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One of psychology’s most ubiquitous findings is that of robust ingroup preference, an explicitly
stated human preference for the groups to which we belong. The advent of implicit measures
of social cognition introduced a paradoxical result: Compared to members of higher-status
groups, members of lower-status groups often show no implicit ingroup preference, some-
times even showing outgroup preference, a result rarely observed on explicit measures.
Prevailing theories have provided macro-level accounts, often in terms of system-justifying
tendencies, but the various cognitive processes that could produce such an absence of ingroup
preference among lower-status groups have not been directly decomposed. In this paper, we
address this gap via formal process modeling applied to data from 5.7 million respondents
collected across 16 years and 6 social categories. We find that, among lower-status groups,
ingroup-affirming evaluations are accompanied by more pronounced self-regulatory control
than outgroup-affirming evaluations, a regulatory asymmetry absent among higher-status
groups. For example, evaluations affirming Black and overweight ingroups were accompa-
nied by heightened self-regulatory control, whereas a comparable self-regulatory pattern was
not observed for evaluations affirming White and nonoverweight ingroups. The evidence
points to a previously unrecognized role for self-regulatory control in the absence of ingroup
preference, suggesting that the cognitive imprint of social hierarchies may extend beyond
evaluative associations to the regulatory processes that govern their expression.

implicit social cognition | Implicit Association Test | intergroup bias | outgroup bias |
computational cognitive modeling

Ingroup preference is arguably the most widely documented finding in the science of inter-
group behavior (1). It manifests in a vast array of biased behavior, including cooperation and
resource allocation (2, 3), trust and lending decisions (4), helping in emergencies (5), per-
ception and memory (6, 7), empathic responses to pain (8, 9), and the application of moral
judgments and punishment (10, 11). Ingroup preference emerges even within ‘minimal group’
paradigms, in which group membership is arbitrary (12), aligning with the perspective that
ingroup love is universal and highly adaptive for survival and social coordination (13, 14).

Yet a recurrent and puzzling counter-pattern has also emerged over the years. In the
1940s, Kenneth and Mamie Clark (15) conducted pioneering studies in which they offered
young Black children a choice, a White doll or a Black doll. Black children consistently
chose White dolls over Black dolls, the first empirical result demonstrating an absence of
ingroup preference. By the 1990s, numerous cases emerged of ingroup bias missing from
the behaviors of lower-status group members (16). It eventually became clear that a lack
of preference for lower-status ingroups, or even outright preference for higher-status
outgroups, was most robustly detected through implicit methods, designed to capture
evaluations (attitudes) and stereotyping (group-based beliefs) that operate relatively outside
conscious awareness, control and intention.

Members of higher-status groups (e.g., White, straight, young, thin) consistently exhibit
strong implicit ingroup preference (i.e., ingroup-affirming behavior; 17-19). Members of
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lower-status groups, however, frequently do not. For example, Black and Hispanic Americans

have each demonstrated implicit outgroup bias (20-22), and children from various lower-status
groups show outgroup bias to the extent that they perceive status differences between groups
(23). In contrast, explicit measures of evaluation and stereotyping more consistently reveal
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ingroup preference, regardless of the respondent’s status within society (18). (CC BY-NC-ND).
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contradiction of ingroup preference through mechanisms of cultural learning. Like
their higher-status counterparts, lower-status group members presumably are inherently

motivated to affirm their ingroup (24, 25). However, unlike their higher-status
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counterparts, lower-status groups must simultaneously contend
with widely shared negative beliefs about their group in society.
One prominent account of how this tension is resolved draws
on system justification theory (SJT; 16, 18, 26), which posits
that a competing motivation to view broader social systems as
just and legitimate leads lower-status groups to internalize and
justify culturally dominant attitudes that disadvantage them—the
internalization of both negative ingroup stereotypes and positive
.
outgroup stereotypes.

