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Abstract:

There have been many worries within philosophy about the epistemic role of
simplified mathematical models such as those used in economics and the other
social sciences. In particular, many have wondered how and whether such models
can illuminate complex phenomena related to human societies. This paper will
discuss a class of idealized models that outline what I call “minimal conditions for
social ills”. But are such models useful to thinking about these complex

factors? And, if so, how? Some such models will track actual causal factors that
generate real world problems. Others may or may not. Whether or not these
models do track these real-world factors is irrelevant to the role they play in
showing that minimal, realistic factors are enough to generate social problems. In
doing this they provide important counterfactual information. Investigations of
social ills are often aimed at interventions to stop them. Given this it is important to
know: if we intervene on the current causes of some social problem, what other
common social factors might continue to contribute to it?

I: Introduction

This paper will discuss a class of idealized models that outline what I call “minimal
conditions for social ills”. These models can play an important role in reasoning that
might not be initially obvious. Some such models will track actual causal factors
that generate real world problems.! Others may or may not. Whether or not these
models do track these real-world factors is irrelevant to the role they play in
showing that minimal, realistic factors are enough to generate social problems. In
doing so they provide important counterfactual information. Investigations of social
ills are often aimed at interventions to stop them. Given this it is important to know:
if we intervene on the current causes of some social problem, what other common
social factors might continue to contribute to it? Notably, in these cases it is the fact
that the models do not fit the world that makes them particularly epistemically
useful. Empirical investigations cannot typically remove current causes of social
problems to see what other, counterfactual causes may continue to act after
intervention. Models make such investigations relatively easy.

The paper will begin by examining several, related models of the cultural evolution
of inequity. This set of models looks at how conventions of bargaining and resource
division emerge between social groups. Axtell etal. (2001) present an early model

1 [ will not say much in this paper about what is meant by causal factors or causal pathways, since
this is orthogonal to the investigation at hand. The interventionist account from Woodward (2003)
and others is a useful one in thinking about modeling, since causal pathways are typically identified
in models by intervening on key features and comparing outcomes.



showing that under very bare bones conditions inequitable conventions of this sort
can evolve. Philosophers and other social scientists have expanded this exploration
to consider how other features like minority status, power, intersectional effects,
and social network structure influence the emergence of such conventions. These
models abstract away from many other complex psychological and structural details
involved in the emergence of inequitable systems. In particular, they do not
represent important causes of inequity such as implicit and explicit bias. As this
paper will argue, though, they still give us important counterfactual information
about how little is needed to generate inequity. And this information is critical to
thinking about possible interventions, such as trainings aimed at reducing racial and
gender biases.

There are a number of prominent accounts of the epistemic uses of simple models
like those discussed here. For example, many previous authors have considered at
length the epistemic usefulness of the Schelling checkerboard model of racial
segregation, which is another minimal model of the emergence of a social problem
that abstracts away many realistic causes of segregation (Gibbard and Varian, 1978;
Sugden, 2000; Aydinonat, 2007; Grune-Yanoff, 2009; Ylikowski and Aydinonat,
2014). This paper is not meant to supplant previous accounts of this sort. As I will
briefly illustrate, there is a sort of modeling pluralism not much discussed in
philosophy of modeling, which is that the same model often plays multiple epistemic
roles, even within the same project. The role outlined here is one that many models
play, while also contributing to understanding, or promoting inquiry in other ways.

The paper will proceed as follows. Section two describes the “emergence of classes”
model introduced by Axtell et al. (2001), and further extensions of this paradigm.
Section three makes the main arguments of the paper---that despite certain failures
to represent, and, surprisingly, sometimes because of these very failures, the models
described nonetheless provide crucial information to those interested in social
interventions aimed at decreasing inequity. Section four briefly concludes.

