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Abstract

A view of cognitive science as neither one unified
cognitive science, nor just a multidisciplinary field of a
number of sciences (psychology, Al, linguistics,
philosophy, neuroscience etc.) is presented. It is argued
that cognitive science is best described as a matrix of three
dimensions, a content or domain dimension (eg.,
language, problem solving etc, and subsets of these), a
levels dimension (from synapse to situated/distributed
cognition) and a methods dimension, comprising of three
basic approaches to research; empirical, formal, and model
building. The latter are seen not only as methods per se,
but rather as scientific ‘cultures’; carriers of differing
explicit and implicit views of what constitutes ‘good

research’. In the final section an application of this view in

the design of Cognitive Science education is presented.

Introduction

In an interesting analysis of papers published in the
journal Cognitive Science and at the Annual Meeting of
the Cognitive Science Society, Schunn, Crowley and
Okada (1998) discuss whether Cognitive Science is as
multidisciplinary as was its aim from the beginning.
Von Eckhardt (2001) address one question that emerges
from the work of Schunn et al, namely which
conception of multidisciplinarity should be used when
considering this issue. Von Eckardt suggests that there
are two potential views on multidisciplinarity, a localist
and a holist view, where localist essentially means that
each individual contribution, e.g. each paper published,
should be of a multidisciplinary character, and holist
essentidly means that the entire fied is
multidisciplinary, even if individual contributions are
not.

The present paper address another issue that emerges
from the work of Schunn et a, namely which are the
different individual disciplines that we should consider
be the different parts of the multidisciplinary field of
Cognitive Science.

Defining Cognitive Science
Cognitive science is often described in textbooks and

six disciplines or sciences (philosophy, psychology, Al,
linguistics, neuroscience and anthropology).

The standard introductory presentation often also
points to the representational or information processing
view of mind as central to cognitive science; “The mind
is seen as a complex system that receives, stores,
transforms, retrieves and transmits
information”(McTear, 1988), p 13. An on-going
discussion in the field, ever since its start, has been
whether it will develop into one unified science of
cognition, as envisaged by e.g. Pylyshyn (1984, p xi),
or if it will or should remain an interdisciplinary
meeting ground for the different sciences of mind
mentioned above, and possibly others, as e.g. Gardner
(1984) argues. My claim here, however, is that we need
not have to choose between only these two alternatives.

One problem with the traditional taxonomy of the
sub-fields of cognitive science is that it conflates
methods and topic areas. Linguists study language, but
so do psychologists and others. Psychology has a strong
empirical tradition, but also anthropologists,
neurologists and linguists run empirical studies, while
some psychologists write computer programs, just like
workers in Al. But there are Al researchers who never
write any programs, but instead develop mathematical
and logical models, as do philosophers and linguists —
and the circle is closed.

Another problem with the ‘standard view’ is that the
selection of what to include as relevant seems
somewhat arbitrary. The listing in the jourdaignitive
Science of which disciplines belong to the field has
changed over the years (Schunn, Crowley, & Okada,
1998), and Simon & Kaplan (1989) have pointed out
that other disciplines than those of tradition associated
with the field, e.g. economics, could in their view
belong there.

| believe, however, that there are alternatives to the
‘standard’ views. One such viewpoint, originally
presented in (Dahlback, 1991), is that Cognitive
Science is better described by a matrix of two
dimensions; aontent or domain dimension (language,
memory, problem solving, etc, and subsets of these),
and amethods dimension, comprising of three basic
approaches to researcbmpirical, formal, and model

building, and subsets of these. The first defines the
’rstudy object of cognitive science; the second describes
the major different scientific methodological traditions

elsewhere as ’'the science of mind’ (Stillings et al.
1987). This is often described as comprising of five o



in the field. In addition to these two dimensions, it is
useful to distinguish between different levels of
cognitive processes (from synapse to
situated/distributed cognition). In this paper | will
concentrate on the methodological dimension, but will
also at the end of the paper address some aspects of the
content and levels dimensions.

Cognitive Science as three ‘Methodological
Cultures’

The reason that | find the methods dimension important

isthat it, in a sense, is nor about research methods, and

definitely not about methods only. Associated with

these methods are different views on science and

kind of 'external reality’, but in contrast with traditional
empirical science, the objects studied are not given by
nature but constructed by man.

There are of course also important different traditions
alsowithin the different major classes. These are often
more discussed, e.g. the difference between quantitative
and qualitative empirical methods, for and against
logic-based approaches to Al etc.

