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Abstract

Social categorizations divide people into “us” and “them”, often along continuous attributes
such as political ideology or skin color. This division results in both positive consequences,
such as a sense of community, and negative ones, such as group conflict. Further, individu-
als in the middle of the spectrum can fall through the cracks of this categorization process
and are seen as out-group by individuals on either side of the spectrum, becoming inbetwe-
eners. Here, we propose a quantitative, dynamical-system model that studies the joint influ-
ence of cognitive and social processes. We model where two social groups draw the
boundaries between “us” and ‘them” on a continuous attribute. Our model predicts that both
groups tend to draw a more restrictive boundary than the middle of the spectrum. As a
result, each group sees the individuals in the middle of the attribute space as an out-group.
We test this prediction using U.S. political survey data on how political independents are per-
ceived by registered party members as well as existing experiments on the perception of
racially ambiguous faces, and find support.

1 Introduction

Social categorization is a necessary and ubiquitous human social behavior, occurring on many
attributes including race, gender, sexual orientation, and political ideology [1]. On the one
hand, social categorizing is essential for fulfilling a sense of community and a positive sense of
self [2]. On the other hand, it can fuel social conflicts by creating an “us” versus “them” mental-
ity and impacting certain groups’ access to economic and social resources [3-6]. For example,
the division between White and Black Americans has led to continuing discrimination and
segregation long after the abolition of slavery [7]. Recently, the divisions between Democrats
and Republicans have created “fear and loathing” among U.S. voters [8].

A common theme in research on social categorization is to investigate the process of cate-
gorizing people as belonging to one’s in-group or to an out-group. There is a vast literature on
various intergroup biases such as in-group favoritism and out-group derogation [9-11]. Most
of the research on social categories focuses on the end result of a social categorization process,
where the typical assumption is that this process only leads to the perception of two groups
[10, 11]. Moreover, most experimental work on individual classifications of race or gender
attributes presents participants with pre-determined and forced choices [for a review, see 12].
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Similarly, in theories of social impression formation and social categorization, category repre-
sentations and group motives are mostly treated as exogenous to the analysis with a fixed cate-
gory structure in which individuals can be placed [13, 14].

As a result of the categorization process, individuals can also “fall through the cracks”
and not belong to any well-established social group. We refer to these individuals as inbet-
weeners. Examples include mixed-race individuals who are considered neither truly Black
nor White by members of either group, and political independents considered as “other” by
both Democrats and Republicans. With demographic shifts, such as over ten million in the
U.S. who identify with two or more races [15] and the increasing gender non-binary popula-
tion [16], understanding how individuals fall through the cracks of categorization and the
subsequent consequences are increasingly important. The existence of inbetweeners can be
accommodated in existing models of social categorization by simply assuming that inbetwe-
eners is a separate category. This assumption, however, does not address the question of
how the boundaries of other categories are formed and how the inbetweeners category is
created.

Social categorization draws on both individual and social-level processes. A model for the
formation of boundaries between categories must therefore include both levels. At the individ-
ual, or cognitive, level categorization decisions must relate to the distance between individuals.
The influence of distance between individuals on categorization is part of many models of
social categorization and social judgment [17, 18]. At the social level, this model must take into
consideration how other individuals influence the formation of boundaries between catego-
ries. The influence of others’ beliefs and actions are well established in research on social cate-
gorization, social judgments, social learning, and belief formation [19-21]. Adopting
categorization beliefs that are not supported by others in one’s immediate social environment
can be costly, because it triggers disapproval of others, withdrawal of cooperation, open con-
flict, or even ostracism [22, 23]. In the social categorization literature, however, there are no
quantitative models that integrate both the individual and social perspectives to predict how
category boundaries are formed.

