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Introduction

Though popular culture has started to come within the purview of cognitive science (Clasen,
2012; Jarett, 2011; Salmon, 2005; Zunshine, 2011, 2012), it has yet to profit from the
sustained research programmes that have been devoted to other practices—chief among them,
religion—that are concerned with human fabulation. This is regrettable, because many of the
same features that recommend religious phenomena for cognitivist analysis are present in
popular culture, too. Specifically, just as religious concepts illustrate cognitive biases in
virtue of their not being constrained by real-world objects (Atran & Norenzayan, 2002;
Barrett & Nyhof, 2001; Boyer & Ramble, 2001), the representations of popular culture
frequently deal with counterfactual entities and worlds that are intuitively coherent without
being physically plausible. Moreover, it can be argued that, in much the same way that
religious representations percolating through large populations drift towards cognitive optima
(Boyer, 1999; Morin, 2012; Sperber, 2006), those non-religious representations that conform
to these optima will be equivalently selected for by processes of cultural reproduction. Thus,

if the task involves identifying how cognitive constraints interact with historical
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circumstances to generate cultural representations, then popular culture offers a useful—and
largely unexploited—reservoir of examples, problems and potential insights.

Proceeding from these considerations, we investigate here how one genre of popular
culture—comic-book literature—reproduces human intuitions about sociality in response to
historically specific circumstances. Our motivation for dealing with this specific topic in
comes from a previous study, in which we claimed that the emergence of comic-book fiction
can be understood (at least in part) as a response to the cognitive demands of large-group
sociality (Carney, Dunbar, David-Barrett, Machin, & Junior, 2014). That is, we argued that
human beings have cognitive resources for dealing with groups up to a certain size, and when
group cardinality exceeds this size, cultural prostheses like comic-book literature come into
play that negotiate the difference between human circumstances and human ability. We
summarise this hypothesis in more detail in the pages following, but its main outcome was to
deliver four predictions: comic-book superheroes should (1) exhibit punitive prosociality, (ii)
be quasi-omniscient, (iii) display kin-signalling proxies and (iv) be minimally
counterintuitive. Essentially, these predictions identified the likely outcomes of cultural
processes designed to resolve the problems that emerge when group size gets too large—most
notably, issues concerned with identifying reliable cooperation partners and inhibiting
antisocial actions.

In the previous study we gauged these four predictions against a small sample of 16
superheroes and found sufficient qualitative confirmation to justify further testing; here, we
present the results of this testing by showcasing what emerged from a large scale quantitative
survey of 19,877 characters in 72,611 individual comics. As might be expected, data on this
order of magnitude cannot be analysed in any realistic timeframe by individual researchers,
so we proceeded by using automated data scraping techniques to assay the wiki databases for

both Marvel and DC publishers. As repositories for user-generated summaries of individual



comics, these wikis crowd-source the problem of surveying large bodies of qualitative data;
thus, they enable forms of analysis that would be impossible using the methodologies of
standard textual scholarship. Admittedly, this increase in scope is offset by a diminution in
precision when it comes to the material analysed. Nevertheless, we suggest that the results
gained offer an extremely valuable quantitative perspective in a field where such perspectives
are often lacking, and that this readily compensates for any loss of interpretive nuance.

One final point is in order before proceeding to the details of our analysis. Though studies
of popular culture have gained a great deal of credibility in the last number of decades,
comic-book materials often remain subject to an “acid moralism” (Eco, 1972, p. 21) that sees
them as little more than rude distractions for jejune sensibilities. As we lack the
sophistication to adjudicate such lofty claims, we shall not attempt to do so; however, we do
argue that it would be peremptory to let the (perceived) triviality of the material stand in the
way of its analysis. In particular, the extent to which comic-book representations motivate
their audience into forms of collective identity is quite remarkable, and has generated a
substantial scholarly literature (Brown, 1992; Harris & Alexander, 1998; Kleefeld, 2009;
Wright, 2001). Given this, we submit that any attempt to penetrate into the cognitive
provenance of comic-book literature will reward the undertaking by delivering insights into
how (and why) counterfactual representations should so arrest the collective attention of

modern audiences.

