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NARRATIVE AND MODELS

Mary S. Morgan

1. Narrative and models: good companionships’

It may be taken for granted by some commentators on science that models are scientific
objects and narratives are humanist constructions. But in many respects, models and nar-
ratives function as good companions and, in some aspects and some cases, narratives are
constitutive in the core of models. Before getting into this agenda of companionship, some
preliminary remarks are needed.

First, Models are understood here as objects designed by scientists to help them in-
vestigate some part, or some characteristics and behaviours, of their science’s phenom-
ena that they do not fully understand, and cannot access directly or consistently.? These
model-objects are representations of how they think their phenomena behave and may be
in mathematical, statistical, graphical, or diagrammatic formats (or perhaps even in verbal
accounts, though they are mostly non-linguistic entities). They may even be real living ob-
jects, specially chosen to be representatives of biological life for certain purposes such as
the use of the model organism: fruit flies for genetics, the lab mice used in medical science,
or the lab rats of psychology.® But the important point here is their function: models—in
construction and usage—provide scientists with a means of enquiry into the theoretical and
conceptual accounts they have of the world, and with the model into the real world.*

Second, there are multiple definitions of what a narrative is in narrative theory, probably
many more than the different notions of a model within the sciences and offered by phi-
losophers of science. The most basic, and very helpful, way to think about narratives in sci-
ence is that they provide an account of how things are related together (see Morgan 2017).
Narrativising could involve relating events over time, across space, between social groups,
or within individual behaviour, and so forth. It is important that a narrative is always more
than a chronicle (a simple ordering of events), but how much more and what is involved
is rather open, so the definition is focussed, but still relatively unrestricted.” An important
point about using this definition is that narrative-making does not just place things into an
order (e.g. according to their time sequence or spatial arrangements) but configures them:
it brings together more or less disparate elements into an account that indicates or makes
claims about, their relationships, and in this way ‘makes sense’ of the scientific phenomena
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of interest. That is, narrativising (or narrative-making) provides a sense-making technology
for scientists (see Morgan 2022).6

Finally, the discussion here will not be concerned with the rhetoric of the sciences:
namely, the important ways in which the use of expressive forms—e.g. clever metaphors
in literary analysis, elegance in mathematical proofs, good design in diagrams—matter to
the way ideas are presented and understood. This is a perfectly good agenda, for rhetoric is
never ‘mere’ and always matters; but is not the issue here. Rather, the agenda is concerned
with how narratives and models work together in various ways in scientific work. Two
main and very different sources of examples: the natural historical sciences, and the more
technically oriented social sciences (particularly economics), are used here to explore and
explain the relationships between models and narratives, that is, to see how models as a
means of enquiry, and narrative as a sense-making technology collaborate in certain sites
of science and in certain of their practices. The companionships of models and narratives
are discussed first for situations where narrative is constitutive in a science’s theoretical
explanatory framework and appears so in its models. The discussion then turns to other
reasons and other ways in which narrative is involved in the construction and usage of
scientific models.

2. Where narratives are constitutive in science and its models

2.1 Narratives in the core of models

In certain sites in the sciences, narrative is constitutive in the core of the scientific account,
not just in sense-making descriptions but often in reasoning and explanation (see Olmos
2022). This is pretty obviously so in the natural historical sciences, where accounts of how
the natural world changes over time seem ‘almost naturally’ to take a narrative form—as
we can see at several levels in evolutionary biology. At the most all-encompassing theoreti-
cal level, the general theory of biological evolution has a narrative structure telling of the
adaptation of species to their environment, or the role of random mutations, or of both.
When applied at a broad level, that narrative structure is used in giving an account of, or
explaining, how major groups of living things in the world developed over time: e.g. plants,
fish, mammals, insects. Then, that narrative structure remains similar in discussing more
specific individual evolutionary changes—for explaining, for example, how some kinds of
fish became flat fish, and even down to the most particular level, such as the turbot. Thus,
narrative is constitutive in such accounts of evolution that run from the most general to the
most particular. At all levels, these scientists make sense of and explain what happened by
telling narrative accounts, and this close relation between narrative and explanation can be
found throughout the natural historical sciences of evolutionary biology, geology, palaeon-
tology, cosmology, and so forth.

Where do models fit into these natural-historical scientific narratives? In general, there is
no one standard way that models fit into a science; different sciences use models in differ-
ent places and for different purposes, wherever scientists have found them useful in doing
science. In the natural historical sciences, these differences are illustrated by three specific
examples of the ways narrative and models come together and fit into the levels of evolu-
tionary biology arguments as suggested above.