In this paper we propose a quantitative, dynamical system model of social categorization
that integrates cognitive and social processes. It predicts where category boundaries are placed
and the occurrence of inbetweeners. Dynamical system models are useful for studying both
formation and evolution processes because they enable tracking the feedback among many
variables simultaneously. These models have been successful in explaining and predicting
many complex social phenomena [24], such as the extinction of minority languages [25], the
decline of religious affiliation [26], the polarization in the U.S. Congress [27], and changes in
party memberships in the UK [28]. In this model, the process of creating social category
boundaries is influenced by individual-level cognitive processes and social processes. In the
cognitive process, individuals want to recognize whether others are similar to them. This con-
sideration is supported by several social-psychological mechanisms such as building successful
collaborations [29, 30] as well as forming community and a positive sense of self [2, 31]. How-
ever, remembering the exact distance between individuals is costly, therefore individuals will
use categories as a summary of others’ position. At the social level, we assume that individuals
consider the boundary choices of other group members. Those in the same group want to
agree on who are in the in-group and who are in the out-group. After we present the mathe-
matical model and its predictions, we present some preliminary empirical validation from the
American National Election Studies (ANES) dataset and compare our results with findings
from human behavior experiments.
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2 The mathematical model

We model the formation of two social groups on a continuous attribute [32] and consider each
group to have a boundary that divides the population into in-group and out-group. We will
derive two governing equations, one for the boundary position of each group. We show in
detail the derivation for one group, which will be similar for the other group. The derivation is
achieved in two parts. In the first part (Section 2.1), we consider the individual-level cognitive
process and derive the error in categorization for each individual. In the second part (Section
2.2), we consider the group-level social process for agreeing with others in the same group,
and derive the boundary position through optimizing the categorization error of the group.

We denote the lower and upper bounds of the continuous attribute value x to be a and b,
respectively, and the population distribution on the attribute to be p(x). We consider two
groups forming on the continuous attribute space. One contains the left extreme of the attri-
bute space, denoted as group 1, with boundary position z; that divides the in-group and out-
group (see Fig 1 for an illustration of the variables for this group). The other contains the right
extreme of the attribute space, denoted as group 2, with boundary position z,. The set-up for
group 2 is symmetrical to that of group 1. We treat the boundary positions z; and z; as
unknowns to be solved in the model.

2.1 Individual-level cognitive process

The central insight from decades of research on categorization is that our cognitive system
searches for patterns and structures [33]. The perception and cognitive representations of
these patterns and structures can take many forms. In line with prototypical theories of cate-
gory representations [34, 35], we assume a prototypical representation in the form of the mean
position of a group. That is, we assume that all individuals categorized in the same group are
perceived to have the group’s mean position. For example, all individuals categorized under
“Democrat” are perceived to have the mean position of all Democrats. Mathematically, the
group positions for the in-group (gin(21)) and out-group (g,u(21)) are defined as the the center
of mass of the population distribution in each group,

. b
. 7 x p(x)dx I. x p(x)dx
n(z)==t——  and g(z,) ="2>——— . 1

) = g ) =T (1)

We consider that individuals want to form categories of in-group and out-group because it is

less costly than remembering individuals’ precise attribute positions [12], and they want the
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Fig 1. Illustration of the variables in the model. The illustration is presented from the perspective of a member of
group 1, interacting with an individual on the other side of the group boundary. The individual categorization error is
the difference between individual distance and group distance. Group 2 is not shown in this illustration.

https://doi.org/10.1371/journal.pone.0247562.9001
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categorization to reflect the actual differences in attributes as much as possible. Consider a per-
son U in the in-group of group 1, with position u (u < z;) on the attribute space. U interacts
with others on the attribute space through random sampling. Let V be another individual on
the attribute space (with position v) who interacts with U. U observes the position of V (for
example, on the liberal to conservative scale). D; denotes the distance between the two interact-
ing individuals, D; = |u — v|, and D, denote the distance between the two individuals’ group
positions (Fig 1). We define the categorization error for the interaction between U and V to be
the squared difference between the individual distance and the group distance, (D, - D;)*. This
error represents how much the group representation differs from the individual representa-
tion. The categorization error for U perceiving all sampled individuals is the integral of these
errors with respect to v, weighted by the population density p,

err(u,z,) = / (D, — D,)’p(v)dv . (2)