The cognitive problem of large groups

The investigation of how social groups cohere is a well-established topic in the social-

scientific and psychological literature. On the practical side, studies have focused on how

group coordination is achieved by way of (for instance) musically mediated synchronous



movement (Hove & Risen, 2009; Launay, Dean, & Bailes, 2013), religious display and ritual
(Sosis, 2004, 2005; Whitehouse, 2004), group storytelling and narration (Bhaba, 1990;
Dissanayake, 2000; Somers, 1994) and the sharing of gossip (Dunbar, 1996). This, in turn,
has led to theory driven investigations of the properties of real-world social networks (Bilke
& Peterson, 2001; Newman & Park, 2003; Usdiken & Pasadeos, 1995) and fictional networks
(Mac Carron & Kenna, 2012, 2013) as well as innovations like agent-based modelling, which
simulate the effects of changing network parameters on group action (David-Barrett &
Dunbar, 2012, 2013; Gould, 1993; Siegel, 2009). In their different ways, all of these
approaches offer useful contributions to the understanding of how groups—and especially
large groups—succeed in organising themselves towards collective ends.

Nevertheless, while the behavioural aspects of group cohesion have benefitted from
existing research traditions, the same is not true for the cognitive problems thrown up by
large-group sociality. For the fact is, the difficulty of assorting in large groups is not just a
practical problem, but an intellectual one, too. In particular, it has been consistently shown
that violations of ontological, linguistic or social expectations act as a spur for recuperative
cognitive activity that seeks to integrate the violation with existing knowledge (Berlyne,
1970; Bettencourt, Dill, Greathouse, Charlton, & Mulholland, 1997; Fauconnier & Turner,
2002; Lévi-Strauss, 1955; Sperber & Wilson, 1995; Sperber, 1975). On the surface, this may
not seem to have much relevance for the issue of large groups, given that expectation
violations tend to be categorical in character when increased group size offers merely
quantitative variation. However, this ignores the possibility that humans may have an optimal
group size that is reflected in the cognitive architecture that they have evolved to deal with
group sociality. If so, then there may be a discrete threshold such that, when group size

exceeds it, the latter becomes cognitively salient as a target for explanation. The questions



that emerge from this concern, firstly, whether such a threshold actually exists; and secondly,
in the case that it does, if social circumstances consistently challenge it.

In the first regard, the ‘social brain’ hypothesis suggests that the relatively larger
neocortex size in primates (and the variation of neocortex size within primates) is driven by
the demands of group sociality (Byrne & Corp, 2004; Dunbar & Shultz, 2007; Dunbar, 1992,
1998; Humphrey, 1976). The logic behind this claim is that linear increases in group size
result in a non-linear increase in the number of possible relationships within a group; thus,
associating in large, structured groups requires substantially increased processing power
(David-Barrett & Dunbar, 2013)—and hence the selection for a larger neocortex in primates.
For humans, viewing neocortical volume through this lens predicts that the optimal group
size should consist of approximately 150 individuals (Dunbar, 1993). As this figure will be
mediated by local circumstances, it is likely to exhibit large variance; but informed estimates
of optimal network size in humans nevertheless oscillate between 100 and 200 connections
(Gongalves, Perra, & Vespignani, 2011; Hamilton, Milne, Walker, Burger, & Brown, 2007;
Hill & Dunbar, 2003; Killworth, Bernard, & McCarty, 1984; Zhou, Sornette, Hill, & Dunbar,
2005). Indeed, even if one disagrees with the ~150 estimate, most dissenting assessments
remain on the same order of magnitude, to the extent that even the most charitable definition
of what comprises a network member results in ego-centred networks of no larger than 1,000
(Wellman, 2012). Correspondingly, it would seem that the human capacity for sociality has
relatively low ceiling, even if opinions differ as to where, exactly, this ceiling might be.

The second question—whether real social circumstances regularly push human beings
above their cognitive ceiling—is more easily answered. Though human beings have
associated in cities since at least 4,000 BCE, it was only with the industrial revolution that the
city became the dominant form of sociality (Williamson, 2002). Moreover, contemporary
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that 54% of the global population now lives in cities (United Nations, 2014).
Correspondingly, if there does exist a basic limit on the size of human networks, then
contemporary social life will consistently make this salient by exposing individuals to
strangers—and by implication, to the threats and problems that emerge when network
monitoring fails. In other words, where small networks allow punishment to be matched to
infractions relatively easily—mostly, by allowing for the quick identification of
malefactors—Ilarge networks make it difficult, if not impossible, to establish reciprocative
relations with all the individuals that one regularly encounters. Thus, contemporary urban life
foregrounds the problems of free riding and active hostility in a particularly acute way.

