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Abstract
Two recent contributions have discussed, and disagreed, over whether so-called 
toy models that attempt to represent dispositions have the power to explain. In this 
paper, I argue that neither of these positions is completely correct. Toy models may 
accurately represent, satisfy the veridicality condition, yet fail to provide how-actu-
ally explanations. This is because some dispositions remain unmanifested. Instead, 
the models provide how-possibly explanations; they possibly explain.

1  Introduction

Some models are so idealized and simple that they are occasionally called toy mod-
els. But far from only playing with them, scientists use these models to represent 
actual targets and for epistemic purposes like explaining and understanding. Whether 
and how they can fulfil that representational role has been the subject of substantial 
philosophical debate. In particular, under what conditions they have the power to 
explain is an enduring puzzle.

Participants in the discussion sometimes view these models as not performing any 
representational function (Luczak, 2017), as not satisfying the veridicality condi-
tion and providing how-possibly explanations (Reutlinger et al., 2018), as accurately 
representing their targets and providing how-actually explanations (Nguyen, 2020), 
as helping to probe the modal features of phenomena (Gelfert, 2019), or as serving 
epistemic functions because of their highly idealized nature (Jebeile, 2020). In this 
paper, I put forward an underappreciated alternative, namely that some of these mod-
els accurately represent their targets, but only provide how-possibly explanations. 
More specifically, I argue that a toy model may accurately represent an explanandum 
and an explanans, yet only possibly explain.
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I use the recent debate between Reutlinger et al. (2018) and Nguyen (2020) as a 
frame for my discussion. Although they study similar models, they disagree on how 
to interpret them. Reutlinger et al. hold that some toy models do not satisfy what 
they call the ‘veridicality condition’ and provide how-possibly explanations. Nguyen 
contends that they accurately represent their targets and provide how-actually expla-
nations. One noteworthy feature of that debate is that they consider how models 
may explain by citing broadly construed dispositions. In short, the position I defend 
is that some of these toy models (1) accurately represent dispositional properties of 
actual targets, yet (2) only provide how-possibly explanations because the disposi-
tional properties remain unmanifested. This is an interesting case of a how-possibly 
explanation with a true explanandum and explanans, but with a non-actual explana-
tory relation.

Section 2 introduces the debate between Reutlinger et al. and Nguyen. In Sect. 3, I 
introduce the theoretical framework that specifies under what conditions dispositions 
have the power to explain. Section 4 argues that the disposition under consideration 
satisfies the veridicality condition, but does not explain how-actually. Then, in Sect. 5 
I defend the how-possibly interpretation. Section 6 concludes.

2  The debate

Reutlinger et al. (2018) distinguish between two types of toy models: embedded and 
autonomous. The former stem from a well-confirmed framework theory (e.g. quan-
tum mechanics) while the latter do not; they are independent of a particular theoreti-
cal framework and stand on their own. According to them, embedded toy models may 
afford understanding of phenomena because they satisfy, among other things, what 
they call the veridicality condition.1 This condition captures the widely shared idea 
that an explanation’s “explanatory assumptions (that is, the explanans of an explana-
tion) are required to be true or, at least, approximately true” (Reutlinger et al., 2018, 
p. 1082).2 Since embedded toy models are models of a well-confirmed — i.e., true 
— theory, whatever justification we have in the framework theory will carry over 
the embedded toy model. And because their idealizations are justified on the basis of 
theory, these toy models may satisfy the veridicality condition. For that reason, they 
conclude that these models provide how-actually explanations because they contain 
“actually true (or approximately true) statements” (p. 1085).

Autonomous toy models, however, are more complicated. They are as idealized 
and simple as their embedded counterparts, but do not stem from any well-confirmed 
framework theory. They stand on their own and, in consequence, the epistemic jus-
tification for their idealizations cannot come from theory. It thus needs to originate 

1  They also state two other conditions for understanding phenomena, viz. the explanation and epistemic 
accessibility conditions. For the purpose of the current discussion, only the veridicality condition is 
important.

2  The veridicality condition also applies to explananda and correctly explaining also demands a true 
description of the explanandum (see Reutlinger, 2016, 2018). Here I focus on the truth of the explanans.
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from another source. Reutlinger et al. identify three possible strategies for justifying 
the idealizations of autonomous toy models.

1.	 McMullin’s (1985) strategy: Idealizations serve to isolate (approximately) true 
explanatory factors of interest. Framework theories then allow to de-idealize the 
models.

2.	 Minimalism: Toy models accurately represent the relevant explanatory factors 
and the idealizations concern features that are irrelevant to the explanation.

3.	 Dispositionalism: Toy models accurately represent the dispositional behaviour 
of systems in the absence of disturbing factors.

Using one of these strategies (or a combination thereof) with embedded toy models 
allows showing how the models satisfy the veridicality condition. For instance, a 
background theory may allow distinguishing between the explanatory relevant ide-
alizations and those that are not (minimalism) (see also Strevens, 2008, Chap.  8; 
Weisberg, 2007). Even though the models are highly idealized, they can still truth-
fully represent explanatory factors of interest and provide how-actually explanations.

