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”Products or services that reduce the time and  

amount of tasks needed to be performed … 

 increase our enjoyment, entertain or reduce tension, … 

gives us information or challenges to improve our knowledge or  

our wellbeing” 

Quality of life, Philips 
 

 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Job description: 

… you should be familiar with RTP, RTCP, IP, UDP, and CSMA/CD … 

… solid NT background and SMS experience. Also, Citrix Metaframe experience  would be a big 

advantage… 

…. Are you an Analyst/Programmer with CTI experience? And have experience of the following skills: 

Object Orientated Techniques (OO), Distributed Systems, C++, COM/DCOM, Active X (Active X), MFC, 

ATL, STL and IBM MQ Series? If this role fits the bill, please do not hesitate! 

 

Job description (Book of Chilam Balam after AD 1593)  

 

+To impersonate and invoke the deity. 

+To effect the drawing of the pebbles and regulate the calendar. 

+To read weather and other omens in the clouds. 

+To determine the lucky and unlucky days for various mundane activities by the casting of lots. 

+To work miracles. 

+To predict the future. 

+To insure adequate rainfall. 

+To avert, or bring to a timely end famine, drought, epidemics, plagues of ants and locusts, 

earthquakes. 

+To distribute food to the hungry in time of need 
(Time has not changed much) 

UmU 
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Introduction 

Why are interaction and interaction technology important? 

 

We all need fluctuations to feel alive, sometimes life is bad, sometimes 

good, sometimes dangerous. Sharing our lives with others helps us to fill 

out the depths of sorrow and keeps us alive, co-operating is even fun. 

Complementing an urge for co-operation is another basic instinct, and that 

is to make as big an impact as possible on future generations using genes, 

or other means. The resulting competitiveness is certainly not the best 

foundation for co-operation, even if co-operation can be a good tactic in 

the short run.  The pessimist would say that any co-operation is entered 

only to win a competition. A more positive attitude is that we will not 

compete to the death as long as our basic needs are fulfilled. Co-operation 

will then rule in the best of worlds, which is soon to come. Be that as it 

may, our assumption here is that interaction is the basic mean for both 

co-operation and competition.  

 

Incidentally, what is the ultimate goal? Why are we competing? Would 

you be pleased if your genes were the only ones to survive? Could it be 

that the acts of co-operating or competing are themselves the objectives? 

Contemplating the Olympic games makes one wonder. We will not delve 

further into the issue of meaning of life here. The question is rather the 

slightly less complex one of how to improve quality of life using 

interaction technology. 

 

A human is an enormously complex biological system that together with 

other humans form an even more complex society. This society is usually 

considered a result of the interaction between humans, and between 

humans and their environment. It is a feedback system where one loop 

(out of many) is humanity and technology evolving together. The 

development of technology depends on human involvement; technology 

changes human behaviour and through human involvement changes 

itself. 

 

Here is where design, defined as purposeful creation is necessary, random 

evolution is very slow and resource intensive. The design process has its 

own world of words, problems, and solutions. If the result is a commercial 

product it should provide adequate quality of service, within schedule, 

spending as little resources as possible. 

 

Technology provides the means and methods for creating increasingly 

complex systems. So far, humans have mostly interacted with other 

humans. Not counting some simple tools and friendly dogs to play with, 

there has been little else around to interact with. This situation is now 

changing dramatically. We are entering a new era where humans also 

interact with systems designed and built by humans. These systems will 

will evolve as interesting interactors, and soon they will start to compete 

and co-operate amongst themselves.  

 

Do you think Hitler 

and Mussolini would 

have remained friends 

for long after the war 

was won? 
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Not only does technology provide the means to build complex systems. It 

also supports the context of our lives to the extent that the life as we know 

it in the industrial world would be impossible without it. Technology 

affects every aspect of our lives. Art, music, film, and this book are formed 

within the constraints of technology. A competitive world implies mastery 

of technology even by artists.  

 

This book is about interaction. To be more specific, it illustrates design of 

interaction, interactive systems, and interaction technology, involving the 

three participants humans, information/ideas, and things. We will use the 

acronym HIT for the participants, and HITI when alluding to the whole 

concept of interaction amongst the participants. Studying HITI in this 

book will enhance understanding of the participants and their 

interactions, improve the usability of new systems, and speed up the 

development of new technologies. As a side effect in depth knowledge 

will be gained of the main participant in the interaction, the human being. 

 

Focusing on anything related to interaction technology is like trying to 

take a photograph of a racing car. Technology is constantly evolving and 

the speed of the change seems to be ever increasing. How long is it since 

Internet was introduced? World Wide Web? Is MP3 an old technology? 

There is probably a computer in your kitchen, a laser in your living room, 

and a hologram in your wallet. Humans and society change at a much 

slower rate. This means that the products of technology more and more 

will be limited by humans and human society. Technology itself is not 

good or evil, merely reshaping and developing rapidly.  

 

 

How do you keep up with the change? First, there are many common 

principles. So far humans have designed technology, which means that the 

basic models are built on common human concepts, such as hierarchy, and 

the use of layering. General principles can guide and simplify our 

explorations into the specifics. Studying principles does however not 

replace detailed studies of the particular system.  

 

Second there are many common techniques and methods to be reused in 

different contexts. Mathematics, signal processing, software 

programming, as well as the electric motor, and the computer exemplify 

this. There are also supportive pervasive trends such as mobile 

computing, increased network and computer performance. 

 

Part I of the book introduces the HITI model. 

 

Part II provides a short introduction to science, research and technology, a 

way of thinking and living. Ultimately you should wake up every 

morning utterly astonished by everything that you hear and see around 

you, eager to explore with curiosity what is revealed in the enchanted web 

of the new day.   

 

Following technology 
 

“Unprovided with original 

learning, uninformed in the 

habits of thinking, unskilled in 

the arts of composition, I re-

solved to write a book” 

Edward Gibbon 

 

 
 

I H 

T 
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Part III discusses systems and models in general. This is important 

because it establishes a systematic view that can be used in many areas of 

work. It is also a way of structuring context. Basic characteristics of 

systems are covered in this chapter, such as that a system can be 

stochastic. A large part of the chapter is devoted to models. They are very 

important because without models, computers would not be of much use, 

and our understanding of the Universe would be reduced to a blind 

search.  As an example of a modelling tool the UML (Unified Modelling 

Language) will be used. 

 

Part IV details the characteristics of the participants in the interaction. As 

the curtain rises the spotlight finds the human (H) who of course from our 

point of view is the most important interactor. Together with H we find 

the thing (T), and the information (I). Starting from a generic interactor 

specific features and characteristics are added for processing, sensing, and 

knowledge representation. 

 

Part V is about interaction. It tries to answer the questions “What is 

interaction?” “Why is it needed?”, “How is it composed?” and “When is it 

performed and by Whom Where?”. Once again a perspecive from H is 

used. The action starts and the plot is unveiled. H, I and T exercise their 

abilities and try to overcome their limitations by exploiting each other. 

Some highlights are: a discussion on computer supported co-operative 

work, use of context in human-computer interaction, and technology 

support for mobile services. 

 

Part VI provides an introduction to design with a focus on product 

design. It describes how design can be seen as a way of living and how 

products should be developed to be of as much value to the user as 

possible. Here a user is in control, and the user is human. 

 

The book is filled with descriptions of models and systems, more often 

than not described using graphics. But, despite the ambitions of the 

author, quite a lot of problems are not discussed, such as why an orange is 

segmented the way it is. Hopefully the book conveys a deeply felt respect 

for the complexity of reality. 

 

The original intent behind this book, which is still valid, was to write a 

book that would encourage further reading in the disciplines involved 

such as mathematics, signal processing, psychology, human-computer-

interaction, sensor technology, and information technology. I sincerely 

hope that this book at least does not stop you from doing this.  

  

Most of the ideas are of course not mine. I want to express my gratitude to 

those thinking faster, further and farther, perfectly exemplified by 

professor Haibo Li, and professor Lars-Erik Janlert at Umeå University. By 

the way, this book will never be finished until someone pays me to stop 

working on it. 

 

"Believe me, Baldric, an 

eternity in the company of 

Beelzebub and all his 

hellish minions will be as 

*nothing* compared to five 

minutes alone with 

me...and this pencil." 

Edmund Blackadder to 

Baldrick, `BA III' 

 

"If you're not having fun, you're 

doing something wrong." 

Groucho Marx 

 

 
 

Design 

In Out S 

H I T 

H H 

I I 

H T/I 

T I 

T T 
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PART I: The HITI model 

This book will use the Human, Information/Idea, Thing, Interaction 

model (HITI model) to structure thinking about systems [UCIT]. It 

originates from professor Lars Eric Janlert at Umea University, and  uses 

only a few basic elements that have to be interpreted within the specific 

context where they are used. The strength of the model is that it is 

graphical and close to everyday thinking. This chapter introduces the HITI 

model and applies it to some simple examples. 

I.1. The model, presenting the interactors 

The constituents of the model are the three possible participants of an 

interaction, i.e. Human (H), Thing (T), and Information/Idea (I), 

complemented by the Interaction itself. 

 

Below, see figure I.1.1, the participants are shown as text boxes along with 

the possible interactions between them, which are represented by arrows. 

As technology improves, so do the possibilities for supporting 

interactions. This creates new opportunities in different applications, for 

new categories of users, new situations, environments, and activities. 

 

 

 

 

 

 

 

 

 

 

 

 

One example of the HITI model at work is that you want to write a poem 

in a love letter. You, a human (H) print the poem (I) neatly on paper (T). A 

father asking his son to do the dishes could exemplify the arrow 

representing a H-H interaction. If you are accessing a database using 

Internet Explorer ® this is an interaction where an H (you) interacts with 

an I (Internet Explorer) which in turn interacts with another I (the 

database). The first interaction is through a human-computer interface 

(Windows ®) and the second is implemented by data communication 

(Internet).  

 

Now, we will give a short introduction to the interactors H, I, and T. They 

will act in examples showing four fundamental modelling principles, 

hierarchy, abstraction (classification, aggregation), sequence, and 

parallelism.  

Those are my principles. If you 

don’t like them I have others. 

Groucho Marx 

 

 
 

Figure I.1.1 The HITI model. 

I, Human Thing 

 

 
 

Z 

Z 

Z Z 

Z 
z 

Z 

Z 

Z 

 

H 
T 

I 

T 

I 

H 
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I.1.1 Human 

The first interactor to introduce is the most important one, the human. We 

are quite intelligent – at least that is what we think ourselves. As an object 

of study we have been popular for several thousand years, and we can 

even do our own introvert excursions. This knowledge makes the human 

a perfect role model of an interactor, and human-human interaction to the 

reference interaction, the most basic, and well developed one. 

 

The human is also interesting because we will use human well being, and 

quality of life, as a first rate constraint when discussing interaction 

technology and design. We will study how to exploit technology and 

design to reach our golals using knowledge of human characteristics, 

behaviour, features and limitations. One assumption is that we, as a side 

effect, will better understand ourselves. 

I.1.2 Thing 

The thing is our oldest friend. For more than 2 million years it has been 

with us. Quite a long time compared for instance to the dog that has 

followed us for just a little bit longer than 10.000 years. Recently the thing 

has acquired some new abilities, such as sensing, processing capability, 

and new possibilities to effectuate and display its actions.  

 

A major difference between the thing and the human is that a thing is 

designed. It can be given characteristics and behaviour for a specific task 

and environment.  
 

I.1.3 Information/idea 

The third interactor is information, which include ideas. Information has 

also been with us for quite some time, at least 20.000 years, doing a good 

job as our social memory. Recently, with the advent of the global Internet, 

dissipated information is increasingly a major player in social progress. 

 

Managing and processing lower levels of information, i.e. raw data, is also 

more and more important. This is because we have adapted our behaviour 

to the access of the data. The amount of data is furthermore steadily 

growing and we get better and better at combining different kinds of data 

to create new knowledge. 

I.1.4 Interaction 

Interaction and communication drive and support progress. They are 

imperative for knowledge acquisition and maintenance, adaptation, 

resource allocation, and many other things that make our society 

work,and the world go around. If the interactor is seen as a static object, 

then interaction can be thought of as a process, the dance that interactors 

engage in.  

 

Interaction implies communication. If one way communication is 

intended, rather than interaction, a one directional arrow will be used in 

the HITI model. Interaction and communication in turn suggest adding 

action and representation to the core concepts. Actions make things 

happen and through representations we see the the world before, and 

after the action. Action and representation are two fundamental 

complementary facets of reality. A representation is what an action 

Action 

Representaton 

Communication 

Interaction 
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changes, and without representations there will be no cause for action, 

and no result. 

I.1.5 Context 

The aggregation of individual interactors of the three different kinds 

constitutes an environment, or a context. We live in a world full of context 

aware and context dependent systems such as humans, thermostates, web 

counters, flowers, dogs, and mosquitos.  

 

The distributed nature of an interaction suggests sharing. How else can 

the complexity be kept low and the efficiency high? One way to regard 

sharing is as the generation of meaning through interaction. Interactors 

select meaningful representations for what they do, or want to do, based 

on previous experience. They perform actions and, importantly, also 

choose to display representations based on previous experience. In effect a 

converging feedback loop is created, representation-action-representation-

action, which is actively evolved by the practitioners. Thus meaning is 

created as a skillful praxis.  

 

To support the loops coordination mechanisms are needed [KS]. The 

motivation behind a coordination mechanism is to offload 

complexity from actions. It simplifies interactions, and can improve  

efficiency by providing precompiled permanent representations of 

conventions, rules, protocols, representations of plans, maps, and scripts. 

Each situation could be supported by many coordination mechanisms that 

could work in concert in different ways, e.g. aligned in time.     

I.2 Applying the model, and more basic concepts 

I.2.1 Hierarchy and other topologies 

The HITI model can be used to describe hierarchical relationships. One 

example is when you have a letter to write. The information content of the 

letter is confined in your brain (somehow).  

 

Hierarchy is only one example of a topology that seems to be intimately 

linked with human thinking. A ring structure is another, and a network a 

third that could degenerate into a point-to-point relation between two 

participants. The network is a very general topology that we recognise for 

instance in social life. Anyone can have a relation with anyone else. But, 

this freedom is also a curse; the number of possible relations grows 

quickly with the number of participants in the network. Power structures 

and trade offs become difficult to optimise, especially for computers. 

Humans seem to better manage the enormous complexities involved in 

real life.  

I.2.2 Classification 

Sometimes we want to hide aspects of a model and disregard irrelevant 

information, or we want to present similar aspects under a common name. 

For this we can use classification, also called generalisation, which is a 

special case of abstraction. Instead of referring to a long list of our family 

members; aunt, brother, sister, and uncle we classify them all as relatives.  

 

I.2.3 Aggregation 

Grouping objects together into a new object is another way to reduce 

complexity by abstraction. A house has roof, walls, windows, and a door. 

H/T/I 

T  

T T 

HI-HI-HI-HI 

Coordination 

mechanism 

Sharing 

resource 

H 
I 

I 

H H 
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I.2.4 Sequence or Parallelism 

Another way to exploit HITI is to model behaviour as a sequence of 

actions. Sending a love letter can at one level be described as a one way 

communication from you to the reader of the letter, see the  figure to the 

right. 

 

Including the letter (the paper) adds a new interactor to the model. 

 

We can easily add details. Let us model the following: “You write down 

your thoughts on paper, see illustration to the right. The receiver, sadly, 

puts your letter in the pocket without reading it”.   

 

We will need yet another concept that nicely complements the sequence, 

and that is parallelism. With it we for instance can model how a television 

station concurrently broadcasts a show and stores it on tape.  

I.2.5 Mediative roles 

Each of the participants H, I and T could serve another participant in one 

out of three different ways. First, it can serve as a tool. We use a hammer, 

or a hit man as tools, and they are specialized for well defined tasks. 

Second, a participant can serve as a medium and provide an experience. A 

clown, Porsche, and a movie are three examples. The third alternative is a 

participant serving as a social actor, e.g. as a friend to be trusted. T and I 

are so far severely limited both as social actors and as receivers of media, 

partly because they do not have access to reality in the same way as H. No 

one has yet heard a computer laugh spontaneously as it parses a beginners 

first Java program. 

I.2.6 Design and creativity 

Design is currently possible for humans only, and can be brought to bear 

on almost any aspect of our lives. The important distinction is that design 

is a purposeful and deliberate choice or change of something. It is how we 

visualize and realise our dreams of the future, and much quicker than 

random evolution. The resulting designs are evaluated and used in a 

context, and as they are, ideas for new designs are found. This cannot be 

achieved without creativity, a mysterious human feature that we will 

discuss later in the book.   

I.3. Evaluating the model (-a -u) 

So, how can the HITI model help an interaction designer?  As you can see 

from the examples above, what you want to describe with your model 

determines what participants and interactions you select. What the model 

does is to provide a structure and a framework describing which 

interactors that are involved and what they do. The model does not say 

how they do it (internal workings, implementation), and neither when, 

nor why (intentionality). Because of these limitations the descriptive 

power of the model is not very high. It also has a low predictive power, i.e. 

new states or future actions in the world cannot be predicted. 

Furthermore, the basic elements have to be interpreted in the specific 

context where they are used. You need to complement the graphical 

notation with a clarification, in text or in another form.  

 

H H 

 

I 

H 

T 

H 

I 
T 

H 

T 

H T H 

H I 

T 

H2I = Chess? 

X Y 
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The strengths of the model, apart from the structure it provides, are that it 

is graphical, close to everyday thinking, and that it is complete, i.e. 

anything can be described at a high level. Many technical systems have 

humans in the loop and are now complicated enough to create a need for a 

high level model such as HITI. For a detailed description formal models 

such as UML, or mathematics, can be used.  

 

Two limitations in the proposed model are the lack of dynamics and no 

notation for the environment, or the situation, where the interaction is 

taking place. Can the model somehow be extended to include these? Here 

are some ideas: 

 

 H(t) where time dependency is added. 

 A movie metaphor with one static HIT interaction per frame. 

 A special participant E (for Environment). 

 A new participant S (for Situation). 

 

We could also augment the model with the concepts of action, 

representation, and methods for coordination. This would give us a 

powerful modelling arsenal even for the most complex interactive 

systems. 

 

The rest of this book discusses participants and the interactions between 

them in greater depth. Obviously a short book like this can only provide 

samples. There are many, many, interactions possible and different 

interaction sequences that could give the same result, but at different 

costs. 

 

 

 

 

Can you expand the HITI 

model to include symbols 

for aggregation and 

generalisation? 

   H 

H 

What on earth does 

the figure above 

mean in real life? 
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Definition: 

Technology is the technical means 

people can use to improve their 

quality of life. It is also the 

knowledge of how to use and build 

efficient tools and machines 

efficiently.  

 

Part II: Technology, science and 
education for development 

This is a book about interaction, design, and interaction technology. But, 

before we launch a major attack on these issues we need to briefly discuss 

how technology relates to science and education, the main forces behind 

the development of new technology.  

 

Why should you care about science? Well, for one thing, it seems that a 

scientific approach to life is a prerequisite for development in general, at 

least as we know it. We always try to verify statements and beliefs before 

accepting them as we explore the world. Critical thinking is a basic, 

necessary behaviour, nicely complemented by curiosity. Our curiosity 

provides a driving force for exploring reality and critical thinking keeps us 

from drowning in new ideas and facts. There are also other drives urging 

us to explore, could you name some of them? 

  

II.1. Technology and science  

Technology emanates from, and manipulates, the human-made world. It 

affects the ways people develop and use technical means – things, tools 

and machines – to control, both the natural, and the human-made world. 

Through technology we now communicate and interact more efficiently 

thus improving our quality of life. We can use technology to automate 

boring tasks, giving us time to spend on more interesting activities. 

Technology also can be used to increase our comfort, for instance through 

air conditioning and central heating. Using it well we can also create 

stimulating, challenging, learning environments where we can develop 

ourselves, as exemplified by computer games.  By the way, the word 

technology emanates from the Latin word technos, a word meaning skill in 

joining something, combining and working it. The word art originally had 

a similar meaning, it meant a specialized skill, rather than ‘fine art’. 

 

According to the definition to the right, inventing new technology is a way 

of mastering resources more efficiently. Sufficient resources are rarely 

available and the shortage necessitates trade-offs and drives creativity. 

Take the car as an example. We are well able to walk, but it often takes too 

long time, so we invented the car at the cost of developing technology, i.e. 

money. It is possible to drive at 1000km/h, but that is too costly, both in 

terms of money and lives. It would be nice to have a larger boot, but that 

would take away room for the passengers’ legs and might obscure the rear 

view. Why does a car have two headlamps, not one or three? Efficiency is 

exemplified by car factories that assemble a car almost automatically. The 

assembly line of human workers, as perceived by Mr Henry Ford, is no 

more. 

Technology to mankind is like 

giving an axe to a maniac 

 

 

 

 
 

Could you elaborate further on 

that point? Is that really true? 

Could you be more specific? 

How is that connected to the 

question? How does your answer 

address the complexities in the 

question? Do we need to 

consider another point of view? 

Does that follow from what you 

said? 

Critical thinking 

 

 

 

There are three types of tech-

nology, good, bad, and cool. 

Patrik Eriksson, TFE 

 

 

 

 

Technology is for: 

Efficiency, information,compatibility, 

usability, accuracy, documents, work, 

technology, intimacy, communication, 

novelty, enchantment, ambiguity, 

postcards, fun, people 

Joseph Kay 

Technology is knowledge, insight 

and experience objectified 

Jannis Kallinikos 

 

 

 

 

Technology is the outstanding 

social force and no amount of 

humanism can change that. 

[BD] 

 

 

 

 



 Hakan Gulliksson  16

   

A scientist usually aims at pre-

senting a regularity (invariance) 

of empiria by means of an 

abstract formula or a model that 

the general public can apply to its 

own problems; an artist, on the 

other hand, prefers to demon-

strate general regularities in the 

form of one concrete, special case 

that the public can then apply to 

their own situations 

Pentti Routio [PR] 

 

The idea with technology is to change our lives, and yet we have a 

tendency to think of it as something that we can introduce into our lives 

without really changing them. That is why we and our societies change 

with the diffusion of technology and do not really understand what is 

happening until it has already happened.  

 

We can argue that efficient technology, using components in a simple, 

economical way is also aesthetically pleasing. A short mathematical proof 

is considered elegant and inventive solutions such as the safety pin, or the 

clothes peg, never cease to arouse curiosity and wonder. A good 

programmer with a sense for taste, judgement, and aesthetics can be 

enormously more productive than an average programmer. In this book 

we are mostly concerned with technologies based on computers and 

sensors, i.e. primary technologies needed for intelligent interaction. Please 

NOTE that even though technology not often is mentioned together with 

emotions and social behaviours it undoubtedly affects these processes.  

 

Science is a prerequisite for technology. It studies the laws of the universe 

and has resulted in an immersible, monumental, number of facts. Science 

for instance tells us about fundamental limits. We know that there are 

limitations to how fast we can travel, and to how much data we can 

transfer in a given time over a channel with a given physical transmission 

capacity. Physics, chemistry, and biology are examples of scientific 

disciplines, and mathematics is an important special case. It is both a tool 

used in other scientific work as well as a science in itself. There is also an 

aesthetic dimension to science. When many explanations are superseded 

by a new simpler unifying theory we are pleased and even grateful. The 

new theory will help us to better understand reality. 

 

Science and technology are inter-dependent. Science deals with 

"understanding" while technology deals with "doing". Science provides us 

with knowledge that we can use to build technology. Technology, on the 

other hand, helps science develop and reveals new facts that in turn 

spawns new technology. 

 

Note that all progress involves interaction! Technology, society, economy 

and the individual interactors are involved. The individual’s needs 

provide demands that distributed through the economy, within the 

constraints of society, will drive technology. Technology on the other hand 

will create new needs (some maybe not altogether necessary for survival) 

that will once again fuel progress. 

 

 Some other formulations of the distinctions between science and 

technology are that science abstracts whereas technology makes concrete, 

science generalises, but technology is specific. Results from science are 

typically generated at a University and are available within a subject. 

Technology is applied, interdisciplinary, expensive, and patented by 

industry.  

 

Engineering is about how to make technology useful to people. This 

should be done with available resources, on time, and within budget. The 

word engineering comes from Latin ingenerare, meaning to create. An 

engineer seeks optimal solutions to problems, but there is usually no 

formal way to find the right compromises, and any solution is typically 

modified the next time it is applied. The engineer has to use good 

judgement as well as scientific knowledge to perform the trade-offs for 

instance between speed and accuracy, speed and cost, or speed and size. 

Science 

Technology 

An engineer is one who 

contrives, designs or 

invents; an author, 

designer, an inventor, 

plotter or layer of snares. 

Oxford English Dictionary 

  

 

To the optimist, the glass is 

half full.To the pessimist, the 

glass is half empty.To the 

engineer, the glass is twice as 

big as it needs to be. 

A scientist likes surprises, not so 

an engineer 

The Net 

 

 

 

 

The word engineer is derived 

from the latin word ingenium 

meaning ‘ability’ or ‘genius’ 

Titanic, the ship, the film, the 

camera, the movie projector. 

 

 

 

 

All rechnology are “Faustian 

bargains” The both give and 

take away and produce 

winners and loosers 

G. Fischer. 
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Beauty is the ultimate 

defence against complexity. 

[DG] 

Art 

Craft / Technology 

“Research is a systematic 

investigation, involving the 

collection of information 

(data) to solve a problem or 

contribute to knowledge 

about a theory or practice” 

McMillan, Wergin 

[MNWN] 

 

The arts are the science of 

enjoying life. 

J. Maeda 

Engineering is about solving problems. This can be formulated as the 

sequence specify-design-verify, see next figure.  

 

 

 

 

 

 

 

 

 

 

 

For simple problems the engineer can use an analytic solution, and the 

result is easy to evaluate. One example is the travelling salesman problem 

where we work out the shortest path to visit a number of cities. This 

problem is computationally hard, but the evaluation of the result is easy. 

More complex, compound problems, involving for instance interaction 

between a human and a machine are extremely difficult to solve 

analytically. We have to resort to analogical, case based reasoning, and 

methods from humanities.  

 

Art resembles technology in that it deals with “doing” rather than with 

understanding, maybe even more so than technology. Art is about 

creating an expression, and to support this technology is once again 

useful. Technology gives new possibilities to artists that the body and the 

natural environment cannot provide.  

 

Since technology depends on science, art will too. But, the development of 

science is quite different from that of art. Art is created while scientific 

knowledge is researched, a work of art illustrates, but science 

characterises. The difference between art and technology is less “obvious.” 

One possible distinction is that technology aims at creating useful things, 

while art creates experiences. That said, we acknowledge that an 

experience can be useful, and using something is an experience. 

 

Magic is another craft, as is engineering and arts. A magician’s goal is 

control over nature through artificial means, which is the same goal as an 

engineer has. The means are different though, and credibility for 

magicians is currently low. Casting spells and reciting incantations is not 

engineering even though an occasional curse can be heard from the 

computer lab. Increasingly, the results of engineering could well be 

perceived as magic by anyone not familiar with the technology. A door 

that automatically opens is certainly magic if you do not know about 

sensors and electrical motors. Interestingly, engineers of the middle ages 

cultivated rather than shunned, their reputation as sorcerers [WE]. 

II.2. Research ( -a ) 

The fact that research is important is evident from the enormous 

infrastructure built for it. There are numerous conferences, piles of 

journals, and lots of research organisations. Interaction and 

communication among researchers all over the world is necessary for 

efficient research. 

 

Identify 

problem 

Specify solution 

Design 

Verify Figure II.2.1 Engineering. 

Invent – find things up 

Innovation – adapt the idea for 

use and sale 

Technologies are not just the 

tools, but also the skills to use 

them. 
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My opinions may have 

changed, but not the fact 

that I am right. 

Ashleigh Brilliant 

Technology and science are necessary for research and need to be 

integrated into an active, systematic, process of development such as the 

scientific method depicted in the next figure. 

 

 

 

 

 

 

 

 

 

 

 

Studying the figure you will understand that we are all scientists! At least 

we all apply the scientific method in our daily lives in order to understand 

relationships in all of the strange things that happen to us. Some of us use 

science intentionally, explicitly, and reflectively, and some just out of 

necessity when reality demands it, but we all need it. Two alternative 

approaches to understand the wonders of the world are intuition and 

belief in authority.  

 

Intuition is the use of common sense, or a priori knowledge, to solve 

problems, i.e. “it seems reasonable”. Problems are solved by applying an 

ad hoc theory more or less haphazardly. In contrast the scientific method 

tries to systematically verify theories through empirism, i.e. through 

observations, measurements, and experiments.  

 

Belief in authority, inherited principles, and political or religious beliefs, 

are alternative means for resolving or hiding problems. We all need to use 

accepted knowledge of course, it is necessary since no one can be an 

expert on everything and know all the details, or recalculate all of the 

facts, all of the time. The belief becomes a problem when accepted 

knowledge is not reconsidered in the light of new constraints, facts, ideas, 

or changing contexts. 

 

II.2.1 Scientific process 

The first step in applying the scientific method is to identify, formulate, 

and analyse the problem in order to reduce its complexity. This step 

strives to clearly describe the problem, define the terms used, and clarify 

relationships to the environment. The dependency of the environment 

when studying the acceleration of a stone that falls under water is quite 

different from when the acceleration is located in outer space. 

 

Step two is forming one or more hypothesises, i.e. tentative solutions or 

explanations. These explanations should describe how the independent 

variables (the variables manipulated) affects the dependent variables (the 

observables). In the example of the falling stone above, one independent 

variable is from what height we drop the stone. The time it takes the stone 

to reach its target is a dependent variable. 

 

 

 

 

 

 

Identify the problem 

Form a hypothesis  

Perform a controlled 

experiment  

Analyse the results  

Dependent 

variable 

Independent variable 

Figure II.2.3 A typical 

experiment. 

Figure II.2.2 The scientific 

method 
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Experiment:“Throw a live 

bird in the air and it will not 

prescribe a parabola and 

come to the rest on the 

ground.” 

Richard Dawkins 

 

 

 

An ideal hypothesis is a statement that is either true or false. It should be 

simple and straightforward to state, and include all the information 

needed to explain the results. The more situations to which it applies the 

better the hypothesis is. It is also important that it is possible to test. This is 

the crucial part of the methodology. A hypothesis that the universe was 

originally a tomato is very difficult to verify, and consequently not a good 

one.  

 

Next step is the experiment, i.e. making the observations or inquiries, 

relevant to the variables of interest, while varying the independent 

variables. Here it is important to carefully control the effects of the 

external variables that are not being studied, i.e. make sure that the 

interesting dependencies of the experiment are isolated. One example is to 

use a soundproof room for headphone testing, and another is to use only 

one tomato to avoid unwanted interactions between universes. The 

variation of the independent variables need to be carefully controlled, and 

one, perhaps surprising, way to conrol both the external and independent 

variables is to randomise them, which cancels out any strange behaviours 

in the variables. In our universal example we select tomatoes at random. 

 

An experiment is not of much value if there are no results to observe, 

which means that sensing and sampling observables is mandatory. 

Usually there is a choice as to when, and with what accuracy, the samples 

should be taken. Too much data is not desirable and might even make 

analysis impossible. Randomised sampling is one method of selecting data 

as noted above, but asking a single person, chosen at random, about the 

quality of a television programme will not provide a conclusive evidence. 

The last steps in the method are to deduce from the results of the 

experiments, to reject or verify the hypothesis, and finally to 

communicate the findings (very important). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A major feature of the scientific method is the possibility to repeat the 

process by someone not involved in the original experiment. This 

advantage stems from the fact that the question, the hypothesis, the 

controlled experiment, and the analysis are all explicitly stated and 

described. 

 

Figure II.2.4 Famous 

experiments 

 

  

F=k·m1·m2/r
2

? 

Eva, I feel 

strange  

Big Bang 
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Another important important aspect is that the experiment is conducted at 

the right level of abstraction and with appropriate representations. Physics 

or chemistry for instance cannot provide information about many of the 

behaviours of a living thing. Who would not rather ask a connoisseur to 

evaluate a wine rather than use an apparatus for chemical analysis?  

 

To illustrate the scientific process we can use the problem of how to 

animate a face to express anger as clearly as possible. Our hypothesis is 

that the eyebrows are the most important facial feature for this expression, 

but how do we test this hypothesis, i.e. what experiment should we 

perform to test it? One good idea is to show the animated face to a selected 

group of people and ask them whether the eyebrows are significant. 

 

We can generate snapshots of the animated face where we vary different 

parts of the face, mouth, eyebrow, or eyes. These pictures are shown to a 

carefully, randomly chosen, group of people who evaluate and grade the 

pictures according to the anger perceived. This measurement is what is 

called a subjective measure since it directly relies on the opinions of 

people. The alternative is an objective measure where measures are 

calculated for instance by using a formal mathematical model or a 

measuring stick.  

 

The dependent variable in the example is the amount of anger detected. 

Independent variables are the variations allowed in facial features. 

Examples of external variables are, the setting chosen for the experiment, 

e.g. the lighting of the picture taken, and the cultural environment (do all 

cultures, or even men and women acknowledge anger the same way?).  

 

 

We have several weak spots in this experiment even with control over 

external variables: 

 

 Combinations of features might be relevant and affect 

measurements (the independent variables are not independent). 

 Other indicators of anger should be considered along with facial 

expression. Maybe some other feature will be the most expressive 

if we add voice to the animation of the face.  

 Anger, what is it? How do we define it? 

 Are our findings valid for another face? 

 

The last step of the method is to analyse of the results. Here a distinction is 

made between reliable and valid measurements. A measurement is 

reliable if the same result is obtained whenever the measurement is 

repeated under the same conditions. In the experiment above we must for 

instance ask ourselves whether the group of observers is large enough. If 

not, the result will not be reliable.  

 

A measurement is valid if it measures what it was intended to measure. 

There are different forms of validity for instance face validity, content 

validity, and construct validity. Face validity refers to the degree to which 

a measurement has a clear meaning, i.e. an Ampere meter should measure 

the current through the meter. What do you measure when you wet your 

finger and hold it up in the wind? Content validity is concerned with 

whether the result was what was actually meant to measure. If you use a 

Voltmeter to measure the current then what level of content validity do 

you have? The last validity, construct validity, refers to the amount of 

influence the external variables have on the dependent variable. 
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“When we watch lawyers in 

action, we draw conclusions 

about their goals and values 

 not their tongue and limb 

trajectories” 

[SP] 

 

More than half of all the 

scientists and engineers in 

the whole history of the 

world are working now. 

[RB] 

 

Furthermore a measurement has a certain precision, which is the variation 

of the dependent variable if the measurements are repeated, and a 

smallest unit that can be measured, its granularity. Finally the experiment 

has an accuracy, i.e. a difference between the measurement and the actual 

value. 

 

The cyclic scientific method described above tends to generate new 

evidences of the behaviour of the world, i.e. it accumulates knowledge. 

This knowledge brings about modifications to existing theories that in 

turn restart the cycle. Other disciplines use different terminology, but the 

process is the same. We start from an established basis and work to find 

new results using rules of reasoning. In mathematics the starting points 

are called axioms and we look for new theorems. In philosophy the 

corresponding terms are premises and conclusions.  

 

II.2.2 More views on research 

Research in the humanistic and the social disciplines started thousands 

of years before the computer was invented. The complexities of the 

subjects have resulted in discourse-based sciences, where the meanings of 

words are very important and clarified through lengthy arguments. What 

might seem simple, the word “reality” for instance, has been discussed 

over thousands of pages. As the systems under study, i.e. humans and 

their society, are so incredibly complex it is impossible to model them in 

detail with mathematical models at the current current state of the art in 

computing technology. Whenever human behaviours or attitudes are 

studied, additional complexity is added to the scientific process. It is, for 

instance, impossible to repeat an experiment on the same person. The first 

experiment will change her! Also, tools for measuring the human psyche 

are indirect and therefore not as precise and accurate as tools in other 

disciplines.  

 

Science where actions of man’s consciousness are excluded is referred to 

as natural science. It could be described as looking for an explanation 

using an observe-hypothesize-test method, i.e. the scientific method. In 

similar terms we could characterize humanities as trying to interpret by a 

collect-criticise-synthesize cycle.  

 

One example from natural science is explaining why an apple falls to the 

ground, and an example from humanities is interpreting the collected 

works of Shakespeare. The latter task is not easy to quantify. How do we 

know if we have found the optimal, or right, or the most valuable 

interpretation?  

 
 

Knowledge about humans and society is used to develop technology, and 

technological development in turn is used to investigate human 

behaviour. This is a fertile cycle of development seen in many areas, 

computer vision, artificial intelligence, and speech synthesis, just to name 

a few. 

 

Knowledge of humans 

Knowledge of  technology 

Knowledge 

New 

knowledge 

Scientific 

model 
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Knowledge is power 

Sir Francis Bacon 

"Not me. I'm depending on 

athletes and actors to raise 

my kids.” 

John Dobbin 

Find out the cause of this effect, 

Or rather say, the cause of this 

defect. For this effect defective 

comes by cause.  

Hamlet (Shakespeare) 

 

II.3. Education  

Education is a mandatory prerequisite for both science and society as we 

know them. Technology would certainly be magic without it. You, a 

reader of this book, have already understood that knowledge of science, 

research and technology is not given for free. Hard work is necessary both 

to learn intellectual tools such as critical thinking, and to cultivate the 

multiple views needed of reality.  

 

The ticket is paid in time, time spent reading, discussing, thinking about, 

and testing facts and relationships. How long time is needed for this? The 

mean time set aside for education in Sweden is 12 years, but a political 

goal is that 50% of the students should continue for 3 more years. In 

practice our fast moving society will force us to learn even longer than 

that. Life long learning will be the norm, and the first 15 years will be 

spent learning how to learn.    

 

The bearer of knowledge is language, either written or spoken, and each 

discipline has its own. This means that to learn a discipline you need to 

master its language, and this can only be done by spending time actively 

interacting with more knowledgeable practitioners and with knowledge 

sources, such as books and articles. A research oriented approach to life, 

spiced with a large dose of critical thinking, will make this interaction 

much more fun, and also more efficient. 

 

Not only is education needed to maintain the knowledge level of how to 

build and use technology. It is also needed to understand what the 

consequences are if it is used, and to learn when not to apply the 

technology at all. 

II.4. Creativity and design for the vision 

Systematically repeating the work of someone else is by itself not very 

interesting. We need to fuel the process with new thoughts, inventions, 

imagination, intuition, by taking chances, looking out for surprises and 

examining their causes, i.e. we need randomness and creativity. If the 

application of creativity is goal based we call he behaviour design.  

 

In general, curiosity drives the scientist, and self-expression the artist. The 

designer on the other hand is other-serving working on behalf of others. 

Only as a special case a designer serves himself [ES]. 

 

II.5. Basic assumptions 

There are several assumptions behind the discussion of science above. One 

is that there is an objective reality and that this reality exists independent 

of human discovery or observation. Another assumption is that this 

reality is a basically orderly and regular environment where nothing 

happens without a cause. Events are assumed not to be random or 

accidental, effects have to have a cause. We also assume that we exist 

ourselves! 

 

Be creative, Draw your own 

illustration 

Should we fear technology or 

fall in love with it? 

Education 

Society 

It is also recorded, for example, that 

one computer science professor 

used to characterize the standard 

length of his lectures (a little less 

than an hour) as a microcentury. 

Internet 
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"Entia non sunt multiplicanda 

praeter necessitatem, 

("Entities should not be 

multiplied more than necessary"). 

Occams razor, WilliamOfOccam 

(1300-1349) 

 

A limitation of science is that it cannot produce absolute final truths. 

Throwing away a theory when a better one is found is a trademark of 

science. If two theories explain the same facts the simpler is considered the 

best one (Occams razor).  

 

Morals and ethics are also out of scope for science and we should not 

confuse scientific and technological development with progress, they are 

only means that could be used for good or evil. This is similar to how we 

regard money; it is up to the spender to decide how life is affected. 

 

 

 

 

 

 

 

II.6 Other models of the world  

There is no shortage of models of our world. We will here shortly describe 

some alternatives to HITI , and start with one adapted from [BD], shown 

in figure II.2.5. The model is two dimensional where the first dimension 

spans the dichotomy of state-descriptive (interactor, the world as sensed, 

“data”, “thingish”) and process-descriptive (interaction, the world as 

acted, “eventish”). A dichotomy that is fundamental for human reasoning. 

The second dimension describes aspects of the world as being immaterial 

(information), or material (physical).  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
To exemplify let us start with a thing (lower left quadrant), which in this 

model is also described as objectified media [BD]. One example of a thing 

is a conversation. A mechanism related to conversation is taking turns 

when talking. The meaning of what we talk about is found in the last 

quadrant, i.e. it is the symbolisation of what is said. 

Z 

Z Z 
Z 
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Cause 

Effect 
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Symbolisation Rules 

Immaterial 

Interaction 

(process descriptive) 

Interactor  

(state descriptive) 

Mechanism Thing 

Material 

Figure II.2.5 Alternate 

world model. 
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“By "world 1" I mean what is usually 

called the world of physics, of rocks, 

and trees and physical fields of forces.  

By "world 2" I mean the 

psychological world, the world of 

feelings of fear and of hope, of 

dispositions to act, and of all kinds of 

subjective experiences. By "world 3" I 

mean the world of the products of the 

human mind. Although  I  include  

works of art in world 3  and  also  

ethical values  and  social  

institutions  (and  this,   one  might  

say, societies)” 

Karl Popper 

. 

 

What layers of abstraction do best describe the world? The selected layers 

should be as independent as possible and there should be only as many 

layers as necessary. Obviously the view, purpose and context are 

important constraints, but let us aim for the most universal separation. 

One alternative is the dichotomy of spirit and matter exemplified by the 

dualistic view of mind and body, once again see figure II.2.5.  A variation 

of this is the dichotomy of internal and external where processing is seen 

as something happening inside of the system, and external events effect its 

interface. We will later in this essay also use the fundamental separation of 

analysis versus synthesis, which we will denote informative symbolic 

and formative material. 

 
The three world theory of Karl Popper is yet another theory. His first 

world is the physical world of objects and events, the second world is the 

psychological world with mental objects and events, and the third world 

is the products of the human mind. This third world is the culture we have 

created for ourselves, and includes, social institutions, theories, stories, 

and of relevance to this essay interaction and works of engineering. The 

first physical world could be further divided into dead matter studied by 

physics and chemistry, and living organisms studied by biology. There are 

numerous interactions among the layers, a physical object can for instance 

symbolise a cultural event, or we can picture ourselves hiding under an 

umbrella waiting for the rain to pass.  

 

The combinations of objects and events at one level often emerge into 

something new and unexpected at a higher level of abstraction. A 

biological phenomenon such as a tree is rooted in physics and constrained 

by physical laws, for instance the conservation of energy. It is however 

quite difficult to reduce all aspects of the evolution of trees to physics. 

Moving shopping malls out of the city centre for easy access by car is 

another example. Would someone attack Iraq if their main product were 

dates? The human mind is also an emergent phenomenon. The physical 

workings of firing neurons somehow supports self-consciousness.  

 

The topmost world suggested by Herrn Popper mentioned above, the 

third one, is the one that we are now creating, and it seems reasonable that 

we should understand it best, after all, we are the creators. This is 

however not the case. First, the third world emerges from the other two 

inheriting their complexity. Second, there are complex interactions among 

what we create, and also new emergent  phenomena. Third, we do not 

know how to study the resulting phenomena [BD]. The tools and thinking 

from natural sciences do not support us when the results of our 

experiments keep changing as the context changes and develops in 

unpredictable ways.  

 

Even though we are totally dependent on artefacts it seems that we to a 

large extent tend to ignore how they affect us and our society. We spend 

more money and assign higher status to other scientific endeavours such 

as figuring out what will happen if neurons collide after being accelerated 

almost to the speed of light.  

 

The models sketched above are general enough to cover also new, still not 

existing, fictionary words. This is however rarely what we think about 

when we “model the world”. Perhaps it is now time to refocus ourselves 

from studying “what is” to designing “what should be”. 

Definition: Artificial science is 

knowledge about artificial objects 

and phenomena 

H. Simon 
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Definition: A System is a set of 

variables selected by an observer. 

Ashby 

 

Definition: A system is a unified 

whole made up of one or more 

subsystems or components. 

Part III: Systems, we and it are systems 

Development through technology, science and research has proved 

successful. This means that we study the bits and pieces of our existence, 

compare observations with previous knowledge, and arrive at various 

new conclusions. A systems oriented worldview supports this process 

well. 

 

The following chapter is an overview of systematics and modelling. The 

rationale for this is manifold. First, a systems view provides us with a 

framework for discussing interaction. Second, such a view gives us a 

chance to introduce properties of systems that are found in many sciences 

and which are useful to characterise interactions and interactors. Some 

important examples are memory, feedback, adaptation, and learning. 

Third, looking at the world as a system is very much an engineering 

stance and equally applicable to design.  

 

Many technical and social systems serve a purpose and this is what 

motivates their existence in the first place. For other systems, such as the 

human, the purpose is less obvious.  
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Seen from the outside, the system can be described as a processing unit in 

an environment where it produces outputs given some inputs. The 

system is contained inside an interface that encapsulates the behaviour of 

the system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Input provides necessary resources for the system, specifically data about 

the environment in which the system delves. This data can be perceived at 

different levels of abstraction. An image can for instance be described as 

photons, pixels, or as a data file. Espionage provides input, so does a glass 

of milk. Output is data or actions that brings about changes to the 

environment of the system, which in turn affects the system itself. Input is 

sometimes named events, i.e. dynamic aspects of the environment 

affecting system behaviour. An event is typically the cause that is 

transformed by the system to new events, the effects.  

 

A general system is composed of subsystems, or in other words, can be 

partitioned into modules, which makes up the internal structure of the 

system. Appropriately the great, great, grandfather of the word “system” 

was the Greek word sy´stema, which means, “A whole composed of 

parts”. In order to be characterised as a system the subsystems have to 

interact, i.e. relationships between the subsystems are necessary. The 

interaction is the behaviour of the system and can be anything from 

physical atomic interactions to public transportation in a big city, to some 

way of expressing love. The interaction serves as the glue that keeps the 

subsystems together and is usually implemented by exchange of 

information units.  

 

Information units can be real, such as photons or a birthday gift, or they 

can be very abstract such as the idea of democracy. The idea of democracy 

spread through many information channels and resulted in new 

subsystems, new structures, new interactions, and new information units 

(quite a lot of documents). 

 

Modelling interactive systems with the concepts above does have 

limitations. An input-output view of a system restricts the way we think of 

processing. Alternatively we can view processing as change of system 

state, which for instance allow us to see motion, i.e. change of position, as 

processing.  It is also difficult to use the system view to understand self-

organisation, or the evolution of a system. Furthermore, a system 

sometimes has qualities not found in, or at least not easily derived from, 

the subsystems. These emergent phenomena could come from behavioural 

aspects of local interactions and are easy to miss since the system model 

encourages focusing on overall input/output flows. Pile up four wheels, an 

engine and all of the other parts that make up a car, show them to 

someone who does not know about cars (if you can find such person) and 

Processing 

Environment 

Interface 

System 

Input Output 

Figure 4.1 A system. 

Output is the result of 

processing input. An 

interface separates 

thesystem from its 

environment. 

Eternity Eternity 

Home 

Infinity 

t 

(x,y,z) 

“A cell has membrane 

boundary, nucleus for 

support,photoreceptor for 

input and  flagella for 

moving around ." 
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see if they can guess and imagine the concept of a car, motorway, parking 

lot, or a traffic jam. 

III.1. System properties, common to us all  

The following pages discuss properties that characterise a system. These 

properties are important because they will surface all of the time, when all 

sorts of systems are studied, in all kinds of sciences.  

III.1.1 Processing, Sequential or Parallel  

Central to the system is processing or computation. In its deepest sense it 

is what changes, deliberately by design, or just by chance, by nature, or by 

habit. Without processing nothing happens to input on its way to output, 

and there will be no change of the system state. Processing is performed 

by a processor, brain, CPU, or some other device that has a method to use 

input or memories to modify output or internal states. At a high level of 

abstraction processing in a cpu can be seen as reading symbols from 

memory, processing them by applying operations, and storing the result. 

Also the operations to be performed are retrieved from memory, i.e. 

operations are data. 

 

 

 

 

 

 

 

 

 

 

It is an intriguing fact that with memory and a few very simple operations 

anything computable can be computed. One example of this is the DNA-

based computer that can perform any computation using a soup of genes. 

The “very simple operations” are merging, splitting, and copying of genes.  

 

System overload is a problem to all processing when either the input 

volume or the number of inputs exceeds the system’s capacity, or input 

arrives to fast. One solution is to somehow expand the total system 

capacity, e.g. buy a new, better, faster computer. If this is not possible then 

the system has to be modified. Another, good, solution is to skip less 

important tasks, or perform them with less accuracy. If all of the 

processing is necessary we can divide the original system up either 

sequentially, by adding concurrency (several subsystems in parallel), or 

by using multiplicity (several identical subsystems in parallel). 

Partitioning the load might involve restructuring the original solution and 

usually adds complexity to the control. Note that expansion by dividing a 

system up into a sequence, improving each step in the chain, can be seen 

as expansion in time, while concurrency and multiplicity is  expansion in 

space. 

 

Processor: Interprets and executes operations, to process data 

Memory: Operations, Data 

Figure III.1.1 System for 

computation. 

 07.55

 

Hmmm..… 
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One example where parallel expansion is used is in the telephone system. 

If one telephone exchange is over-loaded, another exchange is added in 

parallel. We use the same strategies also in everyday situations. When you 

serve pancakes for only one guest a single frying pan will do. With two 

guests the delay between consecutive pancakes could cause some 

irritation and if you have a big family, or have invited your neighbours, 

you have to exploit concurrency, i.e. two or more pans. 

 

A parallel system is inherently more efficient than a sequential and if it 

consists of several subsystems we can get additional bonuses. Some of the 

subsystems could specialise in important tasks, several solutions could 

be simultaneously tested, and if necessary the system could be made 

redundant and provide for fault tolerance.  

 

The human mind does not seem to handle concurrency well. Rational 

thought moves sequentially, tracking an effect for each cause. Take the 

example of Achilles and the tortoise. The warrior and the tortoise race and 

the much slower tortoise is given a head start at the beginning of the race. 

The competition starts and Achilles reaches the position where the tortoise 

started. However, in the mean time the tortoise has moved yet another 

increment. The race continues and Achilles steadily decreases the distance 

to the tortoise, but never catches up. If you try this at home Achilles will 

win the race every time. We have been tricked into doing the wrong 

coupling because it is difficult to keep track of two concurrent chains of 

causes and effects. 

 

A reflection here is that there is a need for both parallel and sequential 

computations to implement conjunctions, i.e. to draw conclusions on 

interesting events overlapping in time. Let us say that you line up a 

number of computers in parallel, each computer calculating the speed of a 

specific car on the motorway. Without adding a sequence of inference 

steps we cannot know more than the speed of each car. If we on the other 

hand add additional steps, we can calculate the mean speed, or detect 

patterns in the behaviour of the cars. This principle is visible in all sorts of 

system solutions, for instance in human vision processing. The eyes first 

execute a massive parallel data processing step, computing local light 

intensity, and other local information. The next step is to combine the 

many information channels to higher-level visual objects.  

 

 

 

 

 

 

 

 

 

 

 

Perception for  

action 

Perception for 

identification 

Stage 1 

Stage 2 

Figure III.1.2 Visual processing, 

stage 1 parallel, performed by 

millions of rods and cones. Stage 2 

sequential in the visual pathway. 

 

For a prose, parallelism helps 

bring about clarity, efficiency, 

forcefulness, rythm and 

balance. 

[ET] 
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III.1.3 Memory and Feedback  

Memory is a key to an intelligent system, and will be discussed 

recurrently in this book. One way to introduce it is through feedback, 

another important aspect of a system. Feedback means that somehow 

previous output affects the input. To accomplish this memory, or physical 

storage, is needed. In the figure below a delay serves as memory slowing 

output (Out) down to modulate input (In). The memory could be either 

external or internal to the system sheer transmission delay, as in the 

figure, Neurons, RAM, paper, and hard disk are some examples.  

 

 

 

 

 

 

 

 

 

The concept of a memory should be clear, it is where the information is 

stored and retrieved. How to find it in a large memory is maybe not that 

obvious. To use it we need to access it, and there are two ways to do this. 

The first is to fetch and store at a specific address. This is how an ordinary 

PC works, and also how you use a deposit box at the bank. The alternative 

is to use associative memory where information is found through an 

associative mechanism. Remember the lyrics of the songs “hum hum hum 

My way”, “Yesterday ti di ti da”? Also this kind of memory can be built 

using technology. 

 

Forgetting information is sometimes as important as remembering it. Ants 

mark the path to the food by pheromones. When the food is gone the 

pheromone path will not be refreshed, and it will slowly disappear, erased 

by wind and rain. Similarly, paths followed by data packets on the 

Internet will periodically be forgotten to enable new, perhaps more 

efficient, paths to be established. 

 

The figure below shows a simple system built such that output is always 

slightly bigger than the input. If we feed the output back into the system 

the output will increase until some power limit sets in, or something 

breaks. Misuse of feedback is a good way to build a worthless system, so 

beware. An everyday example is that if you do not care for washing up 

the dishes, you are likely to postpone it, and there will be even more 

dishes to do when you next time get around to do it. This will of course 

amplify your aversion and the problem escalates. 
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Figure III.1.3 Delay in a 

feedback loop could serve as 

memory.  

 

Figure III.1.4 Positive feedback 
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increases until something breaks. 
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Feedback can however also be used to our advantage. If we know how the 

system reacts we can use feedback to moderate system behaviour. This is 

another human speciality. With a vivid memory of the last huge pile of 

dishes you might be more observant to your behaviour. If you are hungry 

you eat until you are satisfied, not (much) more. If the food is really tasty 

the built-in feedback loop will still help you to stop. 

 

An alternative to feedback control is open-loop control. Without feedback 

the controller has to guess what control signal to apply. One example is a 

fire alarm where the alarm control does not really care if the fire is put out 

or not. Open loop control is fast, and robust against errors in output 

sensors and feedback loops.  

 

 

 

 

 

Yet another alternative is the feed-forward control, or in other words 

purpose focused, predictive, behaviour control, where the control system 

tries to estimate the likely disturbance of the system and compensates for 

this through an extra signal path for control. This type of control requires 

a very good knowledge about system behaviour. One example is that you 

bring your raincoat on a cloudy day, and put it on just before it starts 

raining. Another example is making a budget. This kind of control is 

important in design. 

 

 

 

 

 

 

 

 

 

Try to think of situations where you use these different control principles 

and you will find plenty of them. Open loop control is for instance applied 

when accelerating a car from standstill, feedback is needed when you try 

not to exceed the speed limit, and feed forward is in action when you see a 

steep hill ahead of you and accelerate at the bottom of the hill, to take your 

car over it.  

 

A related system classification is to what extent a system is open. An open 

system is responsive to its environment and exchange energy, 

information, or materials with it. A closed system on the other hand, will 

eventually decay into chaos because of the limited interaction with its 

environment. A house under normal circumstances is heated and 

maintained. Residents enter or leave through doors, windows allow light 

into the house, news are shown on the television set, and the plumbing 

allows for disposal of sewage. A house is in other words a fairly open 

system. If we seal it up, close all inputs and outputs, it will slowly 

degenerate. At the other extreme imagine what will happen if we remove 

all windows and doors of a house. In some disciplines, e.g. computer 

science, a system is alternatively referred to as an open system if its 

interfaces to the external world are fully defined and available to the 

public.  
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Figure III.1.5 Open loop 

control, i.e. without feedback to 
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III.1.4 Adaptation and Learning  

If a system is given a choice between two 2 paths, both leading to the goal, 

it weights the pros and cons of the alternatives, and follows the best path. 

An adaptive system manages to take new facts into account. If one of the 

paths suddenly ends in a big black hole, the system changes it 

mind, turns around and takes the other path. Adaptation is very 

important for survival and consequently has been re-invented many times, 

and in many variations, during human and machine evolution. Four 

different adaptations can be identified; by reuse of a reflex, reasoning, 

learning, or evolution over successive generations.  

 

Flexibility is related to adaptability, but also describes systems that are 

capable of being turned, or twisted, without breaking. A more flexible 

system has additional degrees of freedom, i.e. additional state variables 

possible to modify. If a system has too many degrees of freedom it will be 

difficult to control, but with too few it cannot adapt. Think of the problems 

you would have to walk with two splinted knee joints.  

 

There is also an economical dimension to flexibility. Reuse is difficult 

without it. A brick is not very flexible in itself. But, given their 

characteristics they are easy, i.e. flexible, to combine. On the other hand, 

flexibility means that adaptation to the situation at hand is necessary, and 

this comes with an associated cost. A pre-fabricated house is the preferable 

solution to a pile of bricks in many cases. A balance is sought between 

rigid structures, e.g. plan economy, and flexibility, e.g. market economy. 

 

Simple adaptation is described in the next figure, see figure III.1.7. The 

parameter adjustment block has a fixed model that maps output 

behaviour to new parameter values, i.e. the system adapts by a 

predetermined reflex. The new values are passed to the controller that in 

turn adjusts the controlled system. 

 

 

  

 

 

 

 

 

 

One example of this type of system is a camera equipped with autofocus 

and where the controlled system is the lens. The controller positions the 

lens and the parameter adjustment processes the image to calculate a new 

lens position that is fed back to the controller. The loop from the output 

back to the controller is used to fine-tune the position of the lens in real 

time. 

 

Simple fixed reasoning could be added either to the parameter 

adjustment, or to the controller, to make the adaptation more intelligent. 

The autofocus controller could for instance use information about light or 

battery conditions to modify new parameter adjustments. 

 

Controller Controlled 

system 

Parameter  

adjustment 

In Out 

Figure III.1.7 Simple adaptation. 

 

Definition: Adaptation is the 

process whereby a system uses 

perceptions from the 

environment to optimise its 

behaviour. 
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Usually the adaptation is associated with a real time constraint. The 

system must change at a rate determined by the environment. If it snows 

in summer and the temperature falls below zero, something that does not 

happen often even in Sweden, an adaptive creature such as yourself 

would just put on some extra clothes, a plant on the other hand would die. 

The time scale of adaptations varies enormously, from the milliseconds 

range when we run and place our feet on uneven terrain, to cultural 

adaptation acting over years, or even generations. Another example of 

adaptation is a simple sponge, feeding on filtering water. It orientates 

itself such that the flowing water aids feeding. This way the sponge does 

not have to pump the water itself. What it must do is to somehow sense 

the current and adjust its own orientation accordingly. 

 

Extendability is quite a different way of adatation. One example is a 

company that buys another one to get access to their technology or 

market. Another is a software that extends it functionality by add-ons. 

 

We talk of learning if we mean adaptation as a characteristic of an 

individual system and of evolution when referring to a collective process 

where reproductive mechanisms come into play. 

 

 
 

 

Reinforced learning is how we enhance the simple adaptation described 

above. As figure III.1.8 below illustrates, parameter adjustment, the critic 

block in the figure, is given more information and intelligence. It 

reinforces behaviour by telling the system if the output is right or wrong. 

One example of reinforced learning is a child learning to walk. It is very 

difficult to instruct a one-year-old. Yet somehow, through internal rules, 

courage and stubbornness the child manages. The learning algorithm goes 

something like this: “Under these conditions I did that, fell, and it hurt,I 

did this way instead under the same conditions and did not fall, Aha!”. 

This is also an example of “learning by doing”.  

 

 

 

 

 

 

 
 

 

 

 

In supervised learning an external expert is added with knowledge that 

improves the behaviour, see figure III.1.9. The controller also could take a 

more active part in adjusting behaviour, not only react from given 

parameters.  

 

Controller Controlled 

system 

Critic 
Reinforce 

In Out 

Figure III.1.8 Reinforced learning. 
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A system is autonomous to the extent 

that its behaviour is determined by 

its own experience 

[RN] 

 

 

One example of this type of learning is a child learning addition and 

division, 5 + 5 / 2. The expert provides the child with the right answer and 

also suggests strategies that the controller uses to solve the problem. 

 

 

 

 

 

 

 

 

 

 

 

Another way to learn, without reinforcement, is to integrate knowledge 

from the problem domain into the system. If the system is a machine we 

can directly implant knowledge, but for humans this is not an option and 

the necessary rote learning is laborous and error prone.  

 

Learning improves performance in several ways. New facts, experiences, 

processes, and concepts, including new ways of reasoning, will be made 

available, and information can be reorganized for more efficient use. 

Learning is important also for generalisation and specialisation of 

knowledge and concepts. How else could we know the difference between 

hard rock, country, house, and techno? 

 

To conclude, in supervised learning the environment serves as a teacher, 

and in reinforced learning as a source for evaluation. Studying how to 

learn is important, both for the development of the human race and of the 

machines, and there are many approaches from human life that can be 

reused also for things. Examples are; learning by imitation, discovery, 

analogy, learning by studying books, learning from society (ethics, 

morale), learning by doing (e.g. programming), by writing, or by 

teaching (dialog with students). We will come back to learning and to its 

companions adaptability and reasoning many times in this book. 

III.1.6 Heterogeneity, Autonomy and Intelligence ( +u ) 

If all subsystems are the same, we say that the system is homogeneous. 

For mechanical maintenance this really matters, you will buy 50 identical 

aeroplanes for your company in order to simplify maintenance. Two ants 

chosen at random from an ant mill are very similar, i.e. they form a 

homogenous system. Heterogeneity on the other hand means that there 

are differences among subsystems. Internet is one example where a large 

system is put together from different networks and computers. 

 

A system managing on its own is said to be autonomous. A more specific 

definition of autonomy, is given to the right. An ant is for instance not an 

autonomous systems according to de definition since its behaviour is not 

learnt, it is evolved. An autonomous system is normally instinctively 

attributed with intelligence by a human observer, but autonomy or 

heterogeneity is not necessary for intelligent behaviour. An ant leaves a 

chemical marker indicating the trail to a nice source of ant food. Other ants 

follow the trail, and add to it when they return to the stack. As the trail 

strengthens more ants will follow it. This emergent behaviour that appears 

to be intelligent is actually accomplished by a very simple control 

mechanism. For intelligent autonomous systems the assumption of 

homogeneity is not valid, but it is a convenient approximation. We for 

Controller Controlled 

system 

Expert 

In Out 
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Figure III.1.9 Supervised 

learning 
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instance have laws that should be the same for everyone. On the other 

hand we highly value respect of privacy. 

 

Autonomy is one aspect of intelligence, the ability to adapt and to learn 

are others. Already Aristotle considered intelligence to be the main 

distinguishing feature of humans, but neither he nor anyone since, has 

come up with a definition of intelligence that everyone agrees on. Some 

attributes of intelligence are: 

 

 Memory capacity 

o Quantity 

o Information organisation and retrieval  

 Problem solving ability 

o Speed  

o Complexity 

o Creativity 

 Ability to learn 

o Facts 

o Concepts 

o Processes 

 Self-awareness 

 Social ability 

 

Several of these attributes are now no longer unique to humans and 

animals. They are found also in technology. In many areas and 

applications a computer program is much faster, can handle more 

complex relationships, and search better for information than humans. 

Intelligence is notoriously difficult to measure, which is not surprising 

considering that no one has managed to define it. Several attempts have 

been tried, for instance measuring vocabulary, reasoning, size of brain, or 

memory, but they have all been criticised on different grounds.  

 

Three demands for intelligence are: complexity of purpose, structural 

plasticity, and unpredictability [TWD2].  

 

The first claim is that a more intelligent system can manage activities with 

more complex purposes; which seems reasonable. The second claim is that 

intelligence improves with structural plasticity, i.e. with the ability to 

modify internal structures of the system to behave differently. The 

plasticity can be used to adapt to the environment, or to accomplish new 

goals, i.e. to reprogram behaviour. For a computer based system this 

capacity comes from its layered structure, see figure III.1.18. There is no 

need to change the hardware if we want to run a new program.  

 

 

 

 

 

 

 

 

 

 

 

 

With structural flexibility and a purpose that is not too obvious there is a 

possibility that the behaviour will appear unpredictable, but still 

purposeful. Such a system will look intelligent to us. 

Application 

Objects/Functions 
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Machine code 
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Figure III.1.18 Plasticity is a 

result of a layered structure. 
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How do you define stupid? 

”Doing the same thing over 

and over again, in the same 

exact way, and expecting 

different results!” 

“Causing damage to self or 

others without corresponding 

advantage.” 

Stupid people believe that almost 

everyone else is stupid including: 

”People who dislike me” 

”People who disagree with me” 

”People who are novices in an area 

in which I am an expert.” 

Intenelligence measures: 

-Distance between the eyes 

-Rates of learning Nonsense -Syllables 

-Standardized test of Intelligence 

 

Are you intelligent? 

Motivate! 
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“Communication is a 

process where information 

is disseminated from a 

source to a recipient” 

Adam Bailey 

 

 

“Communication is change of state in a 

receiver caused either actively by an 

intent of a sender, or passively by 

properties in the context of the receiver” 

[HG], Interaction Technology and Design. 

Definition: 

"Communication takes place 

when one mind so acts upon 

its environ-ment that another 

mind is influenced, and in 

that other mind an experience 

occurs, which is like the 

experience in the first mind, 

and is caused in part by that 

experience" 

I. A. Richards 1928 

 

 

The word “communication” 

itself originates from the 

Latin Communicare, which 

means, “to make common”, 

or “to share”, which makes 

sense.  

 

 

 

 

III.1.7 Communication and language ( +u ) 

A world of isolated systems is simply not possible, and to keep a system 

together the subsystems need to communicate. Language is a key 

communication concept that we will discuss many times in this book, 

along with various representations, transmitters and media. It is difficult 

to define and describe what communication really is, and the topic could 

easily fill a book by itself, but simply put it is the process of transferring 

data, information and meaning between humans, animals, plants, and 

things. One example is a dog barking at a cat, another is the colour of a 

flower, signalling to the bee. A third example is a text based command 

input to a computer, and a last one is signalling that helps an aeroplane in 

bad weather conditions. Communication needs a language, code or signal 

with which it can represent the message, and a mechanism using a 

physical transmission medium.  

 

Assumptions for successful communication are that the message sent is 

well organised, consistent, follows the agreed protocol, and is about 

something meaningful to the receiver. The habitants of a West Indian 

Island will find it difficult to understand messages about different types of 

snow falling in Umeå. Communication does not necessarily imply any 

intention on behalf of the sender, but usually a sending mind has a reason 

for, and gains something by, communicating. Successful communication 

often demands that the sender adapts both to the receiver and to the 

peculiarities of the transmission mechanism. 

 

The definition of communication in the margin to the right by Richards is 

a bit restrictive since you have to have a mind to participate, which 

excludes some active communicators, exemplified by the intelligent thing. 

Nor is passive communication covered, such as that seeing snow outside 

informs you about the weather conditions. A much less restrictive 

description of communication, formulated by Adam Bailey, is found 

below the first one. 

 

Use of the word process in this latter definition implies that 

communication has a time aspect, which in turn implies changes in the 

causes, characteristics, and results over the time span of a communication. 

Another comment is that the disseminated information should have some 

effect on the recipient. Otherwise, there is not much use of the 

communication.  Our last attempt to a definition, also to the right, is the 

most general one.    

 

Human language can be seen as messages, i.e. as packets of information 

with asource and a receiver. It is however also a medium for interaction. A 

good language should be efficient, expressive and easy to use. Ease of use 

is supported by the fact that the meaning of a sentence is a function of the 

meaning of its parts, which in turn depends on the meaning of the words. 

Not as obvious as it at first seems when you think about it. The grouping 

principle applies. Experiments show that subjects remember the words for 

a couple of seconds, but the meaning of the words stays for a longer time. 

Perhaps the structure of language has evolved to facilitate remembering 

and understanding the meaning of what is said? Important properties of a 

human language are also efficiency, and expressiveness. Efficiency here 

means that we do not tell everything we know to everyone, and what is 

left out is of no interest. Who has not heard a lengthy tale of a bus trip 

where nothing happens? You wait for the action, but instead learn 

Interaction is acting within a 

representation 

Brenda Laurel 
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everything about the colour of seats that were not comfortable. If you 

came from a different culture, where bus riding is an art, you might be 

interested, but otherwise the story violates the efficiency code. 

Expressiveness is another important issue, because we want to express 

ourselves as clearly as possible. We want to say what we mean, even if it is 

something complicated, or deep. Other features in a good language are 

ease of learning and error detection as well as precision and compactness 

of the language for efficiency of use. 

 

Vocal communication between humans, i.e. spoken language, takes place 

on many levels of experience, physical (sound waves), physiological 

(nerves, muscles), chemical (processes in muscles and brain), 

psychological, cultural (speaker environment), linguistic (language 

specific), and semantic (meaning of message).  

 

The written language looses information in the transformation from words 

spoken in a conversation. Rhythm, face expressions and many other 

helpful tips on how to interpret the message have disappeared. To 

compensate for this lack of context we need to add more words. Written 

language needs words such as “explain” and “propose” whereas in a face 

to face conversation we would understand that someone is trying to 

explain something to us without explicitly telling us so. A special case is 

the language used for SMS messages that have to be as concise as possible. 

A new sub-language has developed with expressions such as 4u, lol, and 

roflmao. This language is also perfect for interactive TV-shows that 

display SMS messages in tickers. 

 

Language reflects culture, human behaviour, action, and other aspects of 

life, and people seem to always find ways of saying what they need to say. 

One example is the word "drunk" that is supposed to have more 

synonyms than any other term in the English language. Another 

interesting, and equally useful, observation is that any language can 

express almost anything expressed in any other language (given a little 

time and lot of words). Culture is the creator of language and language 

constrains for what can easily be expressed in a culture, i.e. language 

supports a culturally specific world view. 

 

Compared to the language of animals our own language is quite 

advanced. Animals are not able to communicate about things outside their 

immediate temporal and spatial contiguity. One exception is bees! They 

have a language to describe both where to find a nectar source and also 

the amount of nectar at the source. A severe limitation is however that the 

bee language is pre-programmed in bee genes. A statement such that “I 

hope I feel as good tomorrow “ is impossible to make for any animal, at 

least as far as we know. The statement abstracts the current state, and 

projects it to a representation of a day that has not yet happened. When 

we expand an utterance to a sentence, or to a whole story we will add 

layer of layer of abstractions and symbols describing context, moods, 

actions, and much more.  

Society 

(users) 

Language 

Modifies Modifies 

What is laughter? Is it a language? 

Is it communication? Is it 

interaction? 
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Why is it AI and not AWE? 

 

You don't take apart a frog 

to see how he jumps 

Seinfeld 

III.1.8 Emergence ( +u ) 

Emergence is when fundamentally new behaviour or properties appears 

as things, or other entities, are hooked up, run together, or overlapped in 

some other way. It is more than an effect of multiplicity, so doubling the 

workforce to get twice as much done does not qualify as emergent 

behaviour. If the workforce starts socialising and drinking beer, then you 

have an emergent behaviour. The collective behaviour cannot in that case 

be readily understood from the behaviour of the parts. 

 

 

 

 

 

 

 

Examples of emergent properties are temperature and pressure of a gas. 

They do not follow directly from the description of one particle. Forming a 

drop of water out of atoms of Hydrogen and Oxygen is another example. 

Who could have thought that these two gases should combine into the 

necessare ingredient of life? 

 

Systems can be studied by first dividing them up into subsystems,  

investigating each subsystem separately, and eventually breaking each 

subsystem up into its basic elements. This strategy is called reductionism 

and has been used in many sciences, for instance to help us discover the 

atom and the cell. The basic idea is that through the understanding of the 

elements we can deduce the workings of the whole. An alternative 

strategy claims that the whole is more than the sum of its parts, and that 

the system is best understood when viewed as a whole, i.e. by holism.  

 

There is an interesting asymmetry hidden here. When we reduce a given 

system to its parts there are no surprises, the book is composed of a 

sequence of pages each revealing a part of the plot. We start with 

knowledge of the whole, which gives us a particular view of the parts that 

explains how they contribute to the whole. For reductionism science 

works nicely, even though there are systems which are currently beyond 

our understanding. We do for example not understand how to reduce our 

mind into separate parts. Other systems, such as a filled red balloon, 

cannot be studied by taking them apart. 

 

If we, on the other hand, join already known parts together there can 

certainly be surprises. It can be very difficult, if not impossible, to predict 

the behaviour of the composed system, without actually putting it 

together and testing it. If we add three short sequences of film together 

the effect can be quite different from the sequences shown separately. A 

typical example is the cat-mouse-cat sequence indicating a threatened 

mouse. 

 

One example of emergence from physics is that two pendulums placed 

closed to each other eventually will synchronize their swings. From the 

world of insects we know that some termites tend to drop their mud balls 

close to where other mud balls have already been dropped. This will 

create impressive architectures and is also a good example of where the 

environment and the actors interact.  

 

Emerging line 

Emerged pile 

Definition:  

Emergent properties of a complex 

physical system are neither (i) 

properties had by any parts of the 

system nor (ii) a mere summation of 

properties of parts of the system 

 
 

BUH! 
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Heureka! 

Archimedes 

 

In many designed systems the behaviour of the system emerges as new 

skills are adopted and learned. This is a process that in turn could enable 

new behaviours, even more difficult to envision. One example is how the 

uses of the Internet chage over time. According to the researcher Mark 

Bickhard we should abandon what he calls “a false metaphysics – a 

metaphysics of substances (particles) and properties” and substitute it for 

a process metaphysics [MB3]. We already did that when we exchanged 

phlogiston for quite a different model of fire. The problem with emergent 

behaviour surfaces for instance when designing formal procedures for a 

work setting. In reality what people do is to develop the given formal 

procedures to new practices, from their own point of view better adapted 

to their context of work [WC].  

 

How come that emergence emerge? The answer is that emergence is the 

result of increased complexity, increased to the extent that is difficult to 

formalise, or even to comprehend the resulting system. Our perceptual 

and cognitive abilities are not good enough and the analytical models of 

today are not sufficiently powerful. The real world (including humans) is 

too complex to understand! Intuitively it might seem that emergence is an 

unusual phenomenon, but this is not true. We are constantly surrounded 

by emergent phenomena. How come that the chair you are sitting on does 

not collapse? Why should quantum fields form atoms, that are grouped 

into molecules, constituents of a tree that was used to make the chair? 

Level after level of emergent phenomena are found even in this simple 

everyday example. You are yourself an emergent phenomenon!  

 

Not only objects but also behaviours can emerge. One example is panic at 

a rock concert. Could you foresee or counter such emergent behaviour 

using technology? Should technology damping panic be applied at a 

personal basis, e.g. earphones, or for the whole crowd loudspeakers? 

 

It is tempting to say that emergence is a result of interaction! The 

constituents by themselves are not enough; interaction is the key that 

interconnects them, increases complexity, and possibly emerges the result 

into something new.  

III.1.9 Space and time, change and mobility ( –p +u )  

Starting from the beginning we need to shortly introduce space and time. 

They are presumably the two most fundamental aspects of reality. Why 

this is so is a rather deep philosophical question. For one thing space and 

time are very important because they provide any system with reference 

frames and contexts to delve in. An input can for instance be larger or 

smaller than another, and before or after. We compose a photograph by 

first placing objects on a scene, and a video is a sequence in time of images 

where we can watch our grandchildren play.  

 

The white color of all refracted 

light, at its very first emergence ... 

is compounded of various colors.     

Sir I. Newton. 

 

Let there be light: and there was light…. 

And God said, Let there be a firmament in 

the midst of the waters, and let it divide 

the waters from the waters….. 

And God said, Let there be lights in the 

firmament of the heaven to divide the day 

from the night; and let them be for signs, 

and for seasons, and for days, and 

years:… 

on the seventh day God finished his work 

which he had done, and he rested on the 

seventh day from all his work which he 

had done. 

Genesis 
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God could not provide explanations 

 

A stable system is a nice system; any input will deliver a limited output. 

Unstable systems do not behave that well, but can be very interesting. If, 

for a particular unstable system, you change the input even a teeny-

weeny, the systems output in theory rises to infinity. In real life we have 

no such thing as infinity because we live in a world with limited resources 

of energy and time. Anyway, you most certainly do not want to design 

unstable behaviour into your system. 

 

One example of an unstable system is a ball on top of a very high 

mountain. The ball is balancing on the top and even the smallest 

disturbance will send it down the mountain slope with increasing kinetic 

energy. Another example is the familiar microphone-loudspeaker 

interaction that quickly makes you turn the volume down, or move the 

microphone out of the way. The human equivalent to stability is someone 

who is not easily disturbed, or brought out of balance.  

 

Patterns are necessary prerequisites and consequences for stability. 

Adaptation needs a stable background, i.e. a pattern, to adapt to. The 

ability for pattern recognition is fundamental and extremely important. 

The example that first comes to mind is perhaps visual and auditory 

pattern recognition, but the body registers patterns too, a callused hand 

from playing golf is one example. A tree also recognizes patterns, the 

foliage tends to be thicker on the south side of the tree because of  direct 

sunlight, and if a tree is partially shadowed it will lean over to catch more 

light.  

 

Equilibrium is another, quite natural description of a system state. The 

balls in the figures above are in equilibrium. The ball on the mountaintop 

is not in a very stable state, but it is in a state of equilibrium since no 

energy is transferred between the ball and the system. When the ball starts 

rushing down a slope it leaves equilibrium. Social equilibrium is the 

human equivalence where the individuals involved do not have anything 

important to say, and there are no outstanding questions to resolve. 

 

In terms of energy, the state of a stable system will not be disturbed by a 

small amount of energy. Equilibrium means that the energy of the system 

is divided among interaction participants and the environment in a way 

that does not change with time. A glass of water on a table will soon be in 

equilibrium, but put an ice cube on the table and you have a system that is 

not. You can actually try this at home. 

 

Time invariance is another of the nice system properties. It is nice in the 

sense that a time invariant system is predictable and will respond the 

same way to the identical input today, as it did yesterday, and as it will 

tomorrow. Humans are not time invariant, but many computer based 

applications are. Time variance implies some memory in the system 

because if you have no memory of yesterday, why should you change 

your behaviour today? In general invariance, and not only over time, is 

something that humans need and look for. It stabilizes aspects of the 

environment and helps us survive. Gravity, for instance, works one way 

only and has done so for a long time. This makes predictions about falling 

apples possible. A static system is a time invariant system with a 

behaviour that is independent of time, a dynamic system on the other 

hand is a time variant system. Its behaviour can be described as the 

function system_behaviour(t), where t is the time. 

 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

Adapt 

45 sec Breakfast 

3 min Bathroom 

2 min dressing 

12 hours work 

Adapt 

Adapt 

Adapt 
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Behind any dynamic aspect of a system, such as time variance and  

motion, is the fundamental notion of change. The level of change in a 

system is a function of static aspects, such as stability, familiarity and 

security, and more dynamic ones, for instance flexibility and creativity. An 

alternative formulation is that existence is a trade off between being 

strapped down and bored on one hand, and being addictive to perceptual 

experiences on the other. Some fundamental changes are: open, on, start, 

increase, decrease, pass, rise, collapse, towards, away from, stop, turn off, 

close. 

 

 

A typical example of a physical system is a spring. If you pull a spring, the 

force F you have to apply will be proportional to the amount L that you 

want to extend it, i.e. L(F)=kF. This is independent of when you pull the 

spring (it was ideal, remember). If you let go of the extended spring the 

system is no longer static, but dynamic. The extension of the spring will 

depend on when you measure it, i.e. L(F, t), how far you pulled it, and 

when you let go of it, i.e. its initial state.  

 

A very important aspect of a system is its current location and whether 

this location is changing. Mobility makes exploration of a space possible, 

and the necessary prerequisite motion unites the concepts of space and 

time. The notion of space is not limited to the physical space of reality; a 

world created inside a computer also qualifies as space, and a social space 

is another example of a world where mobility means navigation using 

language and emotions. One space where we still have not figured out 

how to move freely is time itself.  

 

The basic categories of animate motion for survival and reproduction are: 

pursuing, evading, fighting, and courting. In abstract terms an interactor 

moves to access a resource. We go to see our friends, nomads move their 

tents when seasons change, or when the local food supply is finished. The 

main feature of a mobile system is to maintain a continous availability 

of resources, for instance a communication channel. If a resource for some 

reason is not accessible often enough the system, and the designer, has 

failed. A GPS device that does not give the position when you are lost in 

the wood will not be used for many excursions. Sun dials do not tell you 

when it is time to go to bed. 

 

Interaction, and especially sharing a resource between two interactors, is 

more difficult while moving. Without a stable context reference 

communication efficiency can be low, and distracting interrupts from 

changing context are more likely. If sound or vision is used then 

interaction is only possible within a small area, or if the two systems are 

moving in parallell at approximately the same (low) speed. In all other 

cases additional technology is needed. A mobile phone solves the 

problem, but introduces new problems such as for instance low bandwith 

channels, lost messages, and a learning threshold.  

 

If the mountain will not 

come to Muhammad, 

then Muhammad will 

go to the mountain. 

 

 

Definition: 

Mobility - the quality of 

moving freely 

Ask Jeeves on the Internet 

 

"Right, you bastards, you're... 

you're geography" 

Terry Pratchett 

 

 - infinit decimal change 

 

Time is not the cause of events, for 

instance a mistake. The problem with 

time is that interactions take time and 

there is only a finite amount of time to 

perform them in. 

