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Chapter  8

Outdoor Science in 
Teacher Education

ABSTRACT

This chapter is an account of the development of prospective teachers’ competence to conduct outdoor 
science education. At the Department of Science and Mathematics Education, the students participate in 
outdoor education courses. They also plan, manage, and evaluate outdoor lessons designed as assign-
ments in science education, participation in school practice, and summer courses. Many student teachers 
evaluate and analyse the pedagogical aspects of outdoor science when they carry out research projects 
in schools for their graduation thesis work. In order to understand the activity of science teaching and 
learning outdoors, a qualitative study was conducted. It was based on interviews with teacher educators 
and included studies of students’ examination papers. A Cultural Historical Activity Theory (CHAT) 
lens was applied to the study. The theoretical framework helped to identify the prospective teachers’ 
abilities and skills to design, implement, and evaluate tasks related to the professional competence of 
delivering outdoor science activities.

INTRODUCTION

Teaching and learning outdoors has a long edu-
cational history. Traditionally, the main forms of 
such outdoor activities are associated with field-
work and outdoor educational visits, particularly 
in relation to the biological and geo-sciences 
(Dillon et al., 2006). The potential of natural 
settings and open air environments for science 
teaching has been actively explored by research-
ers and teacher educators around the world. For a 
review of the literature see Dillon et al. (2006) and 

Tilling and Dillon (2007). Some educators have 
even expressed the conviction that “the future of 
school science lies outdoors” (Slingsby, 2006, p. 
51). However, while there is a broad agreement 
that field studies are a laudable and form a neces-
sary part of science education, Tilling and Dillon 
(2007) suggest that there is a decline in outdoor 
educational activities. Science studies in many 
schools and teacher education institutions are 
almost exclusively limited to indoor activities.

The situation can be partly explained by sci-
ence teachers’ low interest in organising outdoor 
lessons. This came as a consequence of their 
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poorly developed pedagogical competence to 
conduct educational work outside the classroom. 
The situation is likely to become even worse if 
teacher education does not prepare prospective 
teachers for such work, as is often the case. Tra-
ditionally, science teachers are trained to teach 
in the classroom, in the computer room or in the 
laboratory. It is logical to assume that transfer of 
teaching from indoors to outdoors activities can 
be a problem. These issues need further investiga-
tion. What can be learned from teacher education 
institutions that systematically try to develop 
outdoor teaching competence?

In order for the reader to understand the find-
ings presented in this chapter, we need to say some 
words about the current situation with regard to 
science teacher education. The situation at our 
university reflects the dynamics of the situation 
at national and global level. Over the last decade 
experienced science teacher educators have 
noticed a decrease in the preparedness, interest 
and motivation to study science by the students 
enrolling on the courses for prospective primary 
and secondary school teachers. This lack of interest 
has led to a reduction in the breadth and depth of 
content and methods of science given in teacher 
education. When students are offered elective 
courses in science they tend to avoid choosing 
them. However, outdoor education courses go 
against this trend. They still attract many applicants 
in spite of the heavy weight of science. The depart-
ment has a long tradition of training prospective 
teachers in outdoor pedagogy. Outdoor studies 
are conducted in different forms and on different 
occasions, such as science course assignments, 
school practice, diploma work projects, activi-
ties with school children visiting the university 
campus, and on master degree courses. Usually, 
outdoor educational experiences receive very 
positive participant evaluations. Student teachers 
learn to recognize learning opportunities in the 
world around them. They learn to discover science 
as a means to explain natural phenomena while 
being in the natural environment.

Teachers’ ability to teach constitutes the core 
of their professional competence. In this study we 
began by conceptualizing teacher competence. We 
used a definition developed by Döhrmann, Kaiser 
and Blömeke (2012) in a Teacher Education and 
Development Study in Mathematics (TEDS-M). 
Then we expanded on their project. They suggested 
that professional competence includes cognitive as 
well as affective-motivational aspects. Cognitive 
abilities are founded on a combination of subject 
knowledge and pedagogical knowledge. Affective-
motivational characteristics include professional 
beliefs, motivation and meta-cognitive abilities 
such as self-regulation. We felt that practical abil-
ity or embodied knowledge of practical outdoor 
experiences should be added to the classification 
offered by Döhrmann, et al. (2012) particularly 
for a description of science teachers’ professional 
competence. In order to illustrate this contention, 
we would like to ask the reader to consider the 
case of boarding a canoe for a study trip on a 
lake. Motivation and theoretical knowledge are 
important, but the practical experience of keep-
ing balance when stepping into the canoe will be 
decisive for initiating this activity without getting 
wet. Practical ability is usually meaningful and of 
course strongly context-bound.