The Cognitive Processes of Implicit (Outgroup) Preference.
Although compelling as a macro-level account, SJT’s proposed
internalization of culturally dominant attitudes does not specify
the cognitive mechanisms that produce an absence of ingroup
preference. Associative learning offers one plausible cognitive
pathway: lower-status groups inhabit a stratified social ecology where
media and everyday social interaction frequently link their group
with negativity and higher-status groups with positivity (27, 28).
‘Through statistical learning, such exposure could establish outgroup-
affirming associations (29, 30). Such learning may produce various
outgroup-affirming associations, ranging from positive outgroup
evaluations (31) to distinct threat-related responses (32, 33).
Whether cognitive processes beyond such associative acquisition
contribute to the absence of ingroup preference remains unclear.
Formal process modeling has revealed that responses on implicit
methods reflect a constellation of processes, not merely the activa-
tion of evaluative associations (34-37). Among those additional
cognitive components is self-regulatory control, or the capacity to
prevent evaluative associations from driving biased responses (38,
39). Self-regulatory control is empirically dissociable from both the
activation of evaluative associations and general task accuracy, and
it is readily engaged even during tasks designed to limit controlled
processing (38—41). Moreover, inhibitory responses can be condi-
tioned to activate much like evaluations, through repeated pairing
of stimuli with cues to inhibit otherwise typical responses (42—45).
Theoretically, whereas the absence of ingroup preference can
be attributed to the evaluative associations people acquire, it could
also reflect the regulatory control directed at those evaluations.
Self-regulatory control is well established as a component of
implicit intergroup behavior, yet whether it contributes to the
absence of ingroup preference among lower-status groups remains
unexplored. We therefore ask not only whether outgroup-affirming
evaluations are more prevalent among lower-status groups, but
whether ingroup-affirming evaluations are accompanied by greater
regulatory control than outgroup-affirming evaluations.

Current Research. To decompose the processes underwriting
status differences in ingroup preference, we applied the Quadruple
Process model (QPM; 38) to responses on 5.7 million Implicit
Association Tests (IATs; 46) from the Project Implicit demonstration
website.” Data were collected over 16 years and across 6 social
categories: age (elderly/young), disability (disabled/able), race
(Black/White), skin tone (dark/light), sexuality (gay/straight), and
weight (fat/thin). First, we analyzed whether outgroup-affirming
(vs. ingroup-affirming) implicit bias is more prevalent among
lower-status groups (elderly, disabled, Black, dark-skinned, gay,

“Members of higher-status groups do not have to wrestle with this contention, as the
hierarchies of society favor their ingroup. For them, internalizing culturally dominant atti-
tudes or ingroup-affirming attitudes produces the same result: favor for their higher-status
ingroup over the lower-status outgroup.

TCalanchini and colleagues (31) were the first to apply formal process modeling to outgroup
bias. However, their outgroup analyses focused entirely on investigating the relative extents
of positive versus negative associations, not the extents to which the various cognitive
processes distinguished by the model, including self-regulatory control, explained a lack
of ingroup preference among lower-status group members.

https://doi.org/10.1073/pnas.2600311123

fat) than higher-status groups (young, able, White, light-skinned,
straight, thin). We then isolated the contributions of the two key
processes and subsequently tested 1) whether outgroup-affirming
associations are more readily activated among lower-status groups
and 2) the question of whether ingroup-affirming evaluations
are accompanied by greater regulatory control than outgroup-
affirming evaluations among lower-status groups.

Results

Lower-Status Groups’ Disproportionate Levels of Outgroup-
Affirming Behavior. Before turning to the QPM analyses, we
first present the overall behavioral pattern in the IAT, a dual-
categorization task designed to capture the ease with which
respondents can sort social groups (e.g., elderly, young) and
valenced attributes (e.g., good, bad). We relied on its most
common metric of biased responding: the D-score. The IAT
D-score quantifies the relative difference in response latencies
between IAT block pairings (47). Fig. 1 displays the distribution of
IAT D-scores, separately for higher-status and lower-status group
members. We computed the D-scores such that positive values
indicate faster responding on trials when the respondent’s ingroup
is paired with positive evaluative words (i.e., ingroup preference);
negative D-scores indicate the reverse (i.e., outgroup preference).
Descriptive and inferential D-score analyses across group status
and attitude domains are reported in the S/ Appendix.

Higher-status groups exhibited clear implicit ingroup prefer-
ence across all six domains, with the vast majority of respondents
showing positive D-scores. Lower-status groups, by contrast,
showed substantially attenuated ingroup preference and even
outgroup-affirming D-scores across domains. The strongest
outgroup-affirming behavior was demonstrated by lower-status
groups in the age, disability, and weight domains. Said another
way, outgroup-affirming behavior was exhibited by 10 to 22% of
higher-status respondents but 32 to 87% of lower-status respond-
ents (Fig. 1). The QPM analyses that follow ask what constellation
of cognitive processes underlies the attenuated or absent ingroup
preference characteristic of lower-status groups.