 

M. Duchamp, Nude 

descending a staircase 

Long now foundation is 

developing a 10.000 year clock 

 

F 

L 
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As the philosopher Hegel said: 

Always already 

 

Mobility has many implications. First of all a mobile system has to bring 

its own energy source, or somehow extract energy from the environment, 

e.g. using solar cells. If the system is to be carried around it should not be 

too heavy, or otherwise be in the way, which implies restrictions on its 

size. Similarily a mobile system cannot communicate over the wired 

network without a wireless access network. In general, for any mobile 

system, we have to bring technology along with us, or use some 

pervasive infrastructure, e.g. a watch, church bell, or sun dial.  

 

Almost any change of the physical environment of a moving system is 

stochastic because we do not have enough informaion to infer how the 

context at the next position will differ from the current. Try out the 

experience of travelling over the plains in the south of Germany and 

suddenly see the Alps rise sharply in front of you. It is quite a surprise. 

Naturally, both the physical position and the social context change as the 

system moves, but so do also other environmental constraints change such 

as lighting, and time zone. The wireless tranmission capacity could be 

reduced, or there is no one in sight to interact with. Some mobile systems 

are carried around, and in this case the carrier at least provides a stable 

context.  

 

A major problem is that changed context forces real time constraints on 

the system. Recall from the previous chapter that recall from memory, 

signal processing, feedback, adaptation, planning, and learning must be 

fast enough. Also, important tasks such as identification, manipulation, 

and navigation by a mobile system will be done under time pressure, as 

will be decision-making. Guiding the driver of a car using a map in a large 

unknown city is difficult. Just thinking about sitting beside the swearing 

driver during rush hour, guiding him to the train station, where the train 

is about to leave soon, raises the stress level.  

 

Is mobility a prerequisite for intelligence? Let us limit the discussion to the 

interactor Thing in the physical reality. The earth orbiting the sun is not a 

very intelligent system by the criterias that we have discussed, so mobility 

is not enough for intelligence. Many things behave  intelligently for 

specific simple tasks, such as playing chess, but this intelligence is not 

learned, it is programmed into the thing by a (mobile) programmer. Even 

if we gave the thing wheels, and close to unlimited processing power and 

memory, it would still not manage in the physical reality. A major reason 

for this is its limited sensory system. If we added a distributed network of 

sensors and the ability to process the resulting information, would we 

now have enough functionality för intelligence? In effect the distributed 

sensors make a stationary system mobile without the need to move, but to 

build an intelligent system we also need effectuators. Through them a 

thing could affect the world and learn to draw conclusions from the result, 

i.e. the thing in this case is an autonomous, context aware, interactive 

system.  Some researchers claim that even this is not enough. According to 

them the thing needs to master a language and use it to explore reality, 

interacting with equals that probably are mobile too. Finally the thing 

probably would need a meaningful goal to bother about being intelligent. 

 

Given the characteristics of mobile systems discussed above there is no 

surprise that designing flexible, usable, secure, user interfaces for them is a 

real challenge.  

 

“If the mountain will not 

come to Mohammad, 

Mohammad will go to the 

mountain." 

 

Definition: Mobile, capable 

of moving or being moved 

about readily. 

Up in the sky, swoop, swallows flees 

and mosquitous follow, loop.  

 

Motion 

Time flies like an arrow, fruit 

flies like a banana. 

Groucho Marx 
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One possibility would be to use space and time as a basis for this book. 

The problem with this is that they are too fundamental concepts. We sense 

their precense in everything, but cannot really exploit this feeling when 

describing interaction and technology for interaction. Therefore we will 

not start this presentation all the way from space or time, but leave a little 

something to philosophers and artists.  

 

(Well, all right, here is a piece of wisdom to wrap this passage up. Space 

without something in it is truly meaningless, Ok? Enter matter, which in 

turn is energy. A chunk of matter without anything happening is not very 

interesting, so we need events. As we add events time starts flowing and 

Rock’n roll is not very far away. It’s really very simple , and in the end 

it’s all about having fun.)   

III.2. Complexity, we and it certainly are complex ( +u ) 

The most important property of a system is perhaps its complexity. All of 

us have had encounters with complex systems that we cannot 

comprehend, fix, adjust, or manipulate. Examples are the inner workings 

of a television set, and organising a group of ten 10-year olds at a birthday 

party. In other words, complexity is a natural concept to us humans, but 

how can we measure and quantify complexity? If we could estimate it we 

could know if the task at hand is practicable, which helps us to predict and 

decide, see table III.2.1. For a system formulated as a software algorithm 

such estimation is usually possible. It is however much more difficult to 

quantify the complexity of the discussions around the dinner table, Friday 

night, at eight o’clock, after a glass, or two, of wine.  

 

 

Low complexity         High complexity 

Overview Details 

Fast reaction Slow response 

Cheap to manage Expensive 

Small amount of data Large amounts of data 

 

 

 

 

 

 

 

 

 

"We call things we don't understand 

complex, but that means we haven't 

found a good way of thinking about 

them. 

Tsutomu Shimomura 

 

Table III.2.1 Some properties of 

complex systems versus systems 

with low complexity. 

 

Objects 

Actions 

Frame of 

events 
Time 

Without motion there can be no 

interaction. 
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Definition: 

A complex system 

consists of interconnected 

and interwoven parts. 

 

Definition: 

A complex system is not 

easy to understand or 

analyze. 

 

III.2.1 Why are systems complex and difficult to understand? 

As human beings we have a confession to make. Our environment is too 

complex for us, and the fact that we have only survived thus far is truly 

amazing! At any one time we can keep track of three to seven items, which 

is not very many in the physical world. The input rate is also rather low. 

We can focus on approximately 20 bits of information per second where 

one bit is either a ‘1’ or a ‘0’. Compare this with the 1 million bits per 

second needed to code a video transmission of an ordinary television-

show.  

 

It is easy to underestimate the complexity of ordinary life. Perhaps this is 

because we are so used to our own environment that we live our life 

through powerful, already accepted and learnt, abstractions? In design 

and development of technology we are on the other hand constantly faced 

with the details of implementation, and the abstractions are swept away, 

or are useful only as referential patterns. 

 

An indication of the problems humans have facing the complexity of 

reality is how we constantly take short cuts and simplify our perceptions. 

One example is our perceptual constancies. We tend to se objects as 

unchanging and constant despite that they objectively measured change in 

size, shape, lighting, and colour. A wheel is perceived the same from all 

angles although it is elliptic from some angles . As another example the 

trunk of a birch tree will be perceived as white even in a very bluish 

twilight. A thirds example is that it is very difficult to see oneself as 

anything else than a young man or woman ignoring the fact that 30 years 

have passed since then. 

 

Correspondingly at the cognitive level we have an expectation effect. 

Certain characteristics such as pills and beautiful faces lend us to assume 

things about behaviour or the outcome of processes. Some examples are: 

 

 Placebo effect – if we believe in a treatment it will have a better 

effect. 

 Halo effect – a positive impression, e.g. because of good looks, 

will increase the probability that our employer will rate our 

performance higher 

 Hawthorne effect – employees will be more productive if they 

think that improvements to change productivity are made 

 Pygmalion effect – if the teacher expects the student to perform 

better than others, this will also tend to be the case. Teachers also 

treat students differently depending on their beliefs on their 

performances. 

 Interviewer effect – a respondent tend to give the interviewer the 

answers the respondent think are the “right ones”.  

 

An often used variation of the expectation effect is the exposure effect, 

which says that we will like something better if we are often exposed to it. 

The effect works best for photographs. If we however dislike for instance a 

song from the very start there will be no effect, and we might very well 

end up positively hating the damn song [WL]. 

 

Obviously, we have somehow survived, so let us proceed with the 

complexity issue. Why are systems complex? One reason for this is hinted 

at in the definition to the right. To understand an interactive system we 

need to understand its parts, and to understand the parts we need to 
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Complex problems have 

simple, easy-to-understand 

wrong answers. 

Internet 

 

Simple systems? 

An oscillator 

A pendulum 

An orbiting planet 

A spring 

 

Simplify simplify 

Thoreau 

 

 

Complexity: When a wine is at 

once rich and deep, yet balanced 

and showing finesse 

Internet 

 

understand how they interact. As we continue to unwrap each part and 

parts of a part we quickly loose track of everything that happens in an 

interaction. 

 

Let us start by looking at a system we all know well, the family. It is an 

example of a fairly complex system and the complexity is the result of, 

among other things, the following properties. There are different kinds of 

families, e.g. nuclear family, but all of them consist of a number of 

individuals, each with a relationship with the others. The relationships 

depend on the qualities of the individual. Families do not live alone, they 

have to interact with the outside world. We can describe different views of 

the family, economical or social, and a family fulfils different functions 

such as raising children, and providing for a sheltered social environment. 

A family is formed, grows, and disintegrates in a number of ways. It also 

adapts to changing circumstances.  

 

A stone is perhaps the simplest of things, but in the world of man, even a 

stone provides a stunning complexity. To start with its exterior has a 

texture, colour, and structure that is very difficult to describe in detail, but 

we can still easily separate Granite from Sandstone, and without looking 

we easily discriminate a round stone from an apple using our hands. 

Internally granite is composed of quartz and potassium feldspar, but also 

of other minerals depending on the conditions when it was formed. 

Quartz is typically grey to colourless and potassium feldspar is almost 

always pink coloured. Actually feldspar is a generic name for three very 

closely related minerals: Orthoclase, Sanidine, and Microcline with similar 

physical properties. They are all composed of the same elements, but with 

slightly different crystal structures.  

 
A small stone is something that we can throw, but it can also be used to 

mark one post of a soccer goal, or to stop a car from rolling down a slope. 

Several religions even recognize a Devine Deity in stones. 

 
Some systems, like the weather, are natural constructs, while other have a 

complexity because of man. Why was it necessary to make them complex? 

One reason is that we try to build general systems that are applicable in 

many contexts, but generalisation comes with a price tag. Radio is for 

sounds only, but the Internet can be used by many medias, at the price of 

complex behaviour and resources spent. A general system can handle 

many types of inputs, but more specialised systems restrict their input and 

functionality. Compare a bicycle to a family car, both can transport one 

person, but the more complicated car is useful under many more 

circumstances.  

 

Yet another reason for complexity is that we need, or want, to perform 

complex tasks, and even many relatively simple problems become 

complex because we do not have the time, computational resources, or 

memory to solve them in a straightforward way. Because of the 

development of technology we can manage new and more complex tasks, 

and our interaction with the world becomes increasingly technology 

dependent. We want to visit Los Angeles and London, listen to music 

when we are out running, and use the Internet to contact our children, at 

our summerhouse, out in the archipelago.  

 

When is a system complex? One obvious answer is that if a system 

consists of a large number of components (more than 7) then it is 

complex. Adding components results in a more complex, but potentially 

Kohinoor. 

1234567∞ 

“Simple – Not involved 

or complex“,  

Websters dictionary 

Internet now consists of more than 

108 interconnected computers, a 

figure quite close to the 109 human 

individuals now living. 

Hadschar al Aswad 

(the Moslem sacred 

“black stone”) 
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also more adaptive system, which is one reason why increased complexity 

is built into progress. 

 

Another measure of complexity is the number of state variables that we 

need to describe a system. If we need a lot of them to describe the system 

(more than 7) then it is complex. Whenever state variables are mutually 

dependent the complexities multiply, which is why systems involving 

interaction tend to be very complex. This can be reformulated as: feedback 

and interaction adds to complexity. Highly concurrent systems where 

subsystems work in parallel, rather than in sequence, are also complex. 

This is not surprising, as the number of possible states at a given time will 

increase. 

 

Dynamic systems that changes themselves as the context changes, for 

instance mobile systems, are inherently more complicated than static ones, 

and timing issues such as synchronisation and delay complicates them 

even more. Each of us has encountered some technical equipment with too 

long reaction time. When you switch it off, it does not respond, so you 

become impatient and try the switch again, which turns the system on 

once more, and so your struggle continues, constantly out of synchrony. 

Time delays that vary in an unpredictable way are even more confusing.  

 

A human satisfies all of the criterias above for a complex system. 

Me  

complex? 

He, he, a naughty 

teaser you are. 

t 
t 

Fast 

   Fashion  

   Commerce 

   Infrastructure 

   Culture 

   Nature 

Slow 

[PM] 

Site - eternal 

Skin – 5–50 years 

Structure – 30–300 years 

 
Services – 7–15 years 

 Space plan – 3–30 years 

 Stuff – 1day–10years  
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Humans are (by necessity for survival) good at handling many complex 

systems. We can recognise a familiar face behind sunglasses, or behind a 

hat pulled down over the eyes. Try to build a robot system to wash up 

after dinner! How much force can you apply to hold a plate without 

breaking it when you clean it? A creative solution is to buy a dishwasher 

(or to use paper plates). 

 

Last, but not least, stochastic systems, where we only know probabilities 

of events and behaviours, are more complex than the deterministic ones. 

This is not surprising since we know less about the system’s states. To 

reduce complexity stochastic signals are typically characterised by their 

mean values. The average Swedish male for instance has a shoe size of 

about 42, but this fact is of little use in the shoe shop when you want to 

buy your uncle shoes for Christmas. 

 

Normal distributions (bell curves) are the norm in the nature. Samples 

tend to fall close to the medium. Power laws, e.g 1/x2 are not favoured by 

evolution, but many complex self-organising  networks forming systems 

are best described by power distributions. One example is the number of 

links from a web page.   

 

Science has defined many measures of complexity for different purposes, 

complementary, or even contradictory. Intuitively a highly regular thing is 

simple, think about a circle or a cubicle. We could also characterize 

something that is very irregular, or highly random, as having low 

complexity. White noise is mathematically very simple to describe, even 

though it is impossible to predict the value of such a signal at a specific 

time. The interesting systems can be found in between the highly regular 

and the chaotic. 

 

Maybe we can understand complexity better if we contrast it to simplicity? 

The table below lists some differences between simple and complex 

systems [RR2]. 

 

Simple System Complex System 

Fully predicative and  

predictable 

Contains impredicativities and  

non-predictable 

Fully fractionable Contains non-fractionable aspects 

Has computable models 
Has non-computable and  

computable models 

Synthesis is the  

inverse of analysis 

Synthesis generally distinct  

from analysis 

 

One way to define complexity from a human perspective, is that 

something is complex if it surprises us, makes errors, or behaves 

unexpectedly. Another, also intuitively acceptable definition is that a 

complex system is difficult to fully describe. This can also be described as 

that the cause-effect relationship is not apparent or obvious. Next we will 

discuss how to reduce complexity, i.e. how to stay in  control and 

understand what is happening. 

The complexity of a book is in the 

neighborhood of 106 bits and 100 

textbooks should be enough to educate 

someone. Thus, the complexity of a 

human being amounts to 108 bits. 

[YB] 

Table III.2.2 Contrasting 

simple and complex 

systems. 

The answer to the ultimate question? 

42! 

D. Adams 

“War of the ants” 

Rate 

Time 
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III.2.2 Reducing complexity 

It’s a fact is that somehow humans survives. How is this possible? What 

mechanisms have helps us to manage the amazing complexity of reality? 

 

The first principle we use is to group similar or closely linked items 

together and the second principle is to order the items. Grouping works 

by reducing the number of features, behaviours, relations, or whatever the 

type of components attended to. The principle also applies to the case 

where something occurs often. Information about such events will be 

stored efficiently and for fast access. The second principle reduces the 

perceived randomness of the system under study. We will discuss 

grouping and ordering in this chapter, but there are also other strategies. 

Attention, i.e. ignoring information, is one, and concentrating on 

differences another.  

 

Grouping will create networks of hierarchies of items and hide details 

behind interfaces. A good grouping will result in a structure that is 

modular with a low coupling between different partitions.  In physical 

reality space and time provide natural references for grouping, e.g. a 

family lives at an address over a period of several years. Events or things 

simultaneously sensed probably has a relation.  

 

Coupling and cohesion are two measures of how “close” two objects are. 

Coupling refers to the number of connections between objects, and 

cohesion to what extent they are “glued” together. They could for instance 

be parts of a pattern. Two objects with high coupling are a brother and a 

sister, less coupling is found between cousins. A modular group with high 

cohesion and coupling can easily be encapsulated as a new item, or 

concept, like a football team, a kitchen, or a lawn. The windows on a 

house have an extremely high level of cohesion to the house.  

 

 

 

 

 

 

 

There are many notations for describing grouping. In the UML (Unified 

Modelling Language) grouping components into a system is called 

aggregation, denoted by a diamond as shown in the figure III.2.2. The 

diamond is placed at the grouping object’s end of the association. A car is 

a grouping object, aggregating four tyres.  

 

 

 

 

 

 

When we group similar objects and abstract the similarities into a new 

object the resulting object is referred to as a generalisation, or in UML as 

an Is a relationship, or in other disciplines as an abstraction. In art the 

word abstraction is however used differently, interchangeably with “non-

objective imagery that departs from representational accuracy”. The figure 

item to the left in the figure III.2.4 below is a generalisation of a circle. If 

we follow the relationship the other way we say that the circle inherits the 

properties of the figure.  

Car 

Tires Engine 

Family 

Parent Child 

Car Tyres 
4 

Figure III.2.1 Aggregated 

systems. 

 

Figure III.2.2 Aggregation 

in UML. 

Simplification a’la Pablo Picasso  

Some characteristics of really  

complex systems are: they learn, 

adapt, react, organize, mutate, 

evolve, explore, couple, expand 

and organise. 
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Generalisation for modelling both actions and objects is useful, even 

necessary, but the downside is that we loose track of any inner workings 

and internal details. In real life humans exploit such additional 

information in many ways. If you are told that someone has “escaped” it 

makes a difference in if you are a terrorist or a magician. If you are a 

magician you are interested if the escape was from a cast or from a chain. 

You would like to see a video because maybe you could reuse some ideas. 

All of this is hidden by abstraction in the action verb “escape”.  

 

In software abstraction is used to hide the implementation of subsystems. 

This makes software easy to reuse at the cost of loosing control over 

internal data structures. A control that could be vital for optimised 

implementation of the system as a whole. 

 

The use of inheritance simplifies because one object serves as the “blue-

print” that can be extended to describe a new system. The circle can be 

described as a particular graphic figure that inherits the properties of the 

abstract graphic figure such as having a colour and being something that 

you can draw, see illustration to the right. A new figure, a rectangle, can 

be created from the basic graphic figure and will also immediately inherit 

the colour property and the basic method draw(). 

 

Similar to generalisation and aggregation is scaling. The basic idea is to 

reduce complexity by studying the system at an appropriate level of 

detail. If we for instance want to calculate the orbit of the moon we should 

ignore the effect of people on earth, and model the system as two solid 

bodies interacting by gravitational forces. Nicely complementing scaling is 

focusing. When we focus we ignore everything we do not attend to. By 

dynamically changing resolution levels and adjusting focus we can find 

the optimal way to study a system. At the lower resolution we make 

assumptions and build hypothesis, which we test at higher resolution.  

 

Order reduces complexity and also the computational demand for access 

(search time), which is important for many tasks. The telephone directory 

would be quite useless without sorting the subscribers. Order can be 

imposed by sorting into simple categories, such as done in the phonebook, 

or according to more complex criteria. One example is the family tree of 

our flora where flowers and plants are sorted in a way that is not always 

obvious. Another example is when we order actions to form a plan. 

Ordering does not only show up for reasons of simplified data access. 

Sometimes orderly behaviour and specific sequences of actions are 

appropriate. There are furthermore also constraints in the time domain, 

for example that you have to start working before you can stop, and also 

Son 

Square 

Ellipse 

Man Father 

“Is a” 

Figure 

 

Colour 

Draw() 

Circle 

”Is a” 

Figure III.2.4 Generalisation as 

it is used in UML. 

 

Hint: Hungry for blood 

Rectangle 

 

”Is a” 

Figure 

 

Colour 

Draw() 

Stretch() 

Pablo Picasso (i.e. Pablo Diego Jose 

Francisco de Paula Juan 

Nepomucenco Maria de los 

Remedios Cipriano de la Santisima 

Trinidad Ruiz Picasso) 
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The king is dead 

long live the king 

 

spatial constraints such as passing the hallway is necessary to get from the 

front door to the living room.  

 

The five ways to organise information is by category, time, location, 

alphabet, and continuum. The last item refers to organisation by 

magnitude. 

 

A special case of order is symmetry, i.e. where entities exhibit 

correspondence in size and shape. The left and right part of the human 

body and face are for instance roughly symmetrical. Other special cases of 

order are repetition of identical, or similar, instances, i.e. multiplicity, 

empty space, and total randomness. 

 

 

 

 

 

 

 

 

Programmers look for the features above (similarities, order, symmetries, 

couplings) in a problem. If for instance a similar functionality is needed in 

several places, the software for this functionality can be reused. Almost 

any structure found in a problem can be used to simplify the design and 

the implementation of software, and of course also to simplify other types 

of design. 

 

Grouping and ordering works for human interactions, and also for 

human-computer interactions. One example is a hierarchical menu 

systems where each menu provides commands that have something in 

common, as exemplified by the edit menu in Microsoft Word ©. Society 

tries to order and group humans, but this is not trivial, the medium size 

does not seem to fit all of us. Humans on the other hand are adaptive 

which means that if we want to, we ourselves can reduce complexity by 

accepting the grouping and the orderly behaviour imposed on us. We start 

working at about the same time in the morning even if it is not necessary, 

and go to lunch when our colleagues do. Why?  

 

What about nature in general? What is its level of complexity? Systems 

that are too simple have problems adapting to changing conditions. But, 

very complex systems on the other hand need to extract a lot of energy 

from the environment to survive. There is a productive cycle here that 

human evolution has explored. Adapt to gain access to more energy, use 

the energy to adapt and find even more energy, and use it to further fuel 

adaptation.  

 

One important concept for orderly behaviour is the cycle where 

something is kept constant over each cycle. Repetition, iteration, and 

recursion all profit on the cycle that also naturally describes many aspects 

of our lives, the cycle of life, seasons of the year, 60 seconds and the CPU 

cycle. 

 

Reducing complexity by layering is another useful way of grouping, for 

example as in beginning-middle-end. Functionality in computer 

programs, information processes and the like, can be grouped and ordered 

this way. The system model used in this chapter is itself divided into 

input–processing–output layers. Another example is our vision. The eye 

Rendering of sand dunes. 

Rendering of ocean waves. 

Photograph (left) and rendering 

(right) of human skin 

Do you prefer a cyclic model of 

the Universe (rebirth for ever) 

to a singular (one shot)? Why? 

Why are so many solutions in 

nature, roses, waves at the sea, 

snowflakes, beautifully ordered and 

structured?  

Photograph of snow. 
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registers light and pre-processes it, the pre-processed signal is sent to the 

brain where it is further processed and delivered to the cortex of the brain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The figure above illustrates three different situations where layering is 

used. Given n layers and m possible actions per layer, situation a) above 

allows mn interactions since from any action at a layer, m new actions are 

available. In situation b) there are (n-1) interfaces to consider and the 

number of intertactions are m2(n-1), a much less complicated system. The 

simplicity gained however comes with a cost, as always. Implementation 

becomes manageable as functions are separated, but the cost is that 

shortcuts between layers are difficult to implement. Someone on the 

factory floor of a multinational co-operation will have few opportunities to 

address the big boss himself, compare c) in the figure above. There are too 

many opaque intermediate levels. 

 

Humans are good at finding criteria for ordering and imposing different 

structures. This is exemplified in registration plates on cars, university 

departments, and books in libraries. The social security number is an 

interesting example since it has a structure specially designed for 

computers! Finding a good structure is a creative task. It takes time and 

experience to find one, and a bad choice will usually result in additional 

computations. It will take longer to find and sort items for manipulation.  

 

Layering is also an example of divide and conquer. Complexity is 

conquered by intelligently dividing a complex set of items, or a problem, 

into subgroups, and then recursively dividing each subgroup until 

manageable subgroups are achieved. Caesar used this when he split his 

enemies into smaller groups and defeated them one by one. In order for 

this strategy to work the subgroups should have low coupling. In Caesar’s 

case the low coupling was provided for free by his opponents themselves 

who  were not too eager to co-operate.  

 

Complexity is not always a bad thing. Because of complexity many 

solutions to a problem can be found, and we can exploit this by adding, or 

rather reconsider, some degrees of freedom of the problem we study. If we 

consider repainting the kitchen we might find acceptable new dinner 

plates. Einstein reconsidered the constraints on how light should behave, 

and inventented relativity theory. 

  

a) Human sensory system , 

hearing, vision, smell. 

Input 

c) Information flow in  

an organization. 

Input 

b) Human vision 

Output Output 

Figure III.2.5 Layered 

systems are found 

everywhere in nature. 

Divide et impera. 

Julius Caesar (100 - 44 BC). 

 

Give some example where the 

strategy divide and conquer does 

not work because of 

dependencies among 

subproblems. 
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III.2.2.1 Examples of groupings 
Gestalt theory studies the evolved laws of human perception through the 

use of visual patterns. Individual parts combine to reveal identifiable 

patterns. This combination is done as an active process by our minds 

using sensory input. The following laws for grouping have been identified 

by Gestalt theory. 

 

1. Law of proximity. 

Objects close to each other are grouped. The example is seen as 

three groups rather than nine characters 

 

2. Law of similarity. Similar objects are grouped.  

 

 

3. Law of closure. We close familiar structures where parts are missing. 

 

4. Law of appropriate continuation. We assume that structures 

behaves regularly, and as simple as possible, when we cannot see 

them.  

 

5. Law of common fate. If almost everyone is involved, or takes 

part, we assume that the rest do likewise.  

 

 

6. Law of Pragnanz(Prägnanz). Whenever there is a choice, a simple 

structure is preferred to a complicated one. The figure will be 

interpreted as a square and a triangle although other 

interpretations are possible. How many? 2? 3? 4? 5? 6? 

 

 

The image to the right exemplifies that humans have problems whenever 

an image does not adhere to the regular, simple structures we have 

evolved to interpret.  

 

Gestalt theory applies to sound as well. We will for instance fill out 

missing parts of a sound to match it against our expectations. 

 

How we do our grouping will always depend on our point of view. Let us 

say that you are interested in animals. At one point you may want to look 

up all of the dogs in a database, but at the next you want all brown 

animals. A database is a computer tool for retrieving such diverse 

associations and one way to implement it is to group characteristics in 

tables, see figure III.2.6. This is called a relational database.  

 

 

 

 

 

 

 

When you need to find all of the brown animals in the database you just 

search for it checking the third row. If you want all brown animals with 

four legs you check the third and fourth rows. We will not go into sorting 

algorithms here, but as you can understand from the above, sorting is very 

important for efficiency reasons. No one really knows (yet) how humans 

perform grouping, sorting, and searching in their internal database.  

 

Animal 1 

Dog 

Brown 

Four legs 

Animal 2 

Human 

Black / pale 

Two legs 

Animal 3 

Cat 

White  

Four legs 

xxx    xxx    xxx 

Figure III.2.6 A relational 

database. 

 

Gestalt theory says that humans 

actively identifies patterns. Why do 

humans have such a facility? How 

has it developed? Is it possible to 

copy human pattern matching to a 

computer? 

 

Red 

Brown 

White 
Dog 

Cat 

Human 

2 legs 

4 legs 
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Grouping as described above (Animal (Dog, Human, Cat)) is one example 

of approximation by generalisation, another type of grouping is 

approximation by relaxing constraints.  

 

 

 

 

 

 

 

The figure above shows how data values can be relaxed. The 

simplification is not only visual; the mathematical description of the 

resulting linear system also becomes very simple. The output in the 

approximated system is only a factor k times the input, i.e. output = 

k·input + offset. 

 

A geometrical way of representing even more complex signals and 

systems is to use a vector space. Pixels in a greyscale image can for 

instance be ordered in such a vector space. Each pixel in the image defines 

an axis in a coordinate system, i.e. one dimension in a vector space. An 

image with two pixels: (23, 12) will be represented as a point in a two-

dimensional plane, see figure below. 

 

 

 

 

 

 

 

 

 

Images with four pixels are similarily represented by four axes, i.e. in four 

dimensions, where each axis represents the value (colour or greyscale) of a 

pixel. 

 

 

 

 

 

 

 

 

 

 

A specific picture, i.e. with values defined for each of these four pixels, 

will be represented as a point in this coordinate system. In fact, all possible 

pictures with four pixels can be represented by the space spanned. A 

typical image displayed on a computer is 400 by 600 pixels. If each pixel is 

represented by 3 bytes the total number of images are 24240.000 , which is 

quite a lot of images (> 1 followed by 240.000 zeroes). 

 

Input 

Output 

Input 

Output 

Pixel 1 

Pixel 2 

Pixel 3 

Pixel 4 

Image 

Pixel 1 

Pixel 2 

Image (23,12) 

Figure III.2.10 Approximation by 

relaxation. 

 

Figure III.2.11 Image with 2  

pixels. Pixel 1 has the greyscale value 

of 23. 
 

Figure III.2.12 Image with 

four pixels. With eight bits 

for each pixel we have a 

space of 4096 images.  

Give an everyday example of 

approximation by relaxing of 

constraints. 
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Best compression, around 

100% for ”DEL”. 

Internet 

Things should be done as 

simple as possible, but 

not simpler. 

Albert Einstein 

 

A supersphere is the generalisation of a sphere to more than 3 dimensions. 

One way to use the vector space is to approximate all pictures inside a 

supersphere to the point in the middle of the supersphere, see figure 

below for an example in 4D. Hey presto, we have invented an image 

compression algorithm where we can represent a lot of similar pictures 

with only one point. This technique is also called clustering. Of course 

there is a price to pay, the cost is that the approximated pictures will be 

somewhat distorted. Vector spaces are powerful tools, so think this 

example through! 

 

 

 

 

 

 

 

 

 

 

 

 

III.3. Modelling, us and it ( +u ) 

A model is a mapping of a system, or a design, onto something formed, 

natural or artificial, physical or virtual that can be used to test, explore, or 

communicate aspects of that system, or that design, puh... The word 

derives from the Latin word mo´dulus, which means measure or scale. 

Used in design a model is a device for understanding, communicating, 

testing and predicting aspects of systems. 

 

It is important to distinguish between the system itself, and the model that 

represents the system, see figure III.3.1. The model is not reality, at least 

not until virtual reality improves considerably, it is an abstraction, from a 

particular view, of the system under study. Some formal systems such as 

those constructed in mathematics are exceptions and have an exact model, 

i.e. the system itself. This is true also for virtual worlds that does not 

simulate reality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Approximation of all  

pictures in the supersphere. 

Pixel 3 

Pixel 4 

Pixel 1 

Pixel 2 

Supersphere 

Model world 

Abstract model 
Forecasting, 

comprehension 

System world 

Observations Anticipation, 

understanding 

Abstraction, 

modelling 

Application, 

evaluation 

Deductions, reasoning, 

calculations 

Questioning 

Modeling is coping 

with complexity 

Van Dam 

Figure III.2.13 Using the image 

space for compression. 

 

Figure III.3.1 How a model  

(upper part of the figure) 

relates to a system (lower 

part). 

Describe some everyday situations 

where you use clustering. 
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“We have to remember that what 

we observe is not nature itself, 

but nature exposed to our 

method of questioning” 

Werner Karl Heisenberg 

 

On the other hand, what you learn from any model by reasoning, or 

calculation, can easily make an impact in the real world, once again see 

figure III.3.1. One example is that a weather forecast can cancel the next 

day’s skiing. The taxation authorities also use rather advanced and 

influential models. Sometimes results and understanding are better 

reached by questioning the system, rather than by model based reasoning, 

or by solving equations. The horizontal arrow in the system world in the 

figure above indicates this. Individual humans are for example very 

difficult to model; it is easier to ask them directly. The answers can be 

used to improve predictions, or for evaluating a model. 

 

Usually a model is designed for a specific purpose and supposedly 

irrelevant details are omitted. The mapping from the system to the model 

should be as close as s necessary, but not closer, which implies that any 

model comes with built-in errors and that there is no universally best 

model in any domain. 

 

 

 

 

 

 

 

If you for example want to model the painting in the figure above, the 

frame is not relevant information. If you want to build a motherboard for 

a computer your model will probably ignore the colour of the 

motherboard. 

 

Who should do the modelling? When developing a computer based 

service, full time workers in the modelled domain are preferred! The 

problem is that knowledge about modelling is mostly found among 

software developers, mathematicians, and physicists, not among the 

practitioners of the domain. In general anyone involved in designing a 

system benefits from knowledge on modelling. 

 

How do we create new models? The following list are some suggestions 

[NG3].  

 

 Composition and decomposition of previous models. “There is 

nothing new under the sun” 

 Emphasizing parts of a model in a new way. 

 Reordering. 

 Deletion and supplementation. One example of supplementation 

is the phi phenomena where a dot of light moving fast back and 

forth will be perceived as a line, i.e. an internal model of a line is 

emerges in the viewer by supplementation. 

 Deformation. 

 

These is of course only some of an infinite number of ways to model 

modelling. Remember that no single description will ever be the ultimate 

one for all purposes. 

 

There is no more a unique 

world of worlds than there is 

a unique world. 

Nelson Goodman [NG3], 

(think of a model as a world) 

 

Figure III.3.2 An image and a 

digitised model of its essentials as 

a signal. 

 

Free painting 

included with 

frame! 
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A 

B 

Definition: 

Abstraction: A view of a problem that 

extracts the essential information 

relevant to a particular purpose and 

ignores the remainder of the 

information. 

IEEE Standard Glossary of Software 

Engineering Terminology,  

 

 

 

 

III.3.1 Abstraction level ( +u ) 

One of the key questions in modelling is to decide the abstraction level to 

use. A model that is too general will not reveal any secrets; interesting 

behaviours will not be seen. Nor will the model be of any use if it is too 

specific. We can model a car as a chariot of war or of triumph; a vehicle of 

splendor, dignity, or solemnity, but this model will not help us if we need 

information about how to change the tires. The maintenance guide of the 

car, on the other hand, is of no use to us if we want to describe how it feels 

like to drive a car, or what petrol smells like. 

 

Abstracting behaviour and operations is also useful, for instance in 

situations where many actions are necessary to accomplish a goal. 

Changing all headings to uppercase may need one operation per heading, 

but by using an abstraction in the form of a macro we could do all changes 

with a single command. 

 

III.3.2 Modelling view ( +u ) 

The functionality of a system can be studied from one or more of three 

different perspectives, intentional, conceptual, or physical [DB1].  

 

The intentional view describes the system from the perspective of how, 

and where, it is going to be used, and what goals and expectations it can 

fulfil. One example of an intentional view of a system that transmits a 

message is as a sender that intends to tell you what time it is. While doing 

this we should ask ourselves if our model is useful. Modelling the mental 

states of a light switch does not add much value to us.  

 

From a conceptual view, we can learn how the system works, its 

properties, and what mental model we should use to understand the 

system. To explain the concept similarity, pattern matching, metaphores, 

and cultural associations are important. Understanding the principle 

behind a cut and paste function in an editor is one example, another 

example is a message viewed as packetised information. 

 

The physical view is not too difficult to understand. It is concerned with 

how the system and the real world influence each other. At this level a 

packetised message can be modelled as a sequence of bits, i.e. “000111000” 

sent over an electric cable. Another example of a physical level model is a 

neuro-physiological model of the workings of the eye. The 3D-model of a 

coffee cup with a handle that is a perfect match for your finger is a third, 

and a red button indicating a stop function a fourth. 

 

Why do we need three levels? Why not two or four? This question is the 

subject of an ongoing discussion among philosophers, but it seems that at 

least three levels are needed. One physical interaction can be used to 

implement many concepts, and many concepts can use the same physical 

interaction. The cut and paste editing function can for instance be 

implemented through the use of either a keyboard or a mouse. In a similar 

way many intentions can make use of the same conceptual function and 

many alternative concepts can be used to fulfil an intention. You can 

achieve an objective in many different ways. If you want to tell your 

mother some good news to cheer her up; you can either visit her and tell 

her in person, or send her an email. The intentional view is needed 

because the concept of sending your mother a mail does not include the 

 

Macro_up: 

   If  header Then 

     Change a-z to A-Z 

   End If 

Intentional 

Conceptual 

Physical 

Definition: 

A concept is an abstract or 

general idea inferred or 

derived from specific 

instances. 
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A model expresses semantic 

properties of a modeled world 

W by syntactic properties of a 

representation R.. 

P. Wegner, Brown University 

(What more is there to say?) 

 

additional information that you want to cheer her up. Can you think of an 

example where a single concept is used in many intentional views? 

 

Reflecting on systems from these three perspectives is something that 

humans do all of the time and it is a very useful practise in a design 

process. 

 

We can use an alarm clock to illustrate the three perspectives above. This 

specific clock is added as an extra function to a digital camera. If you are 

told that a digital camera is equipped with such a function you will 

understand, because of the intentional view, when it can be used. You will 

start looking for a user interface, i.e. you use a physical view of the device, 

and you expect, from your conceptual view of an alarm clock, that this 

interface will give you the opportunity to set the alarm, set the current 

time and turn the alarm off. This leaping between levels is typical for how 

humans think, by matching different views. 

 

An alternative set of modelling levels is the conceptual, semantic, syntactic 

and lexical levels [FDFH][BS1]. This is a description chosen in accordance 

with how language is modelled. The conceptual level is in essence the 

same as the conceptual level discussed above. It is important for a 

designer since it establishes a common ground for everyone involved. 

Using a metaphor is one approach, but stretching analogies too far could 

hamper usability. The semantic level, also called the functional level, 

defines the operators, their meaning and the information needed to 

execute them. In the alarm clock example above, one operation is to set the 

time, and for this the current time of the day is needed. At the next lower 

level, syntactic, or equivalently sequencing, design is performed. Units of 

meaning such as input of character, and button-clicks are grouped. Setting 

the time on our alarm clock involves the following basic units: enter set 

time mode, input four digits, and exit set time mode. The lowest level, 

lexical design level or binding design, assigns physical properties to the 

units of meaning. Colour, line widths, and text fonts are specified for 

objects. When binding for our alarm clock we could decide that throwing 

a pillow across the room should stop that annoying alarm sound. 

 

Next we will present other ways to model systems starting with the idea 

of system transparency. 

III.3.3 Basic types of models ( +u ) 

The transparency of a model describes to what degree the inner workings 

of a system are modelled. For minimum transparency, a 

phenomenological model can be used. This is a qualitative model 

constructed top down from observations and experiences, and there are 

many such models particularly for complex phenomena. We can take the 

stock market as a first example. In Sweden stock prices fall in the late 

spring. This is a phenomenological model that has been verified every 

year. Medicine is another area where phenomological models are 

prevalent, some cures work, and are used, but no one knows exactly why 

they work. Many models from applied psychology are also 

phenomenological, models on human reaction times for instance. If we 

want to describe a messaging system at the phenomenological level it can 

be specified as a set of messages, “Computer A sends a message to central 

control C saying that it is alive”. The good thing about the 

phenomenological model is that it models available data very well, and 

yet can be quite simple, perhaps just a graph showing the input-output 

relationship. The bad thing is that new data might completely disrupt the 

 

Why, Who? 

What? When? 

How? 

H2O + = 

At which levels of description 

is a car controllable and 

observable through 

measurements? 

Ever washed a window? 

Crashed it? Minimized it? 
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Cleaning Windows: A few 

simple Steps to a Clearer 

Outlook. 

 Anti Microsoft campaign 

slogan? Metaphor? Window 

cleaning ad? 

model since it is neither constructed on a solid theory, nor from deep 

knowledge about the system. 

 

When we increase the transparency more information about the inner 

working of a system is added. Either we focus on the structure or on the 

behaviour of the system. A model of the structure of the system describes 

how it is organised and composed of sub-components. In a 

communication system we can for instance identify two components, a 

transmitter and a receiver, connected by a channel. If we instead focus on 

the behaviour of the system we are more interested in how the system’s 

states develop. In a communication system model the sender starts in a 

state where he wants to send something, he generates a message, 

transmits it over the channel, and ends up in a state waiting for an answer.  

 

One alternative is to model the data flows through the system. This can be 

exemplified by following a message as it passes different components, e.g. 

communicating computers. The sender generates the message, which is 

then transmitted and received by the receiver where it is assimilated and 

interpreted. A corresponding example from another world is when a letter 

is put in the mailbox, collected by the mailman, and delivered by the 

postal service. A data flow model is also a functional model since if we 

follow the data stream we can see how data is transformed at each 

functional node it passes. At each node input is mapped to output.  

 

To conclude, all of these models (structure, behaviour, data flow, …) 

describe the system, but they do it using different concepts and level of 

detail. 

 

If a precise, clearly defined, model is necessary a formal model is used. It 

has a well-defined textual or graphical representation, and rules that, 

when applied, result in a predictable, bounded behaviour. A message 

system described at this level can still include a set of possible messages, 

but now the messages are described using a language with predefined 

symbols, e.g. “C <- ‘Alive’ A” (A sends message ‘Alive’ to C). Formal 

models can be designed to describe the structure, behaviour, or any other 

view of the system. The precise nature of the formal model has the added 

value that designing it enforces clear logical thinking about the problem.  

 

Less precise models are also needed since formalism restricts what you 

can express with a model. One example of a less precise modelling 

language is the spoken language. It is very expressive, but it is also very 

difficult to parse it and to extract meaning from an utterance.  

 

Many systems are difficult to formally describe. They are ususally very 

complex, such as a theatre group, or a user work situation and are better 

described in writing, or by using informal graphics. A manuscript for a 

film is one example that describes sequences of events to be interpreted by 

the actors.  

 

How do 

you do? 

Four wheels, engine accelerator, 

and a steering wheel.  

Release the clutch pedal slowly; 

when you hear or feel the engine 

begin to slow down, slowly press 

down on the gas pedal as you 

continue to release the clutch. The 

car will start to move forward. 

F        

”Before you do this, close 

all windows” 



 Hakan Gulliksson  58

   

"Non mi legga chi non 

e matematico." 

(Let no one read me 

who is not a 

mathematician.) 

Leonardo Da Vinci 

 

Definition: An allegory is 

an extended metaphor in 

which objects, persons, and 

actions are equated by 

meanings that lie outside 

the narrative itself. 

The Net  

Another way to classify models is as descriptive or predictive. Models 

used for engineering are mostly predictive and built on mathematics. They 

can be used to evaluate performance without actually building the real 

thing. Descriptive models, as the name suggests describe. A metaphor is 

one example, describing by analogy, where the mapping is done, not by 

formal rules, but by associations, cultural, personal, or other. One 

example is the window as a useful metaphor of a user interface. The user 

looks through a window into the realm of the computer application, much 

in the same way that we look through an ordinary window. Another 

useful metaphor, that we will use later when we describe different ways to 

organise data, is the tree with its roots, trunk, branches, and leaves. In fact, 

metaphors are much more common than we realise. One example is that 

“up” is used as a metaphor for “more”, and that the future is “ahead” of 

us. As we identify patterns using associations and metaphores we reduce 

complexity and save effort, adding another useful method to those 

discussed in Chapter III.2.2. Note that how we model, and even what we 

model, depend on our culture and our language. 

 

Time is money is another metaphor. As with all modelling it will hide 

some aspects of the phenomenon modelled and focus on others. The 

metaphor will make us conceive of time as a limited resource and we will 

act accordingly [GL]. Think about what behaviour the metaphor “time as 

an ocean” would suggest. Time as a resource, such as in “time is money”, 

indicates that time can be given as a gift, which would be a nice thing, but 

quite difficult. The metaphor hides the fact that time is one way only.  

 

From the above we can learn that modelling involves trade offs. In 

addition to the choices indicated above we have the following: 

 

 Analytical – Learned. An analytical model formulated as a 

program or a mathematical formula is explicit, but rigid. 

Learning a model is nature’s alternative solution, but what is 

learnt is not always possible to explain, verify, or delete.  How do 

you for instance estimate the time it takes you to go from bed to 

your chair at the office in the morning? Do you use an analytical 

model, a learned estimate, or a combination? 

 Pure model – Data only. A pure model is computationally 

demanding. The alternative using data only is exact, but might 

need a lot of memory.  Consider for instance the size of a 

database of photographs where all possible views of a face are 

stored, to be used for face animation. 

 Context screened– Context driven. Allowing context to affect the 

model makes it believable and reality based, but at the cost of 

increased complexity.  

 

III.3.6 Mathematical models ( -a -p ) 

Mathematical models are universal, meaning that they can be used in all 

types of application areas. A never-ending debate is whether mathematics 

is the fabric that we live, and that we discover bit by bit, or if mathematics 

is actually invented by us. Strangely enough many natural phenomena are 

easily described by mathematics, at least in a first approximation.  

 

The ultimate model of reality 

is reality itself, and such a 

model will certainly be 

complex 

Descriptive models: 

topographic map, 

orthophoto map, satellite 

image map, ecological 

map, geologic map… 

What metaphors would you apply 

to describe how to get where you 

want in a complex topology of 

web pages? 
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“You do not learn 

mathematics, you 

get used to it.” 

“Mathematics is 

ruthlessly cumulative, all 

the way back to counting 

to ten” 

[SP] 

A sine wave is for instance a good approximation of a key played on the 

piano, and with mathematics it was possible, hundreds of years ago, to 

calculate the planetary orbits. Then there is Pythagoras’ Theorem.  

Is h2 = a2 + b2 just a convenient coincident? The man P. himself did not 

think so. Even more fantastic are the equations formulated by James Clerk 

Maxwell around 1860. In four short lines he formulated equations that 

describe the laws for electromagnetic fields. Albert Einsteins formula 

E=mc2 is also fascinating. Why should there be a relation between energy 

(E), mass (m), and the speed of light (c) and why is this relation so simple? 

Of course this is only a model of reality, but there is no better model 

around. We have thoroughly integrated many models in our thinking and 

some are now fully accepted. We actually believe that an apple falls to the 

ground because of a “well-known” force called gravity. 

 

Mathematics is strangely enough not easy to divide into nice categories. 

Words like analysis and algebra are used with broad targets. We will 

anyway in the following try to establish a taxonomy for mathematic 

modelling where it is grouped into analytical, numerical, and 

observational models [NG]. 

 

Signals and systems can be described in two ways. One way is to assume 

that we know their exact behaviour, and consequently work with 

deterministic signals and models, usually ignoring or simplifying noise 

modelling. In mathematics a deterministic model of a system is 

formulated in one or more equations and is called an analytical model. By 

solving the equations we can study the system. For a slightly more 

complex system we need a computer to solve the equations and help us to 

find a numerical solution, i.e. an approximation. 

 

If we are unable to exactly model the signal, or the system, we can 

approximate its behaviour using an observational model. One example is 

to approximate the A note with a 440 Hz sine wave, both for the trumpet 

and the piano.   

 

If we only know some statistics about the signal, then we need an 

alternative to the deterministic model, this is the real world! Noise, faulty 

measurements, human behaviour, and actually most things around us are 

statistical in nature. Models taking this into account are called stochastic 

models. Accordingly, signals of this kind are called stochastic signals. 

 

From the above you can guess that mathematics is a wonderful tool for 

modelling. That itself is enough to motivate spending time with 

mathematics. But, there is also another reason. Mathematics gives us a 

good training in abstract thinking, i.e. training in abstracting concepts 

and building new abstractions from these.  

 

Think about the number 3 for a while….. Then think about a 

representation for the number 3. For the second task you might think of 3 

fingers, 3 apples, or something like that. For the first task it is presumably 

difficult to explain exactly what you were thinking about. For you the 

concept of 3 is an abstraction. A small child might need to hold up 3 

fingers and count them to arrive at the number, but with some training 3 is 

already there, somewhere inside of you. 

 

In his book “How the mind works” the author Steven Pinker asks: “How 

can people use their Stone Age minds to wield high-tech mathematical 

instruments?”. This is a good question posed also by most students taking 

1 + 1 = 3 (for sufficiently 

large one’s) 
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Math courses, but obviously we can do it since mathematics is man made. 

Part of the answer is that we reuse reasoning on spatial concepts that we 

have already installed. A line is for instance something that we can 

visualize and realize. Another, and very important answer that we already 

discussed above, is practise. By practising we can become used to 

concepts, we chunk the concepts together and practise again to accept the 

chunked concept. The multiplication of 7 and 8 will after some practise 

directly be represented by the number 48. 

 

Mathematics time and time again force you to abstract, understand, accept 

and take another step of abstraction. Start with numbers, add operators +, 

-, .., add variables x, y, z. Is it not fantastic that there is only one formula, 

πx2, to calculate the area of any circle?  

 

Addition and subtraction are so fundamental that we do not even think 

about them as mathematics. They are fully integrated into our lives and 

into the world. The eye sums quanta of light, co-operation means that two 

units working achieves more than one. Our sensory system detects 

deviations from the normal, i.e. what is detected is the difference of the 

state of the world from its previous state. Linear combinations are slightly 

more advanced sums where several components are added together. One 

example is a recipe for bread where ½ kilo of flour, ½ litre of water and 25 

grams of yeast are mixed. Another example is that you get green colours 

by mixing different proportions of blue and yellow pigments, i.e. Green = 

αBlue +βYellow, where α and β are constants. 

 

Next we add the function, i.e. a mapping from one domain to another. 

One example is f(t) that maps t to some value f(t), for instance time to a 

position for a moving object. Now we are getting powerful. We can 

generalise and describe many mappings. We then add operations on the 

functions, like the derivative f´(t) that corresponds to the slope of f(t). 

 

 

 

 

 

 

III.3.8 The computer program as a model ( -a -p ) 

Software is an ambiguous word meaning different things to different 

people [TWD]. It can denote a specific application, a set of applications, a 

structure of software components, a user interface, or an Application 

Programmers Interface (API). One interesting view of software, 

concordant with the other topics in this book, is software as a medium for 

creating virtual environments. Even most desktop applications can be said 

to create a virtual world. Word ®, that is used at this very moment is one 

example. “Word, world of words”. People affected by the software should 

be thought of as citizens of, or inhabitants in, the software rather than 

merely users [TWD]. Design is a good description for the creation of these 

worlds and the programmer is responsible for creating a static description 

that is unleashed into a dynamic, almost living, being. By manipulating 

symbols, real world physical events can be generated, and the 

environment manipulated. To avoid being drowned by complexity the 

designer has to make the right kind of approximations, adapting the 

solution to the problem at hand, and to the tools available. This is truly an 

art where aesthetics and good judgement are necessary. 

 

f(t) 

f´(t0) 

t0 t 

Figure III.3.6 Function f(t) 

and it’s derivative. 

Babylonians finally began to 

use a special sign for zero 

around 300 BC. 

A program is a list of 

instructions, together with 

any fixed information 

required to carry out those 

instructions. 

Für i = 10( -1)0 

  ai =>= t 

 (Sqrt Abs t) +  

 (5 x t x t x t) 

=>= y 

 Ende Index i 

 Schluss 

(Rutishauser 1958) 
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The 

cloud 

language 
 

HG et al 

Imagine what kind of 

palaces people would live in 

 if all you needed to do were 

to draw a blueprint, hand it 

to a machine, and see the 

structure realized automati-

cally at the cost of a few 

drips of electricity. 

[DG] 

 

The purpose of a computer program is first to represent behaviour, i.e. to 

implement an algorithm. Second, the program represents objects and 

relationships in the problem domain. When the algorithm is run the 

results produced should be correct relative to the domain [TWD2].  

 

A program can be seen as a rigorously defined recipe prescribing a 

sequence of distinct actions. A computer traverses the specified 

operations, and produces a result that is always true, at least from the 

computers point of view. The programmer usually has a different view, all 

the way to the product release party. Compare the execution of a program 

to a less orderly system such as the clouds in the sky on a summers day. 

The clouds emerge, change shape, and dissolve without any predefined 

recipe. A software program is not a good way to model a cloud, but what 

is the difference, why is not programming appropriate for modelling 

clouds? 

 

Support for designing applications is provided by libraries, frameworks, 

toolkits and infrastructures. A library is a set of packetised reusable 

procedures. One example is a library for string manipulation. A 

framework supports some basic reusable functionality in a software 

system, and toolkits add reusable components to the framework. 

Microsoft Windows® provides an event dispatching system to an 

application, i.e. a framework, and on top of this the Visual C++ 

development environment can be used to add buttons and forms, i.e. it 

provides a toolkit to a Windows application. An infrastructure is also a 

framework, but with a broader scope. It provides basic facilities, well-

known reliable services, available for a larger class of systems. The 

Internet is one example; a local area network is another one. 

 

III.3.8.1 A programming language 
Let us build a small, fictive, programming language to illustrate the 

concepts. The purpose of the language is to execute actions in a 

programmer-defined order. For this the language provides two types of 

actions, or operations: 

 

1. Primitive operations 

2. User defined operations, i.e. grouped sequences of primitive and 

user defined operations. 

 

One example of a primitive operation is 

 

ADD(1,2) 
 

It adds two input parameters, here 1 and 2. This operation is useful only if 

we can represent, i.e. store, input and output variables. We would like to 

identify objects and variables along with their type, or characteristics, as 

we do in everyday life, e.g. “Hakan is a human”. In a programming 

language this is done by using typed variables. For the ADD operation we 

need some integer variables and we define them as:  

 

int in1, in2, out 
 

This should be read as “in1, in2 and out are of type integer (int)”. We now 

can use the variables as: 

 

out = ADD (in1, in2) 
 

not comprehending 

so read again 

unless bored or 

impatient 

go on 
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A complete program using the constructs above could look something 

like: 

 

int   in1, in2, in3, out; 
 
in1=1; 
in2=2; 
in3=3; 
 
out = ADD (in1, in2); 
out = ADD (out, in3); 

 

where we have added some semicolons “;” to help the computer read 

(parse) the program. What is the value of the variable out after the last 

operation? 

 

Programmer defined operations extends and specialises the language. In 

some languages they are called functions, in other procedures, and in yet 

other methods. They encapsulate functionality, hide details, and support 

reuse. One example of a user-defined function is ADD_3 (in1, in2, in3) that 

adds three integers together. We could reuse the interior from the 

program above and design the following function: 

 

ADD_3 (in1, in2, in3) 
 
int in1, in2, in3; 
int out; 
 
out = ADD (in1, in2); 
out = ADD (out, in3); 
 
return out; 

 

The new function serves as an aggregate and substitute for the original 

code. To use it we only need the following code: 

 

out_value = ADD_3 (1, 2, 3); 
 

A sequence of operations as in the programming example above is a very 

simple sequential structure. In daily life we also perform operations in 

sequence. We are also constantly faced with choices that in effect selects 

between different sequences of actions.  

 

 

 

 

A programming language also needs a way to express choices, otherwise 

it is impossible to implement complex functionality. The way to do this in 

many programming languages is by an “If (condition) Then operation1 

Else operation2” construct. In a program this could look something like: 

 

IF (in > 1) THEN out = ADD(1,1)  
ELSE out = ADD(2,2); 

 

The condition “>” checks whether  the value of  variable “in” is larger than 

1. If this is the case the ADD operation is executed and out will be set to 2, 

if not, then out is set to 4. 
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FSM : An abstract machine 

consisting of a set of states 

(including the initial 
state), a set of input events, a 

set of output events, and a state 

transition function. The 

function takes the current state 

and an input event and returns 

the new set of output events 

and the next state. 

 

Computer scientists are 

seldom flummoxed 

Jacques Ferber. 

 

Many of the tasks that we perform are repetitive, for instance “while 

snowing shuffle”, “for a hundred times do a push up”, or “repeat push up 

until tired”.  

 

 

 

 

To model this we add a For-loop construct to our experimental language. 

It manages repetitive operations and looks like: 

 

For ( i = 1, 100 ) do out=ADD(out,1); 
 

which means that the addition will be performed a 100 times.  

 

How about concurrency? How is that accomplished in software? A typical 

computer is inherently sequential, but since it is so fast we can still mimic 

parallellism by time-shared execution of several programs. 

 

When assigned a programming task you first of all need to understand 

the programming constructs of the particular programming language 

chosen, they are the modelling elements at your disposal. But, matering 

the language is not all there is to programming, the really difficult part is 

to map the problem at hand to these constructs. This is the real challenge 

that certainly needs training and creative thinking. 

 

This chapter is about modelling. From this perspective a question is why 

not to use the program code itself as the model of the problem that is to be 

solved? Try to prioritise the following objections. 

 

 Difficult to analyse the behaviour of a program from code only. 

 Large number of details useless for understanding behaviour. 

 The implemented program is only a special case of the sought 

behaviour. Other implementations, for instance in other 

programming languages are possible. 

 Parallel execution in modern hardware increases difficulty to 

extract behaviour. 

 Interesting systems and their implementations are complex. 

III.3.9 FSM, EFSM, event or time driven ( -a +s ) 

A system can be characterised by its state variables. Considering this, a not 

too far-fetched idea is to model a system as a number of states and 

transitions between these states, i.e. by a FSM (Finite State Machine), also 

called a finite state diagram.  

 

One example of a FSM is the small model of a light button, shown in 

figure III.3.7. This model has two states (On, Off) and two transitions that 

each executes one operation (Turn light on, Turn light off). Each transition 

is triggered by an event (Push button) where an event is something in the 

environment that the system can sense. At each state an output signal or a 

command can be issued that affects the environment. In the simple model 

above this command is implemented as power, or no power, to a lamp 

(not shown in diagram).  

 

 

 

 

 

Off On 

Push button/Turn light on() 

TURN 
LIGHT 
OFF 

Push button/Turn light off() 

Figure III.3.7 A very simple 

finite state diagram with two 

states and two transitions. 

 

An event is something or other, and 

something or other VERB 

Something or other-> 

Something or other 

[CC] 
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Life is pleasant.  

Death is peaceful. 

It’s the transition that’s 

troublesome. 

Isaac Asimov 

 

 

 

 

A FSM is very useful for describing the behaviour of a small system, but 

for large systems the number of states and transitions becomes an issue. 

The graph will be more and more cluttered as the number of system states 

grows. Other problems are how to describe transition sequences of 

arbitrary length, states with memory (state variables), and parallel actions. 

 

As usual when something becomes complex we can use hierarchy, here in 

the form of the EFSM (Extended Finite State Machine). The important 

feature added to an EFSM is that a state can itself be a state diagram.  

 

Let us exemplify an EFSM by the simplified model of the behaviour of a 

student at a lecture, see figure III.3.8 below. The first, upper level, models 

the two states “sleeping” and “awake”. The latter state is divided into two 

sub states, “waking up” and “falling asleep”. 

 

 

 

 

 

 

 

 

 

An alternative to modelling a system as event driven, as described above, 

is to use a time driven model of the system where time slots are assigned 

for actions, and shared resources are scheduled over time. One example is 

a railway station where trains leave according to the timetable. An event 

based railway station is probably impossible to manage, and certainly 

inefficient. When enough passengers for Gothenburg have gathered, a 

train is boarded, and off they go. Taxi is one example where an event 

based principle is preferable. You call for a cab when you need it. A 

complex system is usually a combination of both event and time driven 

subsystems. Referring again to the taxi example, a school child that needs 

a taxi each morning would probably schedule the same taxi for every 

school day, at the same time, designing a time driven system.  

III.3.10 UML ( -a +s ) 

UML (Unified Modelling Language) is a language for expressing 

constructs and relationships in systems, using a graphical notation. The 

finite state diagram in the previous section is one example of a UML 

diagram. Other UML diagrams are the class diagram, collaboration 

diagram, and the sequence diagram 

 

Sleeping 

Awake 

Waking up Falling 

asleep 

States 

Transitions 

Figure III.3.8 An extended finite 

state diagram (EFSM). The  

awake state is described by a 

lower level state diagram. 
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UML is an object-oriented model. This means that all functionality and 

characteristics of objects are packaged in classes as attributes and 

operations. The classes are instantiated as objects in UML diagrams. 

Attributes are named and typed characteristics of classes that can be given 

a value, see figure III.3.8. One example is the attribute “name” of a person 

that is typed as a string of characters, and given values such as “” 

or “Pelle”. An operation could correspond to a method in Java, for 

example create(), or delete(). Object orientation ensures a good match 

between a UML model and its implementation in a object-oriented 

programming language such as Java.  

 

 

 

 

 

 

 

 

Figure III.3.8 shows the class Animal, and the class Dog. The Dog class 

inherits attributes and operations from the Animal class. The Animal class 

has the attribute colour, and the operation learn(). In addition to the 

attribute and operation inherited from its parent class Animal, the class 

Dog also adds its own, attribute barks, and the operation fetch().  

 

Classes are instantiated as specific objects, e.g. the object Fido is an 

instantiation of the class Dog.  

 

 

 

 

 

Class diagrams allow relationships to be defined between classes. In the 

figure III.3.8 above an “Is a” relationship,  also called a generalisation is 

shown.  

 

Associations are another important group of relationships that can be 

used to describe how and where messages are sent between classes. By 

associations interactions between objects can be described in UML. Below 

is a small class diagram for an autopilot in a car. The autopilot class is 

associated with one or more sensors and controls exactly one throttle. 

 

 

 

 

 

 

 

Object oriented modelling is a craft that is not easily learned. Although the 

concepts (object, class, attribute, …) are natural, using them in a software 

project to design a working system involves tradeoffs and judgement, i.e. 

practise is necessary, and experience counts. 

 

The next figure shows a UML class diagram that gives an overview of the 

classes used in this book for describing interaction. The diagram is only 

one out of many that could be drawn, and we will thoroughly discuss 

most of the classes, as well as many others, later in this book. 

 

Animal 

 

colour : Integer 

 

learn() 

 

 

 

“Is a” Dog 

 

barks : Boolean 

 

fetch() 

 

 

Fido : Dog Snoop doggy dog  : Dog 

Autopilot Sensor 

Throttle 

1..* 1 

1 

1 

An object is a physical or 

virtual entity having a 

specific set of attributes 

 that are all associated to 

values at a given time. 

 

Figure III.3.8 Class diagram 

showing inheritance, attributes 

and methods. 

 

Figure III.3.9 Two instantiations 

of the class Dog. 

Figure III.3.10 Class diagram 

with associations. 

What is the difference between 

an object and a state in a finite 

state diagram? Even though this 

question is easy to formulate 

and intuitively easy to answer it 

is quite hard to formulate a 

stringent answer. 

 

What is the difference between a 

transition and a method? 
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UML supports aggregation as well as generalisation. The graphic symbol 

used for this relationship is an open diamond 

 

 

 

 

 

Sometimes a FSM is not the best choice to describe the behavioural aspects 

of the system. One alternative is to focus on the data transitions. A data 

flow diagram, in UML called a collaboration diagram, describes how data 

flows between objects over associations. Sending a TCP/IP data packet 

over Internet is readily described at a high level using such a diagram. The 

rectangles in the figure below are the instantiated classes involved, and 

messages (packets) are sent between them by executing operations. 

“Send_data” in the diagram is an operation in the object PC1 and 

“send_tcp_ip” is an operation in RouterA. Messages are constrained to the 

direction indicated by an arrow, but by default associations are full 

duplex, i.e. without arrows messages can go both ways. 

 

 

 

 

 

 

 

 

 

As you might guess from the formalism in the figures, UML is an 

expressive language. There are many graphical syntactic elements, many 

more than we describe here.  

 

PC1 Application1 

1: send_data (data) 

RouterA 

2: send_tcp_ip (packet) 

Instantiated class Association (message) 

Dog Legs 
has 4 

Figure III.3.11 UML class 

diagram showing an overview 

over interactors. 

 

Figure III.3.12 Aggregation using 

a class diagram. 

 

Figure III.3.13 
Collaboration diagram. 

 

Human  

Thing 

 

Information 

(agent) 

swAssist 

hwAssist 0..n 

Task 

Assignment 

handles 

correspondsTo 

containedIn 

Context 

Using UML you can specify how 

things should behave. Suppose that 

you instead want to specify how 

they should not work. Is this 

possible using UML? Is it for 

instance possible to represent the 

statement “A person should not 

jump out in front of a car” as a 

finite state diagram? 

 

Do you use the concept of inheritance 

when cooking? How about 

aggregation? 
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"What is real? How do you 

define real? If you're talking 

about your senses, what you feel, 

taste, smell, or see, then all 

you're talking about are 

electrical signals interpreted by 

your brain.” 
- Morpheus in “The Matrix” 

 

A sequence diagram is another useful UML diagram, but here the focus is 

on sequencing messages, and timing. The participants, i.e. the objects, of 

the interaction each have a time line and transitions between the timelines 

describe interactions. The following example, see figure III.3.14, illustrates 

calling for an elevator by pushing a button. “Push button” is an event and 

press() is the operation executed by the object Floor button. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 UML is not the only graphical language used for modelling. A Pert 

diagram, CPM diagram, Network diagram, and an Arrow diagram all 

describe cause-effect relationships using nodes and arrows and are useful 

for describing synchronisation and other timing relationships between 

activities. The activity is for some modelling languages associated with the 

node and for others with the arrow, as shown in the following figure. 

 
 

 

 

 

 

 

 

III.4. System environment, context, it is all around us ( +s +u ) 

What a system can learn from its environment is very important. The 

environment is also a system, so many of the properties discussed in 

Chapter III.13 apply. A system can for instance be immersed in a 

deterministic or non-deterministic, static or dynamic, discrete or 

continuous physical environment. An environment in general can be 

opportunistic, hazardous or dynamic where the outcome of an action is 

uncertain or changing. But, even if the environment has certain properties 

this does not mean that the immersed system will perceive them as such. 

If we for instance send an intelligent thing that can sense only discrete 

events out into a continuous environment, the environment will be 

perceived as discrete.  

 

Event 1 
Activity 

Event 2 Activity 1 

Event 

Activity 2 

Figure III.3.14 Sequence diagram. 

 

Figure III.3.15 Should we use 

activity or event as nodes in the 

model? 

 

User Floor button Elevator 

door 

Push button/ 

Press() 

Elevator 

control 

Signal 

Open 

Object 

Time line Association 

Sketch the HITI model in UML 
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Physical environments are maybe the most obvious environments with 

variables such as temperature, humidity, and acceleration. They are 

inherently dynamic and continuous, for instance located in a mobile 

space, e.g. a bus. Furthermore it is impossible to have complete 

information about every aspect of them, which makes them non-

deterministic and difficult to fully control, modify, and plan for. 

Inaccessible, non-deterministic, and continuous environments are 

sometimes referred to as open environments. If open environments are 

designed then security and reliability should at least be strived for even if 

it is an impossible goal to fully achieve. Physical environments are also 

important since they cannot be ignored. One example is how noise affects 

speech recognition. Other examples are that keypads are difficult to use in 

the dark, and that LCD displays do not work well at temperatures below 

zero. The physical environment is of course also important since it serves 

as a reference for the virtual environment. Space, time, shape, motion and 

colour are all reused. 

 

 

Other kinds of environments are human based social and cultural 

environments,  such as a nation, an organisation, a family, or a discipline, 

for instance mathematics. Humans group themselves in many dimensions, 

i.e. in many different societies and in principle we could list an infinite 

number of possible social environments, each with a specific knowledge 

base, skills and behaviours. In practise, each application, or interaction, 

defines its own specific environment and together with administrative 

considerations and cultural habits this means that most interactions take 

place in relatively well defined environments, e.g. in homes, hospitals, 

schools, or cars. Some cultural environments are goal based, for instance a 

group of people travelling to a vacation resort, or focused employees at 

Ericsson. Others have less clear objectives such as a family, or the citizens 

of Umeå. A cultural environment is, unlike the physical environment, not 

necessarily placed in time or space. The IEEE organisation for engineers 

has over 30.000 members all over the world. 

 

Social environments are open and the complexity of the physical and 

human social environments cannot be overstated. 

 

+10 

-10 

+ 
_ 

Adjust outdoor 

temperature 
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“Welcome to the real world” 

The Matrix 

 

Cannot find Internet.sys.  

Universe halted. 

Internet 

 

 

World of entertainment, world 

of Star Trek, poetry, physics, 

golf, politics, parasites, Coca 

Cola. 

Software based environments are examples of a third type of environment, 

a technology defined environment. Developers need to carefully select 

the operating system, software libraries, and maybe also the hardware 

used. The virtual environment is a special breed of software-based 

environments. It is technology defined, with laws that you can tinker with, 

as opposed to the physical environment. In a virtual environment even the 

notion of locality could be modified, all participants in an interaction 

might occupy exactly the same location. For virtual environments, 

adapting the environment to the user or agent is a real possibility. So, 

instead of adapting thousands of software agents to the current Internet 

environment it might be more efficient to prepare and structure the 

Internet itself for the agent and user invasion. So far this has not been 

done, we talk about cyberspace and the information highway but 

structures, policies and social behaviour for those who travel on the 

highway are missing.  

 

We will discuss the environment, or context, many times in this book. 
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Part IV: Interactors, we are not alone.  

 

 

Now the time has come to introduce the participants of the interaction. We 

will use the term interactor to stress our interest in interaction. It is also a 

generic term, which helps us to abandon any prejudice linked to more 

specific terms such as person, or thing [BMD]. Other terms used for the 

interactor are agent, actor, participant, citizen, and sometimes also 

demon, monitor, interpreter or executive. A line of thought, that we will 

not follow up in this book, is that an interactor can be a part of another 

interactor, and itself a construct of interactors [BMD].  

 

The participants chosen are Human, Thing and Information. Why these? 

Why three? 

 

The human is a natural choice, the specie that created the environment for 

this book, close to the writer, and to the intended readers, a typical user of 

technology. 

 

The thing  as the second choice is more questionable. How about 

Dolphins? Ant colonies [DH]? The thing with the intelligent, designed, 

thing is that it is made by people and evolving very fast. Dolphins and ant 

colonies may be more intelligent than we think and have a lot to teach us, 

for instance on how to live our lives, but currently the communication 

bandwidth to them is quite limited. The tool has been with us since our 

savannah days, so interacting with its grandson is only natural. Also, 

human thing interaction has been explored by the Human-computer-

interaction (HCI) research community and by many other scientific 

disciplines, which means that there is a lot of knowledge around. As a last 

motivation, the thing is something real and commonplace. 

 

So we accept the thing as a participant.  

 

Are there enough participants? Let us take the perspective of a thing. This 

particular thing is communicating at 155 Mbit per second with software 

somewhere else. This software, is it a thing? It is certainly not human. The 

software in this imagined case is a component based database system, 

distributed such that the software for controlling the data retrieval is 

executed on many computers connected over the Internet. The data and 

the software is broken up into zillions of pieces, each residing on its own 

computer, out there somewhere. It seems that we have a participant here 

that is not human and not a thing (localised, real, something you can 

touch). This participant we call information, and it is not necessarily 

confined in space or time. It is virtual, hard to touch, difficult to lay your 

hands on.  

Definition: 

A thing is a physical object 

that can be referred to as an. 

 

 

 

Websters dictionary:  

Thing: The real or concrete 

substance of an entity. 

(one out of 19 meanings) 

 

I 
F 

M 

A 
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So, do  we accept information as a participant? 

 

Information does seem a bit dull as a partner in an interaction. Where is 

the spirit? People have intelligence, we have things all around us for 

physical support, but maybe information could match our intelligence, 

and our creativity?  

 

One way to define intelligence is as the ability to surprise a human and 

come up with new ideas, like the zipper, or the desktop metaphor in 

human-computer-interaction. What then is an idea? It is not a human and 

it is not a thing, even though both of these participants interact with ideas. 

A good idea is to include the idea in the information interactor where it 

opens up new possibilities. It interacts with other ideas to generate new 

ideas. If we add idea to the information concept, information does not 

seem so dull any more. 

 

Now, consider the World Wide Web. The initial idea was to associate 

information using active character strings, i.e. addresses as links. By 

clicking on a link we can display new information, including new links. 

This idea gave us the first web browser, and presently software agents are 

researched that spend their time out on the web collecting information. So 

from the initial idea of the active string many new ideas have emanated. 

Who could have foreseen the foraging software agents when the idea of a 

link was born? The agents are also information, interactors that we might 

refer to as active information. They can move, communicate among 

themselves, and even replicate. Such objects could monitor context, keep 

track of the interactors, and manage information transfer between them. 

 

With more than three types of interactors the number of permutations of 

pairs of participants in interactions will grow. So, also for practical reasons 

three is a good number. 

 

We will have a problem to classify many topics as belonging to either  the 

world of things, information, or humans. A human can for instance be 

categorised as a thing, as well as an information processing entity, and 

knowledge is relevant to all interactors. The approach taken in this book is 

stepwise procrastination with a human centered perspective. 

 

We start out by introducing the human, providing it with as many 

relevant characteristics as possible. Next, we discuss information. Once 

again we include as many aspects as possible. Much of what has been 

discussed up to that point applies to the thing as well, but we will not 

repeat any material, only add. There are still quite a lot of unique 

properties left to discuss for the thing.   

 

The illustration to the right shows how we focus on H in our model, 

embedded in information. Some of this information is directly mediated 

from the physical reality (T), but an increasing amount of it is managed by 

computers,  and gradually this information will be a world of its own, 

indicated by the arrows expanding the information area in the illustration.  

 

Now we will introduce a generic interactor and start by describing some 

of its characteristics. We continue by studying its processing in context, i.e. 

how interactors process input, and generate output. Examples are as much 

as possible given using the human as the interactor.  

 
 

HOME 

T 
I 

H 

T 

I 

H 
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Definition of an ideal rational 

interactor: For each percept 

sequence, do whatever action to 

maximise performance, on 

whatever knowledge available.” 

[JF, adapted] 

Humans and animals make 

inferences about their world with 

limited time, knowledge and 

computational power. 

Defining a living organism: 

 Metabolism (energy to 

building blocks) 

 Aggregation (body, 

external shell) 

 Reproduction 

(information transfer 

using genes or something 

equivalent) 

Does this exclude virtual life? 

IV.3. We have an interface, a structure, and processing capabilities  

To be really interesting an interactor should be autonomous, aware of its 

environment, and have a rational behaviour. With identity, intelligence, 

and a social life it can be someone like you. An actor’s behaviour can be 

conveniently represented by the Stimulus-response diagram (SR-

diagram) where the behaviour is characterised by its response to stimuli, 

see figure below [RA]. 

 

 

 

 

Elaborated somewhat more, an interactor is a physical or virtual entity 

with some, or all of the following skills [JF]: 

 

 It is capable of sustained acting in an environment. 

 It can communicate directly with other interactors. 

 It is driven by a goal, a set of tendencies (in the form of 

individual objectives, commitments, or of a satisfaction/survival 

function which it tries to optimise). 

 It possesses resources of its own. 

 It is capable of perceiving its environment to a limited extent. 

 It has a partial mental model of this environment and of its own 

history. 

 It possesses skills, offers services and is prepared to handle a 

possible failure. 

 It might be able to reproduce itself. 

 It has a behaviour that tends toward satisfying its objectives, 

taking account of the resources and skills available, and 

according to the information it receives, i.e. it has a rational 

behaviour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One important difference between the human and the other interactors is 

that humans cannot be changed, only adapted, whereas information and 

things can be both designed and adapted to suit the situation and the 

application at hand.  

 

Mental 

model 

 

Actions 

Perceptions 
Resources 

Environment 

Communications 

Goal! 

Figure IV.3.2 The interactor 

shown with its skills. 

Stimulus Behaviour Response 
Figure IV.3.1 Stimulus-response 

diagram. 
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Discrimination, identification, 

manipulation, describing and 

responding to descriptions of 

objects, events and states of 

affairs in the world. 

Five tasks a cognitive theory 

has to explain. 

Harnad 

I cannot survive without 

brainwork. What else is 

there to live for? 

Sherlock Holmes 

 

IV.3.1 Representation ( +u ) 

The representations of two interactors can be quite different. Face, 

interface, and surface are good descriptions of the representations for the 

interactors we have chosen, and will be discussed in the following 

chapters. Many interactors have a unique name or number, but  

representations also include views and descriprions of internal structures 

and architectures. Beahviours or actions, sounds, and organisation can 

also represent a system and some examples are gestures, and a line of 

people waiting at a bus stop. 

 

Affordance and accountability are two important concepts related to 

representation. Affordance refers to how appearance suggests function 

and gives opportunity for action. It is the relationship between the 

interactor and its environment. We for instance hold a pencil in a certain 

way, usually not even considering the infinte number of alternatives. 

Accountability is how interactors tailor their representations such that 

they can be understood, also in the course of action, and this is not always 

a static property of the system.  

IV.3.2 Perception and cognititon ( +u )  

The interactors detects, interprets, processes and effectuates. In other 

words it senses, perceives, and has cognitive and maybe even social 

abilities. Perception and cognition drive effectuators that generate 

outputs. Cognition is the functionality in the interactor for selecting 

information (attention), manipulating it (thinking, processing), and storing 

it (learning,  knowledge representation, memory). See figure IV.3.3 which 

shows the cognitive architecture. Sometimes perception is considered as a 

part of cognition, but we will treat it as a separate subsystem. The word 

cognition stems from Latin cognition, meaning examination, learning and 

knowledge, and cognitive science is the science studying such systems. It 

is a multidisciplinary research area and psychology, computer science, 

philosophy, linguistics, and biology all contribute. We will use the 

cognitive architecture in the figure to structure the discussion. 

 

Why the focus on human cognition you might ask yourself? There are two 

reasons for this and the first is constructive; if we better understand 

human cognition we might be able to build better robots or other tools. 

The second goal is simply curiosity, how do we work? By building 

systems that mimic humans we might learn a thing or two about 

ourselves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What it is – Object  

What it does - Processing 

“Homo sapiens, a bipedal 

primate mammal that is 

anatomically related to the 

great apes but is distinguished 

by a more highly developed 

brain, with a resultant capacity 

for articulate speech and 

abstract reasoning….“ 

Encyclopaedia Britannica 

 

Figure IV.3.3 The cognitive 

architecture for human 

information processing. 
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Perceiving is separating 

form from matter 

Aristotle 

From figure IV.3.3 we can see how sensory inputs, in different sensing 

modalities, flood the sensory system. Following paths through millions of 

neurons the input is passed, and massaged, until it reaches the central 

nervous system. Here sensations are combined to higher-level 

abstractions and processed by perception and cognition.  

 

Perception, from Latin perce’ptio, means to receive or apprehend. It is the 

process of merging input into a usable mental representation of the world. 

This means organising, ignoring, and interpreting sensations, and it is 

very important tasks for complex beings. It allows animals to function in 

the real world, to find their prey, and separate predators from nice looking 

individuals of the opposite sex. The number of perceptions and their 

content limits the complexity of the behaviour.  

 

A thermostat is simple and can perceive only two aspects of reality, too 

cold or too warm relative to a reference temperature. For a complex 

interactor like you to put itself in another interactor’s place you have to 

mentally emulate the perceptions of the other interactor. Try to put 

yourself in the place of a thermostat, how would you perceive reality? 

What is life like to a thermostat? 

 

Human perceptions are by evolution marvellously adapted to our 

environment, and they are very resource efficient. We perceive a tiger 

through sensations, a smell, and a terrible sound. The percepts make us 

focus our attention on the tiger, and we recall that a tiger is rather 

dangerous. At this stage not even our mothers would recognise our facial 

expression, and our blood freezes to an extent inversely proportional to 

the speed with which our legs propel. 

 

An interactor of type H or T senses its environment and convert external 

physical variables to internal representations. To an interactor of type I 

input and output degenerates to I-I interaction. Typical characteristics 

sensed are the physical properties, and their resolution in sensor space 

and time. There is an interesting trade-off here between sensing and 

knowledge that is nicely illustrated in figure IV.3.4, adapted from [RA]. In 

a structured world knowledge is easy to reuse and sensing is not needed 

to guide actions. In a dynamic world, such as a motor highway, sensing is 

necessary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The price of living by knowledge is additional demands on memory, but 

sensing also comes with a price. Continuously inspecting the environment 

is expensive. The world that people inhabit is definitely dynamic and 

uncertain, which means that sensing is of great importance to us.          

 

Dynamic and  

uncertain worlds 

Structured  

worlds 

Outdoor navigation 

One room indoor 

navigation 

Possible to 

predict. 

Utility of 

world 

knowledge 

Value of 

sensing 

Difficulty of 

sensing Figure IV.3.4 Trade-off between 

sensing and using knowledge. 

Definition: 

Perception: the act of appre-

hending material objects or 

qualities through the senses. 

Apple of my eye 

We are all disabled in 

certain situations, e.g in 

the dark. 
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Definition: 

Planning is the deliberate 

process of generating and 

analysing alternative paths 

through a system state 

space, before they are 

followed.  

Definition: 

A goal is the state of a affair 

that (when achieved) termi-

nates behaviour attended to 

achieve it. It is the end that 

justifies the mean. 

Definition: 

Knowledge is information in 

context, organised so that it 

can be readily applied to 

solving problems, 

perception and learning. 

"Pen bad. Keyboard good. 

Thought transference really 

good.” 

John Dobbin's matrix of 

input devices 

Input/ 

output 

Processing 

unit 

 

Memory 

A fundamental, and important fact is that perception is a guess! It is as 

close as we get to reality, but perceptions are often wrong because it is 

often a guess about objects and situations that is made based on 

insufficient evidence. A moving shadow could be an eagle, and the bird 

quickly hides, but it could be almost anything else that moves.   