It is here that our central claim comes into play. If, as previously suggested, the frustration
of schematic cognition acts as a cognitive prompt, then the failure of social cognition to meet
the demands of social circumstance will likely foreground large group size as a stimulus for
cognitive activity. Specifically, group sizes larger than those that human cognitive
architecture has evolved to deal with will announce themselves as problems that, in one way
or another, need to be solved. Moreover, the literature suggests that this processing will not
just focus on practical solutions, but will also look the fictional and symbolic solutions that
can be attached to the problem. Thus, it can be seen how the problem of large-group sociality
might prompt sustained attempts to render it cognitively tractable in the cultural sphere. As
no practical solution is likely to wholly resolve the problem of large group sociality (even if
institutions like religion may help alleviate it), it is likely that the most effective way of
relieving the cognitive anxiety it engenders comes with tackling the problem in the
counterfactual domain. That is, by constructing a relatively low-cost fictional world that has
been minimally altered so as to not contain the problem of large group sociality, one
simultaneously dissolves the problem while retaining a degree of verisimilitude that makes

the dissolution appropriate to real-world circumstances. Inevitably, such a compromise can



only be temporary, given that it can never actually resolve the challenges posed by large
groups. However, this also means that the sociality problem remains active as an ongoing
stimulus for counterfactual fabulation, to the extent that it simultaneously invites and refuses
solution. So what might this fabulation look like in practice?

Enter comic-books. Though we certainly do not suggest that comic-books are the only
way in which the large-group problem can be cognitively and culturally tackled (see Carney
(2014) for a discussion of detective fiction in this connection), a prima facie case can be
made that they are centrally concerned with issues of network monitoring. As explored in our
previous paper on the topic, the subject matter of comic books focuses on the violation and
restoration of social norms, usually by way of criminality and its punishment. In itself, this is
unremarkable: every narrative, in one form or another, is initiated by a breach in existing
states of affairs and is propelled by the need to repair it (Bruner, 1991). Nevertheless, if
comic-books can be understood as an attempt to resolve the problem of large group sociality
in the counterfactual sphere, then their content should exhibit identifiable, recurrent features.
In Carney, Dunbar, David-Barrett, Machin, & Jinior (2014), this claim was phrased in terms

of four predictions, which we shall now briefly recapitulate.

The four predictions

Given that the problems of large group sociality are relatively well-understood, we should be
able to predict the form that fictional solutions of this problem are likely to take. This means
making predictions concerning the principal innovation of the comic-book genre, which is the
figure of the superhero. Inevitably, the cultural salience of the superhero figure means that
these predictions cannot be made in a vacuum. The point, however, is less to arrive at novel

statements about the subject matter than it is to offer testable hypotheses concerning the



regularities that it exhibits. In this regard, we predict that, in the case that comic-book fiction

seeks to resolve the problems posed by large groups, it should evince the following four

characteristics:

1.

Superheroes should be punitively prosocial. The background to this prediction comes
from the extensive ethnographic, experimental and theoretical literature on third-party
punishment, which suggests that an evolutionary advantage attaches to the propensity
to invest resources in punishing wrongdoers even when the punisher has suffered no
harm—a behaviour that has been observed in animal as well as human networks
(Bendor & Swistak, 2001; Fehr & Fischbacher, 2004; Flack, Girvan, de Waal, &
Krakauer, 2006; Henrich et al., 2006; Sigmund, Hauert, & Nowak, 2001). The logic
here is that the expectation, on the part of wrongdoers, of disinterested punishment
from all agents permanently disincentivises wrongdoing, whereas expecting
punishment from injured parties exclusively merely offers a partial disincentive. Thus,
third party punishment stabilises reciprocative norms by discouraging self-interested
defections from dyadic relationships. In real-world scenarios, third party punishment
is obviously limited in its scope by practical concerns—not least among these being
the costs to the punisher, which increase with each addition to the network. In fact,
work by Pedersen, Kurzban, & McCullough (2013) suggests that subjects consistently
predict that they will engage in third-party punishment to a greater extent than they
actually do. This latter point is important, because it highlights how hyper-punitive
figures might emerge with particular emphasis in fictional representations, where the
desire to punish can be exercised without the cost. Thus, if increasing potential
network size beyond intuitive limits exposes one to more instances of free riding and

active malfeasance, then one temporary solution to this problem comes with creating



counterfactual worlds that include hyper-punishers—i.e. individuals whose propensity
for third-party punishment exceeds ordinary human norms. While this does not solve
the practical problem of network policing, it does at least offer an intellectual
response to the motivating issues. We propose that superheroes are defined by this
hyper-punitive role, and that exploring whether or not they exhibit more punitive

behaviour than other prosocial agents can test our claim.