Implementation of the QPM. We employed the QPM to isolate the
cognitive mechanisms underpinning performance on the IAT. The
QPM is a multinomial processing-tree model that decomposes the
observed correct/incorrect responses on the IAT into four distinct
latent processing parameters. The model assumes that a response on
any given trial is the probabilistic outcome of a chain of cognitive
states. To illustrate, consider a trial on an Age IAT where a respondent
must sort an elderly target face using the same key assigned to sort
“good” words. The QPM estimates the probability of four processes
potentially occurring to produce responses on this trial:

Association activation. This parameter estimates the probability that
the image of the elderly target triggers the activation of an evaluative
association (e.g., Elderly = bad). When activated, the model assumes
that the association drives responses toward the corresponding key
(e.g., toward the key assigned to sort “bad” words).

Detection. This parameter reflects the probability of accurately
identifying the stimulus and the task requirements. Here, D
estimates the likelihood that the participant correctly perceives
the image as belonging to an elderly person and recalls the correct
key assignment.

Overcoming bias (0B). This parameter estimates the likelihood of
overcoming the association given that both the association (AC)
and correct detection (D) have occurred. If the elderly = bad
association drives a right-key response, but the correctly detected

pnas.org
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Fig. 1. Distributions reflect IAT D-scores separately for higher-status (green) and lower-status (purple) group members within each attitude domain. Positive
D-scores indicate faster responding consistent with ingroup preference; negative D-scores indicate the reverse (i.e., outgroup preference). The dashed vertical
line marks zero. Percentages on the Right reflect the proportion of respondents within each group status whose D-score was ingroup-affirming; percentages on

the Left reflect the proportion whose D-score was outgroup-affirming.

task requirement is a left-key response, a conflict arises. The OB
parameter estimates the success rate of overcoming the association
to resolve this conflict in favor of the correct response.

Guessing. 'This parameter captures response tendencies when no
association is activated and the correct response is not detected. It
estimates a bias toward responding with a specific key (e.g., “bad”
key vs. “good” key) in the absence of the other processes.

The QPM estimates these parameters based on a set of equations
that predict the probability of correct and incorrect responses for
each unique trial. To do so, it sums the probabilities of the distinct
cognitive paths that lead to a given response (S Appendix, Fig. S1).
For instance, on a trial in which the model assumes the activated
association conflicts with the correct answer (e.g., a task requiring
a response using the “good” key despite a negative association), a
correct response can be achieved in three ways. First, the biased
association is simply not activated (1 — AC), and the participant
correctly detects the answer (D). Second, the bias is activated (AC)
and the answer is detected (D), but the biased association is suc-
cessfully overcome (OB) in favor of the correctly detected answer.
Third, if neither the association is activated (1 — AC) nor the answer
detected (1 — D), the participant relies on a response bias (G) toward
the key that happens to be correct on that trial. Mathematically, the
total probability of a correct response on this trial is the sum of these
three paths: [(1 -AC) x D] + [ACx D x OB] + [(1-AC) x (1-D)
x GJ. The QPM utilizes maximum likelihood estimation to itera-
tively adjust the parameter values until the predicted response prob-
abilities align as closely as possible with the observed response
frequencies.

The QPM parameters have been extensively validated (38, 39,
48). The present research hinges on interpreting OB as reflecting
self-regulatory control, so we briefly review five pieces of converging
evidence supporting this psychological interpretation. First, response
deadlines reduce OB and D, but not AC and G, consistent with
OB reflecting resource-dependent controlled processing (38).
Second, alcohol consumption, whose primary cognitive implication
is impaired response inhibition (49), selectively impairs OB while
leaving other parameters largely intact (39). Third, OB declines with

PNAS 2026 Vol.123 No.37 2600311123

age in a pattern consistent with the broader deterioration of
self-regulatory functioning (50). Fourth, intentional strategies to
overcome bias selectively increase OB (43). Fifth, neural and
response time data indicate that OB reflects the implementation of
inhibitory control rather than simply conflict detection or cautious
responding (49, 51; see ST Appendix for a more detailed review). We
therefore use self-regulatory control to refer to the class of processing
captured by OB. We remain agnostic about the particular processes
by which this regulatory control is enacted.

