tend perhaps to be underpinned by an idealized notion 
of  collaboration and multiauthorship, which assumes only the benefits  of  collaboration. 
However, as this thesis has demonstrated, collaborative work produces individual 
careers, as well as knowledge, stripping collaboration of  the myth that it is the 
antithesis of  competition, and that it can only be beneficial  for  science. 

Implications  for  polar research policy 
Differences  in ease of  access to research funding  and to science logistics within the three 
national polar science communities studied, created divisions and rivalry among scientists. 
Such divisions create unnecessary competition, and are not conducive to an efficient  and 
effective  national polar research programme. These differences  of  access are rooted in the 
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institutional organization of  polar research in the three countries. Logistics are managed by 
government research institutes, which also house multidisciplinary science programmes. 
University researchers often  faced  problems coordinating research projects with government 
logistics. These findings  suggest that separating logistics management and funding  from 
research funding  would provide a more equitable way of  organizing a polar research 
programme. The Norwegian experience, in particular, suggested that a single body should 
organize a country's logistics. 

Some countries, such as the US and Sweden, in principle allocate all polar research 
funding  on scientific  merit alone, and organize logistic support separately. However, a 
study on the organization of  polar research in Sweden, revealed that the organizational 
split between political (logistics) and scientific  (grants) responsibilities did not function 
in practice (logistics are funded  by a polar secretariat, project funding  is allocated by a 
research council) (Bohlin 1991 pp.104-112). As Bohlin observed, such an 
organization requires close coordination between the secretariat and the research 
council, as appropriate logistic support needs to be available for  the funded  projects. 
Whilst in theory, research grants were to be allocated by the research council before 
the secretariat finalized  expedition plans, in practice, expedition members were 
nominated by the secretariat's scientific  arm some months before  the research council 
deadline. This served both parties well: the secretariat won some time in which to 
make preparations for  expeditions; and the research council was guaranteed that the 
appropriate logistics support would be available to the nominated researchers (who 
almost invariably won funding)  (p. 107). Bohlin found,  however, that this practice 
compromised the independence of  the research council. 

Bohlin's case-study, coupled with my own study, illustrates the apparently intractable 
problem of  integrating logistics and science. However, I suggest that were greater 
transparency to be incorporated into the Swedish system, it would offer  a more 
equitable model than that which exists in the three countries of  the current study. 

Other types of  expensive science equipment could be shared as logistics are now; the 
rationalization policies enshrined in the British Government's 1993 White Paper on 
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Science, Engineering and Technology might suggest that this is looking increasingly 
likely in the UK especially. The thesis predicts that in a similar manner to the polar 
case, such a mode of  organizing expensive equipment might compromise research 
councils. It might also create marginalization within the science community, analogous 
to that which this thesis identified  in the polar science community. This study has 
suggested that polar researchers enjoy unequal access to logistics partly because an 
informal  network appears to play a role in determining access (see chapter 8, section 
8.4.1) and partly because research institutions appear to enjoy differential  favour 
(chapter 7). However, once the nature of  these pitfalls  is understood, mechanisms may 
be introduced to prevent them. 

10.6 Suggestions for  future  research 

Two current developments in polar research: the nascent EU strategy for  polar science; and 
the increasingly pervasive use of  remote and unmanned technologies, are changing the way 
polar research in Europe is organized and conducted. In view of  the importance of  research 
as a means of  demonstrating polar territorial interests, it would be pertinent to ask how 
these developments will affect  the relation between national interests and polar research. 
An increasing EU involvement is likely to pose a dilemma for  some national governments, 
as it will result in reduced identity for  national programmes trying to shore up territorial 
claims. Similarly, employing remote technologies removes the necessity of  maintaining a 
substantial presence on the ground in polar regions required for  territorial claims; it might 
also remove the personal motive for  a lot of  these scientists. It would be of  interest to 
analyse how the relation between polar science and politics will change, when science no 
longer performs  such an overtly symbolic political role. In Antarctica, for  example, the 
change to remote technologies and a greater EU involvement, may threaten national 
sovereignty itself,  since a national scientific  presence on the ground has historically served 
as a mechanism for  upholding claims to sovereignty (chapter 1, section 1.3.2; chapter 7). 

Secondly, it would be of  interest how these developments will affect  the patterns and 
process of  collaboration in polar research. A 'European consciousness' is now 
detectable among the polar science community in Europe, and is simultaneously 
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mirrored in the formulation  of  a new EU polar research policy. In view of  this, polar 
research might provide an apt case-study to investigate the impact of  collaboration 
policies on collaborative research networks and processes. Such a case-study could be 
carried out by a bibliometric analysis of  time-series co-authorship data, to see whether 
the 'continentalization' trend identified  by Leclerc and Gagné (1994) holds for  polar 
science. I suspect that such a trend would be detectable, but perhaps due more to the 
availability of  research platforms  in Europe than to a direct effect  of  policies. A related 
question would be whether the implementation of  the European 'Grand Challenges' for 
polar research will re-create marginalization among some sectors of  the European 
polar science community, though for  different  reasons than those identified  in the 
current study. I suggest that two sources of  such marginalization might emerge. First, 
the scientific  emphasis of  the two polar Grand Challenges on glaciology and 
oceanography may tend to squeeze national funding  for  polar biology and for 
geosciences in particular. Second, since the gestation of  the Grand Challenge projects 
appears to be closely related to individual preferences  amongst members of  the 
European Committee on Ocean and Polar Sciences (see chapter 7, section 7.5, e.g. 
footnote 59), existing collaborators and associates of  these 'programme leaders' might 
be in an advantaged position in relation to accessing programme funding. 

Further, in view of  the centrality of  logistics in shaping collaboration, a more pervasive 
use of  new technologies (such as satellite remote sensing) might be expected to change 
patterns and processes of  collaboration. Thus polar research could also provide a 
researchable area in which to investigate how instrumentation affects  collaboration. 

10.7 Thesis summary 

The question central to the thesis is: What is the nature of  the ties between international 
collaboration in polar research and the political environment in which these collaborations 
take place? Two aims underpinned this research question: the first  was to investigate the 
relation between science and politics by analysing international collaboration in polar 
research; the second was to gain an understanding of  the nature of  research collaboration as 
a process. Thus the thesis linked analytical levels by investigating international 
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collaboration in polar research as a process, and thereby focusing  on the nature of  the 
relationship between research and macro-level polar politics. 

Chapters Two, Three, and Four discussed theoretical perspectives relating to the 
empirical data. Chapter Two described a macro theoretical perspective on the political 
role of  polar science. It was suggested that such macro and institutional approaches 
need to be supplemented by an understanding of  the role played by scientists 
themselves, as sophisticated actors, in the dynamics of  science. 

Chapter Three provided an overview of  how collaboration has traditionally been 
conceptualized in science studies. The survey demonstrated that the way collaboration 
is viewed fluctuates  with changes in how science is conceived. By their very nature, 
these approaches have failed  to consider the social dynamics of  collaborative work. 
Yet collaboration is important as solo work is increasingly difficult  to sustain in 
science. 