However, Reutlinger et al. argue, these strategies do not always work with autono-
mous toy models. That is, neither McMullins’s strategy, minimalism, nor disposition-
alism can in every instance justify their idealizations and salvage truth. As a result, 
they conclude that some autonomous toy models do not provide how-actually expla-
nations.3 They nevertheless see an epistemic role for these models, namely to provide 
how-possibly explanations. According to them, how-possibly explanations, contrary 
to how-actually explanations, do not satisfy the veridicality condition because their 
explanantia “refer to merely possible explanatory factors (for instance, to possible 
causes and mechanisms bringing about the explanandum phenomenon, if the expla-
nation is causal)” (Reutlinger et al., 2018, p. 1085). How-possibly explanations, they 
say, are not epistemically inert and may afford ‘how-possibly understanding’. That 
understanding may serve modal (contributing to understanding modal phenomena), 
heuristic (stepping stone towards how-actually explanation), and pedagogical pur-
poses (helping people grasp ideas).

Examining similar cases as Reutlinger et al., Nguyen (2020) argues that (some) 
autonomous toy models accurately represent their target systems by identifying ‘sus-
ceptibilities’. Susceptibilities are broadly construed properties that make a system 
disposed to manifest a behaviour. Even though toy models are simple and highly 
idealized, when properly interpreted they may nevertheless generate true claims 
about their targets. But not only does Nguyen dispute that toy models misrepresent, 
he also submits that “it’s plausible that all of the models I discuss in this article go 
beyond how-possibly to how-actually explanations of the behaviours of target sys-
tems” (2020, p. 1017). In fact, he explicitly contrasts his approach to Reutlinger et 
al’s, which prompts the questions of why they reach different conclusions and what 
is the correct interpretation of these toy models.

3  The ‘some’ is important here. They do not claim that all autonomous toy models fail to provide how-
actually explanations. My own argument does not hinge on the scope of their claim.
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Let us examine more closely the crux of the debate. To illustrate their arguments, 
Reutlinger et al. use a collision model in econophysics (Dragulescu & Yakovenko, 
2000) and Schelling’s checkerboard model of residential segregation (Schelling, 
1971, 1978). Nguyen discusses Akerlof’s (1970) market for lemons, the Lotka-Volt-
erra (1927, 1928) predation model, and also the checkerboard model of residential 
segregation.4 In order to stay as faithful as possible to the debate and better expose 
the issue at stake, in the following I will mainly focus on the checkerboard model. 
However, I believe the following discussion generalizes to other examples of autono-
mous toy models.

The checkboard model has been widely discussed in the literature (e.g. Aydinonat, 
2007; Grüne-Yanoff, 2009; Sugden, 2000, 2009; Ylikoski & Aydinonat, 2014) and 
I will thus only very briefly introduce it. It is an agent-based model that represents 
two types of agents spatially located on a checkerboard. Each type of agent prefers 
to have at least 30% of like neighbours and becomes discontent whenever the neigh-
bours ratio goes below the threshold. Since each agent can have eight neighbours, 
this implies that agents want to have at least three neighbours of the same type. If an 
agent becomes dissatisfied, it moves to another location where the minimum ratio 
holds. Agents assess in turn whether they are satisfied or not and either stay in place 
or move to a different location. For instance, an agent leaving or moving in may make 
other agents dissatisfied and cause them to relocate. The model is simple and highly 
idealized: it assumes only two types of agents, they are ‘living’ on a grid, agents can 
and do move when dissatisfied, it abstracts from other plausible factors, etc. The key 
result of the model is that patterns of segregation will emerge as the unintended con-
sequence of a moderate preference for like neighbours. Importantly, this is viewed 
as contradicting the claim that strong discriminatory preferences were necessary for 
bringing about segregation (see e.g. Grüne-Yanoff, 2009). This result is robust under 
a wide variety of changes of assumptions (e.g. Muldoon et al., 2012), although the 
model is also sensitive to other assumptions such as modelling agents’ preferences as 
a threshold function (versus continuous) (e.g. Bruch & Mare, 2006).

Reutlinger et al. argue that the dispositionalist strategy is not available for jus-
tifying the model’s idealizations. Recall that the strategy involves identifying the 
dispositional behaviour of a system in the absence of disturbing factors. For instance, 
suppose a model representing objects falling at a rate of 9.80665 m/s2  when friction 
or other disturbing factors are absent. We could say that this model represents the 
disposition (earthly) objects have to fall when disturbing factors like air resistance are 
absent. However, not all objects will actually fall at that rate. In reality, some objects 
are non-trivially subject to air resistance, like leaves or feathers. Thus, we need to 
know the ‘laws of interaction and composition’ of the dispositions the model repre-
sents. These laws state how different dispositions (or causes) interact and aggregate 
with one another to produce the actual behaviour of the system. As it happens, we 
know how air resistance and gravitational attraction interact with one another, i.e. we 
know the laws of interaction and composition. Thus, that the model assumes away 
disturbing factors is not necessarily a problem. What it claims about falling objects is 

4  Reutlinger et al. mention that the Lotka-Volterra model is an autonomous toy model, but do not discuss 
it further.
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still true, viz. that they are actually subject to that force even if their actual accelera-
tion might depend on other factors.