This chapter aims to explore some aspects of 
prospective science teachers’ professional compe-
tence that could with advantage be developed in 
an outdoor context. The role of context in science 
education is increasingly attracting the attention of 
researchers. This is reflected in recent academic 
publications (Lee, Wu, Tsai, 2013; Hansson, 
2015). Nonetheless, the use of an outdoor context 
for training prospective science teachers remains 
an area with potential for further educational re-
search and development of pedagogical practice.

Situated outdoor science teaching can be 
investigated with advantage through the theoreti-
cal lens of Cultural Historical Activity Theory 
(CHAT). This theoretical approach has been 
found to be productive since many outdoor 
educational projects deploy the principles and 
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theoretical constructs of CHAT in the design, 
implementation and discussion of outdoor prac-
tices. The potential of CHAT for developing 
science education has recently been explored by 
several researchers (Giest & Lompscher, 2003, 
Roth, Lee & Hsu, 2009). Application of CHAT 
also helped us make some pedagogical delibera-
tions about the particularities of teaching and 
learning in an outdoor context.

THEORETICAL FRAMEWORK

Cultural Historical Activity Theory is par-
ticularly concerned with the understanding 
of different kinds of human activity and the 
effects of proactively changing the context of 
activity in order to transform practice (Roth et 
al, 2009). In this study we focus on develop-
ing an understanding of how different aspects 
of prospective science teachers’ competence 
could be constructed in an outdoor context. 
The importance of context operating as an 
active component of the learning process that 
interplays with learner’s and teacher’s activities 
was suggested by Vygotsky (1978). Following 
his line of thought, we focused on developing 
our understanding of how to study the laws and 
properties of nature in natural settings. Also, 
the context of active social interactions can 
strengthen prospective science teachers’ pro-
fessional competence. Undoubtedly, the main 
challenge of the teaching profession is to teach 
students how to learn, or in Cultural Historical 
Activity Theory terms, to organise productive 
learning activities in school.

According to Leont’ev (1981), the first and 
most fundamental form of human activity is 
external, practical, collaborative activity that 
is internalised later in human thought. Another 
fundamental claim of CHAT is that human 
activity can be understood only if we take into 
consideration the mediating artefacts (technical 

and cognitive tools) that mediate any activity 
(Leont’ev, 1981). In outdoor science teaching, 
investigation techniques or skills of scientific 
inquiry are artefacts of particular significance. 
They include observing, measuring, classifying, 
hypothesizing, etc. Important technical and cog-
nitive tools are also different kinds of models.

CHAT suggests that the development of 
generic cognitive skills can be stimulated 
by properly organized learning activities. 
Kinard and Kozulin (2008, p. 25) say: “The 
learning activity includes orientation in the 
presented material, transformation of the pre-
sented material into a problem, planning the 
problem-solving process, reflection on chosen 
strategy and problem-solving means, as well 
as self-evaluation”. When doing outdoor sci-
ence, the content of learning is the acquisition 
of knowledge (embodied in learning objects) 
about properties and laws of nature. According 
to CHAT, the goals and motives of learning 
are considered the key components of learning 
activities. Leont’ev (1981) emphasised that the 
motive of learning determines the sense of the 
concrete learning activity. In general, learning 
activity is about learning to learn (Claxton, 
2002) which is decisive in modern society 
(Friedman, 2007). In teacher education, the goal 
of learning activity is moreover about learning 
to teach, i.e. to develop teachers’ professional 
competence. In our case, this ambition includes 
introducing student teachers to the experiences 
and intellectual challenges of outdoor learning 
and reflection on how to organise similar activi-
ties with their classes of students in the future.

As a unit of analysis in this study, we chose 
an activity oriented to developing prospective 
teachers’ outdoor science education competence. 
We intend to develop the students’ ability to 
conduct science studies in an outdoor context. 
Structurally, outdoor learning activities consist 
of goal oriented actions for solving particular 
tasks related to learning in an outdoor context.