The term D; = |u — v| is calculated for all pairs of individuals. The term D, varies depending on
if v is in the in-group or out-group. If v is in the in-group, both individuals are considered to
be in the same group, D, = 0. If v is in the out-group, D, = |gin — gout|. Combining with Eq 2,
we have,

erry (u, z,) = /zl ju—vp(v)dv + / (g7 (z,) — &"(2))] = [u—v)’p(v)dv. (3)

The first term in Eq (3) represents the error when the sampled person is in the in-group (v <
z1). The second term represents the case when the sampled person is in the out-group (v > zj,
the case illustrated in Fig 1). The expression for the boundary of group 2, z, will be similar to
the derivation process above. The domain of integration for the in-group will be changed from
between a and z; to between z, and b. The domain for the out-group will be changed from
between z; and b to between a and z,.

Motivated by previous research [36, 37], we considered an alternative formulation using
similarity instead of distance. The model reaches the same main conclusion, though more
mathematically involved, as shown in SIA Appendix.

2.2 Group-level social process

In the social process, we consider individuals to be motivated to form a consistent category
boundary with others in the same group. This, we assume, is a consequence of social learning
and conformism where people are motivated by accuracy and affiliation goals [38]. In our
implementation, we approximate this process by assuming that individuals are concerned with
agreeing with other in-group members [39] and strive to minimize the average collective in-
group categorization error. Individuals observe other members’ categorizations and update
their boundary position in the direction of the other members’ boundaries. Individuals do this
while taking the individual categorization error (of Eq 4) into account. This process repeats
until the group arrives at one boundary position. The average collective in-group error for
group 1 is,

Err\(z,)

) W/ ezl (4)

Note that Eq (4) does not impose any preferences on group size. Moreover, this formulation
assumes that individuals weigh all other members of the in-group as equally important.
Finally, we consider that the group dynamically adjusts its boundary position to minimize the
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collective error,

dz, _ _kdErrl(zl) ’ (5)
dt dz,

where t is time, and k is a constant that sets the time scale of the system. The intuitive under-
standing of Eq (5) is that the category boundary evolves towards the direction that reduces the
in-group’s collective categorization error. A similar process occurs for group 2, where the
domain of integration in Eq 5 is replaced by between z, and b, and err,(u, z;) is replaced by
err»(u, z,). The social process above can also be formulated as optimizations on the individual
level, though with more complexity (S1B Appendix).

3 Results
3.1 Model predictions

We first present the results in the case where the attribute distribution p(x) is a uniform distri-
bution between 0 and 1 to demonstrate the behavior of the model. With the uniform p(x), the
individual-level categorization error for members of group 1 is,

err (u,z)) =’ —uz, + 2} /2 — z, /4 + 1/12. (6)

With this, we can analytically calculate the collective error,

1, 1 1
Err/(z,) :ng_izl+ﬁ . (7)

Eq (5) has one stable fixed point, z; = 3/8 = 0.375, meaning the boundary position for group
1 stabilizes at 0.375: this group considers those with attribute value x < 0.375 as in-group, and
those with attribute value x > 0.375 as out-group. A same set of equations can be derived for
group 2 (individuals on the right side of the spectrum). By symmetry, the preferred group
boundary of group 2 is z; = 0.625. This leads to individuals between 0.375 and 0.625 to be
considered out-group by both social groups, which we refer to as inbetweeners (see Fig 2(a)).

The occurrence of inbetweeners is not unique to the uniform attribute distribution. We
now present results obtained considering the attribution distribution p(x) as a Beta distribu-
tion. The Beta distribution is parameterized by two positive shape parameters, @ and 3, with
probability density function (PDF) fiew(x, @, ) = x* (1 — x)?71/B(a, B), where B(a, ) = ()T
(B)/T(a + B), and T'(-) is the Gamma function. The distribution is defined for x in the interval
[0, 1]. We choose the Beta distribution because by adjusting the shape parameters we can pro-
duce a wide variety of unimodal distributions, both symmetrical and skewed. A number of
real-world attribute distributions are known to be unimodal, such as political ideology of the
U.S. public measured by positions on public policy issues [40]. Panels (b) and (c) in Fig 2 show
two examples of the Beta distribution as attribute distribution p(x), one symmetrical and one
asymmetrical. In both cases, inbetweeners appear, though the location and size of the region
vary with the distribution. We have also analyzed the results for a bi-modal attribute distribu-
tion. We construct bi-modal distributions by summing two skewed Beta distributions that are
symmetrical to each other. The PDF is fiimodal(?6 & B) = 1/2{fpeta(%, & B) + foeta(x; B, @)]. Panel
(d) in Fig 2 shows the results for a bi-modal distribution with shape parameters o =2 and =
7.
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Fig 2. Stable fixed points of boundary positions for both groups: (a) for a uniform attribute distribution, (b) for the symmetrical Beta distribution with