 

Output, or action, is realised by effectuators, such as a display, a muscular 

arm, or some mechanical device. Similar to sensors effectuators also can be 

characterised by resolution. 

IV.3.3 Processing summarised ( +u ) 

Processing is the internal workings of the interactor, in contrast to 

perception that interprets external sensations, and to the actions that are 

the result of processing. Processing needs an execution unit that is fed by 

input data or information, i.e. memory or perceptions is also necessary. 

The execution unit can be characterised by its architecture and capacity. 

Our brain is one example of an execution unit, and one with a very special 

architecture and a limited capacity. For the input channel the most 

important attribute is the amount of data it can access per unit of time. A 

processing unit needs a description of how to use the information and 

programming, planning, reasoning, and learning are ways to generate this 

description.  

 

Many interactors reason on cause and effect: They think to achieve goals, 

form a plan, or to overcome some difficulty. A prerequisite for reasoning 

is a context, e.g. a subset of the complete mental state. 

 

A plan is a sequence of actions positioned in time to fulfil one or more 

objectives. The action sequence in is constrained by the resources 

assigned, such as time, money, and states. Planning might also include an 

optimisation problem if the best plan is not easily found. Reasoning is 

once again useful when the individual steps of the plan are selected and 

executed, and slight changes in the environment might necessitate 

adjustments to the plan. The reasoning can be practical or theoretical, 

where for instance evaluating the pros and cons of writing a book is an 

example of practical reasoning directed towards actions. In theoretical 

reasoning we rather reason about beliefs. If you believe that Sweden is the 

best football team in the world, and they loose to Norway, you have some 

theoretical reasoning to do.  

 

All of this seems rather useless without a goal such as a pat on the back, a 

smile, or reproduction, all very much social rewards. An objective, or goal, 

is traditionally viewed as a mental construct, but with new technology it is 

better thought of as an information structure. The goal is many times 

selected by reasoning and they together with their relationships make up 

the overall objective. Sometimes a goal can be reduced to subgoals and 

often they can be described as a desirable change of system state. Finally, 

both plans and goals have to somehow be represented whether they are 

goals of a human, or of a thing.   

 

At this point it is time to introduce knowledge, the input to processing, 

and the rules for it. A vital component of any system that is supposed to 

exhibit intelligent behaviour, and yet difficult to define. Without our 

collective knowledge and especially without the predictive power of this 

knowledge, human societies would not work. Knowledge is equally 

important to individuals. For instance, knowledge on how to dress in cold 
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Definition: 

Learning is to become able to 

respond to task-demand or an 

environmental pressure in a 

different way as a result of 

earlier response to the same task 

(practice) or as a result of other 

intervening relevant experience... 

H H 

O 

weather, the best wine to drink with an elk steak for Saturday dinner, and 

on how to behave when you get a temperature.  

 

Knowledge has to be generated and here is where learning comes in. 

Interactors operating in open, dynamic environments must adapt and for 

this they need to learn which is also important to improve reasoning and 

planning.  

 

The somewhat abstract definition to the right describes learning. 

Somehow the interactor gains knowledge and acquires skills, which 

increases performance. In a social environment where individuals learn in 

parallel and communicate the results to each other, we have a powerful 

tool for progress. Chapter IV.10 to IV.13 will elaborate on reasoning, 

planning, learning, and several other cognitive aspects for different 

interactors. Figure IV.3.5 models some of the aspects. 

 

 

 

 

 

 

 

 

 
 

In the following chapters we will discuss representations and 

characteristics of interactors and their modelling and implementation. We 

will do that using the human interactor as a reference as often as possible, 

So much to say, so little time, and only a few pages. We would like to 

stress the monstrosity of the subject ahead. Almost every statement in the 

following is worthy of its own book, and it is for instance impossible for 

any human to fully comprehend all of the behaviours that together sums 

up to what we call a human being. The enormous complexity of the 

human brain and of human society surprisingly enough stabilises the 

system, a good thing for survival. As a by-product the complexity adds 

inertia to the system, which is perhaps not so good for survival. 

IV.4. Human representations ( +s ) 

What can you read from a human? There are actually many different 

output channels available. Speech of course, but in general all of our 

behaviour in any given situation. As technology evolves it will open up 

new channels, both external and internal to the human body. External 

information could be extracted from measurement devices worn close to 

the body, such as a pulse meter that you always carry around with you. 

Complementary internal information can be extracted from the neural 

network, or other body systems at cell, or even at molecular, level.  

 

The main physical features of a human, from the perspective of  

representation, are eyes, mouth, fingers, hands, and body posture. All of 

which is specified and built by nature. The face is roughly symmetrical, 

probably because gravitation does not care for right or left, and the eyes 

are directed forward indicating that human is a hunter rather than hunted.   

H 

ZIP ID 

IQ $ 

cm 
kg 

hue 

IP 

It seems that we do not 

understand humans. Much is 

magic, like creativity. Is it 

possible to design and build 

something that cannot be 

understood? Are computers 

better at this? On the other hand, 

babies are made without 

understanding how we work 

ourselves! 

 

Idle 

Plan 

Action 

Learn 

Reason 

New goal Plan found 

Goal 

achieved 

Finished 

Fail 

Revised plan 

found 

Figure IV.3.5 One (out of many) 

possible state descriptions of 

the relations between planning and 

learning. 

Definition: 

Adaptation is an act of changing 

to fit different conditions. 

Sensuality, integrity, power, 

intelligence, attractiveness 

[CC] 
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Human noise and voice are other significant representations, and each 

human has its unique smell. How all of these representations affect other 

humans is not fully understood, but new clues are found by researchers all 

of the time. We for instance now know that we adapt more quickly to bad 

smells than to good smells. We on the other hand are more sensitive to 

bad smells, presumably for evolutionary reasons. 

 

The representations of humans are dynamic.  Gestures and facial 

expressions  can mean different things depending on their timing, but 

dynamics is even more important for the human voice.  

 

The human being is an entity studied by other human beings; it is in other 

words a social being, and neither good nor bad. A human is equipped 

with a consciousness somehow integrated with the body and can have a 

belief about things (intentionality), and discuss what it feels like to taste 

chocolate (qualia). One remarkable feature is the freedom of choice, or in a 

slightly more negative formulation, the necessity to choose how to act at 

every moment. No human should be treated, or even regarded, as a tool, 

but as an individual with a unique personality. 

 

The human body is an engine consuming energy, and it is a 100.000.000 

times as heavy as a drop of rain, and 10.000.000 times as long as a virus. 

Basic building blocks are atoms of carbon, nitrogen, and hydrogen. At 

another level she is a system of interacting organs, brain, lungs, heart, 

guts, that is sustained by food. On yet another level of abstraction she can 

be described by behaviour, thinking, memory, perceptions, consciousness, 

feelings, and emotions. As a race humans weights in total about as much 

as 50 pyramids. An amazingly complex blueprint for a cell structure is 

continously developed through interactions in a social and physical 

environment. The disposition of a person as a whole is not easily 

attributed to any single reason. But, as with looks, at least some features 

are inherited from parents. 

 

 

A human being should be able to change a diaper, 

plan an invasion, butcher 

a hog, conn a ship, design a building, 

write a sonnet, balance accounts, 

build a wall, set a bone, comfort the dying. 

Take orders, give orders, co-operate, 

act alone, solve equations, analyse a new problem, 

pitch manure,program a computer, 

cook a tasty meal, fight efficiently, die gallantly. 

Specialisation is for insects. 

Robert Heinlein 

 

applause, bite, boo, breath, burp, 

cheer, chew, chomp, cough, crowd, 

cry, drink, eat, fart, footsteps, 

gargle, gasp, giggle, groan, grunt, 

gulp, heartbeat, hiccup, kiss, laugh, 

scream, sigh, slurp, sneeze, sniff, 

snore, write, yawn, yell 

The average human body contains 

enough: iron to make a 3 inch nail, 

sulfur to kill all fleas on an average 

dog, carbon to make 900 pencils, 

potassium to fire a toy cannon, fat to 

make 7 bars of soap, phosphorous to 

make 2,200 match heads, and water 

to fill a ten-gallon tank. 

Internet trivia 

"A human being is the 

measure of all things –  

of things that are, that they 

are, and of things that are 

not that they are not." 

Protagoras 480-411 BC 

 

Who, or what, is looking 

out my eye? 
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Definition: 

Data is any symbol, sign or 

measure in a form that can be 

directly captured by a person or 

a machine. 

Definition: 

Information is data that has a 

value depending on context. 

 

IV.5. How to recognise Information? ( +s ) 

Information, featuring the idea, is the second participant in the HIT troika 

and the most information packed one, characterized by repetition, change, 

pattern, and surprise. How basic it is to life is best exemplified by the 

genetic code. This code is copied, mutated, and interpreted, and gives rise 

to all living creatures. Information does not die from old age, but it can be 

deteted. It can also be modified, filtered, and replaced. Another 

description is information as “a correlation between two things or events 

produced by a lawful process”, exmplified by that information about the 

temperature is found by looking at a thermometer [SP]. The word 

information originates from the Latin word informo that means to educate, 

or to shape, something, but nowadays the popular everyday usage of the 

term refers to facts and opinions obtained through life. Without it we do 

not know anything. Not all information is knowledge, i.e. deeper insight, 

and certainly most information will not qualify as wisdom, where morals 

and ethics are important. Information is a necessary condition, but not 

sufficient in itself for knowledge and wisdom.  

 

A word often (mis-)used synonymously with information is data, plural of 

datum. Strictly speaking data is shaped information, i.e. information that 

is represented and coded, many times digitally, in documents or 

databases. The concept of data assumes that there is a reality outside of the 

human mind or the machine, which cannot be directly captured, but can 

be indirectly sensed, measured, and represented as data. An interesting 

analogy is between data and information on the one hand, and sensation 

and perception on the other.  

 

In this chapter we will sometimes view data as a signal, which is broadly 

defined as an interruption in a field of constant energy transfer, possible to 

code or refer to, using spoken or written language. Defined this way a 

signal is the most basic unit of communication.  

 

The value of information depends on by whom, when, and where it is 

used. Information at the right time can be valuable, as history shows and 

if a thermometer shows zero degrees Celsius a bushman would quickly 

hide from the cold, while an Eskimo would not complain at all (maybe it is 

too hot?). In the wrong context information is just data. Reliability and 

completeness also affects the value of information. If the price is X98.99, 

this is not very valuable information, we would really like to see that 

missing number; 298,9X on the other hand is all right.  

 

Information as data, with a value, in context, is not enough to make 

information an interesting participant in interactions. But, if we add 

interpretation of information, as in the genetic code, information becomes 

more interesting. If we to this add some capability to act on the 

information, we have active information, possibly a rational agent. This is 

the technological counterpart to a human and is exemplified by software 

based  mobile agents roaming through the Internet transmitting 

themselves, their program, and their state between computers. A really 

annoying example of active information is the computer virus. Some 

viruses are now called worms, beware when they reach higher levels of 

consciousness. 

 

 

H 

ZIP ID 

IQ $ 

cm 
kg 

hue 

IP 
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IV.5.2 Shannons information theory ( -d +u )  

Published as “A mathematical theory of information” the information 

theory was formulated by Claude Shannon as late as 1948. Quite late for 

mathematics used today in practical applications. Actually Mr Shannon 

did not intend to publish his findings, but he was urged to do it by his 

fellow employees! He retired at the age of 50, a wise man indeed.  

 

The theory defines information as a probability. A less probable event 

carries more information and is more difficult to transmit. The most used 

unit of information is bit and has two states, normally denoted ‘1’ and ‘0’. 

This is strangely enough also the name and notation used for data 

represented by a computer. One example of an information system is 

flipping a coin. Head or tail are the only information units and the 

information content of the system is low (1 bit) since both head and tail 

have an equal, and not too high, probability. A large number of 

improbable messages could represent an enormous amount of 

information. One example is a ballet.  

 

Armed with Shannon’s model we can predict the amount of information 

possible to send over a channel with a limited capacity, at least for simple 

channel models. We also can predict the compression ratio of a video. The 

bounds provided by information theory are fundamental, they are like the 

speed of light, nothing that can be stretched or circumvented.  

 

Using only probability as a basis for information is not always a good 

choice. It will not take into account the semantics or the aesthetics of what 

is said, just the probability that it will be said. If you call the fire station 

and tell them that it is your birthday it will be a highly unlikely message 

with lots of information. The firemen will however not be very interested 

though, they are only interested if the candles on the cake have set fire to 

your house. 

 

Some other problems with the model by Shannon are that many 

expressions are ambiguous, they mean different things in different 

situations, and that we use non literal sentences such as “Nice weather, 

huh” when it snows for the fifth day in a row. The last problem of the 

model, that we will discuss here, is that it fails to take higher levels of 

noise into account. Trying to persuade a wolf that rabbits are cuddly is one 

example where bias, prejudice, and cultural effects distort the message. 

Another example is using complex terms, as in a technical jargon.  

 

IV.5.3 Gerber´s model of communication ( -a -d +u ) 

As noted, the model by Shannon is useful but does not care about the 

meaning of information. To fully represent information and 

communication we need complementary models. One alternative is 

Gerber’s model that extends the model by Shannon such that the 

interpretation by sender and receiver matters [JF]. 

 

Inform. 

theory 

Order the following messages 

according to their information 

content: 

I see a red car. 

I see a yellow car. 

I see a T-Ford.  

I see a horse. 

 

Ambigous 

expressions 
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Discrete signal. 

 

 

Analogue signal. 

 

 

Analogue signal. 

 

 

The participant A perceives an event, for example a camera image, and 

builds her own representation, percept E1, from this event, see figure 

IV.5.1. This perception will be a filtered version of the original event.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participant A packages the percept as a signal with content C. Depending 

on how this is done information might be lost. In the example A calls B on 

the phone and orally describes the photograph (taken 1.3 seconds before 

the photographer was killed). In the last stage B does an interpretation of 

the signal received, which once again could alter the information: The 

question now is if B will perceive the same thing as A. Let’s say that A 

briefly describes a brown animal on the photograph as a “dog”. The 

interpretation by B could well be that of a spotted dog similar to his own 

puppy at home.  

 

Successful communication in the model requires the ability of the sender 

to represent the knowledge of the receiver and this surpasses what is 

possible for animals [DAN]. 

IV.5.4 Representations of information, see the soul of I  ( +u ) 

Talking about representations of information is actually a tautology since 

information is representation, and a representation is information. 

Anyway, almost all information is analogue, i.e. continuous in amplitude 

and time. But, analogue signals are not very suitable for the computer, so 

we have to represent them as sequences of ’1’ or ‘0’ (binary numbers). In 

computer storage a ‘1’ or a ‘0’ is referred to as a bit. Bits are grouped in 

groups of eight bits, each group called a byte. Why eight? 

 

 

 

 

 

 

 

 

Digital numbers can easily be represented in the computer as a string of 

bits, each interpreted as a power of two. The digital number 11 is binary 

“1011’, which could be written as is 1·23+0·22+1·21+1·20 as in the figure 

IV.5.2 above. Representing floating point numbers is more awkward, 0.5 

is all right (2-1), but how do you represent 0.3?  

 

Figure IV.5.2 1011 (binary) = 11  

(decimal number representation 

101 + 100 = 11). 

 

Figure IV.5.1 Gerbers 

model of communication. 

 

Percept 

E1 

 

A 

Percept 

E1 

B 
S 

Signal 

form 

C 

Content 
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“The wheel of time turns and 

ages come and pass, leaving 

memories that become legend.  

Legend fades to myth and 

even myth is long forgotten  

when the age that gave it birth 

comes again” 

Wheel of time, Robert Jordan 

RIP  

1910-1990 

Text in the computer is coded, i.e. represented, as a sequence of ASCII 

codes, each a sequence of bits. One example is the string H G , with the 

binary ASCII representation (1001000, 1000111) and the decimal ditto (72, 

71).  

 

If we measure our temperature and find it to be zero degrees we know we 

are in trouble. We have several choices, either we represent the 

temperature by a single bit ‘0’, or by a fixed length number “00000000”, or 

as the ASCII character “0” in bits represented as ‘0110000’ (48). 

Representation of information is already a bit complicated.  

 

Moving upwards in the representation hierarchy we come to image, 

video, and sound which also have to be stored as digitised samples in the 

computer. Analogue representations such as sound cassette tapes and 

analogue records are less interesting with improved digital quality and 

storage capacity. For video and photography analogue formats are still 

important, but at least for photography the digital technology will soon be 

both cheaper and better. At an even higher level we can represent a story, 

law, constitution, and a weather forecast. What is the next higher level? 

What is the highest level? 

 

Not all information has a physical representation. A yellow coffee cup, a 

book, and a television set have representations, but what about Master of 

Science, subtraction, or reincarnation? You understood what we meant by 

Master of Science without us showing you a typical specimen. We only 

needed three printed words (17 characters) to represent this abstract idea. 

The duality of information as both representing something and at the 

same time being a physical entitiy suggests that our own complex mental 

processes also can be represented physically. A house is represented by 

the word “house”, by voltage potentials in memory circuits, or by ink dots 

on a paper. How do we humans represent it internally? 

 

The temporal dimension is a special case. Time can be represented as a 

time line where events are positioned, and from such a representation the 

temporal relationships between events can be found. We can easily see if 

an event is before, after, or overlaps another event, or time period. Like 

any other value, time can be represented as binary, digital, or as ASCII. 

Time can be pinpointed quite exact as in 24.00 31/12 1999, or less precise as 

in a couple of hours, eons, or a generation. Some time values are cyclic, 

7.00 AM happens every day, not only the day the alarm clocks celebrates 

it. The year 2000, on the other hand, will never again occur, unless we 

change the calendar.  

 

There are only a few basic ways that we can arrange data [RSW]. The most 

important ones are by number, and by time as described above, but we 

can also use magnitude, alphabet (from A to Z), category (similarity), 

location, continuum or randomness, i.e. lack of organisation. Each of 

these alternatives can be represented in many different ways. Magnitude, 

for instance, can be represented by a measuring stick, distance, and 

viewing angle, or by words such as in “bigger than”.  

 

Size 

Shape 

Light 

Masters of science! 

y 

t 
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IV.5.5 Painting, Image and Video ( -p +s ) 

The creation of real world artefacts such as images as representations of 

our inner mental models must have been a great leap for humanity. It was 

the first attempt towards a written language, taken at least 15.000 years 

ago. An image is an abstraction where reality which is 3D is mapped to a 

2D surface. Image synthesis has evolved quite a lot since the cave-graffiti, 

and our external representations are now central to our society. The 

engineering community depends on graphical tools for synthesis, and so 

do designers and artists. We are however still very limited by our tools, 

and at the same time totally dependent on them. Is it possible to do an oil 

painting using a computer? Is it even a good idea if it can be done? 

 

Image analysis is the other side of the coin. From the scatterings and 

reflections of light around us we perceive the world. This light is, as all 

physical representations, very much an analogue phenomenon, impossible 

to represent exactly in the computer. An oil painting is quite a different 

representation from the computerised image, see figure IV.5.3. The 

painting is analogue (real) and the brushstrokes are modulated three-

dimensional structures such that the painting will look different due to 

lighting and viewing direction. How do we represent this in a computer?  

 

123 123 145 178 179 178 145 123 123 135 142 138 244 244 232  

122 123 123 145 178 179 178 145 123 123 135 142 138 244 244  

127 122 123 123 145 248 249 248 245 123 123 135 142 138 244  

131 123 122 123 223 145 178 179 178 245 123 123 135 142 118  

175 134 129 222 123 123 145 178 179 178 245 123 123 135 142  

134 129 122 223 123 145 178 179 178 145 223 123 135 142 118  

144 132 175 234 129 122 123 123 145 178 149 178 145 123 123  

144 244 132 255 134 129 122 123 123 145 239 179 178 145 123  

138 244 144 132 175 134 129 122 123 123 245 178 179 178 145  

142 188 144 244 132 175 134 129 122 123 223 145 178 179 178  

135 142 138 144 244 132 175 134 129 122 223 123 145 178 119  

123 123 135 142 118 244 144 232 175 234 129 122 123 123 145  

123 123 145 178 129 128 245 223 223 135 142 118 244 244 232  

 

A major difference between computer-based images and real world 

representations is that it is much easier to copy a computer-based image, 

we can even do an exact copy. A digitised representation of a painting is 

consequently possible to copy, but not the painting itself. This possibility 

causes quite a lot of copyright problems, especially when a digitised copy 

with lower quality, e.g. MP3, images, or movies on the Internet, satisfies 

the presumptive customer.  

 

Figure IV.5.3 Computer 

image representation. what 

is this? 

 

If the number of humans that has 

lived so far is 1011 and they each 

have seen 30 images per second, 

16 hours a day, for 70 years. 

What is the total number of 

images that have been seen?  

[Owe this example to Professor 

Haibo Li at Umea University] 

A graphical object O of 

the Euclidian space Rn 

consists of a subset  

U   Rn 

and a function  

f: U  Rp 

(U defines the shape of 

the graphical object and 

the function f defines the 

attribute space) 
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A digital image is represented as an array of pixels in the computer. Each 

pixel is stored as a number of bits, usually 8, 16 or 24, see figure below. 

The bit value of a pixel is mapped to intensity or to a colour and the 

resulting image is called a bit mapped image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A nuisance with images is the large amount of data needed to represent 

them. This is one of the problems attacked by the important and extensive 

standardisation for image coding. The two formats most used are GIF and 

JPEG where GIF is mostly used for computer graphics and JPEG for 

compressed images. The problem is aggravated for video by a factor of 25 

each second. The rate of 25 frames per second is fast enough for a human 

to perceive a fluent motion of objects in the video rather than individual 

images. For the resolution of 640*480 pixels, a typical resolution for digital 

television and using the standards MPEG-2, a calculation of the memory 

demand gives 307,300 bytes, even if each pixel is represented by only one 

byte. A video with this resolution and 25 frames per second will need 

7,682,500 bytes per second, or 61,460,000 bits per second. The impressive 

numbers present us with quite a problem! 

. 

 

 

  

 

 

 

 

 

The figure above shows an excerpt from an image of a bird. The point we 

want to make is that the correlation between two pixels drops off quickly 

with the distance between pixels. Only six or seven pixels away almost all 

information from the original pixel is forgotten. This behaviour means that 

the information in an image is quite close to noise, which in turn affects 

the way we process the image. Image compression standards such as 

MPEG-2 manipulate the image in blocks of eight by eight pixels. There is 

on average nothing to gain by using larger blocks because of the low 

correlation between pixels.  

 

Colours in an image can be represented in many different ways, some 

more adapted to human physiology than others. One way is to use the 

RGB (Red, Green, Blue) colour space, which is chosen to match the human 

colour perception. Another alternative is to specify a colour by its hue, 

saturation and luminance (HSV). In this representation the RGB cube is 

viewed along the greyscale axis.  Luminance describes lightness, and 

saturations is the purity of a color. A highly saturated hue has an, intense 

Pixel correlation 

Pixel distance -5 5 

Figure IV.5.4 Bit mapped 

image. 

 

Bit map table 

Image 

Colour table 

Pixel   Colour 

 value   

 
 

1 

2 

… 

1 

0 

1 

1 

0 

1 1 

0 

1 

Pixel 

Figure IV.5.5 Pixel correlation 

in a picture. 

 

How many images can you 

represent with 500 Kbit? If each 

pixel in the image is 8 bits, how 

many pixels are there in the 

image? 

 

Red filled circle on blach 

background. What is the 

perceived difference if done in 

oil, water colour, or if it is a 

digital representation? 

RGB 

HSV 

There are three basic colours; 

white, black and red. 

Plinius 400BC 
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The development of writing also 

lead to the discovery of the repre-

sentational structure of speech. 

Merlin Donald 

 

The library of congress holds 

morre than 25 million books. 

 

color and with no saturation at all, the hue becomes a shade of grey, with 

the specified luminance.   

 

Hues can be organised in a circle, red-Yellow-Green-Blue-Purple-Red, an 

arrangement that is called the colour wheel. 

 

How we see colors depend on what we are used to see and on the colours 

of neighbouring patches. Colour dots on a painting merge additively 

when viewed on a distance such that blue and yellow dots will appear 

grey rather than green, which would be the result if we just mixed the 

pigments together into a new colour. CMYK (Cyan Magenta, Yellow 

and blacK) is a colour space for prining that acknowledges this 

fact. 
 

Color and shades of gray can be represented on screens and paper in 

many different ways. Dithering is one example where a pattern of screen 

pixels or printer dots simulate color or gray levels, see figure to the right 

where Mona Lisa is built up by Mona Lisas in three layers. Dithering 

works because human vision has a limited resolution and blends 

impressions to make sense of them.  

 

About five hundred thousand people in the United States claim that they 

are artists [MC2]. If each of them make one piece of art, each year, this 

would amount to fifteen million artworks per generation. You have to do 

something pretty amazing to get noticed.  

 

IV.5.7 Text  ( -p +s ) 

Written text is not much data, but can represent a lot of information. A 

typical data screen filled with text consists of a couple of thousand bytes, 

and a typical novel is less than a megabyte of words. Dracula by Gram 

Stoker is approximately 900 Kbyte, and Hamlet about 200 Kbyte. Printed 

text on paper is voluminous, but still not much data. Hand written text is 

even more voluminous except for psalm verses written on the backs of 

stamps. A not so very important fact is that about one hundred thousand 

new books are published every year in the United States [MC2].  

 

At the lowest level text is composed of visual features.  

Letters are the next level, they are combinations of the primitive visual 

features, and themselves arranged to words. Words also have an outline 

that for short words simplifies reading. It is for instance difficult to 

manually find the spelling error where and is misspelled as anl. An epic 

number of spelling numbers are committed every day. Short words such 

as and, a, and the are efficient. They are used frequently, contain little 

information and are consequently, for efficiency, short. Words such as 

phantasmagoria, serendipity, and flabbergasted are longer, and the few 

times they are used conveys a lot of information.  

 

Words are grouped into different categories of phrases. Noun phrases 

(NP) and Verb phrases (VP) are two examples that can be combined into a 

sentence (S). We could formulate this as S: NP VP, and in a real sentence 

“The actor” “is dead.”. But, a text is usually something more than a 

collection of random sentences. There is an idea behind it that binds the 

sentences together. This could be a simple causal relation, or a common 

theme. A second sentence can elaborate on the first, or explain it.   

 

Mona Lisa by  

Adam Finkelstein 
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An image says more than a 

thousand words, but demands 

1000 times more power, 1000 

times higher bit rate and 1000 

times more expensive equipment. 

Internet 

“Man knows that there are in the 

soul tints more bewildering, more 

numberless, and more nameless 

than the colours of the autumn 

forest;… Yet he seriously believe 

that these things can every one of 

them, in all their tones and 

semitones, in all their blends and 

unions, be accurately represented 

by an arbitrary system of grunts 

and squeals. He believes that an 

ordinary civilized stockbroker can 

really produce out of his own 

inside noises which denote all the 

mysteries of memory and all the 

agonies of desire.” 

G. K. Chesterton [SP] (keep 

complexity in mind) 

 

 

Something written is an external representation of thoughts and spoken 

language. By using this representation we simplify rational and scientific 

thinking. If the text is properly stored in the computer it can be traversed, 

searched, and grouped in different ways according to the application. This 

is a task suitable for technology, but how can we make technology 

understand the meaning of what is written? One step towards this 

objective is to represent meaning itself, for instance using a markup 

language such as RDF used on the Internet.  

IV.5.9 Speech ( -p +s ) 

At the lowest level of representation of speech we have the phonemes. In 

English there are about 42 phonemes, roughly corresponding to the letters 

in the alphabet [JD]. The phonemes by themselves form a phonetic 

alphabet that can be given symbolic representations. The table below 

shows some of the phonemes in use, along with their symbols in the 

ARPAbet from the United States Advanced Research Projects Agency. 

 

 

Symbol Example 

i heed 

A mud 

p pea 

r race 

 

 

This seems all very organised and orderly, but the problem is that there is 

no one-to-one relationship between a phoneme and its physical shape, i.e. 

its sound. How we pronounce a phoneme, i.e. the prosody, or rhythm and 

melody, of speech, depends heavily on context. A higher level of 

representation is words, but as phonemes, words are also pronounced 

differently depending on where and why they appear. Another problem, 

sometimes called the segmentation problem in speech recognition, is that 

it is difficult to find the pauses at word boundaries when we speak, i.e. 

speech is much more continuous than we perceive it to be.  

 

For speech the sound generation system is known, it is the human. 

Knowledge about this system gives much information that can be used 

both for speech analysis, compression, and speech synthesis. We also 

know that speech is mainly used for speaking, hmmm…. It therefore is 

constrained by what you want to achieve when you speak. One example is 

that you rarely go from very low amplitude to very high amplitude. This 

is not true for all other types of sounds. Another useful constraint is that 

speech is not continuous (although most of us know exceptions). Talk 

spurts are interleaved by periods of silence. 

 

Speech is a volatile medium with some inherent limitations. It is for 

instance difficult to describe spatial information using speech, and more 

than one speaker at the same time is a bad idea. Using speech and its 

constraints to extract meaning and intentions is still a challenging task 

best, if not only, done by humans, and even we can only make an 

approximation of what is really behind the words. 

IV.5.10 Sampling and quantisation  ( -a -p ) 

To understand how we represent sound in the computer we will use a 

model of a signal processing and augment it somewhat to stress the 

hardware structure of the problem, see figure below. To extract something 

Table IV.5.1 Phonemes in use 

and their symbols. 

 

“… writing is not a 

language, but merely a way 

of recording language by 

visible marks .” 

Bloomfield 1933 

pip 

What is the sound an angry 

Viking makes? 
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from nature we need sensors, which take as input an analogue signal, as 

humans also do. A computer CPU (Central Processing Unit) does the data 

processing and massages a digital representation of the sensed signal.  

 

 

 

 

 

 

 

The conversion from analogue to digital is done by an A/D converter at 

discrete times and the process is referred to as sampling. The input signal 

is discretised in two ways. First, since we need to store our data with a 

finite resolution the A/D converter maps the signal to one out of a set of 

allowed signal values, a process called quantisation. Second, since the 

conversion takes a finite amount of time we will only get samples at 

certain times, see figure below.  

 

 

 

 

 

 

 

 

One important special case is the detection of information transmitted 

over a communication line, see next figure.  

 

 

 

 

 

 

The good thing is that sampling gives the digital world access to the real 

world. The bad thing is that all signals that change too fast cannot be 

represented, and those who can will still suffer from quantisation errors. 

The sampling process is usually performed periodically with a sampling 

frequency, also referred to as the sampling rate. We are faced with the 

trade off between on the one hand high sampling accuracy, i.e. detailed 

knowledge of the world, expensive technology and high data rates, and on 

the other hand low sampling frequency that is economical, but gives us 

less information. An A/D converter has its own critical performance 

characteristics related to its objectives, sample rate and resolution. The 

sample rate is the maximum sampling frequency, and the resolution is the 

number of bits per sample in the digital representation. A typical A/D 

converter can manage more than 1000.000 samples per second, where each 

sample is a 16 bits value, i.e. 65535 quantisation levels.  

 

A famous theorem, the Nyquist theorem, states that the sampling 

frequency limits the digital signals we correctly can represent. The highest 

frequency component of the analogue signal must be less than half of the 

sampling frequency. If the maximum signal frequency is 1KHz we need a 

sample frequency of at least 2KHz. Ignore this advice and bad things will 

happen!  For one thing we will certainly not be able to to reconstruct the 

original signal. 

 

Sensor/ 

Effectuator Channel 

A/D 

D/A  

 

CPU 

 

A/D 

D/A  

 

 CPU 

 

Sensor/ 

Effectuator 

t 

’1’ ’1’ ’0’ ’0’ ’0’ ’0’ 

Figure IV.5.12 Signal processing 

system. 

 

Figure IV.5.13 Quantised 

sampled signal. 

Figure IV.5.14 Sampling of 

amplitude modulated signal. 

 

2 different ECG 

(electrocardiogram) 
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Though this is madness, yet there 

 is a method in it. 

Hamlet 

 

We can cheat by removing all dangerous high frequencies by adding a 

low pass filter before the sampling is done. We will still loose some 

information, but at least we are in control. Sampling is of fundamental 

importance since it provides the link between the analogue physical and 

the digital virtual world. 

 

Speech and sound processing, are both signals that need to be sampled 

from the physical environment. Their representation is simplified by the 

fact that human hearing is limited. The highest perceived frequency is 

about 20 KHz, which means that a sampling frequency slightly above 40 

kHz is sufficient. This explains why the sample frequency for a CD is 

chosen to 44.1 kHz. Our ability to differentiate sound levels is also limited, 

16 bits, or 65536 levels, are enough for almost any application and 8 bits, 

i.e. 255 levels, are sufficient to comprehend speech and is used for example 

in the telephone system.  

IV.5.11 Representation of speech and sound  ( -a -p ) 

There is no such thing as a sound at a specific time. Sounds are because of 

differences over time and this of course affects how sound can be stored 

and manipulated. Even if data from sound is less voluminous than data 

from images there is still a lot of data involved. When using 16 bits per 

sample, a sample frequency of 44.1kHz, and stereo we need 1411200 bits 

per second (CD quality). Sending or storing 1411 kilobit per second is 

quite an assignment so one important question is whether, and how, this 

figure can be reduced. Compression of sounds reuses many techniques 

from image processing, and some of them actually emanates from speech 

processing. 

 

 

 
 

The spectrogram above shows a small section of speech. The upper part 

shows the amplitude over time, and the lower part the frequency response 

spread out over time. Darker areas indicate more action at that frequency 

and time. The spectrogram nicely illustrates that by changing the 

representation different aspects of the same data can be stressed.  

 

There are many similarities in processing of sounds and of images. The 

analysis and synthesis many times use the same basic mathematical tools 

and models. This does not mean that there are no differences, there are 

plenty, and resource limited signal processing will take advantage of as 

many signal specific features as possible. Everything from bandwidth 

characteristics, to context dependency will be used. One example is that 

every language has its own way of pronouncing vowels. This affects how 

we do speech processing for that language. Another example is that we 

can desing a highly specialised filter to identify different kinds of rice 

grains. 

Amplitude 

Time 

 

Figure IV.5.15 Spectrogram of 

speech signal. 

 

pip 

What is the sound an angry 

Viking makes? 
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Go ahead make my data. 

Internet 

 

 

 

IV.5.12 Data structures ( -a ) 

We are entering the information society where often an excessive amount 

of unnecessary information hides what we are interested in. At the same 

time we are interested in more and more information that we combine 

into new information. To cope we need efficient ways to search and 

organise information. The “Find” command in Word®, search in Alta 

vista®, and computerised yellow pages, are just some examples of this 

trend. With the next generation of search tools we will be able to find new 

types of data, for instance multimedia data on the web. Imagine whistling 

your favourite tune, and the computer finds it and starts playing along 

with you. “I want to view a video of a brown dog!” “Give me a photo of a 

sunrise in March when the snow is reflecting the sun”. Is this functionality 

possible? The MPEG-7 standard is a first attempt to achieve it.  

 

In this section we will discuss how to find our way through data, 

searching, sorting, and traversing, and will introduce some data structures 

used for efficient storage and manipulation. The structures have to be 

managed by software and typical operations available on them are create, 

get, put, compare, navigate, search, traverse, delete, filter, reduce, map, 

and copy.  

 

IV.5.12.1 Basic data structutes 
Search is computer intensive so efficiency calls for data to be structured 

and sorted, irrespective of if it is stored in the human brain, or on a hard 

disk drive. Hierarchy is one way to do this, where data items are sorted in 

a top down fashion with the most abstract, or extensive topic, on top. The 

top object has associations to lower levels, where the nodes are the details, 

or the parts. This data structure is also called a tree. Its appearance is 

similar to a real tree, but one important distinction is that a real tree in the 

real world cannot be copied. A computerised tree allows a program to 

search or manipulate the nodes, by traversing its branches.  

 

Why is a tree such a familiar datastructure? One motivation is that it 

matches a crucial human capability, to save memory space by focusing on 

differences. The tree structure also comes in handy when describing 

composition. A car is for instance composed of an engine and four wheels. 

Using the entity car as a representative for all of its parts saves memory 

space.  Figure IV.5.16 below builds an hierarchy of objects where different 

graphical elements are ordered. The two elements with the biggest 

difference, the round and the quadrangular are placed on the most 

significant level. This increases the efficiency when the structure is 

traversed. 

 

 

 

 

 

 

 

 

A tree is itself a special case of a graph, or a network, which allows more 

general data structures to be described, for instance multiple disparate 

hierarchies. In its most general formulation a graph is a set of items 

connected by edges, where each item is called a node, or a vertex, see 

figure below. A roadmap is one example of a graph, where each city, or 

Figure IV.5.16 Ordered 

tree. 

 

We are obviously good at 

transferring and storing 

data in our society, but 

how do we transfer and 

store wisdom? 
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To imagine a language is to 

imagine a form of life 

Wittgenstein 

When a signal does not 

merely produce a behaviour 

but is inserted into a cogn-

itive system, enabling it to 

render a signal intelligible, 

 we say that the signal is a 

carrier of meaning and 

takes the status of a sign 

Jacques Ferber 

 

road junction, is a vertex and the roads are the edges. Internet is another 

example with routers serving as vertices and transmission paths as edges.  

 

 

 

 

 

 

 

The tree in the next figure is an example of an acyclic graph; there is only 

one set of edges connecting any two vertices. It is also directed, meaning 

that each pair of vertices is ordered. One example of an enormous graph is 

the brain, which can be modelled as a cyclic directed graph. It is directed, 

as there is only one signal direction between two neighbouring neurons. 

Sorting simplifies search and consequently also operations that use 

search, such as pattern matching. A most useful example of sorted records 

is found in the telephone catalogue. An amazing example is how the Alta 

Vista® search machine manages to go through millions of web pages in a 

couple of seconds. How does it work, how is it possible? 

 

 

 

 

 

 

 

IV.5.13 The message ( -a -p ) 

Written text and the spoken word are two ways to tokenise meaning and 

information. Some alternatives that will be used time and time again in 

this book are: 

 

 Signal: A signal is an interruption in a field of constant energy 

transfer that can be coded and referred to in spoken or written 

language. A white stone among many black stones does not carry 

much meaning by itself, but as a code it can refer to an arbitrarily 

abstract notion. A sound, i.e. energy transmitted by moving 

molecules, is another example of a signal. 

 Sign: A sign carries inherent meaning, as exemplified by a “Stop” 

gesture, or a chair. The signal does not carry such intrinsic 

meaning. 

 Symbol: Symbols are signs that are abstractions of things, people, 

or other concepts in the world, and it must be learned. One 

example of a symbol is a wedding ring. It abstracts a cultural 

habit otherwise not easily described in one word. Another 

example is money that is an agreement among people. The same 

effort will give a different salary next year, or in another country.   

The word emanates from the ancient Greek word sym-ballein, 

which means to join. Two friends in Greece broke a coin in two, 

and whenever they met the two half coins signified their 

friendship.  

 

Edge 

Node 

3 

1 2 
 

x 

1 

2 3 
  

x 

Figure IV.5.17 Minimal 

graph (network). 

 

Figure IV.5.18 An acyclic graph 

(left) and a sorted simple graph 

(right). 

 

Photo: B. Tannfors TFE 

”Send us an email and 

we will give you a sign” 

www.heaven.com 
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"I'm sorry Dave,  

I can't let you do that." 

"I know you and Frank were 

 planning to disconnect me... 

and I'm afraid that's something  

I cannot allow to happen." 

"I enjoy working with people." 

"Will I dream?" 

Hal 9000, Space Odessey 2001 

An organized selection of signs together creates a code. Which brings us 

close to the notion of a language. If we have a number of symbols we can 

structure them into increasingly complex messages. How we are allowed 

to do this is the syntax of the language we use. What the symbols denote is 

the semantics and how they are used and interpreted is the pragmatics. 

The semantics of the message “Give it to me Baby” is that someone, or 

something, called “Baby” should give something to me. How this message 

should be interpreted, i.e. its pragmatics, differs due to where, why, and 

how the message is generated. 

 

The meaning of a message is a combination of semantics and pragmatics, 

and can be classified in different dimensions. The message can for instance 

describe something, or prescribe behaviour. Further, it can be 

conventional, objective or personal to the sender or the receiver, and it 

depends on context. Meaning is quite an extensive topic. We refer to 2000 

years of discussions and writings. 

 

IV.6. The Thing outside in ( +s ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some four billion years ago life struck earth for the first time. Humanity 

and all other living beings are strict descendants of these ancient bacteria, 

built by DNA. Everyone is related! According to some probability 

calculations life should appear every 500 million years, but so far we have 

not seen any new forms of life. Someday though, new life will appear, and 

probably wipe out or assimilate mankind. Could it be that the computer-

based thing  is this new form of life? 

 

The thing is something that you can touch, it is real, it can be pushed and 

kicked. It is more interesting if it is smart, a bit like us, but an ordinary 

table is also a thing. The table even has legs! A human being can also be 

kicked, so it is a thing, but in this book we have our own interactor. An 

animal could also be considered a thing, but we will ignore that line of 

thinking here, and stick to designed physical objects. Words with similar, 

or overlapping meaning to “thing”, are “object”, “artefact”, ”device”, 

“automaton”, ”robot” and ”machine”. 

 

According to the theory of 

thermodynamics the infor-

mation of a piece of material 

is of the order 1024 bits. 

(information in a book about 

106 bits) 

Semantics is the study of 

sentences and pragmatics the 

study of utterances of these 

sentences. 

K.M. Jaszczolt 

“Since man is a child of God and 

technology is a child of man I 

think that God regards technology 

the way a grandfather regards his 

grandchildren” 

Roberto Busa 
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Since the thing is a matter of matter its external representations are 

physical. Examples of attributes are material and surface properties, 

colour, shape, and moving mechanical arms and hands with many 

degrees of freedom. The appearance of a thing is fixed, at least compared 

to the appearance of information. It is for instance difficult to scale a thing 

a factor of two, or to reconfigure the constituent parts to better support a 

given task. It is also impossible to physically reach into an advanced 

computerised thing and modify its internal structure, a command is only a 

suggestion! 

 

In general there are three ways to keep something together [LW]. A mass 

structure supports an object by its solid internal filling. One example is a 

rock. A frame structure defines a skeleton or a wire frame for supporting 

the object. One example is the Eiffel tower. The third principle to support 

an object is the shell structure. In this case it is the “skin” of the object that 

is holding it together. Good examples of this are the bottle and the egg. 

Each of these supportive principles has its pros and cons when it comes to 

weight, strength and applicability. 

 

External representations of things can be dynamic which is in accordance 

with human representations. They can also be heard and smelled. A thing 

is designed, and to specify all of its attributes is a major issue. The 

specification must be done with respect to time and money at disposal, 

situation of use, user, security, technology at hand, and many other 

aspects. The cost of manufacturing a thing is highly related to the number 

of things produced. This tend to make things homogenous and generally 

applicable over large markets. Since price is important, features such as 

adaptability and additional sensors are not added, if they do not directly 

support the specified task.  General applicability and low adaptatability 

results in low sensitivity to context. 

 

Internally we build things up by hierarchical and layered structures of 

electronics and mechanics. At least one central processing unit, memory, 

perceptual system, and one motor is needed for an autonomous, mobile 

thing. For this book we will assume that a thing is computerised and 

networked. This means that it connects the virtual and the physical 

world, and this is a very important feat. A thing will be able to perceive 

the same things as a human does, while at the same time in theory having 

access to an almost unlimited memory over the network. While the 

network provides for mobility in the virtual world, the thing still have the 

problem of physical mobility. This is important because if the thing is 

supposed to learn about the physical world it needs access to as many 

aspects of it as possible.  

 

Interestingly many concepts that we conceive of as things are quite 

difficult to delineate in space. Where does a river originate, what area 

bounds a mountain, where is a street corner located? 

 

Robot, from the Czec noun 

robot meaning labour 

Thing? 
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Computers are not intelligent. 

They only think they are. 

Internet 

 

The computer is a prototypical thing and it is quite illuminating to study 

the set of metaphors we have built for it. It is a machine (cold, hard, 

metallic), and we are dependant of it, perhaps even too much. It is 

perceived as dehumanising, incredibly fast, and something that humans 

cannot keep up with. The computer can be seen as merely a thing that can 

be manipulated, or as a person with whom we can have a conversation. As 

a person it can be  a collaborator or as a servant. Additional metaphors 

used for computer are desktop, file system, an information processor, and 

as the mathematical machine, not possible to understand. The computer 

can even be the “Deus Ex Machine”, i.e. the God from the machine, big 

dangerous, mysterious, with religious overtones. 

 

Will and should things ever look and behave as humans? This is an 

ongoing debate in the research community and the main supporting 

argument is that things should look like humans because then we could 

reuse a wealth of social behaviours. Co-operation and communication 

would be effortless. The main argument against is that we only fool 

ourselves. There is no way we can build a thing with such functionality. 

The result will only be frustrated human interactors unable to make 

themselves understood. One requirement for believability is unique 

reactions to many types of stimuli, implying a rich personality, emotions, 

and self-motivation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Imagine two computer children playing outside. Will they ever play hide 

and seek? Will a mother computer read the same story every night to her 

computer baby? Will a computer baby skip dinner if the wrong dish is 

served? How will a computer baby draw its family? These are examples 

that force you to think about the difference between a computer and a 

human. 

 

Inevitably things will be more socially competent as they learn about 

context and how to adapt to it, i.e. we learn about how to equip the thing 

for adaptation. Managing social space is however not easy. One reason  for 

this is that social spaces cannot be directly seen, they need to be 

discovered and formed through interaction. This is an active, generative 

process of observation and action that is inherently dependent of a specific 

context. Hopefully we will not be able to build things that can do as 

terrifying and horrible things as humans have done. 

What if PC stood for public 

computer? 

HG 

A physical entity is countable, 

observable, and existent at 

some point in time. It has a mass 

and a volume. 

 

On 

Computer is technology and 

nuclear weapons are not nice. 

2001:  

No of PC:s sold 150 Millions 

Total numbr of CPU:s 8 Billions 

The size of a PC has 

increased(!) because of the 

bigger screen. 

HG 
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IV.7. Sensing it ( +s ) 

Interactors need to observe and understand their context directly through 

sensors or inderectly through representations provided by other 

interactors. Without this information we cannot interact! For indirect 

observation information processing is vital, including for instance visual 

realism that will be discussed in the next chapter. In this chapter we will 

focus on the sensors available. 

 

Humans observe, i.e. sense, the world through receptor organs organised 

as 5 senses, vision, touch, hearing, taste, and olfaction (smell). Claims have 

been made for a sixth sense, but so far there has been no evidence for 

telepathy, or other even more suspect human abilities. 

 

The modality, or channel, used is one aspect of sensing. The fidelity of a 

sensor is another. It includes the level of detail, i.e. the precision, and the 

accuracy, i.e. to what extent the information can be trusted. How do we for 

instance conclude that someone is happy and her level of happiness?  

 

The raw information input stream from all of our senses is quite 

impressive. One calculation sums to about 11 million bits per second 

approximately distributed as in the table below [TN]. 

 

 

Sense Information stream bit/s 

Vision 10.000.000 

Hearing 100.000 

Touch 1000.000 

Smell 100.000 

Taste 1000 

 

Table IV.7.1 Bit rates 

(information content) for human 

senses [MZ2]. 

 

Can you tell the difference 

between the touch of a loved 

one and the touch of a 

stranger? Is it possible to 

learn how to interpret a 

touch? 

 

 

1. A robot may not injure a human being, or, through inaction, allow a 

human being to come to harm. 

2. A robot must obey the orders given it by human beings except where such 

orders would conflict with the First Law. 

3. A robot must protect its own existence as long as such protection does not 

conflict with the First or Second Law. 

0. A robot may not injure humanity or, through inaction, allow humanity 

tocome to harm. (This was added after the initial three laws.) 

Asimov’s Three Laws of Robotics 1942 

T 
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Definition: 

A sensor is a device that receives 

a signal or stimulus and responds 

with an electrical signal. 

Jacob Fraden 

 

The amount of information that we can consciously handle is much, much 

less. About a hundred thousand times less, see table below! Notice how 

the weight of the information from hearing has been increased.  

 

 

Sense 

Bandwidth of 

consciousness bit/s 

Vision 40 

Hearing 30 

Touch 5 

Taste and smell 1 

 

The table should not be used to conclude that television can be shown 

using only 40 bits per second. Humans move their attention and select the 

interesting information. More information to choose from enhances the 

experience. After focusing, and extracting interesting information, only 11 

very personal bit/s are left to be stored and processed.  

 

As for output, ordinary speech supports values of the same magnitude. 

Reading one page (2400 characters) aloud, in a radio show, takes about 

two and a half minute, i.e. approximately 16 characters per second. One 

character is about 2 bits of information. 

 

So much for human sensing, but what does the world look like to an 

interactor of type information? Its goal is to manipulate some data 

structure, and to do this it needs information, also found in data 

structures. Access to data can be direct if it is stored locally, otherwise data 

communication is needed. The world of the interactor is discrete, dynamic, 

and since it is a sampled version of the real world, usually stochastic. 

Context dependency is still an issue, and data without context, e.g. 42, is 

no information. If the data structures involved are static the world is fully 

deteministic and with ample computational resources an agent in such a 

world is omnipotent, and will never loose a first-shooter computer game.  

 

Sensing is extremely important since it is the basis for adaptive behaviour. 

The more unpredictable the operating conditions are, the more important, 

and difficult sensing is. A slightly more detailed discussion on the physics 

behind the interactions is postponed to the chapter on T-T interaction, see 

Chapter V.4. A thing can perceive:  

  

 Through databases that can be local or distributed. Examples are 

address books, profiles, or the Internet.  

 Through input to applications run by the thing. Input can be 

given by humans, other interactors, or by active environments.  

 Through hardware input devices, i.e. sensors which is discussed 

next. 

 

The figure IV.7.1 below shows the principle for how a computer-based 

thing  senses and acts in physical reality. The most common sensors are 

possibly the button or the switch. Other common sensors are the 

keyboard, mouse, and the joy stick. The sensor converts a physical 

variable to an analogue voltage. For more complex sensors this voltage is 

converted to a digital representation using an A/D converter. A D/A 

converter, the D/A block in the figure, is used to convert a signal back 

again to the analogue real world. The energy supplied through this signal 

is transduced and possibly amplified to some physical variable. Even if 

sensors are important, effectuators (actuators) are what makes the 

difference in the outside world. Cause and effect is a natural law, not easy 

Table IV.7.2 Bit rates for 

human consciousness 

[MZ2]. 

 

1 

1000 

Sensory 

compression 

Human skin covers about 

2m square and weights 3  

to 5 kg. 

Is there some equivalence to 

a sensor for information or 

ideas (I)? 

The platypus is one out of four 

mammals that lay eggs rather 

than giving birth to live young. 

It also has a sence of electro-

ception that can be used to 

locate a prey by its body 

electricity. 

[PM]. 
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On 

“We are no longer creatures of five 

senses: technology has given us 

hundreds of senses.  

We can see the universe throughout 

the electromagnetic spectrum. We can 

hear the vibrations, from the 

infrasound of the seismologist to the 

ultrasonics used in destructive testing.  

We can feel molecular forces. We can 

sense the age of ancient objects.” 

Myron Krueger, Artificial reality II, 

1991 

 

to bypass. Some examples of effectuators are the loudspeaker, video 

screen, propeller, and the electric train.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stimulus Sensor Effectuator 

Sound Microphone Loud speaker 

Visible light CCD, CMOS sensor Photo diode 

Infrared light CCD, CMOS sensor Any body at a temperature 

above zero Kelvin 

Touch Switch Moving, pushing object 

Force Strain gauge Spring, string, motor 

Proximity Hall sensor Magnet 

Temperature Thermometer Heater 

Time Clock Sleeping pill?? 

 

 

The table IV.7.3 shows some common  physical sensors and effectuators. 

Most of the signals in the table can be sensed in many different ways, with 

many technologies from electronics, physics, biology, or chemistry. 

Electronics is the branch of physics responsible for the hardware side of 

the computer revolution, and Physics is the basis for electronics. Physics 

describes properties of things such as why some materials are conductors 

and others are not, and how a photo detector, transistor, or a photo diode 

works. This is essential knowledge for understanding information 

technology and especially its limitations. Once again mathematics is the 

main modelling tool. Information possible to measure, but not listed in the 

table are, frequency, wavelength, torque, acceleration, position, humidity, 

pH, revolutions per second and many others.  

 

A sensor senses by either generating an electric field, or a current, or by 

changing its resistivity. The change in resistivity depends on material 

characteristics and can be used to modulate a current. The resulting 

current or voltage usually has to be amplified before it can be digitised. 

Note that humans have built in sensors! 

 

T A/D D/A Figure IV.7.1 From sensing 

to action. 

Table IV.7.3 Some examples of 

sensors and effectuators (also 

known as actuators) along with 

their physical stimulus. 

x x+x 
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Cover your eyes and you stop 

seeing, cover your ears and 

you will stop hearing,  

But if you cover your nose and 

stop smelling you will die. 

Diane Ackerman 

 

“A new visual culture redefines 

both what it is to see and what 

there is to see” 

Bruno Latour 

The choice of a sensor in a particular situation depends on factors such as: 

price, precision, input signal range, reaction speed, output range, 

sensitivity (output range/input range), noise sensitivity, stability, or 

simply personal preferences. For mobile applications portability, power 

consumptions, size, weight, calibration, and set-up time are also 

important. To this we can add constraints from design. The sensor device 

should not force changes to the appearance of the product, and there are 

also environmental constraints. For some applications we need more than 

one sensor. If we for instance want to surveille a room we can use one or 

two cameras in a distributed sensor network. Multiple sensors can also be 

chosen to increase the reliability of the system.  

 

IV.7.1 Which sense is the most fundamental? ( +u ) 

Our sensations are visal auditory, tactual, olfactory, gustatory, 

temperature, nociception, vestibulary (most of them both inside 

(proprioceptive) and outside our skin [AB2]. (Look the words up if you do 

not believe it ) 

 

Hearing and vision provide us with the most information, but touch is 

our oldest sense with a close coupling to the deeper, faster parts of our 

brain. Touch (tactile interaction) is implemented by skin which is our 

primary physical interface with the real world, even the eardrum is skin. 

While many blind people learn to have a prosperous life, a person who 

has completely lost skin sensitivity will not. They cannot move around 

without risking to inadvertently hurt themselves, and they have difficulty 

standing and walking. Touch also includes a number of other facets such 

as pain and that we are filled up, pressure, heat, fluids, gravity 

(acceleration) and motion.  

 

Taste is a social sense, and of course also necessary. Even though we only 

 have five tastes (salt, sour, bitter, sweet, umami), a dinner might well be 

the highlight of the week.  

 

All senses supports well-being and gives pleasure. By selecting the 

optimal input for a particular sense we could even use it as a drug. But, 

how do we find this optimal input? One clue is to look back through 

human evolution and search for positive inputs that can be extracted and 

concentrated.  

 

Smell has sensors that detect combinations of seven basic smells: minty 

(peppermint), floral (roses), etheral (pears), musky (musk), resinous 

(camphor), foul (rotten eggs), and acrid (vinegar) [DA]. Only eight 

molecules are needed to trigger a nerve impulse, but forty nerves need to 

concurrently react before a smell is detected.  

 

It is difficult to describe a smell. How does Jolt Cola smell? Still, when we 

smell it we can say: “Oh boy, Jolt Cola”.  
What is the sound of a blink? 

Would you rather be deaf or blind?  

(Right (?) answer is that deafness 

means a higher degree of isolation) 

pip 

pip 

CLUNK 

pip 

pip 

pip 

pip 
pip 

JUMMI 

with the 

taste of 

UMAMI 
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It’s am-s-ng h-w m-ny l-tt-

rs we c-n r-m-v-d 

 

IV.7.2 Discrimination and Webers law ( -a -b -d ) 

The table below, from [TN], shows some examples of how (badly) humans 

discriminate data. The table shows the just noticeable difference (JND)  

for detecting different tones. A discrimination of 2.2 bits means that we 

can identify the right tone out of a set of about 5 tones, 5.5 bits means one 

out of 45.  

 

Object Discrimination in bits 

Tones 2.2 

Tones (professional musician) 5.5 

Sound levels 2.1 

 

 

JND is the smallest change in intensity of a stimulus that can be detected. 

For many sensory stimulus JND can be approximated with a constant 

percentage of the intensity of the stimulus. This fact is called Weber’s law 

and can be stated as: 

,k
I

I



where ΔI is the change in intensity, I the intensity and k is a 

constant.  

Some reported values for k are 1.7% for visual brightness, 0.3% for pitch of 

tone and 10% for loudness of a tone. But, such values are only 

approximations since measures on different individuals, in different 

situations, will give different values. The constant is also only valid over 

an interval, near thresholds the behaviours of our senses are more 

complex. 

 

IV.7.3 Neural pathways ( +u ) 

Current knowledge about the neural organisation of the senses suggests 

that they are organised in pathways. Sensory input follows a path from 

the receptor, via thalamus, to the cortex where most of the processing is 

done, see figure below. Thalamus and the cortex are both parts of the 

brain, thalamus in the center, and cortex is the layered exterior (grey). 

 

 

 

 

 

 

 

 

 

There are cross connections between the senses. We can for instance “see” 

a Morse signal. Short, short, short, long, long, long, or we can “hear” it 

given “ - - - . . . - - -”. One of the perceptions will do. Try to recall the 

sound of chewing a carrot. Another example is that our inner ear detects 

head motion and feeds this signal forward to the vision system. This way 

we can quickly compensate for head movements. In other cases vision 

supports hearing. It is for instance difficult to decide whether a sound 

originates in front or behind us in a room. This decision is left to vision. 

The alternative? Three ears, one on top of the skull? A bit of a nuisance 

when you wash your hair.  

 

Figure IV.7.2 Neural pathway, 

transmitting and transforming 

sensory information. 

 

Cortex 
Optic 

nerve 

Thalamus 

1000 

kg 

1130 

kg 

Table IV.7.4 Just noticeable 

differences for some musical 

tasks. 

 

Hakan.Gulliksson 

(Hakan.Gulliksson, font 

TimesNew, text color black, 

background black) 

Touch: females are more sensitive to touch on 

all regions of the body (apart from the nose). 

[MB2]  
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“In the beginning there was 

nothing. God said, ”Let there 

be light ” 

And there was still nothing, 

but everybody could see it” 

Martin Dougiamas 

 

 

All perceptions are individual and contribute to a personal history and 

representation of the world (which will make twins less alike for each 

second). Perception is also an active internal process. Results from 

research in the neuro-physiology of perception show that there are far 

more nerve paths going from the cortex of the brain to the lateral jointed 

body than there are paths coming directly from the eye. The lateral jointed 

body is a region in thalamus, see figure below, which acts as an 

intermediary between the optic nerve and the visual cortex. The feedback 

loop created indicates that perception in humans is an active process, 

where the perceiver is involved.  

 

 

 

 

 

 

 

 

 

 

 

In other words, what an individual “sees” is in fact both information that 

she retrieves from the brain, and information from the eye. One example is 

reafference that links the movement of the beholder and that of the 

perception. By re-injecting what should be seen when moving, the self-

movement is cancelled out. When this is done the movement of the 

perceived object can be calculated. Another example is when you slow 

down from driving 100+ km/h, and without looking at the speedometer 

turn right. You will be really surprised by the screaming tires, because low 

speed coming from 100 km/h is not the same as slow speed coming from 

40 km/h. 

 

Perceptions can also be associated with stimuli from within an interactor. 

This type of perception is called proprioception and one example is that 

you can tell how your hand is turned even if you hide it under a table (try 

it).  

IV.7.4 Vision ( -a -p ) 

Vision is the sense that processes most information. The figure IV.7.4 

below describes the visual pathway, from the receptors in the retina 

through thalamus, to the cortex. It transforms physical energy (light) to 

electrochemical activity that, in a first approximation, is transmitted in two 

parallel pathways. One is for spatial information, i.e. to identify where, 

and mostly used for locomotion. The other is used for recognition. 

 

 

 

 

 

 

 

 

Photo 

receptors 

Thalamus Cortex 

Figure IV.7.3 Feedback 

where sensory information is 

modulated by previous 

knowledge. 

 

Figure IV.7.4 Visual pathway 

 

“Perception is not determined simply by 

the stimulus patterns; rather it is a 

dynamic searching for the best 

interpretation of the available data. ... 

The senses do not give us a picture of 

the world directly; rather they provide 

evidence for checking hypotheses about 

what lies before us. Indeed, we may say 

that a perceived object is a hypothesis, 

suggested and tested by sensory data.” 

 D. Drascic and P. Milgram 

 

Cortex Optic 

nerve 

Thalamus 
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The rest is silence. 

Hamlet 

 

 

Along the pathway visual information is processed. One example is that 

the light is not represented as light intensity, L, as it reaches Thalamus. It 

is represented as contrast, (Lmax-Lmin)/(Lmax + Lmin) where Lmax and Lmin are 

the maximum and minimum light intensity sensed at that time. This 

change of representation makes vision more independent of intensity 

levels and helps humans cope with different lighting conditions. It also 

makes vision non linear, but since the brain does not care about 

mathematics at this level, this does not matter. Compare the illumination 

of bright sunlight, 100.000 lux, to full moon illumination 0.1 lux. We can 

use eyesight in both situations, not bad.  

 

Human vision is limited in many respects. First, there is a maximum 

spatial resolution. Secondly it is limited in the time domain. We cannot 

perceive changes that are to quick. Thirdly, we can only see light in the 

visible frequency range.  

 

IV.7.6 Hearing ( -a -p )  

Hearing is not as information rich as vision, but is never the less important 

to our sense of self. If there is a conflict, like seeing a dog and hearing a 

lion, vision will overrule hearing. The sound that pounds on the ear is, as 

you know, compressed air. The differences in pressure are transduced to 

sensory perceptions. This conversion can be modelled as a number of 

band pass filters with bandwidths of about 50–100 Hz for frequencies from 

around 500 Hz and up. The filters overlaps, and for a good model you 

need about 30 filters up to a frequency of about 25kHz. Our ears can 

distinguish over 1300 possible tones, but western cultural hearing 

appreciate only 88. 

 

Similar to vision, hearing also has a temporal resolution. Simple clicks 

spaced by less than 0.005 seconds will be integrated into a continous 

sound. The frequencies that we can hear are limited to the 10-10,000Hz 

range, and to spatially localize a sound is difficult. We need to use vision 

to determine if a sound is generated in front of us or comes from behind. 

 

IV.7.6.1 Sensitivity ( -d -p ) 
The sensitivity of the ear is shown in the graph below. Note the 

tremendous span of 60 dB, which means that the highest sound pressure is 

about a million times as high as the lowest. The loudest peak in digital 

theatrical films is about 100 dB and contains about 100.000.000 more units 

of energy than sound at the threshold of hearing. The graph below is 

normalised against a just about detectable sound at the frequency with the 

highest sensitivity. 

 

 

 

 

 

 
 

 

 

 

 

 

 5 Frequency, kHz 

Sound 

pressure 

3 1 0.5 10 

Sensitivity 

threshold 
60dB 

0.02 

0dB 

Figure IV.7.9 Sensitivity of the ear. 

 

Give meaning to noise, sound  

becomes communication. 

Daniel Sonnenschein 

Sound pulses separated by 

more than 3 seconds can no 

longer be grouped into pairs. 

Could music create 

oscillations in the brain 

that is synchronized with 

the music? If so, could the 

oscillations match the 

oscillations created by an 

emotion [SP]? 

 

Grey areaes are not seen 

because of blood  vessels 

and the blind spot. 

Hearing: females are better at detecting pure 

tones 

[MB2]  
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A disturbance in the sound image, a masker, will mask out sound in the 

neighbouring frequencies. This masking is frequency dependent, and the 

higher the frequency the more is hidden by the masker. Another masking 

effect, this time in the temporal domain is that a human does not hear very 

well directly after an explosion! A last example from audio perception is 

that sounds interrupted by short noises are grouped in an attempt to 

recognise them. This is also an example of the close ineraction of higher 

and lower level of information processing in the human brain. 

 

IV.8.  Acting out ( +s ) 

We will focus on two forms of interactor actions, expressing itself, and 

moving around. In general there is no end to the number of intentions and 

their corresponing physical and virtual actions, and to this we could also 

add innumerable actions done without intention. The actions chosen here 

are however two of the most fundamental and we will later, in Chapter 

V.15, return to the subject and give more examples of actions, then in the 

context of command based interaction. 

 

Human consciousness has a very limited information processing 

capability in the sense of Shannon’s information theory, and also when it 

comes to consciously expressing ourselves we are limited. One 

approximation is that we cas express less than 50 information bits per 

second, using speech, dance, facial expressions, or other means. This bit 

rate is reasonable in a face-to-face conversation with another human, but 

in an interaction with a computer? The computer has the possibility to 

input and output tenth of millions of bits per second. We however 

subconsciously can use much more of the possible bandwidth. We reveal, 

without our intention, what we are really saying when we are talking with 

someone. The output bandwidth for muscular and motoric management 

are approximately shared as; skeleton 32%, hands 26%, language 

generation 23%, facial muscles 19%. Our actions can change even more 

information, for instance by setting fire to a newspaper, or throwing the 

hard disk out of the window. 

 

Listening begins by being silent. 

Joachim-Ernst Berendt 

There is no such thing as silence 

John Cage 

The young generation will also 

have overall better coordi-

nation, faster reflexes and 

perhaps a better ability to deal 

with 3D spaces. Will this 

change how tools are built for 

humans? Skills like using a 

mouse and keyboard will be 

taken for granted. How will this 

affect social interaction and 

product development? 

Midwinter spring is its own season 

Sempiternal though sodden towards sundown, 

Suspended in time, between pole and tropic. 

When the short day is brightest, with frost and fire, 

The brief sun flames the ice, on pond and ditches, 

T. S. Eliot 
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Motoric behaviour and perception are interdependent and the initiating 

action is not always obvious. Our eyes move which allow us to focus on 

the interesting part of a scene, and we stop to listen. Without motion we 

cannot access the interesting sensory impressions, and without sensory 

input we do not know where to move. An obvious fact is that we do not 

have wheels! This is not because nature was not clever enough to invent 

the wheel, it eventually did , but because nature did not think wheels 

was such a good idea. Instead it provided us with two legs. Not four, or 

six, which would have simplified programming, just two, and we manage 

quite well with only a left and a right pedal. The best research laboratories 

in the world are still trying to figure out how to copy this feat. Nature 

understood that he problem is not just to move forward at a steady pace. 

Acceleration, trail bumps, steep slopes, jumping, turning, and inspection 

of the environment have to be managed as well. 
 

Your next marvel is how you keep track of your hand when your upper 

and lower arm, and your wrist move in 3D. Quite a lot of real time 

trigonometry! As a result of our mastery of this, humans are quite good at 

aiming and throwing things. Maybe better than any other species on the 

earth? Throwing involves the 3D real time trigonometric problem noted 

above, also related to as kinematics or the geometry of motion, and also 

estimation of dynamics, i.e. effects of forces.  

 

The loop to move a muscle, from the sensors in the hand, through the 

brain, and back again is quite slow, somewhere around 200 to 450 

milliseconds, which is much too slow to be useful for controlling a throw 

of a ball. So the mystery is, how can we be so accurate when we do not 

know how we are throwing? The solution is that the brain has already 

done some pre-calculations of how the hand, the arm, and the rest of the 

body should manoeuvre to perform the throw. It is running a concurrent 

simulation of the throw, in real time performing inverse kinematics and 

inverse dynamics, and data from this simulation is fed to the muscles. An 

adjustment from the simulation can reach the hand in less than 100 

milliseconds, which is an acceptable delay. The simulation is built from 

previous experiences, so practice is necessary and improves the accuracy.  

 

Let us say that you have performed an action with your hands where 

vision was also needed. The next time you do the same action your eyes 

will move ahead guided by the muscles of your hands. And, even more 

fascinating, if someone else performes the same action and you are only 

watching, your eyes will still prepare you for the action. 

 

Physical 

context 

? ? 

H is localised, not global 

or distributed. 
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Inverse kinematics and inverse dynamics are examles of ill posed 

problems, which means that the solution is ambiguous. Another example  

is to figure out which numbers to multiply to get a given product how do 

you? What about 42 for instance? To solve such a problem we need more 

information, or we have to guess intelligently. When we throw, the 

missing information comes from the model of the throw in the brain, i.e. 

trained behaviour, and from the environment, e.g. sensing a strong wind. 

The simulation still depends on some feedback, for instance from the eyes, 

because otherwise it will soon loose track of reality. The interesting 

observation from the above is that by using an internal model the system 

is actually faster than a pure physical implementation! This is a good 

counterexample to the intuitive assumption that an internal representation 

always will slow behaviour down. 

 

Throwing something is also a good example of the complementary roles of 

analysis and synthesis. Analysis is needed to estimate the parameters for 

the throw, its length, and the weight of the stone. Synthesis is needed to 

execute the throw, contracting muscles to move the arm, and twisting the 

wrist. We will come back to analysis and synthesis many times in the 

following chapters. 

 

Last but not least there is the magic of our hands and fingers. They are 

magnificent instruments for gripping, pulling, and pushing in a variety of 

ways. We manipulate objects of different size, form and with different 

kinds of surfaces, and do not think much about it. 

 

 

 

 

 

 

 

 

 

 

Things and information have their own means of acting. Information 

needs a physical representation to express itself in the physical world. For 

this the computer display and the loudspeaker are useful. We will later in 

this chapter discuss how they can be brought into action. Although 

information has a problem to access the physical world, the same property 

gives information a clear advantage when it comes to moving around. 

Roaming around approaching the speed of light is possible.  

 

Thinking about what things do we can identify four kinds of, not mutually 

exclusive [AS4] acting things: 

 

1. Mediators of force and energy, e.g. chair and car. 

2. Manipulators of matter, e.g. lawnmower 

3. Transformers of physical state, e.g.  owen 

4. Processors of information, e.g. calculator. 

 

Note that this taxonomy uses different interactions to characterise things, 

and that they are pre-wired and pre-adapted, rather than adapting.  

 

Transcribing movements 

Information in action: Ad 

against drug abuse 

The hand is the model for 

the shuffle and the scoop. 
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To perform the above things needs to generate heat and power, use forces, 

and move around in the real world. The motor or engine, is perhaps the 

most important active device ever invented. It transforms electricity or 

some other form of energy to motion, and is implemented in many forms 

such as the steam engine, jet engine, car engine, DC-motor, and the 

stepper motor. Around this power source many other ingenious 

mechanical details have been invented, such as the gearbox. 

 

Mobility can be achieved either through moving the thing itself, or by 

selecting an input source matching the new physical environment. A line 

of cameras is roughly equivalent to a moving camera.  Currently however 

we tend to think of a thing as a single physical unit, and we will stick to 

this perspective in this book.  

 

Given a flat surface wheels is a good idea, which in turn implies the axle, 

bearing, and the brake. Without the flat surface a cableway, aeroplane or a  

rocket are alternatives, and if the surface is wet a boat (with a motor) will 

do the trick. 

 

 

 

 

 

 

 

 

 

 

 

                

 

IV.8.1 Fitt’s law ( -a -b -d ) 

The dynamics of the action to reach out for something has been 

extensively studied and are relatively well understood. One result from 

these studies is Fitt’s law. It describes the fact that the time t to point at a 

given location is related to the width of the target w, and to the distance d 

from the current position of the hand to the target, 

 

t = a·log2(d/w + b) where a and b are constants, and b most often seen with 

the value 1.  

 

The general behaviour indicated by the law is quite natural, a longer 

distance or a narrow target in the search direction should of course 

increase the time. It shows a fundamental trade-off between precision 

and reaction time. Why this relation is logarithmic is more of a mystery.  

Here, information theory provides us with a clue. Information can be 

related to the probability of a message by I = log2(1/p) where p is the 

probability. Given N messages with equal probability, p=1/N, we have  

I= log2(N). Formulated another way, we can say that if we have a number 

of statements N, one of which is true, then I is the minimum number of 

questions necessary to find the true answer. If we flip a coin the possible 

statements are “Head” and “Tail” and the minimum number of questions 

is one. Given four statements we need two questions, and so on. Now, in 

analogy with this, any optimal selection should show a logarithmic 

relationship to the number of alternatives. From this it seems that humans 

have been well trained by nature. 

d 

w 

Figure IV.8.1 Legs and hand 

from MIT. 
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A precise definition of the 

term action poses nume-rous 

problems, and depends on 

whatever quasiphilosophical 

blanket ideas we may hold on 

the subject 

Jacques Ferber   

Definition: 

An instance of behaviour is 

an action if and only if it is 

associated with an inten-

tion making the behaviour 

into a means for some end. 

Jens Allwood 

Karma: the sum of all that an 

individual has done and is 

currently doing.Will actively 

create future experiences.

  

(sanskrit) 

IV.8.2 Action, the concept defined ( +u ) 

Inter-action implies action, which is the behaviour resulting from internal 

processing by the interactor. But what exactly is an action? The word 

seems to be used in so many contexts that a precise definition is hard to 

find. Action is a very basic concept for humans and often the more basic a 

notion is, the more difficult it is to describe. 

 

Not very encouraging, but let us start with the definition to the right-> 

Basically what this definition says is that an action is what we do when we 

want something. 

 

That gave you a ride did it not?  Let us look at another description, from 

the world of UML (Unified Modelling Language), a standard language 

used for software modelling, where an action is defined by its context : 

 

 Preconditions: expected to be true at the start of the action. 

 Post conditions: ensured to become true at the end of the action. 

 Guarantee conditions: ensured to remain true during the action. 

 Rely conditions: expected to be maintained true during  

the action. 

  

An action is in other words a modification, and might include a reaction, 

i.e. it is sensitive to its context. Since the real world that we live in does not 

provide a stable environment, an action need not give the same result 

twice, and in two different situations most probably not will give the same 

results. Note also that an action in the definition above can be purely 

mental, such as a prediction or an analysis. 

 

Why is action and similar concepts so difficult to understand? One reason 

is that if we focus on one concept and try to express it clearly, in all its 

entagled details, we at the same time need to clarify all the other related 

concepts, along with the relations between them, and their dynamic 

behaviour at the same level of detail. Consensus is not very likely since all 

of these concepts and relations are quite complicated, partly because they 

have evolved over millions of years, and partly because of the many 

different of views possible. A working reference architecture that we 

implement ourselves, and results from neuroscience will help us to better 

understand the issues.  

 

 

 

 

 

 

 

 

 

 

 

 

Over the years we will increse clarity and depth, and even though we 

might never be finished the search and the discussion is a reward in itself. 

The grand unifying theory will however not be found. 

   

An action can be triggered by any number of casuses and by reasoning, 

see figure below. One philosophical problem here is whether we always 

can find a chain of causes for an action, or if an action can be caused by an 

Reason 

Cause 

Intention 

Action 

Agency 

 

 

Emotion 

Figure IV.8.x Web of concepts  

affecting human action. 

Agency, whether an entity can 

continually sense its environment, make 

decisions based on input, act them out, 

by itself. Related to free will, and 

excerting power in self-interest. 
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As far as we can go in conceiving 

the depths of the physical world,  

we find agitation and specific 

interactions. Immobility, fixed 

states and repose are local and 

provisional phenomena at the 

level of our timescale and of our 

perceptions. 

E. Morin 

 

impulse without reason or cause. This discussion is akin to whether there 

are truly random events, or if the world is deterministic if we only could 

follow all of the details of what happens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Back to reality, let us exemplify action by the everyday event of going to a 

very interesting lecture at Umea University, early in the morning [DAN]: 
 

 Form the goal. The goal is the purpose underlying an action.  (Be 

in time for lecture) 

 Form the intention, i.e. form a conative intentional state (Have to 

speed up, or I will be late) 

 Specify the action (More throttle) 

 Execute the action (Push the pedal) 

 Perceive the system state (Check the speedometer)  

 Interpret the system state (Speed is accurate) 

 Evaluate the system state, i.e. check if the goal will be, or has 

been fulfilled (I will be on time, or I missed the lecture because I 

slept too long) 

 

This decision cycle, or action cycle, is performed over, and over, and over, 

and over again. 

 

A common intuition is that an action alters the world close to the cause, 

but now the global network will extend the reach of an action in space. 

Cause a disruption, and it can have an effect somewhere, or even 

anywhere, else. Similarly, actions local in time will increasingly affect 

future states. This has however already been done by books, newspapers, 

laws and television shows. If you write a book it might be forgotten and 

found 10 years later, “Ah, this is a master piece”. With extensive 

networked data access the possibilities increase.  

 

Concepts related to action are activity and task, which are what the user 

must perform to achieve a goal. In everyday use of the words the 

distinctions between goal and task, and between task and action, are fuzzy 

ones. If my task is to write this word, it is also my goal. An action however 

has a more coherent behaviour than a task; it is well known, and well 

practised. Also, it involves no problem solving, and needs no control 

structure [JP]. But, recall that action is a fuzzy concept with no clear 

definition accepted by everyone. After the discussion of interaction in the 

next part of the book, we will better understand action. 

 

Definition: 

An activity (task) is an 

observable, distinguishable, 

goal-oriented sequence of 

state-changes within a system 

initiated , controlled and 

monitored by one or more 

agent(s). 

ID 

Action 

Cause Reason Cause Cause 

Framed by consciousness Unconscious (social, 

environmental, …) 
Figure IV.8.x Triggering action. 
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“I think, therefore I am” 

R. Descartes 

 

“said by an intellectual who 

underestimates toothache” 

Milan Kundera 

 

“Human thought and its close 

relatives, problem solving and 

planning seem more rooted in past 

experience than in logical 

deduction. Mental life is not neat 

and orderly…Human thought is not 

like logic; it is fundamentally 

different in kind and spirit. The 

difference is neither worse nor 

better. But it is the difference that 

leads to creative discovery and 

great robustness of behaviour” 

Donald A Norman [DN] 

 

New discoveries will hasten the 

revolution, and they cannot slow 

it down 

Wide-band communication into 

the home, Lewis, 1962 

 

 

IV.10. We think and process ( +s ) 

There are presumably many reasons why we humans have developed 

thinking.  Let us list som of them [SP]: 

 

 Enhanced group living, this extra joy in life provides lots of 

opportunities for knowledge transfer and knowledge trade. It is for 

instance very useful to be able to guess the intentions of other members 

in your group. 

 Extended use of vision, we use vision to examine our surroundings in 

3D and this gives us the possibility to organise our mental world 

accordingly. We gain a framework for useful reasoning and planning. 

 Better use of our hands, our most versatile and important tool, the tool 

of tools. 

 Efficient hunting, because without hunting, and preferably intelligent 

hunting, we would not have had the resources to expand our brain to 

the extent that it can be used for intelligent thinking (including hunting). 

 

Maybe you can think of more reasons? 

 

Human thinking is slow, and the mental models are unstable and 

incomplete. Also, unscientific, “intuitive” models, and beliefs guide 

behaviour. Despite this we are able to quickly solve many quite 

complicated problems. The quote to the right clearly describes the main 

difference between computer based technology processing and human 

thinking. The computer can perform the same computational task a 

million times, without making one single mistake. A human can perform 

it ten times and make three different mistakes. In controlled environments, 

with a suitable problem, a cluster of computers working in parallel can 

compute at almost any speed, impossible for humans to match. Sealing 

bottles is a task that computers do at breathtaking speeds. But, if we 

slacken the control, let us say that the bottles arrive at stochastic intervals, 

the computer will fail. A human will continue sealing a bottle every five 

seconds while the computer smash bottles into smithereens. For other 

tasks the computerised thing is surprisingly sluggish. Humans solve 

simple survival tasks in the jungle in real time (proven ability). A 

computer based thing of today cannot manage! Why is that? 

 

Moore’s law is another distinguishing feature of the thing. Every eighteen 

months the computer performance has doubled as measured in MIPS 

(millions of instructions executed per second). This will probably not last 

for more than ten years from now with the current technology, but at that 

stage we can use parallel computers to increase the performance. If this 

trend continues, one prediction is that a computer matching the human 

brain in performance will be available 2020 [HM]. After another 50 years 

we will have a chip of the size of a sugar cube that stores the equivalence 

of 10.000 human brains, and with the power of a million Pentiums!  

 

There are also other hardware anomalies. Soon a CPU and a camera will 

be inexpensive enough to allow millions of them to be used in everyday 

life. There are already cameras attached to glasses that constantly takes 

pictures of everything the wearer looks at. Combined with global 

ubiquitous, fine-grained networking such new technology, gives 

enormous new possibilities difficult to foresee, especially if it is 

inexpensive. 

 

What problems need faster 

computers? Even more 

cmplicated word procesors? 

 

Do UnDo 
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The term process covers a lot. Thinking, preparing food, building a car, 

running a computer program, reading a book, or editing a text are all 

processes. Computing  is a general term for a machine executing software, 

i.e. performing operations on the content of its memory.  

 

There are several levels at which information processing is active [DM]. At 

the highest level it is concerned with the question of what is done, and 

why, i.e. the intentional level. This is the processing of ideas. While 

reading that last statement you actually performed information 

processing. Thinking about why you read it is also information 

processing, and clearly at the intentional level. Maybe you want to 

understand the meaning of information processing? At the next level we 

specify the idea of how to manipulate a representation of information, 

perhaps using an algorithm, what we have previously in this book called 

the conceptual level. Reading is one way to learn about information 

processing, and at the conceptual level we can describe it as sequentially 

processing symbols, one by one. At the lowest, physical level, we are 

concerned with how to implement the algorithm, and how to access the 

representations. Reading can be done using a textbook, feverishly 

scanning each line, frenetically turning pages, more, more, more.  