First, at the general level of evolutionary change, two major theorists of the 1920s—
Sewall Wright and Ronald A. Fisher—produced competing accounts of the main drivers
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of evolutionary change. According to Rosales’ analysis (2017, 7), they agreed on the
mathematical elements but held different narrative accounts of the evolutionary processes.
Fisher’s narrative privileged ‘natural selection as the driving force’; Wright’s narrative in-
volved ‘drift, migration and selection’. The point was that they used these different qualita-
tive narratives to integrate their mathematical elements together. Otto and Rosales (2020)
argue that both narratives and mathematics have played key roles in the development of
evolutionary theorising, that they are interactive, and, going further, that maths may be
embedded in the narratives rather than be the main carriers of theory.

At the second level in this evolutionary biology domain, modelling can be found in the
ubiquitous use of ‘phylogenetic tree’ diagrams representing the evolution of species, making
sense of their evolutionary changes over time and space, and placing them into relationships
with each other just as genealogical kin diagrams do. Starting with Darwin’s famous ‘tree of
life’ diagram, these ‘trees’ are found not just in museums and children’s books but in seri-
ous scientific work tracking the evolutionary development of the phenomena of our natural
world. For example, such a tree diagram tracing the evolutionary spread of marsupials (the
kangaroo family) from South America to Australasia over time offers a similar structure of
narrative history as found in our own human-family kinship diagrams (see Kranke 2022).
They chart the narrative of both generational descent and spread, and they can be found in
a variety of vertical and horizontal forms. These tree diagrams are not habitually thought
of as ‘models’, but, as with many other diagrammatic devices in other fields, they function
as just such representations, i.e. as shorthand, artefactual accounts, that express knowledge
claims about relationships in a non-linguistic way, and notably here with a narrative struc-
ture. According to Priest, such tree diagrams form the ‘scaffolding’ for explanation in the
field in which narrative remains constitutive (see Priest, 2018; and his entry XI in Narrative
Science Anthology II).

The third and most particular level of evolutionary narrative might also be depicted with
diagrammatic modelling to unravel the possible order of adaptation of some fish to become
flat fish (see Beatty 2022). Although it is known that flounders (the generic term for flat fish)
began their evolutionary lives upright, their evolutionary narrative from living their lives
vertically to living lives horizontally is not known. The possibilities of such paths of adapta-
tion can be modelled as a branching tree sequence to suggest alternative ‘back stories’, e.g.
that first these fish had become bottom layers, then their fins had become side flaps, and
finally their eyes had moved over the top. But in the absence of the relevant fossil record,
any other order seems just as plausible. Each possible pathway or ordering in the branching
tree betokens a narrative account created from following different adaptation routes along
the branches of the tree.

This narrative ‘following’ process (which could be done backwards or forwards), is also
used with the tree diagrams in the social sciences of psychology and economics to model
sequences of decision-making in human life—for example, in the use of ‘game theory’ in
economics and in political science. These diagrammatic models also have similarities with
the chemical reaction diagrams depicting possible routes to a successful synthesis in chem-
istry, showing not adaptive evolutionary moves nor human decision processes, but narrat-
ing the possible processes of chemical reactions in the formation of complex molecules.
For example, Paskins (2022) shows two chemical syntheses ‘equations’ for a particular
molecule: tropinone. One from the early 20th century offers a narrative ‘recipe’, telling
scientists how to make that molecule, while a more recent one from the early 21st century
is understood to represent the relevant chemical reaction processes that occur in such a
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synthesis.” This example also nicely illustrates the useful distinction delineated by Meunier
(2022) between the ‘research narrative’ of the scientist’s research work, and the ‘narrative
of nature’: namely what is thought to happen in the natural process.

It is perhaps worthwhile to draw out the related implications of this broad argument.
One aspect is the relationship between historical and philosophical notions of explanation.
In the natural historical sciences: laws, concepts, and theories address fundamental changes
over time using a narrative structure, and in this sense, narratives are constitutive in the
core of scientific accounts and so in their explanations of their phenomena. To get closer
to explaining and understanding the details of historical changes in the world, scientists in
those fields need to adopt and adapt such narratives to more particular levels. In contrast,
then, to the normal divide drawn in philosophy—that scientific explanations rely on laws
or on causal mechanisms that hold generally while historical explanations can only be
about particulars—the claim here is rather different. Rather, these narratives of evolution,
from their most general down to their most particular level (of the turbot), remain as much
scientific narratives as historical narratives for they depend on, or they embed, or they are
driven by, the general scientific laws or the mechanisms envisaged in their discipline and so
remain narratives of adaptive evolution or random mutation, or both.