There is one interesting but often overlooked
difference between classical empirical research and
design oriented research, which perhaps is most clearly
seen in applied areas of cognitive science, e.g. HCI, and
which concerns the relationship between theory and
empirical data. In traditional empirical science there is a
tight connection between the theory and the empirical

theory, not the least the view of what constitutes ‘goodiata, which means that the latter will have a more or

scientific work’ etc., like which of the two criteria of less clear-cut bearing on the theory. In design oriented

internal coherence and correspondence betweemsearch, on the other hand, the connection between the
theoretical concepts and empirical data is the mostheories and the evaluation of the designed artifact is

important one. They are therefore in important respectgiwuch looser. Consequently, the consequences of the
different scientific ’cultures’, or different ways of results of the empirical evaluation for the theories that

‘doing science’, rather than just different inspired the design will not be as clear-cut in this case.

methodological traditions. Let me illustrate this point with examples from two

The empirical-formal distinction has a long tradition, different fields that not belong to cognitive science,
and can perhaps most clearly be illustrated by work ofinéma and clinical psychology. . .
logic and thinking by logicians and psychologists. The Imagine a director creating a movie, which, he
work of the psychologists is descriptive and empiricallyclaims, is inspired by Jung’s theories of the collective
based, and the correspondence between theory and d&f3consciousness. It is then a rather pointless review,
is the major evaluative criterion. The work of the Which concentrates on whether this movie is really a
logicians is on the other hand prescriptive, there is &u€ interpretation of what Jung actually meant. First,
limited interest in the empirical base, and coherence dpecause it is obvious that being inspired by something
correctness from a formal point of view is the majoris not the same as deriving hypotheses from a theory
evaluative criterion. The important point is of courseinto predictions that can be tested in an empirical study.
that there is no 'right’ and 'wrong’ here, but while the Second, because the value of the movie is primarily not
study object in some sense is the same, the scientifid how good a reflection of Jung’s theories it is, but
traditions are different. how good it is as a piece of art.

If this sounds rather self-evident to most scholars Behavior therapy is another illustration of this. One
today, one can note that this has not always been tf@n of course debate whether behaviorism is an
case. Boole considered his work on logic as a part of apccurate and adequate theory of human behavior, and
endeavor to figure out the basic laws of thought, and t§kewise one can certainly debate whether e.g. Wolpe
found them on the principles of logic. The logic (Wolpe, 1958) m_ade correct interpretations of the basic
operations he described were termed by Boole “théheories of learning he based his work on, and whether
laws of though” (c.f. Gardner, 1984, 143). An approachhe made reasonable additional assumptions in the
to the study of human thought quite different fromderivation of a therapeutic approach from these basic
current non-logic heuristic approaches (e.g. Gigerenze¥ssumptions, but that is of course not the most
and Todd, 1999). important issue from a clinical point of view. The

The third category suggested here, the constructive dfportant issue is instead whether the therapy works.
model building (sometimes called design science, or th&nd conversely, a study showing that it works cannot
sciences of the artificial (Simon, 1996b)) is bestof necessity be seen as a validation of standard
exemplified with Al within cognitive science, but behaviorist theories. The coupling between the theory
seems in many respects to share features with much 8fd the evaluation is too loose for this.
engineering science in general. It shares with the formal But should not the two ‘methods’ | have called
tradition a concern with the suitability of formalisms, formal research and design research be grouped
but the emphasis is rather on 'external’ criteria, such atgether? In both cases, we are developing or designing
a particular formalism’s suitability for a particular task, formal models (in a wide sense) of cognitive processes.
rather than its soundness, completeness, and othBerhaps including the process dimension by
similar evaluative criteria. It shares with the empiricalimplementing these models as running programs should
tradition the concern with and interest in studying soméetter be viewed as a difference similar to the one