IV.10.2 Distributed cognition ( +u ) 

Distributed cognition provides another angle on thinking. A systems 

perspective is taken, where humans and tools collaborate to reach the 

objective, for instance to manage a ship into port. 

 

In principle a reflective system can adapt to anything, by modifying itself, 

but in practice no technology is indefinitely malleable. The designer, 

material, original intentions with the technology, and much more 

constrain the possibilities to modify a system and its technology in a given 

situation. It is hard work writing an essay on a pocket calculator.  

 

Below figure IV.10.4  shows some of the complexity we are facing when 

studying and designing for distributed interaction. Participants in the 

system interact with other participants, and the system itself, with context, 

and they also reflect and act on themselves. All of these interactions create 

numerous feedback loops where meaning is created and supported.  

 

One important such loop is created by the externalisation of our inner 

world, i.e what we think about and our memories. When they are made 

accessible to the outside world it will react to our intentions and other 

behaviour. As a special case we ourselcves act on our externalised 

representations, e.g. read our diary from last yearor study our face in the 

mirror. Such behaviour boosts our self consciousness. 
 

 

 

 

 

 

 

 

 

 

 

 

 

How can information or 

ideas reason?, How can 

information or ideas 

perform actions? 

Figure IV.10.4 Some distributed 

interactions in Hierarchical HITI. 
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I think I think, therefore I 

think I am. 

Descartes' failed attempt 

to discard the notion of 

objective reality. 

 

As a computer, I find your faith in 

technology amusing. 

Internet 

 

The essence of intelligence is to act 

appropriately when there is no 

simple pre-definition of the 

problem, or the space of states in 

which to search for a solution. 

[TWD2] 

 

 

 

 

The abstraction levels chosen of the interaction is an important trade off. 

Should for instance the same description of the interaction be used at all 

abstraction levels for all interactors in the figure IV.10.4 above? If not, then 

we need to find ways to match the description (multiple concepts, 

different name same meaning, different frames of reference) resulting 

from top-down and bottom-up analysis and design. Designing a system 

bottom up creates a complex model with good descriptive properties, but 

probably with low predictive and generative power. A top down 

approach could catch emergent properties, but will miss the finer details.  

 

A related issue is the number of models used at a given abstraction level. 

Inventing a situated model for each here, now, me, this, and do is maybe 

not a good idea.  But, a well developed general model such as Activity 

theory,  is on the other hand quite abstract, and needs training and 

experience to perform well.  

 

Whenever we consciously think about something we have to explicitly 

build, or use, a predefined model of the subject. One problem with this is 

that the model is a selection, we cannot include everything, cannot 

consider all aspects at the same time. The selection by necessity creates a 

‘blindness’ to all the aspects we do not include. It seems that reflective 

thinking is impossible without this blindness [TWD2]. If we think about 

how to wash up the dishes we usually do not include our children in the 

thought process. This might be a serious mistake! There is a minimal 

chance that one of them will volunteer if we ask them. On the other hand, 

if we started to consider every possible escape from doing the dishes we 

would never get round to do it. Have you ever said, “Oh, I did not think 

about that”? Assuming that you had the chance, why did you not think 

about it?  

 

IV.10.5 Artificial intelligence ( -p +s ) 

Personal omputers of today are deaf, dumb, and blind, even bathrooms in 

most airports are smarter as they at least can sense a person using the sink. 

Actually the sink is also computer based, but hopefully you get the point. 

We are not at all surprised if the computer does not recognize us after 

months of daily use, or if we get the same warning message for the tenth 

time. 

 

Artificial intelligence is a young science. Although it builds on 

philosophy and psychology the exploration of computer technology since 

1940 has spurred development. The frontier of what a computer can and 

cannot do is constantly moved. “A computer cannot play chess, at least 

not beat a human being”, and other similar statements, at first seemed 

reasonable, then questionable, and are now proven utterly wrong. 

Computers currently beat the chess world champion Kasparov, and that 

would certainly have been considered impossibly intelligent just a few 

years ago. We have had to redefine intelligence to keep it in human 

possession.  

 

The question of what constitutes intelligence is almost as difficult as 

implementing it. Is an alarm clock intelligent? It fulfils its task, but is still 

not considered intelligent. Will a computer ever be as intelligent as a 

human, or even more intelligent? There are still many tasks not yet 

accomplished by a thing. One is the Turing test, a test of intelligence 

Try to do a mental emulation of 

your favourite sport, e.g. imagine 

yourself hitting a golf drive 300 

meters. To what extent is this 

emulation possible for a begin-

ner, i.e. one who has never 

played golf? Could you from this 

example conclude that cognition 

is independent of perception? 

 

 
 

 090.. 
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The question of whether computers 

can think is like the question 

of whether submarines can swim. 

E. W. Dijkstra 

 

“The computer as intelligent is 

not in our future; we haven’t 

even achieved a Congress of 

intelligent agents after 200 years 

of trying. Instead, the computer 

for the twenty-first century will 

be the computer that stays out of 

your way, gets out of your 

desktop and into your clothing, 

connects you with people instead 

of with itself” 

Mark Weiser, Xerox PARC 

 

Why can’t a goldfish long for its mother? 

Longing for one’s mother involves at 

least:  

(i) knowing one has a mother,  

(ii) knowing she is not present,  

(iii) understanding the possibility of being 

with her, 

and (iv) finding her absence unpleasant. 

Aaron Sloman 

 

Thre is no ‘silver’ bullet approach - 

bullets are flying everywhere. 

International game devopers 

association 

 

proposed by Alan Turing. Isolate a human, or a computer, in a room. Ask 

her/it questions and if you cannot tell whether it is a human or a computer 

by the answers, it has passed the test.  

 

As another example, compare a cockroach to a car [AC]. A cockroach is 

quite good at disappearing at the right time. It can sense wind disturbance 

from an approaching attacker, and distinguish this from normal air 

movements. As it detects a danger it escapes into the closest hiding, 

avoiding obstacles along the way. A car on the other hand cannot even 

sense another car approaching, and if it did and tried to avoid it, it 

certainly would end up in the ditch. “Buy this new car it has got a 

cockroach brain!” 

  

Some researchers in AI are very optimistic about future advances, but 

beware, reality is much more complex than a game of chess! In fact, some 

say that artificial intelligence is impossible. These researchers claim that it 

is impossible to reproduce consciousness in a computer system. This is 

because of the lack of interaction with the outside world, and the fact 

that a computer is not part of a communicating community of other 

intelligent entities of the same kind [JF][TWD2]. Researchers first have to 

help the thing to translate aspects of the real world into symbolic 

representations that a computer can use. Computer vision, and speech 

recognition are some partial solutions. Second they have to represent the 

information thus achieved such that computers can use it to reason. An 

interesting question here is if the Internet can substitute for the outside 

world and provide an interaction community for things and information. 

When this happen this book will surely be rewritten. 

 

One approach to AI is the expert system. An expert system represents and 

uses knowledge from a limited area of experience such as diagnosis of 

diseases. The knowledge is stored as rules, and inferences can be made 

from the rules by a reasoning mechanism. Expert systems can be useful, 

but after more than 30 years of research they still do not solve very many 

real world problems. It is difficult to represent the necessary knowledge in 

simple rules. Real world knowledge is fuzzy and depends on context (and 

there are quite a lot of different contexts around).  

 

We constantly better understand the properties and complexities of many 

of the problems to solve. This combined with increased mathematical 

sophistication leads to more robust methods. One example is speech 

recognition where new mathematically based methods such as hidden 

Markov models (HMM), and large databases have greatly improved 

usefulness.  

 

There is no silver bullet, only hard work! 
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IV.10.6 Information processing ( -a -d +u ) 

The receiving part of an information processing system can be structured 

as in the figure below [DB2]. This is a high level abstraction vie that can be 

implemented in many ways, for example using the intercconnected 

network in Chapter IV.9.3 

 

 

 

 

 

 

 

 

 

 

 

 

The information input to the system is processed to extract a structured set 

of data, the dialogue record. To accomplish this the information 

processing system needs rules about how to parse the signal, i.e. syntactic 

knowledge. The system might also have to digitise the signal, and check it 

for errors. A very simple signal processing system does not do any further 

processing. An optical amplifier is one example. A light wave received is 

interpreted as ‘0’ or ‘1’, and sent out again onto the net. Another example 

of syntax checking is the software compiler. The compiler receives a 

sequence of symbols such as ‘If’, ‘A’, ‘Then’, ‘B’, ‘Else’, ‘C’ and applies 

syntactic rules to verify that the statement is valid. If instead the message 

is ‘If’, ‘Else’, ‘B’, ‘B’, ‘Then’, ‘C’ then the compiler will consider the data 

invalid and skip it.  

 

A more advanced system will interpret the list of received data and try to 

extract semantic information, i.e. information about the meaning of the 

data. If this fails then data must be re-interpreted and a new dialogue 

record formed. The semantics of an IF-statement is as a choice between B 

and C conditioned by A. Next step up in the processing hierarchy we 

extract high level information using our knowledge of context, self, other 

interactors, and of the current interaction, see figure IV.10.2 above. Here 

the semantic information might need to be re-interpreted. In a stochastic 

world the semantic interpretetation is always a guess that might not make 

sense in the particular context. One example of a system at this level of 

information processing is a web page that adapts to the user. If you visit 

Amazon.com you will receive a suggestion to buy the new edition of a 

book you bought last year, or to take advantage of a discount offer (only 

for you) of a book that is a good complement to the one you just bought.  

 

Generally any information processor cannot be given full access to 

information because information and information processing is 

expensive! There are at least three costs to consider [SP].  

 

1. Memory space to store information. We can never store everything 

and combinations thereof at every abstraction level. This means that 

we have to be selective. 

2. Time to process the information. Many problems need real time 

response and in general all processes need a result within the lifespan 

of the system. Real time response means that we have to be careful 

with how we store, quick and easy access to information is important.  

Signal 

Data 

(dialogue  

record) Information 

Models of  

context  
Semantic 

knowledge 

Data 

(semantic 

content) 

Re-form Re-form Re-form 

Syntactic 

knowledge 

Figure IV.10.2 Receiving 

part of an information 

processing system, adapted 

from [DB2]. 

Data in Data out 

-What time is it? 

-There goes Hakan to work. 
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3. Other types of resources are also needed for processing, cpu capacity, 

batteries, and data channels for instance. These resources are often 

shared by several processes. 

 

IV.10.7 Media signal processing ( -a +u ) 

One important special case of information processing is media signal 

processing. Digital media can be defined as reality represented digitally, 

i.e. sampled signals, but also without sampling media can be processed, as 

in our brain. The definition covers many types of sampled media. Image 

and sound, of course, but also temperature values and many different 

parameterised representations of a smiling face. 

 

There is a multitude of tools for analysing media signals. In fact they are 

so many that we a need a model to sort them out.  

 

 

 

 

 

 

 

 

 

 

 

Enter from left: A signal that can be stationary, non-stationary, 

deterministic, stochastic, discrete, continuous, or characterised in other 

ways. 

 

1. The first step is pre-processing. Here unwanted signal 

elements are removed, i.e. noise is reduced. What is 

considered noise depends on the intended use of the signal. If 

you want to recognise a face from a photograph certain 

features are important. If you instead want to determine the 

age of the person you look at other features.  

2. The signal transformation converts the signal to a 

representation optimized for the steps to follow. You should 

for instance store a sine wave as a frequency and a phase 

rather than storing all of the sampled values. 

3. The objective for the modelling step is to build a model that 

can be used for analysis. To do this any information on the 

problem can be helpful, context information, application 

characteristics, prior knowledge about the signal, and the 

signal itself can be used. The resulting model can be 

deterministic, dynamic, described by parameters, or chosen in 

many other ways. Length and weight of a person is a good 

example of a model of a person. 

4. The analysis evaluates the input signal against the model. For 

the length/weight model a person is recognized by a sample 

comparison. 

 

As can be seen from the figure, there are many possible feedback paths. At 

the time of analysis noise level, success rate, and error levels are known, 

and this knowledge can influence what type of pre-processing, 

transformation, or even what model to use. 

 

1.Preprocessing 

(filtering) 

Digitised 

signal 

2. Signal 

transformation 

4. Analysis 

3. Modelling 

Signal 

representation 

Figure IV.10.6 Signal 

processing system. 

One mans noise is another 

mans signal. 

 

How does a  face sound like? 

 

93kg 

1.87m

kg 

1 1 0 0 1 0 0 
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I hear and I forget; I see 

and I remember; I do and 

I understand 

Chinese proverb 

Sensory 

register 

Short term 

memory 

Long term 

memory 

Digital signal processing typically extracts or compare symbols. One 

example could be the identification of a face in an image, or finding the 

word “Hello” in a sound clip. As soon as we have a symbolic 

representation of reality we can write an even more complex software 

programs to explore and exploit relationships between symbols.  

IV.10.9 Representations for processing ( +s ) 

How can we represent processing, i.e. planning and action? One way is to 

use a specific type of schema called a script, see figure IV.10.9. It orders a  

sequence of actions, and can be used for instance to describe how to cook 

pancakes.  

 

 

 

 

 

 

 

 

 

 

 

Goals and cause-effect relationships stored as propositions is another 

way to implicitly specify processing. We use some mechanism to fetch a 

goal and select cause-effect propositions to find subgoals. We execute the 

actions corresponding to the subgoals, and eventually reach the main goal.  

IV.11. We remember ( +s ) 

From the discussion above it is obvious that memory is very important. 

For many systems memory size and access time are is a scarce resources 

that have to be used economically.  

 

Memory is essential for learning and reasoning. We will now introduce a 

model of memory in which a human being is supposed to have three 

kinds of memory, sensory registers, short-term memory and long-term 

storage. This is one out of many models, each with a different view on the 

functionality and the structure of memory. 

 

Sensory registers are intermediate storage spaces between senses and 

short-term memory. They assure that memory is associated with sound, 

colour, touch and smell. In such a register, visual iconic storage will be 

accessible, but only for a few hundred milliseconds. This is fortunate since 

it takes some seconds to formulate and decode speech. We would certainly 

have problems if we forgot the beginning of the sentence before the end 

arrived!  

 

Short-term memory is small, usually holding only three to four, or at most 

9, information groupings called chunks. With such a small working 

memory it is important that information refresh rate is high. Saved space, 

i.e. less memory, has the benefit of higher refresh rate and faster access. 

The result is that not only do we have a small memory, it is also short!  Try 

to remember what you thought about 10 seconds ago! Iconic memory can 

hold an image for up to a second and a sound, e.g. a spoken sentence 2 to 

8 seconds. 

Pancakes 

Stir together 

flour, salt, 

and sugar. 

Stir together 

beaten eggs 

and milk. 

Mix dry and wet 

components. 

Fry in butter. 

Figure IV.10.9 Action 

sequence modelled as a 

script. 

Image  

decompression 
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"To know everything would 

be impractical; 

access time would be 

exceedingly high" 

From the television series 

‘Mann and Machine’. 

 

 

General failure 

reading disk C 

Who is this General Failure and 

why is he reading my disk?. 

Internet 

For each MIPS of increase in 

computer performance there is 

 an extra 1 Mbyte of memory and 1 

Mbit/s of extra I/O capacity needed 

Amdahls rule (MIPS = Million 

Instructions Per Second) 

 

 

The severe limitation of short term memory is strange considering the 

total capacity of the brain. It seems to be a result of a balance that has been 

established throughout evolution. Using more memory would increase the 

possibility that the correct memory context is active. On the other hand 

also irrelevant memory context is more likely to still be active. One 

example can be that two conflicting goals are active at the same time.  

 

Long-term memory complements by preserving memories for years, up to 

2 billion seconds in the end. Do you remember your best Christmas 

present? The total amount of long term storage, and the number of 

associations possible, depends on the individual and can be increased by 

training. Brain capacity expands as more data is entered! Compare this to 

a hard disk where the available number of bytes is fixed. It has been 

estimated that a human processes 10 terabytes of data over a lifetime, and 

soon we will be able to store that amount of data on a single hard disc. The 

“soul catcher” chip investigated at British telecom aimed at doing just 

that, i.e. it tried to catch the soul of its user by collecting all of her 

experiences. 

 

Humans have a very small short-term memory. Furthermore, neither 

short, nor long term memory is very exact. In one experiment people were 

asked to draw both sides of a penny (the experiment was performed in the 

USA). Out of eight possible features the median number remembered was 

three [SP]! Try it at home (with your local currency). 

 

All knowledge, and also information about how to process information, 

i.e. programs, have to be physically stored and accessed. In the human 

brain this functionality is somehow integrated into the neural network. A 

thing uses other mechanisms, including RAM memory and hard disk 

drives.  

 

Some parameters influencing the choice of memory type are price, access 

time, capacity and power consumption. Examples are; CPU registers with 

access time of 10 ns, a 256 Mbyte, main memory RAM with an access time 

of 100 ns, and a 50 Gbyte hard disk in a PC, with an access time of less 

than 10 ms. The 10 ns CPU register access time should be compared to the 

70 us reported for raised human brain activity, and the 100 ms for human 

conscious reactions, almost an eternity. The reason for the name Random 

Access Memory (RAM) is that any (randomly chosen) memory cell has the 

same access time. This is not true for a CD-ROM where access time 

depends on where data is placed on the disc. Why a hard disk is called a 

hard disk is a mystery for us. Ever seen a soft disc? Or a wet disc? 

 

How data is structured in memory is also important for fast access and 

this structure is usually applicvation dependent. There are however two 

general properties we can use to enhance memory performance. The first 

is the principle of time locality. An item just referenced will tend to be 

referenced soon again.  

 

 

  

 

 

 

 

 

CPU 
CPU 

cache 

System 

RAM 

Hard 

disc 

Backup storage 

Access time 

Figure IV.11.1 Tradeoff between 

price and performance for 

memory. 

 

System memory 

and its backup. 
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On a clear disc you can seek 

forever. 

Peter J Denning 

 

The second principle is the principle of spatial locality. Items with 

addresses close to the item just addressed will also probably be referenced 

soon. With this in mind, and to get the most out of system memory per 

Euro, a hierarchical structure is used, where data just used, and with high 

probability to be referenced soon, i.e. data close to the data just used, is 

kept close to the CPU. Very fast memory, called the CPU cache, is placed 

closer to the CPU and is updated from slower, cheaper, memory. The idea 

of a cache is reused also for web pages on the Internet.  

 

Remembering something should be seen as an association of events with 

memories. Along with the thinking of connectionism, see Chapter IV.9.3, 

and considering that the brain is a neural network, we should not think of 

memories as something tucked away in files and ordered according to 

some logical pre-defined scheme. Rather, memories are retrieved after an 

activation of the neural connections by external and interanal inputs 

(mental state and situation). As a result structures in the network of the 

brains are highlighted. This will be done differently for every person, at 

every time, in every situation., and it is a dynamic process.  

 

We all build a very personal netwoks as life passes by. Our common 

heritage, and the fact that we share many experiences means that our 

neural networks are similar, but they are never the same. If by a strange 

coincident we would have the same structure of connections we still 

would assign different weights to them. 

 

IV.12. We attend to it ( +s ) 

Attention is of vital importance whenever a human is involved in an 

interaction. This means that how to attain attention is something that must 

be studied, which of course has been done in depth for public relations, 

and political propaganda. 

 

Any interactor faced with reality, and not prepared for the shock, will be 

overwhelmed by information. Reality continuously presents us with 

parallell events, audible, visual, tactile all around us. One way to manage 

is to consider only parts of the information, i.e. to focus, and make use of 

attention, as humans also do.  

 

On a high level human attention is determined by self relevance (needs, 

goals), pleasantness of stimuli (music, humour), emotions, and ease of 

processing. On a lower, functional level, the following figure illustrates 

how we keep focused on the task at hand.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sensory input Long term 

memory 

Attention(t) 

Current objective 

Short term memory 

buffer (cache) 
Figure IV.12.1 Cognitive 

architecture for attention. 
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Sensory input and memories are collected to a short-term access buffer 

(cache). The buffer is not very large, which means that new, more 

interesting sensory input, have to flush it. Results from internal mental 

processes that need other sensory input, or memories, also flush the 

buffer, as well as unwanted external distractions. The system is highly 

time dependent, because objectives and sensory inputs change, and long-

term memory evolve. Attention is also easily disrupted by stress from 

noise, light, anger, or lack of sleep. Since people cannot be redesigned we 

have to make sure that the systems we design take our limitations into 

consideration. 

 

Since attention directs the resources available to the most important issue, 

it is necessary for successful interactions in physical reality. A computer-

based solution to the same problem is to assign priorities to internal 

processes and make sure that the process with the highest priority gets 

access to the resources, such as CPU and memory. A system with a few 

simple tasks can manage with fixed priorities. Systems working in a more 

complex environment need algorithms to change the priorities.  

 

Attention is a finite resource and it needs stimulation to set off, i.e. an 

alarm system. For humans we have many innate mechanisms for this. 

Having something too hot to drink, and movements in the periphery 

trigger such behaviour. Other more sophisticated alarm systems need to 

be trained in a social environment. Most of us for instance learn to sense a 

changed level of tension at a meeting. In general what sets us off is a 

change of a pattern or state. Experiments show that airplane pilots using a 

heads-up display when landing easily miss another airplane blocking the 

runway (landings were simulated). Another example is that using a 

mobile phone severely reduces the attention spent on driving a car, since 

hearing and vision fight for the attention. Computer systems have an 

interrupt mechanism whereby a lower level system, such as a mouse 

driver, can alert higher level software. In the case of a mouse a function is 

triggered that updates the pointer on the screen.  

 

In the discussion above we ignored some rather important questions. One 

is how different senses compete for attention. If we quickly skip that one 

and just look at the visual system, only we have some questions for that 

too. What information is important enough to capture attention? How 

does the visual system know when to attend to a specific event, and when 

to shift attention to another one? How does it do this efficiently? The same 

problems are now facing engineers and scientists when they want to build 

adaptive things. We will come back and discuss some potential solutions 

in the next part of the book.      

 

To somehow represent an inner model of the world is well-spent memory. 

A mental state is an internal image on a functional level, and humans and 

animals are currently the only interactors with such a model. If we restrict 

ourselves to interactors that have beliefs and fears both about their 

intentional states, and about the states of other interactors, we are 

probably left with humans only.  

Only by concentrating the finite 

resource attention can we make 

things happen. 

[MC3]  

Read the following senten-ces 

while at the same time saying 

out loud  

“7, 5, 2, 3, 10, 6, 1, 4, 9, 8” 

“10, 9, 8, 7, 6, 5, 4, 3, 2, 1” 

Which was easier to say? 

The stroop effect 

Definition: 

Attention is the application of 

the mind to any object of sense, 

representation, or thought (just 

as You thought). 
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If you believe, or know, “about something”, you have a mental state that 

represents to believe, or know, “about something”. You can for instance 

have a belief that there will be dinner on the table when you come home 

after a long days work, perhaps candles, and some wine. Compare that to 

a simple goal-directed action like eating when hungry, with the food 

already there, in front of you on the table. In the second case there is not 

much of a mental model, no intentionality needed for eating. What you 

believe, when you believe that dinner is served, is however not merely a 

sentence, there’s more information represented inside your head.  

 

We have mental states of different kinds, such as nervousness, elation, 

depression, belief, desire, hope, and fear. To be in a mental state is in other 

words to be disposed to behave in certain ways. For interaction some 

mental states, called intentional states, are especially interesting. They are 

directed at, or about, states of affairs in the world and many of them can 

be externalised by means of human language, or by other interactions 

[JS3]. Some intentional states are [JF]: 

 

 Interactional: percept, information, decision, request, norm. 

 Representational: belief, hypothesis. 

 Conative (to try, undertake): tendency/goal, drive, claim, 

commitment and intention. Intention is used here in the meaning 

of an act of will, and is a special case of an intentional state (easy 

to confuse). 

 Organisational: method, task. 

 Other: fear, desire, hope, dream, affect. 

 

All of the different intentional states are not independent; desire is for 

instance also a drive.  

 

Intentions are important because they heavily influence our behaviour 

and course of action by the following properties [MW3]: 

 

 They drive reasoning and serve as goals. 

 They persist, we typically do not abandon intentions without 

good reasons. 

 They constrain, we usually do not nurture inconsistent 

intentions. 

 

When an intention is selected the actor makes a commitment to it. 

Commitments are managed in different ways. One strategy is blind, or 

fanatical, commitment where the intention is maintained at all costs until 

it is fulfilled. This simple strategy is not the best if the environment 

changes frequently. A trade-off has to be found between adaptability and 

simplicity. So far  humans have much more advanced mental states than 

any technology can provide.  

 

Below our consciousness, sublimal processes are at work, taking care of 

matters that we do not currently care about. The task of driving a car on 

the highway is soon delegated to a lower level of attention. Another 

example is an advertisement in video (now forbidden) where a frame here 

and there in the original video is exchanged by an advertisement. The 

exchange is not consciously detected, but the effect is real. We will be 

affected by the ad. 

 

ALWAYS COCA COLA 

RIP 
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I never guess – It is a shocking 

habit – destructive to the 

logical faculty. 

Sherlock Holmes 

 

By the way, are you sure that this text does not contain hidden sublimal 

messages? 

 

The cocktail effect is another interesting trick played by attention. You 

enter a room filled with people chatting. In this noisy environment you 

suddenly hear your name mentioned. The voice speaking your name was 

not louder than the others, it is just that you have filtered out the familiar 

sound pattern, and directed your consciousness at the sound. There are 

also other effects. The precedence effect is for instance the very 

convenient behaviour that the first sound that arrives gets attention, and 

echoes are ignored. A last example is that differences are heard rather 

than similarities. If you suddenly start hearing your car while driving it, 

something is possibly wrong. The car sounds “strange”. 

 

IV.13. We reason ( +s ) 

What is the use of all this processing? Maybe it can help us to solve a 

problem? The intelligent agent, including the human, has needs, targets to 

strive for in its life, both in the short and in the long term. Solving 

problems is fun and also a major underlying theme of this book. It is the 

process of accomplishing an objective through a series of not immediately 

evident actions, and involves an internal representation of the problem, a 

search through the space of possible actions, and a selection of a set of 

actions using principles specific to a domain. The domain specifics are 

what differs problem solving from the more general term reasoning. Both 

are principles to draw conclusions by manipulating information. 

 

Reasoning about problems is a fundamental human ability, and for any  

thing or information that have to manage in an even the least complex, 

loosely specified, or changing environment. It can be carried out in two 

different ways, either by deductive, or by inductive reasoning. 

 

Deductive reasoning starts from generally valid assumptions, true 

statements, and uses them to draw conclusions that can help us reach an 

objective. It works from the general to the specific, starting with an idea of 

a theory formulated as a set of hypothesises. If each of these is verified 

through observations then the theory is confirmed. We start with the 

hypothesis that E=mc2 and try to verify it through experiments and 

already verified scientific facts. Inductive reasoning instead starts from 

one or more observations about the world, observations that are verified 

only in special cases, i.e. they can be false. From the observations patterns 

are sought. Just like Sherlock Holmes we use these patterns to build a 

hypothesis that can be tested, verified, and packaged into a new theory. 

 

One example of how humans use inductive reasoning is the following one 

[NS]. Try to estimate if words starting with an “r” are more common than 

words with “r” in the third position. The first attempt to solve this 

problem starts with searching the memory for examples of words of the 

two kinds. Since it is much easier to retrieve words starting with “r” we 

falsely (?) induce that there are more words starting with “r”. 

 

The problem in the game of chess is how to select the next move such that 

it maximises the chance of winning. The search space is too big for a 

human to traverse all of the possibilities so heuristics are needed to prune 

it. A heuristic is a rule that can be used to simplify a solution to a problem. 

The rule can be found from commonsense knowledge, by trial and error, 

or in some other way. 

Is there a life after death? 

Eternal question 

Bear 

approaching 

Baby 

crying 

Dinner 

shopping 
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In general problems in open systems, e.g. social environments, are too 

complex to be solved in an optimal way. The solution strategy is to learn 

enough about the problem specifics and of the context to adapt an old 

heuristics, or invent a new one, to approximately solve the problem. It is 

often necessary to look at the structure of the information in the 

environment to select a good heuristics. The solution in other words will 

be specific to the problem rather than general purpose. Examples are the 

heuristics you devise to select a mate, and how you decide on the location 

of your new home.   

 

One useful method for applying heuristics is means-end analysis. At each 

state in the search space we choose the transition that minimises the 

difference between the current position and the goal state. Figure IV.13.2 

below illustrates the example where the road to choose is determined by 

the shortest remaining distance to Umeå. Here it is quite simple to 

determine the distance to the target. In a game of chess the choice is 

usually not this obvious. 

 

 

 

 

 

 

 

 

 

 

 

When we solve algebraic problems we use another strategy. Such a 

problem is formulated as a set of equations, using the well known notation 

shown in the example below, and some prerequisites.  The solution is 

found by substitution: 

 

Problem: What is the value of a? 

Prerequisites: e=1, b=3 

Equations: a= b + c, c= b + e 

 

Unknowns in the equations are eliminated, one by one, in the right order, 

to retrieve the value of a. We ask ourselves, what are the unknowns? What 

facts are given? 

 

This type of algebraic problem can also be formulated in words: “If Tom 

has twice as many problems as Joe who has half as many as Mary who has 

2. How many has Tom?  

 

Umeå 

10 km 

Umeå 

12 km 

Umeå 

Figure IV.13.1 Pruning 

the search space. 

 

Figure IV.13.2 Means-

end analysis. Select the 

path with lowest cost. 

 

Show that xn + yn = zn has no 
solution in whole numbers, 
where n > 2. 
Fermats last problem, dotted down 

in a margin that could have needed 

enlargin/ T Lehrer (now solved) 

What to have for dinner? 

Potent problems: pollution, poverty, 

population, and political power. 
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Elementary, my dear Watson 

Not said by Sherlock Holmes 

in any of the books 

 

Morning out of the sun 

A smell of toast is in the air 

When there’s a war to be won 

The flying toasters will be there 

Text from the “Flying toaster” 

screen saver 

 

Already while reading the problem statement the solution is planned. We 

ask ourselves what the unknowns are, and what data that is given [GP]. 

“Tom has twice as many as Joe” means that if we know how many Joe has, 

we know the answer (Tom = 2 * Joe). Keeping this in mind we go to the 

next statement “Joe has half as many as Mary”. Now we know the answer 

if we know how many Mary has (Joe = Mary / 2). The last statement “Mary 

has 2” gives us the last clue and we can now backtrack to the solution. 

Joe =2 / 2 =1,  Tom = 2 * 1 = 2.   

 

A reasoning of different kind is cased based reasoning (CBR). It is not 

directly built on logics, as the mechanisms above, but explores the fact that 

we (and machines) already know patterns that can be reused by analogy. 

If you know how to make pancakes you are well off to use the frying pan 

for other courses. This reasoning involves generalising a particular 

solution to another case. If you for instance  know how an IF-statement 

works in Java you will have no problem using similar constructs in other 

programming languages. CBR means extracting information about a 

specific situation, and storing it. Next, the relevant aspects of the new 

situation have to be found that can be used to find the stored knowledge. 

How we represent knowledge is important. The last step of the procedure 

is to adapt the found knowledge to the new situation.  

 

What do you do if some necessary prerequisites are missing? In a more 

complicated example an expert (you of course) will find out that 

something is missing, but the novice might not. The expert will also better 

determine what missing information to start searching for, and will know 

how to obtain this information. Expert problem solvers in a discipline also 

learn how to recognise patterns in problems, patterns that they can use for 

selecting the next step in the solution process. A good programmer will 

recognise structures in a problem and use them to delegate parts of the 

solution to separate functions. A parent will know the significance of 

slightly different screams from the baby. A crime investigator such as Mr 

Holmes ignores the right irrelevant details. 

 

Most real world problems are characterised by incomplete information 

about system variables. Also, the resolution of known variables can be  

low, i.e. variables change value too fast, or might even be tampered with 

by evil forces. This leads to contingency problems where the solution of 

the problem needs feedback while looking for the solution. The agent 

must continuously explore the problem state space either directly 

through experiments, or indirectly by simulation. 

 

Typically real world problem also involves a lot of states. This means that 

computational complexity, and memory consumption are important 

considerations, and achieving real time performance is a problem. There 

are two strategies available here. Either we use a general solution, or we 

create a specialised solution to the problem at hand. The general solution 

is flexible and can be reused on more problems, but consumes more 

memory and computational resources. The specialised solution is efficient, 

but since it is not flexible we are forced to develop a new solution for each 

new problem, and development itself takes time and consumes resources.  

IV.14.  We plan and search ( +s ) 

If we are faced with a really tough problem, like preparing breakfast, we 

have an enormous information space of possible actions and physical 

constaints, which means that we must use informed search. How do you 

specify a heuristic function for preparing breakfast? You have several 

Main goal 

Subgoal 
Action 
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"Baldric, you wouldn't 

recognise a subtle plan if it 

painted itself purple 

and danced naked on a 

harpsicord singing `subtle 

plans are here again'." 

- Edmund Blackadder, `BA IV' 

 

I choose therefore I am 

tasks to perform, sometimes in sequence and sometimes in parallel. To 

open the refrigerator, get the milk, put the water kettle on, and slice the 

bread, are all relevant subgoals. So far, the only tool described in this book 

and available for you, is continously search through all of the impossibly 

many actions available for each subgoal. It seems that we need at tool that 

better can help us structure actions and objectives. We need a plan! 

 

Napoleon used planning to make sure that his armies were used wisely. 

How would he have managed with search only? He failed, was that 

because of bad planning? Incomplete knowledge of system state space? 

Maybe he just had bad luck? 

 

Given that we have an inner model where different actions are 

represented, and a problem to solve, we must choose between actions. We 

say that we have a plan if we have a representation of the goal, and a 

sequence of actions that when executed achieves the goal [PG]. Note that 

the choice implies a search through the possible sub-goals and action 

sequences as indicated in Figure IV.14.1. 

 

 

 

 

 

 

 

 

 

 

 

Planning is one activity that situates humans in time, the other being 

storytelling about past or imagined events. Hope and regret are two 

emotions that reflect this situatedness, and to support it we try to format 

and structure information such that it makes narrative sense [CH].  

 

The human seems to be the only animal able to plan ahead. We can spend 

four years on an education for an exam (silly is it not ). Or we can buy 

twice the amount of pasta that we need this week, when it is sold out at a 

lower price, because we foresee that we will need it next week. Our ability 

to plan is a gift, but also a curse. We have to choose between enjoying the 

passing day and preparing for the next. The uncertainty and anxiety that 

comes from having to choose, and knowing that we choose, is 

fundamentally human. Still, despite all planning and choosing, and 

because of the complexity of our context, it is likely that we will discover 

the consequences of our actions only after making them. Heuristics, 

imitation, and post rationalization are consequently found everywhere. 

 

To plan you have to understand cause and effect. It is inherently 

connected to our notion of time, because without cause and effect time 

would cease to exist. Since planning is fundamental for survival, sorting 

events into cause and effect is also very important. We always try to find a 

reason for things that happens to us. If we cannot blame anyone else, we 

blame fate, or in more positive circumstances we accredit luck. Looking 

for a cause is usually a wise thing to do; if you hear a bang when you are 

out driving, you slow down. Puncture, gearbox problem, superman 

landing on the roof? As events always bombard us it might seem that 

planning is a kind of Sisyphus work, where we constantly have to revise 

Goal 

Sub-goals 

Execution of actions 

Planning (1) 

(2) 

Figure IV.14.1 The 

planning process followed 

by execution of actions to 

achieve goals. 

 

Think about the last time you made a 

plan. Assuming that you remember 

one, list 10 circumstances under 

which the plan would not work. 
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“Jag har en plan” 

Sickan  

 

Every square inch of 

the human body 

supports on average 

32 million bacteria .  

 

plans, but somehow we manage to keep small continous changes in 

prerequisites and context from flooding the planning process.  

 

Planning algorithms use descriptions of states and goals in some formal 

language, usually in first order logic. This explicit description enables 

programs to reason about the states and the goals. Actions are represented 

by logical descriptions of cause and effect enabling the planner to relate 

states and actions. With this arsenal of descriptions the planner can, for 

instance, use the idea of divide and conquer and attack independent 

subgoals separately.  

 

What if the plan fails? There might be assumptions made during the 

planning that does not hold the test of reality. Perhaps context changes or 

is misinterpreted. This is the contingency problem applied on planning. 

The planner has to do a trade-off between either adding too much 

information about the world, or using sensory information to detect when 

the plan does not work.  

 

At this time we want to mention two other related fundamental problems 

facing artificial intelligence. The first problem is called the qualification 

problem and is the problem to define the circumstances under which a 

given action is guaranteed to work. There are many possible reasons that 

could stop you from going to work in the morning. The bus could be 

blown to pieces by a bomb, a snowstorm barricades your door, your alarm 

fails, or all of the above happens on the same morning. The problem is to 

qualify just enough conditions to see if something can be done, a task well 

performed by our “common sense”. Reality is rarely a binary affair, which 

means that an action might partially succeed, and that there might be 

parallell alternative paths of actions with different costs. 

 

The second, related, problem is the framing problem, also called the 

ramification problem. It concerns the fact that we need an infinite amount 

of data to exactly describe the currently relevant aspects of reality and the 

implicit consequences of actions. When creeping out of bed in the 

morning thousands of small creatures in your bed will get cold (about 

10.000 of them) with consequences you never think about.  

 

Even a seemingly simple problem such as preparing breakfast involves a 

surprising amount of knowledge. How come that we know that the butter 

stays on the knife, but milk does not? That milk stays in the glass? That we 

cannot hold the glass of milk and the sandwich in the same hand? If we 

took everything into consideration that could possibly have an effect on 

our early meal we would die from starvation [DD]. We would, by the 

way, also die if we tried to figure out everything that does not affect our 

breakfast. 

 

To make things even worse reality is dynamic and often difficult to 

predict. There is a story from chaos theory about a butterfly in Paris 

creating a storm in New York. This reflects the fact that any small physical 

effect, under the right circumstances can be magnified totally out of 

proportion and ruin several well planned picnics in New York. 
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When solving a problem search is one way to find a sequence of actions 

that leads to the goal, i.e. to find a solution to the problem. Search is an 

extremely useful  concept not just for solving problems, but in general for 

all sorts of information retrieval and we will discuss search at length in 

Chapter V.15.  

 

It traverses the branches of the state space tree from the root node (root 

state). If only two branches are allowed at each branching point, the tree is 

called a binary tree. If you traverse the tree and always select the next 

deeper node at each branch you do what is called a depth first search. If, 

on the other hand, you complete each level of the tree before starting the 

next level you do a breadth first search.  

 

If the only knowledge you have is about which nodes that are direct 

decendants to a node, you have to use blind search. A better strategy is, if 

possible, to always traverse the path starting at the state with the currently 

lowest cost. This is called best first search. In chess, the number of 

possible moves is estimated to be 10120 [NS]. Search strategies for a 

problem with such a (realistic) search space have to compromise on 

optimality and as a result the optimal solution might be missed. Other 

reasons imposing tradeoffs are that the time for finding a solution is 

limited, processing resources are limited, operations that have to be 

performed while searching are very complex, or there is a shortage of 

available memory. If it is impossible to visit every node in the tree, to the 

full depth of the tree, i.e. to do an exhaustive search, a greedy search 

algorithm can be used. The greediness is formulated as “minimising the 

estimated cost to reach the goal state”. If we know the cost to reach the 

current state we use a heuristic function that is a rules of thumb to 

approximate the remaining cost to reach the goal. Next we pursue the 

path with the least total cost in a best first search. One example where 

heuristic search is necessary is if you want to find the research paper 

“How to search” in your room (let us say that you have several papers 

lying around in piles). You try some of the piles where such a paper could 

be found. If you find a paper with the title “Traversing data structures” 

you suspect that the paper on search is nearby, i.e. you use a heuristics 

and you thoroughly search that pile first.  

IV.14.1 Heuristic functions ( -a ) 

Good heuristic functions can be works of art. They are usually difficult to 

find without good knowledge of the problem, and often need a creative 

representation of the problem. All sorts of problem knowledge can be 

used, such as probabilities  or other known features of the problem. 

 

Let us give an example. Suppose that we want to find the shortest path 

between two addresses in a town. Finding the shortest path is by the way 

an important generic problem that is studied in many settings, e.g. in data 

communication. The problem can be represented as a search through all 

possible paths between the two addresses. We are currently at the crossing 

at A coming from the starting position S and heading for the target 

address G, see figure IV.14.2. 

 

What would be a good heuristics here? 

 

One idea would be to use the shortest x- or y-distance to the target as the 

heuristics. We let the shortest distance determine if the next path segment 

will be in the x- or y-direction. We are not allowed to follow the same 

track in the opposite direction, and if the best choice cannot be taken we 

-> Rheumatic pain is associated 

with changes in weather 

-> two events can have greater 

chance of co-occurring than 

either event by itself 

-> categorizations is made on the 

basis of similarity between 

instance and category members 

Find a heuristic function for 

the time it takes you to do 

your homework 

Definition: Heuristic is the art and 

science of discovery. The word 

comes from the same Greek root as 

"eureka", meaning "to find".  
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choose a path that shortens the distance to the target. These rules will lead 

us along the path indicated in the figure below. Can you think of a better 

heuristics? 

 

 

 

 

 

 

 

 

 

 

 

A property of the problem we are taking advantage of here is that all 

blocks are rectangular with the same height and width. If the blocks were 

circular and with different radius the chosen heuristics is not a good one. 

We can for instance not stop our search at each crossing. The next figure 

illustrates this, and introduces an alternative heuristics, which works by 

following the perimeter of the current block until a block with a perimeter 

closer to the target is found nearby. 

 

 

 

 

 

 

 

 

Another type of problem is where a first preliminary solution is already 

provided, or obvious. The objective is now to improve, i.e. to optimise, it. 

If your goal is to climb the highest peak and you see the peak ahead of 

you, in principle you have already solved the problem. It is just a matter of 

doing the climb with as little effort as possible.  

 

Two types of algorithms for such iterative improvements, are gradient 

descent, and simulated annealing. 

A 

S 

G 

A? 

S 

G 

Figure IV.14.2 Path found from 

heuristics. 

 

Figure IV.14.3 Paths for 

different heuristics. 
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Learning is not a process of 

accumulation of represent-

tations of the environment; it is 

a continuous process of trans-

formations of the behaviour 

through continuous change in 

capacity of the nervous system 

to synthesise it. 

Maturana, Biology of 

cognition 1970 

 

A little knowledge that acts is 

worth infinitely more than much 

knowledge which is idle. 

Khalif Gibran 

Cultural development through 

nurture or nature? 

IV.16. We learn and adapt ( +s ) 

Humans are surprisingly adaptive. While interacting we ignore all sorts of 

irrelevant information, errors, and inconsistent behaviour. We adapt to 

odd habits and foreign cultures, overcome differences in age, knowledge 

levels, and language. As teachers we adjust the presentation level of 

knowledge such that it match the knowledge level of the students. If the 

first explanation does not trigger a spark of understanding then we try 

another angle, maybe offering specific examples instead of describing a 

general principle. A fundamental prerequisite for adaptation is our ability 

to learn, see also Chapter III.1.4. 

 

In the definition by Maturana to the right, learning and interaction are 

intimately related. We for instance do not learn about hammering from 

some abstract mathematical model, with forces and angles, neither do we 

store the “idea of hammering” as a symbol. We learn it by engraving the 

actions of hammering into the nervous system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To use knowledge that we have, we must be able to recall what we have 

learned, when it is needed. This is however rather a re-production of 

behaviour rather than only a retrieval of some previously stored data 

structure.  

 

Mother nature is greedy by nature and dislikes random knowledge. 

Whenever knowledge is stored it is because it has been used for a purpose. 

Therefore knowledge can also be seen as part of a problem solving 

process. Finding your way to work is one example. You can take hundreds 

of routes, but there is one short and easy. This is the one that you have 

stored in your memory, and can follow without difficulty, even without 

conscious effort, every day. Try to think about some knowledge that you 

have that is not problem related!  

 

Why is learning important? Most of all because adaptation by learning is 

much faster than adaptation by evolution that takes generations to refine 

randomly generated genetic variations. Learning combined with planning 

and reasoning are powerful tools for survival. The development of 

humanity can be seen as a journey along a path of knowledge [AC]. What 

we do when we learn in school and from life is following our path of 

knowledge. Science adds to the path by researching new pieces of 

Figure IV.15.9 Learning as the 

process of engraving behaviour 

into the nervous system. (You 

also have these interconnected 

little circular shaped things 

don’t you?) 

 

+ + + 

Nature is seen by men through a 

screen composed of beliefs, 

knowledge, and purposes, and it is 

in terms of their cultural images of 

nature, rather than in terms of the 

actual structure of nature, that 

men act. 

Rappaport  
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To be an expert is to not know that 

you know what you know and to 

know what you do not know! 

HG (classic) 

 

knowledge from an enormous search space. We add layer after layer of 

knowledge to our collective fortune. This process is dynamic and there is 

no guarantee that knowledge will survive, it is something that humanity 

will have to constantly fight for. Some ideas added can only be 

understood once others are already assimilated. It is for instance difficult 

to understand multiplication without having mastered addition. 

 

 

 

 

 

 

 

 

 

 

 

 

However, learning does not come for free. It takes time and other 

resources, and during the learning period the interactor, or even the 

society, is vulnerable. Are we learning  the right things, and adapting the 

right way, to the changed circumstances?  

 

As you gain more and more knowledge on a topic, the knowledge will be 

increasingly integrated into your thinking, and you will have more and 

more of a problem describing your knowledge, or even knowing that you 

have it. Examples of this are numerous, various crafts, carpentry, knitting, 

and green fingers. Try to describe how you walk. Some years ago walking 

was, for a while, quite a problem for you. Learning by doing or, as in 

science, learning by induction by studying a number of examples, 

generates knowledge that is embedded within the system and cannot be 

reconstructed by the system itself. This knowledge is called tacit 

knowledge. Animals have the same ability, but probably do not reflect on 

it. Things on the other hand can only do things that can be formalised, i.e. 

described. With enough knowledge you are ranked expert and spend your 

time in a narrow knowledge area. The more of an expert you are, the 

narrower the area. The more expert you become, the more you know 

about related knowledge that you do not have. 

 

More on how to acquire ignorance is accumulated later in this book, in fact 

the whole book is about this accumulation.  

 

Figure IV.16.1 Knowledge 

is gained through inter-

actions. 

 

Delayed reproduction 

time (approx. 20 yrs)! 
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“Knowledge is above all the 

fruit of interactions between 

cognitive agents who or 

which, acquire it through a 

process of confrontation, 

bijections, proofs and 

refutations.” 

Lakatos 

 

 

Which way do you turn a tap 

to open it? 

 

Which way do you turn a 

screw to loosen it? 

 

IV.16.1 Taxonomy for learning ( -p +s ) 

A group of psychologists lead by Benjamin Bloom developed a taxonomy 

for learning behaviour. They identified three overlapping domains for 

learning: affective, psychomotor, and cognitive learning. Affective 

learning relates to how we learn emotions, attitudes and values. The fact 

that we learn them is shown by how we behave when we grow up. We 

learn how to show attention, concern, interest, and how to act responsibly. 

Psychomotor learning is about learning more basic motoric behaviour 

such as coordination, fine motor skills, dance, athletics, and how to make 

facial expressions. Associated with each skill learned is a memory. 

 

 

 

 

 

 

 

 

 

 

 

Cognitive learning in Blooms taxonomy is what we typically do in school, 

and it takes place at the following six knowledge levels. With each level 

the understanding of what is learnt is increased. 

  
1. Knowledge, define, list, recognise, repeat, facts.  

2. Comprehend, classify, describe, translate, facts and their 

relationships. 

3. Application, apply, interpret, operate, sketch. 

4. Analyse, calculate, compare, criticise, examine, experiment, test. 

5. Synthesise, construct, create, design, develop, organise. 

6. Evaluate, defend estimate, judge, predict, rate, evaluate, argue. 

 

This list is also interesting since with each higher level it becomes more 

difficult to describe how humans manage to perform the tasks. 

 

Learning about learning is by necessity a multidisciplinary effort. 

Pedagogy, psychology, computer science, linguistics, philosophy, and 

neuroscience are all interested in this phenomenon. Pedagogy studies 

learning from a phenomenological standpoint, and also in the 

complementary activity, teaching. Typical questions are “Is this a good 

way to teach this subject?”, “Will this situation enhance learning?”, “If I 

formulate the knowledge in this way, will understanding be enhanced?”. 

IV.16.2 How do we build knowledge? ( +u ) 

Knowledge is the result of interaction! There would not even be any 

knowledge without interaction, i.e. without confrontations with the world, 

and especially with other interactors. Try to find some knowledge that 

you have that was not obtained through interaction! It is in other words 

extremely important for people to interact with other people through 

discussions, books, or by other means to achieve knowledge and know-

how.  

 

R 1 3 5 

2 4 
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Ever tried? Ever failed? 

No matter! 

Try again, fail again,  

fail better! 

Samuel Beckett 

 

"Ah, Percy. The eyes are open, 

the mouth moves,but Mr. 

Brain has long since 

departed." 

Edmund Blackadder, `BA II' 

 

Learning and training can be achieved by different behavioural 

mechanisms: 

 

 Habituation is learning where we become accustomed to the 

input. In the case of the sensory system, the input signal is 

ignored after a while!  

 Conditioning, where good behaviour is encouraged and bad 

punished, e.g. “say ma-ma”. 

 Copying, where successful examples are followed. 

 Trial-and-error, just doit. If you do not know how to accomplish 

a task you just perform any, more or less random action, and 

hope that it will reduce the distance to the goal state. 

 Playing, this is a variation of the trial-and-error method that is 

sometimes driven by curiosity and encourages creative thinking. 

Playing is a good way of elaborating knowledge, and results in 

well-formed behaviour. It is also an excellent method to collect 

information for later planning. 

 

Knowledge elaboration of various kinds, such as playing, helps us to 

remember, understand, and to acquire new skills. Because we tend to 

forget things, we need to rehearse as well as to learn. A hopeless situation 

in the long run for a single human who wants to learn as much as 

possible, even if we constantly add new supportive technology, for 

instance electronic calendars. Limitation in human attention also affects 

learning; to learn we have to pay attention. It is for instance difficult to 

learn how to play the trumpet and to study history at the same time.  

 

From this it follows that we need to be free from the everyday survival 

tasks in order to have time to pay attention. Another conclusion is that 

specialisation is advantageous since it gives adepts more time to learn 

(some important knowledge like this). This seems to suggest a world of 

specialists, but there is a major problem with this prophecy. A specialised 

language is necessary among the specialists from narrow disciplines, but 

creativity prospers through the cross-fertilisation that occurs when 

disciplines meet. Cross fertilisation implies overlapping knowledge and 

common language, which means that experts cannot become too 

specialised. Without creativity, adaptability will suffer, and adaptability is 

something that will certainly be needed even in a society of experts. 

 

Learning is creative work. A new knowledge pattern must be imprinted in 

the brain and intertwined with previous knowledge. This process will be 

unique for all learners, at least for all of the type human. Another 

observation is that knowledge is personal, and something that everyone 

has to build herself. This is because knowledge is learnt in a personal 

context that can make it difficult to understand knowledge if we do not 

have access to the context in which it was generated. Is it possible to 

understand how to make a snowball if you have never seen snow? What 

does the expression green fingers mean to an Eskimo? Think about 

explaining to a bushman, coming directly out of the desert, how to change 

language for spell checking in Word ®. If you had the ultimate wisdom it 

would probably be so dependent on your own knowledge that it was 

completely useless to anyone else (what a shame).  

 
ODEUR 
For men 

by hg 

Three types of knowledge: 

What you know you know. 

What you know you don’t know. 

What you don’t know you don’t know. 

Larry Marine 
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In ancient Greece philosophers such as Pythagoras found geometrical and 

mathematical relationships that they interpreted as divine. The number 

four (as in the number of corners of a square) was for instance considered 

sacred, and the simplicity of x2=y2+z2 (Pythagoras theorem) can surely not 

be a coincidence. As mathematics evolved these relationships became less 

interesting as new even more strange mathematical models and 

relationships were found. Currently a multi-dimensional string might be a 

better basis for a religion. There is no shortage of simple solutions to 

complex problems that have been abandoned as we have gained 

knowledge. Unfortunately wars are not yet ruled out as a solution. 

 

Changing our view of the world can take a long time and have far 

reaching consequences. Maybe the best example of this is how we had to 

give up the belief that the earth was the centre of the universe, built to 

support the human race. Instead we have been reduced to a peripheral 

creature among others living on a planet in the outskirts of a galaxy.  

 

Other examples of knowledge related changes of views are: 

 

 Thinking as something done in mind 

 Development of art and aesthetic; from statues, to paintings of 

Venus, to a tin of Campbell tomato soup. 

 Perception of soccer by; a 7-years old, a baseball freak, the coach 

of the Swedish national football team, FIFA, or a person 

responsible for a sports television channel. 

 

IV.16.4 Knowledge management ( +u ) 

Interaction is by itself not enough to generate knowledge and to use it 

efficiently. It is necessary, but not sufficient, as mathematicians say. There 

must be some mechanism to reduce the amount of information and order 

it for efficient access. If we absorbed everything, we would be drowned in 

information impossible to access again, because it would be so 

voluminous, and without structure. 

 

Luckily, there are at least two remedies for this problem. The first is to 

throw away everything that is not interesting enough. The second 

remedy is to match new information against what is already stored and 

only consider differences, enhancements, and abstractions. It is 

illuminating to compare our own abilities to how images are stored and 

accessed on the Internet. How do you find an image of a brown dog on the 

Internet? How do you recall the memory of a brown dog? What is the 

difference in the level of detail between your memory and the image from 

the Internet? We are still far better at recognition than the machines, but 

most of us have problems keeping track of the details. 

 

 

 

 

 

 

 

 

Abstraction gives us something more than efficient storage. If knowledge 

is grouped into categories we can assign properties to them and use the 

categories for inferences, i.e. predicting properties we have not observed. 

Figure IV.16.2 When we want 

to characterize information, 

differences can be more 

efficient.  

Information 

Human evolution 

Obviously the number 10 is also 

sacred since it was the number of 

points specifying a tetraklys. 
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Definition: 

Creativity is any act, idea or 

product that changes an 

existing domain, or that 

transforms an existing 

domain into a new one. 

 

Chi dorme non piglia pesce. 

(He who sleeps does not catch any 

fish) 

 

“Now it is impossible to 

remain human and throw 

away technology!” 

Dr Michael Heim,  

Art Center College 

Comments? 

 

If we know that a PDA stylus is a kind of pointing device we will not be 

surprised if a cursor appears on the screen when we touch it with the 

stylus. 

 

Categorizing and making abstractions would not be of much use if 

properties were sprinkled randomly in reality. How come they are not? 

Why are properties lumped together and assigned to local groups of 

objects? The laws of nature, evolutionary pressures and adaptations to the 

environment are some probable answers. One of the best arguments for 

Charles Darwin’s “Theory of survival of the fittest” is that it explains why 

living things are hierarchically grouped into family trees [SP]. 

  

IV.17. Humans are creative ( +u ) 

We think we know about what we know, and about what we can do, but 

often we surprise ourselves, e.g. when falling in love at the first meeting. 

We also think that we have good mental models of other humans, but they 

never cease to surprise us. Our acquired knowledge and mental models 

are always limited. It is for instance very difficult to understand 

parenthood without being one.  

 

Some aspects on human knowledge representation and processing have 

already been described. Now we will discuss maybe the most magical of 

all human features, creativity. It is usually considered in conjunction with 

inventions and arts rather than with adaptive behaviour. But, the fact is 

that we all need creative thinking every day, in the small, to survive. We 

are constantly put into situations where we need new solutions. One 

example is when you try out a new recipe for a small dinner with candles 

and spouse. 

 

A definition of creativity is found to the right [MC2]. The domain 

mentioned in the definition alludes to a set of nested symbolic rules and 

procedures embedded in culture, one example being physics, another 

athletics. Note that if creation is goal oriented and purposeful it is 

equivalent to design. 

 

The creative process as described in the following steps is accepted by 

most researchers [MC2]: 

 

 Preparation 

 Incubation     

 Insight 

 Evaluation 

 Elaboration      

 

In 1619, Italian philosopher 

Lucilio Vanini was burned 

alive for suggesting that 

humans evolved from apes. 

Problem: 

Creative solution? 

Killing your darlings: 

It’s not possible! It is not 

done that way here! It is 

too much work! It is not 

our idea! My idea is 

already perfect! 

My favourite creativity exercise: Try 

ing to find as many ideas as possible 

on a randomly chosen topic. 
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The preparatory phase is spent learning about an interesting problem, 

studying and assimilating facts, and maybe gathering sensory inputs. This 

phase can take years, or ten minutes, depending on the domain. The 

second phase, the incubation, means doing something else. Subconscious 

processes manipulate the information collected and suddenly, as a bolt of 

lightning, the effort delivers some insight, an “aha experience”. The “aha 

experience” might not be the right solution, it has to be evaluated and 

possibly thrown away, a most unpleasant task. Throwing away is even 

more important in the coming idea-rich information society. If the new 

insight is admitted some hard work is still needed to adapt and refine it. 

The creative process is said to be 1% inspiration and 99% transpiration. 

 

The result of the creative process must be possible to express. We cannot 

say that we have created something if we cannot formulate, or execute it. 

Actors perform it, and designers visualize it. Engineers build it, but also 

think about how to build tools to support creativity and how to measure 

it.  

 

 

 

 

 

 

 

 

 

IV.18.1 Building Consciousness 

Let us follow one way that consciousness could have evolved. The 

example is a simple action to kill a fly, and the line of development goes 

like this: 

 

 Kill the fly as a reflex, do it several times and get better at it. 

 Plan and practise how to move hand to kill fly (know about 

hand, fly, smashing flies). 

 Reflect that “I” sit here waiting for a fly, and when it arrives “I” 

will smash it (consciousness). 

"Arx" by Lars Vilks.         

 Its creator describes Arx as a 

"three hundred page book 

whose pages cannot be 

turned. The reader must move 

himself." 

How to put to other uses: 

Adapt?Modify?Magnify? 

Minfy?Substitute?Rearrange? 

Reverse?Combine? 

Osborn, Applied imagination 

 

Time 
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Actions, situations, and internal states such as emotions, are registered 

and accessed as images in the form of neural connections, e.g. perceptions 

while killing a fly.  

 

Correlations of items from frames are stored as dispositional 

representations [AD7]. A fly is seen and the hand that crushes it sends 

impressions of the smash. The memory of this, accessed via the 

dispositional representation, along with other perceptual images can later 

be recalled and used to inform and perform a similar killing. 

 

In particular it is registered that pleasure was felt after a successful killing. 

A recall of the kill will even induce pleasure. Also, and importantly, the 

behaviour of killing a fly is registered as a behaviour that is pleasurable, 

i.e. a new kill in a similar situation is a preferable behaviour. Registrations 

from the current situation can be compared with other already 

experienced or imagined situations. Similarities implies that pleasure from 

killing another fly is more probable. The stored information can be used to 

(consciously or subconsciously) plan another killing. 

 

Yet another registration is the finding that others attribute the killing to 

“me” (can also be seen in a mirror). Other individuals killing flies are also 

registered and their behaviour will support me in the establishing of 

myself. We need a mirror to see our faces, and similarily we need feedback 

to build consciousness about self. This is provided by the social and the 

physical environment in many ways. A diary and a nagging mother are 

two examples. 

 

At an even higher level we can register that “I” am observing myself 

having fun while hunting for flies to kill. Now consciousness is 

established. We can even imagine a fly curiously pondering about what 

motivates the gigantic monster to attack a small friendly creature as itself. 

This ability enables me to reason about fictive situations, tuning my 

behaviour, helping me to kill more flies. 

IV.19 Humans experience it 

In the following section we will focus on experience and emotion. Not 

only are they fundamental for well-being, for how we “feel”, what excites 

us, and for what we potentially will buy, but they also difficult to clearly 

describe. We will draw a rough sketch of a number of concepts that have 

been discussed since Plato, and which are still not resolved. Emotion and a 

sense of experience are based on interactions internal to us, but they are 

tightly bound to evolution, and also to our physical and social 

environment. They are also processes rather than states. This section could 

have been situated in the next part of the book, on interaction, but we 

choose introduce it as a characteristic of an interactor.  

 

Frame Frame 

Dispositional 

representation 

Objectifying “that” which does or feels 

something is a natural solution that 

simplifies behaviour. We call that “that” 

“me” or “I”. 
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We choose to see experience as the emergent result of a dynamic action 

cycle where a human perceives internal and external events, and raises 

intentions (goals) and concerns. The percepts are appraised, and 

emotions result. Action tendencies (arousal) are established, and actions 

executed that will change internal and external states, possibly triggering 

new events. Concerns are or have similar effects as needs and urges. 

Together with impulses, drives, and attitudes they sum up to a set of 

motivational factors that can complement emotions and conscious 

reasoning to help us decide what to do.  Along with emotions we also 

have moods and traits.  

 

An event in this context is an external or internal representation that 

behaves such that it attracts attention, i.e. it is the object of an emotion, and 

it changes over time. To perceive an event presence is important and 

attention must be directed.   

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Even though the concept network in figure IV.19.1 seems complicated, as 

with many other areas where the human is studied, the devil is very much 

in the details. Scratching the surface reveals numerous of different 

definitions and views, overlapping in scope, different in abstraction level, 

describing highly entangled behaviours. However, for the purpose of this 

book the above model is sufficient. There are of course also other more 

exotic theories to choose from, see the margin for some examples. 

 

For many of the concepts considered there is also a discussion whether 

they are innate or learned, and if learned, how this is accomplished. Is for 

instance the social environment the main factor for learning?  We will not 

discuss this here. To clarify some of the concepts we will shortly define 

them, still at a rather high level of abstraction. 

 

We start with emotion. 

 

Figure IV.19.1 Experience as a network 

of interacting components. 

A mood is a person's sustained and 

predominant internal emotional experience; 

examples include aggression, fatigue, 

depression and euphoria. It is generally of a 

long duration, unintentional, undirected. 

 

Impulses are behaviours that trigger 

spontaneously grounded in desires. 

We buy that nice looking 

unreasonably expensive mobile 

phone. 

 

Man consists of four principles, which 

are called the Physical, the Nervo, the 

Soul or Psychic and the Mind or Mental.  

Max Theon's teaching 

The septenary division may be given as 

follows: 1. Physical Body, or Sthula-Sarira, 

2. Astral Body, or Linga-Sarira,  

3. Vitality, or Prana.  

4. Animal Soul, or Kama-rupa,  

5. Human Soul, or Manas.  

6. Spiritual Soul, or Buddhi,  

7. Spirit, or Atma.  

Let us have an emotional experience 

together. 

 

Appraisal Emotion 

Reasoning 

Action 

Action tendency 

Concern Attention 

Event 
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IV.19.1 Emotion 

The system of emotions serves many functions as our control center. 

Emotions produce shifts in concentration and attention,  motivate, and 

help us to sustain explorations, manipulations and investigations. 

Furthermore they free up cognitive resourses when needed, and support 

social life. Emotions also help us to make decisions from insufficient 

facts (almost always the case for us). To be surprised you have to know 

what to expeeeeeect, which means that you have prompt access to a lot of 

information about the world. Emotions involve neural, physiological, 

cognitive and social aspects of behaviour, and they serve as modifiers, or 

amplifiers, of motivations that drives human behaviour to fulfil needs. We 

for instance need food, and for this hunger is a motivation. If you are 

hungry and see someone eating, someone who does not want to share, 

then anger could amplify hunger and trigger an attack. Without anger you 

could discuss pros and cons of attacking until all of the food is already 

eaten. Emotions additionally also serve as signalling mechanisms. They 

tell other individuals about your emotional state and help them to guess 

what you will do next. They could also guess your situation, and perhaps 

infer from your fear that running is a good thing to do. Furthermore 

emotions represent social and moral values. Fear of going to prison is 

supposed to keep you from committing crime [KS]. 

 

Emotions are experienced, directed at, and attached to events, people, 

products, and services. Generally they are short-lived, intentional, 

directed. They interact with cognition as well as affecting physiology, e.g. 

anger raises blood pressure. A common denominator for mood, emotion, 

and feelings is affect, and we can start our exploration by introducing a 

very simple description of emotion, core affect. In many models there are 

two dimensions of core affects, Activation/Deactivation and 

Pleasant/Unpleasant, and they can be seen as spanning a circle in two 

dimensions, see figure IV.19.2 below [JR3]. Alternatively we can use 

valence and activation to describe core affect. Valence is the degree of 

attraction or aversion that an individual feels toward a specific object or 

event, and activation is to what extent an individual is wake/tense or 

calm/tired. Pleasures are agreeable reactions to experiences in general and 

similar to enjoyment, a word that sometimes has been used for the more 

limited scope of positive responses to media. 

 

Happy 

Sad 

“Emotion is too broad a class of events 

to be a single scientific category. As 

psychologists use the term it includes 

the euphoria of winning the Olympic 

gold medal, a brief startle at an 

unexpected noise, unrelenting profound 

grief, the fleeting pleasant sensation of 

a warm breeze, cardiovascular changes 

in response to viewing a film, the 

stalking and murder of an innocent 

victim, lifelong love of an offspring, 

feeling chipper for no reason, and 

interest in a news bulletin” 

[JR] 

 

A grown up smiles only 17 times a day. 
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On the periphery of the circle spanned by activiation and pleasantness we 

can find different combinations of core affects, again see figure IV.19.2. As 

a human we are at every instant somewhere in this space, and, 

importantly, forever in motion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
One basic set of emotions often used is Fear (terror, shock, phobia), Anger 

(rage), Sorrow (sadness, grief, depression), Joy (happiness, glee, gladness), 

Disgust, sometimes complemented by Surprise [PE].  The main reason to 

use this set of emotions is that they can be identified from face 

expresssions. The emotions listed above are the most often used, but there 

are between 500 and 2000 different categories of emotion suggested in the 

English language, and different research views generates different 

categorisations [JR3].  

 

IV.19.2 Appraisal 

Stimulus of the system has to be appraised as the first step towards 

having an effect. It is the cognitive interpretation of the event that also can 

be used to categorise emotions, see also figure IV.19.1 [NF]. A set of 

appraisal variables distilled from research are listed in table IV.19.1 [JG]. 

As can be seen from the table when deciding the significance there is  an 

agent introduced that mediates events, or is itself causing the event. 

Activation 

Deactivation 

Pleasant Unpleasant 

alert 

excited 

elated 

happy 

contented 

serene 

relaxed 

calm 

sad 

depressed 

lethargic 

fatigueed 

tense 

upset 

nervous 

stressed 

Figure IV.19.2 Core affects and their 

combinations. 

Feeling, similar to emotion, but still 

a different kind of experience. The 

diffference is that a feeling does not 

call for an action or activation 

change [NF]. 

 

When humanity is gone I hope 

it will be remembered by a joke. 

/HG (the essence of a joke is 

surprise and curiosity) 

 

Appraisal the direct, immediate sense 

judgement of weal or woe 

Arnold 
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Appraisal variable Explanation 

Relevance Does the event require attention or adaptive reaction. 

Desirability Does the event facilitate or thwart what the person 

wants. 

Causal 

attribution 

Agency What causal agent was responsible for an event. 

Blame 

and Credit 

Does the causal agent deserve blame or credit. 

Likelihood How likely was the event; how likely is an outcome. 

Unexpectedness Was the event predicted from past knowledge. 

Urgency Will delaying a response make matters worse. 

Ego Involvement To what extent does the event impact a person’s sense 

of self (self-esteem, moral values, beliefs, etc.). 

Coping 

potential 

Control-

lability  

The extent to which an event can be influ-enced. 

Change-

ability 

To what extent an event will change of its own accord. 

Power The power of a particular causal agent to directly or 

indirectly control an event. 

Adapt-

ability 

Can the person live with the consequences of the 

event. 

 

 
Another set of appraisal variables, with their associated emotions within 

parentheses is [Scherer as cited by JU]: 

 

 Novelty (surprise, amazement …) 

 Motive compliance (instrumental emotions such as  

disappointment, satisfaction …) 

 Intrisic pleasantness (aesthetic emotions: disgust,  

attraction to …) 

 Legitimacy (social emotions: indignation, admiration …) 

 Challenge/promise (interest emotion: boredom, fascination …)  

 

From the appraisals suggested above a layered representation can be 

constructed of how they are applied, see figure IV.19.3 [JU]. However, as 

the authors also note this is a very simplified model of your emotional life.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Sadness 

Novelty 

 

 

 

Unpleasantness 

 

 

 

Goal hinderance 

 

 

 

Ability to cope 

 

 

 

Incompatible with self-respect 
 

 

 

Incompatible with norms 

 

 

 

low 
Indifference 

low 
Happiness 

Fear 

Very low 

Very 

high 

Pride 
low 

low 

Shame 
low 

Guilt, disgust, anger 

High 

low 

Figure IV.19.3 Highly simplified 

process of appraisal filters [JU]. 

Table IV.19.1 Variables for 

appraisal [JG]. 

42195 m 

Mount Everest 
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I suspect cosciousness prevailed in 

evolution because knowing the 

feelings caused by emotions was so 

indispensabble to life 

Antonio Damasio 

 

 

 

Some specifically social appraisals have also been suggested; status 

signals (trigger pride), violation of mutual fairness (anger), and events 

that we identify ourselces with, and that happen to a group will trigger 

emotions in us [JU].  

 

IV.19.3 Concern (need, urge, drive, goal, utility, desire, motive)  

Concerns and other motivators comprise another set of ill-defined 

overlapping concepts. If the system detects problems related to concerns, 

then emotions develop [NF]. A concern can be universal, such as the 

concern for physical well-being, but others are personal, related to 

previous events. Concerns could be abstract, such as concern for 

democracy, but others can be very practical, such as worrying about a 

traffic stocking. That concerns can be personal and situated is a problem 

for us here since we want to state general facts about quality of life (QoL). 

Since concerns are personal, so will appraisal be, along with emotions, and 

eventually the actions taken. 

 

At a very low level we have biological needs. We need to eat, need to 

mate. Needs can be seen as particular qualities of experience that human 

needs for QoL. By asking people to rate different needs a list was 

identified, and on top of the list were autonomy, relatedness, competence, 

and self-esteem [KS2]. Autonomy means that the activities chosen are self-

endorsed, and relatedness is the need to feel a sence of closeness to others. 

Self-esteem is about achievement, status, responsibility and reputation, 

whereas self-actualisation is described by personal growth and self-

fulfilment, the process of becoming everything one is capable of. Less 

important were security, self-actualization and physical thriving. 

Popularity/influence and money/luxury where not seen as important. The 

list of needs were chosen from a list of proposals for needs. Another 

famous suggestion is the fundamental set of needs on different levels by 

Maslow; physical health, security, self-esteem, love-belongingness, and 

self-actualization. Other researchers have complemented Maslows 

hierachy by aesthetic (beauty, balance, form ..), and cognitive needs 

(knowledge, meaning, self-awareness). A need for aesthetics is motivated 

by that humans should have evolved systems to find rewarding the 

preferences that would have been adaptive in the past. This relates to 

sexual attractiveness,  

 

Yet another interesting suggestion for  needs, or urges, are curiosity, 

challenge and teaching [MT]. Curiosity is for instance clearly seen in 

young children, and there is no end to the number of world records. 

Curiosity without challenging anything will not get you far, which 

indicates that challenge is a basic need. The teaching urge means that it is 

difficult to keep a secret, and that it feels good to share your knowledge. 

SDT (Self-Determination theory) gives us our next list. This theory 

postulates three innate psychological nutriments for growth and well-

being, competence, relatedness and autonomy [ED]. Note that challenge 

and curiosity are important, if not necessary for achieving competence. 

 

A concern is the disposition of a 

system to prefer certain states of 

the environment, and of the own 

organism over the absence of 

such conditions. 

 Longest kiss 30 hours 

 The most sit-ups using an abdominal 

frame completed in an hour is 8,555 

 The longest time a coin has been spun 

until coming to a complete rest is 19.37 

seconds. 
Every emotion hides aa concern, a 

more or less stable preference ofor 

certain states of the world. 

Frijda 
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Furthermore, we have goals that also can be cognitive conscious 

creations, e.g. a goal to listen to music while taking a walk. We have social 

needs (belonging, esteem), and self-actualizing needs (mastery, control, 

variety, meaning …) [RV].  

 

Yet another variation of the theme are motives that arouse and direct 

behaviour toward specific objects and goals. A motive in other words 

provides the more abstract reason for a goal. On example is the motive 

greed with the goal to rob the nearest bank. The big three motives are 

achievement, power, and intimacy, all related to the social world [RL2]. 

They are the most important motives and are complemented by the 

following longer list by Henry Murray; Achievement, Exhibition (to make 

an impression), Order (arrange neatly, precision), Dominance, 

Abasement (admit inferiority), Aggression, Autonomy, Blame-avoidance, 

Affiliation,/ Intimacy, Nurturance (to give, assisst, help, feed), and Succor 

(to receive). 

   

Next step in the analysis would be to find even more fundamental  

reasons behind all of the different concerns, and try to identify the most 

important concerns and their reasons. Maybe there are reasons that affect 

many concerns? One attempt at such an analysis is found in [BS2]. Starting 

from the three general components; situation, environment, and object the 

three major areas of concerns found were power (hierarchy, competition, 

and submission), death (violence, healt, and self preservation), and love 

(friendship, hatred, and lust). 

 

How and why biological needs are established is evident, even if the 

genetic details, and the physical environmental factors involved, are 

extremely intricate, and not fully understood. More interesting is how a 

cultural concern such as use and attitudes towards mobile phones is 

established. In general such a concern starts from experience, which is 

what we will discuss in section IV.19.5. 

IV.19.4 Action tendency (coping strategies) 

If concerns are raised then action tendencies develop. A related concept is 

a drive that is how needs are effectuated.  Drives are low-level and non-

conscious, directed at achieving essential resources. Biological drives 

include hunger thirst and reproduction [DD1]. The following list are some 

possible tendecies at higher levels with associated emotions given within 

parenthesis [NF];  

 

 Approach (Desire),  

 Avoidance (Fear),  

 Being-with (Enjoyment, Confidence),   

 Attending (Interest),  

 Rejecting (Disgust),  

 Nonattending (Indifference),  

 Agonistic (Attack/Threat) (Anger),  

 Interrupting (Shock, Surprise),  

 Dominating (Arrogance),  

 Submitting (Humility, Resignation).  

 

Dracula’s kiss 

Experience 

Concern 
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Another view formulates the behaviour of appraisal as something that 

triggers coping strategies, see table IV.19.2 [JG]. 

 
Problemfocused 

Coping 

Active coping: taking active steps to try to remove 

or circumvent the stressor 

Planning: thinking about how to cope. Coming up 

w/ action strategies 

Seeking social support for instrumental reasons: 

seeking advice, assistance, or information 

Emotionfocused 

Coping 

Suppression of competing activities: put other 

projects aside or let them slide. 

Restraint coping: waiting till the appropriate 

opportunity. Holding back 

Seeking social support for emotional reasons: 

getting moral support, sympathy, or understanding. 

Positive reinterpretation & growth: look for silver 

lining; try to grow as a person as a result. 

Acceptance: accept stressor as real. Learn to live 

with it 

Turning to religion: pray, put trust in god (assume 

God has a plan) 

Focus on and vent: can be function to 

accommodate loss and move forward 

Denial: denying the reality of event 

Behavioral disengagement: Admit I cannot deal. 

Reduce effort 

Mental disengagement: Use other activities to take 

mind off problem: daydreaming, sleeping 

Alcohol/drug disengagement 

 

 

 
The table distinguishes between problembased (cognitive) and emotion 

focused coping, but the two types of strategies still interact. 

 

IV.19.5 Experience 

Experience is a useful concept when discussing quality if life. It certainly 

is complex and multifaceted since it summarises whatever people 

encounter in their lives. After a deep breath we will now attempt to dissect 

experience. 

 

We are constantly intercating with our environment, attracted to 

favourable experiences, and repelled by others. Our moods can even be 

affected by words shown too fast to be consciouly noted [RL3]. By 

evolution we are selected to be healthy and to feel good. Evolution has 

most efficiently eliminated those of our forefathers who did not enjoy 

food, shelter and company [RV]. Playing tennis with a friend is typically 

more fun than sitting in jail alone, and people who win Oscars on average 

live 4 years longer than people who are nominated, but fail to win [RL3]. 

 

An experience is the sensation of 

interaction with a product, service, 

or event, through all of our senses, 

over time, and on both physical and 

cognitive levels [NS].  

Table IV.19.2: Some common 

coping strategies. 
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We humans prefer a medium level of uncertainty. Total predictability will 

be dull and grey (at best), and even worse is the ultimate chaos without 

any patterns of stable references. We, in other words, prefer a semichaotic 

environment. If this is not possible we have to change context or situation. 

When we find ourselves in a comfortable situation it is however sadly 

only a temporary resonance. Either we adapt, or the situation develops 

into something we cannot handle. The problem is not as acute in a social 

environment where the participants can co-develop, but even here the 

context can endanger a long term relationship. 

 

Hedonic experiences are experiences related to like or dislike. If positive 

we can name them pleasure, enjoyment, excitement, fun or happiness, 

and once again we face a set of semantically overlapping concepts. In the 

following we will not make a difference between the terms. There are 

however research that tries to define and explore the differences. 

Appealingness of technology for instance relates only to pleasure, but 

novelty involves pleasure, excitement and fun [HS1]. 

 

If we consider media enjoyment, such as reading a book, watching a 

video, or playing a game, we seek a suitable tension between the cognitive 

abilities of the interpretor, and the complexity and other characteristcs of 

the media message.  

 

We can view experience as a story, i.e. a frame, possibly socially 

constructed, where we can be one of the participants. Enjoyment results 

from moving in between overstimulation and understimulation providing 

different level of arousal. To what extent we are able to extract the 

message from a media, and experience arousal depends on disposition, 

but is also something that cn be trained.  

 

Both cognitive and affective structures are active and interdependent 

when information is processed. Even physiological aspects are involved. A 

human infant tasting sugar will relax the muscles of the middle face. So far 

however, noone has found any “center of pleasure” in the brain, even 

though there are several regions identified that contributes to feeling good 

[KB]. Luckily, a larger area in the brain is allocated for positive 

experiences. 

 

Many researchers have tried to define the dimensions of experience. One 

is Donald Norman who describes the visceral, behavioural (learned, 

habitual), and reflective experiences (cultural, learned aesthetics) [DN1]. 

The visceral level is the "biologically prewired", relating to how things 

look, feel and sound. We for instance mostly prefer smooth surface to an 

edgy one. We will return to this framework in VI.11.4 when we discuss 

evaluation. Another framework is provided by the researcher Jordan who 

classifies pleasure as; physio-pleasure, psycho-pleasure, ideo-pleasure 

and soci-pleasure [PJ]. 

 

Aesthetics: The study and philosophy 

of the quality and nature of sensory 

responses related to, but not limited 

by, the concept of beauty. 
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We can instead focus on the aesthetic experience that is ultimately about a 

satisfaction resulting from an experience and could originate from 

perception, cognition, or action, e.g. dancing. Aesthetic sensibility can be 

trained and increases with age. It is personal, changing, and not 

necessarily rational. An aesthetics can be defined also for the social 

environment relating to trends, culture and religion [BS3]. Aesthetics is as 

fundamental to human life as creativity and design, but it is concerned 

with the result and how things are perceived or done rather than finding 

them up. Everything from making a cup of coffee, to writing a software 

program can be done considering aesthetics, and it is blessing as well as a 

curse. A blessing since if we care about aesthetics beauty is something that 

matters, but a curse because it adds extra constraints that hampers 

productivity as measured in time. Taken to the extreme a designer will not 

be able to follow  orders in conflict with his sense of aesthetics.  

 

Why do we care for the aesthetics? It has no functional value and yet it is 

highly valued. A crude explanation from evolution is that anyone who can 

afford to mess around with arts and care about aesthetics must be wealthy 

and worthy of respect. It is a matter of status, i.e. a social construct. 

Another reason is that aesthetics is about human concerns, emotional 

needs rather then efficiency. Not only is it important to solve the problem, 

but it should be done with elegance, creativity, and with little resources.   

 

When is an expression considered aesthetic? What is it that pleases the 

individual, and satisfies by concentrating pleasure stimuli? For vision, and 

if we once again use evolution as a master copy, we want to look at safe, 

food-rich, explorable, learnable habitats and have friends. We also prefer  

to look for fertile, mates, and at healthy babies [SP]. Any ordinary family 

photo album can be used to verify these facts. Still, every individual has its 

own subjective evaluation of an object. Beauty is a subjective and dynamic 

experience in relation to culture. 

 

Can you know what beauty is, or do you only acknowledge it when you 

see it, or more general, when you interact with it? How can you create 

beauty? By chance? Do you already know what the result should look like 

when you start, or is beauty the result of a creative interaction between 

you, context, and the material?  