This raises the question: How do these natural scientific laws and causal mechanisms
appear in such narratives and models of the natural historical sciences? Hopkins (2022)
argues of the equivalent base-level geological laws that the forces of deposition and erosion
tightly constrain the narratives of geological change, though the policing by these laws may
perhaps remain hidden; the laws lurk in the narratives rather than being found explicit.
This lurking is indeed how they appear in the models and accompanying narrative texts in
Hopkins’ examples of the narratives and diagrams/models that appear in geology.®

This suggests the following reflection on a certain useful similarity in the relation of
the base theories/laws/mechanisms/concepts of a scientific field and both its models and
its narratives. A model is not a scientific law, or general theory, or a concept, but insti-
tutes some aspect of these into its representational qualities. The same can be said of the
narratives of a science. How might this similarity of character of models and narratives
be understood? The main message of the ‘models as mediators’ account (Morrison and
Morgan 1999) was to point out that models do not sit neatly as a sandwich filling between
laws/theories and empirical evidence, but rather that they are independent representational
objects, artefacts designed (or chosen, as in model organisms) to embed elements of those
theories and a field’s realities in such a way that the model can be used to explore both
realms. That is, they are not simply derivative copies of either laws or world descriptions.
In this respect, scientific narratives are like scientific models, they take some relevant ele-
ments of the scientific laws/theories of their field into their constructed accounts. This is
how narratives fit onto, or into, scientists’ explanatory accounts, making use of their sci-
ences’ concepts, ideas, framings, and so forth in more generic, or more particular, accounts
of how things happen.

In this framing then, models and narratives, can both be understood as representations
used by scientists: they have much the same qualities, and have similarities in status, with
respect to the sciences’ explanatory frameworks and phenomena. Regardless of how mod-
els are fashioned and framed, they always provide thinner, smaller, and less comprehensive
accounts of the phenomena of the world than the world itself, by definition and purpose;
and they are usually accounts in a different medium from the phenomena they model. The
narrative accounts of science have very similar characteristics.
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2.2 Narrative motivations vs narrative at the core

While narratives come in ‘almost naturally’ in the natural historical sciences because of
their general commitment to understanding how the natural world changes, there are other
sciences where narrative has a less obvious or less secure relationship to a main thesis of a
field and their depictions in models. Consider the account that economists make of peoples’
decision-making behaviour when they make choices. In that account, consumers are as-
sumed to make decisions that ‘maximise their utility’, and they do so by preferring more to
less, and by making their preference choices consistent amongst several goods. These econ-
omists’ axioms about utility (that is, the values humans associate with the outcomes of the
decisions they make) translate neatly into a mathematical description that can be applied
to many (every?) decision(s). But that base-level account of model man’s choices is rather
thin, empty even. It has descriptive content and may offer predictive outcomes, but it lacks,
within the model itself, the agency of decision-making. Narratives may be told by scientists
about such human actors’ decision-making to give reasons for the scientists’ choices for the
depictions in their model, yet those presumed narratives may not be recognised within the
model. The general question here is whether the narratives are constitutive of the model
or merely give an account of such motivations, whose rationality hinges on something else
than those narratives. We can examine this in the history of how economists modelled this
‘choosing” problem.

When a group of economists in the late 19th century began their utility theorising, they
motivated their accounts by telling lots of small stories, imagining how people (including
themselves) thought through their choices, and how they made valuations and decisions
based on their preferences. These various forward-looking motivational accounts about
how people would behave were used in justifying the particular details of three different
versions of these theories, expressed in three different model forms: mathematical, graphi-
cal, and tabular (laid out in Morgan 2020, 248), but it is notable that the human actors’
stories were not really built into the models, rather they were verbal accompaniments to
motivate and explain, ex ante, the behavioural habits and rules that lay behind the econo-
mists’ choice of model representation. The human actors’ stories were not represented in
the models themselves.

By the early 20th century, economists had mostly given up these initial attempts to
link decision-making back to psychology, and so, no longer relied on these back stories
about how people think about their preferences to ‘explain’ their choices. One of these
three models, developed from Jevons’ original geometrical and algebraic representations of
1871, grabbed the mainstream, and his theory of choices was developed into a more gen-
eral mathematical model account of rational economic man’s behaviour by the mid-20th
century with little narrative accompaniment (see Morgan, 2006 for a fuller account).