Chapter Four adopted a broad definition  of  collaboration as work in its proposed 
framework  for  analysing collaboration as a process. The model was informed  by an 
interactionist understanding of  work as a form  of  action, and an understanding of 
science as practice/work. It was argued that accounting for  the types of  interactions 
which make up the process of  collaboration, involves acknowledging the diverse, 
unpredictable, and complex nature of  scientific  work, which becomes intensified  when 
more than one individual is involved. It also involves straddling traditional levels of 
analysis because processes happen at various levels. 

The chapter identified  three main types of  work which might be expected to be 
important in collaborative science: production work; articulation work; and emotion 
work. Production work is evidently instrumental, in that it contributes directly to the 
scientific  project, whilst articulation work and emotion work, although necessary 
aspects of  collaborative work, are not evident in the scientific  product. It was pointed 
out that though these types of  work are integral to any scientific  project, whether 
collaborative or not, their character changes in collaborative work. It was proposed 
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that conceiving collaborative projects as 'trajectories' draws attention to work 
processes which, though germane to collaborative research, tend to be overlooked by 
static perspectives. These amount to each collaborator attempting to shape the course 
of  the collaborative project in ways that will largely serve their own interests. It was 
suggested that every collaborative research project involves various mixes and shifts  of 
the three types of  work, allowing phases of  collaborations to be analysed in terms of 
types of  work. The concept of  'doability' was introduced to emphasise that the very 
feature  that makes collaborations unwieldy - heterogeneity of  various forms - is a necessary 
aspect of  collaboration. It was suggested that 'doability' in polar research collaborations 
might be most closely related to logistics, because they are the most expensive 
component of  polar research projects. In sum, conducting an empirical investigation of 
collaborative research as a work process entails gathering data on the course taken by 
collaborations from  their inception, and focusing  on the nature of  collaborators' 
experiences and activities during the collaboration. 

Chapter Five explained the combination of  quantitative and qualitative techniques 
employed to collect and analyse the empirical data. The quantitative phase involved 
mapping international collaborative links in polar research, based on one year's set of 
internationally co-authored papers. The qualitative research stages involved studying 
the process of  international collaboration by way of  a number of  case studies, and 
studying the relevant policy context of  the collaborations. 

Three model countries, the UK, Germany and Norway, were chosen within which to 
undertake this qualitative research. These have contrasting polar political interests (to 
allow between-country comparison). A subset of  co-authored papers provided a pool 
of  collaboration case-studies. The questionnaire was designed with a view to gauging 
how individual scientists perceived their own and their co-workers' involvement in the 
collaborative project. It was hoped that an 'inside' picture of  the nature of  these case-
study collaborations could be constructed by pooling data derived separately from  two 
or more co-authors of  differing  nationalities. 
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Chapters Six to Nine constituted the empirical component of  the thesis. Chapter Six 
assessed the patterns and rates of  international co-authorship in polar research. The 
chapter answered the question whether patterns of  collaborative partnership between 
countries in Arctic and Antarctic science could be related to the geopolitical interests 
of  governments in the polar regions. It was found  that some aspects of  the patterns of 
international co-institutional links in Antarctic and Arctic papers could be explained by 
factors  identified  in previous general studies on international research collaboration. 
However, other features  of  the patterns needed to be understood in the light of  polar 
politics. 

Chapter Seven described the policy context of  the collaborations, by outlining the 
institutional and logistics organization of  polar research in Norway, the UK and 
Germany. The implications for  national polar programmes of  the nascent EU 
involvement in polar research were briefly  discussed. The chapter showed that the 
different  polar political interests of  Norway, the UK, and Germany, are reflected  in the 
main differences  in these countries' polar research policies. 

In Norway and the UK, countries with polar territories, polar science performs  an 
overtly political role. Thus in so far  as Norwegian polar research is primarily focused  on 
the Arctic because it signals Norwegian territorial interest in the area, the UK polar research 
effort  is its mirror image, focused  on the Antarctic. The two countries' logistics capabilities 
reflect  these political differences.  The establishment of  Germany's new polar research 
programme in the early 1980s, served to secure the country a decision-making role 
within the Antarctic Treaty. Marine research, centred on a purpose-built ice-breaking 
research vessel, is a strong feature  of  the German polar programme. Germany 
emphasises both Arctic and Antarctic research. The role of  influential  scientists in 
shaping polar programmes in line with political interests, and an apparent division among 
national polar research communities over access to logistics were pointed out. 

Chapter Eight described international collaboration in polar research as a process; it 
drew on the collaboration case-studies to analyse collaboration as work. The empirical 
analysis showed that investigating collaboration as work reveals that much work besides 
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'production work' goes into shaping the course of  collaborative projects and making them 
doable. 

The chapter argued that conceiving collaboration as a work process reveals a 
distinction between fieldwork  and non-fieldwork  collaborations. The juxtaposition of 
descriptions of  non-fieldwork  and fieldwork  collaborations served to bring this distinction 
into focus.  The nature of  the distinction was twofold.  First, articulation work in non-
fieldwork  and fieldwork  collaborations respectively, was associated with different  elements 
of  the research situation. In non-fieldwork  collaborations, articulation was particularly 
associated with researchers' different  career paths, and the problem of  distance between co-
workers. In fieldwork  collaborations, articulation was particularly associated with 
assembling resources, organizing logistics, and improvising in the field.  Juxtaposing these 
two groups of  projects also served to throw into relief  the considerable significance  of 
articulation work at every stage of  fieldwork  collaborative projects. In non-fieldwork 
collaborations the need to articulate collaborative projects with careers was particularly 
apparent. This highlighted that collaboration is about the enmeshing of  doing science 
and pursuing careers. In fieldwork  collaborations, however, articulation was primarily 
related to logistics. Thus the nature of  the differences  between non-fieldwork  and 
fieldwork  collaborations could be traced to the implications of  science logistics for  the 
practice of  research. 

Chapter Nine linked collaboration with national polar political interests by analysing 
why polar scientists engage in international collaboration. Because logistics enabled 
scientists to get into the field  and collect data, access to logistics conferred  a 
competitive edge. However, the ease with which members of  a national science 
community could access national logistics, broadly differed  according to institutional 
belonging. Unequal access to logistics, which created hierarchies within the polar research 
community, was linked to polar politics through the role of  politics in determining the 
institutional organization of  research (chapter 7). 