 

Could you learn more about beauty by studying ugliness? Is ugliness only 

lack of beauty or something of its own accord? 

 

Aesthetic: beautiful, good, true, satis-

fying, efficient, and useful referring to 

behaviour,  form, or thing. 

White square on a white ground 

 

Beauty 1 km 

Beauty is an innate and emotional 

perception of life's affirmative and 

meaningful aspects within objects in the 

perceived world – e.g. vitality, fertility, 

health, happiness, goodness, and love. 

Wikipedia 
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Reproductions of basic graphic elements, that we employ daily to make 

sense of our environment, for instance parallel lines and symmetrical 

shapes, are also candidates for aesthetic displays. These elements have 

been incorporated into us by evolution, to help us orient ourselves in the 

environment, and now we can exploit this inherited capability in 

meaningful, clear, and aesthetic graphics.  

 

 
 

 

 

 

 

 

 

 

 

The statue Doryphoros by the Greek sculptor Polycleitos 450 Bc to the left 

in the figure above was acknowledged as the norm for beauty. Does the 

composite image to the right show the ultimate Harmony? Proportion? 

Symmetry?  

 

The search for elegance and the careful selection of design elements forces  

the designer to reflect on the result, and to spend time with it. Sometimes 

a new, complete and yet the most economical solution is found, and the 

result surprises even the designer herself. Some of the keywords are 

proportion, scale, contrast, and emphasis that evokes activity and 

interest. 

 

An extensive framework for experience is provided by [NS2]. The intent is 

to help designers and management to think about products. Some of the 

characteristics affecting an experience discussed in the framework are: 

 

 Intensity, reflex, habit, engagement. 

 Breadth, price, promotion, channel/environment, name, brand, 

service, service, product. 

 Significance, function, price, emotion/lifestyle, status/identity, 

meaning. 

 Triggers, by sense or cognitive (concept, symbols). 

 Duration, initiation, immersion, conclusion, continuation. 

 Meaning: beauty, accomplishment, creation, sense of 

community or oneness, duty, enlightment, freedom, harmony, 

justice, redemption from undesirable conditions, security, 

truth, validation by others, wonder. 

 

In the framework the meanings of meaning are the most interesting. They 

are defined as “a distinct level of cognitive significance that represents 

how people understand the world around them”, and integrate emotional 

and cognitive as well as cultural factors. Meaning is very important to all 

of us, and many of the suggested meanings listed above can be seen as a 

person living out a culturally specific frame. 

 

There are also other human experiences that have not been covered in the 

discussion above. Some of them are: 

 

 Commitments 

 Pride 

18 

The preferred waist to hip ratio is 

.90 for men and .70 for women. 

 

Criteria for beauty in ancient Greece 

 Proportion 

 Symmetry 

 Harmony 

Renaissance added  

 Completeness 

 Usefulness. 

 

Beauty is in the eye of the beholder 

Mr. Margaret Hungerford, 1878 

 

Beauty in things exists in the mind 

which contemplates them. 
David Hume, Of the standard of taste 

1757 

 

Halfway to beauty 

Beauty? 

 

Figure IV.19.4 Doryphoro by 

Polycleitos. 
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 Schadenfreude, enjoyng the mistakes or bad fortunes of a rival. 

 Fiero, personal triumph over hardship or impossible superiority.  

 

Human lives are extremely rich! 

 

IV.20. Humans strive for subjective well-being and Flow 

The ultimate reason for design is to maximise QoL (Quality of Life), or as 

we refer to it in the header, Subjective well-being. Quality of life is a 

number of suitable dimensions (quality) for assessing the emergent 

process of one or more humans being (life). Synonyms for QoL from other 

areas of research are Life satisfaction (economics), Happiness 

(psychology and economy), Well-being (psychology and health), and 

Wellfare (economics). The term Quality of life itself originates and is used 

in sociology [BA]. We will assume that the total well-being of a system is 

the sum of the QoL for the human interactors involved and a list of the 

most used QoL dimensions, sometimes referred to as life-chances are 

shown in table IV.20.1 [RS].  

 

QoL dimension Indicators and descriptors 

1. Emotional 

well-being 

a. Contentment (satisfaction, moods, enjoyment)  

b. Self-concept (identity, self-worth, self-esteem) 

c. Lack of stress (predictability, control) 

2. Interpersonal 

relations 

a. Interactions (social networks, social contacts)  

b. Relationships (family, friend, peers) 

c. Supports (emotional, physical, financial, feedback) 

3. Material well-

being 

a. Financial status (income, benefits) 

b. Employment (work status, work environment)  

c. Housing (type of recidense, ownership,     

neighbourhood) 

d. Infrastructures (personal and goods transportation) 

4. Personal 

development 

a. Education (achievement, status) 

b. Personal competence (cognitive, social, practical)  

c. Performance (success, achievement, productivity) 

5. Physical well-

being 

a. Health (functioning, symptoms, fitness, nutrition)  

b. Activities of daily life (self-care skills, mobility)  

c. Leisure (recreation, hobbies) 

6. Self-

determination 

a. Autonomy/personal control (self-endorsed, 

independence)  

b. Goals and personal values (desires, expectations) 

c. Choices (opportunities, options, preferences) 

7. Social 

inclusion 

a. Community integration and participation 

b. Community roles (contributor, volunteer)  

c. Social supports (support network, services, events) 

8. Rights a. Human(respect, dignity, equality) 

b. Legal (citizenship, access, due process) 

 
The indicators listed in the table are not independent; interpersonal 

relations are for instance extremely important for  emotional well-being 

and personal development. Claims have for instance been made both that 

the TV disrupts and that it increases family interaction. Other surveys 

have found that heavy TV-users are unhappy, but is this really an effect of 

watching TV, or do they watch a lot of TV because they are unhappy for 

other reasons?  

 

Table IV.20.1. Quality indicators based 

on reading 9749 abstracts, and 2455 

articles, selected from the 20900 

articles with the term “quality of life” in 

the title and published since 1985. 

Self-esteem is a persons feelings 

towards herself, pride in oneself. Self-

esteem depends on social factors such 

as family traditions, language, 

cultural customs and values, about for 

instance economic background. We 

all want to feel privileged and chosen 

relative to the rest of the world. 

Social identity is how you want to 

present yoursel to others. To this we 

can add the narrative self, your own 

history as you see it, past, present, 

and future. A frame is constructed 

that you can adapt to your life, and 

try to adapt your life to. Continuity is 

important for trust, on the other hand 

you need to show that you are unique, 

contrasting against others. 
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We can study the indicators in table IV.20.1 in two ways. Either we ask 

individuals and obtain an internal estimate, or we try to measure the same 

parameter from the outside. When we ask individuals we face the 

problem that we cannot be sure that the question is understood the same 

way by everyone, and also that adaptability modulates the expressed level 

of QoS. Other problems are that personality, disposition, temperament, 

and recent experiences affects opinions. The cultural and organisational 

context of an individual also change the priorities of the indicators in table 

IV.20.1. More money makes a bigger difference when living among poor. 

 

 It is on the other hand difficult to establish the mood of a person from the 

outside, although for instance analysis of facial expression can extract  

indications of emotional information. 

 

The table above can be used to suggest in what areas positive changes will 

affect the individual. Even if a few individuals do not appreciate 

improved housing, on a population level this indicator is a true measure 

of increased QoL. To evaluate the effects of technology we can compare 

the indicators above before and after the introduction of a new technology.  

 

Measures of QoL provided by a product or a service could be: 

 

 What people are willing to pay for it. 

 Their reaction to loosing it. 

 How much they use it. 

 Their attitude towards the product. 

 How they feel after using the product. 

 

Happiness is an individuals appraisal of life synonymous to subjective 

well-being. It is a personal sampling of life as a whole, while in the middle 

of living. Happiness is an easy indicator of QoL to measure, just ask. The 

problem is to interpret and relate the answers given. If our measures for 

instance indicate that unmarried persons are less happy this could be 

interpreted as that the word unmarried, or the state of being umnmarried, 

is negatively loaded in the specific culture. It could on the other hand be 

an indication of loneliness, or correlated to the fact that unhappy people 

are less attractive [RV].  

 

“We are made happy when reason 

can discover no occasion for it”, 

Henry David Thoreau 

Happy: embullient, joyful, 

exhilirated, elated, carefree, 

contented, at peace, at ease, and 

being in high spirit. 
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From table IV.20.1 we have the ideas of QoL dimensions. They can be seen 

as a context for what we do and what happens to us, i.e. the course of 

events that we experience.  Table IV.20.2 below shows an example where 

happiness has been measured for a selection of the daily events we 

encounter and the actions we perform.  

 

Action/event Happiness Average hours 

per day 

1. Sex  4.7 0.2 

2. Socialising after work 4.1 1.1 

3. Dinner (socialising too?) 4.0 0.8 

Relaxing (socialising too?) 3.9 2.2 

Lunch (socialising too?) 3.9 0.6 

Exercising 3.8 0.2 

Praying 3.8 0.5 

Socialising at work 3.8 1.1 

Watching TV 3.6 2.2 

Phone at home 3.5 0.9 

Napping 3.3 0.9 

Cooking 3.2 1.1 

Shopping 3.2 0.4 

Computer at home 3.1 0.5 

Housework 3.0 1.1 

Childcare 3.0 1.1 

Evening commute 2.8 0.6 

Working (! low index) 2.7 6.9 

Morning commute 2.0 0.4 

 

 

 

There is presumably a motivation for taking an action and reasons to 

expose oneself to experiences. If we get the opportunity we directly 

increase happiness by having sex, or enjoying lunch, but we also plan 

ahead as when we work to fund shopping or a good wine.  The logic is 

either; action -> feel happy -> more action, or experince something that 

increase happiness -> take action to experience the same thing again. 

 

Whether interaction technology makes you happier is a good question, 

and one you need to ask to assess the result of the introduction of new 

technology. Asking the question  is important since if we cannot evaluate 

the result, then what and why do we design? The measures are however 

not very reliable or precise even they at least are consistently positive or 

negative. One example is that when interviewed by someone in a 

wheelchair healthy persons will rate their happiness higher [RV].  

 

An overall assumption in this book is that happiness can be increased by 

adding technology. Whether raised happiness over a longer term is 

possible is however not clear. A widely accepted figure of the heritability 

of well-being is 50% [KS], i.e. to a large extent our genes indicate our 

destiny. Quality dimensions as listed in table IV.20.1  provide another 

salient set of cues for how we rate our happiness, and even by themselves 

can effect happiness. If we compare our social prestige with that of our 

neighbour the result can affect how we evaluate our life. Life chances 

could also directly affect how we evaluate what we experience. More 

people without family bonds feel lonely. Each individual will however 

interpret and sum their life-chances differently depending on for instance 

age, disposition, and education. 

 

Table IV.20.2 A list of courses of events 

and their happiness index [RL] 

China (Red) 

Egypt, US (Yellow) 

Happpiness 

Cherokee (White) 

Japan, Middle east 

(Orange/Gold) 

Brazil (Blue) 

Work hard 

Increase production 

Prevent accidents 

and be happy 

-Voice 
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After taking heritability and life-chances into account we still have a 

significant share of happiness that depends on the events and the 

experiences that we encounter, but also, and perhaps more importantly, 

on the actions we take and how we experience the result of these actions.  

 

We in other words have a chance to create our own happiness within the 

context of our life-chances, but when attempting this we will be restrained 

by our traits. They are the affective, cognitive and behaviours that are 

consistent across situations an over time, and quite stable for an 

individual. Another argument against taking action for happiness is that 

we adapt to the new resulting circumstances, and consequently striving 

for happiness is not worth the trouble in the long run. If we however 

ignore the result, and instead focus on the process of gaining happiness, 

the fight might be worth the effort. We are constantly interacting with our 

physical and social environment, and it seems silly not to do so in a way 

that brings us as much happiness as possible. If we can build tools to help 

us in this, it surely must be good use of  technolgy. Identifying the actions 

to take, and the technology we need, are important research issues. 

Furthermore, what we do also changes the conditions for our lives 

allowing for new actions and ideas for supportive technology. 

 

Examples of actions that change happiness are to purposely being nice to 

someone, and preparing a list of positive things in life [KS1]. In general 

however the activities to choose depends on the personality of the 

individual (strengths, interests, values), and on the life-chances at hand.  

 

More people in developed countries, where housing and food is provided, 

will look positively on life. They also think that they are more happy than 

the average, which reflects the fact that we are a positive breed of critically 

observers. On the other hand we rate losses as more salient than wins 

something that tends to make us conservative. 

 

One important finding from the perspective of this book is the positive 

correlation between happiness and urbanization, industrialization and 

individualization. It seems that we are happier in a modern society despite 

the obvious problems with anonymity and alienation [RV]. Why this is so 

might be clearer when we later give examples of the technology that 

surrounds us, and what it helps us to do.   

 

Typical social traits associated with subjective well-being are; 

extroversion, conscientiouness, and agreeableness, but what other 

characteristics do positive social behaviour show? The follow-up questions 

are, whether and how technology can induce and support such 

behaviours. 

IV.20.1 Flow 

Flow is the optimal presence, and the optimal experience, i.e. the ultimate 

mindfullness [MC3]. It might also be more common that you think. Where 

you lost in the previous sentence half a second ago?  

 

Prerequisites for flow are (note how easy it is to match the prerequisite for 

flow to how a successful game affects a player): 

 

 A task with clear goals to complete. 

 Immediate feedback. 

 Ability to concentrate on the task.  

 Sense of control over actions.  

Ebinezer Scrooge 
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In the state of flow the duration of time seems to change, concern for self, 

and awareness of worries disappears, and after the experience a stronger 

sense of self emerges. To achieve all this it is however important that skills 

and challenges matches the person, see figure below. 

 

 

 

 

 

 

 

 

 

 
 

 
People will accept or be faced with a level of challenge, and as skills 

develop and new challenges emerge they will be forced towards the upper 

right corner in figure IV.20.1.   

 

Challenge can be generalised to the level of complexity that a person faces. 

Boredom then means that we face a situation with low complexity 

compared to what we can manage, with the difference between situational 

complexity and ability called incongruity in [RN]. The figure below shows 

a person in two different situations and how learning and adaptation 

affects incongruity for situation 2. 

 

 

 

 

 

 

 

 

 

 

 
 

 

The figure is interesting since it suggests a definitely dynamic framework 

for experience and also that all experiences are subjective since evidently 

incongruity is individual. It is also context and situation specific.  

 

Level of  

challenge Anxiety 

Apathy Boredom 

Flow 

Level of skill 

Complexity Situation 2 

Situation 1 

Learning/Adaptation 

Context Person 

Incongruity 

Figure IV.20.2 Incongruity 

(adapted from RN]) 

Figure IV.20.1 Model of flow. 

Level of skill 
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Now, if we return to figure IV.20.1 above, and following the reasoning 

from [RN] flow means that contextual complexity must be larger than the 

individual’s. Also, a medium arousal level is sought which means that we 

will search for such an incongruity. If the challenge is too low we will get 

bored and look for novelty, i.e. for a more complex (challenging) situation 

or context. If, on the other hand challenge is too high we try to lower the 

level of arousal, increase confirmation, and reduce uncertainty. 

 

 

 

 

 

 

 

 

 

 

 

 

We can assume an equivalence to flow also in social activities. Too much 

control reduces complexity, and without enough challenges we get bored. 

Too much variation, i.e. a high level of social complexities that we cannot 

handle, is also not good.  

 

A simple solution to tweak the current situation is to use drugs, other 

disputable strategies are all kinds of overconsuption whether it is of 

games, gambling, girls (3G), or of food, fat, and sugar. 

IV.20.1 Action cycle revisited 

We have already discussed the action cycle in section IV.8.1. Now, armed 

with the vocabulary from the previous sections, let us refine our model of 

the cycle. The figure below shows the original concept of an action cycle 

developed into a set of spiral arms developing over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Level of arousal High 

High 

Pleasant- 

ness 

Optimal new 

situation 

Situation 1 

Situation 2 

 

Figure IV.20.3 Optimum level of 

arousal (uncertainty) 

Figure IV.20.4 Action cycle 

further refined into spiral arms 

of meaningful activities, 

developing over time. 

 

Goal 

Design 

Action 

Experience 

Evaluate 

Meaning 

Accomplishment 

Duty 

Design 
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We all have a little weakness, 

which is very natural but rather 

misleading, for supposing that this 

epoch must be the end of the world 

because it will be the end of us. 

How future generations will get on 

without us is indeed, when we come 

to think of it, quite a puzzle. But I 

suppose they will get on somehow, 

and may possibly venture to revise 

our judgments as we have revised 

earlier judgments. 

G K Chesterton 

 

Humans think they are smarter 

than dolphins because we build 

cars and buildings and start wars 

etc... 

and all that dolphins do is swim in 

the water, eat fish and play around. 

Dolphins believe that they are 

smarter for exactly the same 

reasons. 

Douglas Adams 

First, the concept of a goal used in the original action cycle now includes 

needs, concerns, desires and more. Second, planning has been expanded 

to design, which we will discuss in depth later. For now we will just note 

that design is much more than devising a plan, the original formulation of 

this step in our previous discussion of the action cycle. To design among 

other things includes to formulate an idea, analyse the conditions, and 

find a solution. The third activity, action, has now been supplemented by 

action tendency and coping strategies. Experience has been acknowledged 

as a context dependent deep subject of its own, closely related to the 

concept of consciousness. And, finally, evaluation has been complemented 

by the concept of appraisal. Later we will discuss evaluation of products 

and will introduce some methodologies for this. As a motor and control 

support for all of these mechanisms we have emotions. 

 

Several spiral arms are followed by an individual at each instance of time, 

and together the arms make up our lives rendering them meaning. Each 

human has a unique set of action cycle spirals, and prioritises differently 

among them. To further complicate the model there are interactions 

between the spiral arms, and there is certainly no agreement on what 

spiral arms that are the right ones for modelling.  

 

 

IV.21. Unique features for each of us ( +u ) 

IV.21.1 Unique human abilities 

Let us start with the human development. The main theory is evolution, 

survival of the fittest. A kind of biological learning where favoured 

mutations or new behaviours will be established as dominant after some 

generations. The development cycle resulting from this is rather long, and 

does not necessarily produce optimal solutions, survival is enough. Also, 

it is not clear what it means to be the fittest in the new, fast changing, 

information society. Humanity seems to have bypassed evolution for 

individuals, but perhaps it is still at work for societies and ideas?  

 

The list of intellectual feats mastered by humans only is rather long 

[DAN]. Maybe the most important of them, apart from the ones discussed 

previously in this chapter, is how we design and create artefacts to 

develop old abilities and give us new ones. Some other animals also use 

simple tools, but humans have created complex artefacts such as the 

hammer, the automobile, and the computer. The hammer is by the way 

not that simple to use, ask any chimpanzee. 

 

People are deeply rooted in space and reality. Even a four-month-old 

infant is surprised if objects pass through a gap that is narrower than the 

object itself, or if an object disappears from one place, and materializes in 

another [SP]. The spatial information is mainly provided by vision, and 

there are innate behaviours in place to manipulate it, see figure below.  
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Imagine the letter D. Rotate it 

90 degrees clockwise. Put the 

number 4 above it. Now remove 

the small horizontal segment to 

the right of the vertical line.  

What familiar object do you 

“see”? 

[SP] 

 

“Consciouness made easy” 

“Meaning of life for dummies” 

New titles we would like to see. 

 

Curious? Why? 

Common sense knowledge is not the 

sort of knowledge found in 

encyclopedias, but, rather is the sort of 

knowledge taken for granted by those 

writing articles in encyclopedias. 

Hubert Dreyfus 

 

You can take a person out of the stone 

age, but you cannot take the stone age 

out of a person. 

[PM] 

 

 

 

 

 

 

 

 

 

 

 

Processed image information is stored in long-term memory for 

convenient retrieval, with better access for frequently used information. 

You will quickly recall the colour of your house and the colour of the 

house next door. But, recalling the colour of the next house but one is 

slower as you need to do a mental scan over the street. Right?  

 

Our species’ special spatial dependency is also evident in language. We 

assume that distant objects and relations affect us less, and this way of 

thinking can also be reused with reference to time. We say that “The 

meeting lasted from 13.00 to 15.00”, and “The meeting is at 15.00”, “I will 

pay this bill, it is due tomorrow, that one is due next week”. The same 

metaphors are also reused for programming, “These input parameters 

have almost the same values, and should produce almost the same output 

from the procedure”. 

 

The human is also the only interactor we know of who troubles herself 

with philosophical questions, such as what is consciousness, self, free 

will, meaning, e.g. “I know what a natural number is, but how can my 

brain have a relation to an infinite number of items?”.  Other mind-

boggling problems are concerned with morality, e.g. “Why not steal to 

avoid starving?” and knowledge, “Why is the speed of light constant, and 

why should that fact be true tomorrow”? Maybe we can use technology to 

shed some light on some of these questions, or is our own nature such that 

we are not capable of understanding the answers [SP]?  

 

Some other feats to ponder on are: 

 

 Common sense, most of us have it, but no one can describe how 

to teach it.  

 Humour, jokes are based on the human ability of association (and 

more?).  

 

 Art, creates a strange world of its own, exploring socially 

accepted truths that are sometimes agreed on by one person only. 

Art is a multilevel experience. We perceive a work of art, we 

reason and think about it, and it might arouse emotional 

responses. We humans decide ourselves what should be 

considered as beautiful, but there are some accepted universal 

truths. Below, in figure 30.2, is an attempt from Dr Marquardt to 

design the most beautiful, ultimate, face. It is created using the 

golden ratio, also called golden section, golden proportion, or 

the divine proportion. This number is the result when a straight 

line is divided into a longer part a, and a shorter part b, such that 

a/b = (a + b)/a, i.e. (5 –1) /2=1:1.6180339887. For some reason the 

golden ratio is considered beautiful by most people, and also 

appears frequently in nature.  

 

Space and force pervade language. 

Many cognitive scientists have 

concluded from their research that a 

handful of concepts about places, 

paths, motions, agency and causation 

underlie the literal or figurative 

meanings of tens of thousands of words 

and constructions…These concepts and 

relations appear to be the vocabulary 

and syntax of mentalese, the language 

of thought 

[SP] 

 

Figure IV.21.1 Spatial effects in 

visual perception. 

 

Tangram (spookey) 
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Law of least effort: 

Each individual will adapt a course of 

action that will involve the expenditure of 

the probably least average of his work. 

George Kingsley Zipf 

 

 

 

 

 

 

 

 

 

 

 

 

 Games and sport, mental and physical exercise raised to art. 

 Schooling, organised cultivation, not always as efficient, or as 

much fun, as it should be. 

 Rituals, used for social confirmation. These are tight social 

interactions where the sum adds up to more than the individuals. 

 Time perception, what time is is another of the eternal questions. 

Every one of us perceives context differently. Some of us quickly 

identifies situations and events, but others are quite sluggish. 

Does this mean that people perceive time itself differently? Now 

it is time to go to bed.  

 

All mobile things face the problem with sustaining power. The sun in 

mostly the source, directly through a solar panel (0.3m2 10W), or 

indirectly through a Lithium battery (200g  6W). A human has the 

wonderful power to convert food into energy. A not overly exercised 

adult consumes 2000 kcal/day. This is equivalent to 2325 Wh. We would 

need quite a battery! Some figures on consumption are that sleeping needs 

80W and walking adds 60W. Researchers from MIT (Massachusetts 

Institute of Technology) have managed to retrieve 8.4 mW of this energy 

by inserting a piezoelectric element into a shoe. Arm curl adds another 

35W of consumption, and finger motion adds around 10mW. It is not 

much use trying to burn fat by exercising your fingers [TS].  

 

As our environment becomes more complex, more often the limitation in 

the system will be the so-called human factor. Human memory and 

processing limitations will inevitably lead to errors when a human is 

given the wrong type of tasks. Humans are also limited in many other 

respects; our running speed is for instance not very good compared to an 

aeroplane. We have to carefully design systems such that they do not 

overtax human levels for mental and physical effort, reaction times, 

performance, or frustration.  

 

But, even though the human factor is the cause of many problems the 

truth is that it is the only unique feature of H, and should be nursed and 

refined.   

 

Figure IV.21.2 Face designed 

using the golden ratio (left). The 

width of your nose and the width 

of your mouth should follow the 

golden ratio, but, if yours do not, 

do not worry, beauty is not 

everything (right). 

 

Time perception …. 

Hurrying Waiting 
t 

"Carriages without horses shall go, 

And accidents fill the world with woe." 

Mother Shipton (circa. 1530) 
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Every second someone hooks a new 

computer to the Internet 

This person must be stopped. 

Internet 

I want to pull my arms into me 

when they aren't in use.                                                

John Dobbin    

IV.21.2 Features and limitations not found in man ( +u ) 

Many times things are more robust than humans, at other times they break 

without any visible reason, but so far they have never complained! A 

rugged design can survive in the desert, as well as on the top of Mount 

Everest, for a long time. Robustness stems from redundancy and other 

qualities, which can be built into a thing, but a human being has to settle 

for nature’s readymade design. 

 

The thing is currently evolving under quite a different environmental 

pressure than man. Compare survival on the savannah with survival in 

the market place. Evolution is supported by the fact that it is possible to 

manufacture an exact replica of a thing. This is not possible to do with a 

human, and is a major difference! We might copy the basic genetic code 

and use it as a base for a individual, but to copy a human complete with 

her psyche is impossible. Nature’s choice of an analogue implementation 

enhances adaptability at the cost of loosing some determinism, 

including the possibility to do exact replicas. If such a trade-off is 

necessary for intelligent, context dependent, adaptive behaviour is not 

clear. 

 

What are the limitations for a thing? None whatsoever?  

 

The answer is that we really don’t know yet, but the very idea of an 

intelligent thing is something that by itself continuously enhances human 

capabilities! By exploring the possibilities of things we learn about 

ourselves, and about the reality we share. What we can say is that the 

thing is less limited than the human in many respects, but that currently 

humans are controlling the reproduction. We are no longer able to give 

birth to a computer without the help of a computer, but we are in control 

of the on/off button to the womb. In practice we have lost also this 

possibility since our society now is too dependent of the computer.  

 

 

% 
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A number of different approaches 

are being tried. 

Engineering, Internet 

(We are still guessing at this point). 

 

 

A grown up human cannot decide her extent of autonomy, it is fixed by 

nature. How much autonomy to implement in a thing is a design decision, 

and depends on its purpose. The complexity of the internal workings of a 

thing will be proportional to the extent of autonomy. Perhaps emotions 

and beliefs are overkill for a vacuum cleaner? If your child’s toy becomes 

too autonomous it might walk sulking away from the playpen. 

 

Another limitation is that the thing currently has no consciousness; it is 

not self-aware the way humans are. 

 

One prediction is that technology by 2029 will provide the necessary 

means for consciousness (memory, processing power). If these are 

sufficient is another matter [GB]. The prediction is based on the fact that 

there are 1012 neurons in the brain, each with 1000 synapses, summing up 

to a total of 1015 synapses. An artificial neural network needs 4Bytes of 

memory per synapse, so in other words, we need 4 million Gbyte of 

memory. Estimations from the typical random-access memory 

configurations in personal computers the previous 20 years gives the 

following formula:   

)
4

1966
(

10





year

noByte ,  

solving this for 4 million Gbyte gives the year 2029. 

 

Even if the number of memory cells, and the number of connections are 

equal in an integrated circuit and a brain, and even if the circuit is a 

hundred times faster than a neuron there is still another trick that the 

brain could use to achieve its outstanding complexity, and that is timing. 

Timing in an integrated circuit is used only to start a computation, for 

instance by enabling a gate in an inverter. In the brain timing can be used 

also to encode information. A short difference in time between two 

neurons firing in parallel could mean that a trailing neuron is triggered. If, 

on the other hand, the difference is large the trailing neuron will not fire. 

The complexity possible for such a scheme is in principle infinite. In 

practice robustness will set a limit to the complexity, using too small 

timing differences will not give deterministic behavour. 

 

Power is quite necessary for an intelligent thing. Currently computers 

drink electricity and depending on the application and the situation this 

can be a severe problem. It is expensive (as it is for humans) to quench the 

thirst. For stationary things power is usually not much of a problem, but 

mobile things need batteries, solar cells, or some other energy source. 

There are also other demands on the energy source; size, weight, service 

life time, rechargability, time to recharge, replacement cost, and 

environmental and ecological concerns. It is tough to be a hardware 

designer. A typical Lithium battery for 6W weights 200gram, and a NiCd 

battery for 6Watt is quite heavy, about 1.5kg. We can use the Mips/Watt/ $ 

to estimate the power performance of a system, and a typical value for this 

is 20 (1999). A similar measure for memory is MegaByte/Second/Watt/$. 

 

A personal computer dissipates around 100 Watt, and as a household 

radiator a thing can dissipate 1 or 2 KWatt.  

 

Computers do currently not learn very well, and this fact forces them to 

develop through evolution. They do not reproduce, which means that they 

are at the mercy of their creators. Survival of the fittest gets a different 

meaning then, namely survival by manual selection. On the other hand, 

things can be copied and each generation might have a short lifespan, e.g. 

31 
Dec 

2028 

Isaac Asimov formulated the 

following three robot laws in one 

of his science fiction novels: 

 

I   A robot may not injure a human 

being or, through inaction, allow a 

human being to come to harm. 

 

II  A robot must obey orders given 

by a human being except where 

such orders would conflict with the 

first law. 

 

III  A robot must protect its own 

existence as long as protection 

does not conflict with the first or 

second law. 

 

So far no robot has needed any 

laws because they still cannot 

even reliably detect humans. 

But, if they needed laws, would 

they really need the second law?  

 

When, if ever, should an 

“intelligent” thing lie to another? 

To a human being? 

 



 Hakan Gulliksson  153

   

compare mobile phones. Which is best in the long run? To be able to learn, 

or to develop through fast evolution? Maybe these two approaches are 

equivalent? 

 

Since we do not know much about mechanisms for creativity in humans it 

is extremely difficult to build things that are creative. What we can strive 

for is not technology that is creative by itself, but technology that helps a 

human to be more creative, i.e. technology that supports the steps of 

creativity described in the Chapter IV.14 on human creativity. 

IV.21.3 Summary Human vs Thing 

The table below is a summary of the characteristics of man and machine 

[BS1]. We tend to confront the thing and the human, but, maybe we 

should rather see the thing as a human extension, amplifying senses 

(binocular, hearing aid), motorics (car, bicycle), and cognition (computer 

based calender, calculator). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Humans generally better Machine generally better 

Sense low-level stimuli, e.g. using 

the finger tip. 

Sense stimuli outside human’s  

sensory range. 

Recognise constant patterns in 

varying situations. 

Count or measure physical 

quantities. 

Sense unexpected events and 

subjectively evaluate them. 

Store coded information  

accurately. 

Remember principles and strategies. Monitor prespecified events,  

especially infrequent ones. 

Retrieve pertinent details without a 

priori connection. 

Make rapid and consistent  

responses to input signals. 

Draw on experience and adapt 

decisions to situation. 

Recall quantities of detailed 

information accurately. 

Select alternatives if original 

approach fails. 

Process quantitative data in 

prespecified ways. 

Generalise from observations. Infer from general principle. 

Act in unanticipated emergencies 

and novel situations. 

Perform repetitive predefined 

actions. 

Develop new solutions Exert great highly-controlled 

physical force. 

Concentrate on important tasks 

when overload occurs. 

Perform several activities 

simultaneously. 

Ethical reasoning Maintain operations under heavy 

load. 

Emotional (computers do not care?). Maintain performance over 

extended periods of time. 

Thinking about the things 

 we used to do 

Nancy Sinatra, Dean Martin 

 

Table IV.21.1 Summary 

of humans versus 

things. 

Imagine one million things, 

each with sensors and capacity 

for a mental model. Connect 

them into a high-speed network 

and wait. What will happen? 

What are the main challenges to 

make this scenario true? 
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Part V: Interaction, we do it together.  

 

 

 

 

 

 

This part of the book will introduce feedback under the pseudonym of 

interaction and it is one of the most important concepts of this book. We 

start off by pinpointing the concept of interaction. Next, Chapter V.2 to V.6 

give short introductions to interactions between the three participants H 

(Human), I (Information) and T (Thing). We discuss interaction as a way 

of improving quality of life, and also why we need technology for this. 

Since the main objective is to improve quality of life, much of the 

discussion, and almost all of the examples, are taken from a humanistic 

perspective. We continue by giving context a special treatment. This is an 

important topic since context is the background environment that fuels 

interaction. Chapter V.7 defines context and describes how it can be used. 

With knowledge on context we go on to Chapter V.8 and V.9 and focus on 

interaction modelling and interaction characteristics. Mediation next gets 

its own, Chapter V.10. The last five chapters discuss interaction 

terminology and technology for interaction control and cooperation. 

Specifically, the last chapter of this part of the book, Chapter V.15, will 

give an introduction to command based interaction. Here is where the 

interaction between a human and a computer screen is discussed, i.e. the 

traditional core of human-computer interaction. 

 

The word interaction hints at its own meaning. It is built by the words 

inter and action, both derived from Latin, inter meaning between or 

among, and action, from Latin a’ctio, actually meaning action. The 

following story adds to the concept: 

 

An author (whose name we have forgotten, perhaps it was Victor Hugo?) 

becomes really nervous when his new book is released, and escapes to a 

resort. He soon becomes feverishly curious and sends a telegram to his 

publisher, which only contains a “?”. His publisher returns a “!” and the 

relieved author continues his vacation. 

  

This is obviously an interaction between two communicating entities. It is 

also something more than a mere exchange of messages. Because the 

publisher knows the author he can predict how the author will interpret 

the “!”. 

 

One description of this interaction is that “the two participants are 

brought into a dynamic relationship through a set of reciprocal actions, 

that is through a series of events, during which they are in contact with 

each other in some way”. A better (and shorter) definition is: “Mutual 

 

 
 

 

Interaction is where two or 

more actors share a common 

time-space-state universe. 

 

T 
I 
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Definition: 

Coordination is the process of 

sharing access to tools, objects, 

space and time. It includes transfer 

of tools and objects.  

Adapted from [DP1]. 

 

interdependence”. This more accurately describes the coupling between 

the participants, but the fact that the interaction above was goal directed is 

still missing.  Let’s use the definition to the right. 

 

A goal of an interaction can be engineered into the system, or emerge 

from previous interactions. If it emerges it could do so through a 

democratic process, or be imposed in a more dictatoric manner by one of 

the interactors. Emergent goals have the interesting property that they can 

dynamically change behaviours, and make old objectives obsolete.  To 

follow norms and fulfil obligations are examples of emergent, and also 

changing, goals. In this book we will however not always insist on a goal 

for the interaction. Two charged particles affecting each other will also be 

considered an interaction.  

 

We can see that traditional sciences explore two types of phenomena at 

different levels of detail. They study objects, and also operations acting 

on and performed by objects. Typical objects are molecules, cells, 

computers, humans, networks, societies, and stars, which we in this book 

refer to as interactors. The operations, in this book called interactions, can 

be exemplified by human conversations, chemical reactions, software 

processing of sensor data, data communication, and gravitation.  

 

Interactors and interaction are intertwined and dependent, which means 

that even if it is possible to spend a lifetime studying almost any detail of 

either an interactor, or an interaction, we believe that such a strategy will 

not give the whole picture. We cannot fully understand an interactor 

without knowledge about the interactions it is engaged in, and we also 

cannot understand the interaction ignoring the interactors. When we 

study the world we can try to figure out why an interactor does 

something, or we can study the actions. The latter is obviously much 

easier, at least if we restrict ourselves to observable actions. An action is a 

product of the local context and the situation, a fact that complicates the 

study. An interaction should be seen as a set of actions extended over time 

that can have emergent properties, making it less tangible and 

comprehensible.    

 

At each level of detail there is much to learn, but as humans we should 

start our investigations at our own level. Here we have a first hand 

experience that makes it easier to understand principles, without too 

much formalism. It is easier to apply knowledge from our own lives. Even 

though quarks are interesting, and are described by well thought out 

formal models, they are hard to relate to in daily life. The price to pay for 

studying ourselves is that the information hidden, because of the high 

level of abstraction, makes the interactors and interactions under study 

slightly magic. 

 

With two actors, a shared space, and some means for communication we 

have the basic pre-requisites for coordination. Managing the coordination 

is in itself an interaction, i.e. a meta-interaction. This could for instance 

involve planning for the interaction, or specifying rules or infrastructure 

for communication. An alarm clock is a perfect example of a tool for 

coordination. 

 

Two antagonists will interact by competing, but more amiable actors will 

co-operate, or form a symbiotic mutually beneficial relationship. 

Interaction adds properties to the system that goes beyond the individual; 

it is both a source of power, and a well of problems. Anything that joins 

Definition: 

Interaction is a method for goal 

directed mutual interdependence. 

Earth 

Sun 

Hakan  Charm 

What keeps the following 

systems from falling apart? 

A society? 

A rock? 

Internet? 

”England expects that every 

man will do his duty”,  

12 sets of flags, in total 31 

flags. 

An interactive system is a 

combination of hardware and 

software components that receive 

input from and communicate 

output to a human user in order 

to support ohis or her 

performance or a task 

ISO 13407. 
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could be the cause, or the medium, of a conflict. Marriage, and a common 

language are two examples. More about the co-x words in Chapter V.11  to 

V.15. 

 

The main reason for interaction is a shortage of resources, necessitating 

coordination, and perhaps leading to co-operation or antagonism. One 

shortage could be the lack of skills, but there are an unlimited number of 

possible resources to fight over.  Next we will take a deeper look at the 

reasons for interacting. 

 

V.1. Why interact? ( +u ) 

Why does a certain kind of interaction exists, what is its purpose? There 

are obviously an infinite number of reasons depending on who you ask 

and the current context, but what we are looking for is the most 

fundamental reason for interaction. One way to find an answer is to view 

an interaction as a system where the interactors are sub-systems. To be of 

any interest at least one of the systems involved should be an open 

system, i.e. it should have inputs and outputs. Controlling the resulting 

exchanges results in interactions. 

 

The second law of thermodynamics gives another clue to why the 

interaction exists. The law says that whenever an energy distribution is 

out of equilibrium a "force" will spontaneously act to minimise the 

potential difference. To maintain any instability action is needed. 

 

A third reason for interaction is that two interactors, after adapting to each 

other, many times can accomplish more and other things together than in 

isolation. The result of an interaction can be a new emergent behaviour, 

such as falling in love, enriching our world.  

 

Interaction between tightly integrated specialised interacting modules is 

the basis for building complex hierarchical systems, such as us, a 

fundamental and important result of the highly dynamic concept of 

interaction is stability! This might seem as a paradox, but interaction 

allows for the emergence of a stable configuration of a system 

or organism. Stability of subcomponents is in other word both a result of 

adaptation, and a pre-requisite for the next system level’s of stability and 

adaptation. We can see it happening for society, and for the cell. Some 

prerequisites are communication among the components, processing, and 

some means of representing the adaptations found, i.e. memory, Another 

example is the brain complemented by nerve pathways.  

 

The given prerequisites of a stable system is however not the whole story, 

sensors and actuators are also necessary to connect to what is happening 

in the environment, to understand it, and to make necessary external 

adaptations. To support all this energy is needed.  

 

A tree, a car, and a computer are easily seen as interacting systems and the 

prerequisites discussed above are also necessary for our self, where the 

body and our brain build a relatively stable reference and a, to some 

extent consciously controlled, action-reaction interface. 

  

We can restate the above and say that interactions are usefule because 

humans, and in the future perhaps also things, cannot develop properly 

without interaction [JF]. We need interaction to stay in touch with the 

Resource space 
Resources 

needed by A 

Resources 

needed by B 

Could it be that interaction is, or 

should be considered, a good in 

itself- even disregarding what the 

interaction is about, or the 

character of interaction? 

[LEJ] 

"On top of the list [of characte-

ristics of the self ] I placed stability. 

In all kinds of self we can consider 

one notion always commands center 

stage: The notion of a bounded 

individual that changes ever so 

gently across time but, somehow, 

seems to stay the same." 

Antonio Damasio 
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Situations of conflict are both the 

effect and cause of interactions. 

They have their origins in a lack of 

resources, and they call for supple-

mentary interactions so that a way 

out of conflict can be found. 

 Jacques Ferber [JF] 

 

“Studies of flow have demonstrated 

repeatedly that more than anything 

else, the quality of life depends on 

two factors: how we experience work 

and our relation to people. Mihaly 

Csikszentmihalyi 

 

world in order to gain knowledge. Interaction is how we as humans 

realize our existence in our world, and how we interpret and experience 

reality. 

 

Through interaction we can verify that communication has occurred and 

perceive the effects of the communication. This is of utmost importance in 

almost any situation and means that interaction increases capacity for 

survival.  Not only is this true for the individual, but also for collectives, 

organisations, and families. Two typical examples are that if predators 

hunt in groups they can succeed in finding and killing larger prey. The 

prey on the other hand can hide in the group, or build a better defence by 

working together with the group.  

 

 

 

 

 

 

This brings us to our next motivation for interaction, and that is to 

improve performance. It can be improved both quantitatively, e.g. it takes 

two men half the time of one man to clean a bathroom, and qualitatively, 

e.g. two men can carry a piano but one man cannot. Maybe he could 

manage half a piano, but that is not very useful. Performance is measured 

in many ways, quarterly earnings and examination points, just to name 

two.  
 

Interactions are also necessary for setting up social organisations. It is 

through interactions that organisations are bound together and influence 

each other, and as a result social entities and new functionalities emerge. 

Social groups are thus both the results of interaction, and where the 

interaction takes place. 

 

Last, but not least, interaction is mandatory for conflict resolution. It is a 

fact of life that there is a shortage of resources. Autonomy in things and 

humans will then, inevitably, lead to conflicts that have to be resolved one 

way or the other, for instance by regulation, arbitration, negotiation, force, 

destruction, conflict avoidance, or prioritisation. The success or failure of 

conflict resolution can be measured in terms of the number of dead and 

injured, the number of individuals involved in a conflict, or the amount of 

the fine. 

V.1.1 Why tools for interaction? 

One assumption made in this text is that interaction, and more specifically 

well designed interaction technology, will enhance the Quality of Life 

(QOL).  

 

QOL relates to either human individuals, or to human societies. You 

install equipment to help find the car if it is stolen, but this is not because 

the car would be hurt if you did not care. You do it because you want your 

car back and your car is not supposed to care. Neither is any other thing 

currently in use. A dog cares, but is not discussed in this book. So, at least 

for now, the ultimate goal of interaction is concerned with a person or a 

society. 

 

Figure V.6.1 Interaction. 

Try to think of some discipline 

NOT studying interaction or 

communication. 
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”Products or services that reduce the 

time and amount of tasks needed to be 

performed … increase our enjoyment, 

entertain or reduce tension, gives us 

information or challenges to improve 

our knowledge or our well-being” 

Quality of life, Philips 

“.…[activities that give QOL 

are those that]... have built in 

goals, feedback, rules and chal-

lenges, all of which encourage 

one to become involved in ones 

work, to concentrate and lose 

oneself in it” 

Mihaly Csikszentmihalyi 

 

A problem with QOL from an engineering point of view is that it is 

difficult to define and measure [RV1]. To start with life and quality are 

two tricky concepts. Do we for instance mean life of an individual or of a 

group? Quality could refer both to objective or subjective measures. Two 

persons under the same objective, i.e. same observable external 

circumstances, could subjectively report different levels of quality of life. 

What we do know is that providing QOL inevitably means hard work, an 

effort that must be rewarded. In other words, someone has to get rich in 

the process, or else nothing will happen. 

 

One view of human behaviour is that it is either reactive or reflective. 

Most of the time we just react on events, but sometimes we stop and think 

over the how, what, why and when in life [DAN]. Reactive behaviour is 

the form of experiential behaviour highly appreciated by Hollywood 

soap opera producers, and owners of ice hockey teams. Currently much of 

the development of technology is geared toward this side of human 

behaviour. One example is broadcast technology for mass distribution . It 

supports content that has to be mainstream to survive. New, better 

interaction technology means that entertainment could be made adaptive 

and individualised, and in this way interaction technology could increase 

enjoyment and entertain us more efficiently. Good interaction is a basis 

of competitive advantage. 

 

Interaction technology also has the power to encourage and reinforce 

reflective behaviour. Adaptive applications that adjust their reflective 

level to the user could give suitable intellectual challenges for everyone, 

not only for the main stream. Some of the more demanding computer 

games are interesting examples [DAN]. Without any previous training, 

and with only a few clues given at the right moments, an eager player will 

solve level 1 after only a couple of tentative attempts. If it can be done for 

games, then it can be done for other applications, so interaction 

technology can make thinking interesting and worthwhile, and maybe 

assist in the production of useful results from the thought process. This is 

a real challenge! To help us think deeper and faster. Machines currently 

enhance our muscles, and interactive tools for thinking could do the same 

for our brain and memory. We do not believe that human thinking will be 

replaced for another couple of years :), but why not complement what 

humans are good at, i.e. creative thinking, with tools for improved logical 

reasoning and for exploring alternatives? We could ask questions such as 

“What if?”, or give commands  like “Explore that path”. One first example 

of such a tool is the calculator.  

 

There is of course a risk with this scenario, as with all possibilities. 

Technology used for replacing intelligence could reduce its users to 

reactive machines. It might, on the other hand, allow humans to use 

intuition, and associative abilities, i.e. human specialities, without 

bothering about details.  

 

Continuing this line of thinking interaction technology can enable and 

support previously impossible tasks, such as functional alarm systems 

for the elderly, or educational games for kids. We already depend on 

technology to solve many difficult problems. Imagine calculating 

tomorrows weather by hand! To the category of previously impossible 

tasks we can add technology that make previously invisible processes 

audible, visible, or shown as tactile information. The temperature of the 

oven, driving mileage meter, and a share index at the stock exchange are 

some examples.  

 

Meaning  

of life? 

We are now shifting from the 

information society to  the 

interaction society 

M. Wiberg, Umeå University 

We are now shifting from the 

interaction society to  the 

relation society 

H. Gulliksson, Umeå University 

 

 

T 



 Hakan Gulliksson  159

   

 

Another objective for new interactive tools is to simplify or eliminate 

tasks that we are not very interested in. We could transform them into 

reactive tasks, or eliminate them altogether, allowing us to focus on the 

really interesting problems. Consider, as an example, the many possible 

sources for messages, each with its own user interface. Unified messaging 

is a technology that simplifies this by providing one input basket that is 

used for all mails, phone calls, and voice messages. This way we need only 

learn one interface, instead of one interface per message type. Another 

example of focusing on the real problem is e-learning, where interactive 

tools that strip off boring mathematical manipulations, and let us explore 

the basic principle by, for instance, graphically simulating gravity. 

Simplification is however not always a good thing, we can easily eliminate 

meaningful tasks. The alarm system for elderly should not be used to  

replace human contact.   

 

Interaction technology is also a new basis for social interaction. 

Videoconference and e-mail are examples of interactions where 

technology helps us surpass limitations of time and space. Meetings 

among family members scattered all over the world are no longer 

considered science fiction. Presence in a virtual gym is another example. It 

could motivate you by verifying that others also work out. You could 

compare improvements, conform to a praxis when everyone exercises, and 

learn how to do it by studying the more experienced [BF2].  

 

As a bonus our new interactive systems can be used to study the 

mechanisms behind interactions, for instance how people are influenced 

and motivated. The knowledge gained can drive mathematical and 

computational models of interactions, that in turn can be used to 

synthesise even better interactive systems, and at the same time help us to 

better understand human interaction. 

 

Most interactions in nature are severely limited in time and space. Even if 

you shout as load as you can you will not be heard 10 kilometres away, 

and direct communication face-to-face is real-time and impossible to 

delay. Talking while strolling along the river is possible only if your 

partner walks in the same direction and with the same speed. Technology 

can eliminate such limitations. They are no longer fundamental problems, 

“only” engineering problems. Telephone and e-mail are our first attempts 

at solutions. Furthermore, technology opens up new communication 

channels. One example is MRI (Magnetic Resonance Imaging) that lets us 

inspect the workings of the brain. Another example is using GPS to keep 

track of the wolves in the Swedish wilderness. To the visually impaired, 

and people with hearing loss, technology is already indispensable. 

 

The examples above are found at a physical level of interaction but, 

technology can support also at a higher, semantic level. It is for instance 

possible to synthesize a video of a smiling face, and there are experimental 

systems that can distinguish between a smiling and an angry face. At the 

aesthetic level technology can currently only help by providing access to 

numerous examples from which we can learn new ways to express 

ourselves.  

 

18 

African ”talking drum” 

Risks with information technology: 

Anxiety, Alienation, Information 

poor minority, Complexity and 

speed, Technology dependency, 

Invasion of privacy 

[BS1] 
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Are we having an 

interaction together? 

 

 

We shape our buildings and they 

shape us. 

Winston Churchill 

Another motivation for tools is that they are the only way that we can 

access the worlds of things and information. Try to speak kindly to an 

ordinary PC and persuade it to print a document!  When information and 

things need to access each other excluding technology is not even an 

option. 

 

Behind the development of technology there is a deeper trend, or rather 

two complementary trends [UCIT]. The first trend is that we humans are 

moving into virtual reality. More and more of our interactions are taking 

place in virtual reality where space, and sometimes even time, are not 

important. When you write an e-mail you can write it at home, or at work, 

the mail system does not really care where you do it. The letter is written 

into a virtual message space where the reader accesses it, from anywhere 

in the world, either two minutes after it is sent, or two days later, and it 

will not disappear if it is not read. The trend of moving into a virtual 

reality is something we already know a lot about. Internet has prepared us 

for years.   

 

The second trend is that virtual reality is entering real reality. The things 

that surrounds us are slowly evolving. They are transforming, like the 

transformers kids used to play with. Dead things are programmed into 

things with identity and knowledge. How about an answering machine 

that expands physically, like a balloon, whenever a new messages arrive, 

or an intelligent call service at the tax office where you can request paper 

forms, with no human service required.  

 

The two trends complement each other, and in the long run we will not 

only live as real persons in a real world with a virtual image in the virtual 

world, but also as virtuals in a real environment (a bit speculative), and as 

real persons in a virtual environment (really speculative). 

 

A word of caution is needed here. Living in two worlds gives new 

possibilities, but it does not come for free. We have to get used to new 

ways of doing things, e.g. navigate in virtual 3D space, and have to learn 

new concepts, such as avatars and hypertext. Also, society does not 

change in a day. New habits and social patterns take generations to 

establish, and does not always mean improvements for all.  

 

To conclude, all interactions in one way or another end up fulfilling needs 

of people, or society. The main reason for this is that ordinary people are 

the participants with wallets.  

 

V.2. H-H Interaction, the reference ( +s )  

The problem for human to human interaction is sharing or exchanging 

information between two persons, or within a group of people. Many 

times we as senders are forced to adapt to the receivers, and the receiver to 

us. How do we manage this in a highly dynamic and stochastic context?  

 

Human to human interaction is the highest, most complex, form of 

interaction! It has been around for quite a while resulting in the 

establishment of many rules by the fundamentally social human animal, 

and even in some hard coded behaviour. It is important to know about 

these constraints whenever you are interacting with other people, and 

even more so when you are developing systems to support H-H, H-I, or 

H-T interaction. Wave your hands at sea, and you summon the coast 

 

VR RR. 
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I marmaladed a slice of toast 

with something of a flourish and 

I don’t suppose I have ever come 

much closer to saying ’Tra-la-la’ 

as I did this morning. It is no 

secret that Bertram Wooster, 

though as glamorous as one 

could wish when night has fallen 

and the revels get under way, is 

seldom a ball of fire at the 

breakfast table. Confronted with 

the eggs and b. He tends to pick 

cautiously at them, not much 

bounce to the ounce. The reason 

for the improved outlook on the 

proteins and the carbohydrates 

was not far to seek. Jeeves was 

back. 

P. G. Woodhouse 

 

 

This ’telephone’ has too 

many shortcomings to be 

seriously considered as a 

means of communications. 

The device is inherently of 

no value to us.  

Western Union internal 

memo, 1876 

 

 

guard. You place yourself last in the queue for coffee and you say “Good 

morning”, “Good night”, “See you tomorrow”, “After you”, “Please”,…..   

 

There are many levels and types of interactions, some of which we are 

conscious of, and some that we have to train ourselves to recognize and 

register. If one person in a group of people sitting around a table yawns, 

inevitably several other will do the same. As another example try dilating 

your pupils at will! This could be quite useful since dilated pupils of a 

woman have been found to cause the pupils of men’s eyes to dilate by as 

much as 30 percent, indicating that there is an affect. It is not clear if the 

response holds true also for the other sex, but it is worth a try. Most H-H 

interaction in this book will be considered as symmetric interaction 

between equals.  

 

A third example of deeply rooted H-H interaction is a mother talking to 

her child. There are four sound patterns that reappear in cultures all over 

the world [PG]: 

 

Encouraging, “Come to mommy”, raising the tone. 

Rewarding, “Good girl”, “Bravisima, bravisima”, lowering the tone. 

Warning, “No, no, stop that, no,", short staccato. 

Comforting, “Hush hush”, soft.   

 

So far, the best tools for H-H interaction are the spoken and the written 

language. An interesting theory is that the spoken language was invented 

more for social reasons than for information transfer. The language gave a 

group of humanoids a common reference that could keep the group 

together even if the number of individuals in the group increased. In a 

small community each individual can get to know all of the other 

individuals, but as the size of the group increases socialising without 

language takes too much time, and the group will starve or split up. In 

fact, most human knowledge is stored in a common culture, which is kept 

and developed by interaction and language. Because of the complexity of 

H-H interaction and the adaptability of H emergent behaviour, such as the 

creation of a language, is the norm rather than the exception. Language is 

also an example of an applied coordination technique. Examples that have 

emerged are history books, timetables for buses, and university lectures. 

 

We can use technology to enhance person-to-person communication and 

consequently to further develop our culture. The telephone makes 

conversation independent of distance, and e-mail removes also the time 

constraint from the interaction. Unfortunately technology also reduces the 

communication bandwidth. It is quite difficult to see gestures through a 

phone, and it is also difficult to hear the tone of voice in an e-mail. Is it 

possible to hear a smile over the telephone?  

 

But, note that the limitations in technology are not fundamental. Certainly 

technology can provide a much higher bandwidth than any human can 

manage. According to one calculation a human accepting at full speed 

crunches 1 Gbit/s of sensory data, and such a bit rate is available already 

with today’s technology.  

 

There are several different reasons for communication. From the 

perspective of interaction we can list them as in the figure below [UB]: 

 

 

 Inform Coordinate Collaborate Co-operate Entertain

! 

Figure V.2.1 Reasons for 

communicating. 

The US and worldwide number of 

original book titles that have been 

published, both in and out of print.  

65 million book titles  

University of california 
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“The communication tail is 

wagging the processing dog” 

Paul Saffo 

 

 

 

 

We entertain for fun, inform to let someone know, coordinate to 

synchronize or to level, collaborate to achieve a common objective and 

finally we co-operate using shared resources, also with a common goal. 

Evaluating any of the activities in the figure above is notoriously difficult 

in H-H interaction because we cannot read human minds. This fact also 

makes any H-H interaction potentially non-linear, e.g. slightly changing 

the interaction does not necessarily mean a small change of the result.  

Since we cannot be certain about the goal of an interaction it is also 

difficult to know if the goal is met.  

 

Interactions can be objectified and structured in many ways, depending on 

the circumstances. Planning, learning about them, estimating their 

duration, and aligning constrained tasks come easy to us. However, with 

H-H interaction results from a repeated interactions, even under similar 

constraints, are unpredictable. This is many times a result of the opaque 

human mind, but sometimes also because of the shear complexity of the 

context or the task, be they designed or natural.  Luckily H-H interaction 

is at least predictable enough to improve efficiency when repeated. 

Creativity is the other side of the coin; it emerges along with complexity 

and unpre-dictability. 

 

Humans are social beings. This means that we immensely enjoy, and 

engage ourselves deeply into chatting, gossiping, and discussing. We can 

participate in several simultaneous interactions, and for each interaction 

have multiple information channels. Some with high bandwidth, such as 

speech, and some with lower bandwidth, such as asking a 10 year old to 

leave his teacher a note.  

 

V.3. I-I Interaction, soon for more than efficient data transfer ( +s ) 

For I-I interaction the main problem is to exchange information 

supporting the intended functionality as efficient as possible; i.e. aesthetics 

and satisfaction are not relevant. Information-information interaction is 

the most structured and formalised type of interaction, with rules that 

have to be rigorously specified down to the last information bit. The 

following section will discuss I-I interaction in general. Many more 

examples and details of interactions will be given in the later chapters. 

 

There is no known limit neither to the complexity, nor to the bandwidth of 

I-I interaction, but currently the bandwidth is constrained by the state of 

the art in data communication technology. Fundamental physical limits 

such as lack of bandwidth, and background noise levels have not yet been 

reached. The complexity is hampered by limited processing capability, 

and a plethora of data representations that currently are not compatible, 

not general enough, and with limited information density. It seems that 

the problems are practical in nature, but whether I-I interaction can reach 

the complexity of H-H interaction is still not known. Should it be possible 

it will however take many years of hard work. The behaviour of many 

systems might seem intelligent, even creative, but so far the apparent 

intelligence is more a result of the enormous amount of information 

available, and the strange, foreign, character of the processing.  

H’ 
H 

H 

Ending Beginning 

Rejecting 

Stirring 

Being 

Below are some of the 16 essential 

interactions defined by Thom: 
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Nature is also a “meme bank”, an 

idea factory. Vital postindustrial 

paradigms are hidden in every 

jungly ant hill. 

Kevin Kelly 

 

 

Information resources are increasingly hooked up to the global network, 

and the information can be combined to create new information with 

emergent properties. All books ever written in the western world, such as 

the one you are reading, are only combinations of less than a hundred 

characters, and in any new book you will find fragments and ideas from 

other books. This certainly goes for this book too. Combining information 

from unemployment registers and salary registers creates information that 

suddenly sends people to prison. Statistics of demographic indicators 

distributes resources; polls and stock market quotes are active interactors 

in politics and economy. Statistics very much rule the day in this era, 

whether valid or invalid. Note that interactors of type information never 

forget, which means that the full history is always available to the 

interaction. 

 

For I-I interaction data access is of fundamental importance, and access 

rights are consequently important. Computer viruses roam the network 

trying to take over prescious processing and memory resources. Hundreds 

of gigabytes on hard discs all over the world have a content that the 

owners of the computers would be shocked to know about. This 

accessability of information mirrors human society. Not everyone is 

allowed to have a peak at the data files of NSA, while, at least in Sweden, 

the personal income is available to everyone. Without explicit access 

restrictions all data in an I-I interaction is in theory available to all 

interactors, even data internal to the interactors.  

 

Having access rights to data is not the only problem fro I-I interaction. 

Even worse is that the information available to an information agent is 

fragmented in many ways. First, it is distributed, a problem that can be 

fixed by search and indexing, even though the enormous amount of 

information still presents a problem. The amount of data means that some 

views of the data will be favoured while others need to be hidden. Context 

to I-I adds even more information, and there are lots of contexts. The next 

problem is that information is stored in many different formats, and that 

different abstraction levels are used. Finally, to top the above, not enough 

meta-information and context is available to support interpretation of the 

data. Altogether this means that information and information interactors 

must be designed for specific purposes to be useful.  

 

So far everything that happens emanates from human intentions. H is still 

designing the data structures, aligning processes, and the one pushing the 

buttons, for instance enforcing the law by deciding which databases to 

match. The increased connectivity means that the pushing will effectuate 

more, and do it faster. If demand on productivity continues to increase, 

more and more applications will eventually have to remove the human 

out of the loop, and statistics will be in charge. This will favour 

information that is measurable, and that is actually measured. All other 

aspects are likely to be ignored.  

 

 Interactions of the type I-I are manifested not only by exchanging 

messages. Ideas that interact is another example, put forward by the 

biologist Richard Dawkins. Analogous to the gene, the information carrier 

for the idea is called a meme. Memes combine into new memes that 

represents new ideas, such as the one by R. Dawkins. Memes do however 

not mutate at random, as genes do in the biological evolution, but by 

creative or purposeful adaptation fostered by humans. Some memes are 

potent, they survive, and spread like epidemic diseases. Other dies, either 

t i 

i 
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o 

n 

n f o 

  

 

  

 

42 

6 

0 

A B 

Things and behaviours that 

will disappear or change 

when mobile technology 

matures 

-Newspaper 

-Telephone book in paper 

-Calender in paper 

-CD-player 

-Dedicated TV-set 

-Wallet 

Wrist watch 
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Rose is a rose is a rose is a rose 

Gertude Stein 

Whatever it is I'm against it. 

Groucho Marx 

 

Notworking 

¥€$! 

because they were bad ideas, or because they showed up in the wrong 

place, or at the wrong time. Memes are interesting but will not be further 

discussed.  

 

Internet has autonomous subunits, high connectivity, and no centralised 

control. These features match characteristics in nature and society, which 

can provide many ideas, metaphores, and structures both for models and 

real implementations as Internet develops. Current examples are the 

firewall, a stockade raised against malicious messages, and the Internet 

backbone where the bulk of the long distance messages travel. A third 

example is the use of protocols. I-I interaction really can use good ideas 

since it has some catching up to do. Speech appeared about 100.000 

generations ago and Internet only 1!  

 

V.3.1 Why I-I is important ( -a ) 

Networking seems to be increasingly important. Why is that? Two 

complementary explanations are possible. Either you claim that 

networking only is a way of creating new markets, inventing unnecessary 

needs, which in the end will cost us a lot of money. Alternatively, you 

maintain that networks enable communication that fulfils basic human 

needs. The truth is probably found somewhere in between. A well 

founded reason for investing in networks is to increase productivity, and 

strive for larger market shares through globalisation. We consequently get 

global integration of financial markets, accompanied with equally global 

criminal activities, and multi-national companies working around the 

clock where the sun shines as the earth spins. Media at the same time, also 

24 hours a day, use networks to report terrorist threats and sports results 

from all over the world.    

 

Interaction of type I-I supports a value chain where the user is firmly 

rooted at the paying end. 

 

 

 

 

 

Starting from the far left in the illustration above we have the companies 

that provide hardware for the infrastructure, Cisco and Ericsson are two 

representatives. Next we have a number of software vendors, for example 

Microsoft and SUN Microsystems. Telecom operators adapt hardware and 

software to local regulations and cultures, and add new data services to 

the basic communication functionality.  Most services are developed by 

content providers such as Disney, CNN, and numerous small companies 

that adapt videos, and design gaming experiences. Finally we have the 

device manufacturers, such as Sony and Nokia that support the customer 

with appropriate networked PDA:s, mobile phones, and memory cards. 

 

The wired Internet infrastructure now reaches all developed areas on 

earth and over the last few years it has quickly been superimposed by 

wireless networks for mobility. But, is the convinience of mobility worth 

hundreds of billions of dollars? From a business perspective, the main 

reason to introduce wireless services is of course increased profit. The 

revenue comes from many sources. One is by empowering employees to 

be more effective. Timely access to enterprise data means less travelling 

back and forth to the office, and faster responses to customer needs. This 

in turn increases customer satisfaction. Reducing cost is another way to 

  Device   

 manufact. 

  Content 

   provider 

  Telecom. 

   operator 

 

 Software 

   vendor 

 

Hardware 

  vendor 

1995 

Birth of the WWW 
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increase the profit, and paper-based systems can be very inefficient. A 

company might for instance dedicate one employee just to transfer data 

from paper into the computer, with possible errors in the process. If the 

customer uses mobile technology, companies can support orders around 

the clock, further increasing sales. Mobile phones have prepared us for 

this kind of thinking.  

 

Mobility provides for the flexibility to work whenever and wherever it 

suits the user, and it also supports new ways to communicate with friends 

and family, along with pervasive access to mediated entertainment and 

information. In the long run wireless is good business. 

 

V.4. H-I, H-T Interaction, joining forces ( +s ) 

Human to thing, and human to information interaction are the most 

difficult interactions to implement with high bandwidth and efficiency. 

One reason for this is the incompatibility of the cognitive systems of the 

interactors. Both processing and perception are radically different, and as 

a consequence adaptation must be exploited as much as possible. The 

current approach is to primarily adapt I/T to H by developing technology 

and using it intelligently. To what extent H and society, can adapt to I/T 

over a longer time perspective is not known. Cars, traffic jams, TV and 

soap operas however prove that we are capable.  Another problem for a 

designer of H-I or H-T interaction is that any interaction involving H will 

be complex as aspects of human behaviour and society will affect the 

designer. 

 

We have grouped the interactions H-T and H-I together since one without 

the other is not interesting, or simply impossible. Interactions involving a 

human always have a physical representation, telepathy is not yet 

common. So, although the intention is to interact with information, the 

means for doing so is a physical thing. One example is the mouse. Are we 

interacting with the cursor on the screen (H-I), or with the mouse (H-T)?  

 

 

One way to understand the development of computer-based technology is 

as a result of computers reaching out into the human environment, or in 

the words of Jonathan Grudin 1990, “the computer is colonizing its 

environment” [JG3]. Starting out as a working tool for expert 

programmers the computer currently is an indispensable, and many times 

invisible, support. The computer interface to the world is getting more 

advanced at an accelerating pace.  But, as Grudin pointed out in the 

reference, the metaphor of the computer reaching out has a major 

problem. A human child learns about its own context. A computer on the 

other hand tries to understand the human world rather than its own. It is 

supposed to support humans and therefore needs to understand them 

rather than itself, and its own environment. An illuminating example 

comes from the reference [SS], where the authors discuss how a user 

might formulate a command to change the light (computers reaction 

within parenthesis): 

 

 “It is dark” (So what?) 

 “I need more light by the stove” (What is a stove?) 

 “Set up the lighting like it was yesterday” (But, your wife is still 

asleep upstairs?) 

  “Light this room for Bob” (Who the hell is Bob?) 

 

H-T interaction Gersdorff 1517 

UNIX UNIX 
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As you can see from the examples there is much knowledge of the juman 

world hidden in even a simple command. 

 

Perceptually, technology is not mature. It is however improving fast, and 

there are many possibilities for new and improved channels, which will 

enable closer relationships between interactors. This will also mean that 

negative aspects of close relationships will surface, for instance gossip, 

possibilities for aggression, and personalised advertisements. As the 

interfaces between interactors improve also other contexts of the 

interaction will affect the interaction. Later chapters will give details and 

provide more examples of the above.   

 

We are now facing new challenges for design of systems where 

networking and processing capacity are built into our environment and 

everyday appliances. Such systems will mediate information from context 

and other interactors. They will give us access to the digital world and 

give the system information about us which means that a designer will 

have to understand social issues as well as technological limitations. 

Together with the human user a ubiquitous system will be intelligent and 

adaptive, and with a large potential for emergent behaviour. In short 

many, if not most, aspects of H-H interaction will be combined with the 

possibilities and limitations of I-I interaction. This means unpredictability, 

difficulty to observe internal states, and limited access to goals, but it also 

implies constant availability of interaction history, and increased 

interaction speed and frequency, at least as an option.  

 

The topic of this chapter is also the focus of the research disciplines 

human-computer interaction (HCI) and man-machine interface (MMI). 

A definition from the “Curricula for Human-Computer Interaction” 

written by ACM Special Interest Group on Computer-Human Interaction 

(SIGCHI) Curriculum Development Group (puh!) is: “Human-computer 

interaction is a discipline concerned with the design, evaluation and 

implementation of interactive computing systems for human use and with 

the study of major phenomena surrounding them”. 

V.4.1 Human-Computer interaction research ( -a ) 

The aim of HCI is to allow users (lot’s of them, all different) to perform 

their tasks (lot’s of different tasks, performed in lot’s of different ways), in 

a specific environment (lot’s of settings, changing). The possibility of a 

perfect fit is not very high, and if one is found it will not be perfect for 

long. Ultimately the solution should use resources efficiently, be easy to 

learn, and flexible enough to accommodate the varieties of users and tasks. 

On top of all this it should provide for an exciting experience! Aesthetics 

and satisfaction are important. In effect we would like the flexibility and 

performance of H-H interaction, but we are still severely limited by our 

technology.  

 

Around the year 1980 something happened. Computers started to address 

users rather than programmers, and the research discipline known as 

Man-Machine-Interfaces in accordance became Human-Computer-

Interaction (HCI).  According to Tom Moran, one of the pioneers in this 

area, the first use of the expression HCI could have been 1980 in “A 

framework for studying human-computer interaction” [TM3][TM4].  
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Does the definition of HCI 

exclude Charles Babbage 

original computer (built in 

wood)? 
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V.4.2 Ubiquitous computing ( +u ) 

Technology soon allows for ubiquitous computing. The idea is that 

computers are networked and numerous, executing everywhere in the 

physical environment, and that this can be exploited to make computing 

invisible to the user. The computerised device in other words is integrated 

into, and spread out over, the background environment. Combined with 

sensors the resulting pervasive computing in principle continuously can 

monitor what a user does, record it, and react to commands given 

anytime, anywhere.  

 

User interfaces in intelligent ubiquitous computing environments have to 

accept the lack of a single focal point [SS]. Related events happen in 

parallel, on different locations. This further aggravates the problem of how 

to interact with the user. Another issue is when several co-located users 

simultaneously interact with the same interface, perhaps with conflicting 

goals. Furthermore, the context of use will change as the user moves 

around and this could mean that: 

 

 Users change interaction devices, e.g. to a smaller screen with 

new usability constraints.  

 Users are distracted by social and other changing aspects of the 

environment. 

 

”The most profound technolo-

gies are those that dissappear.”  

Mark Weiser 

ON OFF ON 

ON OFF 

OFF 

Sliding door – location based 

pervasive technology  
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I/O Device? 

In a ubiquitous system there is no more a singe most important task, and 

maybe not even a single most important user.  The goal of a next 

generation systems supporting ubiquitous computing could well be a 

system flexible enough to allow for the context, including humans, to 

modify the system itself. A designer provides predefined services, or he 

suggests a platform where the users can augment the environment. 

Perhaps even develop services by themselves. Top down design is then 

replaced by an interactive, iterative, design development. We can  

compare the development to how television is now desperately adapting 

to the Internet. In principle a reflective system can adapt to anything, by 

modifying itself, but in practice there are numerous constraints. No 

technology is indefinitely malleable. The designer, material, original 

intention with the technology, and much more constrains the possibilities 

to modify a system and in a given situation. It is hard work writing an 

essay on a pocket calculator.  

 

A designer still needs to put herself in the position of the multiple 

participants of a designed system that is distributed and adapted to local 

circumstances. Not a simple task. We as humans have problems with 

conscious parallel activities; we are highly sequential thinkers. We also 

have problems following dynamic processes, we prefer to freeze them and 

study them at one point in time at the time. 

 

Because of the above, ubiquitous computing challenges the prevailing 

interaction styles [SS2]. As the physical environment becomes 

computerized anything in the environment and any combination of 

things are potential interaction devices. Either indirect, as the 

environment tracks the thing, or direct using functionality built into the 

thing, including networking. Even the number and type of interaction 

devices might change throughout a task.  We start an interaction in the 

car, continue while walking into the office building, and end it in the 

coffee room.  

 

The mouse, keyboard, and the computer display are special cases and not 

always available for interaction. Input through other means is maybe not 

that difficult to imagine and realise, but what about output? If there is no 

output device at hand, how can the user be contacted? Speech is one 

alternative, but it is not always the best choice in a crowded room. Room 

lighting is another possibility; a purposeful blinking of the light is a good 

signal. It seems that there is a need for more options for output, preferably 

continuous in time. Privacy will also be an issue as information looking for 

users roams screens, and loudspeakers everywhere could potentially spell 

out secrets. If a phone also transmits context, is it obvious that bystanders 

want to participate in the context of a videoconference? Another example 

is that law prohibits camera surveillance in public places, at least in 

Sweden. 

 

If the functionality of a device becomes less clear, because of the 

possibilities to build functionality into everything, its appearance will be 

even more important, at least from a usability point of view. Ubiquitous 

systems are, on the other hand, very complex systems and this implies 

that they cannot be built overnight. In other words we will all have a lot of 

time to get used to the new systems, and some will loose a lot of money 

from mistakes done during this adaptation. We as designers will certainly 

learn a lot about how to make technology publicly available for general 

use such that it does not disrupt existing social models and norms. 

 

Phone  home!  

People have intentions, emotions, 

dislikes, phobias, perceptions, 

interpretations (and misinter-

pretations) and many other moti-

vators that drive their behaviour in 

unpredictable ways that are impos-

sible to even model accurately, let 

alone instrument or infer. 

Victoria Bellotti 
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Enter room – light on 

Facing TV – TV on 

Kneeing – Internet on 

Push up – Light off 
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V.4.3 Interacting with mobile phones ( -a ) 

 Because of their size and purpose mobile phones are found everywhere. 

In this sense they provide an example of a ubiquitous computing 

environment.  

 

The constraints when designing for the mobile phone are both technology 

based and user related. Technology based limitations can be referred to 

the networks used (interrupted sessions, low bit rate), or to the device 

with its small screen and (non-standardised) limited means for input. The 

user adds to the problems by being occupied by other things, forcing the 

mobile to fight for the user’s attention. 

 

The following table lists sonic icons that could be used for setting up 

contextual feedback [RR]. 

 

Type of context Icon (sonic) Indicates 

Non-private Crowd Other people are eavesdropping 

Moving Steps User is moving 

Hurry Tic-toc User has little time, be brief  

Answering machine Tape rewind User has activated answering 

machine 

Position Dart thump User transmits position estimate 

  

Two critical aspects, delay, and limited access to system information, will 

be constant problems for developers of mobile applications. Delay comes 

from the limited, and changing network capacity, and also from physical 

distance. The other limitation surfaces since as mobile systems move, 

system information will be difficult to update. There are also safety issues, 

aggravated because mobile wireless services introduce an extra level of 

uncertainty. If the wireless network does not work, the user has to be 

notified, and if the quality of service varies this should also be 

communicated to the user. Further, if a wireless device is used for 

collaborative work each user should be updated about the status of the 

other participants. Shared information about the whereabouts and 

activities of users once again stress the importance of trusting the security 

provided by the application and the system [AD1].  

 

At this stage we want to add a warning to anyone who considers 

developing interactive, mobile systems, in a pervasive environment. At 

the current state of technology it is a really tough assignment. Debugging 

networked real-time, concurrent applications where humans participate is 

by itself difficult and adding, prototype based, context dependent 

technology will not make it easier. 

V.5. I-T Interaction ( +s ) 

A thing moving around in a physical environment faces many of the same 

interaction tasks as humans; identification, navigation, choice, reading, 

writing, and manipulation. The sensors are different though, as well as the 

characteristics and capabilities for communication and processing. 

Although humans can absorb and process huge amounts of sensory 

inputs, the rate for digital data is low. A computer on the other hand has 

problems interpreting even the simplest of scenic views, but easily accepts, 

manipulates, and stores, Mbit of data per second.  

 

The thing also needs fewer intermediary transformations and 

interpretations for digital data. This means that most of the technology 

 
WC 

Table V.4.1 Examples of 

sonic icons. 

Puzzles you can play on your 

computer 

Mobile phone always with,  

always on. 

Mobile designers can easily be 

seduced into thinking that their 

gadget or service will be the most 

important tool a person can carry. 

However …. 

Matt Jones 

Use the “personal music bubble” 

currently supported by many users 

as a interaction medium, e.g. 

repeated left-to right panning of 

music means “look around”. . 
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that people need for information management is not needed for T and I! A 

thing does for instance not need a display to inspect a digital image.  

 

Potentially I-T is a powerful interaction. It has contact with both the 

physical and virtual environment; and there is a built in evolution where 

intelligent things could provide feedback to information agents in the 

virtual environment that could further improve the things. The evolution 

is fuelled by the fact that I-T interaction can keep a detailed track of what 

has happened, something that the designer later can use for the next 

improved generation. With no H directly involved the complexity of the 

interaction is lower, but even without H the real physical world is 

unpredictable, and not a static information source. Currently for I-T 

interaction, we cannot use curiosity, hunger, or sexual instincts as 

motivations to get something done. On the other hand we do not have to 

since I and T will not refuse, loose confidence, or be afraid. Context 

awareness is obviously immensely important, but the channels to the 

physical reality are so far narrow and isolated. The mobile phone for 

instance estimates its position using a radio signal only. One problem is 

that with only one single channel available the system will be susceptible 

to noise. Failure of the channel will terminate the service. Compare this to 

how we use vision hearing and tactile information to constantly orient 

ourselves. Finding the current position is a well-researched problem area, 

but despite this fact there are only few commercial applications using the 

technology. 

 

An I-T system can be seen as an organism where the things in the system 

explores the physical reality and information agents the virtual world. 

Such a system is inherently distributed, and controlling it will be a 

problem. Its structure will probably start out as a hub based system where 

control is centralised, but as the capability and capacity of the nodes 

increase control will be more and more distributed. Coordination will be 

split up over the nodes and command based behaviour will give in to co-

operation and negotiation. Design according to standards and for 

upgradeability will be important. 

 

Goals are designed into the thing and are currently specified at a low 

abstraction level. Goals such as “survive” or “do good” are well out of 

reach. Even a modest goal such as “dust the floor” is very difficult to 

obtain. Goals on a low level are on the other hand easier for a designer to 

evaluate and verify. If the designer so chooses the goals and other internal 

information can be made available to the virtual environment. The 

situation will then be equivalent to the I-I interaction, with the same 

problems and possibilities that we previously discussed. 

 
Since things populate human environment aesthetics is important, as well 

as ample functionality, and physical properties such as size and weight. 

Currently a typical interaction sequence involves a human in some part of 

the sequence (X-H-Y). Next generation interactive applications will 

increasingly exchange H with I or T (X-I-Y, X-T-Y). The question is where, 

and to what extent this can be done, and it is a billion dollar question. 

Already we have a pen that translates English text to Swedish speech, and 

a “pen” that reads the name of a TV-show from the paper and 

automatically programs the video. Ain general anything that happens to a 

thing and that is registered manipulates information. One example is that 

the towing company moves your incorrectly parked car, and at the same 

time cash will disappear from your bank count. 

 

 

 

CD-cooler 

 

T 
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"The ships hung in the air, the 

exact same way that bricks don't" 

Douglas Adams 

"In science, there is only physics; 

all the rest is stamp collecting."  

Ernst Rutherford, physicist and 

Nobel Laureate  

(ironically, he was awarded the 

Nobel price in Chemistry) 

 

 

May the force be with you. 

Star Wars 

 

V.6. T-T Interaction,  ( +s ) 

The following chapter is a short one. This is not because the topic is small; 

on the contrary, it is huge. Instead the main reason is that many of the 

interesting problems involved in T-T interaction have already been 

discussed in the previous chapters. Another reason is that most 

interactions of this type involve participants that are not very interesting 

from the rather high-level perspective of interaction in this book. In other 

words, atoms, molecules, neurons, cogwheels, and gearboxes are 

considered components rather than autonomous participants in 

interactions. Exploiting interactions between things is nothing new. The 

hammer and nail, axe and tree, pen and paper, head and pillow are 

accepted and important interactions. What is new is that things become 

more and more intelligent, and can provide us with more services where 

humans need not be directly involved in the interaction. One example is 

that the blinds of your house could close and open in synchrony with the 

air conditioning system. Another example is that the calendar on your 

mobile phone coordinates with your alarm clock at home.  

 

 

 

 

 

 

 

 

 

 

 

Most of the interactions of type T-T are simple interactions and considered 

as being part of the context, i.e. of the physical environment. Position, 

speed, temperature, and all kinds of forces are interactors of this kind. The 

interactions possible are always constrained by the laws of the universe, 

which are studied in Physics, a science devoted to interaction. Even 

though the sum of the parts will end up as more than the parts 

themselves, physics sets the fundamental laws. It is of course impossible 

to dream up a car, or a parking lot, using only basic physics, even though 

their atomic relationships can be described in principle. The models we 

use are sometimes discrete and sometimes continuous. The same is true 

also for the models we typically use for our day-to-day reasoning. We say 

that someone’s length is 1.87 meter, but this is only a discrete 

approximation of the real length. 

 

H H 

Hard 

”Bend” ”Stretch” ”Throw away” 
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One way to group physical interactions is as gravitation, nuclear, and 

electromagnetic interaction. Nuclear interaction involves forces in the 

very short, nuclear range. Gravitation on the other hand is a very long-

range weak force that is difficult to use other than indirectly as in friction, 

e.g. where the rubber meets the road, or in pendulums. What is left is the 

electromagnetic interaction, which is responsible for most physical 

interactions. 

 

Interaction in physics is interaction between particles mediated by forces, 

exemplified by the electromagnetic force between two electrons. A force is 

actually in itself an exchange of energy through energy quanta, modelled 

either as particles, or as energy fields. For an electro-magnetic force the 

energy quantum is called a photon. If we zoom in, and increase the level 

of detail, we can see many examples of electromagnetic interaction. All the 

effects of magnetic and electrical fields, optics of course, but also inter-

atomic and molecular interactions are examples of electromagnetic 

interactions. The electromagnetic force is active for both sound and light, 

although at different levels. Light is itself photons, i.e. pure interaction 

energy! Colliding air molecules interact by exchanging photons. Similarly, 

all other mechanical interaction, hammering a nail, banging your head 

into the wall, and spinning the tires of your Porsche, are higher order 

incarnations of the electromagnetic force. 