131

Outdoor Science in Teacher Education
 

METHODS

A qualitative study was carried out at Umeå Uni-
versity in 2013. The data collection was organized 
through an analysis of ten students’ research project 
reports carried out at the Department of Science 
and Mathematics Education. It also included semi-
structured interviews with five teacher educators. 
Convenience sampling was used in the selection 
of informants and data. Analysis of the student 
teachers’ reports gave insight into the students’ 
visions and the practice of the outdoor lesson 
designs. We learnt about the students’ perceptions 
of the particularities of working in an outdoor edu-
cational context. All the student reports had been 
defended at the department over the last ten years. 
Our interviews focused on prospective teachers’ 
learning and their learning to teach outdoors.

All of the teacher educators interviewed have 
been teaching outdoor courses for several years. 
They have also served as supervisors of the ana-
lyzed student teacher projects. The language of 
the interviews was Swedish. The interviews lasted 
from 45 to 60 minutes, they were tape-recorded 
and later some transcripts were translated into 
English. Validation of the interviews was car-
ried out through follow-up discussions with the 
interviewees.

In the process of data analysis, the findings were 
thematically grouped and summarized. Quotations 
were used to exemplify the character of each group. 
In this way, categories of responses were gener-
ated. The results of the study are presented in a 
rather aggregated form with regard to sources of 
information, e.g. we avoid articulating which group 
of informants highlighted a particular theme. On 
the one hand this is done because students’ proj-
ects are usually developed in tight collaboration 
with supervisors and therefore based on shared 
ideas. On the other hand, students often refer to 
and reflect on their own experiences of attending 
teacher education courses in their examination 
project reports.

The theoretical framework also contributed to 
the identification of themes during the process of 
data analysis. CHAT methodology highlights the 
role of contextual factors and mediating tools in 
the process of the realization of specific tasks. 
A review of current CHAT literature helped to 
achieve an understanding of the issues discussed 
in this chapter, such as empowerment of student 
teachers learning how to teach in complex and 
changing outdoor environment.

LEARNING TO TEACH 
SCIENCE OUTDOORS

We attempt to provide an analysis of findings 
concerning prospective teachers’ learning to work 
with science outdoors. Different pedagogical 
considerations arose from the data collected in 
the light of a Cultural Historical Activity Theory 
perspective. Four headings relate to the conceptual 
issues of competence, context, learning activity 
and mediation.

Expanding a Zone of Teacher 
Competence Construction

Initial teacher education provides a variety of 
learning opportunities for construction of pro-
fessional competence. An outdoor context could 
potentially be an optimal zone for learning, but 
unfortunately it is also a most challenging zone. 
Not only does new knowledge come true there, but 
previously acquired knowledge is also challenged 
by practical applications. Outdoor practical activi-
ties were reported to provide an opportunity for 
prospective teachers to make sense of their prior 
scientific knowledge acquired through formal and 
informal education.

In general, one of the fundamental features of 
teachers’ professional competence is considered 
to be the ability to relate subject knowledge to 
knowledge associated with practical pedagogy. In 
order to clarify enhancement of students learning, 
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Lucas (2007) with reference to Bernstein talks 
about this as a problem of “recontextualization”. 
His outline suggests that decontextualized aca-
demic subject knowledge needs to be related to the 
context-bound experiential knowledge that learn-
ers bring to the scene. The latter includes what in 
science education is called everyday knowledge 
or learners’ pre-conceptions. Issues related to 
methods for connecting theoretical (decontextu-
alized) knowledge to practical (context-bound) 
knowledge in outdoor education was discussed 
in several student projects.

Furthermore, the interviewed teacher educators 
reflected on the decrease in space and time for labo-
ratory practice available for prospective science 
teachers. There is a tendency for practical work 
in sciences to become infrequent and to be used 
mainly to illustrate previously leaned theories. The 
real nature of experiment as a source of scientific 
knowledge and provider of significant evidence 
about the veracity of scientific assumptions has 
become obscured. In that sense, science-directed 
practical activities outdoors can elucidate different 
aspects of the nature of science. Such perceptions 
are important to consider for a competent science 
teacher. This issue will be discussed in detail.