shape parameters & = 2 and 8 = 2, (c) for the asymmetrical Beta distribution with @ = 2 and # = 4, and (d) for a bi-modal distribution which is the sum of
two Beta distributions, whose shape parametersare =2, =7,anda =7, =2.

https://doi.org/10.1371/journal.pone.0247562.9002

3.2 Validation with empirical findings

Our model predicts that those in the middle of the attribute space are seen as out-group by the
two social groups as an outcome of the categorization process, becoming inbetweeners. While
this paper’s main focus is a contribution to theory, we look at data for preliminary validation
of the model’s predictions.

We test our predictions using the American National Election Studies (ANES) dataset. We
focus on how Democrats and Republicans perceive those in the middle of the liberal-conserva-
tive attribute space. Since political independents tend to self-identify as being in the middle of
the liberal-conservative spectrum, and Democrats and Republicans tend to select positions on
either side (see S1D Appendix), we use political independents as an approximation for those in
the middle of the attribute space. We want to test if independents are perceived by both parties
as part of the in-group (as favorably as one’s own party), as the out-group (as unfavorably as
the other party), or somewhere in between. If the perception of independents is similar to that
of the other party, then the data supports our models’ prediction. We draw on research in
social psychology [14, 41] to argue that negative feelings are strongly driven by an out-group
categorization. Even though feelings towards others are also driven by the difficulty in catego-
rizing them [42, for a review], we present here established categories thus removing any cogni-
tive categorization work. We use feelings as an approximation for the categorization process
and propose in the discussion other ways to test this model.
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Fig 3. The mean thermometer values (reflecting feeling favorably or unfavorably) towards both political parties
and political independents reported by registered party members (ANES). The error bars are 95% confidence
interval of the mean. For both registered Democrats and Republicans, political independents are perceived similarly
compared to members of the other party, while members of own party are perceived more favorably.

https://doi.org/10.1371/journal.pone.0247562.9003

The ANES dataset is a nationally representative survey of political attitudes in the U.S. pub-
lic. We use registered Democrat and Republican party members to represent the two groups
on opposite sides of a continuous spectrum, as measured by self-reported party registration.
We use a set of thermometer questions to measure attitudes towards Democrats, Republicans,
and political independents. In each thermometer question, participants are asked to report a
number between 0 and 100—if they feel favorably about a group, a number greater than 50,
and if they feel unfavorably about them, a number lower than 50 (see S1C Appendix for data
source and questionnaire details). We use data from years 1980 and 1984, because the ther-
mometer questions about political independents were only asked in these two years’ surveys
(N =1,923).

Fig 3 shows the mean thermometer values towards political independents, Democrats, and
Republicans, reported by registered members of both parties. For both Democrats and Repub-
licans, political independents are perceived similarly to members of the other party, while
members of one’s own party are perceived a lot more favorably. We perform a two-sided t-test
and show that for Republican party members, the mean of thermometer values for Democrats
and for political independents are indistinguishable (p = 0.42). The same test shows that for
registered Democrats, the mean value for feelings toward Republicans is slightly higher than
that of the political independents (p < 0.001). One’s own party is perceived significantly more
favorably than both the other party and the independents (p < 0.001).