Before continuing, a few notes about what this paper will not do. First, there is a
robust literature in the philosophy of modeling on whether and how simple models
explain.? While this is a very important question, this paper will instead focus on the
big-tent question of what “epistemic roles” the models in question play. lL.e., how are
they used in scientific investigation and the creation of knowledge more generally?
This is because there are many ways models can be used epistemically outside the
realm of explanation (Alexandrova, 2008; Rohwer and Rice 2016). And, as noted,
the models investigated here support a picture where models can be understood as
playing multiple epistemic roles, some perhaps explanatory and others perhaps not,
even within one investigation.

Second, this paper will not attempt to offer a general account of the workings of
simple models. Instead, it will focus on one class of models and outlining one

2 See, for example, Alexandrovna (2008) and Alexandrovna and Northcott (2013) who argue that
simple economic models do not explain, Aydinonat (2007) who offers an account of “partial
potential” explanations in models, Sugden (2000,2013) who makes the case for real explanation by
models, and Bokulich (2014) who disambiguates types of explanation in simple models.



important epistemic role they can play. This is because the categories of “simple
models” or “idealized models” or “economic models” are too complex and variable
to be treated by one (small) account such as this one. Hopefully, though, the case
outlined here will be useful to philosophers of modeling developing more general
accounts.

[I. Models of the Emergence of Inequitable Norms

Empirical literature has revealed that women and people of color tend to get less on
average in scenarios of resource division than men and white people (Ayres and
Siegelman 1995; Steinpreis et al.,1999; Bertrand and Mullainathan 2004). Axtell et
al. (2001) provide an early model addressing this sort of phenomenon via the
emergence of what they label “discriminatory norms”.3 Their model involves agents
of two types - potentially representing social categories such as race or gender -
who interact in a bargaining scenario called a Nash demand game. This involves
dividing a resource (let’s say of size 100), by requesting a low, medium, or high
amount of it (say 30, 50, or 70). If the demands are compatible in that they add up
to 100 or less, each agent gets what they request. Otherwise, they get a poor
outcome because they are jointly too aggressive to reach an agreement.

In their model, each agent remembers their last n interactions with the two different
types of individuals, and uses these memories to decide which demand to pick. In
particular, they choose the demand that would have done best against those they
met in the past. Suppose the two types are “blues” and “greens”. Consider an agent
who recently met five greens each demanding 70, and also recently met five blues
each demanding 50. The next time that agent meets a green they will demand 30,
which would have done best against their memories, and the next time they meet a
blue they will demand 50.

What the authors find is that simulations of this model - where agents meet each
other randomly, and update their memories each time - often arrive at stable
patterns where each type demands 50 of those in their own group, but between
groups one side always demands 70 and the other 30. In other words, everyone
treats their in-group fairly, and treats the out-group differently to the detriment of
one out-group. This pattern emerges commonly despite the fact that a fair outcome
is possible between the two groups, and that the two groups are completely
symmetric. In other words, in explaining the emergence of inequity, there is nothing
about the properties of the two groups to appeal to.

Furthermore, they find that models with a single group most often evolve to fair
states where everyone demands 50 of their interactive partners.# In other words,
the simple addition of types or social categories changes the model from one where
fairness is expected to one where inequity tends to emerge.

3 In designing their model, they draw on previous work by Young (1993).

4 This is consonant with other work on the evolution of bargaining. See, for example Young (1993)
and Skyrms (2014).



Philosophers and social scientists have used this sort of model, and many variations
of it, as a framework for understanding the emergence of inequitable conventions,
and for exploring the conditions under which one social group tends to get more
than another.> For example, Bruner (2017) and later O’Connor (2017) show that
under many circumstances the bare fact of minority status increases the likelihood
that a social group will end up being discriminated against in these models. They
call this the cultural Red King effect after an analogous effect in biology where a
slow evolving species can gain an advantage in mutualisms.® (See (Bergstrom and
Lachmann 2003) for the biological version of the effect.) Bruner and O’Connor
(2017) and LaCroix and O’Connor (2020) also explore the effects of power on the
emergence of such conventions, arguing that various sorts of empowerment can
increase the likelihood that a social group will end up at an advantaged norm in
terms of resource division. In O’Connor, Bright, and Bruner (2019) the authors use
these effects to show that those at the intersection of two minority or
disempowered groups can be especially disadvantaged in these models. In Poza et
al. (2010), Gallo (2014), and Rubin and O’Connor (2018), authors explore the
emergence of such conventions on networks.