Such hierarchies played a role in the structure and process of  collaboration because 
nationality and institutional belonging partly determined the kind of  choices available to 
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scientists in collaboration. The distinction between collaborating from  a position of 
strength or weakness reflected  polar political interests, mediated through a universal 
dependence on logistics. However, marginalized scientists pursued their own research 
agendas by teaming up with foreign  research groups. In fact,  marginalized scientists 
tailored their careers to take advantage of  opportunities offered  by international 
collaboration. They also created their own opportunities by going outside their national 
systems, for  example through generating European funded  initiatives. Focusing on the 
motives for  collaborating and on factors  affecting  choice of  partner revealed that individual 
interests were interlinked with the interests and motives of  others, and therefore  with 
the macro level. Whilst chapter Eight showed that collaboration is about the 
enmeshing of  getting science done and pursuing individual careers, chapter Nine 
indicated that careers (and therefore  collaboration) are linked to national polar policies. 

The final  chapter concluded that whilst the wider political context shapes patterns of 
collaboration, it is insufficient  to conceive of  the relationship between polar politics and 
science as a one-way process. A paradox behind the collaboration hierarchy was 
noted: strong collaborators are less able than weak collaborators to articulate their 
collaborative work with their careers, both because they have to carry out much 
invisible work, and because 'weak' collaborators are free  to tailor their careers to take 
advantage of  the circumstances. The political significance  of  invisible work as the 
means by which collaborative projects are reconciled with the political context was 
also noted. The apparent conflict  between scientists' careers and polar politics masks 
the finding  that scientists shape their careers in creative ways, despite, or perhaps 
because of,  the constraints imposed by the structural conditions. Viewing science as 
work, then, reveals the importance of  taking account of  what scientists do  when 
analysing the relation between science and its context. 
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APPENDIX A 

Polar science in the Nineteenth Century 

Polar science and exploration 
The history of  polar science is rooted in geographical exploration. For much of  the 
nineteenth century, the British Royal Navy adopted a monopolistic attitude towards polar 
exploration, particularly in its search for  a north-west passage in the Arctic (Fogg 1992 
p.54). National political and scientific  interests pointed towards Arctic exploration as a 
gainful  activity for  the Navy, and one which had a strong proponent in the Second 
Secretary to the Admiralty, Sir John Barrow (ibid.). By the end of  the century, the role of 
science and scientists in exploration became more prominent. Problems of  geomagnetism, 
and the need to establish precise methods for  determining longitude in particular, warranted 
terrestrial magnetic observations from  polar regions. Technically trained naval officers, 
such as James Clark Ross, could readily adapt to this task, resulting in a 'cosy relationship' 
between the Royal Navy and the Royal Society (Fogg 1993 p.338). Despite this, Levere 
(1993) reports that there was little understanding of  the nature of  science in the Admiralty, 
its objectives tending to be more geographical than scientific. 
Towards the end of  the nineteenth century, nations not normally associated with Arctic 
exploration became involved. This rise in interest was partly due to the myth of  an 'open 
Polar Sea' which flourished  during the second half  of  the nineteenth century, and which 
found  strong proponents amongst German geographers in particular. It was thought that 
beyond a relatively narrow band of  ice, lay an ice-free  sea. Therefore,  if  one sledged far 
enough northwards across the barrier of  pack ice, it would be possible to sail the rest of  the 
way to the Pole (Wadhams 1985 p.23). The theory was pursued to no avail by Austro-
Hungarian and American expeditions. 
The blur between geographical exploration and science is particularly apparent during the 
'Heroic Age' of  polar exploration from  1880 to 1912. These decades around the turn of 
the century have been described as 'boom years' for  polar activities, when adventure and 
fame  motivated individuals 'infected  by the polar virus' (Sollie 1984b p.698). Polar 
activities at this time were marketed in terms of  the high adventure of  geographical 
discovery, since expeditions often  depended on private sponsorship, and therefore  on 
appealing to the imagination and patriotism of  the general public. As many explorers were 
also scientists, the scientific  content of  polar expeditions is reported to have improved 
greatly during this period (Sollie 1984b p.699). Further, scientific  and technical expertise 
and skills were transferred  from  one polar region to the other, partly through individuals 
active in both regions (ibid.). 
Thus a complex interplay of  expedition motives becomes apparent during this period. 
Whilst adventure and science were integral to one another in polar expeditions during the 
Heroic Age, science was emerging as a distinct and legitimate motive for  undertaking 
expeditions. This development was facilitated  by improved technological support for 
surviving and working in polar conditions, coupled with the recognition that an 
understanding of  natural polar processes could contribute to the advancement of  certain 
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scientific  disciplines. On the one hand, much activity has been labelled 'the unnecessary 
search for  the Pole',1 and on the other, serious scientific  work was taking place, illustrated 
by Fridtjof  Nansen's Arctic Ocean drift  expedition of  1893 to 1896. Nansen entrapped his 
purpose built ship, Fram,  in the Arctic ice in order to let it drift  across the Arctic basin. His 
aim was to demonstrate the ocean-current system in the Arctic Seas. However, he too had 
his sights fixed  on the North Pole. Nansen's drift  experiment proved that the Arctic centres 
on a deep ocean basin, putting to rest the existing notion that it was a shallow sea dotted 
with islands (Wadhams 1985, Robin 1982). 
The north-east passage was successfully  navigated for  the first  time by the Swede Adolf 
Nordenskjöld in 1878-79, and the north-west passage by the Norwegian Roald Amundsen 
in 1903-05. Together, Nansen and Nordenskjöld founded  the new Scandinavian school of 
scientific  exploration of  the Arctic, and Scandinavia emerged as the centre of  marine 
sciences at the end of  the nineteenth century (Fogg 1992 p. 195). 

The  International  Polar Years  of  1882-1883 and 1932-1933 

Lieutenant Karl Weyprecht's words at the head of  Chapter One were spoken before  the 
Royal Geographical Society in London in 1875. He had just returned from  the Arctic as 
co-leader of  the Austro-Hungarian North Pole expedition of  1872-1874.2 Inspired by the 
ideas of  his contemporaries (the meteorologist Matthew Maury, and Georg von 
Neumayer3), and by his own observations of  the aurora in the Arctic (he was a physicist 
with an interest in magnetism), Weyprecht claimed that the polar regions offered 
unparalleled opportunities for  the scientific  study of  the Earth's physical and natural 
processes (Fogg 1992 pp. 103-106). Urging for  intensive collaborative research in polar 
regions, he maintained: 

Decisive scientific  results can only be attained through a series of  synchronous expeditions, whose 
task it would be to distribute themselves over the Arctic regions and to obtain one year's series of 
observations made according to the same method. 
(Lieutenant Karl Weyprecht in 1875, addressing the Royal Geographical Society in London; quoted 
in Baker, 1982) 

He proposed a programme of  synoptic simultaneous observations using similar instruments, 
of  meteorology, earth magnetism, and aurora for  a full  year at a chain of  optimally 
distributed circumpolar stations in the Arctic (Chapman 1959b, Barr 1992). In recognition 
of  the importance of  synchronous meteorological and magnetic observations, Weyprecht's 
proposals were favourably  received by the International Meteorological Congress in 1879. 
The Congress recommended the proposals to governments for  adoption, and the first 
International Polar Conference  was convened in Hamburg in 1879. A permanent 
International Polar Commission was established with Neumayer as its first  president, in 

'Seminar given by Clive Holland at the Scott Polar Research Institute, Cambridge, 22.11.1988, entitled History 
of  Arctic  Exploration. 