The dispositionalist strategy consists in applying a similar interpretation to the 
checkerboard model. The model represents the disposition of cities or neighbour-
hoods to become residentially segregated when people have a moderate preference 
for like neighbours. This holds in the absence of other possible causes of segregation 
like socioeconomic status, preferences for local public goods, policies, institutional 
discrimination, etc. In reality, many causes may interact together to bring about seg-
regation. Reutlinger et al’s main argument against applying the dispositional strategy 
on some autonomous toy models such as the checkerboard is that since we do not 
know the laws of interaction and composition of the dispositions, then they cannot 
satisfy the veridicality condition. We do not know the laws precisely because these 
are not embedded toy models, but autonomous ones. And without the laws, we cannot 
evaluate whether and how the disposition relates to the phenomena to be explained. 
Therefore, the dispositionalist strategy cannot be put to use to satisfy the veridicality 
condition.

As already noted, Nguyen (2020) explicitly proposes to interpret the checkerboard 
model in dispositional terms. First, he says that we can view the model as establish-
ing the following claim.

r2: Even for low ‘content’ thresholds, almost irrespective of the initial set up 
of the board and the order of movement, the board results in a segregated state 
(in fact, for particular model runs and choice of movement order, and rule, an 
initial distribution is associated with a unique segregated outcome). (p. 1030)

However, Nguyen argues, we do not and should not directly export this claim to 
target systems of interest. Rather, we should reinterpret the above claim as follows.

r′
2: A city whose residents have weak preferences regarding the skin colour of 

their neighbours has a susceptibility towards global segregation. (p. 1030)

While the model claim suggests that segregation almost necessarily occurs and is 
quite specific about how this happens (because of the rules agents follow), the fea-
tures we impute on the target are instead dispositional and less specific. Suitably 
interpreted, Nguyen argues, these dispositional claims about target systems are true: 
“r′

2 tells us that in a particular city, Chicago for example, if residents only require a 
small proportion of their neighbours to share their skin colour, this still makes the city 
susceptible to global segregation” (p. 1031). And they are true even if the disposition 
interacts with disturbing factors or is fully overridden.

That autonomous toy models can serve to establish true dispositional claims about 
target systems leads Nguyen to hold that they do not only provide how-possibly 
explanations, but how-actually ones. If we were to directly export the claims from the 
toy models to the target, then maybe we would need the laws of interaction and com-
position. But, properly qualified, the dispositions imputed to target systems remain 
true even if we do not know how they interact or if they are overridden.

1 3

Page 5 of 17  171



Synthese (2023) 201:171

Who is right, then? Reutlinger et al., who argue that the dispositionalist strategy 
fails and that the models thus does not satisfy the veridicality condition, or Nguyen 
who says that the same models accurately represent and provide how-actually expla-
nation? I contend that they are both partly right and wrong. With Nguyen (2020), I 
hold that some of these models indeed accurately represent their targets by identify-
ing dispositional properties of actual targets. However, with Reutlinger et al. (2018), 
I agree that these models should not be interpreted in a how-actually sense. My view 
is that (some) autonomous toy models:

1.	 Accurately represent dispositions of actual targets.
2.	 Only provide how-possibly explanations because the dispositions are 

unmanifested.

Importantly, I do not claim that all or even most autonomous toy models have these 
features. My claim is simply that at least one very important case discussed in the 
literature, namely the checkerboard model, has them. I believe it is plausible that this 
novel view applies to other cases, but I will not discuss it. In the following sections, I 
defend my view. But first, I introduce the required theoretical framework.

3  Dispositions and the power to explain

What are dispositions?5 For the current purposes, what is often called the ‘simple 
conditional analysis’ (SCA) (Choi & Fara, 2021) will do. It is an open question how 
best to characterize dispositions and I want to remain non-committal with respect to 
which account of dispositions is the correct one. What matters is that dispositions 
have manifestations in a range of circumstances and thus I believe my point general-
izes to other types of accounts (e.g. Vetter, 2015). I am using the SCA to help high-
light one problem I want to discuss, viz. that dispositions may remain unmanifested. 
According to the SCA,
 
Simple conditional analysis (SCA)
x is disposed to M when C iff x would M if it were the case that C
 
where x is typically an object, M is the disposition’s manifestation, and C denotes a 
range of circumstances under which x would do M. To take a stock example, to say 
that glass is breakable — that it is disposed to break when struck — means that glass 
would break if it were struck. There are many counterexamples to the SCA due to 
“finks”, “masks”, or other “Achilles’ heels” (see e.g. Manley & Wasserman, 2008; 
Martin, 1994). For example, we may want to say that glass is breakable even if it is 
in a packaging that prevents it from breaking (a mask). But what matters here is that 
dispositions have manifestations M that occur in a range of circumstances C.