A few decades later, that mathematical model was found to lack traction when applied in
laboratory and field experimental work (where people behaved unexpectedly with respect
to the theory) and in less than straightforward set-ups (where outcomes were uncertain).
These findings produced a set of patches onto the basic theory, and thence into a prolifera-
tion of versions of that basic model. Significantly, each of these late 20th century versions
of the basic model was again motivated by ‘small stories’ told by the economists about
people’s behaviour, but this time post hoc to make sense of those experimental findings
about how people acted in those situations or reasoned about the valuations and decisions
they made. People were understood to have made their decisions by thinking forwards about
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‘prospects’, or by thinking backwards about ‘regret’ (and so forth) in their decision-making.
These narrativised accounts by economists after the events (rather than in the earlier 19th
century stories of motivations beforehand) of how and why people had made the decisions
they made created extensions or versions of the original theory model. It is again difficult to
see exactly how far these more focussed narratives became constitutive into the model, but
they were a critical input into the fashioning of the new generation of models.

A well-used model where a sense-making narrative seems to be more central within the
model was offered by Hirschman (1970) who was interested in characterising the situation
that prompted the three-way choice decision that people made in organisations between ex-
iting a situation they found uncomfortable, or expressing their disquiet (‘whistle-blowing’),
or staying and keeping quiet. This ‘exit, voice or loyalty’ decision model grew out of an
anecdote, a small story he told of a puzzling experience he had in Nigeria about their rail-
way system. Working away to make sense of his puzzle, he came up with this multipurpose
model that could be applied in lots of circumstances: to a firm in an industry, a person
in an organisation, a country in a trade alliance, that is, to any individual unit in a larger
set facing this three-way choice. Because the model situation was more complex, and the
possibilities of various options needed more content, the narrative connections became
more central in the model. And because this model situation is a generic kind of situation
(i.e. neither completely particular, nor completely general), the model-narrative works as a
generic tool for exploring many different situations: that is, narrative sense-making in the
model could be applied regardless of the relative details of the person, situation, and choice
descriptions.

And, more recently, two sets of commentators have argued that such narratives of decision-
making are more than devices for economists in explaining how people make choices before
or after the event, but must actually be constitutive within these models because narrative
reasoning is constitutive in human decision-making processes (as indeed, seems consistent
with the experimental and field evidence mentioned above). That is, narrative is not part
of the scientific rationale offered by the scientist in supporting the use of such a model, but
rather the model must embed narrative processes because narrative is constitutive of human
reasoning. Thus, Tuckett and Nikolic (2017) draw on cognitive psychology to show how
people make decisions in situations of radical uncertainty to develop an account that relies
on narrative reasoning on the part of those people. Bianchi and Patalano (2017) draw on
developmental psychology to explain how people reason from their current situation to the
outcome they hope to reach by creating narratives linking those situations. Both accounts
depend on narrative being a core element of human reasoning in decision-making and so,
they argue, should be constitutive (even if not fully identifiable) in economists’ models of
people’s decision-making.

3. Narrative in constructing and using models

3.1 Narrative configuring in making models

Although model-making varies across time and subject fields, and histories and philosophies
of science may throw up other different kinds of relationships of models with narra-
tives, there are useful comparisons to be drawn that give insight into their relationships.
As suggested above, both narratives and models can be understood as forms of scientific
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representation: representations of how scientists think the world is and how it works. But
it is also worth noticing that the nouns of narratives and models are the outcome of differ-
ent practices of scientific reasoning that can be described in the verbs of narrativising (or
narrative sense-making) and model-making (or modelling). So, the relationship between
narrativising as a sense-making activity and the narratives that result parallel those of
model-making and the models that result. Such modelling and narrativising practices may
also be connected or conjoint. This relationship is most evident when models are the out-
come of sense-making processes that involve ‘narrativising’ an account of their phenomena
of interest (as occurred in the exit-voice-loyalty economic choice example above).