Model Specification. To capture the direction of respondents’
intergroup bias (ingroup-affirming vs. outgroup-affirming), we
specified the QPM with two variants and fit both to each
participant’s data. We then selected the better-fitting model, per
participant, by comparing goodness-of-fit P-values (for a similar
approach, 31). While the parameters of the QPM are structurally
equivalent between the two model specifications, the interpretation
of the AC and OB parameters differs:

Ingroup affirming specification. For higher-status respondents
(e.g., young), AC encodes the activation of positive associations
for their higher-status ingroup (e.g., young—good) and negative
associations for the lower-status outgroup (e.g., elderly—bad). For
lower-status respondents (e.g., elderly), AC encodes the activation
of positive associations for their lower-status ingroup (e.g., elderly—
good) and negative associations for the higher-status outgroup
(e.g., young-bad). Therefore, OB encodes self-regulatory control
over positive evaluations of the ingroup and negative evaluations
of the outgroup.

Outgroup affirming specification. For higher-status respondents
(e.g., young), AC encodes positive evaluations for the lower-
status group (e.g., elderly—good) and negative evaluations for their

The literature on cognitive control often distinguishes between two classes (41). Proactive
control reflects anticipatory, sustained goal maintenance that prevents interference before
it arises. Reactive control reflects conflict-triggered inhibition deployed after a biased asso-
ciation has been activated. We do not make claims regarding whether OB reflects proactive
control, reactive control, or both, as this question remains empirically open. Nonetheless,
the S/ Appendix offers a detailed review of the evidence bearing on this distinction as it
applies to OB.

https://doi.org/10.1073/pnas.2600311123 3 of 9


http://www.pnas.org/lookup/doi/10.1073/pnas.2600311123#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2600311123#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2600311123#supplementary-materials

Downloaded from https://www.pnas.org by COLUMBIA UNIVERSITY on September 9, 2026 from | P address 128.59.177.134.

4 0f 9

higher-status ingroup (e.g., young—bad). For lower-status respondents
(e.g., elderly), AC encodes positive evaluations for the higher-status
outgroup (e.g., young—good) and negative evaluations for their
lower-status ingroup (e.g., elderly—bad). Therefore, OB encodes
self-regulatory control over positive evaluations of the outgroup
and negative evaluations of the ingroup.

'The difference in AC and OB estimates between the two vari-

ants offers a unique opportunity to test the relative extent of bias
activation and control when that bias favors one’s ingroup versus
outgroup.
Lower-status groups’ responses generally align with an outgroup-
affirming model. We first tested whether outgroup bias is more
evident in lower-status groups relative to higher-status groups, a
pattern expected given the IAT behavioral data (Fig. 1). Using
chi-square tests of independence across the six attitude domains,
we compared the rates at which responses were better fit by an
outgroup-affirming (outgroup positivity, ingroup negativity) versus
ingroup-affirming QPM. That is, we tested whether the odds of
demonstrating outgroup-affirming versus ingroup-affirming bias
are greater for lower-status versus higher-status groups.

Across all six attitude domains, lower-status group members
showed systematically greater relative odds of their responses being
better fit by an outgroup-affirming (vs. ingroup-affirming) model
compared to higher-status group members (all ps < 0.001). This
divergence was most pronounced for the domains of age (OR =
8.34), weight (OR = 7.25), and disability (OR = 6.43), in which
lower-status respondents were over six times more likely than
higher-status respondents to exhibit outgroup-afirming behavior
(Fig. 2). The pattern also held robustly, though to a smaller degree,
for skin tone (OR = 3.02), race (OR = 2.18), and sexuality (OR =
1.70; see SI Appendix, Tables S4-S10, for summaries of these and
all other analyses).

To clarify the nature of these interactions, we tested whether
absolute preferences within each group differed from chance (50%)
using exact binomial tests. Higher-status respondents’ data were
consistently fit better by an ingroup-affirming model, across all six
domains (all ps < 0.001; odds of outgroup-affirming fit: 0.33 to
0.40). Lower-status respondents’ behavior, however, bifurcated. For
domains of sexuality and race, lower-status respondents’” data were

Sexuality Race Skin Tone

best fit by ingroup-affirming models (ps < 0.001), indicating the
status interaction in these domains reflects attenuated ingroup bias
rather than a loss of it. In contrast, for domains of skin tone, age,
disability, and weight, lower-status respondents’ data were fit better
by outgroup-affirming models (ps < 0.001). The extent of this out-
group bias varied, ranging from a weak level for skin tone (Odds =
1.08) to moderate levels for disability (Odds = 2.30), weight
(Odds = 2.40), and age (Odds = 3.11).