Superheroes should be quasi-omniscient. Research on cross-cultural features of
religious representations have picked out “privileged epistemic access” (Bering &
Johnson, 2005, p. 120) as a trait repeatedly assigned to supernatural agents. That is,
supernatural agents are imagined as having direct access to mental states—access that
they use to morally monitor the self’s thoughts and actions. This, it is argued,
disincentivises the breaking of social norms by encouraging the subject to believe that
all their actions are witnessed by invisible agents who may also be punitive in
nature—a claim that has come to be known as the ‘fear of supernatural punishment
hypothesis’ (FSPH). Both experimental and ethnographic evidence suggests that the
FSPH picks out a psychological tendency that is cross-cultural in its distribution
(Atkinson & Bourrat, 2011; Bering & Johnson, 2005; Bourrat, Atkinson, & Dunbar,
2011; Johnson & Kriiger, 2004; Piazza, Bering, & Ingram, 2011). The relevance of
this for large group sociality should be clear: a universal belief in morally concerned,
omniscient agents allows for increased network size by disincentivising self-interested
actions that might otherwise be performed when the chance of actual detection is
slight. Again, no actual agent can exhibit these traits, so a counterfactual solution to
the large group problem will likely involve the postulation of agents—Ilike

supernatural beings—that are omniscient or quasi-omniscient. (‘Quasi,’ in this



connection, is intended to cover instances where the omniscience achieved through
naturalistic means like technology, as well as by way of explicit supernatural
abilities.) Following these ideas, we suggest that, relative to other sub-populations of
comic-book characters, superheroes should exhibit greater degrees of quasi-

omniscience.

. Superheroes should exhibit kin-signalling proxies. The use of fictive kin relations to
extend social network size is a well-documented phenomenon (Carlos, 1973; Carsten,
2000; Chatters, Taylor, & Jayakody, 1994; Ibsen & Klobus, 1972; Lakoff, 2002). For
the most part, this is explained using the principles of kin selection: if one
subordinates reliable, non-kin co-operators to the kin category, then monitoring costs
are reduced and the network can be correspondingly extended (Hamilton, 1964).
Equally, there is evidence from game theory that exhibiting kin-like behaviours (that
is, treating one’s neighbours as if they are kin) successfully eliminates invasive
alternative strategies if collectively pursued (Eshel, Sansone, & Shaked, 1999). Thus,
hypothetical kinship can play a major role in consolidating and advertising an
individual’s reliability as a cooperation partner. This feature of social life can pay
obvious dividends when it comes to extending network size, principally by allowing
for a wider range of individuals to be incorporated at lower cognitive cost.
Correspondingly, we would expect to see counterfactual solutions to the large group
problem exploit this possibility—most likely, by both assigning fictive kin status to
prosocial punishers and having these punishers exhibit kin-like behaviour. This yields
our third prediction: Superheroes should exhibit higher levels of kin-signalling than

that displayed by other groups.
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Superheroes should be minimally counterintuitive. Our fourth prediction has less to do
with the issue of sociality and more to do with that of memorability. Specifically,
even if comic-book fiction does engage with the problems posed by large group
association, the solutions it offers are unlikely to be effective unless they are
culturally salient. In practice, this means that superheroes should be memorable.
Extant ethnographic and experimental work on religious representations suggests that
one way of achieving memorability is to this is to make representations minimally
counterintuitive (Atran & Norenzayan, 2002; Atran, 2002; Barrett & Reed, 2011;
Boyer & Ramble, 2001; Boyer, 2001; Norenzayan, Atran, Faulkner, & Schaller,
20006). The idea here is that concepts and representations that differ minimally from
existing prototypes are more memorable than instances of either the prototype itself or
major violations of the prototype. Thus, the notions of a large rock and a rock that’s
an in-law of a Habsburg monarch and has 57.67% timeshare on the colour green are
both less memorable than the notion of a singing rock. By analogy, we predict that the
most popular superheroes should be ones that are minimally counterintuitive with

respect to conventional ontological categories.