5  I will talk of dispositions, but they are sometimes discussed as being ‘potentialities’ (Vetter, 2015), ‘pow-
ers’ (Mumford & Anjum, 2011), or ‘capacities’ (Cartwright, 1989).
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Although how and under what conditions dispositions explain is controversial, 
there is substantial support that they can do so (Bird, 2007; Cartwright, 1989; Mck-
itrick, 2005; Mumford & Anjum, 2011).6 The debate of interest in the current paper 
concerns whether the dispositionalist strategy allows to interpret some toy models as 
providing either how-actually or how-possibly explanations. As we have seen above, 
Reutlinger et al. (2018) spell out the distinction in terms of how-possibly explanations 
not satisfying the veridicality condition and referring to merely possible explanantia. 
But the veridicality condition and referring to merely possible explanantia seem to be 
two different sets of issues. A first important step consists in reassessing the role of 
the veridicality condition in the distinction between how-actually and how-possibly 
explanations. According to a recent account (Verreault-Julien, 2019), how-actually 
explanations have the following form,
 
How-actually explanation (HAE)
p because q
 
where p denotes the explanandum and q the explanans (e.g. a causal generalization 
plus initial conditions). Crucially, ‘p because q’ is an HAE because p and q are actual 
and the actual explanandum p is actually because the actual explanans q. Following 
Verreault-Julien, how-possibly explanations have the following form,
 
How-possibly explanation (HPE)
♦(p because q)
 
where the explanation is now under the scope of a modal possibility operator ♦. 
In a nutshell, HPEs are possible explanations. Often, an HPE will have an actual 
explanandum, but a merely possible explanans. For example, there are many pos-
sible explanations for the disappearance of Neanderthals (Vaesen et al., 2021). Some 
cite competition between modern humans and Neanderthals while others emphasize 
environmental factors. These are all HPEs of the disappearance. While there might 
be multiple HPEs of the disappearance, there is only one HAE (which may combine 
explanatory factors). Possible explanations play an important role in explanatory rea-
soning such as inference to the best explanation (Lipton, 2004).

One key feature of that characterization is that both HAEs and HPEs have a truth 
value. ‘p because q’ is true iff p and q are both actual and p is actually because 
q, where ‘because’ refers to one’s favourite relation of explanatory entailment (e.g. 
causal or deductive-nomological). Likewise, that an explanation is possible also has 
a truth value. ‘♦(p because q)’ is true iff it is the case that ‘p because q’ is possible. 

6 A worry one might have with citing dispositions is that they do not provide the sort of explanatory infor-
mation that allows answering explanation-seeking why-questions. Explaining why opium induces sleep 
by citing its ‘dormitive virtue’, as in Molière’s Le Malade Imaginaire, is arguably not very informative. 
However, other usages do not seem as patently inadequate. If one asks me why a given glass-made object 
broke, citing the fragility of glass may be a valuable piece of information; some objects are fragile and, 
as a result, can break. Dispositions also play an important role in scientific practice (see Illari & Russo, 
2014, Chap. 15). At any rate, here I want to bracket as much as possible these concerns and assume that 
dispositions may explain.
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Verreault-Julien argues that the truth value depends on the particular interpretation 
of the modal operator. For instance, claims of nomic possibility do not have the same 
truth conditions as claims of more restricted causal possibility. And it is also pos-
sible to distinguish between other general forms of possibility such as epistemic and 
objective possibility (Sjölin Wirling & Grüne-Yanoff, 2021; see also Grüne-Yanoff & 
Verreault-Julien, 2021). The veridicality condition, we have seen, requires the truth 
of the explanans. There is a sense in which the explanans of an HPE is true; it is truly 
possible.7 Truth of possibility is still truth. Thus, we can disentangle the veridicality 
condition from reference to possible explanatory factors. HAEs and HPEs alike can 
satisfy the veridicality condition, but only the former involve citing actual explana-
tory factors.

Now that we have properly distinguished between HAEs and HPEs, let us apply 
the framework to dispositional HAEs and HPEs. Combining the SCA and HAE, we 
arrive at the following formulation,
 
Dispositional HAE
p because [q is disposed to p when C]
 
where the explanans q is now a disposition.8 To explain how-actually with a dispo-
sition consists in explaining the explanandum, typically the disposition’s manifes-
tation, by appealing to the disposition. To understand the conditions under which 
dispositions may provide an HAE, it is useful to examine two ways dispositions can 
fail to explain in that sense.