2The expedition's ship, the Tegethoff  became beset off  Franz Josef  Land; the expedition is said to have 
discovered the archipelago, which was thus named after  the Austrian emperor (Roots 1984). 

3Maury, Director of  the US Naval Observatory in the mid nineteenth Century, was one of  the founders  of  the 
science of  oceanography (Fogg 1992 pp.62 and 96). Neumayer was Director of  the Deutsche Seewarte  at 
Hamburg, an oceanographic institution. 
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order to ensure the uniformity  of  arrangements in the participating countries (Heathcote 
and Armitage 1959 pp.6-7). 
Weyprecht's vision was finally  realized in the First International Polar Year of  1882 to 
1883, when expeditions from  twelve nations occupied fourteen  stations in high latitudes; 
twelve of  the stations formed  a circumpolar ring around the Arctic, one was on South 
Georgia, and one was located at Cape Horn. The sites had been selected in advance, with 
scientific  criteria weighing heavily (Roots 1984). The third International Polar Conference 
drew up a programme of  observations for  the guidance of  the expeditions. Observations of 
geomagnetic, meteorological and auroral phenomena were to be taken hourly, whilst on the 
fortnightly  'term-days' synchronized readings of  magnetic variation were to be taken every 
five  minutes. Readings were taken for  twelve months (Heathcote and Armitage 1959, 
Roots 1984). 
Fogg (1992 p. 106) points to two important scientific  advances attributable to the First 
International Polar Year. The data provided incontrovertible evidence of  a connection 
between the aurora and magnetic variation, and it integrated observations from  the two 
poles in the study of  geomagnetism, linking Arctic and Antarctic studies for  the first  time. 
The First International Polar Year (IPY) is often  cited as a landmark in the history of  polar 
science, and indeed in the history of  science in general (Roots 1984). The IPY attracted 
substantial government funding  at a time when academies of  science were 'proudly 
nationalistic' and mostly interested in 'enhancing national prestige' (Roots 1984 pp. 11-12). 
Regardless of  the real institutional and individual motives behind the First IPY, the event 
maintains a prominent position in the history of  polar science as an early manifestation  of 
the distinction between polar exploration for  its own sake and scientific  investigation. 
A second International Polar Year was planned fifty  years after  the First International Polar 
Year. However, the world-wide economic depression of  the 1930s affected  the scope of 
the Second IPY. Although plans for  operations in the Antarctic were abandoned, a 
network of  special IPY stations were established mainly in the Arctic, on the fifty  year 
anniversary of  the First IPY.4 Again, the emphasis was on geomagnetism, meteorology and 
studies of  the aurora, with superior techniques and instrumentation to those available to the 
First IPY researchers (Robin 1982, Laursen 1959). The International Geophysical Year of 
1957-1958, originated as a plan for  a third International Polar Year. The IGY is notable for 
its catalytic role in the history of  modern Antarctic science and politics. 

4Some 21 new magnetic stations were established north of  60° N (Robin 1982 p.758). 
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APPENDIX B 

Map I: The Arctic 
shaded area: marine area of  maximum extent of  sea ice; land area north of  tree-line with 
continuous permafrost 

Source: Norges Offentlige  Utredninger 1989 
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Map II: The Antarctic showing British and Norwegian territorial claims 

Source: Norges Offentlige  Utredninger 1989 
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APPENDI 

Bibliometric method: Full list of  searched terms 

I. Words in title/keywords 
(75 geographical names, physical/scientific  terms, facilities,  people) 

'polar' searches 
words in title/keyword searches 

1. polar (- liquid*, solvent*, solut*, phase*, molecule*, 
semiconductor*, lipid*, group*, crystal*, polymer) 

2. ice* (- polar, cream, lettuce, tip, iceland*) 
3. high latitude* (- polar) 
4. aurora* (- polar) 
5. transpolar (-polar) 
6. circumpolar (-polar) 
7. poleward* (- polar) 
8. glaci* (- polar) 
9. permafrost  (- polar) 
10. tundra (- polar) 
11. polynya* (- polar) 
12. nunatak (-polar) 
13. incoherent scatter (-polar) 
14. dmsp (- polar) 
15. EISCAT (-polar) 

'arctic' searches 
words in title/keyword searches 

16. Arctic (- polar) 
17. north pole (- polar, arctic) 
18. high* north* (- polar, arctic) 
19. holarctic (- polar, arctic) 
20. sondrestrom (- polar, arctic) 
21. inuit (- polar, arctic) 
22. eskimo* (- polar, arctic) 
23. bering (- polar, arctic) 
24. barents (- polar, arctic) 
25. svalbard (- polar, arctic) 
26. Spitsbergen (- polar, arctic) 
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27. bjornoya (- polar, arctic) 
28. bear island (- polar, arctic) 
29. jan mayen (- polar, arctic) 
30. fram  (- polar, arctic) 
31. greenland* (- polar, arctic) 
32. axel heiberg (- polar, arctic) 
33. north* quebec (- polar, arctic) 
34. north* alaska* (- polar, arctic) 
35. north slope (- polar, arctic) 
36. prudhoe (- polar, arctic) 
37. barrow (- polar, arctic) 
38. north* Siberia* (- polar, arctic) 
39. zemlya (- polar, arctic) 
40. yermak (- polar, arctic) 
41. ungava (- polar, arctic) 
42. taymyr (- polar, arctic) 
43. wrangel (- polar, arctic) 
44. chukchi (- polar, arctic) 
45. east Siberian sea (- polar, arctic) 
46. laptev (- polar, arctic) 
47. kara (- polar, arctic) 
48. franz  josef  (- polar, new Zealand, arctic) 
49. northwest territories (- polar, arctic) 
50. NWT (-polar, arctic) 
51. north* canad* (- polar, arctic, northwest territories, NWT)) 
52. lancaster sound (- polar, arctic, northwest territories, NWT) 
53. ellesmere island (- polar, arctic, northwest territories, NWT) 
54. banks island (- polar, arctic, northwest territories, NWT) 
55. devon island (- polar, arctic, northwest territories, NWT) 
56. baffin  (- polar, arctic, northwest territories, NWT) 
57. victoria island (- polar, arctic, northwest territories, NWT) 
58. melville island (- polar, arctic, northwest territories, NWT) 
59. davis strait (- polar, arctic, northwest territories, NWT) 
60. nares strait (- polar, arctic, northwest territories, NWT) 
61. hudson bay (- polar, arctic, northwest territories, NWT) 
62. hudson strait (- polar, arctic, northwest territories, NWT) 
63. mackenzie (- polar, arctic, northwest territories, NWT) 
64. beaufort  (- polar, arctic, northwest territories, NWT) 
65. amundsen (- polar, arctic, northwest territories, NWT) 