 

The effect of the loudest tolerable sound of 1 W/m2 can be compared to the 

200 W consumed by a PC. The softest sound possible to perceive is on the 

other hand 10-12 W/m2. Quite a difference in magnitude. The energy 1 Joule 

is the same energy as 1 Ws, and this is about 19 magnitudes larger (1019) 

than the energy needed to excite an electron in a photo detector in a digital 

camera. Recall from Chapter IV.21 that an adult consumes roughly 2000 

Kcal/day, which is equivalent to 2325 Wh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant or Ice? 

Bo Tannfors, TFE 

Tool with and without 

embedded engine 

 

H 

 

H 
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Second definition: 

Context is any information 

relevant to an interaction 

between two interactors (i.e. a 

human, thing or information), 

including the interactors. 

Synonyms to context: 

Circumstance, situation, phase, 

position, posture, attitude, place, 

point, terms, regime, footing, 

standing, status, occasion, surr-

oundings, environment, location. 

[AS] 

Definition: 

Context is any information that can 

be used to characterize the situation 

of entities (i.e., a person, place, or 

object) that are considered relevant 

to the interaction between a user 

and an application, including the 

user and the application themselves. 

[AD2] 

V.7. Context, it is everything else ( +u ) 

Whenever interaction is taking place there is an extremely important 

shared context, i.e. a shared system environment, to consider. It provides 

the receiver with a reference for the information, and it helps to interpret 

a message. If you hear a tiger roaring in the living room you will not be 

too frightened. You assume that the sound comes from a television 

program. Let us start with the definition to the right. 

 

The definition is very broad; listing “any information relevant” could keep 

an ambitious designer busy for quite a while. It is on the other hand 

narrow since context is limited to interactions between a user and an 

application.  

 

A second definition is given below the first one. Admittedly this definition 

is even broader than the previous one, but we think that it better reflects 

that focus should be on the interaction, and that context is something that 

affects, this interaction.  

 

The context has many aspects: situation, time, physical, virtual, 

technological (battery, screen size), computational (cpu, memory and 

network capacity), social environment, activity, self, user, the application 

used and a lot of others. The aspects are partly overlapping, have many 

reprentations, and temporal characteristics. A persons birth date will 

never change, but her position changes constantly. For each interaction, 

i.e. each context’s context, some of them are more important than other.  

 

 

 

 

 

 

 

 

 

Self, the cognitive state of a human, or the internal state of the device, is 

one important context, see figure V.7.1. If you are angry while driving 

your car you might speed up, and take a chance rather than wait. The 

situation, or circumstance, describes the activity in which the interactor is 

embedded. An angry bear attacking is an interesting situation; a more 

common one is driving a car. The figure below shows an example of how 

to model context for a person using a computer service. 

 

 

 

 

 

 

 

 

 

 

 

 

An application involves a task, i.e. something to do, as does driving a car, 

but an application is embedded in a computerised tool created for a 

Self 

Environments 

Activity 

Figure V.7.1 Example of context 

classification [KL]. 

 

"Um, I think your problem is 

low self-esteem. It is very 

common among losers." 

 

Person 

-Name : string 

-Address:String 

-Id:interger 

Place 

Here : string 

Device 

-Type : string 

-Id:interger 

Service 

Type : string 

Mobile 

Pc 

Home 

Office 

Time 

Now : integer 

Figure V.7.2 Example of context 

model using a class diagram. 

 

Primary context: immediate 

surrounding of the activity. 

Secondary context: where 

the activity is perceived after 

it has been bublished and 

mediated. 

P Huuskonen 
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specific purpose. Using Microsoft Word ® is an application based context, 

but writing a book is situation based. Activity as a context overlaps 

application and situation, but focuses on the task that the user is 

performing, rather than the circumstances in which they are performed in, 

or the application used to perform the activity. One example is killing the 

angry bear.  

 

Context can be modelled at different abstraction levels [JL]. Here we 

suggest three levels, physical, perceptual and cognitive. At the lowest, 

physical, or sensory level numeric values are collected. Thermometer 

readings, time, positions, or pixel information in an image, are extracted 

using sensors.  

 

Often, the interesting event is something that differs from the normal, and 

to find the unusual we have to know about the usual. This means that 

we have to collect, and maintain, background information, for instance the 

image of a wall seen by a surveillance camera in a house. Things moving 

against the background are easily filtered out. 

  

At the next level sensory information is processed into symbolic 

observables. We call this level the perceptual level. Interactors, and 

objects, as well as behaviours and relations are identified and 

characterised. The information at this level is independent of how the 

sensory level collected the information. Perceptual information can itself 

be represented in different ways and at different level of detail. A picture 

of a pink house (a sensation) can at the perceptual level be represented as 

the text string "house", or as a collection of features of the house such as 

the number of windows and its colour, or in a countless number of other 

ways.  

  

The cognitive abstraction level is the third level and  here we interpret the 

symbolic information. The number of possible perspectives and intentions 

are even bigger the number of perceptions. Conclusions are drawn from a 

chosen point of view, and with some intention for the use of the result. By 

combining information from a thermometer and a photograph of a view 

from a window we can determine the weather situation. If our intention is 

to go out outside we can use the context to decide which clothes to wear.  

  

For all of the three levels we can use previously stored information to 

certify our findings. We can also use information from other systems, such 

as suggestions from human users. Aesthetics is one such collective opinion 

closely related to culture, so also for a satisfying experience knowledge 

about context is important. 

 

The process of understanding context is simplified by clues provided by 

new and more advanced sensors. This is the good news. The bad news is 

first that the complexity quickly increases with the number of sensors, i.e. 

the number of possible interpretations escalates. Building a context in real 

life bottom-up from sensory information will give us (too) many possible 

interpretations of the data. If we instead try to describe the world top-

down we get an explosion of the number of possible relationships among 

our chosen aspects of the worlds. We do not have access to enough details 

to sort out the meaning of all of the aspects. It is like trying to find the 

Eiffel tower in Paris without knowing how to make sense of street signs. 

We have to use context to understand our sensory information, and need 

sensory information to understand context. The second bad news is that 

technology, and its use, makes the problem even worse by transforming 

Hen 

(contextual 

overview) 

Egg  

(sensory info) 

Observables 

Context 

A Zebra is easily found on 

a checkerboard. 
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the context in unpredictable ways. Your small office will for instance serve 

as a “meeting room” when you have a computer supported conference, 

even if you are physically alone in the room [LEJ].  

 

Implicit interactions are interactions where the systems in the 

environment get input from an action performed by an interactor, even 

though that was not the interactor’s intention. One example is leaving the 

car keys on the table where the environment can keep track of them. 

Another example from [AS3] is a garbage bin that scans the bar code of 

products and registers the information. The stored information can be 

useful to the system, but the action to deposit the garbage was done 

without any intent of providing the system with information. Explicit 

interactions are all other actions, aimed at exercising the system. Implicit 

interaction gives a new meaning to the concept of a user. It is up to the 

system to decide who, or what, a user is.  

 

The context is something that is shared among interactors, but this does 

not mean that it is interpreted the same way by all of them. Cold weather 

is not the same for all people. Also, different interactors might choose 

different representations for the same feature. What one interactor 

addresses as Lummerstigen 12, another refers to as close to the university. 

The problems of interpreting representations especially haunts distributed 

applications where an interactor has to reason about the relation between 

its own and the remote, perhaps mobile,  interactors’ representations of 

context. 

V.7.1 Use of context ( +u ) 

Advances in technology make it possible to quickly change contexts, and 

also to combine contexts in new ways. One example is a mobile phone that 

displays information about the lecture you are currently missing, both its 

content, and when it ends. The next moment it plays Tetris. Possible uses 

of context will be classified in the following. 

 

Using context as additional input is the first possibility, e.g. it is  -17º C 

outside, too cold for you to go outside. The context here serves as a 

resource to the interaction. An interactor’s goal is for instance a resource 

from the context self. Knowledge about plans, and of effects of actions are 

other important inputs to the interaction. 

 

Context can also be used to modify input. If you are in Sweden you expect 

to hear Swedish words and will try to interpret any muttering as Swedish. 

 

 

 

 

 

 

 

Another way to use context is for feedback. This is how web browsing use 

context to help you select the next link. You find the link when you scan 

the current page. Context can also be used as a receiver of output. By 

painting your house and buying new clothes you express yourself to the 

context. Our last example is to use context as action trigger. Information 

can be bound to a site and accessed at the right position using a 

computerised tourist guide [JG]. A less virtual example is a stop sign. 

 

Figure V.7.2 Context modifies 

input. Input Output 

Context 

System 

Perhaps love is like a resting place 

A shelter from the storm 

It exists to give you comfort 

It is there to keep you warm 

John Denver 
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WC 

An interaction is context-

aware if it provides relevant 

information and/or services 

to the interactors where 

relevancy depends on the 

integrator’s tasks. 

Adapted from [AD] 

I have never had any faith 

in the future 

But I think I will have  

Blandaren  

Context is important and will be discussed many times in the rest of this 

book. But, if context is so important, how come it is not used more by 

technology? Some of the difficulties for H-T interaction comes from the 

following properties [AD]. 

 

New sensors are needed that have to be integrated into the current 

infrastructure, i.e. the keyboard and the mouse are not enough. Further, 

information from sensors needs to be combined and abstracted to be of 

any use. Coupling a position with a temperature reading at that position 

for instance enhances the context information value. Physical context is 

local in space, and for mobile interactors this this can dramatically change 

the situation. Heavy rain when putting for a birdie on the ninth green is 

one example. Physical context is also dynamic, i.e. local in time, which is a 

problem for both stationary and mobile interactors. Two contextual 

situations may look similar but could differ dramatically due to internal 

states of the interactors, changing objectives, or interaction history. A 

human could, at any instance, change the current goal, on almost any 

grounds. This makes it difficult, sometimes even impossible, to set up 

predefined rules for how a system should react. A thing has to learn a lot 

to cope with these situations!  

 

If an application or more general an interaction makes use of context it is 

said to be context-aware. One example is the “Fasten Seatbelt” warning in 

a car. As long as the seat belt is not fastened, and the car detects that 

someone sits at the drivers seat, it gives a warning forcing the driver to 

adapt. Other interactions with context are less persuasive, such as using a 

computerised address book. Here the owner has to manually specify and 

request the information about the addressee. 

 

An interactor, or an application, in a context-aware interaction poses the 

following questions to determine why a situation is occurring [AD]. Who 

is involved where, when, doing what how? The depth and width of the 

answers determine the quality of the internal model of the world that can 

be built. In current systems location, identity, time, and activity are 

important answers, and we will elaborate on how to get and use them 

later in this chapter.  
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”It’s a world of cameras 

aimed at everything 

everywhere, watched 

over by machines, and 

occasionally examined 

by people” 

Paul Saffo 

The length of a book can 

be derived from the 

thickness of its spine. 

 

 

V.7.6 Context of H-T and H-I interaction ( -b +u ) 

The number of contexts are unlimited and some of them are; hospitals, 

airports, museums, theatres, health care at home, playing games, 

interaction devices worn inside or close to the body, and your memory of 

how to save a file from Word ®. Your house will awake from its sleep and 

turn into a context where all sorts of radio-based equipment co-operate 

under the command of you and your family. It will be more of an 

autonomous context sensitive thing with senses and effectuators. Your 

mobile phone is a veritable treasure for contextual information. It contains 

your name address, contacts, call lists (indication preferences), personal 

images, SMS repository, calendar information, ring tones. Price and type 

of mobile also says a lot about you, and with a GPS along with a number 

of biometric sensors  a device will be a mirror of yourself.  

 

Context dependency is also evident for instance in the modern camera 

[WB]. With a single push of a button, lighting conditions are estimated, 

auto focus calculates the distance to the object, and the time of exposure is 

set. After the photo is taken, the camera even stores all sorts of meta-

information about when and how the photo was taken. 

 

What additional features could be delivered to you by an application, 

given that a computational context is available? Perhaps the following 

[AD]: 

 

1. Presentation of information and service options. 

2. Automatic execution of services. 

3. Tagging of context with information for later retrieval. 

 

A printing application is one example that allows you to select from 

nearby printers (exemplifies category 1 above), illustrated in figure V.7.6a 

below. If nothing else is specified the application automatically redirects 

the print to the nearest printer (2), and remembers which printer that was 

used (3). If you do not know where to find a document just ask the 

application. This last possibility, using the system as a memory extension, 

has further implications. If we trust the system to keep track of our 

belongings, files, keys, and children we will possibly change our 

behaviour to focus on other, more high level tasks, that in turn can raise 

our quality of life.  

 

 

 

 

 

 

 

 

 

 

T 

T 

T 

H 

a) I 

I 

I 

T H 

b) I 

I 

I 

H 

c) 
Figure V.7.6 a) User selects 

printer b)automatic execution of 

service c) Location based 

presentation of information. 

 

HELLO 

WORLD 

HELLO 

WORLD 

A printer consists of three main 

parts: the case, the paper tray with 

only one jammed paper, and the 

blinking red light. 

In its present form, equipment 

like television or film does not 

serve communication but 

prevents it. It allows no 

reciprocal action between 

transmitter and receiver; 

technically speaking, it 

reduces feedback to the lowest 

point compatible with the 

system 

Enzensberger 
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You can’t reboot the world, let 

alone rewrite it to introduce 

new technology 

Tim Kindberg 

 

A related class of applications that combines items (1), (2) and (3) above 

allows us to leave some remainder that will automatically be triggered 

and presented when needed, figure V.7.6c. “When you drove this street 

the last time you turned left at the next crossing”. Applications from class 

(2) can also be used to optimise behaviour, an automatic navigation 

service could tip you off that the highway is free. The features listed apply 

to a group of users as well, and could be used to share user experiences, 

e.g. to show a replay of the last goal of an ice hockey game, which is an 

example of a combination of (1) and (2).  

 

Now let us discuss an extremely simple context sensitive application, the 

thermostat that “only” adjusts the room temperature. But, is this really 

such a simple task? Some people like their home very warm, others prefer 

a lower temperature. If you catch a cold you probably would like to raise 

the temperature, but if you have been out jogging you prefer a cool 

apartment. If the husband, who likes it really hot, goes abroad, his wife 

would like to enjoy a nights sleep in a frosty bedroom. It is in fact 

impossible for the thermostat to infer all of these, and many other reasons, 

for adjusting the temperature. From this we can at least conclude that any 

system that acts on behalf of a user will be complex. Futhermore, the 

user should always be able to override the system, here the thermostat, 

and this in turn means that the user must be able to deduce the workings 

of the system.  

 

The problem would be less difficult if we could trace the users’ state of 

mind, but nature ruled that option out. Another possibility is continuous 

update by the users themselves of their representations, but research and 

empirical evidence shows that people are notoriously bad at this type of 

assignments. Whether we will eventually be able to build systems that act 

on our behalf in any non-trivial situation is another of these raging debates 

that will not be resolved until we build such a system . The next couple 

of generations of systems will keep on the safe side by providing the user 

with rich representations of context as seen by the system, but leaving the 

interpretation of this context, and the decisions, to the user.  

 

V.7.6.1 Context identification ( +u ) 
How do you recognize a situation, daily behaviour, activity, cultural 

(social) environment, or yourself?  Why does not the telephone ring signal 

tell you why someone is calling? Why does not the calling party already 

know that you are in the bath, and never even think about answering the 

phone? 

 

. 

People are difficult to deal with as 

contextual entities. They make 

unpredictable judgements about 

context. Inother words, they 

improvise. 

Lucy Suchman 

Error: Can’t 

find the 

printer! 
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A small example shows the complexity of the task: “Magnus and his wife 

leave their newly built house. It is eight o’clock in the morning so maybe 

they are heading for work, but no, it is Saturday. Oh, I see, they have their 

jogging outfit on, and I also recognize their dog. Probably they are taking 

their dog for a walk”. 

 

Think about the many conclusions that have to be drawn and the 

refinement of sensory impressions needed for this statement. Not at all 

trivial. One estimate of the activity can be found by tracing all of the user’s 

positions and motions over time, and by analysing uses of objects and 

services. If this is properly done the trace can later be asked questions like 

“Where did I leave my keys”.  The time dimension can give additional 

hints on behaviour. If you are looking for your keys, and had them a 

minute ago, they are probably somewhere nearby. Automatically 

detecting presence, this way, or any other way, gives many new 

possibilities. Since detectors can be made much more sensitive than 

human senses we can build amplifiers that feel the presence of almost 

anything. A technology based sixth sense. 

 

Location information reduces uncertainty. Knowing that someone is in 

the kitchen, the bathroom, or in the bedroom, for how long, and with 

whom says a lot. Location as a context is consequently important in 

mobile applications. Adjustment of time depending on the current time 

zone is for instance possible to do automatically. For many applications 

we have the opposite problem, the user wants to keep the computational 

environment independent of the intention for moving, and of the 

movement itself. The address book should for instance not be bound to a 

specific position. Another example is that the car radio should 

automatically retune to the selected radio station if the transmission 

frequency changes as the car moves. Modifying output depending on 

whether the user is moving or stationary is another nice feature. The font 

on a mobile phone should be increased when user is moving, and some 

interactions such as entering a phone number should be simplified. It is 

for instance easier to select from a list of recurrent numbers. 

 

Context parameters for a user can be seen as a context space [OR]. As time 

goes by every user makes a personal trace in this context space. If we store 

these traces we can build many interesting applications. The computer can 

recognize déjà vu situations, and our trace can answer questions like [OR]: 

 

 When was I here last? 

 What did I do then? 

 Where did I go next? 

 Did I see Mona Lisa when I visited the Louvre? 

 

If we are allowed to also use other people’s context traces, even more 

fascinating questions can be asked: 

 

 Who is going in this bus with me? 

 What do people usually do here? 

 What happened here an hour ago? 

 Has someone here seen Mona Lisa? 

 Where is my child just now, when did she go to school this 

morning? 

 When do people usually go to lunch here? 

 

Definition: 

Motion- movement 

Synonyms:   act, action, advance, 

agitation, ambulation, change, 

drift, dynamics, flow, fluctuation, 

flux, kinesics, locomotion, 

mobility, motility, move, 

oscillation, passage, passing, 

progress, stir, stream, sway, 

sweep, swing, tendency, travel.  
 

Mood 

Time 

Company 
Location 

”The only and truly useful 

context-aware application is 

the automatic door, and it was 

invented decades ago.” 

Pessimistic view  
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Table V.7.3 Different 

situations. 

Some of the problems when trying to identify human actions are that they 

are interrupted, can continue for a long time, and are executed in 

parallel (especially by women they say) [GA]. Cultural differences, and 

situational constraints add to the list. One example of a cultural constraint 

is gesture recognition, where for instance south Europeans are more lively 

than north Europeans.  

 

The problems discussed above become even more difficult if we want to 

predict rather than to identify. At the very least we need data from similar 

situations. If we want to predict personal behaviour we need personalized 

data, for instance recordings of our habits. Some help can be found in 

assumptions on reality such as that a person can only be at one place at a 

time, follows his schedule, moves around with a maximum speed, and has 

a habit of making habits.  

 

V.7.6.2 Situations  ( +u ) 
Travelling is an example of a situation. While travelling there is spare time 

to kill that can be used for interactive adventures. Another interesting 

thing about travelling is that we seem to do it more and more, even 

though in theory we should use the Internet for communication rather 

than gasoline. Could it be that we get to know even more people through 

new information technology, new friends in distant locations that we want 

to meet face to face? Or is the number of possible and mandatory activities 

to perform increasing, making more meetings necessary?  

 

A taxonomy for different situations from the reference [MM] shows that 

the essential situations in which we spend our time are remarkably small 

in number. The table below shows a typology of everyday situations (try 

to find one more essesntial situation, and additional situation for each 

column): 

 

At work At home On the town On the Road 

Deliberating 

(places for 

thinking) 

Sheltering  

(places with com-

fortable climate) 

Eating, drinking 

(places for 

socializing) 

Gazing/Touring 

(places to visit) 

Presenting  

(places for 

speaking to 

groups) 

Recharging  

(places for main-

taining the body) 

Gathering  

(places to meet) 

Hoteling 

Collaborating Watching Cruising Adventuring 

Negotiating Remembering Shopping Driving 

Documenting Confining Sporting Walking 

Officiating Servicing  

(places with local 

support) 

Belonging  

(places for 

insiders) 

Waiting 

Crafting  Attending  

Learning  Commemorating  

Cultivating    

Monitoring    

 

 

Is it really 2006 this year? In some 

other counting systems, it is 5766, 

or 1426. 
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H 

T/I 

T/I 

The massmedia and many other active structures in society are trying to 

adapt to the changes in our behaviour, and thereby help to speed up the 

changes. Situations such as reading a newspaper, or watching television, 

will change. News on paper cost at least $1 and that is quite expensive 

compared to a computer-based alternative at the price of 10c. Television is 

also made obsolete as a group activity when we learn new behaviour from 

the web. Who wants to watch while someone else is zapping? Other 

examples from this trend are that we do banking and taxation over the 

Internet. 

  

The new information society has however not succeeded in eliminating 

queues. They reappear in digitised shapes “We will soon accept you call 

….”, “Network busy”, Buffer full”, and other similar messages are all too 

familiar. In their previous physical incarnation they had some charm. We 

could study the behaviour of other people in the line, or estimate the 

waiting time. How can we re-create at least some of the positive aspects of 

standing in line?  In 1989 researchers estimated that in the United States 

more than 100 million person-hours were spent per day queuing. How 

much of this was unnecessary, and could be replaced by an interaction 

involving an intelligent PDA? 

 

V.7.7 Context of T-I interaction ( -b +u ) 

Context of T-I interaction has much in common with the context for H-T 

and H-I interaction. One dilemma for T-I is that the distinction between 

the environment and the interactors in this environment is not always 

clear. What is for instance interactors and context when a camera 

automatically takes a picture and sends it to a server? H-T/I is simpler in 

that H is a natural discrete object and usually the focus of interactions.   

 

Questions typically asked by an interactor in any context-aware 

interaction are: why is a situation occurring, who is involved where, 

when, doing what how [AD]?  Let us elaborate on these questions 

somewhat. The who question can be answered by either an explicit 

identification, or by noting that something, or someone is involved, i.e. 

detecting presence. If all objects nearby register their positions this is a 

simple task. If not, an alternative approach is for every object to have a 

“contact zone” inside which any other object is registered. This is the way 

humans usually do it, by vision, and is also how many networks establish 

network connectivity. 

 

Most of the questions above can be answered either directly by the 

interactor’s own senses/sensors, or indirectly by asking another interactor 

or the context [AD1]. Where is a question about location, or position, 

which we will be discussed later in this chapter, and when is also not too 

difficult to figure out, but the last question poses a major problem. To find 

out doing what how is quite difficult and certainly needs contextual 

information.  

 

An example might help at this point. Imagine Hakan driving his Porsche, 

rather tired after a long night at the keyboard. The car detects the presence 

of a driver by a sensor under the drivers seat, and support this fact by 

noticing that a door of the car has opened and closed. The identity of the 

driver is detected through personal car keys, and once the identity is 

known the drivers seat is adjusted. The where question can easily be 

answered by a GPS receiver, and the when question by the cars internal 

clock. A feature of this particular Porsche is to detect if Hakan is sleepy or 

Time trap 

Concept 

Use Tech-

nology 

Time 

E. Stolterman, Umea University 
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not by analysing of a video from a camera in the car. Even if this feature is 

advanced it is still easier to implement than finding out whether H. is 

taking a ride just for fun, or is picking up some flowers to surprise his 

wife. The physical contexts could be used to a much higher degree than 

today. Imagine what applications you could build if the car radio knew 

about speed limits and the current speed of the car. 

 

A wearable device can be used to supply context to the application as 

well as to the user. Who (or what) is carrying, from where to where, and 

with what intention? What if every mobile phone reported the 

temperature when used outdoors? Could such a massive data stream be 

used to improve weather forecasts? Another example is that an intelligent 

mobile phone could use the physical context to do the following mappings 

automatically [GC]: 

 

 Vibrate – In hand.  

 Ring – Not in hand. 

 Adjust ring volume – In suitcase. 

 Keep silent – When owner is eating, or at a lecture. 

 Any way – Outside (where is the user?). 

 

The physical context is not the only relevant context. Access of internal 

data structures within interactors, and within objects in the environment, 

provides contexts that could further enhance functionality. One example is 

a car that accesses the data structure of the car key, another example is a 

mobile device that explores the menu of a restaurant, when outside in the 

street. From an application developer’s point of view this poses new 

challenges. Now, it will no longer do to separate the internal data 

structure of the application from the application interface.  

 

V.7.7.1 Sensor abstraction ( -a +u ) 
Sensors sample changing contexts, speed is for example positions changed 

over time. Detecting change can be very computer intensive, especially if 

the changes are frequent, or have to be detected with a low delay.  

 

After being captured, the data from the sensors have to be verified before 

they are used. Obvious errors in data should be filtered out and the valid 

information stored into data structures useful to the application. This 

merging of sensor values is called sensor fusion, or sensor abstraction. 

The information fused from related sensors can compared and correlated 

to find higher-level aspects of the context. This is called context fusion, see 

figure V.7.7.  

 

 

 

 

 

 

 

 

 

 

The conclusion that noone is at home can be drawn from the fact that the 

heat and motion detectors in the house do not sense anything. This 

information could then be context fused with the information from a 

calendar to infer that the owner is on holiday. Important prerequisites are 

that information is synchronised, and that it can be trusted. Fusing 

Sensors 

Context fusion 

Sensor fusion 

widget 

Context widget 

Figure V.7.7 Fusion of 

sensory values. 
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sensory information, and verifying it, is a task that can be delegated to 

specialised software, to a context widget.  

 

Table V.7.4 below, from [HG], exemplifies how a system could guess a 

situation, starting from low-level sensory information using context 

fusion. We need to represent rules such as “IF dark AND silent AND …”, 

and this is in itself a problem since both dark and silent are relative to the 

situation, and difficult to define. What is considered dark is quite different 

for an owl hunting at night, or a cheap camera. 

 

Situation Sensor data 

User sleeps It is dark, room temperature, silent, indoors, night-

time, user is horizontal, specific motion pattern, 

position stable 

User is watching 

television 

Lightlevel/colour is changing, certain audio level 

(not silent), room temperature, indoors, user is 

mainly stationary 

User is cykling Outdoors, user is sitting, specific motion pattern of 

legs, absolute position is changing, speed 

 

Interactors and interaction designers are not particularly interested in the 

detailed workings of sensor technology. They want the values provided 

by the sensors without the fuss of configuring, calibrating, wiring, 

amplifying, and digitising the physical signal. Also, sometimes they are 

not at all interested in the raw low level data from the sensor, but want the 

refined fused values as discussed above. Instead of a position the address 

corresponding to the position is important, or a room in the house at that 

address.  

 

 

V.7.7.2 Location sensing ( -a +u ) 
Most context-aware systems designed so far use location sensing, and 

location sensing only [GC]. In general they define a space, preferably a 3D 

space since this is natural for humans and a position could be absolute 

(x,y,z), or relative (above, behind). In the real world we can add time as an 

additional dimension, but in the virtual world we can easily define any 

number of dimensions. A thing, or a human, is located at a certain position 

in the real world physical space, but might have any number of concurrent 

representations and positions in many virtual spaces. You can be pretty 

sure that you exist in the virtual worlds of your bank and of the taxation 

authorities, and you can “enter” the world of your bank by using the 

Internet to check your accounts.  

 

Table V.7.4 Inferring 

information by context 

fusion. 

(x,y) 

 

Middle of the 

highway 

Too fast! 

12 

12 

35VI.5.860,N,01430.858

,E 

135 km/h 

Fine 
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In principle there are two ways to make an interactor aware of its location: 
 

1. The system (computing environment) tracks the location by 

monitoring beacons sent by the interactor. The interactor then 

asks the system for the position. 

 

 

 

 

 

 

 

2. The interactor reads beacons sent out from the system and 

queries an internal database for its current position. 

 

 

 

 

 

 

 

Humans prefer the second of these techniques, maybe evolution thought 

us that for safety. Our eyes provide the information and the brain, i.e. our 

local database, use it to determine our position. Can you think of any 

situation where the first principle is used? 

 

The figure V.7.10 below shows how a human interactor, equipped with a 

device, has different options to find a location depending on if the 

infrastructure is active, or passive.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A passive infrastructure also could work as a record of what has passed. 

For more information on this ask a tracking expert such as the last 

Mohican, if you can find one. 

 
 

Database System Interactor 

Beacon 

Read 

Database 
System Interactor 

Beacon 

Mobile 

interactor 

Location  

device 

Road 

sign  
Compass 

GPS 
Ask 

someone 

Active infrastructure 

Passive infrastructure 

Figure V.7.8 Use of tracking to 

establish position. 

Figure V.7.9 Using a 

beacon to establish a 

position. 

Figure V.7.10 Finding a location 

in a passive and an active 

environment. 
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The novice soon discovers that 

referencing a spot on the earth  

is no simple matter of latitude and 

longitude.  

Various geographic, geodetic, and 

geocentric coordinate systems  

are in use – each optimised for a 

different purpose. 

[PL] 

 

V.7.7.2.1 Location model  ( -a +u ) 
A location space is the computer representation of either geometric 

position (coordinates, latitude and longitude), or symbolic locations 

(room, street) [GC], and is often organised into a hierarchy, (located at 

address), ((located in building)), (((position in room))). The postal office 

uses a symbolic model, but the navy prefers a geometric.  

 

Calculating a geometric distance, or proximity, if positions are known is 

not very difficult. But, this measure does not fully capture the human 

notion of nearness. Is the hallway closer to the kitchen, or to the living 

room? Does the distance between two people increase if a door is closed 

between them? 

 

Another problem is that we cannot always follow the shortest geometric 

distance. We have to follow streets, some places are outside, others inside,  

and we might have other, maybe economical, constraints. All these 

constaints gives rise to the shortest path problem, a difficult problem to 

solve in general. 

 

There is often an interplay between different types of positions and 

locations in an application. When a pilot sets a destination airport, i.e. a 

virtual position, the autopilot figures out how to get there by a detailed 

route in longitudes and latitudes, i.e. by real world positions [AD1]. A 

model where both symbolic and geometric data are represented in 

graphics is shown in the figure below [UL]. Symbolic data (locations) are 

represented as rectangles and geometrical data as ellipses. The symbolic 

locations in the figure form a hierarchy where B and C could be rooms in 

building A. Location D is associated with both A, B and C. It could be the 

door between the rooms B and C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Every symbolic location in the example has a corresponding geometrical 

area, A’, B’, C’ and D’. This model represents reality well, but virtual 

reality does not necessarily follow any rules and often use a hierarchy of 

symbolic locations without any geometrical correspondence. There might 

be a “magic door”, i.e. a door that sends you to any location that you 

want, or to a random geometric position. 

 

Representing location spaces as symbolic models creates abstractions of 

the geometric models. The advantage of this is that location-awareness is 

easier to achieve since the symbolic model is discrete and structured (as 

seen in the hierarchy above). This structure also facilitates access control 

and containment. Containment is important since it limits causality by 

reducing the number of possible events that can affect an interaction.  

 

Location representation 

A 

B C 

D 

A
’
 

C
’
 B

’
 D

’
 

Figure V.7.11 Modeling both 

symbolic and real world data. 

 N 37 23.516  
W 122 02.625 
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Each symbolic location must be given a name, and the choice of naming 

system is important, for instance to support efficient search. Compare the 

two representations RED and [(225,0,0)…(1,0,0)], which is easier to find? 

Different applications will probably need different naming structures, 

which could turn managing all the different names into a problem. If we 

are only interested in geometrical data, then symbolic locations will only 

increase processing and memory use. Geometrical data are very flexible 

and general, all applications and sensors can use it, and the resulting 

infrastructure is easy to reuse. Also, abstractions usually come at the cost 

of loosing precision in data. What do we really mean by the symbolic 

location “London”? London in Ontario Canada? Where is London located, 

exactly, i.e. at which latitude and longitude?  

 

Using longitude and latitude is however not appropriate for all 

applications. If you are interested in finding a good restaurant downtown, 

you are better off specifying your request as close to the railway station.  

 

The shape and orientation relevant to a location is another characteristic. 

When following a river, or a road you are more interested in distances 

along your river, or the road. Also, you are much more interested in 

problems ahead of you than of those behind. 
 

V.7.7.2.2 Techniques ( -a -p –u ) 
We have three techniques to choose from to find a position, triangulation, 

proximity and scene analysis [JH2]. 

 

Triangulation means that a position is calculated by using the known 

distance to multiple reference positions. If we want to know the position 

in a 2-dimensional space we need three references.  
 

 

 

 

 

 

 

Figure V.7.12 Position by 

triangulation. Distances are 

measured to three reference 

positions. 
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For triagulation we need somehow to measure distances. This can be done 

in three different ways. The most obvious way is doing it directly. You do 

this when you use a measuring tape. Next, we can use the time-of-flight of 

a signal, which means that we need an extra reference, e.g. synchronised 

time, or a reference signal travelling at a higher speed. This extra reference 

is used to determine the starting time. If we use light we are in a hurry 

since it takes only 3ns for light to travel 1m. Sound is a million times 

slower, i.e. 1 m in about 3ms. Our last resort is to study signal attenuation. 

We use the fact that the signal intensity decreases with the distance from 

the source. This decrease is quite rapid for electromagnetic waves, at least 

1/d3 where d is the distance to the source, so in principle this technique 

should work very well. The problem is that the attenuation changes 

rapidly and problems such as reflection degrade resolution.  

 

Proximity establishes a position by inferring it from objects nearby. If 

someone uses a pay telephone the position is directly given, as seen in 

many movies. Another example is positioning via access control, using 

fingerprints, or any other technique. Obviously the person giving the 

fingerprint was there at that time. Identification tags, or mobile phones 

can be used to find the network access point used and thereby establish a 

rough position. Both of these techniques force the user to wear some 

equipment. Determining proximity is a special case of measuring distance. 

Humans mave many techniques for this. Examples are overlapping 

objects, relative size, elevation, converging lines (linear perspective), 

texture gradient, shading, atmosphere perspective (blue, blurry).     

 

Scene analysis is exemplified when cameras are used to establish a 

position is another alternative. Machine vision is a natural choice for 

positioning since with cameras in the environment the target does not 

have to wear any special device. The accuracy is good enough for many 

applications and the technology can be used to establish identity, or to 

build a geometric model of the space and it does not care whether the 

target is a human, or a thing. The challenges are to manage occlusions and 

to achieve real-time performance. Possibly sound could also be used to 

find a position by using landmarks, i.e. exploring “soundscapes” and 

“sound landmarks”. Visual information is only a special case of radio 

waves, and consequently any radio based networked system is a 

potentional generator of a “radioscape” that could be used for positioning.  

From a given position we can calculate the new position of a moving 

object by estimating the motion. To do this we need velocity, direction and 

the time passed. The procedure is called dead reckoning.  

 

V.7.7.2.3 State of the art technology ( -p –u ) 
The table below adapted  from [JH2] gives the characteristics of some 

available systems: 
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As can be seen from the table each technique has a spatial resolution and a 

typical spatial accuracy. The accuracy is a statistical measure and the table 

above for instance shows that for GPS it will be within 1-5 m, 95-99 % of 

the time. Not shown in the table is that each measure and technique 

typically also has a temporal accuracy and temporal resolution. Temporal 

characteristics are important for many real-time applications. A major 

consideration is the price of the equipment and the amount of work to 

install and manage the system. 

 

A resolution within 1 meter is surprisingly difficult to achieve indoors. 

GPS does not work indoors because of the low signal strength and the 

multipath reflections that makes readings unreliable. Alternative indoor 

techniques are infrared, ultrasonic, specially designed radio signals, or 

combinations of these techniques. Active Bats, an approach by AT&T 

Laboratories in Cambridge uses a radio signal sent out from a stationary 

device to trigger an ultrasonic signal from a small mobile device. 

Stationary sensors detect the radio signal and time of arrival of the 

ultrasonic signal together with the time difference between the signals can 

be used to calculate the distance to the device. Using a cell based indoor 

radio networks such as IEEE802.11 or Bluetooth is another way to get 

crude estimates of positions.  

 

V.7.7.3 Sensing non-location contexts ( -a +u ) 
For many potential applications it is not enough to sense locations. We 

might need the direction a user is looking, or information about the way 

she holds her hands when giving a command, to infer her intent. 

Orientation can for instance be determined indirectly by tracking a 

sequence of positions and guess the orientation.  

 

Sensors that provide additional contextual information  (light level, sound 

level, temperature, pressure) have been introduced previously in Chapter 

IV.7. Special cases of locations are the social locations occupied both in 

space and time. A father and a mother have their social roles (social 

locations) and in most cultures there is only one head of the family. Other 

aspects of reality that can be sensed are whether a door is open or closed, 

the position of the heat levels on the stove, if someone is sitting in a chair, 

or if the telephone is occupied. Any more?  

 

Type Technique Accuracy Scale Limitations 

GPS Time-of-flight 

Radio signal 

1-5 m,  

95-99 % 

accuracy 

24 satellites Not indoors 

Active Bats 

(AT&T) 

Time-of-flight 

Ultrasound 

9 cm,  

95 % 

1 base per 

room  

Sensor grid 

MotionStar Electromagn. 1 mm,  

 100% 

Within 3 

meters from 

transmitter 

Expensive, 

complicated 

installation 

Radar 

Microsoft 

Scene analysis 

IEEE 802.11 

3 m,  

50 % 

3 bases per 

floor 

Network card 

Bluetooth Proximity 10 m  10m  

Table V.7.5 State of the art 

technology for positioning. 



 Hakan Gulliksson  189

   

The image in the illustration to the right shows the MediaCup developed 

at University of Karlsruhe [AS2]. A simple coffee cup has been enhanced 

with sensors and networking capability. If we combine the cup with some 

technology for automatic positioning many strange applications can be 

built. Maybe the examples given below are not all necessary, but 

remember that this is experimental technology and that the services 

resulting from such a technology might take ten years, or more, to invent, 

refine, establish, and exploit commercially.  

 

One possible application is to add a temperature sensor to the cup. With it 

you can check the temperature of the coffee via any screen nearby. 

Another application is to infer coffee room activity by checking the 

number of cups that are currently active. A third application is to have a 

smart doorplate that automatically signals a meeting whenever two coffee 

cups with hot coffee are in the room [AS2].  

 

Richness in the input domain is important, but feedback is also very 

important implying that output is expressive and ubiquitous. There are 

two types of contextual feedback during conversation [RR1]. One 

concerns the reception of the message. Has the receiver understood? Is he 

nodding? Is he happy? A second feedback relates to the context of the 

receiving party. Let us say you want to discuss Christmas presents for the 

children over the mobile phone. Are there any children listening at the 

receiver end? Is the other end running to catch a bus? Technology of today 

reduces the second type of contextual feedback to almost nothing.  

 

V.8. Interaction modelling ( -d +u ) 

Interactions have necessary pre-conditions. At least two interactors must 

be present, capable of acting and communicating, and there must be 

system state variables to modify, otherwise the interaction will be kind of 

boring. Each participant follows all, or some, of the basic steps in the 

action cycle; start with a goal, form intention, specify action, execute 

action, perceive system state, interpret resulting system state, and evaluate 

outcome. Interaction occurs when these steps intertwine for two or more 

participants. 

 

As with many other topics that we have discussed, and will discuss, 

interaction needs both analysis and a synthesis. Analysis of interaction 

means that you study an interaction and try to figure out what is 

happening. What you learn can be used for the complementary activity, 

synthesis. You cannot really synthesise actions for other humans, at least if 

you are not God, but many other interactions are man-made and possible 

to generate, analyse, and tune. What you can do for human interaction is 

to synthesise rules and an environment that constrain the interaction. For 

software based systems we can do better, UML and state based modelling, 

provide diagrams and concepts that can be used to automatically generate 

software. The automation of synthesis is crucial for building the complex 

systems of the future. 

 

Non-empty ordered set of 

events engaging more than 

one agent. 

Alternative definition of 

interaction 

Media cup [AS2] 

Welcome to 112:  

Press 1 to hear this 
welcome message again. 

Press 2 for Fire 

Press 3 for Riot 

Press 4 for more options. 
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Interactions and interactors are researched using many different models, 

at different levels of detail. An atom can be described as a solid sphere 

using a mechanistic model, or as a wave packet using an energy-field 

model. But, if we want to model interactions between two atoms 

separated in space the energy-field model is much more suitable.  

 

 

 

 

 

The example illustrates that models of interactors and interactions should 

work well together. Field-based models is one general class of models 

matching this criterion. Another well-behaved model is the state-based 

model that we will use extensively in this book.  For a really complex 

system such as a human, and for human-human interaction, there is no 

obvious candidate for a formal model, even though there are many 

informal psychological and sociological models.  

V.8.1 Abstraction levels of interaction (+s) 

There are many ways to classify interaction. In the reference [BD] co-

author Svante Beckman  writes: “Typically we identify, classify and 

explain artefacts in terms of function. They are made and used for a 

purpose and these purposes are typically understood as built into the 

artefact and revealed in the inspection and use of them” [BD]. In analogy 

we will try to classify interactions in terms of the abstraction level of 

purpose. In fact an interaction is a special case of an artefact. We 

constantly look for a cause in everything that happens to us, which makes 

purpose an interesting fundament for categorisation. The “ladder of 

functional specificity” for artefacts from [BD] can be reformulated for 

interaction in the following way: 

 

1. x interacts with y, this is the lowest level of description. It is a 

prototypical statement and a purpose is neither necessary nor 

sufficient, e.g. there is no purpose in the interaction where an 

apple falls to the ground because of gravity, and the purposes of 

going to bed might not be sufficient for doing so. 

2. x interacts with y because of x and y are interdependent and have 

adapted to each other, e.g. apple grows from a seed and in turn 

grows seeds 

3. x interacts with y as a group of agents. This is a case of agency, 

e.g. effectuating an order to carry a piano.  

4. x interacts with y because they have a common intention, e.g. 

they both want to carry the piano downstairs. Even up to this 

level a purely reactive behaviour is still possible, if the task to 

perform is simple.  

5. x interacts with y to creatively accomplish something, e.g. to 

mend the broken piano or to find the best place to hide the 

pieces.  The participants discuss the situation, imagine the 

consequences for self and others, devise a plan, reason about it, 

and work it out. At this stage interactors (and consequently the 

interaction) need to understand the concepts involved in the task 

at hand. In [BD] it is claimed that this intentional agency even 

requires self-consciousness.  

6. x interacts with y in a socially objectifyable process where the 

purpose is formed and acknowledged outside of the interaction, 

independent of the creator. Examples are rivalry, coordination, 

and a game of football. Actor-network theory invented by Bruno 

Figure V.8.1 Models of atom 

at different levels. 

 

 

Can every physical represen-

tation have a virtual 

counterpart? Are there any 

virtual representations not 

created by man? 
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Latour and Michel Callon, follows the same line of thinking with 

the main idea that society should be seen as a network of actors. 

These actors, in the theory called actants, are not just humans and 

organisations, but also technical systems. Actants negotiate and 

we need to recruit actants (including machines) as allies. We also 

need to actively keep actants involved in any project where they 

are needed. Note that actants are not necessarily intelligent in the 

usual sense of the word.  

 

The interactions above are formulated from the perspective of H-H 

interaction, but this is not necessary. Still, even if we restrict ourselves to 

H-H interactions there are numerous artefacts that affect, or even are 

necessary for an interaction. It is for instance nice to have a TV-set to look 

at the soccer world cup, and without the football, the whistle of the 

referee, and the clothes of the players there would not be much left of the 

original idea of the game.   

V.8.3 State based modelling (-a +p ) 

Now, let us study a state based representation of interaction. A first state 

diagram modelling an interaction is shown in figure V.8.2 where two 

interactors I1 and I2 modify each other’s states. 

  

 

 

 

 

 

 

 

Alternatively we can merge the states from the two interactors into states 

of the interaction as a whole. A game of tennis is a good example. The 

state of the game represents the points won, for instance 40-0, but it also 

includes both of the interactors’ internal states. They could be tired, 

thirsty, and maybe aggressive.  

 

 

 

 

 

 

 

 

Each state can have one or more external representations, both for input 

and output, and the representations could be either physical or virtual. A 

state transition is triggered by a change in one of the input representations 

and result in modified output representations. A change of the output 

representation is synthesized by the system, or the model, which uses 

analysis to interpret the input as shown in figure V.8.4. 

 

 

 

 

 

 

 

 

State 1 

State 2 

I1 State 1 

State 2 

I2 

Physical/Virtual 

representation 

State 1 

State 2 

{repr[1],repr[2] …} 

System /Model 

physical or virtual 

Analysis 

Synthesis 

{repr[1], repr[2] …} 

Figure V.8.2 Interaction as 

exchange of representations 

Figure V.8.3 Interaction as a 

combined state model and an 

external representation. 

 

Figure V.8.4 Interaction as 

analysis and synthesis of 

representations. 

 

Give some examples where 

physical and virtual 

representations match. 
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Another, complementary, description is to phrase an interaction as a 

transformation between representations, see next figure.  

 

 

 

 

A transformation processes representations and could be rule based, 

specified as a filter, a mathematical transformation, or represented as a 

computer program. There is an interesting duality here. Either we focus on 

the state, i.e. a static structural aspect of the system, or we focus on the 

transformation, i.e. the behavioural dynamics of the system.  

 

 

 

 

 

 

The state versus action duality in figure V.8.6 seems to mirror the object 

orientation versus imperative programming duality discussed in the 

software community.  

 

The different interactors chosen in this book, and also the context, can be 

described as state based systems. They each have internal states, some 

means of processing and representations that can be used for modelling 

interaction. 

 

 

 

 

 

 

 

 

 

 

T 

H 

I 

{reprh[1], reprh[2] …} 

{repri[1], repri[2] …} 

{reprt[1], reprt[2] …} 

C {reprc[1], reprc[2] …} 

{repr1[1], repr1[2] …} 
Transformation 

{repr2[1], repr2[2] …} 

Figure V.8.5 Interaction as 

transformation. 

 

Figure V.8.6 Focus on state or 

action? 

 

State State Action Action 

Figure V.8.7 Our interactors: 

human (H), information (I) and 

thing (T) along with context 

and their  respective 

representations. 

 

How many different 

representations can you find 

in the chain of interactions 

where a distant star is 

presented on your computer 

screen? 

Actor/Action 
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V.10. Mediation, with the help of it ( +s ) 

The result of an interaction is usually more important than the interaction 

itself, the interactors involved, or the means for the interaction. For most 

people a car is only a convenient tool for transporting people from A to B, 

even though some might oppose to reducing a red Porsche to a mere 

vehicle. Reading a book is another example where the result, in this case 

the content of the book, is more important than the format of the book, the 

font used, or the colour of the sofa where the book is read. 

 

If we study interaction from the point of view of interactor X in the figure 

V.10.1 below, what happens comes from a change in X (a modified 

internal state), which in turn through actions affects Y, the context, and the 

interaction. The interactor Y mediates, i.e. pre-interprets, prepares, and 

transports actions, information, humans, or things to and from context. 

The context can be any type of environment, i.e., other interactors, 

physical environment, task, situation, internal state of Y, or even aspects of 

X. This is a case of distributed cognition discussed in IV.10.2. 

 

A mediator is neither limited to a channel that only tunnels information, 

nor to a filter that only reduces or shapes data. But, these operations are 

good metaphors for possible mediations. 

 

 

 

 

 

 

 

 

 

 

 

X and Y establish the interaction and soon become experts in it. As long as 

the mediation behaves orderly X might not even be aware of Y, just of the 

results that Y provides. But, if for some reason X and the mediation 

suddenly lose synchrony, i.e. the expectations of X and the results of Y 

somehow become incompatible, a breakdown occurs, and X needs to 

focus on Y, and on how Y works, rather than on the result of the 

interaction.  

 

One example is when you run Internet Explorer® and expect your 

favourite web page to show up, and instead the message “The page 

cannot be displayed” appears on the screen. This will abruptly force you 

into debug mode and to think about what you did wrong (or someone 

with a good self confidence to ask himself what Microsoft did wrong).  If 

you tear out a page from a book, a reader will experience a breakdown as 

he reads past the missing page. Another example is that you ask your son 

to make the dishes, and he actually makes it without fuss! Really strange, 

an investigation is necessary. If you remove the rails for just a few meters 

the passengers of the train will certainly experience a breakdown.  

 

We are now quickly approaching the situation when we will not survive 

without the network. It is our most important tool for interaction. What is 

causing this trend towards distributed systems? 

Context 

X Y 
Figure V.10.1 Interactor X 

uses the information from the 

context mediated by Y. 

 

The page cannot be displayed 

 

The page you are looking for 

might have been removed, had 

its name changed, or is 

temporarily unavailable. 

Or maybe this is a joke... 

 

 

 

H 
H 
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To start with the problems are distributed, they surface locally, in 

vehicles, at home, on the factory floor, and in hospitals. Problems are also 

heterogeneous, meaning that distributed control is best and that 

adaptation to the environment is needed, further localising the solution. 

Next, the problems are increasingly complex indicating that different 

expertise are needed for solving them and this expertise are also 

distributed. Furthermore distribution better supports robust, error 

tolerant systems. If we combine the locality and the complexity of 

problems distribution seems inevitable.  

 

We are currently building the infrastructure for distribution (the Internet) 

and inventing tools for implementation. The main problem facing 

designers of distributed systems is that context is not as easily shared as in 

a local interaction. 

 

Distribution gives things an advantage over humans since they can easily 

connect to the network. We tend to think of a thing as a single 

autonomous unit, because this is how we usually see ourselves. We get 

another perspective if we instead consider ourselves as a co-operating 

collection of cells. A thing could be as small as a cell, designed by man 

such that many of these tiny things co-operate. Hundreds or thousands of 

relatively limited units could organize themselves into appropriate 

structures. If they move around they could for instance reorganize 

themselves into a shape that best fits the terrain, perhaps to climb a stair. 

An even more visionary application are units at the molecular level that 

together physically model 3D data. 

V.10.5 The medium ( +s –d ) 

A medium is the realisation of a symbol system (images, sounds, texts, 

sign languages) including its implementatation and how it is used [LEJ2]. 

 

Many theories have been developed to model information and 

information exchange. One is the model from information theory in figure 

V.10.4, pioneered by Claude Shannon, and often used to describe 

communication between computers. 

 

 

 

 

 

 

 

 
 

In this model, communication is seen as a method to transfer information 

from information source to destination through a channel. One example of 

an information source is an image. It starts out as light (physical 

representation) that is digitised into ones and zeroes. This digital 

representation is transmitted over a wireless network using oscillating 

electromagnetic fields (an analogue physical representation) to the 

receiver. The transmitter formats and modulates data such that the 

channel is used as effectively as possible. One of the problems facing the 

communication engineer is that both the transmitter and the receiver have 

characteristics constraining the possible transmission bandwidth. The eye 

and a fingertip allow quite different possibilities for communication. 

 

Figure V.10.4 Shannons model of 

communication. 

          I 

T 

T 

T 

T 

T 

Assume that the storage 

capacity was improved by a 

factor 1000 over network 

capacity. Would that change 

how we build and execute 

applications? 

 

Assume that the capacity of 

computer networks suddenly 

improved by a factor 1000 

compared to computer 

capacity. Would that change 

how we build and execute 

applications? 

 

Information 

source 

Transmitter Receiver Destination Channel 

NoIes 
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The channel is the media with properties that enables communication, but 

also with a maximum bandwidth limiting the transmission capacity. It is 

for instance impossible to transmit video with the same quality as 

television through changes in air pressure, i.e. as sound. Some channels 

are considered digital since data is represented digitally, but even digital 

data need representations in the analogue physical reality to stay alive. 

The  physical channel has its own set of problems. One is damping and 

another one is that noise can disturb the channel, possibly distorting the 

message. The fact that the signal intensity decreases as the distance to the 

sender increases has major implications on human and animal social life. 

It is for instance one reason why a family is such an efficient organisation.  

 

The channels people use are certainly not ideal for communication. A high 

level of background noise, such as an ambulance screaming through the 

room, can be quite disturbing. Discrete, digital, technology such as 

computer networks are built to circumvent some of the problems. You 

rarely get a slightly faded e-mail message. 

 

Most signals in nature have a behaviour in the frequency domain such as 

shown in figure V.10.5. Relatively high amplitudes at low frequencies and 

lower amplitudes for higher frequencies. One example is the human 

speech. 

 

 

 

 

 

 

 

 

The channels used by nature have a different shape. They typically exploit 

some physical resonance phenomenon at some frequency, which gives 

them a characteristic “bell” shape, see figure V.10.6. At the peak frequency 

the transmission capacity is maximal. One example is the human ear that 

drops both the lowest frequencies below 20 Hz, and the frequencies above 

20 KHz. Human eyesight has a similar shape.  

 

 

 

 

 

 

 

 

 

The bell shape results in a channel bandwidth that relates to the amount of 

information that can be sent. According to Shannon the channel must 

provide us with a capacity that surpass the demands of the signal. The 

resulting curve cuts off signals with low frequencies, but since low 

frequency indicates low information rate, not too much has been lost. 

High frequencies are cut off as well and this is another trade-off. Very high 

frequencies imply high signal energies with high transmission costs. It 

also indicates problems in generating and receiving the signal. 

 

The channel could filter, or transform, a message. One example of a filter 

is a television set that does not allow certain programs before 5 pm. An 

Frequency 

Amplitude 

Frequency 

Transmission  

capacity 

B 

Resonance 

Figure V.10.5 Typical frequency 

behaviour of signal in nature. 

Figure V.10.6 Typical frequency 

behavior of channel in nature with a 

bandwidth of B Hz. 
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example of a transformation from the same context is the subtitling of 

foreign movies. 

 

To compensate for noisy channels we add redundant information in the 

message. The natural language for instance contains lots of redundancy, 

up to 50 per cent. People with different dialects saying the same word will 

sound quite different, but the redundancy will help us guess the right 

word. Interestingly this task is quite difficult for computers since 

redundancy in human-to-human communication is not easy to represent. 

Data communication between computers uses its own breed of 

redundancy, carefully calculated and added on purpose to counter noise. 

 

Let us list some more examples of transmitters and media: 

 

Image: painter, water colours, light waves, museum. 

Music: loudspeaker, differences in air pressure, rock ballad, concert. 

Data item: computer application, electromagnetic waves, web page. 

Anger: eye brows, gun, bullet, Western movie. 

 

It can be difficult to characterise something as a transmitter, channel or 

medium, or as a message without going into deep philosophical 

discussions. Sometimes the medium is itself the message, an idea put 

forward by the Canadian media educator Marshall McLuhan. Think about 

MTV for instance, selling itself as a music video. The abstraction level at 

which we choose to view the message, transmitter, and the medium can 

differ enormously. From the lowest level where atoms collide to the 

highest (?) social level. At a social level you are for instance supposed to 

understand that an angry glance means that you are standing too close to 

someone else. 

 

V.10.5.1 Information communication over a channel ( -a ) 
We want to get a message across the channel to the receiver and use this 

channel as good as possible. We have already touched on this subject in 

when we introduced a channel based model of information transfer 

thought out by Mr Shannon. A reformulation of his architecture is 

repeated in the figure below for convenience. 

 

 

 

 

 

 

 

 

 

 

 

Information from the source, which for instance could be an image of a 

face, is encoded into a binary sequence, referred to as the source code. One 

example of this is text represented as ASCII codes, e.g. “H” as “1001000”. 

We could improve this coding if we know more about the data. Let us say 

that we transmit sentences in English. Words in English have a certain 

structure and occur according to certain rules. Using this information we 

can reduce the average number of bits per character from 7 to 2.5! In 

essence what we do is to group characters in blocks and use known 

statistics about the blocks to improve coding efficiency, a procedure called 

block coding. 

T 

Figure V.10.7 Communication 

model by Shannon. 

 

Information 

source 
Source coding Channel Channel 

coding Channel 

Noise 
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The source coded bit stream is further manipulated by channel coding to 

suit the particular channel used. A typical wireless channel, such as a GSM 

communication link, has bandwidth and error characteristics that have to 

be considered to mitigate noise.  

 

In order to transmit the signal efficiently over the channel, the centre 

frequency of the signal is moved such that it matches the centre frequency 

of the channel, i.e. it is modulated. Transmission systems designed by 

humans use the same trick. The GSM wireless system transmits speech 

(low frequency information), but does this at the radio frequencies of 

900MHz, or 1800MHz.  Modulation can be done in many ways. The most 

straightforward one is to use amplitude modulation. This means that the 

information signal is mapped to the amplitude of a signal carrier with a 

frequency at the centre of the channel. When the input signal in the figure 

V.10.8 has a value of 1 the modulated signal is a signal at the bearer 

frequency. If the input signal value is 0 the modulated signal is sent with 

zero amplitude.  

 

 

 

 

 

 

 

 

 

 

In Chapter IV.5.2 we described information in terms of probability. From 

this perspective the carrier itself contains no information at all. The 

modulation of the carrier is what transmits information over the channel. 

 

We can model a channel by the following law, called the Hartley-

Shannons law: 

 

Capacity C=Blog(1 + S/N)  where  

 

C = maximum channel capacity (bit/s) 

B = Channel bandwidth (Hertz, equivalently bit/s) 

S = Signal power (Watt) 

N = Noise power (Watt) 

 

What happens if the bandwidth increases? Provided that we keep the 

noise under control the channel capacity will increase, which gives us the 

possibility so send a low power signal (small S) and still get a lot of 

information (bits/s) over the channel. At the same time we get a system 

that is less sensitive to narrowband noise since any narrow frequency 

band contains only a small amount of the information sent. This principle 

is used in Ultra Wide Band (UWB) networks, where the signal is spread 

out over 1.5 GHz, or even more.   

X 

Input signal 

Signal carrier 

Modulated 

signal 

1 0 0 

Figure V.10.8 Amplitude 

modulation (AM). 

 

frequency 
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frequency 

Information 

density 

What is the maximum bit rate 

in bit/s that can be transmitted 

over the frequency interval   

20 Hz-20 KHz? 
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Pro-to-col: a set of conventions 

governing the treatment and  

especially the formatting of data in 

an electronic communications 

system. 

Webster’s on-line dictionary 

 

Give me a place to stand on, and I 

will move the earth. 

Archimedes 

 

  

V.10.7 Social dynamics ( +s )  

We do not exchange messages randomly with other people. There are 

patterns and rules supported that in effect define our culture. Here we will 

shortly describe discourse, turn-talking and conversation. Discourse in 

this context, also referred to as talk exchange, is the general behaviour 

when sentences in a discussion of some topic are adaptively combined 

into a symmetric interaction controlled by rules and principles.  

 

Turn-taking, also called floor passing sets the rules for who talks when. A 

talk exchange is started by an opening utterance to attract attention. After 

the opening there are different principles governing the next speaker’s 

entry into the exchange. It is done either by appointment from the current 

speaker or, if there is a “sufficient” pause, by breaking into the 

conversation. If the pause is too short the interrupting speaker is 

considered rude and if a pause is too long the conversation will be 

inefficient. One alternative procedure is to pass a token around and 

anyone who has the token is allowed to speak. 

 

We also use our eyes for turn-taking and this is one reason why face-to-

face interaction is more efficient than interaction over a voice only media. 

The timing in an ordinary speech conversation could be extremely tight, 

down to 1ms, a delay that is quite difficult to match with current 

technology. 

V.10.11 Protocol and message ( -a -d -p)  

Conventions on how to speak are mandatory, or else there will be chaos, 

and low communication efficiency indeed. Data communication in this 

respect is much the same as communication through spoken language, 

compare pragmatics in Chapter V.10.7. The conventions are called 

protocols, and the example in figure V.10.18 below will be used to 

illustrate the principle. Protocols are important in H-H interaction, but 

even more so for interaction among interactors of type information. One 

reason for this is that the information as a receiver has difficulty using 

context to the extent that humans do. Complementary communication 

channels, such as gestures, or environmental changes, support speech. 

 

The story below illustrates protocols at work. It is about a manager in 

Sweden, big Bosse, who sends a Christmas card to an equally omnipotent 

manager in Japan, Obig Heisalso, see figure V.10.18.  

 

Pragmatics: Interpretation I of 

representation R of world W. 

(Representation, Meaning, 

Interpretation) <= >(Syntax, 

Semantics, Pragmatics) 

Peter Wegner, Brown university 

 

 

About one forth of between-

speaker intervals are shorter 

than 100ms. This is such a short 

time that the next speaker has 

already decided what to say 

before the current  speaker is 

finished. 
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The Swedish manager knows a bit of Japanese, just enough to write a 

greeting and addresses it to the Japanese manager. He gives the note to his 

secretary who puts the note in an envelope, addresses it to her Japanese 

secretary counterpart and puts the mail on the mailbox. The Swedish 

postal service collects all letters to Japan and ships them.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oin Japan the procedure is repeated in the reverse order. Postal service 

delivers mail, secretary finds note in envelope and finally the manager 

reads the note. Merry Christmas! It worked, but what where the 

prerequisites for this procedure to work? 

 

First of all there has to be an understanding, a protocol between each pair 

of communicators as indicated in the figure above! The participants on 

the same protocol level must agree on the coding used for the message. If 

the Swedish manager writes in Swedish he will not be understood. 

Likewise the Swedish secretary has to write such that the Japanese 

secretary understands, or there will be no greeting. Finally, if the Swedish 

postal service does not know how to send mail to Japan no letter will 

arrive. 

 

Another condition is that there has to be an agreement on how to 

packetise the note and which type of addresses to use. The Swedish 

manager and his secretary need an agreement on where to put the note, 

otherwise the secretary will not find it. If the Japanese secretary had never 

seen an envelope (a bit unlikely) she might throw it away since there is 

nothing interesting to read on it apart from her own address. If the 

Swedish and Japanese address systems differed, the message would never 

arrive at the Japanese company, because the Japanese postal service would 

not know where to deliver it. 

 

A nice thing about the protocol stack above (and all other layered 

functionality) is that the layers are fairly well isolated. The manager does 

not have to know the conventions used by either the secretaries, or the 

postal service. He only needs to care about his own manager level, and the 

interface to this secretary. 

 

Swedish 

manager 

Japanese 

manager 

Swedish 

secretary 

Japanese 

secretary 

Swedish 

Postal 

service 

Japanese 

Postal 

service 

 

Post 

Figure V.10.18 Basic 

principle for a protocol stack. 

You say tomato and 

 I say to-mah-to 

 

Why do birds bother to 

sing so many notes? 

(Brown trasher has a 

repertoire of more than 

2000s ongs) 
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V.10.12.5 Multimodal interfaces ( -a -p ) 
As we have seen, interfaces use different modalities, for instance speech, 

eye tracking, gesture analysis, or EEG. One possible enhancement is to 

create multimodal interfaces, using icons, earcons, tactons and more, 

matching the way as the human brain combines sensory inputs. Sound for 

instance is attention grabbing and nicely complements visual information. 

By exploiting human communicative behaviour we can hopefully make 

user interfaces more expressive, transparent, robust, and efficient. 

 

All recognition in the physical world is susceptible to noise. Suppose we 

want to identify Lotta Lindbom. We can do this by the colour of her hair, 

or by measuring her length. If we combine the measurements we get 

information that will be even more characteristic for Lotta. This illustrates 

the fact that using many inputs, or modalities, is advantageous from a 

statistical point of view.  

 

There are also other reasons to use multi-modality. Some modalities are 

more appropriate than others for specific tasks, starting Word® on my 

computer is for instance easy, just use speech and shout “WORD!”. 

Removing a word in the document is on the other hand probably better 

done using the keyboard. The voice command  “remove and” easily 

deletes and from 20 different positions on the page including parts of 

b”and”, “and” exp”and”. Streaming based modalities, such as recognising 

continous speech, could use additional cues from gestures or other context 

to enhance recognition rate.  

 

Multimodality also improves output. Research shows improved perceived  

quality of speech synthesis if speech is accompanied by an animated face. 

Multimodal interfaces has the potential to overcome the inherent 

limitations of mobile devices, and to support the use of multitasking. 

Speech could for instance be used to accompany the limited information 

from a small screen. Talking to a device that  provides visual feedback is 

inconvenient, which suggest extended use of a hands-free equipment. 

Such use will also make voice, and in general sound output, less of a social 

hazard. We are continually adapting our social norms, and now seemingly 

speaking to yourself is accepted behaviour. 

 

Presumably the small screen on a small device will make sound more 

important. Also, since motion attracts attention animation is a powerful 

design technique on a small screen.  

 

A potential problem is how to evaluate the usability of the possible 

combinations. There are many aspects to consider. One is that if tactile 

information is used to alert the user, then co-located persons will not 

understand why a user suddenly leaves a meeting, a socially unacceptable 

behaviour in some situations.  

 

All you have to do play a video 

game like PacMan. Turn the 

sound off and your score will go 

down. It clearly contains 

information that is valuable. 
Bill Buxton 

 

Owasys 22C, mobile phone 

for the blind (left). Finger 

whisper, haptic headphone 

uses finger as transmission 

channel . 

Select a room 

and listen to its 

story 

How do you document gestures for 

later access?   
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Access network 

Core network 

Routers 

“The future’s already arrived: it’s 

just not evenly distributed yet” 

William Gibson 

 

A mobile device can learn to identify a user much better than a stationary 

PC can. The intimacy between the user and a device worn daily for years 

could be used to identify characteristic sounds, and gaits. The camera on 

the device could learn to identify clothes, typical environments, the face of 

course, but also hands. Force feedback complements sound and visual 

information and could further enhance the user experience. Properly done 

it also improves the precision of a physical action. Forces can be fed back 

by a mechanism in a glove, from the back of a chair, by a steering wheel in 

a car simulator, or in many other ways. Force feedback together with 

touch are referred to as haptic feedback. We could add even more sensors 

to measure the puls, body temperature, and detect personal radio 

frequency ID tags. Correlating all this information should make it 

extremely difficult to steal a device to access its content. Will full restart be 

an option, or will the device die without its user?  

 

V.10.12.6 Network infrastructure ( -a ) 
Internet, the global network, can be seen as a large number of channels 

joined by conventions on how to code information. Another view is to see 

it as a number of core networks joining access networks together. All of 

the networks are connected by routers that relay information towards the 

receiver. The core networks steadily increase their capacity as laser and 

switch technology improves, but the world of access networks is more 

diversified and interesting. We start by dividing them up into wired and 

wireless networks.  

 

Wired access networks are mostly Ethernets. Of course there are some 

competitors (USB, Firewire), but on the whole everything is Ethernet. If 

you need a higher bit rate you just buy a better network card (still 

Ethernet). 

 

The wireless access networks are unique in many ways. To begin with 

they support mobile applications, and mobile applications are what we 

want!  They also use a limited, shared resource, frequency. Since there is 

only one set of frequencies over the air (Ethernet has one set for each wire) 

all users, on all networks within transmission range affect each other.  

 

Wired networks have a static topology. Wireless networks have the 

additional option to re-configure the network on the fly, and it is quite a 

different matter to transmit data between two devices in a network where 

no pre-configured channels exist. A device has to autonomously discover 

the presence of peers, as well as establish, and re-establish communication 

channels. 

 

 

 

 

 

 

 

 

There are two configurations possible, see the figure above. The first one, 

to the left, uses a centralised access point, AP in the figure, to access the 

core network. The access point is sometimes referred to as a gateway. All 

nodes in the network use the access point for communication, creating a 

star-based topology. Typical terminology for this type of configuration is 

that the area covered is referred to as a cell, and paging is the technique 

Figure V.10.28 Fixed access 

point or access from multi-hop 

network. 

AP 

AP 
Internet 

Internet 

Internet 

His eyes says no 

but his mouth yes 
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used to find a device in a cell. A device roams between cells and handover 

describes the transfer of control from one access point to another. 

 

The second configuration is called a multi-hop network, and is shown to 

the right in the figure V.10.28 above. It does not have any pre-established 

structure at all. The network configures itself and uses whatever access to 

the larger network that any of the nodes provides. An Ad-hoc network is 

a related concept, sometimes used interchangeably with multi-hop. Ad-

hoc alludes to the fact that a network can be established, anywhere, any 

time, whenever two or more nodes are active and within range. 

Implementing functionality through co-operation comes natural in a self-

configuring network, but protocols are needed that can be used to 

describe, and ask for services in the network. “Hey, I have some streamed 

audio coming, is there a loudspeaker available?”.  In principle this does 

not seem too difficult. In practice we expect all sorts of interesting 

problems. How do you, for instance, identify a specific PDA at a game of 

football with 50.000 spectators and 25.000 PDA:s connected over Ad-hoc 

networks? Should you be allowed to broadcast to all PDA:s?    

 

V.10.12.8 Broadcast, multicast, point-to-point ( -a -p ) 
Television distributes the same information to a lot of users using 

broadcast, and the information is distributed to everyone listening.  

Broadcasting information one-to-many is maybe not a first order 

interaction since there is no immediate feedback. On the other hand, in a 

broader context, most broadcasts are also part of an interaction. Which 

television company continue transmitting shows with no one watching? 

Somehow the viewers’ state of mind has affected the broadcast. 

Broadcasting information over the Internet is not such a brilliant idea since 

copies of every packet of television data would penetrate the whole 

Internet. Internet therefore has an optional multicast distribution form. 

Multicast packets are sent only to a subset of the Internet users. Each 

packet is sent only once from the sender and split up into several copies 

whenever needed, further down the network. Packets will only be sent on 

paths where there are registered receivers, see figure below. 
 

 

 

 

 

 

 

 

 
 

If a user wants to communicate with only a single site, then point-to-

point, i.e. unicast, communication is appropriate. This communication, 

also called peer-to-peer, is the default option for most communication 

such as the telephone, mail (e- and not) and most Internet applications. 

The last variation of the theme is anycast where information is sent to all 

receivers that share some common characteristics. Maybe they are all 

male, or all interested in some strange specie of frogs. 

 

 

 

 

 

S R A 
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B 

A Figure V.10.30 Multicast, 

to some receivers. 

Figure V.10.34 Peer-to-peer. 

Try to find a peer-to-peer 

communication system that does 

not rely on a fixed infrastructure. 

What distribution form is sending 

a SMS to a television show? 
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V.11. Interaction control, a joint venture or one of us in control ( +u ) 

Many systems only have a single controller, an algorithm, finite state 

machine, boss, or a policeman. In general however, an interaction involves 

two or more participants, each potentially capable of autonomous control 

over the interaction. If there is a clear objective for the interaction along 

with some rules to follow, and if the participants agree on the rules and 

the objective, these constraints might work as a control. A game of soccer 

is one example where two teams with 22 players agree on rules and a goal. 

Actually three goals, but we leave the two with nets out of the discussion. 

The goal here is usually to have fun, get some exercise, and to entertain 

the spectators. It is rare that one member of a team takes the ball and tries 

to score with his hands. It is also rare (at least for grown-ups) for someone 

to take up the ball in the middle of a game and leave the field.  

 

The interaction, in this example a game of football, does not follow any 

predefined agenda. It is impossible to predict that the result will be 1-0, 

and that the goal will come from a free kick. Noone is in complete control 

of the match; all 22 players collectively control it. This interaction in other 

words is an example of distributed control, where peers communicate 

and decisions are taken locally. Distributed control is nicely exemplified 

by any H-H interaction where each of the interactors is autonomous, and 

intelligent. Such an interaction can be labelled as a co-operation, 

competition, or as a mixed-initiative systems, and will be further 

discussed later in this chapter.  

 

As a special case, one or more of the participants act as subordinates. They 

can for instance have very simple behaviour, such as elevator push 

buttons. This leaves another participant in control, i.e. in centralised 

control. If you, an intelligent driver, see a car accident, you will command 

your car to steer away from it. Many interactions with centralised control 

can be described as command oriented, a view taken in the fields of 

human-computer-interaction and control theory. Examples of commands 

are pushing a button, and military commands such as “Attention”. 

Commands are convenient, but they have some limitations. It is for 

instance difficult to use a single command to describe concurrent actions, 

e.g. command two mice, or to manage coordinated action, i.e. two 

different actions synchronised in time. Command based interaction will be 

discussed in Chapter V.15. 

 

Communication enables social conventions, and other rules. The nature of 

the rules is a trade-off between inflicting too hard restrictions on 

interactors, and chaos. Imagine driving in the absence of traffic rules. 

Without rules attaining anything at all in a social environment would be 

very complicated. Information could be passed directly between 

interactors, or be mediated through contextual representations, as when 

we leave a note on the refrigerator door. In the following matrix, adopted 

from [HP], the ways of transferring information (indirect, direct) is 

combined with the possible control structures (centralised, distributed): 

 

 Centralised control Distributed 

Direct information transfer Command oriented Conversation 

Indirect Constrained Stigmergy 

Table V.11.1 Different 

control structures and 

information transfer. 

 

No control 

AP reports that IBM'er 

David Bradley, who came 

up with the Ctrl-Alt-Delete 

key combination, is retiring. 

Parental remote 

Control tech 

Mute 

Go away 

Buy it 

Pizza 
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“If, as it is said to be not unlikely in 

the near future, the principle of 

sight is applied to the telephone as 

well as that of sound, earth will be 

in truth a paradise, and distance 

will loose its enchantment by being 

abolished altogether” 

Arthur Mee, 1898 [JC] 

 

 

Centralised control and direct information transfer together corresponds 

to a command oriented interaction. If information transfer is indirect 

rather than direct, the distinguished interactor, who is in control, 

constrains other interactors by changing exogenous context 

representations. A parent does this as he dad tired turns the electricity off 

in the whole building when the kids refuse to leave the PC and go to bed. 

Direct distributed interaction, for instance conversation, gives us humans 

much pleasure.  

 

Stigmergy, or indirect distributed interaction, relies on actors changing the 

context and perceiving the changes. When there is no more milk in the 

refrigerator you know that your children have been at home for a quick 

afternoon snack, and that your next mission is to restore the level of milk 

for dinner. If you yourself also wanted a glass of milk the stigmergy 

specialises to competition [HP].  

V.14. Computer-supported co-operative work ( +u ) 

We can study computer-supported co-operative work (CSCW) at 

different levels of detail, e.g. as H-I-H, or H-T-I-T-H. The technology for 

CSCW, also called groupware, steps in between humans, borrowing 

interaction metaphors from formal meetings (video conference), and from 

the telephone (video telephone). As the supporting infrastructure evolves 

CSCW will be more and more important. 

 

It is an accepted truth that human communication mediated by 

technology has a lower communication bandwidth. But is this necessarily 

true? Let us say that you want to communicate with someone in the dark. 

In this situation you could use an infrared camera to enhance the 

bandwidth. In fact, by using technology any human-to-human 

communication channel could be enhanced! Information display of 

previous experiences and automatic matching of interests are some 

possibilities.    

 

New technology will necessarily change behaviours, but the effect of 

introducing a groupware system could take days, weeks, or even longer 

before it is seen. It for instance took mobile phones 10 years to become a 

commonality in Sweden. Considering how long it takes for a technology 

to change the behaviour of grown ups it is strange that very few research 

papers study how interactive  systems affect the behaviour of children.  

 

One example of changed behaviour is reported in [WM]. The commons of 

EuroPARC office could be seen over a local network. The effect of this was 

that people showed up in waves at meetings. When three or four was 

seen, the rest of the participants appeared more or less at the same time. 

They used the video to optimise their time. Another example is that 

answering machines at one time were considered rude. A couple of years 

later it is considered rude not to have one! 

 

The four different player 

categories of role playing 

games are: 

Achievers, explorers, 

socialisers and killers. 

R Bartle 
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Das pferd frisst keinen gurkensalat 

(The horse eats no cucumber 

sallad) 

The first telephone message, 

Germany 1860 

 

For any collaborative application to be a success it has to fit into the 

context of the users. It must do this in many aspects, but first of all it has to 

be accepted by all of the users, in all of their roles. They should all gain 

something from the introduction of the new system. A groupware 

system is of no use if only one person in the department uses it. Other 

important aspects are: 

 

 Communication media should provide adequate support. 

 The transition back and forth between individual work and 

groupwork should be seamless. 

 The groupwork should be integrated into the overall work 

process. 

 

There are some fundamental physical and social constraints that cannot 

be overcome by technology. We have different time zones, unavoidable 

delays from speed of light, cultural differences (when in Rome, do as the 

Romans do), differences between generations, language issues, and a 

healthy scepticism towards technology in general. We also have to accept 

inherent limitations in technology. The sender of an e-mail, for instance 

sitting at a stationary desktop, expects the e-mail to be read in a similar 

environment. But, it could be impossible for the receiver, using a mobile 

computer, to follow an attached web link.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The videoconference setting where two “teams” line up at each site 

encourages antagonism rather than collaboration, see figure V.14.1. This, 

together with the complexity of H-H interactions that we have discussed 

above, makes negotiation difficult [WM]. Better results with CSCW are 

reported when people together concentrated on the solution of a problem 

rather than on each other. One typical example is remote troubleshooting 

of a machine where video was used as an aid to pinpoint causes and 

follow up on repairs.   

V.14.2 Effective interaction  ( +u ) 

Humans are embedded in social information and many decisions are 

taken using it. Some examples are, buying a house in the right 

neighbourhood, having the right, tight jeans, not choosing a restaurant 

that is empty, shopping at certain times just to enjoy watching other 

people, or the opposite, shop when no one else does. Compared to this 

wealth of information available in real life we are socially blind in the 

digital world [JC]. This section will discuss the degree of goal-attainment 

that can be reached when a group interacts, i.e. the effectiveness of the 

interaction. 

 

Bad lighting 

Chairman (far away) 

Bored participant 

(close to camera) 

Remote participants 

(small images) 

Figure V.14.1 Typical CSCW 

setting [JG1] 

”Watson, please come here” 

First words by A. G. Bell on hs 

new telephone 
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Definition: 

Common ground - an agreed 

basis, accepted by both or all 

parties, 

 

Most Chinese are never out of  

earshot from another Chinese. 

True? 

 

A prerequisite for effective interaction is common knowledge, i.e. a shared 

common ground, and a communication channel with appropriate 

bandwidth. Table V.14.4 below, adapted from the reference [JC], describes 

some characteristics of synchronous face-to-face interaction and 

exemplifies them in different ways. Throughout the examples the 

importance of a common ground can be seen. It is easier to maintain if the 

interactors are situated at the same place, i.e. collocated. Collocation 

means more possible communication channels and that you know, and 

know about, people around you (could be years of discoveries). How do 

you appreciate your co-workers pheromones over the Internet? What does 

an e-mail say about the stress level of your fellow worker?  Common 

ground is also enhanced by, co-reference, implicit cues and spatiality of 

reference. A task that demands a high level of coupling additionally 

requires short feedback loops, and possibly a large number of complex 

messages over more than one modality. 

 

Social information is necessary for social manoeuvring, and the implicit 

cues support social awareness. Social awareness is important since it 

supports cultural rules, we know that we will be directly accountable for 

our actions. You can see that someone else is currently working on the 

same project as you are, and you know that this works both ways. This 

relationship is not necessarily obvious in the digital world, and depend on 

how the technology supports presence. Through implicit cues social rules 

and social control is exerted and it also enables humour, discussions, and 

implicit learning by copying, i.e. as in the Swedish saying, “knowledge is 

in the walls”. In general the downside is that there is a trade-off between 

visibility and privacy. Another problem is that it will take time to 

introduce a new member to intricate established social cues.  

It is hard to argue if 

you are alone. 

Groups are inherently complex: 

A group has a past and a future, 

variable membership of  more, 

exist in an environment 

(communities, organizations, 

neighbourhoods, kin networks, 

departments), tasks are related, 

never repetitive without 

variation, ad hoc,modulated by 

time, place and  situation, and 

not (always) rational  
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Table V.14.4 
Characteristics of 

synchronous face-to-face 

interaction. 

 

 

Characteristic Description and Implications 

Individual control Each participant can freely choose what to attend to. 

Familiar 

collaborators  

Identities and characteristics known for participants, 

their roles and their relations. Helpful for 

interpretation of messages and behaviour and for 

identifying expertise and knowledge. 

Rapid feedback Many communication channels with short 

communication delays. Quick corrections possible. 

Multimodal Voice, facial expression, gesture, body posture, and 

more. Enables efficient complex messages, and 

redundancy for error resilience. 

Fine-grained 

information 

Analogue or continuous information flows. Subtle 

message differences possible and information 

modulation possible. 

Shared local 

context 

Participants have similar physical environments and 

experience the same local situations, objects and 

actions. Allows for easy socializing as well as 

mutual understanding and learning by copying. It 

also provides means for a shared history. A key such 

as the chaotic desktop of a colleague is useful in 

deciding whom to discuss a problem with. How can 

similar cues be provided in the virtual world? 

Co-reference Easy joint reference to objects. People and objects 

have known spatial locations. Gaze and gesture can 

easily identify objects by pointing. 

Implicit cues A variety of cues as to what is going on (events and 

effects of events) that are available in the periphery 

to an individual. Natural operations of human 

attention, e.g. eavesdropping, provide access to 

important contextual information including facial 

expressions and body postures. Provides information 

to a history. 

 

Physical contact and familiar collaborators means more and better 

opportunities for you to extend your social networks. It is much easier to 

ask someone you know about somebody else. As discussed in Chapter 

IV.7 knowledge formation is fundamentally a social phenomenon.   