In the courses which contain an outdoor com-
ponent, prospective teachers had the possibility to 
experience the learning potential that exists within 
and between contexts. They could learn to expand 
their pedagogical repertoire by contrasting and 
comparing contextual influences on their learning, 
development and competence. Teacher educators 
and colleagues in the study group possessed and 
exercised a broad collective expertise of acting 
in a variety of contexts. Students’ reflections on 
the multiple pedagogical opportunities provided 
by varying contextual conditions allowed them to 
see the potential for expanding their professional 
competence. Here some features of teacher com-
petence were related to contextual changes. It is 
a relevant question to ask how an outdoor context 
can help expand the teachers’ zone of professional 
development.

Contextual Influences

Changing the educational context from indoors to 
outdoors activities can lead to new patterns of so-
cial relations among the students and between the 
teacher and the students. These affective changes 
were identified in many school projects. Learners 
could show new aspects of their personality dur-
ing outdoor activities. Outdoor behaviours were 
in contrast to their usual behaviour shown in the 
classroom. These changes were rather complex 
and apparently they depended on many factors. It 
is worth mentioning that the outdoor context chal-
lenged the prospective teachers to learn to manage 
dynamic group relationships and gender roles in 
different age groups. They also became aware of 
the development of emotional, behavioural, social 
and other non-cognitive competencies, all of which 
are important for successful science education.

The entire pedagogical process is influenced 
by changes in the learning environment. Both 
categories of informants reflected on the impor-
tance for learners to develop the competences 
of seeing and foreseeing contextual influences. 
These are related, for example, to consideration 
of the structure and properties of context and the 
complexity of the phenomena embedded in it. The 
absence of ‘walls and a roof’ to frame learning 
changes the ‘initial and boundary conditions’ 
for solving the pedagogical tasks posed by the 
teacher. Different kinds of uncertainty character-
ise the open-air learning environment. We could 
distinguish reflection about the presence of fuzzy 
uncertainty as it appears in facts, assumptions and 
descriptions of natural objects or phenomena. We 
could also distinguish stochastic uncertainty as 
it appears in the occurrence of phenomena and 
their repeatability. Teacher educators and student 
teachers reported both of these as valid influences 
in/on an outdoor context. The teacher educators 
also mentioned effects of transferability – what is 
learned out of the classroom is easier to apply for 
the learners in an out-of-school context.
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Another important component of outdoor 
education competence could be called the ability 
to respond to the context. Students teachers learn 
to know themselves through the new context. 
They gain confidence to find, design and manage 
outdoors practical activities for different weather 
conditions. However, it takes time “for experience 
to reach the head”, as one teacher educator formu-
lated it, meaning such a basic thing as to learn to 
dress properly in order to avoid freezing, making 
routine controls of equipment in advance, etc. 
These routines are important aspects of building 
the prospective teachers’ professional competence.

Outdoor science activities were reported to 
demand the use of cooperative learning. Many of 
them proved to be too complex to be dealt with 
individually. Collective activities in turn foster 
communication, group discussions and decision-
making. The power of collaboration proves itself 
by empowering individual student learning. 
However, participation in collective activities 
allows for individual assessment demanded by 
the teacher education curriculum. Conducting 
individual monitoring of progress, diagnostics 
and final outdoor assessments was reported as 
a demanding task by the teacher educators. One 
way of carrying out individual assessment in the 
studied reports was to have certain students closely 
monitored throughout each session and to register 
the students’ summative reflections at the end of 
each outdoor session.

Informants have also drawn our attention to 
other challenges in the outdoor context. Nor-
mally, people are used to being outdoors, mainly 
for recreation, sports and leisure. But they rarely 
go outdoors for learning. Therefore, they have to 
learn to learn outdoors. To a certain degree this 
also concerns the necessary schooling-in phase for 
prospective teachers when they start their outdoor 
courses. Placement of learning activities in a new 
context demands a new kind of orientation from 
the teachers. Learners have to learn to consider 
the outdoors as an educational environment.

Findings show that organization and structur-
ing of outdoor teaching and learning demands 
implementation of rather advanced organisational 
and leadership skills. The informants also men-
tioned that in order to design outdoor science 
education activities, they would have to manage 
and coordinate interplay between narrow-local 
micro-, intermediate meso- and comprehensive 
global-macro levels of context:

• Learning environment, individual teacher, 
student group, actual space, time and tasks

• Institutional policy, leadership, curriculum 
and culture

• Supra-institutional, national socio-cultural 
and politico-economical frames.