A number of authors use similar models to draw similar conclusions about a wider
range of interactions. For instance, authors use variations of coordination games, or
hawk-dove, or other models of discrimination to show how learning groups easily
move towards patterns where one group gets more and the other less (Hoffmann,
2006, Stewart, 2010, Hwang et al., 2016).

Taken as a set the models described here fit well with a picture outlined in
Aydinonat (2007) and Ylikowski and Aydinonat (2014). They point out that
understanding often emerges from families of models, where researchers develop
many variations on some model to test robustness and explore outcomes. This set
of models of inequity constitutes such a family. They all instantiate a short list of
core causal factors. These are that 1) actors learn to do what is best for them, 2)
actors condition their choice of behavior on the social identity of their interactive
partners, and 3) actors regularly engage in bargaining scenarios. Together, then, the
models show that even under many variations with respect to population structure,
learning rules, etc. this small set of causal factors is enough to reliably generate
inequity. Individual models in the family are used to many other epistemic
purposes, but we will focus here on the general picture where inequity is shown to
emerge from these highly minimal preconditions.

5 For those who care about such distinctions, many of the results I now mention are from population
models using the replicator dynamics or best response dynamics rather than the specific agent-based
models used by Axtell et al. (2001). The work all involves the use of Nash demand games and social
categories within a population to see how patterns of resource division emerge that disadvantage
those in one social group.

6 This occurs because minorities meet their out-group very commonly, while majorities meet them
only rarely. As a result, minorities tend to learn more quickly how to interact with their out-group,
which, in a bargaining scenario, often involves making low, safe, accommodating demands (30 rather
than 50 or 70). The majority group can then slowly learn to take advantage of this accommodation.



II: Modeling Minimal Conditions for Inequity

As I will now argue, these, and similar, models play an important epistemic role in
outlining minimal, realistic conditions that are sufficient to generate some social ill.
To play this role, models must, 1) reproduce some social ill (like inequitable
conventions) and 2) show that this outcome results from causal variables that are
realistic and minimal (like conditions 1-3.) In doing this, these models show how
little is needed to generate something surprisingly bad. This is especially important
in thinking about social problems, where invention is a typical goal. Such models
can give counterfactual information about what might happen once interventions
occur, and, in particular, about why interventions might not work as planned. The
rest of this section will be devoted to further elaborating how this epistemic role
works and how it relates to other accounts of the workings of simple models.

First, what is meant here by calling the conditions explored by these models
“minimal” and why does “minimality” matter? The models described in the last
section are all high idealized, by which I mean that they ignore and alter real world
features of the systems they represent.” No model can embody every possible
modeling virtue (for example, by being maximally simple, causally transparent, and
perfectly accurate), so modelers typically choose to elevate some virtues over others
(Weisberg 2012). These particular models opt for causal transparency and
simplicity over complexity and fit to real phenomena.

Philosophers of science have described some such models as “minimal” or
“minimalistic”, though what is meant by that varies across accounts.? One
influential account comes Weisberg (2007) who describes minimalist idealization as
paring away irrelevant details from real world processes to arrive at a few key,
causal factors for the target phenomenon. (See also Potochnik (2007) and Strevens
(2008).) Such models explain or illuminate the phenomenon at hand by virtue of
properly representing the corresponding causal factors in the world, even if they do
not represent other, irrelevant aspects of the real-world system.® Notice that
models that explore minimal conditions for social ills may sometimes capture the
most relevant causal factors at play in the world, and when they do they can act as

7 We might draw a distinction here between models that are abstract, meaning that they ignore some
features of the world, and models that are idealized, meaning that they alter these features in some
way. These models are actually both.