 

 

                  

 

 

 

 

 

            

 

Figure V.14.1 Hole in space, 

Galloway, Rabinowitz 1980. 

Real-time video connection with 

full size images between New 

York and Los Angeles. 
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New technology does not seem to decrease the number of meetings face-

to-face. A typical use of a mobile phone is to discuss when and where to 

meet, and to keep options for meetings open. The mobile phone and e-

mail free us from space and time such that we can travel to another 

location. Neither does use of new electronic medias does not seem to 

replace other forms of interaction, they only complement them. Paper is 

for instance still used (a lot) even if most information is digital.  

 

Reviewability and revisability are characteristics of the digitised 

message. Writing an e-mail gives you time to formulate, and re-formulate, 

your anger in a more sophisticated wording instead of immediately meet 

person to person to make even. The fact that any message transmitted 

using technology is potentially stored and later retrieved is of course not 

only a blessing. Users’ concern for loss of control over unique data, and for 

dissemination of personal confidences must be considered if technology is 

to be used in the communication loop. Trust in technology? What if the 

videoconference where you participated (and did something you 

shouldn’t have) is on the loose, out there on the Internet [JG1]?  

 

A photograph is something that we often take for sharing our experiences, 

but also the process of taking the photograph can be shared. Since a 

photograph is discrete in time it is easier to use than a video for discussing 

reality, especially if the discussion is not face-to-face. 

 

New options on how to record and access data make it possible for us to 

acknowledge knowledge work in new ways by keeping track of who is 

making major contributions [JC]. At the same time we will be able to see 

and find those who are doing nothing, or are working with other things, 

something that affects privacy and will tend to prioritise certain kinds of 

work that is measurable. 

 

Mobile applications add new twists to the discussion since they allow 

constant availability. Interrupts anytime, anywhere, by anyone will be 

the result. If you turn off your mobile device you might miss something, 

or be considered asocial. On the other hand, constant access to others gives 

a sense of safety and security. This is a nice feature when you travel by car 

in the deep woods of Sweden with a temperature outside below –30 C. 

V.15. Command based interaction, someone in control ( +u ) 

In many cases of interactions one of the interactors is in control, and the 

other interactors are controlled. Interaction in other words is asymmetric, 

or command based, and control is centralised. This type of interaction is 

the rule rather than the exception, whenever technology and a human user 

are involved, at the current state of technology. Human-computer 

interaction in Windows® is a perfect example.  

 

The good thing with this asymmetry, seen from the interaction designer’s 

point of view, is that centralized control simplifies interaction. We only 

allow objectives from one participant to influence the interaction, and 

usability goals are easy to formulate, such as that interaction should be 

efficient for the controlling user.  

 

Centralised control does not necessarily mean that the same interactor is in 

control all of the time. There are techniques for rule-based distribution of 

the control among participants over time, such that each participant gets 

its control slot. One way to do this is to pass a token around, and whoever 

Neither transmitters nor receivers 

seemed particularly sensitive to the 

public nature of transmissions, 

although they did indicate some 

embarrassment about the fact that 

speech emanated from unexpected 

areas of their body, depending on 

where they had clipped their 

cellular radio. This sense of body 

parts such as thighs or hips 

“talking” did not result in a 

change in practice, i.e., they 

continued to use speaker audio. 

A. Woodruff on Push-to-talk 

 

Top ten list of the places that people 

are most likely to gossip… At number 

10 – unisex loos; at number 9 – 

supermarket queues; at number 8 – to 

their personal trainer; at number 7 – 

with cab drivers; at number 6 – in 

crowded bars; at number 5 – at 

meetings; at number 4 – on mobile 

phones; at number 3 – friends telling 

other friends; at number 2 – on train 

and tube journeys…and at number 

one – restaurants! 

Relations Analyst Stephen Forster 
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Interactor Controlled 

Read() 

Display  

representation 

has the token is in command. Another way is to assign predefined cyclic 

time slots. A board of directors is assigned a time slot of a year. 

V.15.1 Mechanisms ( +u ) 

One possible choice of taxonomy for commands is identification, 

navigation, choice, manipulation, read, write, and system control. We 

start with identification, since it is a prerequisite for any command and 

used to identify representations of objects, behaviour, relationships, states, 

transformations, familiar spatial or temporal settings, faces, sounds, 

smells, or anything else that describes participants, or the current 

circumstances. Matching representations through recognition and 

identification is a cornerstone for generating knowledge. We will use 

identification in a broad sense here including discrimination, 

segmentation, and classification. Properly speaking, identification, i.e. “I 

can see that it is you”, is not the same as discrimination, i.e. “I can see it's 

not you”, segmentation, i.e. “I separate hair from face”, or classification, 

i.e. “That is a typical nose”. 

 

Navigation, allows the interactor to explore a local environment and to 

follow a path through system representations. By exploration the user gets 

to know the environment, and how things are related. She then positions 

herself in the proper context, e.g. moves to an advantageous viewpoint or 

position. In a CAD program for architects, navigation involves selecting 

the blueprint of the right floor. Navigation also implies an intention and a 

target. The target can be indicated by pointing devices, voice detection, 

gestures, head tracking, or gaze tracking techniques. Furthermore, 

navigation needs some means to modify the current position and speed, 

by specifying direction, speed, or acceleration, and not to forget, some way 

to indicate stopping. 

 

Choice, is a selection among alternatives using sound, gesture, button, 

menu, dialog box, or any other effective method at hand. Manipulation, 

modifies the system. It involves modification of object representations, 

changing system state, or self. One way to accomplish this is through 

direct manipulation. Read extracts system state representations and write 

is a command that changes system representations. Write provides system 

input that will change the system state. Sequences of read and write 

corresponds to manipulation. 

 

The last interaction type is system control, manipulating the prerequisites 

for system behaviour, e.g. change environment from Earth to Mars, or 

load a new operating system. Starting and stopping the system, loading 

new modules, and saving system states are some other examples of 

system control tasks, which are in turn implemented by other interactions, 

such as choice or manipulation. System control is not available for 

everyone in all situations. Remember that terribly embarrassing situation? 

Was undo an option? Reload from a previously saved state? 

 

Select  

direction 
Evaluate new 

position 

Effectuate 

Feedback 

I T 

STOP 

”I will set sail 

chose my new course 

restart with ctrl” 

/HG 
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Is it a bird, a plane ? NO, it is 

Superman ! 

 
Every person has a 

unique tongue print.  

As you can see from above the interaction types are partly overlapping, 

identification for instance implies a read operation. They are also 

somewhat arbitrarily chosen. Navigation could be replaced by search 

(combined with identification and manipulation), and nothing is wrong 

with a command such as “track”.  

  

There are many other taxonomies possible for interactions, at different 

abstraction levels, and for different purposes. One of them, more related to 

information use is; creation, gathering, processing, retrieval and 

communication. These commands could all be expressed by different 

combinations of read, write, navigation and choice, but they are closer to 

of the user’s intent and internal processing. Create can for instance be 

expressed as a write, but the concepts of create and write are certainly not 

equivalent. There are in fact an unlimited number of taxonomies possible; 

every verb in Webster’s dictionary could under the right circumstances be 

used as a command.  

V.15.3 Identification  

How do we recognize a fellow man? You, or a thing, have numerous ways 

to do this; voice, of course, face and ear features, thermograms that show 

body heat radiation, visual texture of iris, gait, keystroke dynamics, DNA, 

body odour, signature, retinal vasculature, fingerprints, and hand 

geometry are perhaps the first few examples that come to mind.  Things 

also have other options. They can sense physical properties of a thing 

(weight, shape, colour, size), or affix a property to a thing, i.e. a tag (bar 

code, radio frequency identifier tag, doctors coat, registration plate for a 

car). A car equipped with a tag could for instance serve as a link to the 

driver’s web page.  

 

Detecting presence is easier than identification because of the lower level 

of resolution needed. We can use many of the techniques discussed above, 

but also temperature, and shadows. A burglar alarm is the typical 

example. Technology for identification and detection of presence should 

fulfil constraints such as robustness against noise, and power failure. Also, 

a wearable solution should not disturb the wearer. Samples of the 

technology discussed above are already in use. Car keys are for instance 

used to to find a car on a big parking lot. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure V.15.4 Human input 

and output devices. 

Selection – choose object from 

alternatives 

Position – Specifying a position 

within a range, e.g. pick a screen 

coordinate. 

Orient – Angle or 3D orientation 

Path – Series of positions or 

orientations 

Quantify – Specify numeric value 

Text – Entry of symbolic data 

Foley, Wallace and Chan, “The 

Human Factors of Computer 

Graphics Interaction Techniques”, 

1984 

 

 

Researchers are investigating 

smart floors. How do you think 

they will manage to separate two 

individuals walking over a floor? 

What characteristics will be 

used? 
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Best way to identify a person 

is through his/her mobile 

telephone number or through 

that telephones IMEI number. 

 

Some of a human being’s input channels also work as output channels. 

Eyes tell stories, and hands that are used for gestures are also the tools for 

sensing reality. The mouth is mostly output, but in intimate situations, 

and for survival it also works as input. Successful interaction demands 

identification not only of humans, but also of the messages sent by 

humans. One type of a message is the sentence, which is composed of 

words where each word is itself a sequence of phonemes, most of which 

has to be recognized to identify the message. 

 

We can put ourselves in another person’s place. This is quite a feat when 

you think about it, and very useful when we co-operate. In our minds we 

build a model of her and execute this model to find out what the other 

person is thinking, feeling, focusing on, and believing. Using this model 

we can try to figure out what she is up to. When we try to analyse our 

fellow humans we find ourselves in a nice mess of treachery. They know 

that we want input from them, information that they might not want to 

give away. A poker game is an extreme example. If you look worried your 

opponent will use it. You can use this fact by simulating worries, but your 

opponent might guess that you are simulating, and if you know that he 

knows that you are simulating ….  

 

Not only do we study other participants. We also study ourselves, and 

our own behaviour. As we do this we sometimes even manage to fool 

ourselves. Consciously, as for example when you convince yourself that 

you are not tired at all, in the morning, when the alarm clock rings, or 

subconsciously when a happy tune on the clock radio cheers you up.  

 

For many interactions, pinning down the physical positioning of an 

interactor is a problem. This is not so for direct interaction where two 

people are at the same place, face-to-face. But, when technology steps in 

the physical position is not as easily shared. To socially position someone 

is more difficult, regardless of if interactors are at the same location. By 

social positioning we mean establishing all that characterises a human 

being, in a social context. Is he, or she, happy, sleepy, at home, at ease, 

interested? One important social process is that we place ourselves into 

social hierarchies that affect our behaviour. Most of us do not yell at our 

boss, but sometimes to a child that does not want to do the dishes. Almost 

as important as establishing identity or social position, of yourself or 

someone else, is to identify relationships between people. Relationships 

can change over time, and sometimes quite fast, for instance when you tell 

your wife that you forgot to pick up your daughter after school. For 

efficient interaction we also have to identify social conventions. One 

example is that in some countries a man should not address a woman in 

public. 

 

The identifications discussed above are, as almost any other human 

interaction described, built on pattern matching. In general, to identify 

something a characterization is needed which is not always easy to 

specify. The figure below shows three trajectories indicating intentionality. 

Can you identify which of them that best illustrates, fighting? Playing? 

Courting? 

 

 
 

 

 

Figure V.15.5 Three trajectories 

showing movements of two 

participants in an interaction [PT]. 

 

Personality can be classified into five 

different scales (the big five): 

Openness (to the unfamiliar), 

Conscientiouness (goal directed), 

Extraversion (capacity and need for 

stimulation), Agreeableness (ranging 

from compassion to antagoninsm), 

and Neuroticism (mental stability)  

McCray and Costa 
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Me Tarzan you Jane 

 

A thing is characterised by its 

output representations, 

screen size, sound, shape…  

 

 

 

 

Patterns are found, designed, used, established, and generalised. 

Generalised too much patterns found loose their meaning. Maybe this 

paragraph did just that? 

 

Interaction implies communication. Direct communication peer-to-peer 

means that we have to identify the receiver, and the receiver is usually 

also interested in who sent the message. Identification means either direct 

physical contact, or naming, and for I-I interaction physical contact is not 

even an option. A name can be provided in many different ways. Some are 

born with it, as a network card is. It has a unique label imprinted in 

hardware. Some are given a name by someone else, for humans parents 

usually accept this responsibility. Some have to ask someone else, which 

is done on the Internet when a networked station asks a server node for a 

temporary address. Some systems select an address. You do this when 

you buy a new mobile telephone and choose a number that is easy to 

remember. And, as a last resort, a name can be randomly generated. 

 

When everything is connected to everything else in the next generation of 

networked systems, unique identifiers will be very important, and luckily 

it is surprisingly simple to create a unique identifier. All you have to do is 

to combine a place and a time. Microsoft ® for instance, does this when a 

unique id for a new software component is created that can be used 

worldwide. The “place” is provided by the number of the network card on 

the local machine. Combining two independent name-spaces into one 

unique space is also quite easy. We create a hierarchical naming scheme 

by adding a unique number to each of the original numbers. This is for 

instance done with the telephone numbers, but could also be used to 

create a combined number space for Internet addresses and ISBN 

numbers. We simply concatenate “1” with the Internet address and “2” 

with the ISBN number and the two types of numbers can never be 

confused (1……), (2…..). 

 

The naming system should be consistent with the topology of the 

represented world to support easy delivery of messages to the receiver. 

This, for instance, helps the mailman to find the right street address, and 

the hierarchical phone numbering scheme to route your telephone call to 

the right country, and to the right part of that country. 

 

One example of an H-I interaction is a coffee machine that recognises you, 

has already filled up your cup, and greets you grinning with a cheerful 

“Good morning” – maybe even smart enough to skip the “Good morning” 

some mornings? 

 

560322-8593 

GMP   452 

Hakan.gulliksson@tfe.umu.se 

2004-05-19 

IV.5.07 

Any sufficiently advanced 

technology is indistinguishable 

from magic. 

Arthur C Clarke 
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To implement this, the coffee machine has to be enhanced with machine 

vision for face identification, and also for finding out your mood. Two 

quite difficult, some would say impossible, feats. In H-H interaction we do 

face and mood detection effortlessly, even though there is evidence that 

face identification is treated separately from other object recognition 

indicating that the problem is both difficult and important [SP]. The 

problem for a thing is not how to access digital information, which can be 

done through networking. The problem is rather how to make sense of the 

physical environment using sensors. For this, identification is a 

fundamental problem. Biomedia is any information that a computer 

extracts from a human being and this information can be used for 

biometrics, i.e. measuring human characteristics for identification.  

 

Performance is one obvious problem, but not the only one to consider. 

What if someone does not want to be recognised. Should we do it 

anyway? Also, what if we make mistakes? Will users accept a system that 

fails to deliver now and then? When we combine identification with 

location awareness and networking, theft will become a high tech 

business, and security a major issue. 

 

If we follow the relation H-T the other way, what can a human read from 

the exterior of a thing? It is designed, so in principle anything can be 

expressed! People are used to interpret shapes; an average adult can name 

about 10.000 things. So, by exploring this ability in H-T interaction we can 

simplify interaction, and enhance experience.  

 

Without a human in the loop we still have many new, and potentially 

important applications. Some T-I interaction some applications where 

identification is necessary are: 

 

 Customize device behaviour based on identification of context. 

An intelligent camera should send the picture taken to a hard 

disc available nearby. 

 Customize physical environment based on recognized context. If 

a user starts reading a book the physical context adapts lighting 

and the telephone leaves a do-not-disturb-if-it-is-not-very-

important message. 

 

Recognition by bottom up visual search and data-driven matching has 

been shown to be NP-complete, i.e. computationally very expensive. If, on 

the other hand, knowledge about the context  (task, situation …) can be 

used, the complexity decreases. Consequently for efficiency reasons we 

should avoid building complete 3D-models and other complex 

representations, and instead let the interactors make better use of the 

contextual information. We should in other words prune the search space. 

This line of thinking contrasts somewhat with the ambition to build an 

(extensive) representations of the context for ubiquitous computing. 

 

What to look for, where to look when, and how to look, are questions we 

need a priory knowledge of the world to answer. One example of where 

such a contextual model is useful is when a thing goes shopping for food 

[RA]. Foods in a grocery store are grouped, candy in one area, big items 

low on the shelves, milk and butter far from the exit, and away from the 

entrance. This information can be used to guide an interactor in the store 

to find the right items.  

 

The chief mechanisms used in 

identification are:  

To point at it ... primary, physical ID  

To label it with a "word" ... secondary, 

representational method  

Draw a picture of it (another 

representational method - graphical)  

We may also separate out from Set A 

(all things) a Subset B (a category of 

things).  

 

By itself, identification is a rather 

useless action.  

 

To identify is to separate a 

thing or action from the set of 

all other things and actions.  

 

”8” Top down 

t 

Bottom up 
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There are numerous techniques that a thing needs to learn more about its 

environment. One is image processing that has many applications, such as 

improving or manipulating images, to extract 3D information from 2D 

images, or to find patterns in an image. The problem to generate object 

information from 2D or 3D images, or doing motion estimations from a set 

of images is referred to as computer vision, a special case being face 

recognition as discussed above. Critical issues in vision research revolve 

around the nature of the representations used, and the nature of the 

processes that recover characteristics [DM]. The representations range 

from local properties of the image, such as pixel intensities and edges, via 

depth and information on orientations of surfaces, to objects defined as 

hierarchies of volumes, which can be matched against real world objects.  

 

For real world objects we have many practical problems; different lighting 

conditions, noise from hard rain, children that grow up, repainted houses, 

and snow covering a landmark. One specific problem is background 

clutter, especially if the recognition uses edge detection. Other problems 

are; background colour conflicts if the algorithm uses colour lookup, and 

partial occlusion. Some algorithms also need elaborate training sequences 

to recognize an object and might require the user to select feature points. 

A better idea might be to equip everything we want to identify with 

something unique, something that is easily detected. RFID is one 

candidate for such a technology. 

 

The figure below illustrates how the human eye and brain represents an 

image [SP]. Each cell can store information about one area in the image. 

Cells in the middle of the eye are smaller, resulting in higher resolution for 

this part of the image. 

 

 

 

 

 

 

 

 

Recovering the characteristics of a real world object from an image is 

typically an ill posed problem where the solution (the characteristics) is 

not uniquely determined by the image analysed. The processes 

manipulating the representations either have to use contextual knowledge 

from the real world, or guess, to extract properties. Examples of rules used 

from the real world are; surfaces are consistently coloured and textured, 

motion from tension and gravity makes straight lines, objects are rigid, 

contours are continuous, and light sources are constant over short periods 

of time. We can apply statistics to constrain the image processing by our 

knowledge of the world. Given the figure to the right, what is the 

possibility that the uppermost image is a coin in the scene and you are 

viewing it edge–on? 

 

Another representation of an image, quite different from the one of human 

vision, or the pixel based representation, is shown in the following figure. 

 

 

 

 

 

 

Coin Thickness 

Position 

Diameter 

Cylinder 

Is a 

7 mm 

<x, y> 

3 cm 

Alternative  

interpretations: 

Coin? 

Yes! 

No! 

Surface:: 

Depth: 

Slant: 

Tilt: 

Colour: 

 

Figure V.15.6 Human image 

representation. 

Figure V.15.7 Knowledge 

schema for image. 
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Who are you going to believe, me, 

or your own eyes?  

Groucho Marx 

 

Which representation is the best one for identification? This has to be 

decided individually for each application. It is important to consider 

representation and processing at the same time because this can simplify 

either, or both of them. Compare the human way of storing an image, 

where two objects close to each other in the image end up close together in 

the brain, with an array in Java, where the correlation between the 

position in the array and the position in image is arbitrary, chosen by the 

programmer.  

 

 

V.15.3.1.1 Hicks law ( -a -b -d ) 
Another example of behaviour quantified into a law is Hick’s law. It states 

that the time to find one item among a number n of similar items is related 

to the number of items as: 

 

t=k·log2(n +1), where k is a constant 

 

V.15.5 Choice ( +u ) 

Choice, or selection, is a very basic concept, not easy to reduce into other 

lower level concepts. Navigation, for instance, depends on choices (and a 

selection involves navigation among choices). Intention and attention are 

prerequisites, at least for conscious selection, and attention is caught by 

and trained in a cultural and physical environment. Attention is in fact a 

choice, conscious or not that for instance a boy tries to manipulate by 

making an impression on a group of girls. This section is about how to 

detect and make choices.  

 

We are continuously choosing from the menu of the world, and the trend 

is that increasingly choices are made and effectuated using technology. 

This means that technology must be adapted to how we choose, and to the 

context where we choose. The problem gets worse because computers 

display information many times faster than human language can express 

it, at least without learning and adaptation. This means that relative to H-

H interaction choices among alternatives will be much more prevalent in  

H-I or H-T interaction. 

 

Of utmost importance when we design for choice is to provide for 

feedback. If you run your favourite text editor, and look for feedback you 

will be surprised by the number of examples you will find. Confirmations 

(highlight of selected text), in progress feedback (hourglass icon) and 

feed forward feedback (the cursor) are some examples [VB]. We are so 

used to working with windows, menues, icons, and pointers that we take 

the feedback it provides for granted. When we consider a multi-user, 

multi-input, multi-screen environment things get even more complicated 

and we will have to reconsider how we accomplish feedback. A clicking 

sound and some tactile feedback make it very clear that a selection has 

been done on a touch screen. 

 

A B 

How many ways are there to control the 

lighting in a room [SS]? Here are some 

examples to start with: 

 

 Lighting switch. 

 Voice message. 

 Voice message and entering the room. 

 

List another 10 ways assuming the 

environment is arbitrarily intelligent 

 

A B 

Can you motivate why Hick’s law 

has a log2 dependency? A 

coincidence? Compare with Fitt’s 

law. 

 

Choice is to thinking as battle to war. 

You can philosophise and deliberate all 

day, but the end result of all your 

mental gymnastics has to be a choice of 

some sort  

[CC] 
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Have you seen a dictator with 

irony? A dictator that laughs at 

himself? 

 

 

How can we tell that a choice has been done? Figure V.15.57 shows some 

alternative selections.  

 

 

 

 

 

 

 

 

 

 

 

 

All of the selections in the figure could as well have been slips, i.e.  

mistakes. If we do not know the intention of the user then all we can do is 

guess whether the choice was valid. One way to increase the probability is 

to ask for a confirmation. In some dangerous machines a choice is 

confirmed by using both hands in the selection. 

 

 

 

 

 

 

  

 

V.15.6 Manipulation ( +u ) 

The more active participants of the human race will certainly try to change 

moods and stir emotions. Advertisements are mild and acceptable 

versions of manipulation, but others such as hypnosis, and group 

pressure, are potentially dangerous. Many forms of blackmail are 

certainly not allowed and will send you to jail. Still, our society would not 

work, not even for one single day without social manipulation. We call it 

education, and want a child to be well raised. We will now complement 

section V.15.2 on intelligent interfaces with a discussion on manipulation. 

We start with H-H and by noting that most peculiarities of H-H can be 

reused in an H-I, or H-T, setting. 

 

How could you avoid being manipulated? This is knowledge that works 

both ways. If you know how to escape it, you know how to exert it. 

Without knowledge about manipulation you will not even know that you 

are being manipulated. Are you? 

 

There are three factors that are important in developing resistance. First, 

knowledge about social psychology and attitude change are important, 

second and maybe even more important is general knowledge about 

philosophy and science. If someone presents scientific facts showing that 

energy is created in their refrigerator without any external energy source 

then you, as a knowledgeable person, will mutter something about UFO 

and alchemy. A third factor important for detecting manipulation is self-

knowledge. It will help you to inspect yourself and observe your own 

reactions. Of course, a general attitude of scepticism, which is a born gift, 

is always healthy. 

 

Select 1 

No selection at all  

Select by elimination 

Select by interval or position 

Select by symbol or property H I I T 

T 

Figure V.15.57 Different 

ways to select something. 

Figure V.15.58 Safe operation. 

Why not use both hands for spatial 

input? Better performance is possible! 

What tasks should be suitable for two-

handed input? Could human factors be 

improved? Usability? 
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Yeah! 

Some examples of findings from social psychology are that manipulators 

often start with making minor requests. They often seem concerned, 

sincere, and friendly. They use group pressure and do not make things too 

easy. They present you with an appearingly meaningful task that is said to 

be tough, but you are of course are capable of performing it. Immediate 

intimacy and friendship, and feelings of disorientation, confusion, and 

embarrassment are some possible indications that you are being 

manipulated [SD]. In general people are easy to fool, as can be seen in any 

magic show!  

 

Not all manipulation is bad of course. Some flattery could even help 

convince someone to do the dishes and praising the result will lower the 

resistance to repeat the feat. Flattery is an important social cue, and 

similarity is another. People similar to us more easily persuade us. If you 

play golf and meet another golfer the probability for liking increases. In 

fact, the greater the similarity, in background, trait, or attitudes the greater 

the potential for persuasion [BF]. If this is scientifically proved to apply 

also to fifty year old men on making the dishes we do not know.  

 

In a social setting we exploit similarity by adopting culturally predefined 

roles. In the role of a teacher we are trusted to know the subject and be 

able to teach it. Another example is that a referee is automatically accepted 

as an authority on the football field. A social role can easily be used for 

social manipulation, we for instance readily trust a “doctor” and accept 

the decision of the head of the family. 

 

Attractiveness is another important aspect, since attractive people or 

products socially influence us easier. Physically attractive people are by 

default assumed to be intelligent and honest. Luckily people cannot yet be 

designed, only styled. A problem for product design is that different 

audiences have different culturally established preferences, which vary 

over time. This means that the designer has a lot of footwork to do, 

making surveys, and looking for clues, for instance in typical magazines 

and TV-shows.  

 

The last possibility for social manipulation that we will mention here is the 

rule of reciprocity, which seems to be followed in every human society 

[BF]. The principle is that if you are given a favour you will feel obliged to 

return it, and this can be used for social manipulation in many ways. One 

example are companies that gives you a watch, almost for free, if you sign 

up for buying one book each month.   

 

Manipulation for I-I means changing a data structure, for instance 

deleting, copying and moving data in a database. Here we will add a short 

discussion on security.  

 

Security is how to protect a computer, network, or another resource, from 

being manipulated. It is necessary to guarantee privacy, the condition of 

keeping something personal. Computers and networks have created new 

challenges, but the basic problems are as old as the social network. Some 

members of a group are authorized to access resources, and 

authentication is needed to verify their identities. For face-to-face 

communication authentication is simple, in other situations we need 

passwords, biometrics, or access cards with pin codes. 
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Unauthorized access could be gained by misusing prior authorization, 

masquerading as someone else, or by exploiting some vulnerability in the 

security system. All well-known tricks from films featuring J. Bond. Once 

inside the system, or with access to the protected resource, the intruder 

could steal, destroy, or browse secret information. Denial of service is 

another type of attack that could be especially damaging for a computer 

system. It diminishes server capacity by keeping the server as busy as 

possible and thereby temporarily hinders access to the system. 

 

It is interesting to note that biology inspires thinking about network 

security. Viruses and worms are different existing attacks. The defending 

side also use colourful names, firewalls, sandboxes, and honey pots (used 

to trick hackers) are some examples.  Security is always a balance between 

the cost of loosing control and the cost of equipment and administrative 

expenses to keep it. Another important lesson is that insiders are 

responsible for most of the security attacks. 

 

The combination of a user name and a password works well to 

authenticate fixed access, but as users start moving around and take their 

computer computers along, new solutions are needed. Logging in every 

100 meters, i.e. to every local area network passed, is both a nuisance and 

a threat to integrity. Context authentication is an alternative approach, 

where the network can use any implicit information about the user such as 

usage history, the current user environment, or typical user actions to 

inform authentication. One example is that the information displayed on a 

public information kiosk at a train station should be erased if the user 

walks away. Other examples are mobile computers that work only at a 

specific sports arena, and a network service that is enabled only if the user 

accepts the service, e.g. by filling in a form on a web page.  

 

A user scenario is that you attend a meeting at some location where you 

have never been before. You have a document that you would like to 

print, but the problem is to persuade the new network environment to 

grant you access to a printer. Currently, the solution is to find a system 

administrator (usually very difficult), or to disconnect the printer from the 

network. One possible alternative could be a trust based security system 

where users on a network are given rights to delegate access rights to 

third parties. This way, one of the attendees to the meeting, with the 

proper access rights, could give you a time limited access to the printer, 

the projector, and the coffee machine. Rights could also be associated with 

devices and software agents. Anything with a unique identity could be 

given, and could delegate, access rights. What we need is a language, 

preferably XML-based, to describe who has what access rights to what.  

 

The English language has thousands of verbs, and many of them can be 

classified as manipulations. The commands selected and discussed in the 

following rather manipulate screen based virtual objects than persuade  

interactor-objects into doing something.  Let us try to use physical reality 

to list some of the possible manipulations, starting with two objects A and 

B. 

 

We can merge, join, group, combine, compose, close, shut A and B, 

 

and then split, divide, fork, break, open, extract the composition. 

 

 

 

 

 

A B 

A B 

C D 

C 

C D 

 

  

Security please! 
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The new (or old) objects can be pulled, moved, pushed, lifted, drawn 

apart. 

 

We might cut, delete, throw away, place, remove D or save it in memory, 

 

and then pick up, paste, retrieve, D  

 

At last we can open up, access, touch, stretch, mould, shape, form, C. 

  

Some useful manipulations do not have a direct physical equivalence, and 

create is one example. In the virtual world we can easily create something 

out of nothing whereas in the real world this is impossible, even if there 

are good approximations. 

 

Each manipulation changes attributes, or states, of the manipulated object. 

“Move”, for instance, means that the position of an object is changed. 

Alternatively we could, if it suits us better, assign the attributes to the 

manipulation; a move could be done for a thing at a specific angle, to a 

predefined position.   

 

 

Using information we can model and manipulate a surface in 3D, but 

information can also be used to directly manipulate things. According to 

Encyclopaedia Britannica, sculpturing is a form of aesthetic expression in 

which hard materials are worked into three-dimensional objects of art. A 

lot of different media may be used, including clay, wax and stone. 

Materials can be carved, modelled, moulded, or otherwise shaped and 

combined. 

 

New technology gives new possibilities. Scanning a rotating object using a 

laser is one way to input a 3D structure. The figures below show some 

equipment for digitising objects, rather expensive equipment too. 

 

          Cyberware corp. 

 

 

 

Given a 3D description there are now machines that can automatically 

mould blocks of suitable materials to the exact shape designed by the user. 

The illustration to the right shows a piece of jewellery that has been 

automatically shaped.  

 

 The lathed surface is an example of a less complicated graphics based 

sculpturing. The surface is generated by rotating a curve around a 

coordinate axis. 

 

Just as raster operations can perform logic operations on bitmapped 

computer graphics, boolean operations between volumes can be defined 

in 3D. Using these operations new forms can be constructed starting with 

simple 3D objects. 

C D 

D 

H + 

H 

H H 

H 

T (move, x,y) 

T (          , x,y) Move 

 

AND 

Figure V.15.71 Generating 

3D structures. 

ca-Cola 
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Duck! 

What will you do? On the golf 

course versus out hunting ducks 

[WB]? 

 

 

V.15.6.1 Speech acts  ( +u ) 
Language is studied from many points of view, including the validity of a 

statement, syntax, and culture dependency. One view particularly 

interesting for interaction is that of speech acts. Here, focus is not on 

whether a statement is true or not, but on the act intended by the 

utterance, to say is to do. You are not only describing situations, you are 

creating, and manipulating them. 

 

Making a normal utterance, i.e. saying something, involves a hierarchy of 

acts on different levels. At the lowest level is the act of utterance. An 

utterance is perceived, even if it is in another language, e.g. a gesture, and 

even if we do not understand its meaning.  

 

If we take an utterance in some language, add meaning at a particular 

time and place, and also add an intention on the part of the speaker, we 

arrive at another level of the act, the illocutionary speech act. In an this act 

the utterance, or another form of message, affects the addressee. The 

speaker wants the listener to recognise the meaning of the utterance, i.e. to 

do or think something. One example is the statement “You’ll do that”. An 

illocutionary act can be expressed as a performative, i.e. a verb, operating 

on some content, i.e. “do” and “that” in the previous example. The result 

of the act is the perlucotion and it relates to the effects that an act has on 

the state of the addressee. If a teenager is asked to wash up the dishes he 

can attend to it singing, or he might immediately leave the house. Two 

different perlocutions for the same illocutionary act.  

 

Searle [JS2] proposes the following taxonomy for illocutionary acts : 

 

 Assertive acts, used to commit the speaker to the truth of the 

expression “There’s too little salt in the soup” 

 Directive acts, try to persuade the listener to perform something, 

“Pass the salt, please” 

 Promissive acts, are attempts to commit the speaker to do 

something, “I will pass the salt, some day” 

 Expressive acts, expresses the speaker’s feelings about a state of 

affairs, “I am sorry, the salt has been stolen”  

 Declarative acts,  perform an act by the utterance, “I curse you” 

(the effect is uncertain, but maybe some salt might help?)  

 

An interesting feature of all speech acts is that they are independent of the 

cultural setting and the linguistic form chosen for it. “Pass the salt, please” 

and “Would you mind passing the salt” are equivalent from the speech act 

point of view. The theory of speech acts is quite general and currently 

difficult to use directly in applications, but it is useful in the analysis of 

conversations, and hence it follows that it can be used to analyse 

interactions, for instance a graphical user interface. It also provides 

insights into the use of the human language.  

 

Buy 

Sell 

Top 2 words of the century 

Salt an pepper noise 

often found in old 

photographs 
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The following figure shows a state based model of speech acts (speech 

dance?) between two interactors A and B [TWD2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactor A starts, by issuing a simple request for some salt. B could 

promise to deliver the goods, reject the request, or choose to counter by 

requesting sugar. Figure V.15.66 models quite a simple interaction, 

omitting many details, yet it results in a rather complicated graph which 

indicates the depth and variability of human speech interaction.  

 

V.15.6.2 Direct manipulation  ( -a )  
Many successful user interfaces have been built on the concept of direct 

manipulation. In this interaction style a user is given obvious operations 

such as “move”, “join”, and “split”, and applies them on the objects in the 

work space. The user interface “disappears”, and the user accomplishes 

the wanted result in a natural, direct, way. One example from Word ® is 

to select a string of text, right click the mouse, hold the button down, and 

drag the string to a new position. The “select object-perform action” duet 

is easy to comprehend especially if objects are distinct, and actions are 

consistently implemented. Games are usually excellent examples of direct 

manipulation, Tetris, NHL 2008, Zelda just to name a few. We could 

imagine an even tighter coupling between a user and the manipulation. 

Guiding a repair robot in space from earth can be done by analysing 

gestures of the driver on earth and effectuating these via the robot. The 

user will in some sense “become” the robot.  

 

Direct manipulation is a good model of real world manipulations. It is 

easy to learn and intuitive, but, as with real real world manipulations 

there could be problems in reversing actions because a small manipulation 

can change many system variables. Try to undrink a glass of milk. 

Another problem with direct manipulation is how to build more complex 

macro commands, and how to access objects not currently visible. In an 

information dense environment there are additional problems. How do 

you directly manipulate 2.000 video sequences out of 4.000? One by one? 

For this filtering by search, or selection using text based commands are 

good complements.  

 

A buzzword related to direct manipulation is WYSIWYG (What You See 

Is What You Get). It alludes to the fact that the result of an operation is 

precisely what you see on the screen. A printed circuit board should look 

the same after manufacturing as it did in the editor. There are no extra 

mental transformations needed, and no surprises.  

 

It has been claimed that the 

earliest Paleotithic artifacts helped 

to “select” homo sapiens by 

favouring those who had the right 

genetic makeup or social 

organization to benefit from the 

use of tools. 

[MC3] 

 

A: request B: promise 

A: withdraw 

A: declare 

A: withdraw 

B: break promise 

B: assert 

B: counter 

A: accept A: counter 

A: declare 

Figure V.15.72 Speech dance, 

clearly extremely simplified. 
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“Seven manual typewriters, 1000 ink 

ribbons, 19,890 pages, 16 years and 

seven months later, he finished with 

the lines nine hundred and ninety-

nine thousand, nine hundred and 

ninety-nine, one million.” 

 

V.15.6.3 Text editing ( -a -p ) 
What is the most basic cognitive tool? Simple to use, inexpensive, allows 

enormous diversity of expressions, has been implemented in hundreds of 

technologies, from wooden sticks via bird feathers to currently available 

lead, graphite, and computer based versions. 

 

The pen in its modern incarnation became possible when an unusually 

pure deposit of graphite was discovered in 1564 in England, but even the 

early Egyptians employed thick reeds for pen-like implementations about 

300 BC. A specific allusion to a pen built from bird feathers occurs in the 

7th-century writings of St. Isidore of Seville, but such pens were probably 

in use at an even earlier date. St Isidore is by the way the current 

candidate for the title “Patron of the Internet” and wrote the first 

encyclopaedia. 

 

Together with the paper (sand, stone, papyrus, leather, digitiser board) 

and the dog, the pen has been mans best friend for thousands of years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Isaac Asimov wrote 500 

books and more than 1600 

essays. 

The Romans read 

everything aloud, in fact 

they were apparently not 

able to read silently.  

The Net 

Is it harder to talk and think or 

typa and think? Why? 
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Part VI: Design, we change our future. 

The previous chapters introduced interaction and interactors. Concepts 

that can be used to model many important aspects of the world, for 

instance the workings of society, companies and families, or other systems 

built by technology, such as a car or a computer. 

 

Still missing in our modelling toolbox is how to describe purposeful 

creation. Interaction is all right for describing how something, for instance 

a computerised information service, works, but it is not sufficient if we 

want to describe how this service was thought out. It does not provide a 

framework where we can describe why the service was needed, why it 

works the way it does, or why you like using it. To answer these questions 

we need a broader framework, where interaction is still important as the 

glue and the engine, we need the concept of design.  

 

Why do we intentionally try to change and arrange our future? Some 

answers are the same as to the question why we interact. Deliberate 

change helps us survive and prosper, and if we do it right to we can 

dominate others, or serve them well. There is always some little detail 

affecting our lives that we would like to fix, and even if the world by some 

strange coincident was perfect we would still want to change it just to 

make an impression. Change is inevitable. Using a design perspective we 

can avoid being trapped in last minute adjustments to fix problems and 

instead formulate, and strive for, well thought out visions of longer-term 

solutions. Design formulated this way can be used as a framework for 

human development in general [ES]. 

 

If the world was completely deterministic, changing it would be an easy 

task. But, many things that happen to us, in effect happen by chance. We 

are also ourselves part of the system, entangled in uncountable feedback 

loops, which makes things a tiny bit complicated, especially at the social 

level. So, how do we accomplish change and even more important, how 

do we make sure that the changes chosen give the intended result? 

 

First, we need an accurate model of the world, which we have seen in 

previous chapters is quite difficult to achieve. Next, we need to 

understand the cause-effect relationship of actions at the appropriate level, 

e.g. at the physical, or social level. Not only do we need to do this for one 

cause and its effect, but also for the chain of causes and effects that we 

trigger by a change. The complexity of the constraints, such as technology, 

economy and social relations, and also of the problem, if it in any way 

concerns humans, makes it impossible to optimise the solution in a formal 

way. Rather than solving the problem, we need to resolve it, and working 

with such problems calls for judgement and balanced solutions, not only 

for yes or no answers. 

 

Definition: 

Design is intentional change 

in an unpredictable world. 

Nelson, Stolterman [NS] 

yes 
no 

We have finally begun to 

understand what Nietzsche could 

have meant by saying “God is 

dead”. We are no longer 

inhabitants of a created world, we 

are the creators 

[BD] 
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How to apply why and 

how is design. 

Why apply how and 

why is human. 

HG 

Design is to design a 

design to produce a 

design. 

John Heskett 

Inquiry by the scientific method is one way to generate knowledge for 

judgement. Another way is to use intuition, it is formed by experience 

and is difficult to describe. It is sometimes referred to as tacit, or silent 

knowledge, and is exemplified by art where the artist seemingly just does 

it. Since we in design have to make decisions in a hopelessly complex 

world, intuition is a necessary complement to the scientific reasoning  

[ES].  

 

Can we trust intuition? Actually, we have no choice! But, we should as 

often and as much as possible use scientific reasoning to guide us. 

Acquiring knowledge efficiently is to some extent a matter of method and 

can be learnt. Some of the methods will be described later in this chapter. 

Systematic and continuous introspection of our own behaviour, and of the 

behaviours of others are also important. One interesting observation is 

that intuitively (!) we trust some people to have better intuition than 

others.  

 

When the work is done we still have more work to do. We have to 

evaluate the work, both the result and the process leading to it. Did we 

find the right balance between using intuition and explicit knowledge in a 

particular case? Was time spent on the right parts of the result? These and 

many others are important questions to answer if we want to improve as 

designers and if we want to get paid for more than a first lucky shot.  

 

A design process is typically realised in different phases. Starting from a 

vision of what we want to achieve, we formalise a requirement 

specification, think about the concept of the design, its appearance and 

many other things. The design is also for a specific context, maybe we can 

identify typical users and tasks. All of the time while we work with these 

questions we should evaluate how we work, and the result. Some of the  

evaluation techniques we can use are to ask an expert, ask users, study a 

prototype of the the design in action , or test key aspects of it in a 

laboratory.   

 

Typical questions are; is the result of a design process useful, and does this 

action give the intended result? One indication if a product is any good is 

if people use it. This is a good top down measure, both for restaurants and 

web sites. Evaluation bottom up is more difficult. How do we measure if 

someone feels at home, to what extent the sense of time and space is lost, 

or if the tool is trusted? Security, privacy, and customisation, affect usage, 

and should be evaluated, as well as capabilities such as the possibility for 

the interactors to group themselves, and to what extent they are 

peripherally aware of others. Note that evaluation, as well as design is 

something that we all do all of the time. 

 

The rest of the chapter ( -a ) 

The new product, or the new state of the world to be achieved, has to be 

formulated. This representation is the vision that the design tries to 

accomplish and it works as a headlight brightening the road ahead. It is of 

utmost importance that a project keeps this vision alive and helps it 

survive the inevitable bumps on the road. Not everyone will agree on 

what turns to take. Who should maintain the vision? Management of 

course should do it, but who are they? Is knowledge in economy the right 

background, maybe expertise in technology, religion, or perhaps in 

industrial design? One thing is certain and this is that the vision needs to 

be communicated. Obviously leadership is also important.  

Definition: 

A project is a mission, a set of 

activities in the service of a 

goals or goals 

Little  

Coca 

Cola 
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The rest of this chapter will lower the abstraction level somewhat. Rather 

than discussing design in general we will study product design including  

requirement specification, concept design, interaction design, visual 

design, and more, but keep the big picture in mind, what follows are 

particular examples of purposeful creation. 

 

After the introduction in this section, which includes a general motivation 

of design, we continue in section VI.1 by discussing why design is such a 

difficult problem. In other words, what makes it so hard to design a 

product that fulfils a goal of the user? The outline of the rest of the chapter 

broadly follows the design process of a product. Requirement analysis, 

concept design, interaction design, information design, appearance design, 

and implementation are natural steps in this process and each of them gets 

their own section. The main concepts are the user and the task and we will 

discuss a methodology for exploring them and give some examples of 

models. The chapter concludes by posing and discussing the interesting 

question of who the designer is and what competence this person should 

have. 

VI.1. What is the problem? 

The first thing to remember is that most design tasks are wicked problems 

[JLES], meaning that there is no final best solution and that the problem is 

hard to define before a solution is found (at which time the solution is 

obvious). The problems are ill defined, ill structured and have resolutions 

rather than solutions. During the design process focus constantly shifts 

between details and the whole. This makes the delegation of design work 

difficult. 

 

If we consider designed products carefully it is difficult to find anything at 

all that works perfectly from every point of view [DP]! Aircrafts crash, 

axes do not keep their edges, and cars smell. But, these deficiencies are the 

results of necessary compromises. All design involves compromises, as 

does engineering. 

 

As stated several times earlier in this book, the main idea with interaction 

technology is to add QOL (Quality of Life) by introducing new 

technology. This could be accomplished in the products of today by taking 

complicated systems or devices, such as the Internet or the computer, and 

use them to invent new services and products that solve problems. 

Technology by itself allows for many degrees of freedom, which means 

that the designer is faced with the combination of a wicked problem and 

an enormous toolbox. 

 

Concept 

Interaction Information 

Appearance 

Requirement analysis 
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“Like putting an Armani suit 

on Attila the Hun, interface 

design only tells how to 

dress up existing behaviour” 

Alan Cooper [ACR] 

So far, many of these products are almost impossible to use by most 

ordinary people. The problem is termed cognitive friction in [ACR], 

meaning that the products are not well adapted to human behaviour and 

thinking. 

 

 

 

 

 

 

 

 

 

 

 

 

If you study figure VII_1.1 you can see that the designer and the user 

might have different views of the product at the physical level. A menu 

with a strange name, a colour badly chosen, or a grip only suitable for a 

right handed, just to give some examples. This physical level mismatch is 

usually the easy part to fix. Cognitive friction is also shown in the figure as 

a discrepancy at the conceptual level between how the user and the 

designer view the product, i.e. their mental models of the product does 

not agree. The reason for this discrepancy can be that they have different 

background knowledge, or lack thereof. The result is an interrupt of the 

habitual, standard, comfortable ‘being in the world’ and the user has to 

adapt to the product [TWD2]. Imagine a user who has always used a fully 

automatic digital camera and suddenly is confronted with an old Leica 

camera from 1975 with a separate exposure meter.  

 

How many students can today use a slide rule where multiplication is 

performed by addition (of logarithms)?  

 

 

 

 

 

 

 

 

 

 

One way to overcome some of the problem of cognitive friction is to 

improve the usability of the product, for instance by adding a menu that is 

easier to read, or support the user by a smart pop up form, at the right 

place and time. Evaluating usability  means estimating the Gulf of 

execution and the Gulf of evaluation [DAN2 ]. The Gulf of execution is 

the difference between what the user wants to do and what actually can be 

done using the controls in the product. The Gulf of evaluation is the 

difference between the state of the system perceived by the user and the 

actual state of the system. 

 

Another (even better) way is to take a step back, consider the original goal 

of the user, and from this redesign the whole interaction, more or less 

ignoring implementation issues, i.e. do a goal based design. In the figure 

below this means that design should rather start from what is desirable 

than from what is technically possible, or economically viable.  

Physical level 

Designers intention with the product. 

Conceptual 

level  

Physical level 

Users view of the product 

Conceptual level 
Figure VII.1.1 One problem is the 

difference between the designer’s and 

the user’s views. 

 

It should be simple enough 

to use but functional 

enough to be useful 
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Why is the question 

to the answer,  

how is answer to 

the question. 

/HG 

On the physical level making a cup of 

coffee is not difficult. If you are addic-

ted to coffee, and in great distress, you 

will probably manage any technology 

to put together a cup of java regardless 

of any cognitive friction. But, without 

having tried coffee, or perhaps just 

testing it once, would you envision 

starting an industry by designing  

coffee makers or a world wide chain  

of coffee shops?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The discrepancy at the conceptual level is a problem, but that what makes 

design really difficult is found at the intentional level. How to find out 

what another human being needs when she probably does not even know 

it herself yet, and most likely cannot articulate her wish.   

 

One way to focus on a goal based design is to constantly ask ourselves the 

question “Why?” as in “Why is this book worth spending time with?”. 

This is quite a different question from asking how, e.g. “How do I read 

this book?”. Another example is that we first should ask ourselves: “Why 

does the user need this command?” and only if we are satisfied with the 

answer do we ask “How does the user access the command?”, and “How 

do we implement it?”. If we cannot answer the why question we should 

not even start asking how! The question of why is necessary in many steps 

of the development process.  

VI.2. Goals of product development ( -a ) 

Most technology share the overall goal of user QOL (Quality Of Life), 

because developing this is something a user, or a society, is willing to pay 

for. The experience provided by the product has to match its price. 

Basically the money paid usually serves as the reward for providing the 

product, but there are also other motivations such as fame, respect, or 

evidence of identity.  Many  web sites sell software, other promotes 

products sold by other channels. Still others provide information, but 

quite a lot of them are created just for the fun of it. 

 

The price is also a measure of the QoL provided by a service. Other 

measures of this are to what extent a product is used and how much it 

affects the life of the user. Also, the attitude of a customer is important, 

when buyng the product, after using it once, and after extensive use. 

Product 

Figure VII.1.2 Goal based design 

starts from what is desirable. 



 Hakan Gulliksson  228

   

If we cannot have our way 

in performance we will 

have it in appearance. 

[DB1] 

“… create an even bigger 

success by targeting 10% of 

your market and  

make them 100% ecstatic” 

Alan Cooper [ACR] 

Defining the experience with a product is not easy to do. For a teenager 

confronted with a gut-wrenchingly compelling, immersive, 3D action 

game it is not very difficult, but in general experience is the weighted sum 

of every relation between the product and the user; starting 

with initial aware-ness of the product, ordering, 

use, support, upgrades, and all the way to end-of-life 

activities. It also includes marketing, appearance, status, user 

expectations and preferences. Not a trivial calculation. Some basic 

requirements on the product are listed below.  

 

First, it must implement the wanted functionality. Second, it must be 

reliable, i.e. the probability of an error should be acceptable. There is a 

strange Russian camera, the lomo, which is quite difficult to use (some say 

impossible). This is the camera’s biggest merit and there are plenty of web 

sites discussing the camera and its photographs. A computer program 

should provide the right answers and not crash. Further, its interface 

should adhere to established standards and be portable.  

 

For many products functionality is not the only issue for a buyer. The 

users prefer some brands for purely subjective reasons that are amplified, 

and sometimes induced by marketing. Economical concerns are of course 

also very important as well as time to market, and maintainability.  

 

Everyone has a videocassette recorder, but almost no one knows how to 

set the time on it. The car radio on the other hand takes its time from the 

radio signal. Neither of these products have a name (e.g. Gulliksson jr), 

nor do they know who the user is, or her preferences. Strange isn’t it? 

 

Working with a laptop computer for many hours a day was not a normal 

behaviour when our physiological characteristics were determined. 

Safety, shelter and ergonomic aspects, such as display placement, lighting 

conditions, clearance for legs, adjustability of chairs, and palm rests are 

important and could be very expensive if deglected. They can also cost 

you a lot of money. Whenever a human is interacting with technology we 

must remember that humans are fragile, and that their parts are not easily 

replaced.  

 

If all of the above was perfectly arranged there is still no guarantee of an 

error free, efficient usage session. Fatigue, anxiety, drugs, isolation, 

monotony, and boredom are some other factors that affect performance 

and the perceived quality.  

 

Goal directed design should aim at satisfying a user, not any user in very 

broad market segments, but specific users, maybe even a single user. An 

alternative goal is to perform an activity as efficiently as possible, and a 

third variation is to design to please Steve Jobs. 

 

Singling out a specific user eases the task to characterise her, and to 

foresee her needs and behaviour. Since the primary objective is to satisfy 

the user, the designer must ask herself the question “What is the goal of 

this user?” and this is not the same as asking, “What commands should 

this menu have for this function?”. Specialisation because of demands on 

productivity and efficiency will also help to shape markets for specialised 

products that have a limited but easily identified use(r). There is a balance 

here between designing a product useful for a specialist, and at the same 

time maintaining a sufficient market. Jogging shoes is an interesting 

example.  

Finding or defining 

needs? 
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User acceptance further depends on how a product and its interface suites 

the user’s personality type. An interface with built-in surprises excites an 

impulsive person, but is maybe not acceptable to someone who wants 

logical order. This individual spread is further aggravated by cultural 

differences in such diverse areas as reading direction (left-to-right, right-

to-left, top-to-bottom), political preferences, social habits, etiquette and 

tone.  

 

We all have lots of concurrent goals, both personal that the product, 

should not violate, and product related, i.e. objectives that the new 

product should fulfil. Examples of personal goals are; to have a good 

night sleep, have fun, to be relaxed and satisfied (QOL). We also have 

goals related to our self-respect such as attracting attention of people who 

have status, and that we do not like to feel stupid or make mistakes.  

 

Many products based on modern technology break these last two goals. 

Ask your mother in law to update Windows Explorer. “It is easy, you just 

download it from Microsoft.com”. “How do I get rid of this little creature 

that pops up on the screen when I start Word?”, “How do I use the 

telephone book on my mobile phone?”, “How do I stop my wrist watch 

from beeping once an hour?”. Product related goals are more directly 

targeted at some problem that the user is struggling with, usually different 

variations of saving time, saving money, or earning money. 

 

Motivation is the incentive that energizes human behaviour. It for 

instance makes us buying a product or start playing a game. Three 

categories of motivation can be identified: physiological, cognitive and 

social. Physiological motivators for playing games are perhaps not easy to 

identify. Virtual games do not quench thirst. Solving a problem or 

satisfying curiosity are on the other hand major motivators for playing 

games and social rewards are also found in most games. We earn respect 

by having the best high score and even single player games are often 

played by more than one player. A player deeply immersed in a game will 

enjoy the love and power sensed in the virtual world. The table below 

identifies 14 forms of fun according to different motives. 

 

  

Curiosity Acievement Sociality 

Beauty, surprise Application of an ability Competition 

Discovery Creation Power 

Immersion Advancement and 

completion 

Social interaction 

Physical activity (learning 

controls, reacting fast 

enough, skilful timing) 

Problem solving 

(identify objectives, and 

common puzzle type) 

Love 

Thrill of danger   

Comedy   

 

 

If the above goals are met, and motivation is high, the user might, 

possibly, consider buying and using the product. 

 

Some goals should be altogether ignored [ACR]. Such false goals are not 

aimed at fulfilling the all important user goals, but at satisfying other, 

more or less valid, constraints. One such objective is to save memory. Why 

should you save memory if this is in conflict with a users goal, such as a 

 
 

Table VI.2.1 Different kinds of 

fun for thee categories of 

motivation [PG]. 

Life, Liberty,  

Pursuit of happiness 

Jefferson 

 

Freedom of speech and 

expression, from want , from 

fear, and the choice of how 

to worship God  

Roosewelt 

Prioritised human needs: 

Physiological 

Safety 

Love 

Esteem 

Self-Actualization 

Maslow 
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Figure VI.2.1 
Usability.  

 

 

 

need to play 24 hours of MP3 music rather than forty-five minutes? Okay, 

you save 50$ on the retail price but you might loose 50% of the customers. 

Other disputable goals are increased graphic beauty, data entry speed up, 

use of a bigger screen, and voice input. Functionality that might not match 

the user expectations of the product, nor provide useful added value. 

 

In the end it is subjective satisfaction that counts. If it is good enough, it is 

all right.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The concept of usability has many different aspects and is intuitively 

clear, but when we try to specify the details on how to accomplish it, 

usability is not that simple anymore. The figure 7.3 above, adapted from 

[MW], shows how different means are used to accomplish usability. The 

techniques available are shown along with their impact on usage metrics, 

i.e. measures of performance and satisfaction. Try to add some relations, 

means and usage metrics yourself to improve the figure, which is certainly 

not complete.  

 

The concepts on the highest level are standardized by ISO. Effectiveness 

is the accuracy and completeness with which the user achieves her 

objectives. This effectiveness is achieved by using resources and the 

efficiency describes how well these resources are used. If the batteries 

only last for an hour, but the user still gets the task done, the effectiveness 

is good, but the efficiency is low. A related issue is availability. Some 

products will not be used if they fail even for a short moment at the wrong 

time. Products should be possible to find and accessible by any user when 

they are needed. 

In Chapter IV.14.3 we discussed human needs and introduced Maslov’s 

hierarchy of needs (physical health, security, self-esteem, love-

belongingness,  self-actualisation). A similar hierarchy of the perceived 

value of design is functionality, rekiability, usability, proficiency, and 

support for creativity [WL]. 

Efficiency Effectiveness 

Satisfaction Satisfaction 

Usage metrics 

Means 

Knowledge  

Usability 

 

 

 

 

User model Design knowledge Task model 

Satisfaction Learnability Error/Safety 

Task completion Performance speed Memorability 

Undo Shortcuts Feedback 

Warnings Consistency Task conformance 

Adaptability Grouping 

Efficiency Effectiveness Satisfaction 

Find an advertisement for 

something “user friendly”. What 

is really meant by user 

friendliness for this product? Is it 

just something stamped on the 

product? 
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The usage metrics indicators on the next level should be measurable 

quantities, and are usually the goals of the design process. Note that there 

is a trade-off when using a mean. Insisting on consistency, for instance, 

could make the user interface clumsy. Knowledge is the source for 

improving the means. We need knowledge about the users of the system, 

guidelines for graphical user interfaces are helpful, and we certainly need 

to know what functionality the system should provide. 

 

Other aspects of usability are guessability, learnability, flexibility, length 

of life,  and robustness. A smart clever, even playful system is preferred. 

An interactive system should also be easy to learn, flexible to customise 

and work a little bit longer than the expiration date of the written 

guarantee, just to give some examples. 

 

If you are used to one type of interface you probably would like to use the 

same action sequences and metaphors in as many applications as possible 

and also in your new, next generation, system. Time to learn and speed of 

performance are two, sometimes contradictory, aspects. A very efficient 

user interface can be difficult to learn and remember and this might result 

in a high error rate for a beginner. The key is that the adaptation necessary 

should be worth the user’s effort. Does this mean that the designer always 

has to exclude some users to produce a system with exquisite interaction? 

 

How do we learn a program such as Word ®? Recall how you learnt to 

draw. This situation was very simple, just a white paper and a pencil and 

even if the paper later only showed a mishmash of lines you had no 

problem to grasp the idea that ink flowed from the pencil to the paper, at 

your command. If you only wanted to use the lower right part of the 

paper this was easily achieved. Compare this to starting up Word with the 

intent to use only the lower left part of the page, in two columns, adding 

an drawing to the right of the text. Not that simple! There are in principle 

two approaches possible to simplify the interaction. Either we equip Word 

with enough intelligence to guess our intentions (hmmm), or we simplify 

it to the point that we can easily, and immediately, do simple operations, 

such as placing text at the right position, and learn how to perform the 

more advanced operations over a longer period of time. Never forget that 

ease of use and utility is not the same thing. A system might certainly be 

easy to use but not truly useful and even if it is both, it might not be 

desirable. 

 

There is also a broader perspective to consider especially for products for 

public, rather than private or domestic, use. As computer systems more 

and more infiltrate our lives we have to consider aspects such as privacy, 

moral properties, ethical and political criteria’s, all social aspects of a 

product that could require local expertise. A product shoud/must adhere 

to existing social models and norms. Are all users treated fairly or does a 

specific tool discriminate against some potential users, e.g because of 

computer skills, age or sex? Who will have access to the new information 

superhighway technology and the tools built on top of it? Where is the 

limit to realism in a war game? Just because it is possible to collects 

statistics on who buys what, should that be allowed? How do you know 

that your search engine is not screening some pages from you by political, 

economical, or other reasons? These and many other questions need global 

answers, but also attention from the individual designers and developers 

in the IT-industry, where possibilities are far ahead of restrictions. 

 

ON 

ON 

W O 

1. Crash 

2. Wrong response 

3. Too many operations/result 

4. Error message 

5. Too much information 

6. Slow response 

7. Missing feature 

8. Time out 

9. Freeze 

10. Noisy, gimmicky, patronising 

Top ten user frustrations 

 

Make a list of products that you 

use every day, at work, when 

cooking, in the bathroom. 

Which of these do you enjoy or 

dislike using? Why?  

 

 

Describe a human-machine 

interaction where security is 

not an issue and where user 

speed is not of highest 

priority. 
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Once users perceive that a computer 

product lacks credibility, they are 

likely to stop using it, leaving it no 

opportunity to regain its credibility. 

[ST] 

 

 

 

 

 

 

Related to usability is credibility, i.e. believability. Someone, or 

something, that is credible is trustworthy and rated as an expert. 

Trustworthiness involves characteristics such as truthful and unbiased. 

Expertise is less about intention and more about knowledge, experience, 

and competence [ST]. Credibility is very important for a service or a 

product, for instance when it instructs or advices users, reports 

measurements or runs simulations. Credibility can take a long time to 

build up, but can be lost in a moment. Computers are generally 

considered trustworthy and if a computer outputs something this is often 

mistaken for the truth. Which it of course always is from the computers 

point of view. 

 

There are three different types of credibility for a product, reputed, 

surface, and experienced credibility. Reputed credibility is credibility 

learned from others, from rumours, or coffee table discussions. Surface 

credibility is judged from the exterior, covers, clothing, or appearance, 

and experienced credibility is gained by using something yourself. The 

credibility will be different for users with different backgrounds. An 

expert in a domain, e.g. a surgeon, is less likely to perceive a product as 

credible, e.g. a surgery simulation [ST]. The designer’s goal should be to 

support the right level of credibility. Promising too much will disappoint 

the user and starting stating everything that the product does not do well, 

is maybe not the best marketing strategy. An interesting observation is 

that people in need of the service are more likely to perceive it as credible. 

Maybe this is a typical human behaviour, in need of an expert, take any 

expert? 

 

We now have many different goals to consider when designing. The next 

sections will discuss how to achieve them and the outline will roughly 

follow the design process, starting with requirement analysis and 

concluding with implementation and test. The process we will describe 

exploits usability engineering to perform a user centred design. Usability 

engineering is a development process constrained by user abilities and 

user centred design. It involves the user from the start where the main 

objective of the process is to reduce human cognitive friction as far as 

possible. The ultimate user oriented design process is maybe one where 

the user is also the designer.  

VI.2.1 Usability of a mobile device 

The development of mobile technology, and the number of services now 

available from a mobile handheld device makes life quite complicated for 

the designer.  The illustration to the right shows some of the dependencies 

involved [PK].  

 

First the designer has to consider the interface to services and 

infrastructure. Things to consider here are operator pecularities, 

availability, utility, interoperability, and characteristics of different 

newtworks. Next there is the user interface that we have discussed many 

times in this book. Input tools differ between devices, there are sometime 

special keys, erognomics and style must be considered. On top of this 

there is an external interface that is very important user support such as 

manuals and service, accessories such as extra batteries, hands-free sets, 

“IT design is the process that 

under economical and time 

constraints shapes and 

establishhes all aspects 

(functional, structural, 

ethical and aesthetic) of an 

IT artefact for a customer.” 

[JLES], Not bad  

 

Accessories 

User interface 

Services 

Network, infrastructure 
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and extra pens for devices with touch sensible screens. The external 

interface also includes support for third party software such as games and 

other downloadable applications. 

  

VI.4. Process of product design ( -a ) 

Starting a project with a new product in mind is quite an undertaking. To 

make things concrete, let us briefly describe the design process of a small 

software based thing from the initial specification to the final product. 

Later in this chapter we will follow the process in depth.  

 

Most human activities, and certainly product development, starts with an 

idea, a vision, or a problem to be solved. One specific problem is that 

children should not watch television when they come home from school. 

They should do their homework and practise the trumpet. 

 

 

 

 

 

 

 

 

 

 

 

 

An inventor has a vague idea on how to solve this problem and sketches it 

as in the following figure. 

 

 

 

 

 

 

 

 

 

The easiest way to turn a television set off is to cut off the power cord 

(don’t try this at home). This will be the basic idea for the TV-killer and the 

cutting will be implemented using a timer. The designer already at this 

stage can elaborate on many aspects of the idea. How big should the TV-

killer be and in what colour? It must be possible to configure the killer on 

a per day basis since the father of the family wants to watch football every 

Saturday afternoon. 

 

We can identify several constraints on the resulting product. It must be 

economically and technologically feasible, easy to produce, and be 

acceptable in a living room where it is to be used. Try selling a pair of 

skies in the Arabic desert. The killer also has to be adjusted to human 

psyche and physiology such that it is easy to use.  

 

Eventually the ideas settle and structured product development can begin. 

A first attempt to such a development process is the waterfall model. 

 

TV-killer 

 

 

TV 

 

 

TV 

Chips 

Figure VI.4.1 Product vision 

for the happy no-television-

family. 

 

Figure VI.4.2 Sketch of 

the product. 
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The process starts with analysis that attempts to identify exactly what is 

developed. At this stage prototypes and simulations can be used.  

 

Next step is the design phase, where system functionality is partitioned 

into structures of software and hardware. The choice here, once again, of 

the word design might be confusing. We have already used it in several 

different meanings such as; “design process”, “design phase”, and 

“product design”. The word design itself comes from the Latin designare, 

meaning to designate, to mark out. This is closer to how the word will be 

used later, when we will discuss the work an industrial designer does 

when shaping a product for users on a market. Here, design is used in 

another meaning, to work out the structure of something. This is a good 

description of many activities and in particular of the activity here, where 

the aim is to design a structure out of software and hardware, with the 

functionality found during analysis. In fact, if you look around, you will 

see that most things are designed! Adding to the confusion, design also 

alludes to the whole development process, or to the resulting product.  

 

After design, the next step downstream is implementation where the 

actual code is written, or the hardware is built. Depending on the facilities 

at our disposal this can mean anything from pressing a button to generate 

software code, to months of hardware development and debugging. 

Testing follows implementation and verifies that the design and the 

implementation are adequate. After testing there is a party. 

 

The waterfall model is simple to understand and introduces some 

important concepts but unfortunately it does not model the way 

successful projects are carried out. A more realistic model is the spiral 

model.  

 

Because of the wickedness an iterative design process is preferable. It is 

very difficult to get a design right at the first attempt. The iterative process 

is best executed by exploring the most difficult problems first. This will 

reduce the risk and make development easier since problems are found as 

soon as possible. Also, no idea is so good that it can’t be improved upon. 

The cost of the iterative approach is that management is more difficult.  

  

 

 

 

 

 

 

 

 

 

 

 

 

Analysis 

Design 

Implementation 

Test 

Analysis of the 

problem 

Design of the 

solution 

Implementation 

Test 

Parties! 

Idea, Vision, Goal 

Figure VI.4.3 Waterfall model 

for product development. 

 

Figure VI.4.4 Spiral model 

for product development. 
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This refined model consists of the same phases as the waterfall model, 

analysis, design, implementation, and test but it stresses the fact that the 

result of the first attempt is usually not acceptable. It is difficult to foresee 

all implementation and design issues in the analysis phase. Also, new 

ideas and extensions will inevitably surface during the initial analysis and 

design faces. In all of the steps above there are some parallel activities, 

documentation, evaluation after each phase, and test preparation, usually 

not the most popular assignments. A good thing about the iterative model 

is that you are allowed more parties, one after each successful testing 

phase.  

VI.5. Vision, humans envision it  

Product design does not make much sense without the initial idea, 

sometimes mysteriously surfacing without apparent reasons. In other 

cases new technology or methods, creates opportunities that in an obvious 

way can be used for efficiency or other reasons. Strangely enough some 

people are born inventors seem to have ideas all of the time, while others 

do not even have a single idea for a product in their whole life.  

 

More humble visions simply provides more of what the customers already 

have and want. One example is a mobile web browser. Other, disruptive 

inventions, truly change behaviour in unpredictable ways. One example is 

SMS. 

 

Imagine that you are a designer given an idea to a service, or thing. This 

product solves some problem, makes someone happy, or in some other 

way change the world to the better for you, or at least for your employer. 

Your mission as a designer is to create, refine and maintain a vision from 

the original idea.  

 

Put yourself in the buyer’s position. When do you decide to buy 

something and why? It is not always clear, even to you, whether you will 

buy or not. The challenge for the manufacturer, inventor and designer is to 

guess in advance what will make the customer fall. A word of caution to 

the bold inventor and designer is in order here. Most design projects 

involve hard work over a long time; therefore criticism is healthy and 

necessary. Maybe the current system is not so bad after all. Keep asking 

yourself why. Why is this a good product? Why should anyone pay for 

this? 

 

To start with, your vision will be unclear and contain inconsistencies. 

Maybe the material you would like to use, for aesthetic reasons, is not 

strong enough, or cannot be given the right shape. To clarify your vision 

you could use visual representations, such as sketches, text, simulations, 

or physical 3D-models. As work continues, the pieces of the puzzle fall 

into place and a coherent picture starts to emerge, composed by the 

designer. This does not happen by chance, the designer needs background 

knowledge and both analytic and creative thinking [JLES]. Background 

knowledge is needed about the specific product and its use, but also about 

design methods. Next, a representation of the vision has to be externally 

represented and communicated to others. This process will further refine 

and test the vision and eventually, after still lots of more of hard work, 

the vision will evolve into a detailed specification.   

     

A very simple method that could be used at this stage is functional 

analysis. You describe the functionality of the design (an object) using 

 

The spiral model for product 

development resembles the 

action/decision cycle discussed 

in Chapter 6.4.1. Why?  

 

Must-have functionality – ”What, 

battery life only two hours?” 

More-is-better-functionality – 

”Cool, it has a  timer too!” 

Attractive-factors- 

”Wow,I love that retro look!”  

[TJ] 

Replace -> Innovate 
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either pairs of one verb and one noun, or triplets of one adjective, one 

noun and one verb. The functions that you list are classified as head 

function, necessary, or desirable function, and each function should be 

complemented by an additional short comment. The resulting list can be 

used to describe a product, to prioritize among functionality, or just to 

check that nothing is forgotten. 

 

A typical question to start from when formulating the system according to 

the triplet alternative is “How about the <characteristic> of the 

<component> when performing <function>?”. One example for a car could 

be “What is the sound of the door closing?” with the possible answer 

“Low deep thud sound when door is closed”. 

 

A good thing with this analysis is that it focuses on the problem rather 

than on the solution and that both technical and aesthetical aspects can be 

considered. A car could for instance be described by “open door”, “start 

engine”, drive work”, “like colour”, “transport children”.  

 

Sketching is an important activity that helps you to visualize a solution to 

the whole problem, or an idea about a solution. The sketch can support 

individual and collective thinking. It is by nature prototypical which 

makes it easier to critisize. Drawing using pen and pencil is immediate 

and the tools are readily accessible, but sketching can be done using video, 

images, collages of images, or in many other ways. The aim is to create a 

representation of the whole without formal analysis.  

 

One problem is to start sketching. This could be a major problem if you 

are faced with a complex problem. Where should you start? Also, most of 

us do not draw very well but that should not discourage us from using the 

technique. The process of representing a subjective, spontaneous, intuitive, 

possible solution gives insights and the result quickly, and many times 

more accurate than words, shows the most important aspects of the 

solution . 

 

The sketch to the right introduces SMSme, a new type of device, much 

simpler to use than the mobile phone, a device where small messages can 

only be received, displayed and acknowledged. 

VI.6. Requirement analysis ( -a ) 

Requirement analysis is an iterative process that clarifies why a product 

is needed, how it is manufactured and used, where, and by whom. It 

provides the verifiable basis for design, manufacturing, test and 

operations, and should be a major consideration in any projet. The 

following discussion is quite general and can be applied to everything 

from a new mobile phone to designing new work procedures for a 

development group. Each requirement carries a cost and changes late in 

the project can be devastating. The analysis begins by clarifying objectives, 

buisness goals and main problems. Next background knowledge is 

gathered such as information about existing systems, organisational 

structure, and application domain. The knowledge gained is organised 

and prioritised. Stakeholders are now identied, goals are refined and 

prioritised, and relevant application knowledge documented. With all this 

in mind requirement are colleted from stakeholders, organisation, 

environment, and application. 

 

Open air  

Diving license 

Runway 

Early sketch of Ethernet by Bob 

Metcalfe  

Edisons sketch of the telephone. 

Are we looking at products and 

devices the wrong way? An 

alternative perspective is to think 

about the user as embedded in the 

device. The device is an extra, 

external, layer of sensors 

surrounding the user. Comment on 

usability issues in this kind of system. 

Devices 

Reality 
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There are different kinds of requirements but the most important for most 

products are functional requirements that describes what the product 

should do, e.g. including performance analysis. Also very important for 

many applications are data requirements, i.e. type, structure, accuracy 

and size of data. Complementing functional and data requirements are 

information about the user and other stakeholder characteristics, the 

context of use and operational requirements including external 

interfaces to other systems. The requirements could also include  

allocation of functionality to structural elements and subsystems, as 

well as usability requirements such as safety requirements.  

 

Along with all of the types of data listed above it is also important to 

identify non-negotiable constraints limiting the design options. Examples 

are technology available, manufacturing processes to be used and budgets 

in time and money. 

 

The requirement analysis is both a top down process where external 

constraints, e.g. from marketeing, must be taken into consideration, but it 

is also a bottom up process where knowledge about components is 

important. Analysis needs facts, and possible methods to collect 

information are similar products, interviews, questionnaires, surveys, 

focus groups and observation of the user in context [JP2] [EB]. A focus 

group is a carefully selected reference group of people that is used for 

testing of ideas, prototypes, or other inquiries. As for surveys, we have all 

been surveyed at one time or another. “Sorry to disturb, I have a few 

questions, it will only take a minute”. Typically one method is not enough, 

we need to employ a combination of techniques for gathering data.  

 

The study of humans in a context should typically be non-intrusive and 

give a bigger picture of the user’s situation and relations, maybe at the 

expense of the focus on the product. Ethnography is one such approach. 

How long the user should be studied, how much data to collect, and what 

to look for are, important questions. The evaluator cannot guarantee that 

the sessions he observes are the most important and that the users have 

not altered behaviour because they are being watched. Despite the 

disadvantages field studies by experienced evaluators give good results.  

There are several frameworks available to help evaluators focus their 

observations. One by Goetz and LeCompte is cited in reference [JP2]:  

 

 Who is present? How would you characterise them? What is their 

role? 

 What is happening? What does the participants do and in what 

way, routinely, emotionally? Discourse analysis such as analysis 

of conversations and other protocols can be used.   

 When is it happening? Is timing important and how does other 

activities affect this timing? 

 Where does the activity occur? Does the physical environment 

affect what happens? 

 Why is it happening? Is there a triggering event? Intentions and 

goals involved? 

 How is the activity organised? Are the rules and norms explicit 

or hidden? 

 

Cultural probing is an approach that engages the users themselves. A set 

of items, postcards with pre-printed questions, maps for marking visited 

locations, a camera, photo album and a diary is sent to the users. They are 

supposed to document what they think are relevant facts of their lives and 

Functionality 

Rehearsability 

Usability 

Efficiency 

Portability 

ISO/IEC Quality characteristics 

User studies can easily confuse 

what users want with what they 

truly need. Rapid iterative 

prototyping can often be a sloppy 

substitute for thoughtful and 

systematic design. Most 

importantly, usability testing is a 

relatively inefficient way to find 

problems you can avoid through 

proper design 

L. Constantine 

Why? 

Who? 

What? 

How? 

Why would an ethnographical task 

analysis (observer embedded in a 

particular context) ever be suitable 

for a product designed for the 

general public? [XFR] 
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Definition: 

Design is the phase where user 

requirements get translated 

into a product that meets user 

requirements”  

[EB] 

Display 

Round 

Display 

We will look into it. 

(means: Forget it! We have 

enough problems already). 

Engineering, Internet 

then return the probes to the developer, inspiring rather than enlighting 

them. 

 

The Internet gives new possibilities for gathering requirements. All 

transactions on the net leave traces that can be collected into user profiles. 

It is not only what you buy that matters, what you do not buy will also 

give information. Attending an on line conference, downloading Real 

Player, visiting suspect web sites, and all other activities can in principle 

(and will also in practice) be combined to a customer profile. One simple 

example is the Amazon virtual bookshop where you get a message when 

you select a book, “Customers who bought this book also bought these”.  

 

Brainstorming is fun, and an efficient method of collecting requirements. 

Starting with a statement of the problem all participants are allowed to 

come up with ideas about the current problem and no one is allowed to 

criticise. The flow of ideas is written down in a medium visible to all 

participants and when the storm has calmed down ideas are structured, 

prioritised and documented.  

 

After a round of requirement analysis the product idea should be clear, 

but it still has to be formed according to the particular circumstances of 

use. One (out of many) definitions of design to the right describes the 

process.The following sections will detail this process.  

 

Following the requirement specification a second analysis task, system 

analysis, begins. Here key algorithms for software are identified and 

requirements are assigned to electronic, mechanical, software, or other 

components. To support and document system analysis behavioural 

descriptions such as state diagrams, or structural models, for instance class 

diagrams are used. If the descriptions are executable, a simulation of the 

system is possible. For software, the system analysis phase also involves 

object analysis, where the essential objects and classes are identified, and 

their properties captured in class diagrams.  

 

A flight simulator is a typical example. Analysis will identify the need for 

an algorithm that calculates the flight speed if there is head wind or not. It 

would also identify the necessary visible controls and describe how these 

should react under different flight conditions. A class diagram for the 

simulator probably also identifies the round cockpit display as a subclass 

of displays, along with a myriad of other facts. 

 

Requirements are summarised in documents and agreed upon by all 

parties involved. This is done both to validate the design (that we are 

specifying the right thing), and to verify it (specifying things correctly). 

Since the requirement process is iterative it is important to rigorously keep 

track of documents, e.g. use version management, and for a larger design 

a database for the documents is needed.  
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VI.6.1 Requirement diagrams in SysML 

SysML is an extension of UML 2.0 especially designed for system 

development [SP2]. One of the diagrams available in SysML is the 

requirement diagram, which can be used to capture capabilities or 

conditions that a system must fulfil. The model entity to the right shows 

the default attributes assigned by the standard. Requrements can be 

related to test elements and also to other requirements. The most 

important relationships available are <<derive>>, <<satisfy>>, and 

<<verify>>. A requirement can be derived from another, satisfied by for 

example a use case, and verified by a test case. A requirement can also be 

allocated to a behavioural or structural component. 

V.6.2 Use cases 

We need a description where management, sales people, possibly an 

industrial designer, and also the potential customers can discuss the 

features of the product. Most certainly there are economic considerations 

to be made and customer behaviours that have to be analysed. How many 

songs in the MP3 player? What colour of the cabinet?  

 

The fundamental question to ask is however why you should design the 

system.  At this stage it is not necessary to consider all details about the 

interface, but sketches and other descriptions where designers can catch 

intentions are valuable. 

 

A requirement specification for a new mobile device called SMSme could 

be formulated as: 

 

“SMSme is a wireless device where messages can be displayed. The colour 

of the device could be red or gold. When a message arrives the user is 

notified either by a sound or by a vibration. The last message sent or 

received is always displayed. A constraint is that the display is limited to 4 

lines, 20 characters per line. A number of ten messages can be stored and if 

this limit is reached the device will show a warning message on the 

display. Each device can be given a unique name. This name will be sent 

back when a message is acknowledged. The user communicates with 

SMSme using buttons. “ 

 

VI.6.2.1 Using the UML Use case for requirement specification  

One way to start describing the requirements of a system is through use 

cases, introduced in the UML (Unified Modelling Language) standard. A 

use case diagram documents who is doing what with the system, as seen 

from the outside of the system. Each use case is an UML diagram 

describing a typical way of using the product.  

 

 

 

 

 

 

 

 

 

 

Ask yourself who depend on, use, manipulate, destroy, buy, or borrow 

using the system. The identified interactors are called actors. What they 

want to do with the system and what the system wants to do to them are 

User  

Product 

Use 

case 

Figure VI.6.1 Use case diagram 

with one use case and one actor 

in UML. 

<<requirement>

> Name 

Id=”MyID” 

Source=”Users” 

Text=”Description” 

Kind=”Performance” 

verifyMethod=”Analysis” 

Risk=”High” 

derive 

satisfy 

verify 

allocate 
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the use cases. Be as specific as possible and do not use the diagram to 

specify workflows or longer action sequences. A state diagram is a better 

alternative for specifying detailed behaviour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The use cases should also be documented in text. The documentation is 

important to avoid errors when interpreting the diagrams. 

 

Use case: Receive message 

Responsibility Store and display message for this 

device. Attract attention from user. 

Data In Radio signal from radio base station 

Data Out Message on display. Sound from or 

vibrating device. 

Start condition - 

Description. Message is stored on the device and 

displayed. User is notified by a sound 

or vibration. If the devices already 

has 10 messages stored a warning 

signal should be issued each 10
th

 

second. 

Exception The device has already stored 10 

messages. The user is notified by a 

warning message and a sound. 

 

 

A state diagram helps understanding a use case. The diagram below 

exemplifies this by showing how repeated incoming messages are handled 

by executing the ReceiveMessage operation.  

 

 

 

 

 

 

 

 

VI.6.3 Rich picture 

An engineer or an industrial designer typically visualises a task as 

something a user performs with a tool or a service. In a social, e.g. 

organisational, setting this view is too narrow. It is better to think about 

No message New message 

displayed 

Incoming message 

/ReceiveMessage() 

Incoming message/ 

ReceiveMessage() 

Figure VI.6.2 Use case diagram 

describing the SMSme device in 

UML.  

Table VI.6.1  Use cases for the 

SMSme device documented as 

text. 

Figure VI.6.3 State diagram 

clarifying the behaviour of the 

SMSme device. 

Delete 

message 

<<extend>> 

Input 

acknow. 

Input  

devicename 

User 

Delete message 

after 10 min 

Radio base 

station Send 

acknow. 