The teacher educators and the student teach-
ers in their rapports expressed concerns that 
educational authorities at meso- and macro-levels 
provide less active support for outdoor education 
than they did ten years ago. This support was more 
obvious in the previous curriculum for schools and 
teacher education. The student teachers’ reports 
show that the local school context, traditions 
and culture strongly influence the organisation 
of outdoor science studies. They discourage or 
encourage the teachers’ initiatives in conduct-
ing outdoor projects. The student teachers also 
reflected on the relationship between the local 
and global context. They raised concerns about 
the importance of knowing and using the social, 
cultural and historical dimensions of the local 
context and the necessity of critically connecting 
it to the global context, in particular if regarded 
from a scientific-ecological perspective.

Identifying and Delimitating the 
Object of a Learning Activity

The informants underlined that science content 
teaching outdoors is often a more pedagogically 
demanding job than is traditional indoors educa-
tion. Natural phenomena and objects in real life 
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contexts seldom provide obvious “hints” or explicit 
suggestions concerning what and how to study.

At least if compared with rather obvious-
transparent support offered by a laboratory setting. 
Laboratory environment is designed for science 
exercises and provides many explicit and implicit 
suggestions about science principles that can be 
discovered and studied there. In contrast to indoor 
settings, clear instructions and teacher guidance are 
often needed in the process of identifying learn-
ing objects (science content) outdoors. Studying 
science outdoors demands the consistent elimi-
nation of “noise” in the form of insignificant or 
disturbing features. What constitutes “noise” in 
any particular case? What should be taken out of 
consideration in order to build a model that helps 
to understand a phenomenon? In order to answer 
these questions learners need carefully designed 
“scaffolding” to assist the development of their 
scientific reasoning and Modeling skills.

Consider the case of a warm air balloon. Me-
chanical, thermal and chemical effects have very 
complex interplay there. Depending on the aim of 
study certain features become more important than 
others. So, the student teachers learn to “eliminate 
noise” from the complex reality of outdoors in 
order to formulate “solvable problems”. They 
develop problem-construction competency by 
learning to build and study models of physical 
reality. Using CHAT terminology we can also 
say that they learn to identify the content of the 
learning activity.

Informants noted that planning the study of 
a phenomenon, such as resistance of air, could 
often be more difficult than planning measure-
ment of an object, such as for example the weight 
of a stone. The task of selecting what property to 
measure is normally more explicit in the study of 
the object like a stone than it is in the study of a 
phenomenon like resistance of air. An appropriate 
model needs to be created to reflect the phenom-
enon being studied. To do so, the students have to 
be able to handle a variety of cognitive artefacts 
and Modelling tools. They also need to develop 

an ability to stay committed to solving a task for 
a longer period of time. The extended time span 
proved to be problematic for some students.

Prospective teachers have to be prepared 
to work with authentic problems that arise in 
everyday life. In the students’ research projects 
(Sverin, 2011) several types of authentic problems 
were explored. There were tasks without a single 
right answer - open ended problems. There were 
tasks varying with changing environmental cir-
cumstances, for example depending on weather 
conditions. And there were tasks that demanded 
preliminary agreement about what is to be found 
out or measured. Sverin (2011, p. 52) found that 
at an initial phase of working with authentic tasks 
“the students had difficulties to formulate solv-
able problems, because they were used to working 
with closed, end-of-chapter problems with given 
answers. They did not perform any preparatory 
work at home to be able to identify and formulate 
solvable problems.” Criteria for framing authentic 
problems were discussed before classes and lec-
tures as well as a choice of criteria for identifying 
what accounts for an acceptable answer. Neverthe-
less, high school students needed close guidance 
when working with authentic tasks and elements 
of scientific inquiry in order to succeed.

It is relevant to highlight findings about mak-
ing and overcoming mistakes. Usually, outdoor 
tasks allow several correct solutions. Outdoor 
tasks provide an opportunity to investigate and 
practice genuine scientific inquiry. The students 
learn to try out ideas, make mistakes and learn 
to accept that mistakes are a natural part of the 
learning process. Also included in the process is 
systematic reflection and self-evaluation. Probing 
plausible suggestions, eventually making mistakes 
and overcoming them, which are typical features 
of any scientific activity, become a natural part 
of learning that prospective teachers learn to deal 
with and value.