Estimating the Activation of Evaluative Associations and Their
Self-Regulation. To estimate cognitive parameters, response
frequencies (i.e., correct and incorrect responses per trial type)
were summed across respondents within each group status (lower-
status, higher-status) x QPM specification (ingroup-affirming,
outgroup-affirming) configuration, per IAT. We implemented
a joint modeling framework that joins these datasets by model
specification, enabling the simultaneous estimation of parameters
for both ingroup-affirming and outgroup-affirming specifications
within a single model (see Materials and Methods). To formally
test for parameter differences, we applied equality constraints (e.g.,
fixing OB, oup-afirming = OBoutgroup-affirming) ad assessed the change
in model fit. We concluded that parameters differed significantly
if the equality-constrained model produced a significantly worse
goodness-of-fit (G compared to the unconstrained model.
Activation of evaluative associations (AC). To test for asymmetries in
the activation of evaluative associations, we compared the positive
versus negative AC estimates (AAC = AC, i — AC, i) for
both ingroups and outgroups. If AAC > 0, positive (vs. negative)
associations of that group are estimated to activate more often,
whereas AAC < 0 indicates the reverse.

For higher-status groups, the pattern of AC estimates was con-
sistent across all six attitude domains. Among higher-status groups,
positive ingroup associations were estimated to activate significantly
more often than negative ingroup associations (AAC range: 0.03 to
0.06) but negative outgroup associations were estimated to activate
significantly more often than positive outgroup associations (AAC
range: -0.01 to -0.05; ps < 0.001; see Fig. 3). Overall, among
higher-status groups, ingroup-affirming associations were activated
more frequently than outgroup-affirming associations.

. Ingroup—affirming . Outgroup-affirming

Age Disability Weight

Lower—
Status

Lower—
Status

Lower—
Status

Higher—
Status

Higher—
Status

Higher—
Status

Lower—
Status

Lower—
Status

Lower—
Status

Higher—
Status

Higher—
Status

Higher—
Status

Fig. 2. Bars reflect the percentage of respondents within each IAT and group status combination whose data were best fit by one of two QPM specifications.
Panel columns represent social category domains. The x axis distinguishes whether the bars reflect higher-status or lower-status respondents. Bar colors
denote whether the data were best fit by a model that assumes positive evaluations of ingroups and negative evaluations of outgroups (i.e., ingroup-affirming;
green) or negative evaluations of ingroups and positive evaluations of outgroups (i.e., outgroup-affirming; purple).
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Fig. 3. Error bars represent 95% Cl (note that these Cls are very small
due to large sample sizes and thus are obscured by the point marker). The
x-axis displays the difference between the estimated probability of activating
positive versus negative associations (ACysie = AChegarive)- POSsitive values
(to the Right of the dashed red line) indicate that positive associations are
more likely to be activated than negative associations. Negative values
(to the Left of the dashed red line) indicate the opposite. Dot colors denote
whether the estimates correspond to Ingroup targets (blue) or Outgroup
targets (red). Panel rows represent attitude domains. The y-axis represents
respondents’ group status, with the Top row displaying higher-status groups
and the Bottom row displaying lower-status groups.

For lower-status groups, the pattern was less consistent. For the
domains of sexuality, race, and skin tone, positive ingroup associations
were estimated to activate significantly more often than negative
ingroup associations (AAC = 0.08, 0.03, and 0.01, respectively) and
negative outgroup associations were estimated to activate significantly
more often than positive outgroup associations (AAC=-0.01, -0.03,
and -0.01, respectively; ps < 0.001). However, among lower-status
groups in the domains of age, disability, and weight, positive outgroup
associations were estimated to activate significantly more often than
negative outgroup associations (AAC = 0.04, 0.05, and 0.03, respec-
tively), and negative ingroup associations were estimated to activate
significantly more often than positive ingroup associations (AAC =
-0.03, -0.02, and -0.03, respectively; ps < 0.001). Overall, among
lower-status groups, ingroup-affirming associations were more fre-
quently activated for the domains of sexuality, race, and skin tone but
outgroup-affirming associations were more frequently activated for
the domains of age, disability, and weight.

PNAS 2026 Vol.123 No.37 2600311123

0B. To test whether self-regulatory control plays a role in the
relative absence of ingroup bias among lower-status versus
higher-status groups, we compared OB estimates as a function
of group status and QPM specification for each of the six attitude
domains.