Narrative sense-making (the verb) can be found in constructing both theoretical mod-
els and empirical models: narrative sense-making may inform, drive, or be more or less
strongly instantiated into the relational representations that form either kind of model. In
the 1920s and 1930s, for example, economists were deeply concerned with understand-
ing the relatively new phenomena of ‘the business cycle’. Some were dealing with the evi-
dential trails of business cycle data in fashioning empirical models while others, at the
same time, were creating nascent theoretical models of how an economy as a whole (the
‘macro-economy’) might generate such cycles. Jan Tinbergen was one of the special group
of economists who worked on both kinds of modelling and used narrative sense-making in
both. At the former site, he used narrative-making in configuring sets of different statistical
data trails of the economic-cycle phenomena to fit together into an empirical model. At the
latter site, he constructed theoretical, aggregate-level, models out of a variety of elements
relying on narrative-making to configure the causal relations of the cycle to provide both
for their cyclical dynamics and their variabilities. Marcel Boumans (1999) used this his-
torical example to motivate his account of model-making as a practice that picks out and
integrates a set of ingredients to produce a model (a kind of lego project that then relied on
mathematical moulding to configure the parts to fit together). He pointed out how econo-
mists” meta-narrative about how the aggregate economic system worked involved them not
only pulling together a narrative of causal chain parts but also drawing in a small narrative
that functioned as a key ingredient in this theoretical modelling of the cycle.” This little
narrative—of a child hitting a rocking horse—instantiated the dynamic role of randomness
into the mathematical model. Thus, narrative sense-making was important in creating both
Tinbergen’s mathematical model structure and his statistical-econometric model.

The natural historical sciences offer especially instructive examples of how narrative-
making may be integral in model formation. Those concerned with understanding the ex-
tinction of the dinosaurs have suggested two alternative models, with different associated
narrative forms, applied to the same data (see Huss 2022). For one group of scientists,
that particular extinction is understood as just one of many similar such events in a recur-
ring pattern of such mass extinctions, to be pinned down by revealing a cyclical pattern
(of 26 million years’ periodicity) in the long data series of the timing of mass extinction
events. Their narrative is rather thin for it is descriptive rather than explanatory, though
speculation suggests a regular ‘cause’ narrated in the events of cosmology (which might then
contribute to explanatory reasoning with the model). For another group of scientists, that
particular extinction—of the dinosaurs—is understood as one amongst the set of different
such cases, each of which has its own set of causes. The challenge for the latter is to make
sense out of a messy evidential domain and configure the set of causes into a model with
data that would support a narrative explanation for that one event.
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3.2 Narrative in the mediating role: sense-checking the model

The above examples relied on narrativising (sense-making) in configuring sets of elements
to help create viable structures and pinpoint relevant relationships in a model. But narra-
tives are at least as important in providing a sense-checking device for models once they
are in usage as a means of enquiry. In this context of a collaborative account of models
and narratives, how models are used might be at least as important and interesting as how
they are made, and particularly how scientists reason with narrative in using their models
and what they learn from that usage. In the ‘models as mediators’ account (Morgan and
Morrison 1999), models mediate between theories and the world, having reference to them
both and being able to mediate between them by being partially of them both. Mari and
Giordani (2014) re-describe these mediating possibilities when they suggest that a ‘model is
used both as a theoretical tool for interpreting our concepts and as an operational tool for
studying the corresponding portion of the world’ (83).1°

One important place where these mediating possibilities are used together is in explor-
ing models through conducting simulations, where narratives associated with the simula-
tions provide a means of potentially exploring both the theoretical qualities and possible
empirical validity of models, and so offer a form of double quality control for scientists in
working with models. How does this work? In this ‘what happens if’ reasoning, the model
can be simulated and the resulting narratives of this explorative usage provide one of the
criteria scientists use to validate their models, and so inform what scientists take to be a
‘good’ model for their purposes. This narrative usage enables the scientist to enquire into
the theoretical world of the model, to suggest domains where it might be usefully applied
(a kind of ‘applied theory’) or into the applicability of the model to the world, either in
rather general form or in closer fit to the kinds of phenomena experienced in the world.
These narrative ‘tests’ of validity are qualitative: concerned with kinds of outcomes (rather
than quantitative in the sense of dealing with domains of uncertainty or error as associated
with statistical kinds of testing regimes) and so provide a kind of quality control testing.
This is how the theoretical tool and operational tool of mediating using narratives can be
seen working together, as in the next two cases.