Student teachers had to learn to learn outdoors 
pedagogy and to develop competence to teach 
others to learn in an outdoor context. In most of 
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the outdoor courses they practiced the design of 
school-oriented learning tasks. The tasks included 
leading their future students in different search 
directions, formulating “solvable” problems, 
finding out alternative solutions, discussing and 
choosing the most appropriate tasks for provoking 
deep discussions.

New Tools and New Roles for the 
Tools That Mediate Learning

People use a variety of mediating artefacts that 
shape the ways they think and act. They are physi-
cal instruments as well as symbolic and cognitive 
meaning-making tools. Regardless if taken to-
gether or individually they mediate investigations, 
reflective actions and communication. Glasgow, 
Cheyne and Yerrick (2010, p. 48) describe medi-
ated processes of inquiry in science: “Scientists 
use their background knowledge of principles, 
concepts and theories, along with scientific pro-
cess skills, to construct explanations for natural 
phenomena to allow them to understand the natural 
world.” Mental and manipulative skills serve as 
important tools in the culture of understanding 
and advancing science. These are investigation 
techniques, science process skills and generic tools 
of scientific inquiry. This section of the chapter 
provides illustrations based on collected data, de-
scribing how physical and mental artefacts adapted 
for outdoors in science education could be used.

As a means to stimulate learning in their 
school projects, the student teachers used physi-
cal artefacts of large dimensions such as cable 
drums, cars and barrels. The saying that “size 
matters” proved to be legitimate starting point 
especially when learners have the possibility to 
explore physical phenomena outside their class-
room walls. For example, for the study of torque 
in the physics course the following investigation 
with a sewing spool is usually suggested: “If the 
thread leaves the spool from the bottom of the 
axle when gently pulled, would the spool move 
forward or backward?” This experiment, when 

adapted to the outdoor environment using a rope 
and a large sized cable drum, gave an informative 
visual effect and provoked active discussions.

Disposable materials such as soft drink plastic 
bottles have been widely used as tools for science 
teaching around the world. Launching a water-
rocket is probably one of the most popular science 
education activities conducted outdoors. The 
Internet and Google search engine offers millions 
of hits if you search “water rocket”. Even primary 
school students can change different parameters 
prior to launching a rocket. They cover e.g. the 
proportion of water and air in the bottle. They have 
excellent opportunities to influence and observe 
plastic bottle rocket’s flying capacity.

Several prospective teachers have reflected on 
and designed projects based on an experiential 
learning approach. They explore how outdoor 
learning can be assisted by direct bodily contact 
with surrounding natural objects. For example, 
feeling the force of air-resistance through an open 
car window gives first-hand experience and fa-
cilitates understanding of the physical properties 
of air. The human body itself becomes a tool of 
learning and remembering. People use different 
properties and parts of the human body for practi-
cal estimations and measurements. Historically, 
such knowledge has developed in different cultures 
when the need arose to know distances, compare 
and observe changes. However, human bodies 
as data collecting devices have limitations in a 
variety of ways. As an example, inaccuracies in 
measuring the speed of sound propagation, by 
seeing a flash and hearing the sound of a distant 
explosion, depend on individual reaction times. 
To gain personal experience of what it means to 
take exact measurements was found to be of great 
methodological value for the students.

As mentioned, science process skills such 
as measurements and estimations are important 
mediating artefacts of science learning activities. 
Conducting a measurement task outdoors can 
be more demanding than when it is conducted 
indoors. Consequently the studied informants 
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elaborated extensively on this issue. Changes in 
environmental conditions like wind, humidity and 
sunshine influences the precision of measurements 
and make the reproducibility of experimental 
conditions and results far more problematic than 
if conducted in a corresponding laboratory setting. 
The outdoor context provides rich opportunity for 
reflection on precision, error and uncertainty in 
taking measurements. The importance of consid-
ering uncertainties becomes apparent and visible 
if conducted in such circumstances. Braund and 
Reiss (2006, p. 218) state that science out-of-
classroom provides the possibility to introduce the 
‘messiness of science’ through authentic practical 
work. When different groups of students measure 
the same object using the same method or differ-
ent methods and get varying results – there is an 
opportunity to discuss general principles of taking 
measurements in science.