Methods

We evlauated the four predictions against the user maintained databases for DC Publishing

(dc.wikia.com) and Marvel Comics (marvel.wikia.com). Though these resources are not

authoritative in the sense of being monitored by the relevant publishers, they are peer-edited

and thus frequently checked for errors. The material on the databases consists of character

pages (which summarise the characteristics of individual characters) and comic pages (which

summarise specific editions). A Python script was written to download all character pages
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(DC: 15,549; Marvel: 39,486) and comic pages (DC: 41,939; Marvel: 41,540) in the form
they had in early September 2014. Information on a character’s main alias and their number
of powers and abilities was scraped from their character page. (Largely incomplete or empty
pages were ignored; this meant that we did not use all the total number of character or comic
pages we originally downloaded.) Different versions of each character were merged into one:
for instance, the Bruce Waynes from New-Earth, Earth-1, Earth-2 and so on were all treated
as ‘Bruce Wayne.” The most commonly occurring alias was chosen as a given character’s
alter-ego (but only if the alias contained no parts of the character’s name; otherwise they
were treated as having no alter-ego). The number of powers and abilities possessed was
averaged over the number of incarnations each character had. For every comic, the names of
the specific characters that appeared in it were tabulated. All of this generated a list of
characters that recorded their appearances, associations, capacities and prosocial orientation
in a way that could be picked according to needs of each analysis.

An important methodological issue arose with respect to identifying whether or not a
prosocial character counted as a superhero. Given that we were working from a set of
predictions concerning the essential features of superheroes, we could not, without
circularity, use these predictions to pick out the relevant population. Instead, we needed a
trait that was not linked to our predictions, but was still reliably correlated with superhero
characters. For this, we chose to use the traits of (i) possessing an alter-ego and (ii) not being
a villain as the criteria of being a superhero. On the one hand, this allowed us to discriminate
between superheroes and ordinary heroes; on the other, it obviated the need to manually
inspect the data, given that each character page listed the alter-ego of each featured character.
Nevertheless, it did mean that characters that were intuitively identifiable as superheroes but
did not exhibit an alter-ego (e.g. Phantom Stranger, Thor, Jor-El) were listed under the

category of ordinary heroes. Though this increased the possibility of Type II errors, results
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justified this decision by still exhibiting significant differences between populations in spite
of the conflation. In terms of the populations themselves, we partitioned the characters into
four categories: superheroes (prosocial agents with an alter-ego), heroes (prosocial agents
without an alter-ego), supervillains (antisocial agents with an alter-ego) and villains
(antisocial agents with no alter-ego).

Statistical tests concerning these populations were carried out in accordance with the
nature of the question being asked. Given that the data were not normally distributed, this
meant that non-parametric analogues to the ¢ test and one-way ANOV As were used
(respectively: the Mann-Whitney and the Kruskal-Wallis tests). As is usually the case with
non-normal data, medians and interquartile ranges (/QR) were reported instead of means and
standard deviations. All tests were carried out twice: firstly, with reference to the entire
population of characters; and secondly, with reference to the top 100 characters in each
subpopulation as determined by appearance (50 from Marvel, 50 from DC). In any given
analysis, our N varied due to the fact that not all members of the population were relevant to
the prediction being tested. Analysis was performed using custom Python scripts and SPSS

version 21.

Results

Prediction 1: Superheroes should be punitively prosocial. This prediction was tested by
comparing the two prosocial populations of superheroes and heroes (i.e. those with and
without an alter-ego). Because levels of punitive prosociality cannot be measured directly, we
took the median number of villains encountered per appearance in a comic as a proxy
measure. (This also avoided the problem posed by simply summing the total amount of

villains encountered over a character’s history, which results in long-running characters like
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Batman and Spider-Man encountering vastly more villains than anyone else simply in virtue
of featuring in more stories.) For the entire population of usable superheroes (N = 1,775), this
yielded a median of 3.06 (/IQR = 2.21); for the entire population of usable heroes (N = 824)
the median number of villains encountered was 2.19 (/QR = 2.17) (figure 1). A Mann-
Whitney U-test was conducted to evaluate the hypothesis that superheroes would encounter
more villains per appearance than heroes. The results of the test were in the expected
direction and significant, z =-7.41, p <.001. An equivalent exercise was then performed for
the top 100 characters as determined by frequency of appearance. This gave a superhero
median of 3.46 (/QR = 0.82) and a hero mean of 2.7 (IQR = 13) (figure 2). Again, the results
of significance testing were in the expected directed and significant, z = -5, p <.001. Thus,
our prediction that superheroes would exhibit higher levels of punitive prosociality than other

prosocial populations was borne out by both analyses.