'antarctic' searches 
words in title/keyword searches 

66. antar* (- polar) 
67. transantarctic (- polar, antar*) 
68. high* south* (- polar, antar*) 
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69. south pole (- polar, antar*) 
70. southern ocean (- polar, antar*) 
71. drake passage (- polar, antar*) 
72. weddell (- polar, antar*) 
73. ross (- polar, antar*) 
74. bransfield  (- polar, antar*) 
75. scotia (- polar, antar*, nova) 

II. Corporate address search (6) 

search term words subtracted from  search 
1. polar (- polar, arctic, antar*) 
2. antar* (- polar, arctic, antar*) 
3. arctic (- polar, arctic, antar*) 
4. cold (- polar, arctic, antar*, harbor, common, 

spring, lake, fusion) 
5. glaciol* (- polar, arctic, antar*) 
6. polarok* (- polar, arctic, antar*) 

HI. Journal title search (6) 

search term 
1. polar 
2. arctic 
3. antar* 
4. glaciology 
5. holarctic 
6. cold 

words subtracted from  search 
(- polar, arctic, antar*) 
(- polar, arctic, antar*) 
(- polar, arctic, antar*) 
(- polar, arctic, antar*) 
(- polar, arctic, antar*) 
(- polar, arctic, antar*, harbor) 
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APPENDI 

Fieldwork scheme: the policy context - respondents by institution 
(There is some overlap between the substance of  interviews dealing with policy issues, and 
those dealing with particular collaborative scientific  projects. Interviews with respondents 
listed in this Appendix dealt exclusively or significantly  with larger policy issues.) 

Institution 
Alfred  Wegener  Institute  for  Polar and 
Marine  Research, Bremerhaven 

Federal  Institute  for  Geosciences and 
Natural  Resources, Hannover 

Federal  Ministry  of  Foreign  Affairs,  Bonn 

GEOMAR,  University  of  Kiel 6 

Geophysical Institute,  University  ofMunster 
Institute  for  Marine  Research, University  of 
Hamburg 
Institute  for  Marine  Sciences, University  of 
Kiel 
Institute  of  Polar Ecology,  University  of 
Kiel 
Max  Planck  Institute  for  Comparative 
Public Law and International  Law, 
Heidelberg 

Capacity of  respondent when interviewed 
. Former AWI director, Chairman ECOPS 
• Institute Secretary 
. Head AWI Logistics Section, Chairman 

SCALOP5 
. Director, Polar Science Section, 

seismologist 
• Geologist, Polar Science Section 
• Ambassador, head of  delegation, 

Department of  Antarctic Affairs 
• Paleoceanologist, LASC representative 
• Paleoceanologist 
. Director, Section for  Polar Glaciology 
• Oceanographer, member scientific 

committee of  Greenland Sea Project 
(AOSB)7 

. Marine zoologist 

• Marine biologist 

. International legal expert on Antarctic 
affairs 

5 SCALOP: Standing Committee on Antarctic Logistics and Operations (Group federated  to SCAR) 
6 GEOMAR: Research Center for  Marine Geosciences 
7 AOSB: Arctic Ocean Sciences Board (non-governmental) 
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Norway 
Institution 

Auroral  Observatory,  University  ofTroms0 

Department  of  Arctic Biology, University  of 
Troms0 
Department  of  the Environment,  Oslo 

Department  of  Foreign  Affairs,  Oslo 
Department  of  Geology, University  of  Oslo 

Geophysical Institute,  University  of  Bergen 
Nansen  Environmental  and Remote Sensing 
Center,  Bergen 
Norwegian  Polar Research Institute,  Oslo 

The  Norwegian  Research Council,  Oslo 

Capacity of  respondent when interviewed 
• Geophysicist in charge of  Norwegian 

geomagnetic observatories in Arctic 
. Polar biologist 

• Head of  Section for  Polar Affairs  and 
Russian Cooperation 

. Head of  Polar Section 

. Marine geologist, Chairman Steering 
Committee of  PONAM8 

. Oceanographer 

. Oceanographer, member ECOPS, member 
AOSB 

. Director of  research, member National 
Polar Research Committee 

. Secretary to the National Polar Research 
Committee 

UK 
Institution 

British Antarctic  Survey,  Cambridge 

Foreign  and Commonwealth  Office,  London 

Natural  Environment  Research Council, 
Swindon 

Capacity of  respondent when interviewed 
• Deputy director 
. Acting head of  Geoscience Division 
. Acting head of  Ice and Climate Division 
. Head, Polar Regions Section, South 

Atlantic and Antarctic Department 
. Secretary Polar Science and Technology 

Board 
Scott  Polar Research Institute,  University  of  • Institute Director 
Cambridge  • Oceanographer 

! PONAM: Polar North Atlantic Margins, ESF research programme 
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International 

Institution 
European Science Foundation  Office, 
Strasbourg 
International Arctic Science Committee 
Secretariat,  Oslo 
Scientific  Committee  on Antarctic  Research 
Secretariat,  Cambridge 
World  Wide  Fund  for  Nature  International, 
Arctic Programme,  Oslo 

Capacity of  respondent when interviewed 
ESF Secretariat Earth, Marine and Polar 
Sciences; ECOPS secretary 

IASC Secretary General 

SCAR Executive Secretary 

WWF Arctic Programme 
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APPENDI 

Fieldwork scheme: sample of  policy questionnaires 

Example  1: For  Polar  Regions Sections,  Foreign  and Commonwealth  Office,  London 

1. Could you tell me a little about the origins of  the Polar Regions Section of  the FCO? 
2. What role do other Government Departments play in Antarctic and Arctic affairs? 
3. I understand that the UK is particularly active/influential  at Antarctic Treaty Consultative 

Party Meetings - is this the case, that some countries are more influential/active  than 
others? 
From where does the UK derive this relative influence? 

4. How would you describe the main benefits  accruing to the UK from  playing such an 
active role in Antarctica? 

5. What kind of  an interest does the FCO take in Antarctic science planning and operations? 
6. Is the FCO involved in the UK's Arctic science activities at all? 
7. How would you describe the FCO's links with NERC and BAS; with SCAR? 
8. What kind of  an interest does the FCO take in European science initiatives in Antarctica, 

for  example the Grand Challenges? 
9. Given that logistics are the cornerstone of  Antarctic science activities, what are the main 

problems standing in the way of  greater international cooperation over logistics? 
10. Do you envisage a trend towards an internationalization of  Antarctic scientific 

infrastructure? 
11. What kind of  implications has the Madrid Protocol had for  international scientific 

collaboration in Antarctica? 