First, the truth value of the disposition may be false. Disposition ascriptions such 
as ‘q would p if it were the case that C’ may be true or false, objects or states of affairs 
may or may not have the properties we ascribe to them. For instance, the claim that 
‘maraging steel would break if it were struck’ is false; maraging steel is among the 
toughest materials there is. To provide a dispositional HAE requires citing the true 
dispositional properties of an object or states of affairs. Second, even if the disposi-
tion is true, the explanandum may not be actually because of the disposition. In other 
words, the explanandum may not be a manifestation of the disposition. So the failure 
is not with the explanandum or the explanans proper, but with the explanatory rela-
tion between them.

If, as Nguyen (2020) holds, the checkerboard model provides an HAE, then the 
model does not fail for any of these two reasons; there is an explanandum that is actu-
ally because of a true disposition. But if, as Reutlinger et al. (2018) hold, the model 
does not provide an HAE, the model must fail for one of the two reasons. Clearly, 
Reutlinger et al. would at least subscribe to the second failure, i.e. that the explanan-
dum is not actually because of the disposition. Since we do not know the laws of 
interaction and composition, we cannot determine whether the explanandum is due 

7  I simplify by considering only the case of an actual explanandum with a possible explanans, but there 
are other possibilities that will become relevant later.

8  I remain agnostic between the views that dispositions cause their manifestations or that it is a disposi-
tion’s causal basis that causes its manifestation. There might also be non-causal dispositions (Nolan, 
2015).
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to the disposition or not. Perhaps there are other disturbing factors that bring about a 
similar manifestation, but prevent the disposition from contributing to the manifesta-
tion. And since autonomous toy models do not rely on a theoretical framework, we 
do not know how the dispositions interact with each other. But whether they would 
also hold that the dispositional HAE fails in the first sense is not as evident. They 
repeatedly suggest that if we cannot use any of the strategies to interpret and justify 
the idealizations, then the toy model’s idealizations (and explanantia) are not compat-
ible with the veridicality condition. Reutlinger (2018) also suggests in other writings 
that HPEs do not satisfy the veridicality condition. One plausible interpretation is that 
they consider the HAE to fail in both ways.

In the remainder of this paper, I will argue with Nguyen that the HAE does not 
fail for the first reason: the model accurately represents a true disposition. However, 
pace Nguyen and with Reutlinger et al., I will argue that it fails for the second reason.

4  True disposition, but not a how-actually explanation

We have seen that HAEs take the form of ‘p because q’ statements. In the case of 
the checkerboard model, what could be the explanandum and the explanans? The 
explanandum is the (actual) phenomenon of residential segregation. Many cities 
exhibit patterns of highly segregated areas and this is in need of an explanation. For 
the explanans, there are two main possibilities, one identifying cities and the other 
preferences as the bearers of the disposition. Let us look at the first one.
 
HAE 1-checkerboard
There is residential segregation because cities are disposed to be segregated when 
people have moderate preferences for like neighbours.
 
For the sake of the argument, suppose that cities have that disposition and that people 
have these preferences. In other words, the disposition is in the right sort of circum-
stances to bring about its manifestation. There is a weak and a strong objection to the 
HAE interpretation. The weak objection consists in pointing out that, in fact, we do 
not know how the disposition interacts with other known dispositions for segrega-
tion (e.g. prejudice or institutional discrimination; see, e.g., Fossett [2006]). This is 
basically Reutlinger et al.’s argument. Without that sort of information, we cannot 
determine to what extent, if at all, segregation is actually due to this disposition or 
other ones. Other dispositions may, for instance, mask the manifestation of cities’ 
disposition to become segregated when people have moderate preferences for like 
neighbours.

The strong objection asks a different, but crucial, question. What if cities did not 
have that disposition or people did not have those preferences? Would there still be 
segregation? Whether an explanandum counterfactually depends on an explanans is a 
typical test for explanation (e.g. Reutlinger, 2018; Strevens, 2008; Woodward, 2003). 
For one, Reutlinger holds that one condition on what makes explanations explanatory 
(in the HAE sense) is that they satisfy what he calls the ‘dependency condition’. This 
condition requires that the explanatory generalization supports at least one coun-
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terfactual such that had the initial conditions been different, then the explanandum 
would also have been different. The idea behind the condition is that an explanandum 
that does not depend on an explanans is not actually explained by it. Does HAE 
1-checkerboard satisfy the dependency condition?

We have good reasons to believe it does not. In short, the empirical and theoretical 
evidence about residential segregation indicates that, yes, there would still be seg-
regation absent that disposition. Empirically, some have noted that many people do 
not have mere moderate preferences for like neighbours (e.g. Clark, 1992; Farley et 
al., 1997; see also Bobo & Zubrinsky, 1996; Charles, 2003; Krysan & Farley, 2002). 
Notably, people tend to prefer to live with a small or large majority of people of their 
own group. Clark (1992, p. 464) concludes that “[t]he unwillingness of groups to 
prefer and/or to choose combinations that do not include large proportions of their 
own race is a significant force in creating separate racial and ethnic areas in this 
metropolitan area”. Theoretically, many other candidate explanations of residential 
segregation do not rely on the disposition. Some hold that preferences simpliciter 
cannot explain the phenomenon and that discrimination in housing is instead respon-
sible (e.g. Massey & Denton, 1993). And while it is clear according to Fossett (2006) 
that preferences can bring about segregation, he also notes that “[t]he data needed to 
generate empirically grounded estimates of the separate effects of discrimination and 
social distance and preference dynamics in real urban systems simply do not exist” 
(195, emphasis in original). He also acknowledges that segregation may be over-
determined, e.g. the result of discrimination dynamics. Since neighbourhoods are 
segregated, the overdetermination problem implies that preferences may not actually 
have the opportunity to manifest themselves. All this indicates that if HAE 1-check-
erboard is not simply false, at best we are not in the position to establish its truth.