Prediction 2: Superheroes should be quasi-omniscient. On the interpretation offered here,
omniscience corresponds to a character having privileged access to the actions and mental
states of others. However, connecting this definition to the nature of the data required that
two problems be overcome. Firstly, given that quasi-omniscience can be implemented in an
extremely large number of ways, there is no method of exhaustively cataloguing its presence
without manually inspecting all relevant characters in their every appearance. As this was
unfeasible, we chose to use network connectedness—understood as the number of co-
appearances with another character—as a proxy for omniscience. This is because knowledge
of a character’s actions almost invariably leads to association with that character in comic-
book narratives; thus, it shows up the extent to which an agent is implicated in the actions and
thoughts of others. Nevertheless, this led to the second problem: while each wiki page records

the inventory of characters in a given comic, it does not record their interactions. We chose to
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resolve this by assuming that any characters who had an independent wiki page would
plausibly have interacted.

Starting with the entire population of characters, initial results yielded median levels of
connectedness of 23 for superheroes (N = 6,946, IOR = 83), 12 for heroes (N = 9,830, IOR =
29), 207 for supervillains (N = 552, IOR = 340) and 137.50 for villains (N =426, IOR = 241)
(figure 3). A Kruskal-Wallis test was used to evaluate the hypothesis that superheroes would
be hyper-connected relative to the other three categories; this yielded a significant result, H
(3) =2061.07, p <.001. Post hoc pairwise comparison showed that all populations were
significantly different from one another. However, while the direction of the difference was
as expected for the prosocial popoulation groups (superheroes were more connected than
heroes), results showed that the antisocial groupings of villains and supervillains were, by a
large margin, more connected than the prosocial groups. This unexpected result contrasted
markedly with that obtained from analysing the top 100 characters. Here, the median levels of
connectedness were 1,438 for superheroes (IQR = 614), 608 for heroes (/QR = 386), 617.50
for supervillains (/QR = 293) and 435.50 for villains (/QR = 307) (figure 4). A Kruskal-
Wallis test showed that there were statistically significant differences between these
populations, H (3) =209.17, p <.001. Post hoc pairwise comparisons indicated that, with the
exception with the exception of heroes and supervillains, all populations differed significantly
and in the predicted direction. This showed that, while the population as a whole did not
match our predictions, the most popular representations were hyper-connected relative to
other groups—and thus they can be plausibly identified as exhibiting greater levels of quasi-

omniscience.

Prediction 3: Superheroes should exhibit kin-signalling proxies. Any metric capable of

capturing quasi-kin relationships needs to be sensitive to the fact that they can take many
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forms (quasi-fraternal, quasi-avuncular, quasi-parental and so on). Thus, rather than try to
enumerate all of these forms in advance (which would require manual coding), it is probably
more efficient to identify a common core to all possible types of quasi-kin association. We
did this by taking repeated pairings with regular partners as a proxy for kin-signalling. That
is, we assumed that the persistent pairing of characters indicated a relationship of
cooperation, and that the greater the degree of this association, the more it approximated to a
quasi-kin bond. Naturally, because cooperative association can only occur between characters
that have the same social orientation (i.e. prosocial or antisocial), we did not include dyads
containing members of both the hero and villain classes in our analysis. (We also collapsed
the classes of ‘villains’ and ‘supervillains’ into each other for computational convenience.)
Our measure of repeated pairing was achieved by counting the amount of times two
characters appeared together, and dividing by the total number of appearances of the lesser
appearing character. If this delivered a value of exactly one, then it implied that the lesser
character only appeared in the company of the greater character, and thus their dyad had the
strongest possible interaction strength. Values of less than one, by implication, measured the
degree to which dyad’s partners appeared independently of each other. We only performed
the analysis of interaction when both characters had separate wiki pages, so as to avoid the
inflated measures of association that would emerge when once-off characters were included.
The analysis divided the population of characters into relevant classes of dyads:
superhero-superhero (SH-SH), superhero-hero (SH-H), hero-hero (H-H) and villain-villain
(V-V). Surveying all occurent dyads in our data gave a median interaction strength of 0.13
for SH-SH (N = 95,084, IQR = 0.3), 0.28 for SH-H (N = 124,970, IOR = 0.7), 0.5 for H-H (N
=42,703, IOR = 0.83) and 0.06 for V-V (N = 15,041, IQOR = 0.11) (figure 5). A Kruskal-
Wallis test was used to evaluate the hypothesis that superheroes would exhibit greater kin-