Character 

input 
<<include>> 

Display 

message 

<<include>> 

Receive 

message 
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the task as a respons to the concerns of stakeholders. This involves 

considering power structures, personal relations, political ambitions, 

departemental conflicts, and the history of the organisation.  One way to 

document the analysis is using a rich picture. It is a cartoon like, easy to 

understand representation  that identifies stakeholders, their concerns, the 

structure of the task context, and the processing of goods, money, 

enjoyment, or other values. The figure below shows one example of a rich 

picture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are three stakeholders in the figure, each with a private concern. 

One process is shown where the daughter produces new dishes. The icon 

with crossed swords  is reserved to represent tension between 

stakeholders. Another diagram similar to the rich picture is the context 

diagram. In the center of of this diagram the product is placed and around 

it all contextual elements are placed which are somehow connected with 

the product or affect it somehow. Connections between the product and 

the contextual elements are labelled with indicators of the information 

flowing. 

VI.6.4 Scenarios 

Writing a scenario is useful both for requirement analysis, as well as for 

user identification, task analysis, formulating the system vision, and for 

evaluation. It describes a specific instance of applying the product. For 

instance, if the scenario involves a user, the user is a specific user, not any 

user in general. The purpose of a scenario is to make usage and 

functionality concrete. This helps to identify areas for improvement and 

critical tasks. There are several interesting features with scenarios. They 

for instance introduce context into the design process and allow the 

developer to envision the design in a flexible way. One problem is that 

many scenarios might be needed to fully describe a complex product. 

Another problem is that readers of scenarios unfamiliar the context could 

find it difficult to understand.  

 

How do you for instance describe why SMS is needed to someone who 

has never owned a mobile phone? A scenario can be described in one or 

several UML diagrams, by using storyboards, or in plain text, and creating 

it is itself a design problem. 

 

An example scenario: 

Niklas 29, who is a tired teacher, wants to listen to music when he give his 

lecture at 8.45 in the morning. As he enters the lecture room the volume 

should decrease such that he can hear the happy greetings from the 

students. Two minutes later the volume can be increased again as long as 

there are no students within 2 meters. 

Desi 

Scenario 

Interaction 

design 

 

Requirement 

specification  

Conceptual 

design  

Evaluation 

I did it 

last year 

I have 

no time 

Dad Son 

Daughter New dishes 

I am 

hungry 

Figure VI.6.4 A rich picture 

describing an everyday work 

situation. 
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Describing the users is a key step in developing realistic scenarios and a 

user persona should include:  

 

Name and possibly nickname 

Who: age, gender, and expertise.  

Context: when, where. 

What: purpose, expectations.  

Motivation: urgency, desires, aesthetics.  

 

To fulfil its purpose of making functionality concrete, the tasks involved 

need to be described in detail, based on facts. Facts are preferably gathered 

from user environments by asking the following questions, Who? What? 

When? Where? Why?, for the most common, or most important tasks. 

 

VI.6.4.1 Using UML for scenarios 
A system can be described as a set of use cases. The functionality in the 

use cases can be traversed in different ways and each such traversal is 

called a scenario. One example of a scenario for the SMSme device 

discussed in the previous section is shown below It exercises the use cases 

“display message”, “input acknowledge” and “delete message”: 

 

“Reading a message”:  SMSme makes a discrete sound as it receives a 

message from the radio base station. Kalle looks at the screen. It is Lisa 

who wants to join him for lunch. Kalle reads the message and 

acknowledges it by pressing “>” at the same time as he press “+”. He then 

deletes the message using the “-“ button. 

 

A sequence diagram is useful for describing the scenario in UML: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI.6.5 Prototypes 

The purpose of prototyping is primarily to communicate ideas about a 

product. The designer can use it to test technical solutions, choose 

between alternatives, or learn if a particular solution is acceptable to the 

users or other stakeholders. The feedback is most useful for the quality of 

the design. Visualising a concept is also a good way for the designer to 

better understand the product herself. For some applications, such as a 

web site, a prototype is a mandatory effort. 

 

Depending on the purpose of the prototype, and the design phase, 

prototypes can take many different forms.  Two classes of prototypes are: 

Definition: 

A scenario is an example of 

a use case in action 

Figure VI.6.5 A sequence 

diagram used to illustrate a 

use case. 

Definition:A prototype is an 

artefact that simulates or 

animates some, but not all, 

features of the intended system. 

A. Dix. 

Kalle SMSme 

2. Sound or vibration 

3. Display message 

4. ”>” and ”+” pressed 

Radio base station 

5. Send acknowledge 

1. Incoming message 

6. “-“ 
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Armani suit 

 

 Low fidelity prototypes, easy and quick to produce, but ususally 

does not look much like the final product. Examples of 

techniques used are sketching, and post-it cards. 

 High fidelity prototypes, illustrates qualities of the final 

product, such as material, or detailed look and feel of interaction. 

A high fidelity prototype is a the right choice for detailed test 

and evaluation. 

 

 A problem with prototyping is that even a prototype can take quite a long 

time to build and might turn out to be the actual product when project 

deadline approaches. This was not the intention and probably not 

advantageous for the quality. That said, a design approach that 

deliberately uses iterative prototypes could still be useful for innovative 

products. 

 

VI.6.7 Who is the user?  

The user is the most important context of a product. They come in 

different flavours: consumer, customer, guest, learner, occupant, 

participant, patient, player, victim, addict, and visitor, just to mention a 

few, each suggesting conventions and a pattern of behaviour. The use of 

the word “actor“ in UML instead of “user” indicates the open mind a 

designer should have. Another suggestive terms  to use are stakeholder 

and target group.    

 

As mentioned earlier the average user is not very interesting. For one 

thing the average user does not even exist, every user is unique with her 

own perspective. Designing for the least common denominator is another 

bad idea. The resulting product will not be very exciting for any user and 

inadequate for most users. But, no rule without exception, can you give 

some examples? 

 

Typical classes of end users are; direct users who actually use the product, 

indirect users who ask someone else to use it, remote users who depend 

on system output, and support users who administers it [XFR]. To this list 

the developer can be added, as she will update the system if it is 

successful.  

 

One important distinction is between first time users and experienced 

ones. First time users are important since they, if they are “caught”, have a 

tendency to stay with their choice. Customers who buy Apple computers 

have been faithful. In order to catch the first time user the product should 

be easy to use for the first time. On the other hand, an experienced user 

has efficiency demands that are important to fulfil.  

 

User of high technology products could be segmented in many ways. The 

following is one attempt for mobile phone users:  

 

 Pioneers: want latest technology. 

 Materialists: value creativity and fun, the product as a status 

symbol is important. 

 Achievers: high flexibility and tools for success, price is not 

important,  

 Sociable: harmony, easy living, price is important.  

 Traditionalists: order and security, do not mind buying a phone 

on sale. 

Who is the user of a wireless 

Tetris game (cost 5$)? 

 

How do you identify an expert 

user? Give three criteria’s. 

Describe three products 

where ease of use for the 

beginner is a design 

mistake. 
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Who wants to do what is the 

analysis. 

How to do it is design 

Why is the best question 

“Tasks with mobile communication 

and self-organization devices are 

characteristically ad hoc, time-

critical, triggered by other people 

or events, relatively short in terms 

of number of steps and time used, 

low in the amount of attention 

dedicated to the task, as well as 

highly personal in terms of their 

information content. Moreover, 

task performance is often 

interrupted, and the user needs to 

move between several interrupted 

tasks”. 

 

 

Focusing on one or two of the categories will of course make a big 

difference at the end of the development project. Demographics, age, 

income, sex, values, education level, language, roles in organisations, 

goal, and type, frequency and context of use of the product are other 

ways of segmenting users. 

 

Rather than thinking about a user as an abstract, stick figure we could use 

the information from the contextual analysis and imagine a particular user 

with name, family, looks, habits, leisure activities, technology attitude, 

fears, aspirations, and many other things that characterises a human 

being.  The shaped result is often called a persona and can be used in 

scenarios or elsewhere in the desing process. If scenarios are histories, 

personas are the heroes and villains. 

 

What if the user is not human? A machine can be used by another 

machine, software can be executed by another software. Very large 

systems have internal interfaces where the users are other subsystems in 

the system. In this case interviewing the user will not get you very far. On 

the positive side things and information are man made which, at least in 

principle, limits their complexity. The structured design process sketched 

above also works better for improving designs and processes already in 

use. Inventors of truly innovative products have to find their own way to 

sell their idea. One final thought is that if the product is highly interactive 

a better name for users is perhaps “participants”? 

 

VI.6.8 What is the task?  

Starting with the goals discussed above and equipped with the 

information gathered so far from scenarios and context analysis it is now 

time to find out the actions necessary to support the specific user, in the 

given environment.  

 

A task is something that the user must perform to achieve the goal, and is 

performed through actions. It can be characterized in many ways; time 

critical, number of action steps, number of involved participants, 

frequency, security level and many more. One example is the charac-

terization of mobile communication devices  in the margin [EB]. 

 

Try to contrast this description with a task characterisation of a typical 

screen based computer application such as Word ® or Excel ®. An 

application, by the way, is something that supports the user and runs on a 

specific device, at a certain time. It is used by one or more users, in a 

physical and social setting, solving a task [AS3]. The task is not always the 

main focus of a product. Sometimes a designer should concentrate on 

designing ways for the user to understand the tool rather than to exactly 

specify how to use it [PD]. This design stance acknowledges the fact that it 

is difficult to foresee all uses of a complex device, and sometimes even of a 

simple one. 

 

Task analysis is the means for learning more about the task and is 

naturally one of the first steps in the design process. It starts by gathering 

data on the task, and continues by structuring the data into appropriate 

representations and finally analysis of the data is performed.  

 

”for all” spells 

“suits no-one” 

You, the designer is 

NOT the user 
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VI.7 Concept design ( -a ) 

Concept design results in a high level description of what the design is to 

the user, what it resembles, how it is organized, its functions, and 

properties. A web site conceptually can be organised, either as a ring of 

linked web pages, or as a hierarchy of pages [JJ]. A car can be sketched as 

three wheels and an engine mounted directly above one of the wheels and 

if it suits your purpose an interaction can be modelled from the way we 

talk to dogs. A last example is using the symbol of a “shopping cart” at a 

commercial site.   

 

The concept of the solution should be developed before the details, 

because otherwise some elegant solutions could easily be missed in the 

struggle with details. Developing the concept is the really creative part of 

the development process allowing full freedom to the designer. New ways 

of packaging information and performing actions can be invented, but a 

main objective should be to keep the conceptual model simple, and 

preferably use a well known, task focused model [JJ]. An inventive model 

would force the users to learn new behaviour, and demand that fellow 

designers of different parts of the system adapt. Potentially the invention 

could affect every other concept in the system.  
 

At the conceptual level we can describe a system by metaphors, or exploit 

conventions, e.g. everyone knows about the numeric keyboard of a 

telephone. The metaphors (concepts) that you master give you a repertoire 

to choose from and combine when creating new concepts, but also when 

communicating new findings or ideas. Alternatively we can directly 

describe the objects it is built of, the relationships between these objects, 

and the dynamic behaviour that supports the needed tasks. An object is by 

the way itself an metaphor, or a pattern. Other patterns at the same 

abstraction level of object are space and surface, for placing the object.   

We can also add the metaphors container, room, trash can, tool box 

navigation and, actor and assistant. 

 

Concept design provides a vocabulary that can be used in scenarios, or use 

cases, that could be further refined into an object-based model. The 

following example is a scenario from a conceptual model of an application 

that manages a check account [JJ]. 

 

“John uses the program to look at his checking account balance. He then 

deposits a check in his account and transfers funds into the account from 

his savings account.”  

 

This scenario can be used as a basis for a more detailed design of the user 

interface: 

 

“John double-clicks on the icon for his account to open it. A separate 

window opens showing the current balance. He then clicks in the blank 

entry field below the last recorded entry and enters the name and amount 

of a check he recently received ”  

 

A good metaphor helps the user to build a mental model of the interface 

organisation as understood by the user. But, only one level of description 

is usually not enough to describe a complex product. We need to 

decompose the description into a hierarchy via a divide and conquer 

approach. This decomposition can be done in at least three different 

domains. One is by breaking the original goal with the design into sub-

goals. If the product is a car then the original objective can be broken up 

“But to be frank, the whole 

idea is like trying to tell the 

difference between an egg 

and an elephant.” 

Ford: "It's like being drunk." 

Arthur: "What's wrong with that?" 

Ford: "Ask a glass of water." 

Douglas Adams 

Time line 

The space of possibilities from 

which to select the concepts and 

metaphors is enormous.  

How big? Estimate it!  

Send me your answer 

(Hakan.gulliksson@tfe.umu.se). 

Clear concept of game 

mailto:Hakan.gulliksson@tfe.umu.se
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Broad definition: 

Interaction design : Designing 

interactive products to support 

people in their everyday and 

working lives 

[JP2] 

 

Definition: 

Interaction design : Designing 

detailed interaction interface given 

requirement analysis and concept 

design. 

[JP2] 

 

into goals such as that you want to go to work without being wet and 

want to be there within 10 minutes. Two other, sometimes 

complementary, hierarchies can be built by asking the questions “What” 

and “How”. The answer to “What?” is a hierarchy of objects, i.e. structures 

that could be used and reused. This is the current prevailing strategy in 

software design, i.e. object oriented design. Some examples of sub-

structures are wheels, engine, time, space, memory, library and city Hall. 

If we instead ask “How?”, we get the behaviour as the answer. This 

behaviour can be broken down into sequences of sub-behaviours. Some 

typical behaviour is change of temperature, execution of program code, 

speed up, slow down, enlarge, and shrink.  

 

Exploring the answers to the questions “How” and “What” we arrive at 

the next level of design. If “How” is the most important question then we 

next focus on detailed interaction design, which will be described in 

section 7.8. If, on the other hand, “What” is the relevant question then we 

should focus on information design, which is the topic of section 7.9.  It is 

interesting to note that the duality from “How” and “What” mirrors the 

other similar dualities such as verb/noun, method/object, and action/actor. 

Even though we separate the interaction and information design activities 

they are of course highly mutually interdependent.   

 

VI.8. Interaction design ( -a -b ) 

Interaction can be described as a dance where the interactors take turn 

controlling the information flow. A concept design provides the designer 

with an idea of how this dance can be structured, but with or without a 

concept the detailed interactions have to be designed. When designing a 

web interface we for instance have to decide whether to use a pop up 

menu or a drop down list.  

 

In the literature interaction design sometimes is used in a much wider 

sense. It has been suggested that interaction design relates to software 

design as architecture to civil engineering [JP2]. An architect decides on 

the functionality and the aesthetics of a home and the engineer realises the 

ideas. The metaphor is illustrative, but note that interactive software based 

products soon will include almost anything that you can think of, as well 

as houses. We think that assigning the process to design such a broad 

range of products to only one term, and implicitly to only one person, i.e. 

the interaction designer, is to oversimplify the issue.  

 

Alternatively we could compare the HCI-designer (Human-Computer-

Interaction-designer), software engineer and their relationship to a fashion 

designer, a materials engineer, and their corresponding relationship. The 

fashion designer is much less constrained by the “material” than the HCI-

designer, i.e. technical development does not drive fashion design to the 

same extent. Instead cultural conventions and social norms are important, 

sometimes even more important than usability. Compared to the software 

engineer a materials engineer is less involved in the possible applications 

of the “material”. One result of this is that the process of developing a new 

material is separated from fashion design to a greater extent than the 

software design is separated from the HCI-design process. 

 

In this book, we will limit the scope somewhat and let interaction design 

refer only to the detailed design of the activities and architectures found 

during task analysis and concept design. Mouse, joystick, lever, steering 

wheel, loudspeaker, menu, form, button, red and green colour all have 

Interaction designis an art, 

and by its nature 

contextual. 

Dan Saffer 
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Attractive things work better 

Donald Norman 

Definition: 

An interaction style is a set of 

principles, rules, and 

properties that guide the 

design of an interface. It 

describes how to combine 

interaction techniques in a 

meaningful and consistent 

way and defines the “look and 

feel” of the interaction from 

the user’s perspective.  

Adapted from a statement of 

Michel Beaudouin-Lafon 

 

pros and cons in different situations and for different types of users. As 

before, it is of utmost importance to understand the goal of the product, 

the user, the functions to be supported, and the information content to be 

represented.  

 

To start with, there are a daunting number of possible designs to choose 

from, and finding the best one demands experience, knowledge, and 

maybe a disposition for design. An iterative design process is necessary 

where alternative designs are generated and evaluated. 

 

Further, designing interaction means designing a dynamic experience. 

The time dimension is evident in many aspects of a product. One example 

is the tactile response of a button; another is how to degrade video quality 

without annoying the viewer if network capacity is too low to provide for 

full quality. A third example is how to integrate face recognition into a 

product and compensate for long response times, and a low recognition 

rate. Even a traditionally static quality of a product, such as its colour, 

could be changed over time either by the user, or by design. That this is 

interesting is evident for instance in the success of selling face plates to 

Nokia phones. Actually nothing in this world is static. Last years colours 

already looks passé, so even if the product does not change the world 

around it will. But, it makes a difference if the products can adapt to the 

new circumstances.  

 

Not only single aspects of a product change, even combinations of features 

could adapt concurrently. One example is that depending on the 

circumstances different modalities could be used for the interaction. If the 

sound level of the surrounding environment is too high the product could 

try to express itself through vibrations. All of the possible adaptations 

over time expand the design space and makes design work more difficult, 

or more challenging, if you prefer an optimistic phrasing. 

  

One important special case of interaction design is screen-based 

interaction, for instance on a PC. This interaction has been thoroughly 

investigated and we will discuss it further in section III.2.1. 

 

As systems become increasingly intelligent the name “user interface” will 

be a misnomer, maybe even an insult. Is it the system that is using the 

human, or is the human using the system? Do we say that we use another 

human? No, we collaborate or compete, and the same will apply for next 

generation of systems. Maybe we need a better name? Interaction 

interface? Do you have a better suggestion? 

VI.8.1 More on interaction design 

From task analysis and concept design we at this stage have a good idea of 

what functionality the system should provide and its architecture. The 

next objective is to design the actual user interface. The step from a set of 

tasks to a usable user interface is by no means trivial and involves both 

engineering and aesthetics. There is no universal cookbook for baking a 

user interface, only a lot of ingredients.  

 

The first thing to decide on is what interaction style to use (see definition 

to the right). The most important interaction style for human-computer-

interaction is WIMP  (Windows, Icons, Menus, Point) used for instance in 

Windows® from Microsoft. A “window” into the computer world is used 

for peering, panning, and zooming. Within the window interaction is 

accomplished using icons, and menus, which are accessed by pointing. 

Design Evaluate 

Alternative view on steps in user 

interface design:  

Design of metaphor, mental model, 

navigation, interaction and 

appearance. 

Aaron Marcus 

Yet another alternative view on steps 

in user interface design:  

Design of metaphor, mental model, 

navigation, interaction, appearance, 

information content design, and 

functionality. 

John Armitage [JA] 

Interaction with objects alters the 

pattern of life; the refrigerators 

have revolutionized shoping and 

eating habits. 

[MC3] 
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Advantages with WIMP are that people are used to it, and also that 

designers knows how to express functionality through WIMP. However, 

there are also some problems with WIMP especially if the user leaves his 

chair and gest mobile. Some assumptions for WIMP use are: 

 

 Constant attention: user can dedicate, and is dedicating, all 

attention on the screen 

 Constant environment.  lighting and other aspects does not 

changes 

 Contant interaction devices: input is limited to keyboard and 

mouse, and there is a single output screen. 

 

It is possible to generalise WIMP in many ways, one example is: 

 

 Windows –> Aggregation of objects, mediation of actions, 

framing of tasks and objects 

 Icons –> Objects, possible targets, tools and mediators 

 Menus –> A selection of icons, Commands, Visual affordances 

 Pointer –> Indication, Selection, feedback on this 

 

One alternative to WIMP is the spreadsheet model, e.g. Excel®. In this 

genial interaction style the interaction takes place in an array of cells. Each 

cell can be given values by the user, or it can display combinations of 

values from other cells. 
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From the users point of view 

the interface is the system. 

[MW] 

 

The interface is the message. 

 

An interface is built out of interaction objects. They can be seen as 

instruments, or tools, that we use to control domain objects. All sorts of 

interaction objects can be used, both physical and virtual, but  menus and 

forms are typical objects in a Windows® based interaction. One example 

of a physical interaction object is the steering wheel of a car. Interaction 

objects are organised into an interaction structure that supports 

navigation and execution in the command space. In a typical menu based 

system, such as Microsoft Word®, menus are organised in hierarchical 

structures where the commands most used are placed on top. In a car, 

controls are placed at convenient, familiar, logical places. Buttons on a 

mobile phone interacts with the menu system for efficient handling. A last 

example of an interaction structure is a virtual 3D world where you can 

stroll along the virtual riverside.  

 

From concept design and the selected interaction style we now have a set 

of tasks and an overall idea on how to organize our interface. Next, we 

need to specify the exact functionality, i.e. the detailed interaction 

techniques whereby the user communicates with the interface using our 

interaction objects. One example is using either the mouse, or the arrow 

keys, to select a menu command. Pushing or pulling an object could give 

the same result in the end, but with quite different interaction techniques.  

With the choice of, and easy access to, many interaction techniques, 

designing the interface will be less of a technical engineering problem and 

more about psychological and sociological issues. For some applications 

the user interface could even be developed independently of the 

functional software allowing for easy personalization. 

 

Let us say that the task is drawing a line using WIMP. At the intentional 

and conceptual level this is a pretty simple task, but how do we 

implement this function? Which of the interaction techniques shown in 

figure V1.8.1 is the best? 

 

 

 

 

 

 

 

 

In the case of a NASA engineer, working with satellite orbits, the leftmost 

alternative might be the best one. But, in general there is no best 

alternative, every situation adds its own context that will affect the choice. 

 

Let us settle for a really simple interaction technique for drawing a line. 

We simply specify a line by two coordinates using text. Next, we have to 

select and configure the details. A natural choice is to use two pop up 

forms that the user fills out one by one, simple enough. But, what about 

errors? Maybe one coordinate given is invalid, should we then restart the 

dialogue from the beginning, present the user with a help window, or give 

a suggestion for a correct coordinate? Maybe the user wants to do other 

work while thinking about what coordinate to give? Is that possible in our 

solution? 

 

At last, we as interaction designers have to decide on how to present the 

interaction objects, i.e. we have to decide about presentation attributes, at 

a visual, or physical level In the example of drawing a line we need to 

choose fonts, size, and background colour for the pop up forms, decide 

Figure VI.8.1 Some of the 

possible ways to draw a line. 

Things can make us smart. 

D. Norman 

”up” (voice) 

”up” (text) 

Up 

 

 
North 

 

 + 

 

 

(x,y) 

(y,x) 

How come Windows and 

Mac “feels” so different 

and yet are so similar? 
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where on the screen they should appear, how fast they should disappear, 

if there should be an accompanying sound, and make many other 

decisions. All relevant data should be available on screen and organised 

such that searching and scanning is simplified. We should left-justify all 

columns and if there is no need to know that the speed is exactly 144.353 

km/h, then why not show 144 km/h? Or maybe just show a green light if 

the speed is within speed limits and a red light otherwise? 

 

Humans are not as sensitive for colours as they are for different shades of 

grey, but nonetheless, colour is important and gives clues to behaviour 

and functionality. A large red spot on a white background naturally 

attracts the users view. When colours are used, the same rules apply as for 

most other interface items, consistent usage helps learning, reuse of 

familiar colouring simplifies interpretation, and in general colouring 

should enhance understanding and use. 

 

Colours adjacent in the colour wheel, such as green-yellow are called 

analogous coulours and perceptually look good together. So do also 

complementary colours, i.e. colours diametrically opposite in the colour 

wheel such as green-red, violet-yellow. Warm colours are yelloworange-

red, while the other half of the circle, especially blue are  considered cold. 

As if the above does not complicate things enough we also have to 

consider level of saturation of the colour, cultural symbology and 

accessability, e.g. red-green colour blindness.   

 

Motion is another important attribute. Motion attracts attention across the 

entire visual field and patterns in moving objects are easily identified. If 

the dots in the illustration to the right move they are easily identified as a 

person walking. The problem is to provide the appropriate cueing without 

too much disruption, avoiding  excessive use of jiggling, scrolling and 

zooming elements.  

 

The aspects mentioned above are possible to vary in any number of ways, 

but the lazy, or smart, designer enjoys work of others by reusing platform 

styles. Reuse simplifies building the system and many times helps the user 

to better understand the interface. You remember a tasty cake. There are 

style guides available for WIMP from many system developers, e.g. 

Microsoft, Apple, and others.  

 

A blink of an eye lasts 

about a third of a second. 

(got you  

  in b/w) 
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Design is always a compromise. 

[MW] 

 

 The one law that cannot be 

resisted is the force of habit. 

S. Johnson 

 

 

VI.8.1.1 Golden design rules 
The following section will shortly discuss some general golden rules 

useful for the WIMP interaction style, but also for interaction in general 

[BS1].  

 

The first and most important rule is consistency in commands and chains 

of actions. Commands should for instance look the same in different parts 

of the system. This improves learnability, helps understanding the concept 

behind different parts of the user interface, and reduces memory load. 

Data entry and data display should for example be consistently matched, 

see figure VI.8.2.  

 

 

 

 

 

Although familiarity is important it sometimes has to be compromised for 

different reasons. Double clicking the mouse is the rule in Windows ® 

screen based interaction, but the Windows CE ® PDA pen based touch 

screen is controlled by single tapping on the screen. This is because of 

different user expectations on the systems. Our next rule is that 

personalisation must be provided for. Expert users should for instance 

receive special treatment, such as short cuts. A straightforward rule is that 

a simple and natural dialogue with informative feedback is very 

important. Maybe less self-evident is that actions should be grouped into 

closed sequences because users want to complete subtasks. 

 

Characteristics of the system should be used for error prevention and 

error handling. A timer for an oven is one example. For destructive 

actions acknowledge of the command is a useful alternative. Undo should 

be provided for all actions whenever possible. 

 

The designer should of course allow for efficient control, the user should 

be in charge, and with no surprises, strange system behaviour, or 

unpredictable delays in the command execution. Care must be taken using 

these rules. The demands for user dictatorship has been challenged in 

Chapter V.15 and if you design a computer game you will most certainly 

want the user to be surprised. You want to face her with complex tasks, 

which of course are interesting. The player is using the game by her free 

will and satisfaction comes from overcoming problems, beating 

opponents, and experiencing curiosity. “What will happen now?” is 

sometimes a coveted state of mind. 

 

In Chapter V.15 we introduced the idea that an interface should be 

transparent. The interface itself should not be “in the way” when the user 

wants to do something with the system. Another view on this is that the 

interface will hsape how we perceive the system. It is not only something 

we look through, it talks back to us [DB3]. One example is calligraphy 

where how something is done is as important as the content, in effect the 

interface is speaking back to us. The interface is itself an experience that 

will affect how we access and interpret the content. “If we only look 

through the interface we cannot appreciate how the interface itself shapes 

our experience” [DB3]. 

 

Last, but not least, user attention should be directed to important areas 

without annoying the user. This can be done in various ways; blinking, 

colour, intensity, or bold text. Other alternatives are interesting faces, 

Current selection: a) Add new: or 

b) Add new:     black dot  or  white dot 

Blow earth away? [Y/N] 

Figure VI.8.2 Two ways of 

adding a dot to the current 

selection. 

“Just beep” 

Simulating interaction 

Will an expert user be more, or 

maybe less ,frustrated than a 

beginner by consistent long system 

delays (> 15 sec)? 

Hahaha 

Hilarious! 

Push button and you have 

33% chance to blow earth 

away! 

 
 

 
 

 

 

Highlighting 
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eyes, or a sound. A logical balanced focus simplifies use, but too much 

attentatives distracts. We however have to be careful about how we use 

the guidelines. Our goals are not always a smooth efficient user 

experience. Sometimes we need to exploit cognitive dissonance to change 

attitudes or to persuade. Advertisements use surprises to be noticed, or 

use even more dubious tactics. Such as for instance suggesting that 

diamonds are necessary to prove love.In general if something is to be 

found or remembered it should denote from its surroundings. That 

noticeably different things are more likely to be recalled is named the Von 

Restorff effect. 

 

VI.8.1.2 Other interaction styles 
WIMP is not the only interaction style. Other important styles are the 

command line interface, natural language, gesture recognition, and of 

course the hyperlinked web model. With networked computers 

everywhere, and with new interaction devices available, new interaction 

styles are possible, and needed. One attempt is “Graspable interfaces” 

where physical objects, referred to as “tangible bits”, are used as input 

devices. If a physical object is moved in this interface, the corresponding 

virtual object is also moved, see the figure below [GF].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A refined version of a tangible bit is the I/O bulb [UI]. The idea is to use a 

generalized light bulb that not only radiates information through different 

intensities and blinking, but also uses a built in camera to collect 

information from the environment.  Imagine what interactions that would 

be possible in a room filled with I/O bulbs and users. Later we will discuss 

yet another interaction style, an instantiation of the object oriented model, 

slightly disguised as direct manipulation. 

 

VI.8.1.3 Interaction design for the mobile 
The mobile phone presents some interesting problems for the designer. 

We have touched on some of them before, e.g. small screen space and 

difficulty to enter text. Now we would like to add some more comments at 

the interaction design level. 

 

The mobile user is often occupied with concurrent tasks. The problem 

with the resulting limited attention span can be minimized by dividing an 

application into microtasks (tasklets) that can be individually completetd. 

One example is to add quick notes on the mobile device and organize the 

notes later on a ststionary computer. 

 

Another mobile characteristics is that not only is the screen small, it is also 

private. In many applications this is a feature, but not for all. When 

sharing content is an issue the designer has to find ways to integrate 

Figure VI.8.3 Graspable 

interface where the document 

is scrolled as the physical 

object is moved. 

A ball has a vocabulary of 

only four expression: It can 

rest, fly, roll, bounce. With 

these, however, incredibly 

eloquent messages can be 

composed. A baby in a play-

pen can formulate hundreds 

of interactions with the ball. 

[MC3] 

Movable 

Physical object 

“slider” 

Virtual  object  

scroll bar + document 

Document 
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public displays into the system, or to join multiple mobile devices into a 

shared space. Public displays could be external speakers, room lighting, 

car horn. 

 

A third consideration is how the device can be used (or should work) 

proactively to indicate an event without forcing the user to attend to it if 

the context is unfavourable. One example is to display a “missed call” 

message when the user did not hera the phone ringing. The system could 

support this and help the user help herself by providing a library of 

sounds that can be used to mark specific application events. Most users of 

MSN can hear the difference between a friend loggin in and the arrival of 

a new message. The “missed call” example also shows that the designer 

can use different modalities to alleviate the problem. If sounds are 

inappropriate a vibration might do. 

 

There is a whole catalogue of possibilities here, along with some 

coventions on how systems usually behave. The genral rule is that the 

system should not interfere as little as possible with other user activities, 

especially with activities involving other people. 

 

Auditory cues are common and comes natural to a mobile phone or 

multimedia device. They have been bought because they can make 

sounds. Sound form the user’s environment could be used including clips 

from favourite music. Typically a sound is 3-5 seconds. Vibrotactile cues is 

often an alternative. They are not as expressive as sounds since there are a 

limited set of codes available, which makes it difficult to map sounds to 

vibrotactile identifiers on a one-to-one basis. Visual clues are another 

possibilities, e.g. a blinking phone cover, but have obvious limitations. It is 

for instance difficult to see a phone blinking in the pocket. Temperature is 

an option not often used, and finally peripherals such as headphones, or 

other external displays could be used.  The feedback could be continuous, 

repetitive, or one shot, and it could change modality depending on the 

situation and the context. If the user does not answer to a subtle vibration 

then the mobile could switch over to an auditory signal slowly increasing 

the sound. If the user still does not respond an event can be scheduled at a 

later time.  

  

Adding a note could be simply thought of as adding a comment at a 

specific time. If we generalize this we cn think about it as adding  a note in 

a context (place, time, social environment), as illustrated in the margin. 

One example is that you add a note about eatinglunch at a specific 

restaurant. Friends nearby could access the note and join you. 

 

The last topic to discuss here is automation, or intelligence in the 

interfaces. The problem with this in a mobile environment is that the user 

will have a hard time fixing any errors made by the system because of the 

limitations of the mobile ui. The principle must be to “let the humans do 

the difficult things and the computer the rest”.    

 

VI.9. Information design ( -a -b ) 

If we describe interaction as a dance the dancing itself is not always what 

is most interesting. Most of the time we are more interested in the 

information content flowing between the dancers. From concept design of 

a product or a service we have a mental model of the information 

presented, but now it is time to consider details. When designing a web 

x 

t 
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site we know from concept design that the site should be organized as a 

hierarchy of pages, because web pages usually are organised in such a 

way. But, what information should be shown on the respective pages? 

 

Information design can be seen as a layered activity. The more abstract 

level is the specification of the information architecture, and details are 

added in information design.  

 

Information architecture design is where decisions are made on what 

content and data to include, and also on naming, storage and data 

relations. One example is the telephone catalogue. At the core of its 

information architecture is the idea of sorting names alphabetically as keys 

to telephone numbers. The catalogue does not only contain names of 

persons. It also has a section with maps, yellow pages, white pages and 

other sections sequentially ordered. An adress of a company from the 

yellow pages should be found in the map. The main web page of a 

commersial web site usually presents the company and a set of commands 

for finding more information on products, buisness opportunities, and 

contact information. At the next level of abstraction information design 

focuses on how content and data should be presented on a display or on a 

paper. It is about two-dimensional, graphical, presentation of facts. Should 

the names in the telephone catalogue be presented in two columns per 

side? Should last years results be presented in a graph or a table? How 

should help messages be presented in a user dialogue? Timing and 

adaptation to context could be important.  

 

The Gutenberg diagram is the little known name for a well known effect. 

The effect is that our eyes preferably follow a general pattern. When used 

to western writing we are supposed to start reading at the top left of a 

page of text and terminate our initial investigation at the bottom right 

corner. Note however that this diagram only is valid for evenly 

distributed homogenous information. 

 

Other aspects of information design that has already been discussed are 

visualisation techniques in V.10.12, and navigation including search 

which was discussed in section V. 15.4. 

 

The figure below shows a wireframe, also called a schematics. The 

purpose of a wireframe is to show information hierarchy and structure. 

 

 

 

 

 

 

 

 

 

 

 

As can be seen from the figure the exact visual appearance of the web 

page is not shown. This highlights design decisions on where components 

are placed. 

Figure VI.9.1 Wireframe 

illustration information 

display of a mobile phone 

web browser. 

AD Logo 

Back 

Help 

text 



 Hakan Gulliksson  255

   

 

Ubiquitous systems have a similar problem deciding where information 

sposts should be placed. These spots are where information can be found 

and updated and for some applications could be fairly simple decisions, 

for example in a museum where every artefact shown should have their 

own virtual information spot. In a ubiquitous game the problem gets 

worse. The technical infrastructure is usually not seamless which means 

that the designer have to adapt the game to the seams. A player could 

walk around a city where the game is played and sometimes loose contact 

with the game. How should that be reflected in the story of the game? A 

suggestion of an authoring tool for such seamful design provides the 

designer with three overlapped maps, as illustrated to the right. One 

showing the physical environmet, another the infrastructure available and 

a third the physica world layer. This last layer allows for editing 

informations spots, defining regions in the game, placements of events 

and assets [LO]. [LO] L. Oppermann, “Extending authoring tools for 

location aware applications with an infrastructure visualization layer”, 8th 

International Conference, Ubicomp 2006, Orange County, CA, USA, 

Springer LNCS 4206, pp. 52-68   

 

The next section continues the discussion on information design, but now 

we focus on the appearance of the product itself including interaction, e.g 

the format of a telephone catalogue, rather than on information about data 

mediated by the product, e.g the names and telephone numers of the 

catalogue.   

VI.10. Appearance design ( -a ) 

The appearance of a product or a service is of course of major importance, 

both for usability and for marketing reasons. In a highly competitive 

world the first impression can be directly translated into money. Wine 

tastes better from a crystal stemware than from a paper cup, but thirst is 

still the best motivation for drinking. Other examples are that symmetry is 

an important clue to beauty and that symmetric objects attracts attention. 

Currently appearance is mostly visual appearance and an important 

special case is how to present information on a web site. 

 

Designing for appearance is possibly the most challenging task in the 

design process. Aesthetics is clearly involved here. One way to learn more 

about the emotional landscape of a product or a service is to use a mood 

board. This is a collage of images, texts, and anything else that can convey 

a feeling for the product.  

 

 

 

 

 

 

 

 

 

 

 

The figure above shows a mood board from from the design group 

visualsenses.This particular board intends to portray the feeling for the 

interior design of a comfortable hotel room in Jakarta. 

 

Figure VI.9.1 Mood bord 

from visualsenses. 

Physical world layer 

Sometimes the product is the 

message, other times it only 

relays the message. 

Infrastructure layer 

Content layer 
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In homes, a haunted apparatus 

sleeps, 

that snores when you pick it up. 

If the ghost cries, they carry it 

to their lips and soothe it to sleep 

with sounds. And yet they wake it 

up deliberately, by tickling with a 

finger. 

From the poem “A Martian writes a 

postcard home” by Craig Raine 

Definition: 

"When used in this sense, the term 

affordance refers to the perceived 

and actual properties of the thing, 

primarily those fundamental 

properties that determine just how 

the thing could possibly be used. A 

chair affords ("is for") support, 

and, therefore, affords sitting." 

[DN] 

 

Design is a multi-valued word when used in the process of product 

development. For some, design is construction, e.g. how to build a 

computer. For others, design is arranging exterior features for artistic, or 

usability reasons. In this section design of a thing means the latter, i.e. how 

the exterior is arranged to display internal states, or other properties. For a 

relatively complex product it is not possible, and maybe not even 

desirable, to show every aspects, such as all of the inner workings, to the 

user, and hence there will be misinterpretations and surprises when the 

external behaviour is studied.  

 

When you design something you want it to look nice, since this will make 

selling it easier. You also want it to be useful and easy to use. What if you 

had never seen a telephone before? What would you make out of the 

strange thing in front of you. From a little box there is a ringing sound that 

stops when you lift a handle of some kind. Suddenly you hear sounds 

from the handle, “Hello?”. It is speaking! 

 

As the thing and the user establish a relation, the former gives away 

(affords) information about itself and its uses. This information is the 

affordance of the thing. The intended affordance can be difficult for the 

user to understand. Consider the phones to the right, the leftmost one is 

connected to the telephone system, using a physical wire. The wire gives 

you a clue about how to hold the phone, and where to talk and listen. The 

second phone is connected using a wireless system and you have no idea 

whatsoever what part that is the microphone. As another example 

imagine a thermostat where you cannot tell if you have set it to the desired 

temperature.  

 

There are affordances for actions of different kinds. If we consider 

planning for an action, then we first have precondition affordances that 

must be fulfilled , and secondly there are properties or mechanisms that 

reduce the cost for the interactor to reach its goals, these are called effect 

affordances [RA1]. For the example of a chair a precondition is that the 

chair is located where the user wants to sit, e.g. in the sun. A nice property 

of the chair is that it is at the right height for sitting, and comfortable 

enough for sitting in for a couple of hours. These two categories of 

affordances can be complemented by two affordances for evaluation. A 

precondition evaluation affordance helps the interactor to understand that 

preconditions are met. Maybe the chair has a sign with “CHAIR” written 

on it. An effect evaluation affordance instead helps the user to understand 

that the user’s goal has been, or will be reached, i.e. it provides feedback. 

Testing different positions sitting in the chair will provide such feedback. 

 

A thing should be designed to support understanding of the possibilities 

and constraints involved. People are constrained by social, psychological 

and physical limitations and cannot easily adapt so... the things around us 

have to! Constraints complement affordances by describing the 

limitations of an object. What it cannot do. Affordance and constraint are 

useful concepts also for other products based on software and 

information.  

 

Sensory recognition is function based. A user in other words starts with an 

intention and tries to map this to the affordance of a thing. If your 

intention is to sit down, a chair is a perfect choice. With no chair nearby, 

but only a rusty bucket, you turn it upside down to make it sittable. If a 

chair is blocking your way you are no longer interested in if it is sittable, 

only if it is moveable. It is not very often that you look at an object and 

 

Button Button 

Volume 

Context 

Menu 

Work-

space 

Ads 

Content 

Control 
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wonders what it is for and maybe even less often that you imagine uses 

that were not intended for an object.  

VI.10.1 Appearance of mobile products 

The context of a mobile changes which makes it difficult to design the 

appearance of the device to match its environment. The one aspect of the 

environment that can be used is the user who faithfully follows the device 

around. If the device is used outside it must be rugged enough to stand 

the environment, a fact that might affect the materials used and the 

appearance. To be of any use a device must be small enough to carry, on 

wheels, or be motorised. If the device is carried there will be a natural 

trend to make it as small as possible as long as usability is not threatened, 

or you loose it to often. Another constraint, whenever a human user 

carries a device, is that is should be smooth rather than edgy, especially if 

it is to be caried in a pocket. If it is intended for handheld use there are 

also ergonomic aspects, e.g. the device should should fit comfortably in 

the palm of your hand.  

 

Often the device has a display. To present as much information as possible 

to the user this display should be as big as possible. One way to achieve 

this is to use new materials and turn the surface of the device into a 

display. Another way to increase the display is to somehow unfold, or 

slide it out. 

 

Input adds additional problems for the designer. A keyboard consumes a 

lot of surface space. An interesting alternative is a touch sensitive display 

that could turn into a keyboard on demand.  

 

When functionality is computerised and hidden, as it is in a PDA, it is not 

always easy to figure out how to use it or even what it is good for. We 

have to learn conventions on how to interact, and what the limitations of 

an application are. Imagine a remote control for a TV with a “record” 

button. What does pressing this button mean if you cannot see a VCR in 

the room? Is it some functionality added just in case, or is the remote 

control connected to the internet and if you press “record” a program will 

be stored somewhere (and you will be billed)? 

 

For pervasive systems where context is an interactor it might be necessary 

to add visual features to the context just to indicate functionality. Another 

consideration is that the smaller the screen is the brightness contrast of 

visual objects should be. With smaller features of visual objects on the 

screen it is also more difficult to separate colours. This means that there 

are fewer colours available to the designer and that colours need to be 

carefully chosen. 

 

A small screen operated by stylus interaction zones should be located on 

top of the screen, or to the right. This way (right-handed) users will not 

cover the screen by their hands. Note that this design guideline breaks 

with the convention on web pages. 
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“At two o’clock in the 

morning I was ready, tired 

and happy I wrote the last 

end;” 

“Delivery was due the next 

day” 

VI.11. Implement, produce, and deliver ( -a ) 

The purpose of a product is typically to generate money. Before starting a 

project a feasibility study should be done to motivate why the system is 

needed and this work should be complemented by a market study that 

describes who is going to buy the product and at which price. Production 

and distribution facilities available are also important. For a product 

aimed at a mass-market they are vital. 

 

Software based products are increasingly distributed over the network, 

short-circuiting a whole spectrum of mediators, and the same goes for 

music. Advertisement is also more and more web-based although the 

formats for advertisements used in distributed media do not fit an 

interactive environment. It is rather easy to zap on the Internet, and there 

are a lot of channels to choose from if the current content annoys you. 

 

Some products have a critical threshold where acceptance rises sharply, 

and an emergent market appears. One example is the use of SMS 

messaging. This messaging was of little or no use as long as the market 

penetration was low for mobile phones. When the penetration passed a 

certain level SMS was suddenly used by almost everyone.  

 

Most successful products implementing new technology, and aimed at a 

mass market follow a development cycle as the one sketched in 56.1. 

 

 

 

 

 

 

 

 

 

 

In the early stages only innovators and technology freaks appreciate the 

product. If it survives this phase a group of early adopters, usually with 

quite a lot of spending money, starts using it. This effectively spreads the 

word and soon almost everyone uses the product. The last users to 

convince are the laggards. They claim that the product is worthless all the 

way into the shop where they buy one.  

 

There are obviously many factors that influence the design of a mobile 

system. Reference [MA] suggest the following taxonomy to structure the 

main dimensions. 

 

 Structure dimension, the set of resources available for 

development, including organizational structure of the company, 

financial resources, personnel available, technical standards, 

relations and contacts with other companies. 

 Process dimension, concerns the development of the device 

including the participation of the end-user. This dimension 

involves for instance databases for content handling, interface 

technology, service distribution, promotion, target groups, price 

structure, and customer support. 

 Acceptance dimension, consists of the critical factors for the 

evaluation, most importantly the end-users view of the device. 

If you remember it, it’s good 

Dr Michael Heim, Art Center 

College 

Early  

adopters  

14% 

Laggards  

17% 

Innovators  

3% 

Mass market Figure VI.11.1 Typical mass 

market development cycle. 

Is it possible to build 

information appliances for a 

generic user? If not, how can 

you get economy with the 

resulting small series? 

 

 

Information technology has 

advanced service as previous 

technologies have advanced 

mass production. 

Roland T. Rust 
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The cost of the parts of a 

toy should not exceed 6 

percent of the sale price 

[RB] 

Factors to consider are; added value, emotions, ease of use, 

perceived costs, for instance health concerns, perceived network 

effects (roaming), and whether the device is a status symbol.  

 Market dimension, consideration on how the market will accept 

the device, i.e. competition, complementary technology or 

services (portals, platforms), type and number of customers, 

content providers, third parties, alternative competing solutions 

to the problem.  

 

As product distribution is more and more done over Internet and soon 

over pervasive mobile networks, emergent markets will appear over night.  

Billing can be done over the same medium which further speeds up 

development. Technology driven products such as mobile phones and 

computer games have very short time between subsequent generations of 

terminals and versions, maybe only a couple of months. This speed is a 

problem for a user centered development process since the time for 

feedback is very short. Also, new user habits emerge that are not easily 

conceived by an interviewed future customer. 

 

A n important trend is that goods are increasingly embedded in intangible 

services. What you remember from a service is the user experience. When 

competition sharpens service and experience are what differs. Since 

services are virtual they nicely match the globalisation and it might seem 

that the always should scale well. There is a problem however. Many 

services and experiences need to be adapted to the specific local culture, 

and to the individual using the service. This can be quite a labour 

intensive process and it is important to identify the parts that can be 

standardised. This is where networked services work most cost efficient. 

VI.12. Evaluation, humans appraise it ( -a +u ) 

Validation, verification and evaluation answer the question “Is the model, 

or the product, good enough? “. We need to do this to control quality of 

the result, understand the situations where it is applied, compare different 

solutions, and to check adherance to standards.  

 

Evaluation is a word that means different things to different people. It 

sometimes mean to compare a set of options, for instance when buying 

something, i.e. evaluating to find the best Porsche. At other times it means 

measuring the quality of a process or the result of a process. This is how it 

is used here.  

 

Throughout the whole design process it is important to constantly review 

and evaluate the results. This analysis is a tool to: 

 

 identify weaknesses of results from each step of 

the design process, e.g. to identify problems that 

the users have, 

 get ideas to enhancements and test them,  

 establish and follow up norms for good design, e.g. to predict 

usability.  

 

After the discusson of evaluation techniques that follows shortly we will 

discuss two different frameworks. We start by discussing analysis by 

semiotics. This kind of evaluation has been applied to art for many years, 

but we will try to adapt it to computer based products. Next, we will 

shortly discuss a different framework introduced by Donald Norman in 

Synthesis without 

knowledge on analysis is 

like writing without 

knowing how to read. 

/HG 

Evaluation 

Interaction 

design 

 

Requirement 

specification  

Conceptual 

design  

Appearance 

design 

A product is something that 

you can sell. 

 

A service is the virtual 

complement of goods.  

 

75% of world economy is 

services 
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his book “Emotional design”. He identifies three levels of design, visceral, 

behavioural and reflective. We will concentrate on analysis of the 

appearance of a product, but in general all results from the design process 

should be evaluated. “Are we solving the right problem?”,“Is the 

contextual inquiry biased?”  

 

Evaluation or testing is done by all of us, all of the time, as we design our 

lives, but here we restrict ourselves to evaluation of product design, which 

is still a vast subject. Different disciplines involved in product 

development perform evaluations for different reasons. Hardware or 

software engineers/designers have their minds set on reuse and are mainly 

interested in functionality, performance of the implementation, scalability, 

security, and robustness. An airplane shape can be tested against its 

specification in a wind tunnel. From a broader design perspective it is 

interesting to evaluate users interacting with the device, and for many 

types of products we need to consider user interaction within a context of 

use.  

 

Any user interface design should be created with a specific user in mind. 

Sometimes this mind-modelled user is not valid and this is where usability 

testing can save the day. An experienced designer can do a good guess, 

but the result will almost certainly be improved on by new views on the 

product. For some products where lives are at stake testing is mandatory, 

for example as in the design of an airplane cockpit design. 

 

Through evaluation designers can fix problems before the product is 

shipped,  find the real problems in the design, and concentrate efforts on 

the most important problems. Evaluation can also be used to assess 

market needs and reduce time to market.  

 

To structure the discussion we will use the three dimensions shown in 

figure 2. 

 

 

 

 

 

 

 

 

 

 

 
 

 

The design phase dimension positions the evaluation in one of the phases 

of design, requirement analysis, concept design, or appearance design. 

Type of product is the second dimension. It does not only define the 

product and its functionality, but also indirect the users, the interface of 

the product, and the environment where the product is used. Examples of 

product types are a TV set, a web site for e-business, and a mobile phone 

application for playing music. The discussion of the different types of 

evaluation techniques, i.e. the third dimension in the figure above, is the 

major topic of the sections that follows.  

Testing cannot be used to 

demonstrate the absence of 

errors, only their presence. 

E. Dijkstra 

Design phase 

Type of product 

Evaluation 

techniques 

Definition: 

“Evaluation is the process of 

systematically collecting data that 

informs us about what it is like for a 

particular user, or group of users, to 

use a product for a particular task in 

a certain type of environment” 

[JP2] 

Figure VI.11.3 Evaluation categorised 

into three dimensions. 

Problem!  

(Exploratory project, 

inexperienced crew, 

mass product, 

life critical system, 

expensive product, 

ready tomorrow!) 

 

Usability testing should 

never be done to determine 

what users need. It is for 

catching bugs. 

Don Norman 
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VI.12.1 Evaluation techniques 

This section introduces a number of different techniques for evaluation. 

Depending on type of product and the current design phase different 

techniques are applicable. In general terms there is first techniques for 

where feedback from users and experts are collected out in the field, 

secondly there are techniques to test of user behaviour in a laboratory, and 

thirdly there are predictive evaluations where models of users are 

executed for evaluation.  

 

The evaluation can be performed by an expert, the designer, a user, or a 

group of users, designers and experts. Evaluation can be either qualitative 

or quantitative and if qualitative it can be more or less subjective. 

 

The technique chosen should be cost-effective and possible to apply as 

early as possible in the development, informing the subsequent design 

work. The goal is to minimise the total life cycle cost of the product.  

 

Observing the system in use is a reasonable approach to evaluation and 

can be done either in the field or in a controlled environment such as a 

laboratory. Each of these options have their pros and cons.  The reality 

outside of the laboratory is distracting, but evaluating the product situated 

in this messiness might on the other hand precisely be the designer’s 

intention. Notes, audio and even video can be used to record data and the 

analysis of the resulting, often extensive, data can be a difficult and time-

consuming task. One example is inspecting a video to find out the details 

of how users move around. If observations cannot be done directly, diaries 

and interaction logs can be used to collect information. 

 

Field studies of user behaviour are done in natural settings as the users go 

about their normal activities and can involve the developer to different 

degrees. The goal is to learn about the system without disturbing the user. 

Field studies can be performed by observing users from outside of the 

system, but in Ethnography the developer is immersed into the social 

environment under study, and can if necessary stay there for a long time. 

The result of a field study can take many forms, from extensive reports to 

short stories.  If possible data are quantified and statistics generated. 

 

Test of user behaviour, software, or hardware in a laboratory is usually 

performed under strict control, in an experiment. Interrupts are banned. 

Calls for attention from e-mails and telephone calls are not allowed. The 

result of the experiment are often quantitative data, i.e. statistical data, 

found when variables under study are manipulated. One example is to 

test different sizes of buttons measuring the time it takes to locate and 

push them. Emotion and mood are also interesting user values for 

observation, but difficult to catch.  Clues can be found from psychological 

responses such as heart rate, eye movements, sweat glands, and from 

muscle and brain activity. Measuring this demands control and 

sophisticated equipment and is consequently best performed in a 

laboratory. Video can be used to avoid real-time problems with analysis. 

Ocular inspection is however not a bad alternative since we are good at 

estimating human behaviours. 

 

Design 

Evaluation 
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One way to access the mental model of the user is to ask. Alternatives to 

do this are interviews, questionnaires, and surveys. The ambition level 

varies considerably from an informal discussion about the product over a 

cup of coffee to intensive interviewing where several hours is spent with 

each user. As an extra benefit of interviewing the evaluator learns the 

vocabulary used. Techniques for asking are relatively inexpensive 

compared to thorough field studies, but one serious problem is that 

knowledge and behaviour of users are sometimes self-evident and 

automatic and consequently difficult to express. Think aloud is another 

technique for observing users. The user says out loud everything that 

comes to mind when using the product and the evaluator records and 

analyses the output.  

 

Inspection by experts is an important technique where a small number of 

experts use their knowledge and experience to evaluate a system. It is a 

technique that can deliver results within a few hours, and does not require 

any end-user involvement. Another popular low cost technique is called 

heuristic evaluation where ordinary users (or experts) use documented 

rules of thumb to evaluate a system. It is an easy to learn technique, well 

documented, and with worked examples available. The idea of heuristic 

evaluation was developed by Jakob Nielsen [JN2] who formulated a list of 

high level usability heuristics for evaluating stationary web based 

applications. The heuristics only guides inspection; the evaluation still 

depends on the experience and skills of the evaluator to uncover particular 

problems of the product. Some of the heuristics are: visibility of system 

status, match between system and the real world, user control and 

freedom, consistency and conformity with standards, recognize, 

diagnose, and recover from errors, recognition rather than recall, 

flexibility and efficiency of use, aesthetic and minimalist design, help 

and documentation. The listed items are mostly about usability, but if we 

also consider user experience we should add considerations such as if the 

content is high quality, relevant, and timely, and also issues related to 

technology such as the time to download a web page. Results from 

heuristic evaluation are improved if the evaluators know as much as 

possible about tasks and other contexts of use. If experts are not employed 

at your site there are consultants, or external labs if the budget allows. An 

interface can be checked for consistency, guideline conformance, and 

usability aspects. The expert knowledge is fed back to the designer, the 

expert-to-be. 

 

Usability metrics measure to what extent a system fulfils the objective of a 

user. The following is a list, not complete, of some metrics that are used 

when evaluating usability [MW]. Note that if you want to measure 

something the result should be quantifiable. 

 

 Time to complete a specific task (performance). 

 Number of commands used (memorability). 

 Time spent in errors (errors). 

 Frequency of documentation use (learnability). 

 Percent of favourable/unfavourable user comments (satisfaction). 

 Number of users preferring your system (satisfaction). 

 Ratio of success to failures (task completion). 

 

You also do not want your mobile phone to be big enough to find it. 

 

Cognitive walkthrough  – This is a detailed review of the sequence of 

actions that user performs to achieve a specific task. The task is often 

Ask an expert: 

Or maybe ask a couple of them 

(AE + Kurt Gödel). 

Even an expert can be wrong 
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specified in the form of a scenario. One or more experts do the 

walkthrough by simulating the user’s problem solving process.  

 

Prototyping  – Uses an early version of the system for evaluation. A 

prototype could be as simple as a set of Post-it notes. One option here is to 

use Wizard of Oz prototyping where users’ inputs are processed by a 

hidden developer who simulates the system response. The designer 

observes the user, maybe without being noticed, and study reactions and 

user behaviour. 

 

Story telling or acting out loud  – The basic idea behind theses two 

techniques is that the designer makes system functionality explicit, either 

by telling a story, or acting out system behaviour while talking about what 

is happening. This is important both for evaluation and for 

communication of the design and especially for novel technologies. 

 

Predictive models, model based evaluation – The design is evaluated 

using a model of the user.  This type of evaluation can be used to estimate 

user performance and has some distinct positive features. It is cheap, fast, 

no users are needed, and arguments are resolved by calculations.  

 

The evaluation itself also has to be evaluated. If 100% of the users propose 

a new functionality it is still the development team that knows the full 

picture. Will this new feature be ready in time, and will it be worth the 

extra cost? The effort spent on evaluaton is a controversy in the HCI 

community. Do you need 2 or 200 users for the test? Should you detect all 

problems, or only the most important ones? One alternative is to do a 

quick study, and fix the most urgent problems and then do a new 

evaluation. This will be quite a different evaluation from one single 

thorough investigation where all problems should be found and then 

fixed. The iterative approach is similar to how we adjust a plan when 

unexpected events show up.  

VI.13. Development teams ( -a ) 

As in all human activities the success of a development project is highly 

dependent on the members of the development team, their knowledge, 

abilities, organisation and working methods. Product development is a 

multidisciplinary effort where many types of skills and experiences, as 

well as user involvement in the team are needed. Knowledge is 

mandatory on product planning, marketing, test, user education, software 

and hardware development, HCI and aesthetics. All of this knowledge is 

difficult to find in only one or two individuals, so we need a team. Design 

is a group effort. 

  

The Boeing 777 took 10,000 

people in 238 crossfunctional 

teams four years to complete. 

What drives a designer? 

Prioritise the following [ES]. 

Money, acclaim, influence. 

Empathy with the client. 

Satisfaction in the act of 

creation. 

Quest of wholeness bringing 

order to the world. 

It’s a call. 
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Some typical roles in a team are [EB]: 

 

 Management: vision, leadership, time plan.  

 Product planning: market polls, pricing, public relations, product 

packaging.  

 Usability analysis: evaluation, iterative testing, prototype 

testing. 

 Design: prototype concept design, design iterations, adaptation 

of product to production facilities. 

 Product development: price / performance, considerations for 

software and hardware design and development.  

 Testing: test plan, decide what should be tested, how and when, 

performing the test.  

 User education: strategy for education, documentation, printing 

and other production of materials. 

 Market adaptation: strategy and plan, language translation, 

market specific test and verification. 

 Product support: strategy and plan for support, error forecasting 

and error handling, implementing customer support, logistics for 

feedback to development. 

 

A certain amount of compromising between different cultures and 

negotiating meanings of languages from different disciplines is inevitable. 

For instance, does design mean the same thing for a software engineer and 

a visual designer? The workload combined with external pressure (are 

you finished yet?) will inevitably lead to conflicts. Company cultures, such 

as lack of delegated responsibilities can further aggravate problems. 

Working over a spectrum of disciplines will on the other hand enhance 

understanding of decisions and compromises made throughout the design 

process.  

 

As a consequence of interaction in the design group, the knowledge is not 

equal to the sum possessed by the individuals. All team members will 

have their own point of view and their own know-how. They will 

certainly have different ways of looking at things, and uniting the team 

over the design issues will require discussions, compromises, and 

knowledge transfer. The exchange of knowledge and the collaboration 

will create emergent designs and new knowledge. 

 

Most jobs will require 

spending some time at 

work. Either you attend a 

meeting or you have a 

break and some coffee. 

Lonely? 

Hate to make decisions? 

Hold a meeting! 

Get to see other people, feel 

important,  offload decisions, all 

in work time. 

The practical alternative to work. 

The first meeting ever was held back in 

the Mezzanine Era. In those days, Man's 

job was to slay his prey and bring it 

home for Woman, who had to figure out 

how to cook it. The problem was, Man 

was slow and basically naked, whereas 

the prey had warm fur and could run like 

an antelope. (In fact it was an antelope, 

only nobody knew this).  

 

At last someone said, "Maybe if we just 

sat down and did some brainstorming, 

we could come up with a better way to 

hunt our prey!" It went extremely well, 

plus it was much warmer sitting in a 

circle, so they agreed to meet again the 

next day, and the next.  

 

But the women pointed out that, prey-

wise, the men had not produced 

anything, and the human race was pretty 

much starving. The men agreed that was 

serious and said they would put it right 

near the top of their "agenda". 

David Barry -95 

Sacred colours: 

White/blue/gold (Western), 

Green/blue (Arab),  

Yellow (Buddist) 
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Important to make sure that 

the designing system has at 

least one degee of freedom 

more than the system being 

designed. The carpet does 

not create the weaver. 

[ES] 

People do not only contribute in their functional roles using skilles learned 

from their respective disciplines. They also fulfil and play other social, and 

organizational, roles in a project team. Dr Meredith Belbin proposes that a 

successful team should have most of the following roles covered [MB1]: 

 

 Chairman, coordinator, controls and organises, “What we are 

here to do is …”. 

 Shaper, drives, pulls, or pushes the team in the right direction 

“What we will do is ...”. 

 Plant, the source of ideas, “I have an idea …”.   

 Resource investigator, picks up ideas and makes them work “I 

have some strings I can pull …”. 

 Team worker, reliable, systematically carries out the work, “I will 

do that right away”. 

 Completer, sorts out the last details and makes sure that the team 

delivers in time, “Someone should prepare the documentation for  

 Monitor evaluator, soberly evaluates the ideas from the more 

cretive members of the team, “This cannot work because …”. 

 

Good leadership and well thought out working routines, such as having 

meetings at a regular basis with fixed meeting procedures, are important, 

and rules for individual behaviour in groups have to be agreed on. 

Groupwork is itself a topic for a small library. New interaction technology 

will certainly add to the flexibility in the work of development teams, 

email, multiparty conferences over the Internet, and web sites for common 

documents are some examples. 
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The Philosopher's Song 

(Monty Python) 

 

Immanuel Kant was a real pissant 

Who was very rarely stable. 

Heidegger, Heidegger was a boozy beggar 

Who could think you under the table. 

David Hume could out-consume 

Wilhelm Friedrich Hegel, 

And Wittgenstein was a beery swine 

Who was just as schloshed as Schlegel. 

There's nothing Nietzsche couldn't teach ya 

'Bout the raising of the wrist. 

Socrates himself was permanently pissed 

 

John Stuart Mill, of his own free will, 

On half a pint of shandy was particularly ill. 

Plato, they say, could stick it away 

Half a crate of whiskey every day. 

Aristotle, Aristotle was a bugger for the bottle, 

Hobbes was fond of his dram, 

And Rene Descartes was a drunken fart: 

"I drink, therefore I am" 

Yes, Socrates, himself, is particularly missed; 

A lovely little thinker but a bugger when he's pissed! 
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VII.2. Index 

A/D conversion, 86 

Abstraction, 12, 47, 55, 128 

Access networks, 201 

Accountability, 73 

Accuracy, of measurement, 21 

Actant, 191 

Action, 11, 104 

Representation, 112 

Action cycle, 105, 132 

Action tendency, 137 

Activation, 133 

Activity, 105, 174 

Actuator, 94, 95 

Acyclic graph, 89 

Adaptation, 31 

Human, 124 

Interactor, 76 

System, 31 

Addition, 60 

Aesthetics, 140 

Affect, 133 

Affective learning, 126 

Affordance, 73, 247 

Aggregation, 12 

Aggregation, UML, 47, 66 

Algorithm, 61 

Analogue representation, 94 

Analogue signal representation, 80 

Analysis 

Design, 234 

Experiment, 20 

Image, 82 

Interaction, 102, 189 

Mathematics, 59 

Requirement, 236 

Signal, 111 

System, 238 

Anger, 134 

API, Application programmers 

interface, 61 

Application, 244 

Application programmers interface, 

61 

Approximation, grouping by, 52 

Arousal, 132 

Arrow diagram, 67 

Art, 149 

Artefact, 90 

Artificial intelligence, 108 

Ascii code, 81 

Association, UML, 66 

Associative memory, 29 

Attention, 114 

Attribute, UML, 65 

Autonomy, 33, 136 

Availability, 230 

Battery, 152 

Behaviour, 26, 57 

Behavioural model, 57 

Best first search, 122 

Binary number, 80 

Binding design, 56 

Biomedia, 213 

Bit, 79, 80 

Blind search, 122 

Block coding, 196 

Bloom, learning taxonomy, 126 

Brainstorm, 238 

Breadth first search, 122 

Broadcast message, 202 

Byte, 80 

Cause and effect, 26, 120 

Centralised control, 203, 208 

Challenge, 146 

Channel coding, 197 

Channel for communication, 195 

Choice, 120, 209 

Chunk, 112 

Class diagram. UML, 66 

Class, UML, 65 

Classification, 209 

Clustering, 53 

Cocktail effect, 117 

Code, 90 

Coding of text, 81 

Cognition, 73, 74 

Cognitive friction, 226 

Cognitive learning, 126 

Cognitive walkthrough, 253 

Cohesion, 47 

Collaboration diagram. UML, 67 

Colour, 83 

Colour wheel, 84 

Command, 64, 203 

Command based interaction, 208 

Commitment, 116 

Common ground, 206 

Common sense, 121 

Communication, 11 

Competition, 7, 155 

Complexity 

System, 42 

Computation, 27 

Computer vision, 214 

Computer-supported cooperative 

work, 204 

Computing, 107 

Concept design, 245 

Conceptual level, 56 

Conceptual view of processing, 107 

Conceptual view of system, 55 

Conceptual view, design discrepance, 

226 

Concerns, 132 

Concurrent processing, 27 

Conditioning, 127 
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Consciousness, 130 

Constraint, 247 

Context, 12, 68, 173 

Activity, 174 

Application, 173 

Cultural, 68 

Definition, 173 

Environment, 173 

For reasoning, 75 

Physical, 68 

Self, 173 

Situation, 173 

Social, 68 

Technological, 69 

T-I, 181 

Context diagram, 241 

Contingency problem, 119, 121 

Contrast, 99 

Control, 203 

Cooperation, 7, 155 

Coordination, 172 

Core networks, 201 

Cortex, 98 

Coupling, 47 

CPM diagram, 67 

CPU cache, 114 

Creativity, 22 

Creativity, definition, 129 

Creativity, human, 129 

Credibility, 232 

CSCW, 204 

Cultural context, 68 

Cycle, 49 

Damping, 195 

Data flow diagram, UML, 67 

Data flow model, 57 

Data, definition, 78 

Database, 51 

Dead reckoning, 187 

Decision cycle, 105 

Deductive reasoning, 117 

Depth first search, 122 

Design, 22, 234 

Design of exterior, 247 

Design, alt. definition, 238 

Deterministic signal, 60 

Digital media, 111 

Digital number, 80 

Digital representation, 80, 94 

Direct manipulation, 221 

Directed graph, 89 

Discourse, 198 

Discrimitation, 209 

Distributed behavior, 193 

Distributed control, 203 

Divide and conquer, 50, 121 

Drive, 137 

Dynamic system, 39 

Edge, 88 

Education, 22 

Effectiveness in usability, 230 

Effectuator, 94, 95 

Effectuators, 75 

Efficiency in usability, 230 

EFSM, Extended Finite State 

Machine, 64 

Emergence, 37 

Emotion, 133 

Energy source, 150 

Energy, and adaption, 49 

Environment, 12, 68, 173 

Cultural, 68 

Physical, 68 

Social, 68 

Equilibrium, 39 

Error 

In model, 54 

Ethnography, 237, 252 

Evaluation, 250, 251 

Evaluation by laboratory testing, 252 

Evaluation techniques, 252 

Event, 64, 132 

Event driven system, 65 

Event, system view, 26 

Evolution, 7, 31, 33 

Human, 113, 148 

Learning, 124 

Perception, 74 

Thing, 70, 151, 160 

Exhaustive search, 122 

Experience, 138 

Experiment, 19 

Expert system, 109 

Exposure effect, 43 

Extendability, 32 

Fear, 134 

Feedback, 29 

Feed-forward control, 30 

Field studies for evaluation, 252 

Filter 

Message, 195 

Finite state diagram, 64 

Finite State Machine, 64 

Fitt’s law, 103 

Flexibility, 31 

Floating point numbers, 80 

Flow, 145 

Focusing, 48 

Force feedback, 201 

Formal model, 57 

Frame problem, 121 

Framework, 61 

FSM, Finite State Machine, 64 

Function, 61 

Functional analysis, 235 

Functional level, 56 

Functional model, 57 

Generalisation, 12 

Generalisation, UML, 47, 66 

Gerber, 79 
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Gestalt theory, 51 

GIF, 83 

Goal, 75, 105, 137 

Representation, 112 

Goal based design, 226 

Goal directed design, 228 

Golden ratio, 149 

Granularity, of measurement, 21 

Graph, 88 

Greedy search, 122 

Grouping, 47 

Groupware, 204 

Gulf of evaluation, 226 

Gulf of execution, 226 

Habituation, 127 

Halo effect, 43 

Happiness, 143 

Haptic feedback, 201 

Hartley-Shannons law, 197 

Hawthorne effect, 43 

HCI, 166 

HCI, definition, 166 

HCI, Human Computer Interaction, 

70 

Hearing, 96, 99 

Hedonic experience, 139 

Heterogenicity, 33 

Heuristic function, 122 

Heuristics, 117, 122 

H-I interaction, 165 

Hick’s law, 215 

Hierarchy 

EFSM, 64 

HITI model, 12 

Hierarchy, definition, 88 

HIT, 8 

HITI, 8 

HITI model, 10 

Holism, 37 

H-T interaction, 160, 165 

Human computer interaction, 70 

Human computer interaction, 

definition, 166 

Human Information/Idea Thing 

Interaction model, 10 

Human language, 35 

Hypothesis, 18 

Idea, 78 

Identification, 209 

I-I interaction, 162 

Ill posed problems, 102 

Illocutionary speech act, 220 

Image, 82 

Image analysis, 82 

Implementation, 234 

Impulse, 132 

Inductive reasoning, 117 

Inference, 128 

Information, 78, 79 

Information representation, 82 

Information theory, 79, 194, 196 

Information, definition, 78 

Infrastructure, 62 

Inherit, 47 

Inheritance, 47 

Inheritance, UML, 65 

Input, 26, 74 

Inspection by experts, 253 

Intelligence, 106, 108 

Intelligence, definition, 34 

Intelligent agent, 71 

Intelligent thing, 71, 90, 108 

Intention, 105, 132 

Intention, Intentional state, 116 

Intentional state, 116 

Intentional view of processing, 107 

Intentional view of system, 55 

Interaction, 11, 154 

Interaction, definition, 155 

Interactor, 70 

Human, 70 

Information, 70 

Thing, 70 

Interface, 26, 47 

Interview, 253 

Interviewer effect, 43 

Inverse kinematics, 101 

Is a relationship, 47, 66 

JND, 97 

JND, Just noticeable difference, 97 

JPEG, 83 

Just noticeable difference, JND, 97 

Knowledge, 75, 78 

Knowledge and learning, 127 

Language, 35 

Layering, 49 

Learning, 32, 76 

Learning, definition, 124 

Lexical design, 56 

Library, 61 

Lindbom Lotta, 200 

Linear combination, 60 

Location sensing, 183 

Long term memory, 113 

Low pass filter, 87 

Manipulation, 209 

Manuscript, 57 

Masking in hearing, 100 

Mathematical model, 58 

Means-end analysis, 118 

Measure, 20 

Reliable, 20 

Valid, 20 

Media, 111 

Mediation, 193 

Medium, 194, 196 

Meme, 163 

Memory, 112 

Mental state, 115 

Mentalese, 149 
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Message, Human communication, 35 

Message, UML, 66 

Metaphor, 58, 245 

MIPS, 106, 113 

Mixed-initiative control, 203 

MMI, 166 

Mobile applications, 169 

Mobile device 

Multimodality, 200 

Mobile system, 40 

Mobility, 40 

Modality, 200 

Model 

Introduction, 53 

Mathematical, 58 

Model, definition, 53 

Modular, 47 

Modulation, 197 

Mood, 132 

Moore’s law, 106 

Motion, 40 

Motive, 137 

Motoric abilities, 100 

Multicast message, 202 

Multimodal interfaces, 200 

Multiplicity, 27 

Natural science, 21 

Navigation, 209 

Need, 132, 137 

Network, 88 

Network diagram, 67 

Neural pathway, 97 

Noise, 195 

Nyquist theorem, 86 

Object, 65, 90 

Object orientation in UML, 65 

Objective measure, 20 

Open environment, 68 

Open loop control, 30 

Open system, 30 

Operation, UML, 65 

Optimisation, 75 

Order, 48 

Output, 26, 75 

Party, 234 

Pattern, 39 

Pattern recognition, 39 

Pedagogy, 126 

Perceive, 73 

Perception, 74, 132 

Perceptual constancy, 43 

persona, 244 

Pert diagram, 67 

Pervasive computing, 167 

Phenomenological model, 56 

Phoneme, 85 

Physical environment, 68 

Physical view of system, 55 

Physical view, design discrepance, 226 

Placebo effect, 43 

Plan, 120, 121 

Representation, 112 

Planning, 75 

Play, 127 

Pleasant, 133 

Point-to-point, 202 

Positioning, 183 

Power, Human, 150 

Power, Thing, 152 

Precision of measurement, 21 

Presence, 210 

Social, 206 

privacy, 34 

Privacy, 217 

Problem solving, 117 

Process, 107 

Processing, 27 

Human, 73 

Information, 107 

Processing concurrently, 27 

Processing sequentially, 27 

Project, 224 

Proprioception, 98 

Prosody, 85 

Protocol, 198 

Prototype, 234, 242 

Prototyping, 254 

Proximity, 186 

Psychomotor learning, 126 

Pygmalion effect, 43 

QoL, 142 

QOL, 157, 225 

Qualification problem, 121 

Quality of Life, 142 

Quality of Life, definition, 157 

Quantisation, 86 

RAM memory, 113 

Ramification problem, 121 

Rational behaviour, 72 

Reafference, 98 

Reasoning, 75 

Reasoning, definition, 117 

Recursion, 50 

Reductionism, 37 

Reinforced learning, 32 

Relational database, 51 

Reliable measurement, 20 

Repetition, 49 

Representation, 11, 73 

A/D conversion, 86, 94 

Analogue information, 80 

of image, 82, 214 

of sound, 87 

of speech, 87 

Requirement analysis, 236 

Research, 17, 18 

Reuse, 31 

RGB, 83 

Rich picture, 241 

Sampling, 86 
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Sampling frequency, 86 

Sampling rate, 86 

Scaling, 48 

Scenario, 241 

Scene analysis, 186 

Schema, 112 

Science, 16 

Scientific method, 18 

Script, 112 

SDT, 136 

Search, 88, 120, 122, 186 

Security, 217 

Segmentation, 209 

Self-Determination theory, 136 

Self-esteem, 136 

Semantic level, 56 

Sensation, 74 

Sense, 73, 96 

Sensing, 74, 94 

Sensor, 95 

Sensory registers, 112 

Sequence diagram, 242 

Sequence diagram, UML, 67 

Sequencing design, 56 

Sequential processing, 27 

Shannon, 194 

Short term memory, 112 

Shortest path, 122 

Sign, 89 

Signal, 78, 89 

Determinisic, 60 

Stochastic, 60 

Signal analysis, 111 

Signal processing, 85, 111 

Simulation, internal human, 101 

Simulation, system design, 234 

Situation, 173 

Situation, 180 

Sketching, 236 

Smell, 96 

Social awareness, 206 

Social context, 68 

Social presence, 206 

Society, 68 

Software, 61 

Sorting, 89 

Source code, 196 

space, 38 

Space, 38 

Specialisation, 127, 228 

Speech acts, 220 

Spoken language, 36 

Stable system, 39 

State, 64 

State diagram, 240 

State diagram,UML, 65 

Static system, 39 

Stigmergy, 204 

Stimulus-Response diagram, 72 

Stochastic signal, 60 

Structural model, 57 

Structure, 26, 57 

Subjective measure, 20 

Subtraction, 60 

Supervised learning, 32 

Surprise, 134 

Survey, 253 

Symbol, 89 

Symmetry, 49, 246 

Syntactic design, 56 

Synthesis 

Interaction, 102, 189 

System 

Adaptive, 31 

Analysis, 238 

Autonomy, 33 

Complexity, 42, 43 

Complexity reduction, 47 

Design, 234 

Dynamic, 39 

Environment, 68 

Equilibrium, 39 

Evaluation, 250 

Feedback, 29 

Heterogenicity, 33 

introduction, 25 

Layered, 49 

Memory, 39 

Modular, 47 

Stable, 39 

Static, 39 

Structure, 26 

Time invariance, 39 

Validation, 250 

Verification, 250 

System control, 209 

Tacit knowledge, 125 

Tactile interaction, 96 

Talk exchange, 198 

Task, 173 

Task, definition, 105, 244 

Taste, 96 

Technology, 15 

Test, 234, 251 

Text, 84 

Text input, 222 

Thalamus, 98 

Thing, 90 

Think aloud, 253 

Thinking, 106 

Time, 38, 81 

Time driven system, 65 

Time invariance, 39 

Time line, 81 

Time perception, 150 

Token passing, 198 

Toolkit, 62 

Touch, 96 

Transform 

Message, 195 
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Transition, 64 

Transmitter, 196 

Tree, 88 

Trial and error, 127 

Triangulation, 186 

Turing test, 108 

Turn taking, 198 

Type, 62 

Ubiquitous computing, 167 

UML 

Aggregation, 47, 66 

Association, 66 

Class diagram, 66 

Collaboration diagram, 67 

Data flow diagram, 67 

Generalisation, 47, 66 

Inheritance, 65 

Message, 66 

Operation, 65 

Sequence diagram, 242 

State diagram, 65, 240 

Use case, 239 

Urge, 132 

Usability engineering, 232 

Usability metrics, 253 

Usability testing, 251 

Use case, 239 

Useful product, 231 

User centered design, 232 

User interface, 245 

Utility, 231 

Valence, 133 

Valid measurement, 20 

Validation, 250 

Variable, 60, 62 

Waterfall model, 233 

Weber’s law, 97 

Vector space, 52 

Well-being, 142 

Verification, 250 

Vertex, 88 

Wicked problems, 225 

Virtual 

Environment, 69 

Vision, 96, 98 

Visual pathway, 98 

Wizard of Oz, 254 

Word, 85 

WYSIWYG, 221 

 

 

"My pen is at the bottom of a page,  

Which, being finished, here the story ends;  

 'Tis to be wished it had been sooner done,  

 But stories somehow lengthen when begun.” 

Byron 
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VII.3. Think along 

 

Intentional / Conceptual  /Physical 

Cognition / Perception / Sensation 

Cpu/ Filter/ Sensor 

 

 

Emergence by interaction  

examples: [ Society and family by language, Things by physical force] 

 

Co-operation / Competition 

Compromise / Control  

examples:  

[Aesthetics / Functionality, Complexity / Speed, Democracy / Dictatorship, Create / Use] 

 

Wisdom/Knowledge/Message / Information / Language / Data / Packet / Quanta 

 

Space / Time 

Static / Dynamic 

Attention / At ease  

Structure / Chaos 

Fixed/Mobile 

Stability/Change 

 

Noun / Verb  (Adjective / Adverb)  

Actor / Action (Characteristics) 

Object / Method (Attribute) 

Program / Execution 

Data / Operation 

Representation / Transformation 

Signal / Filter 

Knowledge / Learning 

Message / Modulation 

 

Problem / Solution  

Analysis / Synthesis  

Read  / Write 

Recognise / Describe 

  

 

Computer / Network 

CPU / Bus / Memory 

Source / Channel 

Object / Relation 

 

Complexity / Flexibility / Adaptation / Feedback / Intelligence 

 

Overview / Detail   

Holism / Reductionism 

Abstraction (disregard details)/ Instance   

General / Particular  

Population / Individual  

Context / Self   

Top down / Bottom up 

 

Aggregation / Coupling / Cohesion /Association / Relationship 

 

Hierarchy (change resolution)/ Sequence / Concurrency / Layered 

Stephen Hogbin, “Appearance and 

reality”, ISBN 1-892836-05-x 

Edge / Space 

Content /Interface 

 

Centralised / Distributed (modular, partitioned)) 

 

 

Noise 

 

Protocol 

 

Classification / Correlation  

Deduction / Induction  

 

Field experiment / Survey / Formal theory 

 
Design – Evaluate 

Create – Evaluate 

Program – Test 

Construct – Test? 

Interaction – Representation of action - Interactor 

Feedback – Signal – Transmitter/Receiver 

Conversation – Utterance – Speaker/Listener 
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VII.4.  Goals with this book 

 
An ambitions formulation of the goal with this book is to 

explore human behaviour, thinking, and limitations of 

thinking, by studying the structures and type of solutions it 

creates, i.e. by studying human society and technology.  

 

In a less bombastic formulation this book should: 

 

! Highlight general principles such as grouping, hierarchy, 

search, feedback, context, mobility, state, transition, memory, 

client, server, network, filter, event, action, agent, ….  

 

! Learn about QOL and how interaction technology can and 

will support it. 

 

!  Focus on interaction technology and doing it. 

 

! The design stance, and creative thinking, should be 

encouraged throughout 
 

! Encourage rational thought and a scientific approach to life.  
 

! The book should be usable, also in 5 years from now 

 
 

 

 

I’m still confused, but on amuch higher level 
 

 
And if the cloud bursts thunder in your ear 

You shout and no one seems to hear 
And if the band you're in starts playing different tunes 

I'll see you on the dark side of the moon 
 

"I can't think of anything to say except... Laughing is nice! HaHaHa!" 
Pink Floyd, Brain damage 

 

 

 