between e.g. quantitative and qualitative empirical While | am sympathetic to the idea of separating out
research. While | believe that this argument has much  the content of the study object from the methods used,
merit, if viewed from within a pure basic research and of not using traditional scientific disciplines as the
scientific perspective, | am less convinced that thisis  units or building blocks when describing the field of
the case if we look at applied cognitive science. It is my Cognitive Science, 1 think that a problem with
impression that the development of implemented  Gardner's way of describing this is not only that there
cognitive artifacts is enough of a separate ‘scientific does not seem to be any limit to the number of possible
culture’ to merit it being kept separate from the othersubject areas, but perhaps even more so no way of
two areas discussed here. But this is definitely still argrouping these into larger categories.
open question. My impression is, however, that one such dividing
line is perhaps currently emerging within the cognitive
A Clustering of the Sub-fields of Cognitive science community, which perhaps merits being viewed
Science? as a ‘cultural’ dimension in the sense used in this paper.
_ ) | am thinking of a clustering the field into two major
If we want to say something about the different parts Okyb-divisions; one connecting cognition ’proper’ with
sub-sets of COgnitive Science, we first need to de“mqts under|ying strata (neuroscience, sub_symbo"c
or define the field itself. And this description should nOtcomputation)' and another connecting to the physical
be biased towards or against any particular theoreticalnd social environment (situated cognition, activity
view or perspective, e.g. the representational otheory, etc). The suggestion here is that we are currently
computational theory of mind. seeing a grouping or clustering along the levels
As an approximate definition of the subject field of dimension mentioned previously into these two sets.
cognitive science could perhaps be something like “th@®ut this is not based on an empirical analysis similar to
information processes of natural or artificial agents’the one by Schunn et al, and is therefore presented here
interaction with the physical and social environment”. Itmore as a hypothesis than anything else. (Note that this
is admittedly loose, but delimits cognitive processesds a different kind of grouping than Marr's (1982) well
(information processing, in its widest sense) fromknown three levels, or the similar structure presented by
emotive, volitional and other aspects. Furthermore ivon Eckardt (2001)).
sets an ‘upper’ boundary towards sociology and similar
‘macro’ social sciences, and a ‘lower boundary For whom is this of any interest?

towards the genetic information processes. Thq:Or most practitioners in the field, working in

gﬁi;)mtl;(;?vxl/zgr?rgg;ﬁli%/i::g:r?dlnr:QSrgllf)gi g;lthaes;eelgtt'sonagstabllshed research areas, the issue discussed here is

well as of the relationship between how much of theoroba'bly of less interest or importance, just as most of
individual's cognitive processes are taking place ‘in thedday's Al researchers do not seem to spend to much
head’ or ‘in the world'. It includes those aspects of e.glime or interest on whether the visions of the
neurological processes that have a direct bearing on tigoponents of what Searle (1980) called ‘strong Al
organism-environment interaction, but leaves it operywll ever become true or not. It seems to me that there
where this border actually is. Likewise it includes tool-are basically two kinds of academics that have a direct
based external support of these processes, but leavedniterest in these issues. First, the theoretician or
open where this border actually is. philosopher of the field, and second, the educator. Both
Note also that a possible feature of the definitionhave an interest in finding a coherent view of the field.
above, is that its emphasis is less on what is actially ~ But there is an important difference between these
the head of the agent, but more on the organismwo endeavors, which in some sense parallels the
environment interaction, where implicitly the internal difference between science and engineering. For the
representations are seen as subservient on this. It figrmer, it is more important to getting the answer right
therefore, in a sense, an attempt to put the rationalistidan having the answer now. For the latter, the reverse
heritage in cognitive science on its head. is true; something has to be done now and hence
But if this is accepted as a provisional definition orprovisional answers, positions or solutions must suffice,
description of the field at large, which are its possibleeven if they lack the thorough theoretical and empirical
sub-fields? Gardner (1984), who is one of the authorfoundation required for scientific theories. The present
that have argued for a non-unified science of cognitivgpaper is written perhaps more from an applied
science, suggests that future or emerging sub-areas wilerspective. In the final part of this paper | will
not comprise of the present ones like psychologytherefore illustrate how the view presented here has
linguistics and the like, but rather on more topic basedbeen applied in the development and design of the
sub-divisions like language, music, social knowledge Cognitive Science program at Linkdping University.
logical thought, and more focused sub-domains like
syntactic processing, early phases of visual processing,
or the perception of rhythm (Gardner, p390).



Designing an Undergraduate Program in
Cognitive Science Based on this View

For al undergraduate programs, but especialy so for
interdisciplinary ones like Cognitive Science, it is
important to base them on a coherent view of the
subject area or areas under study. For alarge field like
ours, with many different sub-areas and different
perspectives, we need criteria for deciding what to
include and what to exclude from the curriculum. If not,
there is arisk that the students will be presented with a
rather haphazard collection of courses that reflect the
research interest of the present faculty more than
anything else. Ten years ago, when the computational
theory of mind was the dominant one within cognitive
science, the task of finding one such coherent
perspective was probably an easier task than it is today.