Nguyen (2020, p. 1033) asks, “[w]hat about cases where the susceptibilities are 
overridden entirely”? According to him, the model is still accurate; that a disposi-
tion is overridden still implies that the disposition is in the target system. Otherwise, 
it could not be overridden. To use his smoking example, it is true that a smoker is 
disposed to develop lung cancer even if that person does not actually develop it. 
Dispositions may remain unmanifested. But if we push the ‘overridden’ logic further, 
what could the disposition possibly explain? Granted, smoking increases one’s sus-
ceptibility to lung cancer. Imagine, however, a smoker who receives a lung cancer 
‘vaccine’ that effectively prevents cancer from developing. Since it is precisely this 
susceptibility that the vaccine is preventing, would that person still have a suscep-
tibility to developing lung cancer? An overridden disposition might exist, yet never 
be in the position to manifest itself. We might still want to say that, e.g., smoking 
has dispositional properties, but it is difficult to see how a disposition that does not 
manifest itself could actually explain its manifestation qua explanandum. It should 
be noted that this problem occurs even if we would know the laws of interaction and 
composition. In fact, knowing them would help in establishing that a disposition does 
not explain.

But one could also object that the disposition identified above is not the correct 
one. The disposition is not a property of cities, but of preferences. In particular, we 
are learning that moderate preference for like neighbours have the ‘power’ to bring 
about segregation.
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HAE 2-checkerboard
There is residential segregation because preferences are disposed to bring about seg-
regation when they are moderately for like neighbours.
 
Although I believe this in fact better represents the contribution of the checkerboard 
model, this does not make a difference to the HAE interpretation. The counterfactual 
dependence test yields the same result: were people to not have moderate preferences 
for like neighbours, there would still be segregation. One might here object that it is 
because of the result’s robustness. Regardless of what the preferences are, they are 
disposed to bring about segregation. This is certainly an interesting result, but one 
that goes way beyond the checkerboard model qua toy model. The model is taken to 
show that moderate preferences for like neighbours can bring about segregation, not 
that a wide range of preferences have a similar disposition. In any case, the disposi-
tion the model would propose as an explanation for segregation would be quite dif-
ferent than the one I and other participants in the debate have analysed. Moreover, as 
Muldoon et al. (2012) point out, ‘extreme robustness’ in fact indicates that the model 
may fail to capture the actual dynamics of segregation.

Let us take stock. Here, I have argued that the disposition fails to explain in the 
HAE sense. This is because the explanandum is not actually because of the disposi-
tion. Although related to Reutlinger et al.’s point that we need to know the laws of 
interaction and composition, the issue I am raising is slightly different. Even without 
having detailed knowledge of these laws, knowing that the phenomenon does not 
counterfactually depend on the disposition is sufficient to reject the HAE interpreta-
tion. And we can know that the disposition fails the counterfactual dependence test 
without knowing the laws of interaction and composition. These may be useful in 
establishing whether or not a disposition manifests itself and thus make a difference 
to the explanandum, but that information is not always necessary. We have a true 
disposition that does not provide an HAE. In the next section, I argue that it provides 
an HPE.

5  True disposition, but a how-possibly explanation

According to Reutlinger et al’s (2018) framework, rejecting the HAE interpretation 
implies that the veridicality condition is not satisfied. Recall that the veridicality con-
dition requires the truth of the explanans. As the preceding discussion already indi-
cates, I believe Nguyen (2020) is right to say that some autonomous toy models allow 
us to make true inferences about their target systems and thus accurately represent 
them. The reason why some of these do not provide HAEs is not, I contend, because 
the veridicality condition is not satisfied. We have good reasons to believe that the 
disposition ascription is true. Rather, the problem is with the explanatory relation: 
it is not actual. And although the explanatory relation is not actual, it is possible. 
Accordingly, I side with Reutlinger et al.’s interpretation that the checkerboard model 
provides not an HAE, but an HPE. So we have a particular case of a model that pro-
vides an HPE and which satisfies the veridicality condition. Using the characteriza-
tion of HPEs in Sect. 3, a dispositional HPE has the following form.
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Dispositional HPE
♦ (p because [q is disposed to p when C])
 
A dispositional HPE is a possible explanation that cites a disposition. There are two 
key features to note. As we have seen above, HPEs have a truth value. That an expla-
nation is indeed possible or not can be true or false. The other is that while the pos-
sibility operator scopes over the whole explanation, in fact only some parts might 
be possible. As Verreault-Julien (2019) argues, sometimes HPEs will have an actual 
explanandum, but a merely possible explanans, but other times it may have an actual 
explanans, but a possible explanandum, or an actual generalization, but only pos-
sible initial conditions.9 The checkerboard model showcases one underappreciated 
possibility, viz. a possible explanation with an actual explanandum and an actual 
explanans, but a merely possible ‘because’ relation. What would be the checkerboard 
HPE?10

 
HPE checkerboard
♦ (There is residential segregation because preferences are disposed to bring about 
segregation when they are moderately for like neighbours.)
 