350 



Example  2: For  Norwegian  Research Council,  Oslo 
L Role of  Research Council 
1. Could you say a little about the Research Council's polar research policy 

mechanisms/organs? 
2. What are the channels through which the Research Council funds  polar research? 
3. How does the Research Council encourage polar scientists to engage in international 

collaboration? 
4. What role does the Research Council play in determining Norway's participation in 

international research programmes relevant to the polar regions? 
5. What proportion of  Norwegian polar research is funded  by the Research Council? 
n. National polar research priorities 
a) General 
6. What prompted the Government to commission last year's parliamentary report 

( Stortingsmelding ) on polar research? 
7. One of  the new suggestions in the Stortingsmelding  is that polar research matters are 

now to be included in the Interdepartmental Polar Board's remit. 
Can you say a little more about the Board's new role in relation to research? 

8. How is the deployment of  polar research logistics coordinated nationally? 
And internationally? 

9. I have the impression that in the past, if  political interests dictated the strengthening of 
either Arctic or Antarctic research, then the other automatically suffered. 
Would you agree that this has been the case? 
Is it still so? 

10. What kind of  a division of  labour exists between researchers at the Norwegian Polar 
Research Institute and university researchers? 

11.How might the move of  the Norwegian Polar Research Institute to Troms0 have 
implications for  its research profile? 

b) Arctic 
12.Could you say a little about Norwegian policy regarding international research activities 

in Svalbard, and Ny Ålesund in particular? 
13.What kind of  an impact has the Barents-Region cooperative agreement had on the 

Research Council's polar research strategy? 
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c) Antarctic 
14.How will continuity in Norwegian Antarctic research be secured once the Norwegian 

Polar Research Institute has moved to Troms0? 
15.How have Norwegian Antarctic research activities responded to the increased emphasis 

on environmental protection within the Antarctic Treaty? 
IQ.International trends and implications for  national interests 
16.How is the development of  a national polar research strategy related to international 

initiatives, such as those of  IASC, SCAR, AOSB, and so on? 
17.There seems to be a trend towards European funding  and organization of  polar research; 

the Grand Challenges idea has for  example attracted much attention from  researchers. 
In your view, what are the ways in which this trend influences  national polar research 
priorities/strategies? 
Could you say a little about the positive and negative aspects of  these influences? 

Example 3: For  logistics  section,  Alfred  Wegener  Institute,  Bremerhaven 
1. As leader of  the logistics section, what does your role involve? 
2. What proportion of  the AWI budget goes to logistics? 
3. What criteria are used in decisions over the siting of  bases? 
4. How is the Polarstern  itinerary and scientific  participation on cruises decided? 
5. What has the implementation of  the Madrid Protocol meant for  logistical operations on 

the ground? 
6. What are the channels through which planned operations are reported, how effective  is 

this? 
7. How do logistical requirements differ  between Arctic and Antarctic conditions? 
8. How have recent political developments given opportunities for  international cooperation 

over logistics? 
9. What role was it envisaged SCALOP would play? 

How effective  has it been? 
10.How would you describe the relationship between SCALOP and SCAR/the Antarctic 

Treaty? 
1 l.Do you envisage a trend towards a greater pooling of  national logistics? 
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Example  4: For  European Science Foundation,  Strasbourg 
1. How was ESF interest in polar science stimulated? 
2. How does ESF's polar activity fit  into the general aims and objectives of  the ESF? 
3. What is the current status of  the various polar activities coordinated by the ESF? 
4. What kind of  links does the ESF have with international polar scientific  organizations, 

such as SCAR, IASC, and AOSB? 
5. How are the ESF initiatives integrated into national polar programmes? 
6. How was the transition from  networks to ECOPS achieved? 
7. What gap was ECOPS set up to fill? 
8. What kind of  problems have to be overcome when promoting programmes of  global 

scope and relevance within a European policy framework? 
9. What are the prospects for  Brussels playing a greater role in the organization and funding 

of  polar science in the near future? 

\ 

353 



APPENDI 
Fieldwork scheme: 

Interview questionnaire for  case-study collaborations 

Outline of  interview questionnaire 
1. BACKGROUND 

1.1. Respondent's professional  history 
1.2. Respondent's professional  setting i) group ii) institution 

2. ORIGINS OF COLLABORATION 
(how  collaboration  came about, why those particular  partners,  role of  politics 
and money in determining  establishment  and make-up of  group) 
2.1. Background information  about the research project 
2.2. Funding of  project - source(s) and how mobilization of  these resources 
ties in with collaborative nature of  research 
2.3. Initiation of  collaboration - reported motives, degree of  formalization 

3. DYNAMICS OF COLLABORATION 
(Nature  of  relationship  with co-authors, in particular  how any changes over 
the course of  collaborative  research can be related  to political  developments) 
3.1. Scientific  dynamics 
3.2. Social dynamics 

4. THEN WHAT? FATE OF PARTNERSHIP SUBSEQUENT TO 
PUBLICATION 
(degree  of  commitment/stability,  can the demise/future  plans of  the 
partnership  be traced  to any politically  determined  factors?) 