As a tool of theoretical investigation, this exploratory reasoning mode of model-
generated narratives is used to see what kinds of outcomes might be possible, plausible, or
implausible according to the model. For example, a mathematical model seen to embody a
particular theory might be run either informally in a kind of thought experiment, or via a
computer simulation with different starting values, or with different parameter values, ac-
cording to different assumptions about the world depicted in the model. These exploratory/
reasoning modes effectively use the model to ‘tell’ narratives about the possible paths and
outcomes of events, or the predicted outcomes of these models under various settings. One
early example is given by the first, hand-cranked simulation of a very small mathematical
model of the aggregate economy in 1939 by economist Paul Samuelson. He ‘ran’ his model
for a few nominal ‘years’ forwards to see how the patterns changed by choosing different
parameter values in the model. Each ‘run’ produced a sequence of model outcomes that
provided paths over nominal units of time. Sometimes these narrative paths were rather
plausible, with outcomes that were not too big, not too small, and with regular cycles. In
other words, they seemed to make sense in terms of being consistent with observed vari-
ability in the economy. Other parameter sets produced implausible outcomes: economies
that expanded towards infinity within a small number of iterations, other runs that showed
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no effects, and others that created expanding cycles. Samuelson concluded that almost
anything can happen in the world depicted in the model: the ‘model-world” of his theoris-
ing (see Morgan 2012 for a full analysis). His simulation narratives offered insight into
the models’ theoretical pretensions but had less to say about the qualities of the real world
that the model might be compatible with, and indeed, they were not intended to have this
kind of representational verisimilitude. Nevertheless, negative information is often as use-
ful as positive in showing where and when a model is useful to ‘explore’ a particular phe-
nomenon. Narrative explorations are a way of showing the limitations of the theory that
the model is designed to capture, and/or in application to things in the world. What these
narrative explorations do is to suggest to the scientist what it cannot be applied to, which
might be as important as telling what it might apply to, both in developing the conceptual
or theoretical domain of the model and in suggesting constraints on that model’s usefulness
in the empirical domain.

Another example, from the natural science domain, is found in the model-based, com-
puter simulation of snowflakes (see Wise 2017). Snowflake formation can be modelled with
a relatively simple mathematical model based on water droplets falling through the atmos-
phere with changing temperatures at different elevations. Each of these simulations charts
out an individual snowflake’s life history, a narrative told through the successive changes
in that snowflake’s shape and size. As this simple theoretical model simulation process goes
on, the computer generates simulated snowflakes into a surprisingly different set of visual
shapes, not at all the kind of standard six-sided shapes that were long presumed by scien-
tists (and still cherished by children drawing them at Xmas). This might suggest a rejection
of the model on implausibility grounds, but, surprisingly, these outcomes from the simple
mathematical model are consistent with the observed evidence of snowflakes: which come
in a huge variety of shapes. That is, in simulations, this simple model created highly varied,
but empirically valid, outcomes in snowflake shapes equivalent to those seen arriving on the
ground—each one separately narrated by the mathematical model simulation.

Samuelson’s macro-economic model was also very simple in terms of the structure of the
mathematical model, and it too generated a variety of different narrative outcomes, but un-
like the snowflakes case, only some of these were empirically plausible. In contrast to these
simple model scenarios, Beck (2014) rightly argues that one could not tell narratives with
simulations from climate science models because the latter are just too complex to be able
to understand the processes in any kind of narrative format. That is, he might argue, as an
operational tool for models in climate science, narrative exploration just does not work.
That may well be, and the large-scale macro-economic models developed in the 1960s
would probably be equally problematic in simulation checks in the theoretical domain. And
since the macro-economy is a large open system subject to shocks (as in climate science),
empirical sense-checking using narratives would also probably be equally unrewarding. So,
it is important to distinguish between a small-scale, simple core model (as in Samuelson’s
model), and a large-scale more detailed and complex overall model. These will be quite
different objects, used differently, and narrative exploration might not be feasible or help-
ful with a large-scale or complex model in any science (not just climate science). There are
probably no obvious or easy general statements about the relations between the simplicity/
complexity of a scientific model and the associated variability of the narratives associated
with model simulations and with their empirical referents.

Yet, as implied already, for some circumstances this exploratory aspect of model narra-
tives can provide a kind of quality control tool: Does this model provide sensible narratives
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when you ask a sensible question (either in the context of theorising or in empirical domains)?
If it does not, ummmm! In the philosophy of science framing, this use of narrative as a qual-
ity indicator for the model is thinly characterised and might seem extremely non-rigorous.
But in the context of a scientific community, it may look much more reasonable. For any
given community of expert knowledge, a verdict that something makes sense, or makes
nonsense, is likely quite a good criterion, for it is about the extent to which this model-
narrative knowledge matches up with all the other elements of knowledge these scientists
hold (theoretical and empirical) about the phenomena in their domain, a ‘coherence’ qual-
ity not to be underrated (see Currie and Sterelny 2017). And this plausibility facet overlaps
with the explanatory services offered by such narratives with or without models. The narra-
tives, by reasoning through the linkages depicted in the model, proffer answers to scientists’
questions about how their model-world works, and so offer explanatory possibilities. This
quality of the model-narrative nexus reappears again next.