8 Weisberg (2007, 2012) outlines minimalist idealization as a strategy of paring models down to only
the most relevant causal factors. On the other hand, Batterman (2002) and Batterman and Rice
(2014) argue that “minimal” models explain by virtue of belonging to a universality class that also
includes real, complex systems. On this story, the representation relation between model and system
is not supposed to do the work in allowing the model to tell us something about real systems. In yet
another use of the term Griine-Yanoff (2009), describes minimal models as lacking, “any similarity,
isomorphism or resemblance relation to the world” and “unconstrained by natural laws or
structural identity” (83). Such models improve our understanding of the world via proofs of
impossibility or necessity. (See also Knuuttila (2009).) While the terms are the same, the
epistemic roles of these various models are very different.

9 Unsurprisingly, because of the idealizations inherent in building minimal models, some have argued
that they cannot, in fact, explain, or that their capacity to do so is limited in various ways, as in
Fumagalli (2015, 2016), though this discussion is beyond the scope of this paper.



minimalist models in the sense of Weisberg (2007). However, they need not play
this role to be epistemically useful.

This is an important observation, because many of these models fail represent
current, important causes of the social ills they produce. With regards to the models
of inequity from the last section, one of the most glaring representational lacunas
has to do with psychological factors involved in discrimination and inequity.
Implicit bias, explicit bias, stereotype threat, and confirmation bias for example, are
arguably important causes of the emergence of inequity across social groups.19 In
the models described, however, the emergence of inequity does not involve these
psychological elements. But, as noted, this does not prevent them from providing
counterfactual information about what might happen if current causes of inequity
are intervened on.

But, we might ask, why does minimality matter? How does it allow the relevant
models to play this role? First, because it is relevant for causal transparency, as
noted above. Causal transparency is key in providing information about
counterfactual causes. Additionally, there is another reason why minimality matters
at least to some degree. To see this, it is useful compare these models to one
description of the workings of “how-possibly modeling” (or “how-possibly
explanation”). These terms are used in many ways in the philosophy of modeling
literature (Bokulich, 2014). Sometimes “how-possibly modeling” describes models
which show that some phenomenon can in principle (possibly) be generated from a
set of starting conditions, often in respond to an extant impossibility claim. Let’s call
this sort of epistemic role HP1. To give an example, Brian Skyrms’s work on the
evolution of signaling refuted claims by natural language skeptics like W.V.0. Quine
that linguistic meaning could not possibly emerge on its own (Skyrms 2010; W. V. O.
Quine 1960). Skryms’ models showed that, indeed, language can emerge
spontaneously among learners. Notice that to play this sort of HP1 role, a model
need not be particularly simple, and the relevant preconditions need not be
minimal. The goal is just to show possibility in the face of an impossibility claim.

But if the models here showed that inequity could result, in principle, from
elaborate, highly complex conditions, they would not be of much interest, because
such conditions are typically unlikely to hold in the real world. Unlike natural
language, it is usually not in doubt that social ills can in principle emerge on cultural
evolutionary timescales as a result of different causal factors. The goal is not to
show that they can. The conditions causing social problems in the models in
question must be few enough that they might really be able to act as causes of social
ills.11

10 See, for example, Saul (2013) for the effects of implicit bias and stereotype threat in academic
philosophy.

11 Note that, of course, there might be some model illuminating a set of highly complex, numerous
preconditions for a social ill, but where all of these are very likely to hold in the real world. Such a
model could still play the role outlined in this paper. The point is that typically such a model is
unlikely to be able to do so.