signalling proxies (by way of interaction strength) than other populations; it showed that
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statistically significant differences existed, H (3) = 28,221.74, p < .001. Post hoc pairwise
comparison showed that all combinations of population type were significantly different from
one another. Nevertheless, the highest interaction strength was not exhibited by either SH-SH
or SH-H; instead, against our prediction, H-H gave the highest interaction strength, followed
in declining order by SH-H, SH-SH and V-V. For the top 100 characters, on the other hand,
testing showed dyads to have a median interaction strength of 0.39 for SH-SH (/QOR = 0.1),
0.02 for SH-H (IQR = 1), 0.01 for H-H (/QR = 0.04) and 0.03 for V-V (IQR = 0.05) (figure
6). A Kruskal Wallis test indicated that all dyads were significantly different, H (3) = 250.53,
p <.001. Here, the SH-SH dyad had the highest interaction strength, followed by SH-H, V-V
and H-H in that order. Correspondingly, though the entire population of dyads did not match

our predictions, the 100 most popular characters once again confirmed them.

Prediction 4: Superheroes should be minimally counterintuitive. This prediction entails that
superheroes should (i) have more traits that distinguish them from the category of ‘person’
than either heroes or villains, but /ess than supervillains; and (ii) that the number of
minimally counterintuitive superhero traits should be close to one. In our analysis, we
identified these traits with the possession of powers or abilities that exceed ordinary human
abilities. For the most part, these equated with quasi-supernatural powers, though abilities at
the extreme end of standard human capacities were also included. Analysis of the whole
population of characters showed the median number of minimally counterintuitive traits for
superheroes to be 1 (N = 3,178, IQOR = 3), for heroes to be 1 (N =2,665, IOR = 3),
supervillains to be 2 (N =459, IQR = 4) and villains to be 3 (N =317, IQR = 3.27) (figure 7).
A Kruskal-Wallis test was used to evaluate the hypothesis that superheroes would exhibit
minimally counterintuitive traits to a greater extent than other populations; this indicated

significant differences between populations, H (3) = 113.23, p <.001. Post hoc pairwise
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comparison showed that significant differences between all populations (except for
superheroes and villains) in the predicted direction—i.e., superheroes had more
counterintuitive traits than heroes and less than supervillains. For the top 100 characters, the
median number of powers for superheroes was 5.1 (IQR = 5.5), for heroes 2.72 (IQR = 7.58),
for supervillains 3 (/QR = 6.56) and for villains 2.75 (IQR = 5) (figure 8). A Kruskal Wallis
test showed there to be significant differences between populations, H (3) = 15.07, p = .02;
post hoc pairwise testing indicated that there existed significant differences in the predicted
direction between superheroes and heroes, on the one hand, and superheroes and villains, on
the other. In this regard, the prosocial agents in the entire population of characters were more
minimally counterintuitive relative to the antisocial characters (though they exhibited no
internal differences); against this, the top 100 characters showed the alter-ego populations
(superheroes and supervillains) to be less minimally counterintuitive than either heroes or
villains. Thus, though the results for the entire population were consistent with superheroes
being minimally counterintuitive, the match with predictions was weak; while results for the

top 100 went entirely against the predictions.

Conclusion

Testing showed that, for all four predictions, the traits of the top 100 most popular characters
confirmed our claims, with the exception of that made in relation minimally counterintuitive
traits. Against this, analysis of the entire population only fully supported our claims when it

came to the prediction concerning punitive prosociality, and offered only weak confirmation
only with respect to minimally counterintuitive traits. Our view is that these results establish
three of our four basic claims that the four predicted traits are central to the understanding of