Beyond this ANES empirical test, our model’s prediction is also in agreement with previous
empirical studies on racial categorizations: in-group members tend to categorize ambiguous
individuals as out-group, a process known as the in-group over-exclusion effect [12, 43]. The
following four types of experimental studies have confirmed this phenomenon. First, using
established racial categories, perceivers in the U.S. tend to categorize racially ambiguous indi-
viduals as the out-group [44, 45], which was replicated in South Africa [46] and Italy [47]. Sec-
ond, using memory tests, an experimental study [48] finds that racially ambiguous faces are
perceived as out-groups by mono-racial individuals. Third, using open-ended categorization,
a recent study points out that perceivers tend to use a third category (in this case, Hispanic or
Middle Eastern) for racially-ambiguous individuals (who were mixed Black and White) [49].
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Finally, studies measuring feelings towards bi-racial individuals find that they are on average
rated more negatively through the process of categorization [50, 51]. Taken together, these
studies suggest that racial groups tend to draw boundaries that exclude individuals of mixed
races, supporting our model’s prediction of inbetweeners.

4 Discussion

We propose a dynamical system model that integrates cognitive and social processes to arrive
at social categorizations. The model predicts that social groups tend to draw boundaries that
are more restrictive than the median of the attribute spectrum. As a consequence, those in the
middle of the attribute space are excluded by both social groups, becoming inbetweeners. Our
theoretical finding is supported by empirical analysis of attitudes towards politically indepen-
dent individuals by registered Democrats and Republicans, as well as by previous empirical
findings surrounding the in-group over-exclusion effect in racial categorization [12, 43]. The
prediction of the existence of inbetweeners is unique to our model. Our model provides a rare
theoretical result on how inbetweeners can arise through the process of social categorization.
Although this work dominantly uses data on political ideology and racial categorization, our
results can be extended more generally to individuals in the middle region of attribute spaces,
such as those who are gender non-binary or in interdisciplinary scientific fields.

Our model is intentionally parsimonious, aiming to capture key cognitive and social pro-
cesses. We show here that a simple model can capture the main aspects of social category
boundary formation. We do not attempt to model the influence of the myriad of motivational
factors investigated in the social categorization literature, such as self-image maintenance [52]
or motivated reasoning with stereotypes [53]. We also leave out many complex cognitive and
social processes which can influence social categorization, such as individuals’ previous experi-
ences and implicit biases towards members across the attribute spectrum [12, 47, 51] or cultur-
ally-based group hierarchies [47, 54]. Social boundaries also evolve over time. For example, the
shifting demographics in the U.S. since the 1960s have extended racial category labels beyond
the dichotomy of Black and White [55]. The dynamical systems framework we propose can be
used, in future research, to explore how demographic and cultural shifts lead to changes in
social category boundaries. In this manuscript, we study the rise of inbetweeners as a result of
categorization. It is possible for this result to have further downstream consequences, such as
forming a new group with other inbetweeners. It would be useful for future research to study
how inbetweeners form new groups.

Our empirical validation shows initial support for the presented model, however the ther-
mometer measures can only approximate how individuals categorize each other as in- or out-
group. Affect (feelings toward others) is the result of many categorization processes beyond
boundary formation, such as the difficulty of categorizing the other [14, 42]. Future research
can benefit from investigating the perception of inbetweeners in an experimental setting,
where the distribution of individuals in the attribute space is known and the outcome variable
focuses on actual categorization and not affect. This could be achieved by asking individuals
across the political spectrum to mark others as in- or out-group based on their policy views.

Much significance of social categories is not in the categories themselves, but in how these
categories affect how individuals are perceived and treated. Our model’s prediction that indi-
viduals with characteristics in the middle of the attribute space “fall through the cracks” may
affect many social processes. One speculative example is the disconnect between issue polariza-
tion and social polarization in the U.S. public. Previous empirical research has found that iden-
tification with political parties and antipathy towards the opposing party increased
disproportionally compared to opinion on issues [56-59]. Our model provides a possible
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explanation that political independents are perceived as out-group by both political parties.
Motivated by the need for belonging and community, individuals holding moderate positions
might decide to instead identify with one of the two polarized parties, despite misalignment on
issue positions. Empirically testing how political independents are perceived and how this
relates to social polarization can be an important direction for future research.
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