Related to this is the requirement that these conditions must be “realistic”. Brett
Calcott has described what he calls “how-MacGyvery” models, which show how from
extremely minimal conditions some surprising phenomenon can arise.!? An extra
requirement that goes beyond how-MacGyvery modeling is that these minimal
conditions are ones we think could actually be instantiated in the world. For
instance, if Axtell et al. (2001), and the many extensions discussed in section I,
showed that inequitable norms could emerge among people with the surprisingly
minimal condition that they dislike Nicholas Cage movies, these models would be
completely irrelevant. In this the models here play something similar to the “how-
possibly” roles described by authors like Brandon (1990), Forber (2010), and
Bokulich (2014) who argue that how-possibly explanations outline processes that
might really occur in the world (even if we are not certain they do). (We can call
this HP2.)13

This realism requirement raises a question, though: what sorts of conditions count
as realistic in models that illuminate minimal conditions for social ills? Sugden
(2000) tackles this same question in thinking about how economic models explain.
As he points out, realism of this sort is usually grounded in similarity judgments.
The models are judged to be similar, in relevant ways, to the real-world systems
they represent. As he points out, saying just what this means can be a bit tricky. But
he ultimately settles on a notion of credibility as important, which approximately
tracks, “the extent to which we can understand the relevant model as a description
of how the world could be” (24). Discussing whether and how models can be
successfully compared to real-world systems in this way goes well beyond the scope
of this paper. I follow others, like Sugden, who argue that they can.

When the right sorts of realism and minimalism are present in these models, they
arguably can give some counterfactual information about the world. Whether or not
the factors in the model are at play in the real world, these factors are plausible
candidates to act as causes in the real world. And this fact makes them relevant to
thinking about interventions on inequitable systems. One thing we learn from the
models of inequitable norms in section II is that removing implicit bias, stereotype
threat, and confirmation bias might not be enough to fix the problem. In other
words, the sorts of interventions being implemented by businesses, universities, etc.
to improve inequity do not impact a set of conditions which occur in these
organizations, and should be expected to generate inequity even without various
biases at play.

Notice that when models outline minimal conditions for inequity, it is the very fact
that they do not capture many aspects of the real world that generates their
epistemic power. In other words, both their realism and their lack of realism is
important. In particular, in stripping away realistic causes of inequity, they provide

12 This term comes from public talks, rather than published work. For an example, see Soriano et al.
(2015). This refers to the 80s and 90s TV show MacGyver, where the title character routinely built
technological apparatuses from random everyday objects.

13 This also fits well with the account of Sugden (2000) who emphasizes the “credibility” of simple
models in grounding their epistemic import.



valuable information about counterfactual causes that would be hard to study
otherwise. Implicit bias, or more pernicious racism, could be added to these models,
and that would, in some ways, improve their fit to the world. But doing so would
obscure the observation that conditions 1-3 can yield inequity on their own. In this
way, the models discussed in this paper fit well with some accounts of simple
models that recognize the importance of abstracting away from realistic details
when identifying sufficient causes for a phenomenon (Ylikowski and Aydinonat
2014).14

Notably, identifying this sort of role makes clear why models, and not other forms of
investigation, are so useful in this sort of case. Empirical investigations are often
limited in that they cannot remove causal factors from the world. For instance, in
studying the emergence of inequitable conventions in real organizations and
societies, we cannot easily remove or alter aspects of human psychology in these
societies. Because models are not grounded in reality, they provide a relatively
cheap, easy way to investigate potentially relevant causal pathways in advance of
difficult, costly interventions.

Before concluding, I'd like return to one final point. In the introduction, I argued
that the epistemic role outlined in this paper is not necessarily in conflict with
previous analyses of simple models. Philosophers have often recognized one kind of
modeling plurality - that models come in many forms, and play many sorts of
epistemic roles (Downes 1992; O’Connor and Weatherall 2016; Rohwer and Rice
2016). But there has been less attention to a second sort of model plurality - that
the same model can play multiple epistemic roles even with one project. The
models described in this paper illuminate this very point. Consider models of the
cultural Red King effect, for instance, which show how minority status alone may
lead to bargaining inequity. We can identify at least four separate, epistemic roles
these models play within the same project. First, they illuminate a causal pathway
that may be at play in the real world, thus acting as minimalist models in the
Weisberg (2007) sense. Second, they can direct future empirical investigation on
this topic. Mohseni et al. (2019) investigate the cultural Red King effect in the lab.
As they describe, without the formal models, there would be no reason to test
whether minority status confers a bargaining disadvantage. But they do, in fact, find
such a disadvantage among experimental subjects. Third, the models add a new
causal scenario to the set of possible explanations for minority disadvantage. This is
arole for simple models described by Ylikowski and Aydinonat (2014).1> And
fourth they outline extremely minimal conditions for a minority group to end up
disadvantaged, and in doing so provide counterfactual information in the way
described here. Thus this paper, in showing that models of social ills provide