One consequence of the argument presented here is
that one of the central characteristics of cognitive
science, and which perhaps makes it unique among
established scientific fields of study, is that it
encompasses al three of these methodological
traditions/cultures. And that this need to be reflected in
the cognitive science curriculum, since any competent
cognitive scientist in academia or industry, needs some
basic knowledge in al three areas. This in contrast with
many educational programs in cognitive science which,
in taking a leap from the computational theory of mind,
has a course or two in programming as a requirement
for the exam, but no such requirements for e.g.
experimental methods and design, or logic.

There are a number of reasons for our emphasis on

understand it from within, rather than from without
(pace Simon’s travel theore

Another reason for our emphasis on this is the
accumulating cognitive science research on what
characterizes successful scientific work, e.g. (Dunbar,
1995), (Schunn et al., 1998). Two of these factors are
multidisciplinarity, and within this diversity some
commonality of perspective. The latter probably is
important because it provides the common ground for
successful communication and collaboration. Our
cognitive science students will most likely work in
multidisciplinary work environments, whether at
universities or in industry. Consequently, it seems
important for us as teachers to prepare them for the
requirements of work in such environments, by, among
other things, giving them some first hand experience of
the different perspectives or cultures that they will
encounter in their professional lives.

We all know that ‘First impressions count’, and the
truth in this has been demonstrated by Cognitive
Science research (e.g. Asch, 1952). And educational
experience too tells us that students’ worldview will be
most strongly influenced by the very first courses taken.
Consequently, we have deliberately structured the
sequence of the first two years of courses to give an as
balanced as possible mix of the different methods and
domains. Our program has an emphasis on the ‘higher’
levels of cognitive science, and in the three subjects
psychology, linguistics/communication, and computer
science/Al. Consequently, almost the entire first one
and a half years have the focus on basic courses in
psychology, linguistics, and Al, and in courses in

the plurality of methods. From an educator’s point oféMpirical research design and statistics, logic and
view, one of the most obvious is of course that it is &liScrete math, and programming.

valuable knowledge in itself. Another reason for this is

By this we want the students to get an early first hand

that this kind of knowledge has a longer life (theoriesknowledge of the different scientific  traditions
change, methods remain), and furthermore that it j@ssociated with our three topic areas, hoping thereby to

easier to teach yourself about theoretical developmen@/0id having e.g. students with a deep background in
than about programming, experimental design, oPsychology viewing the later Al course through their

formal logic.

Methods training as a cultural practice

psychological glasses’, and seeing Al as some kind of
inferior psychology (speculative and too weak

empirical evidence, based on toy examples and
simplified views on cognitive processes etc). Or making

But the most important reason for our emphasis on thishem to view everything they learn about psychology

is that "hands-on’ knowledge of the methods used in ghrough their Al and programming glasses, just because
piece of research will give the student a deepethatwas what they first studied.

understanding of the results obtained and the oOuyr aim is that when the students leave the
conclusions possible to draw from it. You cannot reallyuniversity, they will do it with an understanding of not
understand a Cookery book if you cannot cook, yownly the possibilities and limitations of their own sub-
will never really understand what sailing is like by only fields, but as importantly with an implicit understanding
reading about it, etc, and | take this to be true for albf the 'thinking style’ of programmers, experimental
knowledge areas involving an important amount ofscientists, etc.

practice. Which programming, experimental design etc This is based on our belief that the major stumbling
seems to belong to too. In this it is very similar to theblock for successful communication between e.g.
process of acquiring cultural knowledge. And we know;,
of course, not the least from work in one sub-field of* “Anything that can be learned by a normal American adult

cognitive science, i.e. anthropology, that there is n®" aé”pltoafc(’;eign cour)trlzi (of Less tlhan Oé‘e ye?r’sl'odur?‘t,i‘?”)
; . : ; can be learned more quickly, cheaply, and easily by visiting
substitute for living in a culture if you want to the San Diego Public Library "(Simon. 1996a), p 306.




computer scientists and psychologists in the evolving  that the ideas put forth here can inspire further work on
field of cognitive science, is not lack of knowledge of  this.

the theories in the different fields, most academics can,

after all, read books. Instead, the culture clash comes, as Acknowledgments
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