This HPE says that it is possible that there is residential segregation because of the 
dispositional property of preferences of bringing about segregation when they are 
moderately for like neighbours. The purported HAE fails the counterfactual depen-
dence test; had the preferences been different, it would not have made a difference 
to residential segregation. Hence, segregation is not actually because of the prefer-
ences. But could it be possibly because? In any case, that the checkerboard model 
provides an HPE is a widespread interpretation (e.g. Aydinonat, 2007; Grüne-Yanoff, 
2013; Kuorikoski & Ylikoski, 2015; Rohwer & Rice, 2013; Weisberg, 2013; Ylikoski 
& Aydinonat, 2014).11 One common view is that it identifies a ‘possible cause’ or 
a ‘possible mechanism’ for segregation. But this view is ambiguous between pos-
sible cause qua possible explanatory relation or possible cause qua possible disposi-
tion. For instance, Aydinonat (2007, p. 440) says the following: “We know that these 
mechanisms exist. We know that individuals have a tendency to avoid an extreme 
minority status”. He continues and claims that the model “alerts us to a possible 
‘aggregate’ tendency: a possible way in which those individual mechanisms may 
interact in bringing about residential segregation” (p. 440). According to him, at least 
some tendencies (dispositions) actually exist. One way to understand his point is that 
the model proposes a novel, possible, tendency (disposition). Another way is that we 
are learning about hitherto unknown (actual) dispositional properties of preferences 
which may nevertheless fail to actually explain segregation. Or, consider Weisberg’s 
view that the checkerboard model has a generalized (actual) target and does not aim 
at “explaining how any specific system actually works, but rather on how they might 

9  See Grüne-Yanoff (2013) for examples of HPEs that differ in where the modality is located.
10  I follow the formulation of HAE 2-checkerboard, but nothing hinges on that choice vs. HAE 1-check-
erboard.
11  One notable exception is Sugden (2009, 2013) who defends a how-actually interpretation.
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work” (2013, p. 118). The model shows that segregation “is possible when every 
individual has a small preference for similar neighbours and tries to satisfy this pref-
erence” (p.  119). Although preferences possibly explain segregation, it is unclear 
whether for Weisberg it would be the disposition itself that is possible.

The ‘possibly because’ clause can hold either epistemically or objectively (Sjölin 
Wirling & Grüne-Yanoff, 2021). Epistemically, we might be in a position where our 
knowledge does not rule out that segregation may actually depend on moderate pref-
erences for like neighbours. For instance, if someone asks me why Robin developed 
lung cancer and I know that she was a smoker, I could answer that it may be because 
of her smoking. This answer is consistent with my evidence and incorporates an 
actual disposition to developing lung cancer, viz. smoking. But, unbeknownst to me, 
the cancer’s actual cause might be different. In the case of the checkerboard model, 
the epistemic interpretation is at least doubtful. As we have seen in the previous sec-
tion, there is evidence that the actual explanation of segregation has little, if nothing, 
to do with moderate preferences for like neighbours. Objective possibility, on the 
other hand, concerns the — objective — properties objects or states of affairs have 
independently of one’s epistemic position. When I say that my mug is breakable, I 
am ascribing a dispositional property to my mug, not to states of my knowledge. I am 
saying that the mug is such and such. Applying this idea to preferences means that 
they have the property of being disposed to bringing about segregation when they 
are moderately for like neighbours. That they indeed have that property is widely 
accepted. In particular, the segregation result is robust to many changes of assump-
tions (e.g. Muldoon et al., 2012).

Saying that moderate preferences for like neighbours have that property, however, 
does not by itself account for the fact that segregation is possibly because of that 
disposition. One way of spelling out this claim is that in some possible world, nearby 
or not, preferences would bring about segregation when they are moderately for like 
neighbours. The checkerboard model arguably provides us with reasons to believe 
there is such a possible world where the disposition explains segregation. Commen-
tators often interpret the model’s contribution as establishing what-if counterfactu-
als (e.g. Kuorikoski & Ylikoski, 2015; Ylikoski & Aydinonat, 2014). Under certain 
circumstances, moderate preferences for like neighbours bring about segregation. If 
the counterfactual is true, this implies that segregation is possibly because of the dis-
position; it explains segregation in that possible world. What we export to the world 
is this actual property of preferences, that they have the possibility, the disposition, of 
bringing about segregation and thus explaining it. But whether that property actually 
explains it is a different, separate, question.