Generic skills of estimations are very important 
in the practice of science. This was underlined by 
famous scientists like Richard Feynman (Gleick 
1992). When conducting outdoor experiments 
students had to choose apparatus and measuring 
devices with an appropriate scale. Therefore, the 
need arises to plan and think ahead of time and 
estimate what values and magnitudes can be ex-
pected to be measured in an experiment. It is only 
then that the students will have an opportunity to 
note whether their choices and predictions cor-
responded to reality. They may also discuss the 
nature of any discrepancies noticed. So, taking 
measurements outdoors present practical and 
intellectual challenges to the students. Finding 
an attractive way to teach precision and errors in 
measurements has always been a challenge for 
science educators but work in outdoor settings 
provides an opportunity to analyze and discuss 
these issues.

Time to learn is an important pedagogical tool. 
Observations, experiments and investigations in 
an outdoor environment often demand a special 
kind of studies. This quality supplies a potential 
pedagogical advantage but also an administrative 

challenge. The teacher educators considered the 
extended time of students’ engagement in learn-
ing activities as a positive factor –“learning takes 
time!” However, they also recognized potential 
difficulties in making the necessary class-schedule 
arrangements in schools that require administra-
tive support.

CONCLUSION

Modern society demands citizens with the ability 
to learn how to learn (Claxton, 2002). According 
to Friedman (2007) this contention implies several 
mental operations and practical abilities.

… to constantly absorb, and teach yourself, new 
ways of doing old thing or new ways of doing new 
things. […] it is not only what you know but how 
you learn that will set you apart. Because what 
you know today will be out-of-date sooner than 
you think. (p. 309) 

From a CHAT perspective the need to learn-to-
learn suggests that school systems, head teachers 
and teachers should focus on the systematic for-
mation of learning activities that enable students 
to learn independently and efficiently (Giest & 
Lompscher, 2003). The uncertainty and complex-
ity of the context shaping science learning outdoors 
is of course a model of the real life uncertainties 
and complexities that students have to learn to deal 
with. The ability to adjust pedagogical actions to 
“fluid” learning contexts is an important feature 
of teachers’ competence. In the same way that 
there cannot be a universal size of clothing for 
all children there is no universal teaching method 
that suits all learners all the time. It is however 
possible to consider the rationale of transferring 
science learning outdoors as a Modelling process 
that assist prospective teachers in their attempts 
at developing the ability to adjust their actions 
to a new or changing learning environment. Our 
findings show that learning activities outdoors 
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provide rich and relevant experience correspond-
ing to the demands of complex modern life with 
many in-built uncertainties. The OECD Core 
Competencies Framework defines personal at-
tributes and skills enabling delivery of a role/job 
in a modern workplace. They develop in outdoor 
science education and they constitute an important 
part of teachers’ professional competence:

• Flexible thinking involves the ability to 
adapt to a variety of situations, individuals 
or groups effectively.

• Analytical thinking is the ability to identify 
patterns between situations that are not ob-
viously related and to identify key or un-
derlying issues in complex situations.

• Drafting Skills is based on the ability to 
communicate respectfully ideas and often 
technical information in writing to ensure 
that information and messages are under-
stood and have the desired impact.

• Teamwork and team leadership implies 
working cooperatively with others, be a 
part of a team, and assume the role of lead-
er of a team.

• Achievement focus means generating re-
sults by assuming responsibility for one’s 
performance and the correctness of one’s 
interventions, recognising opportunities 
and acting efficiently, at the appropriate 
moment and within the given deadlines.

The student teachers’ projects organised in 
schools covered the use of different mediating 
artefacts, investigative techniques, science process 
skills and generic tools of scientific inquiry. Such 
artefacts are important tools for managing outdoor 
science as well as for developing the learners’ 
mental tools for future needs. The student teachers 
realized the important role played by the context 
in studying nature directly in natural settings. 
Their projects allowed for studying practical 
activities with a joint collaborative enactment of 
a shared goal.