5. CONCLUSION 

Questionnaire 
1. BACKGROUND 
1.1. The respondent's professional  history 
1. Where did you do your scientific  training? 
2. In which discipline is your training? 
3. In broad terms, what are your current research interests? 
4. Approximately how long have you been engaged in polar research? 
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5. Over the last five  years or so have you made extended visits to any research 
institutions abroad in connection with your polar research interests? 
If  positive 
5a. Where? 
6. Would you say that your primary research interests relate to the polar regions? 
7. Do your polar research activities relate mainly to a specific  region? 
8. Does your research involve field  work in polar regions? 
If  positive, and if  not evident  from  previous replies 
8a. Is this field  research mostly land, ice or ocean based? 
8b. Where in general do you carry out your field  work? 
If  relevant 
8c. Which ship are you most likely to travel on? 
If  appropriate 
8d. Are there any reasons why you prefer  this ship? 
If  response to quest. 7 is negative 
8.1. So is your work in general mainly theoretical, or lab or computer based? 
9. Are you perhaps involved in the activities of  national funding  bodies, peer review 
committees, or international polar scientific  organizations? 
If  positive 
9a. Could you tell me briefly  about your role? 
If  appropriate 
9b. How much influence  did you have? 
10. What sort of  influence  would you say these organizations (such as the Scientific 
Committee on Antarctic Research, the International Arctic Sciences Committee, or the 
Arctic Ocean Sciences Board) have on international scientific  collaboration? 
11. Does it make it any easier for  you to pursue your research interests by 
collaborating with international colleagues? 
If  positive 
In what way? 
Are there any other reasons? 
1.2. The respondent's professional  setting 
i) research group 
12. How big is your current research group? 
13. To what extent is the rest of  your group involved in polar research? 
14. How does the research recorded in this paper [ref]  tie in with the activities of  your 
group? 
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15. Does your research group or your department/institute maintain any long-standing 
collaborative links with foreign  research groups or departments/institutes involved in 
polar research? 
If  positive 
Could you tell me a little about the nature of  these links? 
16. Do polar scientists from  abroad make extended visits to this department/institute 
from  time to time? 
ii) institution 
17. To what extent is the overall research agenda of  this department/institute geared 
towards polar research? 
If  relevant 
17a. And does this research focus  largely on any particular region? 
18. Does your institution own or manage any major facilities  or equipment designed 
primarily for  polar work? 
If  anything is mentioned: 
18a. Could you tell me briefly  about the purposes it/they serve(s)? 
2. ORIGINS OF COLLABORATION 
2.1. Background information  about the research project 
19. How long did this research project take? 
20. Are these research results linked in some way to a longer-term research project or 
programme? 
If  positive 
20a. How exactly does this project tie in with this project/programme? 
21. Did this research involve field  activities for  any or all of  the co-authors? 
If  positive 
21a. Where and for  what length of  time? 
2.2. Funding of  project - source(s) and how mobilization of  these resources ties in 
with collaborative nature of  research 
22. Where did the funding  for  this research project come from? 
If  appropriate 
22a. Were there several sources? 
23. Did you and your collaborators apply separately or jointly for  this funding? 
24. Why did you choose that particular source of  funding? 
24a. Were there any alternatives? 
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If  not already  evident  from  previous responses 
25. Was any of  the funding  linked to a special programme? 
26. Do you think that the collaborative aspect of  the project made any difference  in 
securing funding? 
27. Did the funding  source carry any incentives to work with international colleagues? 
28. Do you think that your proposal was all more favourably  received because it 
involved international collaboration? 
2.3. Initiation of  collaboration - reported motives and degree of  formalization 
29. How did you first  get to know your co-workers in this project? 
30. How long have you known these colleagues? 
31. Did you come together with these colleagues (your co-authors) specifically  for  this 
project? 
32. What was the nature of  your working relationship prior to the start of  the project? 
33. Were your respective institutes involved in the administrative aspects of  the 
collaboration? 
34. I've heard it said that the best type of  scientific  collaboration is three scientists 
meeting in a pub - how informal  would you say this collaboration was? 
35. Did the collaboration enable you to access any facilities  or equipment necessary for 
the research? 
If  positive 
35a. Would you say your involvement in the collaboration was to some extent 
determined by the need to gain access to any research facilities,  or equipment? 
35b. How important was this in your decision to collaborate with these colleagues? 
36. Were your co-workers able to gain access to any major research facilities  or 
equipment through collaborating with you? 
If  positive 
36b. Could you say a little about this? 
37. Did the collaboration enable you to partake in a more ambitious research project 
than you otherwise would have been able to? 
3. DYNAMICS OF COLLABORATION 
3.1. Scientific  dynamics 
38. Could you say a little about where the original idea for  this project came from,  and 
how this idea came to be realized? 
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39. What did your specific  role in the collaboration involve 
40. Could you say a little about the role of  the others? 
41. Did you at any stage during the research make any radical alterations to your initial 
scientific  plans? 
If  relevant 
41a. What was the nature of  these changes? 
41b. What precipitated these changes? 
If  appropriate 
41c. Can you relate any of  these changes to particular events? 
41d. To what extent did you have any control over these events? 
41e. Did these changes have any effect  on your role in the collaboration? 
4 If.  With the benefit  of  hindsight, how do you feel  about these changes to your 
research scheme? 
3.2. Social dynamics 
42. Did any visits take place between your respective institutes at any point? 
43. Did the composition of  the group remain stable throughout the research? 
If  negative 
43a. So how did the composition of  the group change? 
43b. Could you perhaps say a little about why these changes took place? 
44. Would you say there was a change in the degree of  commitment of  any of  the 
partners during the course of  the project? 
If  relevant 
44a. What gave you that impression? 
45. How much contact did you have with your co-workers throughout the project? 
46. How did you maintain this contact? 
48. Were there any periods during the research when it was necessary to keep in more 
frequent  contact? 
If  applicable 
48a. When were these periods? 
49. Were there perhaps periods when you had relatively little contact with your 
collaborators? 
If  applicable 
49a. When were these periods? 
50. Was it easy to decide who was to be the first  author of  this paper? 
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4. THEN WHAT? FATE OF PARTNERSHIP SUBSEQUENT TO 
PUBLICATION 
51. Are you aware of  the current research activities of  those you worked with in this 
project? 
52. What sort of  contact, if  any, do you maintain with any of  your co-authors? 
53. Are you engaged in further  collaborative research with any or all of  these scientists 
as a result of  this project? 
If  positive 
53a. Could you tell me very briefly  about the nature of  this research? 
If  negative 
53b. Do you have any plans to work with them again? 
5. CONCLUSION 
54. In what ways would you say the collaborative nature of  the project contributed to 
its success? 
55. Do you feel  there were any disadvantages? 
56. With hindsight, would you be more or less likely to enter into international 
collaboration in the future? 
57. There have been several political developments in the polar regions in the recent 
past, have you noticed any new opportunities for  international collaboration in your 
field  of  polar research? 
If  relevant 
57a. How did these opportunities arise? 
58. And finally,  are there any other aspects to do with this topic that we haven't mentioned? 

359 



APPENDI 

Fieldwork scheme: Collaborations - number of 
authors interviewed by nationality and paper titles 

Journal reference  of  paper Authors interviewed Authors interviewed/ 
total no. of  authors (per 
paper) 

UK Norw. Germ. 

1. Comp. Biochemistry and - - 1 1/4 
Physiology - A 

2. Geology - 1 2 3/4 
3. Hydrobiologia - 1 - 1/2 
4. J. Atmospheric and - 2 - 2/4 

Terrestrial Physics 
5. J. Geophysical Research - - 2 2 4/13 

Atmospheres 
6. J. Geophysical Research - - 1 1 2/3 

Atmospheres 
7. J. Glaciology 1 1 - 2/3 
8. Marine Geology 1 2 - 3/4 
9. Norsk Geologisk Tidsskrift 1 - 1 2/2 
10. Philosophical Trans, of  the 1 - 1 2/3 

Royal Society - B 
11. Philosophical Trans, of  the 1 1 - 2/3 

Royal Society - B 
12. Polar Biology - 1 2 3/10 
13. Polar Biology 1 - 1 2/4 
14. Polar Biology 1 1 - 2/2 
15. Polar Biology 1 - 1 2/2 
16. Polar Biology 2 - 1 3/4 
17. Polar Research - - 1 1/3 
18. Polar Research 1 2 - 3/3 
19. Polar Research - 1 - 1/3 
20. Tectonophysics - 1 1 2/6 

Totals 11 17 15 43/82 
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Internationally  co-authored  papers about which at least two of  the authors were 
interviewed 
1. Phytoplankton distribution in relation to sea ice, hydrography and nutrients in the 

northwestern Weddell Sea in early spring 1988 during EPOS. Polar Biology. 
2. Responses of  terrestrial plants and invertebrates to environmental change at high 

latitudes. Philosophical  Transactions  of  the Royal Society  of  London Series  B -
Biological  Sciences. 

