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7 The cognitive basis of model-based reasoning
in science

Nancy J. Nersessian

The issue of the nature of the processes or ‘mechanisms’ that underlie scien-
tific cognition is a fundamental problem for cognitive science, as is how these
facilitate and constrain scientific practices for science studies. A full theory of
human cognition requires understanding the nature of what is one of its most
explicitly constructed, abstract and creative forms of knowing. A rich and nu-
anced understanding of scientific knowledge and practice must take into account
how human cognitive abilities and limitations afford and constrain the practices
and products of the scientific enterprise. Here I want to focus on the issue of
the cognitive basis of certain model-based reasoning practices — namely, those
employed in creative reasoning leading to representational change across the
sciences. Investigating this issue provides insights into a central problem of
creativity in science: how are genuinely novel scientific representations cre-

.ated, given that their construction must begin with existing representations? X

will start by considering methodological issues in studying scientific cognition;
then address briefly the nature of specific model-based reasoning practices em-
ployed in science; and finally provide outlines of an account of their cognitive
basis, and of how they are generative of representational change.

1 How to study scientific cognition?

The project of understanding scientific cognition is inherently inter-disciplinary
and collaborative. It requires a detailed knowledge of the nature of the actual
cognitive practices employed by scientists; knowledge of a wide extent of ex-
isting cognitive science research pertinent to explaining those practices, such
as on problem-solving, conceptual change and imagery; and employment of
the customary range of cognitive science methods used in investigations of
specific aspects of scientific cognition. In its approach to studying science, cog-
nitive science has been working under the assumption made by Herbert Simon
at its outset: that scientific problem-solving is just an extension of ordinary
problem-solving — study the latter and you will understand the former.
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Cognitive practices that take place within the context of .aoEm scientific work
have not received much scrutiny by cognitive scientists —in part ,cwnmsmw Oﬁ the
complexity of scientific work, and in part because the m.HnE.oaoHomBmm. Em.oaonm
of earlier cognitive science did not afford study of moﬁbnbm nmmEU.oH_ in the
contexts in which it occurs. Computational analyses of ‘scientific 9m8<m.€,
have tended to focus on a small range of computationally tractable reasoning
practices gleaned from selective historical cases QL@%Q mu al., Gmd. Psycho-
logical studies of scientific reasoning are ocmSE..th\ omﬂ.ﬁa out in the context
of studies of expert-novice problem-solving (Chi, m.w#oﬁnw and Qmmoﬁ 1981)
and protocol analysis of scientists or students solving science-like @GES:
posed to them by cognitive researchers (Clement, 1939; Hﬁ&ﬁ Gocv.. Itis o:_.w
recently, as some cognitive scientists have begun to examine scientific cogni-
tion in its own right and in the contexts within which it occurs, that me have
begun to see that although it may be an extension, there are mmmERm‘o.», it that

afford insight into cognition not provided by studies .om mundane o.omEcoF and
that studying scientific cognition could lead to revising how we view mundane
problem solving. B .

Study of scientific cognition has been facilitated by an Epmonm& method-
ological shift in the field of cognitive science towards more o.dmmﬁwsonm_ stud-
ies conducted in naturalistic settings — that is, the settings in which the cog-
nition under study naturally takes place. For example, Kevin U:u.qu (1995,
chapter 8 in this volume) has proposed two methods for the cognitive mE.%
of science, in vivo and in vitro studies. In vivo studies are those of scientific
practices in ‘naturalistic’ ~ or real-world — settings, mzo.w as research _m_uw,
ratories. These studies employ standard protocol analysis and ethnographic
methods. In vitro studies, on his account, employ the QN&moa& methods A.u._,.
experimental psychology to investigate how subjects in m.EEOm moH.<o mEsmEmn
discovery problems in the traditional experimental mnnammm. I SE extend in
vitro studies to encompass also ‘toy’ science problems given S.QEQ expert
or novice subjects, and computational modelling of mownusmo &moo<nQ pro-
cesses. Although both in vivo and in vitro studies Eo«.:@a valuable é_:ao,z.m

" into scientific cognition, they can supply only a partial view of the nature of sci-
entific practice. To obtain a more complete view, mnaEmm. from another mode
of analysis, which (following Dunbar’s mode Om.ox_memwo& omcE cw. nm_._aa
sub specie historiae studies need to be integrated into the analysis of scientific
cognition. . o .

Sub specie historiae studies provide the @oﬁ@ooﬁé. of mos scientific practices
develop and are used over periods that can extend Eoﬁ:wom.nmﬁﬁ than hours
and days. These practices can be examined at the level of EQHS.Qc&m and at the
level of communities. They are setin the context of training, am&oﬂ. research, H.rm
knowledge base, community, collaborators, competitors mb.a various Emﬂ_aa
and socio-cultural resources. The findings derive from examining a multiplicity
of sources, including notebooks, publications, correspondence and instruments.
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They often involve extensive meta-cognitive reflections of scientists as they have
evaluated, refined and extended representational, reasoning and communicative
practices.

These studies of past science employ a cognitive-historical method
(Nersessian, 1992a, 1995). Cognitive-historical analysis creates accounts of
the nature and development of science that are informed by studies of historical
and contemporary scientific practices, and cognitive science investigations of
aspects of human cognition pertinent to these practices. The ‘historical’ dimen-
sion of the method is used to uncover the practices scientists employ, and for
examining these over extended periods of time and as embedded within local
communities and wider cultural contexts. The ‘cognitive’ dimension factors
into the analysis how human cognitive capacities and limitations could produce
and constrain the practices of scientists. Thus the practices uncovered are exam-
ined through a cognitive ‘lens’, i.e. in light of cognitive science investigations
of similar practices in both ordinary and in scientific circumstances, The objec-
tives of this line of research are to identify various cognitive practices employed
in scientific cognition; to develop explanatory accounts of the generativity of
the practices; and to consider, reflexively, the implications of what is learned
for understanding basic cognitive processes generally. For example, my own
research on conceptual change has centred on using historical case studies to
identify candidate generative ‘mechanisms’ leading to conceptual change in
science, to develop an explanatory account of how the reasoning processes em-
ployed are generative, and to use this account reflexively in addressing issues
pertaining to mundane o.omE.moF such as the nature of visual znalogy.

Cognitive-historical analyses make use of the customary range of historical
records for gaining access to practices and draw on and conduct cognitive sci-
ence investigations into how humans reasor, represent and learn. These records
include notebooks, diarjes, correspondence, drafts, publications and artefacts,
such as instruments and physical models. The cognitive science research per-
tinent to the practices spans most cognitive science fields. What research is
utilized and conducted depends on the issues that arise in the specific investiga-
tion. Dimensions of scientific change amenable to cogunitive-historical analysis
include, but are not limited to: designing and executing experiments (real-world
and thought), concept formation and change, using and inventing mathemati-
cal tools, using and developing modelling tools and instruments, constructing
arguments, devising ways of communicating and training practitioners.

Underlying the cognitive-historical method is a ‘continuum hypothesis’: the

- cognitive practices of scientists are extensions of the kinds of practices humans
- employ in coping with their physical and social environments and in problem-

solving of a more ordinary kind. Scientists extend and refine basic cognitive

- Strategies in explicit and critically reflective attempts to devise methods for
. mderstanding nature. That there is a continuum, however, does not rule out
~the possibility that there are salient differences between scientific and ordinary



















