3.3 Narrative closure, opening, and transfer

A third focus for the models-narrative collaboration comes in adopting the notion of
‘closure’ from narrative theory into scientific uses of narrative. The classic example of clo-
sure is found in detective novels, where narrative sense-making requires that by the end of
the story, there should be no bits of knowledge left out or leftover or that do not fit the nar-
rative, otherwise the narrative is not closed satisfactorily. An equivalent reasonable quality
test for models might suggest that a model is complete for the task at issue if all bits thought
to be important are fitted together, there are no essential holes in the account, and anything
not considered relevant is omitted.!! These ideas of closure are not so well formed in phi-
losophy of science discussions of models, but they make a strong appearance in narrative
theory and might be applied to the use of narrative in collaboration with models as another
aspect of sense-making with models and associated modes of assessing model quality.'?

One case investigated by Biddle (2023) was the problem of modelling disequilibria in
agricultural markets, such as what happens with the introduction of hybrid corn, or the
use of fertiliser. Economists’ models of markets typically focus on the equilibrium condi-
tions and outcomes in a model, but how this equilibrium comes about over time, and what
moves were involved in agricultural markets, were not easily or well modelled. These gaps
in the model became very evident when it was applied to the data and evidence of particular
markets for particular times. In some of the early days of such empirical modelling, econo-
mists sought out farmers and market participants to hear their narrative accounts of what
happened in these markets, and in particular how they adjusted their behaviour, and how
fast they adapted when things in the market changed. The economists used these narrative
inputs to fill the information gap, and so plug the holes in the model with relevant adjust-
ment factors so that it could make sense of the phenomena under study. This is reminiscent
of Rosales’ account of the evolutionary biology mathematical modelling gap (discussed
above), which had to be closed with narrative.

Tinbergen’s macro-models (also discussed above) also used the idea of closure. He wanted
to develop macro-models that could be used in policymaking. The original models (theoret-
ical and econometric or statistical) involved not just closure of the equation system (where
everything that needed explanations had an explanatory equation), but also closure in the
sense of enabling all the equations to hold simultaneously in the system. This was essential,
for it was difficult to use the model to figure out policy actions unless the whole model was
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‘closed’: all the inter-relations within the model need to be tied up; otherwise, the narratives
told in using the model would have loose ends and the policy analysis would fail.

These narrative notions of closure parallel the literature on legal case narratives, which
require that all evidence is taken into account and that the evidence fits together in a con-
sistent way, and so forth (see MacCormick 2005). Going further, Campbell (1975), ar-
gued that in case study work, when one piece of evidence fails to fit an account that has
been built up from lots of different elements, the account—effectively a case narrative—is
‘infirmed’ (in contrast to ‘confirmed’). These closure notions of narrative seem to reflect
Tinbergen’s ideas about working with mathematical models, and perhaps the failures of
such ‘closure’ are best, or most easily, revealed in failures in the narrative accounts that
might be told with the model.

Sometimes narratives play a role not in model closure, but in opening models up. Sharon
Crasnow (2017; 2022) details how political scientists open up their statistical models that
come from a set of data on political phenomena by going into narrative ‘process-tracing’
for a few particular individual cases chosen from the data set. Here narrative comes in, not
to ‘test’ the model statistically, but to test in another sense: namely, to explore alternative
hypotheses and bring evidence and explanation together in a very different way than with
the use of statistics. Such process tracing of political events to tell viable narrative accounts
is designed to provide causal stories and perhaps reveal causal mechanisms. For example,
the ‘democratic peace hypothesis’, when tested with statistics, suggests that democracies
don’t go to war with each other. But: ‘How does the democratic peace hypothesis work in
practice? What is the process by which war is avoided?’ These questions cannot easily be an-
swered in statistical models but can be in case work, taking individual cases and filling in the
account; which is in turn dependent on narrative-making as the tool for guiding the analysis,
joining up disparate pieces of information at different times to answer the questions and so
make sense of that case. For example, Crasnow (2017) examines political scientists’ investi-
gation of the Fashoda Incident, when French and Anglo-Egyptian forces came to a standoff
over the boundaries of their colonial power in Africa in 1898. Process tracing involved nar-
rative sense-making at the evidential level, but working through conceptual categories and
ideas of the political science field to understand why the two forces did not go to war.