14 They also are similar to models outlined by Batterman (2002) and Batterman and Rice (2014) who
argue how a lack of fit to the world, or representative power, can sometimes enhance a model’s
ability to explain.

15 These authors also support the point here, by identifying a laundry list of useful epistemic roles
that the Schelling checkerboard model can play.



important counterfactual information relevant to interventions, does not negate or
preclude other analyses of the epistemic import of these, or similar, models.

[V: Conclusion

The goal of this paper was to pull out in detail an epistemic role played by a class of
models that focus on inequity. These models outline minimal conditions for
inequity, while idealizing away from causal factors that are at play in the real world.
Nonetheless, in identifying minimal, realistic conditions that can generate patterns
of inequity, they provide important counterfactual information about the target
system that is especially useful for planned interventions. In particular, they tell us
that some interventions on real causes of inequity might not be successful, since
there are other, realistic, counterfactual causes that might continue to generate
inequity. Since much investigation into inequity focuses on intervention, this is an
important epistemic contribution.

Although this paper focused on one family of models to illustrate this point, there
are other notable candidates, such as the Schelling checkerboard model (Schelling,
1969; 1971). There have been a number of in-depth accounts of how the Schelling
model is explanatory. (See for example, Sugden (2000), Aydinonat (2007), Grune-
Yanoff (2009), Ylikowski and Aydinonat (2014).) This paper adds to these. The
Schelling model is also one that plays the epistemic role laid out here. It outlines
minimal conditions (preferences not to be in a small racial minority, a tendency to
move when one is) for a social ill (racial segregation). It is widely recognized to
ignore important causal factors that drive racial segregation in the real world
(Farley, Fielding, and Krysan 1997; Galster and Godfrey 2005; Denton 2006). But it
gives counterfactual information that realistic, minimal factors can cause
segregation, even if we intervene on more pernicious factors like housing
discrimination.’® Relatedly, as Ylikowski and Aydinonat (2014) point out, “even if
the Schelling mechanism does not bring about segregation, its presence has
important counterfactual consequences, as it might cause segregation in the absence
of other causes” (28).

Another set of candidate models outline what we might call minimal conditions for
polarization. Polarization is often recognized as a social ill in that it prevents
effective democratic functioning. A number of models have shown how simply
adding to a model that agents ignore those with different beliefs tends to generate
polarization (Hegselmann & Krause, 2002; Macy et al., 2003; Olsson, 2013). Likely
the real world causes of polarization are much more variable, ranging from innate
in-group biases, to partisan news sources, to conformity bias. But these models,
again, illustrate how little is needed to generate polarization, and thus why
interventions aimed at, say, in-group bias, might not be enough to eliminate it.

16 Though one might respond that this model does not fall under the analysis here, because racial
segregation simpliciter is not necessarily a social ill. It is only the pernicious racism involved in
current segregation that we should try to intervene on. Thank you to (REMOVED FOR REVIEW) for
this point.



One broader take-away from this entire responds to claims that highly idealized
models cannot inform us about the world. In fact, the epistemic roles that models
play are promiscuous and varied (Downes 1992; O’Connor and Weatherall 2016;
Rohwer and Rice 2016). The investigation here outlines one more way that simple
models can play important roles in reasoning, and contribute to epistemic progress,
even if they do not perfectly match the target systems they address.
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