why comic-book superheroes emerged as a topic of cultural elaboration.
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When it comes to our motivating supposition—the claim that comic-book fabulation is a
cognitive response to the pressures of large-group sociality—we are similarly sanguine about
our hypothesis. In particular, we note that our study has important parallels with the large
body of evidence that links the emergence of moralizing ‘high gods’ with the rise of complex
social institutions and large groups (Bourrat et al., 2011; Peregrine, 1996; Roes & Raymond,
2003; Shariff, Norenzayan, & Henrich, 2009). No doubt, this raises the question of why
comic-books and their cognates only emerged in the twentieth century, given that high gods
can be traced back to the earliest cities. However, there is evidence to suggest that anxiety
about punishment increases in situations where religiosity has a low cognitive salience
(Laurin, Shariff, Henrich, & Kay, 2012). Here, the idea is that not being able to rely on a
supernatural figure to punish the guilty means that one must rely on oneself or other secular
punishers instead. Thus, the decline in religiosity in western countries from the nineteenth
century onwards (Bruce, 2006) may well have brought with it an increased concern with
secular mechanisms of punishment and monitoring. If so, then comic-book superheroes
neatly satisfy this need by embodying the traits associated with many divine punishers, but
‘naturalising’ these in a quasi-rational way. Nevertheless, we do acknowledge that, while
these ideas point to intriguing ways of understanding how universally distributed modes of
cognition may interact with local historical circumstances, they must, of necessity, remain
speculative.

Equally, we concede that one deficiency in our analysis is the extent to which it relies
upon proxies for data, when more fine-grained results would result from standard qualitative
analysis. This is especially so when it comes to quasi-omniscience and minimally
counterintuitive traits. Because these traits are categorical rather than numerical in character,
no numerical metric is likely to perfectly align with their presence. Consider, for instance,

minimally counterintuitive traits: while powers can certainly form part of what it means to be
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minimally counterintuitive, it is not at all obvious whether they should be treated as an
aggregate (‘Superman is a person who violates physical laws’) or as a collection of individual
violations (‘Superman is a person who can fly, who can see through solid objects, who has
super-strength ...”). We chose the latter option, though it might well be that the former better
reflects intuitive ideas, with the result that our failure to conform their presence is an artefact
of our methodological decisions. Or, it may well be that the concept is itself inherently
imprecise, and that is needs to be reformulated along the lines suggested by other authors
(Barrett, 2008; Gonce, Upal, Slone, & Tweney, 2006; Norenzayan et al., 2006; Tweney,
Upal, Goncee, Slone, & Edwards, 2006).

With these problems so foregrounded, it is maybe also worth making an aside concerning
how the quantitative treatment of qualitative data might be improved. In the present study, we
were fortunate to have access to two comprehensive, frequently updated wikis that
transformed qualitative content into highly structured data. In this, our situation was
analogous to the empirical social sciences, where databases like the HRAF, the Standard
Cross Cultural Sample and others allow for statistical analyses to be performed on the
distribution of cultural and social characteristics. However, this is unusual: very few fictional
genres have been subjected to this kind of treatment, with the result that it is often impossible
to extend claims with any reliability. Indeed, this may help explain the unsatisfactory state of
disciplines like literary studies, where polemical claims are often made about genres, periods
and authors on the basis of statistically inadmissible evidence. (See Carney, Wlodarski, &
Dunbar (2014) for an experimental approach to literary questions.) For this reason, we
suggest that one important future activity for practitioners of the humanities and social
sciences might involve creating, so to speak, a HRAF of the human fabulation—a
comprehensive database that details the nature, scope, outcome and scale of how human

beings represent themselves as acting in the virtual worlds that they create. Of course, such
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an undertaking, like its real-world equivalents, would take sustained effort to design, bring
about and maintain. Nevertheless, when one considers what this compendium might tell us
about the relation between mind and culture, there can be no doubting that it would reward
the investment made in creating it.

To close, our goal in the present study will have been achieved if we have demonstrated
two things. Firstly, that variation in the representation of comic-book characters exhibits
regularities that are partially driven by cognitive factors; and secondly, that these factors can
be related to the problems of assorting in large groups. Though it is obviously impossible to
unequivocally show either of these to be the case, we nevertheless submit that the data
gathered and analyses performed support the claims that we have made both here and in
previous work. If this is indeed so, then our conviction is that popular culture may well yet
offer a valuable adjunct to religion as a forum for exploring how the human cognitive

endowment mediates itself through culture.
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Figure 1: Punitive prosociality for entire population
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Figure 2: Punitive prosociality for top 100 characters
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Figure 3: Quasi-omniscience for entire population
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Figure 4: Quasi-omniscience for top 100 characters
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Kin-Signalling Strength
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Figure 5: Kin-signalling strength for entire population
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Figure 6: Kin-signalling strength for top 100 characters
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Number of Powers
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Figure 7: Number of powers for entire population
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