The crucial point to note is that accurately representing a system as having certain 
dispositional properties does not require that the system actually manifests them. I 
can accurately represent my mug as being disposed to break even though it never 
manifested its breakability. Likewise, we can accurately represent preferences as 
having dispositional properties without them typically (or ever) manifesting them. 
What is peculiar in the case of the checkerboard model is that the explanandum is 
also actual, unlike my mug which sits in one piece on my desk. An analogous case 
would be to explain why my mug broke even though it is not actually because of its 
breakability. For instance, suppose my mug is well packaged, but someone massively 
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smashes it. As a result, my beloved mug breaks. In this case, we would not want to 
explain the breakage by citing the mug’s fragility. The object broke, but it did outside 
the usual circumstances where we consider fragility to be responsible for breakages. 
Instead, it is because of the massive smashing. Yet, even if the mug broke for other 
reasons it still had the — actual — disposition to break.

One might here object that merely referring to a possible world where the explana-
tory relation holds runs the risk of trivializing how dispositions may provide HPEs.12 
After all, unless some impossibility is involved, there will at least be one possible 
world where a disposition may explain its manifestation. First, while relevance is 
important to assess the overall epistemic contribution of an HPE, I do not think that 
all (true) HPEs are necessarily relevant. Some truths are irrelevant and the same goes 
for HPEs. Relevance judgements are in principle separate from judgements of truth. 
However, an account of HPEs should also have the resources to constrain the set of 
possible worlds in which an HPE holds. This is the role played by the possibility 
operator ♦. Different interpretations of the operator will put different constraints on 
what is, or is not, possible (Kment, 2021). Typically, scientists are interested in vari-
eties of modality that are more restricted than metaphysical possibility, for instance 
nomic possibility. Possibilities can also be constrained relative to a given scientific 
field, for example the sets of biological and economic possibilities contain differ-
ent possibilities. One may also interpret the possibility operator as being restricted 
to only the possible worlds that are the closest to the actual world. More generally, 
possibility can be understood as a graded notion and, as such, possibility claims can 
have differing modal force. In the case of the checkerboard model, commentators and 
practitioners clearly consider that the possible world is relatively close to the actual 
world. For one, Sugden (2000, 2011) argues that the model and the actual world are 
similar in relevant respects. And scientists would not conduct theoretical and empiri-
cal explorations of the explanatory relation if its possibility was very remote.

Another potential objection is that, in fact, we do not really know whether pref-
erences really have the disposition we ascribe to them. My reply is two-fold. First, 
this would not be an objection against the HPE interpretation, but only against the 
disposition being actual. HPEs can have merely possible explanantia. Second, even 
if we grant that the disposition is not actual, it does not imply it is not possible. There 
is thus a weaker reading available; the disposition is possibly true. Although current 
accounts of representation do not explicitly accommodate the notion of accurately 
representing possibility, there is also no reason to believe this is not in principle pos-
sible. For instance, one way this could occur is when a disposition is epistemically 
possible, i.e. the disposition is not ruled out by our knowledge and evidence. In that 
sense, we could say that it is a true epistemic possibility which thus satisfies the 
veridicality condition.

We here have a case where the explanandum and the explanans are actually true 
and thus satisfy the veridicality condition. The model accurately represents the 
(actual) dispositional property of preferences for bringing about segregation when 
they are moderately for like neighbours. However, the explanatory relation is only 

12  I thank a reviewer for raising this point.
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possibly true. Segregation is not actually because of the preferences, only possibly 
because of them.

6  Conclusion

A recent debate between Reutlinger et al. (2018) and Nguyen (2020) served as a 
frame for discussing the explanatoriness of toy models. While the former hold that 
some toy models do not satisfy the veridicality condition and provide how-possibly 
explanations, the latter holds that they accurately represent and provide how-actually 
explanations. Using an overlapping case in their discussion, I have argued that some 
toy models may accurately represent, satisfy the veridicality condition, yet only pro-
vide how-possibly explanations. More specifically, I have defended the view that a 
model may (1) accurately represent dispositional properties of actual targets yet (2) 
only provide how-possibly explanations because the dispositional properties remain 
unmanifested. Therefore, the explanatory relation is only possibly realized.

The preceding discussion has three important upshots. Firstly, insofar as both 
how-actually and how-possibly explanations can be true (e.g. Verreault-Julien, 
2019), the veridicality condition does not demarcate them. What matters is whether 
the explanation itself is actual or possible. Second, and this is an underappreciated 
point, accurate representation is insufficient for how-actually explanation. Toy mod-
els can accurately represent actual and possible explanantia, but the explanatory rela-
tion also needs to be actual. Finally, while the current analysis remains agnostic on 
whether how-possibly explanations afford understanding (cf. Reutlinger et al., 2018), 
it suggests new areas of inquiry to the extent that how-possibly explanations may be 
true and accurately represent.
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