This use of narrative in opening up models, rather than closure, may actually be rather
common in science. Regardless of how scientists get to their models (and of the accounts
philosophers give to these processes), there is an important moment when scientists seek to
go on from their theoretical models to try to make them fit the materials from the world.
Narratives emerge in the process of using the model to speak directly about particular situ-
ations, cases and contexts in the world (as in the example above). For some philosophers
of science, this is called model application, for others it might be termed de-idealisation
(Knuuttila and Morgan 2019), but the process of making the model fit a particular world is
much the same, and narratives are a significantly useful tool in doing so.

Looking at the histories of particular models, it has often been found easier to incorpo-
rate additional elements to the base model rather than go back to start anew, and narrative
can play a key role here. Much modelling work involves the application of an existing
model, with some revisions, to another problem in the field, often motivated by a narrative
rationale for such application. This might be especially true of model transfers between
fields. For example, Quack and Herfeld (2023) trace how the problem of understanding
political coalitions involved the transfer of game-theoretic models from economics into
political science, where that transfer depended on narratives (both thinner and thicker) of

377



Mary S. Morgan

empirical cases to justify the relevance and fit of the model transfer. To what extent this
transfer relies on the fact that stories may be constituted in the core of game theory (in the
narrative ‘rules of the game’, see Morgan 2007b) is one interesting question here. Another
might be to look for the role of narrative in arguably the most famous historical transfer of
game theory—from mathematics and social sciences into evolutionary biology models. As
in the process tracing of Crasnow’s example (above), narrative emerges as an indispensable
companion to model work, not just in historical moments, but as part of everyday practice
found in a variety of sites in the sciences.

4. Conclusion

Both model-making and narrative-making are part of the creative practices of science.
Model-making and -using offer means of enquiry into both theories and the phenomena
of the world that the theory is about. Narrative-making and -using offer ways of making
sense of those phenomena by configuring disparate elements together and exploring their
implications. Narratives provide inputs to model creation: they are sometimes constitutive
in the scientific laws/theories/mechanisms embedded in the model; they sometimes feature
as connectors or closers in model-making. They are often used and developed to explore the
models’ possibilities; to help develop models in a field; and as suggestive quality controllers
with associated criteria (that is, complementary to formal testing devices). Narratives are
not models, and models are not narratives, but in usage, they have similarities as represen-
tational devices, and in explanation and reasoning about scientific phenomena. They have
synergies of practice which create many areas of collaboration for scientists using them
together: they function as good companions.
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Notes

1 This account of narrative draws on research undertaken for the Narrative Science Project at LSE:
www.narrative-science.org/ and references many of the book chapters of Morgan et al (2022) and
Anthology resources of that project; and before that for Morgan and Wise (2017).

2 This account is sometimes called the ‘artefactual’ account of models (see Knuuttila 2011), but
much of what is argued here might be just as relevant for other understandings of the nature and
role of models in science.

3 For the distinction on how models represent, see Morgan (2007a); for an extensive account of
model organisms, see Ankeny and Leonelli (2020).
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4 This focus on the role/function of models as a means of enquiry comes from the ‘models as
mediators’ account (Morgan and Morrison, 1999).

5 For example, definitions within literary theory and narratology may require many more condi-
tions: e.g., a ‘beginning, middle, and end’; a ‘change of state between beginning and end’; the ‘role
of human agency’; etc.

6 This account of narratives as ‘a general purpose technology’ for sense-making in science draws on
the many workshops, projects, and collaborators involved in the ERC project referenced above in
note 1.

7 Further narrative examples from the chemistry of making things can be found in extracts and com-
mentaries by Mat Paskins in Narrative Science Anthology II (entries XIX and XXVI) on recipe
narratives; and by Sabine Baier in Anthology I (entry VIII) on narratives as a navigation tool.

8 See Hopkins 2022, and Narrative Science Anthology 11, XXVII and XXVIIIL.

9 A parallel small story usage in physics is given in Hartmann’s (1999) account of the development
of the ‘MIT Bag model’.

10 An alternative framing that makes use of the ‘stories’ element is suggested by Cartwright (2010)
who suggests that models are ‘fables’ in their relation to scientific laws but ‘parables’ in relation to
the empirical world.

11 These qualities can be framed in philosophy of science as equivalent to fulfilling the full set of
ceteris paribus conditions on a model (see Boumans and Morgan 2001) but are rarely portrayed
as a critical test of model completeness.

12 See Hajek (2022) on narrative closure in science; and Carroll (2007) which engages with both phi-
losophy and narrative on the issue of closure; see also Anand (2023) and Morgan and Stapleford
(2023).
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