Arguments about the importance of expand-
ing science education to include outdoor settings 
always balanced the request for complementarity 
of indoor and outdoor teaching approaches. This 
combination allows discovery of different aspects 
of the students’ learning potential and provides 
them with rich learning opportunities. Teaching 
science outdoors develops the learner’s abilities to 
observe, ask, presume, verify and conduct a critical 
analysis of data. These skills of critical thinking 
are important in many professional activities, 
including student teachers’ and teacher students’ 
lessons. However, learners need guidance and 
collaboration in acquiring investigative techniques 
and critical thinking skills. The teacher can guide 
the students’ work by suggesting learning tasks 
and monitoring the inquiry process based on their 
background and capabilities (Popov & Tevel, 
2007). The complexity of real world situations 
demands that the teacher takes on the role of a 
researcher and partner for the students rather than 
a possessor of the right answers.

The natural environment provides genuine 
opportunities for meaningful learning based on 
a combination of minds-on and hands-on activi-
ties, but it also requires additional preparation and 
carefully designed pre-, in- and post-field work 
to make outdoor learning activities productive. 
In Claxton’s (2002, p. 29) words: “environments 
‘afford’ resources, but these resources do not 
become functional aids to intelligent learning 
unless they are perceived as such by the learner.” 
Kinard and Kozulin (2007) describe elements that 
constitute the core of learning activity: analysis of 
the task, planning of action, and reflection. They 
define reflection as a “trademark” of an approach 
focusing on development of learning to learn. The 
teacher educators of this study agreed with this, 
one of them saying: “Activity without reflection 
is meaningless, reflection without activity is 
empty. They should be in symbiosis. We always 
give feedback on students’ reflections. This is a 
constitutive part of our profession.”
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In summarizing the findings, one can add 
that outdoor activities can generate a feeling of 
empowerment in prospective science teachers, 
providing confidence and understanding of science 
processes when working in the expanded learning 
context. They develop the ability to use a broad 
range of mediating artefacts of learning and an 
open-minded approach to the study of natural 
objects and phenomena. Group work, team build-
ing, collective learning and the context of active 
social interactions proved to be a solid basis for 
outdoor education.

The primary distinguishing characteristic of 
the learning activity is that its main expected 
outcome is development of the subject of the 
activity – the learner. Outdoor science broadens 
learning opportunities and provides individual 
learning challenges for every student. Outdoor 
science also constitutes a zone for developing 
teacher professional competence. A teacher with 
the confidence to work in an outdoor context suc-
ceeds in organising meaningful science learning 
activities. This is a finding which lies in line with 
how CHAT conceives of a teacher. del Rio and 
Álvares (2002, p. 72) say s/he is an: “architect of 
meaning” who is capable of “bringing together 
physical and mental action, affectively as well 
as intellectually charged, and socially as well 
as instrumentally mediated”. We hope that the 
pedagogical aspects of outdoor educational work 
presented in this chapter can lead to the further 
empirical and theoretical development of science 
teachers’ professional competence.
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KEY TERMS AND DEFINITIONS

Competence: The ability of a person to reach 
specific achievements in order to be considered 
successful in the corresponding community of 
practice. It consists of cognitive, interactive, af-
fective and practical capabilities and also attitudes 
and values, which are required for carrying out 
tasks and solving problems.

Cultural Historical Activity Theory: A 
theory of human development that sees human 
societies and their individual members as mutu-
ally constitutive. Personal development is shaped 
by the process of enculturation and individuals’ 
thoughts and deeds serve to maintain or to alter the 
cultural milieu. At the heart of CHAT is therefore 
a tension between education as enculturation and 
education for autonomy and originality.

Learning Activity: An activity that has learn-
ing as a goal and also attached to the concept is 
an expected outcome. Learning activity involves 
transformation of the material by learners. The 
concept implies that new knowledge develops, 
involving appropriation of generalised ways of 
acting.
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Mediating Artefacts: The tools that people 
use and that shape the ways they think and act. 
These could be physical objects as well as symbolic 
and cognitive meaning-making tools that mediate 
communication and reflective actions.

Outdoor Context: Out-of-classroom open-air 
environments where natural and social dimensions 
are intertwined.

Outdoor Science Education Competence: 
An expression of the ability to teach and facilitate 
science learning in an outdoor context. Valued by 
different educational actors, experience of practi-
cal outdoor activities is essential in this respect.

Prospective Teachers: Are student teachers 
enrolled in a teacher education program for pri-
mary and secondary school.