3. The duration of  the active phase on surge-type glaciers: contrasts between Svalbard and 
other regions. Journal  of  Glaciology. 

4. Reproductive biology of  caridean decapods from  the Weddell Sea. Polar Biology. 
5. A comparison of  total ozone data from  satellite and ground-based observations in 

northern latitudes. Journal  of  Geophysical Research - Atmospheres. 
6. Lipid-composition of  phytoplankton from  the Barents Sea and environmental influences 

on the distribution pattern of  carbon among photosynthetic end-products. Polar 
Research. 

7. Spectral UV and visible irradiance measurements in the Barents Sea and Svalbard. 
Journal  of  Atmospheric and Terrestrial  Physics. 

8. Lomonosov ridge - a double-sided continental-margin. Geology. 
9. Analysis of  the ozone soundings made during the 1st quarter of  1989 in the arctic. 

Journal  of  Geophysical Research - Atmospheres. 
10. Antarctic marine primary production, biogeochemical carbon cycles and climatic change. 

Philosophical  Transactions  of  the Royal Society  of  London Series  B - Biological 
Sciences. 

11.Crustal structure in the Svalbard region from  seismic measurements. Tectonophysics. 
12. Seismic architecture and sedimentation in northwest Spitsbergen fjords.  Marine 

Geology. 
13.The lichen genus stereocaulon in Antarctica and South Georgia. Polar Biology. 
14. Origins and deformations  of  post-Caledonian sediments on Blomstrandhalv0ya and 

Lovén0yane, northwest Spitsbergen. Norsk Geologisk  Tidsskrift. 
15.Bio-optical variability across the Arctic front.  Polar Biology. 
16. Abundance, horizontal and vertical distribution of  fish  in eastern Weddell Sea 

micronekton. Polar Biology. 

Internationally  co-authored  papers about which only one of  the authors was interviewed 
1. Ecological genetics of  Norwegian daphnia. 2. Distribution of  daphnia-longispina 

genotypes in relation to short-wave-radiation and water colour.. 
2. Thermophilous mollusks on Svalbard during the holocene and their paleoclimatic 

implications. Polar Research. 
3. Basic biochemical data on blood from  Antarctic Weddell seals (leptonychotes-weddelli ): 

ions, lipids, enzymes, serum proteins and thyroid-hormones. Comparative  Biochemistry 
and Physiology A - Comparative  Physiology. 

4. Patterns of  production and sedimentation in the boreal and polar northeast Atlantic. 
Polar Research. 
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APPENDI 

Bibliometric data: Disaggregated table 
of  distribution of  papers by country 

Country Number of  papers % Share of  papers 
An tare. Arctic Bipolar Total An tare. Arctic Bipolar Total 

1. USA 181 277 47 505 22 32 40 28 
2. CANADA 9 154 5 168 1 18 4 9 
3. UK 111 44 10 165 14 5 9 9 
4. W.GERMANY 100 49 12 161 12 6 10 9 
5. NORWAY 6 111 5 122 1 13 4 7 
6. USSR 25 76 8 109 3 9 7 6 
7. FRANCE 48 23 9 80 6 3 8 5 
8. ITALY 61 2 3 66 6 <0.5 3 4 
9. AUSTRALIA 56 3 3 62 7 <0.5 3 3 
10. DENMARK 6 53 1 60 1 6 1 3 
11. NEW ZEALAND 44 3 - 47 5 <0.5 - 3 
12. JAPAN 26 7 9 42 3 1 8 2 
13. SWEDEN 18 16 1 35 2 2 1 2 
14. BELGIUM 22 6 - 28 3 1 - 2 
15. NETHERLANDS 18 8 - 26 2 1 - 1 
16. INDIA 15 2 - 17 2 <0.5 - 1 
17. POLAND 8 7 - 15 1 1 - 1 
18. ARGENTINA 11 1 - 12 1 <0.5 - 1 
19. SWITZERLAND 2 9 - 11 <0.5 1 - 1 
20. FINLAND 5 4 1 10 1 <0.5 1 1 
21. SPAIN 9 1 - 10 1 <0.5 - 1 
22. BRAZIL 6 1 - 7 1 <0.5 - <0.5 
23. CHINA 7 - - 7 1 - - <0.5 
24. S.AFRICA 6 - - 6 1 - - <0.5 
25. CHILE 4 - - 4 <0.5 - - <0.5 
26. CZECHOSLOVAKIA 1 2 - 3 <0.5 <0.5 - <0.5 
27. AUSTRIA 1 1 - 2 <0.5 <0.5 - <0.5 
28. HUNGARY 2 - - 2 <0.5 - - <0.5 
29. S.KOREA 1 - 1 2 <0.5 - 1 <0.5 
30. E.GERMANY - - 2 2 - - 2 <0.5 
31. ICELAND - 2 - 2 - <0.5 - <0.5 
32. PHILIPPINES 1 - - 1 <0.5 - - <0.5 
33. GREENLAND - 1 - 1 - <0.5 - <0.5 
34. JAMAICA 1 - - 1 <0.5 - - <0.5 
35. IRELAND - 1 - 1 - <0.5 - <0.5 
36. OMAN - 1 - 1 - <0.5 - <0.5 
37. TAIWAN - 1 - 1 - <0.5 - <0.5 
Totals 809 863 117 1789 100 100 100 100 
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Bibliometric data: International co-authorship of  Polar papers 
(1992): pairs of  international co-institutional links 

Antarctic 
LISA 
CANADA 7 
m 13 2 
W.GERMANY 11 - 14 
NORWAY 2 - 2 1 
AUSTR/NZ 25 3 15 2 -

USSR 4 - 3 3 - 2 
FRANCE 17 - 6 9 - 2 5 
JAPAN 8 1 2 - - - 2 -

Re« ol'Woild 26 3 17 16 4 6 1 19 5 
USA CAN UK W. 

GER NOR AtBt 
NZ USSR FRA JAP Rest 

World 

Arctic 
USA. 
CANADA 41 
ISC 11 7 
W.GERMANY 16 1 6 
NORWAY 12 8 5 9 
AUS1WNZ 5 - 2 1 -

USSR 4 1 - 1 3 -

FRANCE 19 1 2 3 9 1 1 
JAPAN 6 1 - 1 - 2 - 1 
Rost of  World 30 7 11 14 17 - 4 9 -

USA CAN UK W. 
GSR NOR AU$ NZ USSR FRA JAP Rest 

Woria 
Bipolar 
ÖSA 
CANADA 12 
UK - -

W.GESMANY 20 4 -

H<MWAY 8 2 - 4 
AUSTR/NZ 1 - - 1 -

USSR 9 2 - 6 2 -

FRANCE - - - 4 - 1 6 
JAPAN 18 2 - 6 5 - 3 -

Rest of  World 4 - 1 3 - - - - 1 
USA CAN UK W. 

6BE NOR AUS 
KB USSR fRA JAP Rcs( 

World 
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