For higher-status group members, the pattern of OBy, . affirming
versus OB, roup-affiming Was inconsistent (Fig. 4; 70p row panels).
In the domains of race (AOB = -0.29), skin tone (AOB = -0.07),
and weight (AOB = -0.03), higher-status respondents were esti-
mated to overcome outgroup-affirming evaluations significantly
more than ingroup-affirming evaluations (ps < 0.001). The oppo-
site pattern was found for the domains of age (AOB = 0.23) and
sexuality (AOB = 0.12; ps < 0.001). For the disability IAT,
no significant difference emerged between OB, 0. affeming a0
OB, group-affirming (AOB = 0.00, p = 1.00). Overall, differences in
OB were inconsistent among higher-status groups.

For lower-status groups, the pattern of OB was highly con-

sistent (Fig. 4; Bottom row panels). Across five of the six atti-
tude domains, ingroup-affirming evaluations were estimated
to be overcome significantly more often than outgroup-affirming
evaluations. The OB estimates suggest that positive evaluations
of the lower-status ingroup and negative evaluations of the
higher-status outgroup were more likely to be overcome than
negative evaluations of the ingroup and positive evaluations of
the outgroup (ps < 0.001), with the exception of the disability
domain (pp = 0.247), which descriptively showed the same
pattern. The effect was strongest for the domains of sexuality
(AOB=0.67), race (AOB = 0.67), and skin tone (AOB = 0.47),
followed by weight (AOB = 0.46), age (AOB = 0.32), and
disability (AOB = 0.02). Overall, among lower-status groups,
ingroup-affirming evaluations were overcome more often than
outgroup-affirming evaluations, although the magnitude of this
difference varied across attitudinal domains.
Differences in overcoming positive and negative evaluations. Thus
far, our results suggest that, among lower-status groups, ingroup-
affirming evaluations (i.c., ingroup-positive/outgroup-negative)
are overcome more often than outgroup-affirming evaluations
(i.e., ingroup-negative/outgroup-positive). But, as noted, these
ingroup-affirming evaluations reflect two distinct components:
positive evaluations of the ingroup and negative evaluations of
the outgroup. Thus, it remains an open question whether the
overcoming of ingroup-affirming evaluations is characterized
more by overcoming positive ingroup evaluations (e.g., pro-gay)
or negative outgroup evaluations (e.g., anti-straight). To address
this, we refic the QPM, separating OB into the overcoming of
positive evaluations and the overcoming of negative evaluations.
For example, for the domain of age, the ingroup-affirming model
distinguished between overcoming positive evaluations of elderly
people and negative evaluations of young people.

In four of the six domains, OB estimates for ingroup-affirming
evaluations reflected greater overcoming of positive (lower-status)
ingroup evaluations (Fig. 5, Lefi-most blue bars in each panel) than
negative (higher-status) outgroup evaluations (Fig. 5, Lefi-most red
bars in each panel; AOB range = 0.06 to 0.41): such effects were
strongest in domains of weight (AOB = 0.41), followed by disability
(AOB = 0.29), sexuality (AOB = 0.27), and race (AOB = 0.06;
ps < 0.001). Conversely, for the domains of age and skin tone,
OB estimates for ingroup-affirming evaluations reflected relatively
greater overcoming of outgroup-negative than ingroup-positive
evaluations (AOBs = -0.49 and -0.11, respectively; ps < 0.001).
Estimates for the overcoming of outgroup-affirming evaluations
(right-most sets of bars) showed less consistent patterns and lower
overall estimates (S/ Appendix).
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Fig. 4. Error bars represent 95% Cl. Bars reflect the OB parameter estimates. Values of OB < 0.50 indicate that OB occurs on less than half of relevant trials,
whereas OB > 0.50 indicates the opposite. Bar colors denote whether the estimates come from a model that assumes the overcoming of positive evaluations of
ingroups and negative evaluations of outgroups (i.e., ingroup-affirming; green) or the overcoming of negative evaluations of ingroups and positive evaluations
of outgroups (i.e., outgroup-affirming; purple). Panel columns represent attitude domains. Panel rows represent respondents’ group status, with the Top row
displaying higher-status groups and the Bottom row displaying lower-status groups.

Discussion

The present research implicates self-regulatory control in the
absence of implicit ingroup preference among lower-status groups.
Associative learning provides one plausible pathway through
which outgroup-affirming evaluations could be acquired (29, 30,
32). Our estimates for the activation of evaluative associations
(AC) are broadly consistent with such accounts. But the present
results suggest that the absence of ingroup preference emerges not
only at the level of associative processing but also at the level of
regulatory control, with ingroup-affirming evaluations accompa-
nied by greater self-regulatory control than outgroup-affirming
evaluations among lower-status groups. Notably, the asymmetry
in self-regulatory control was broadly consistent across attitude

domains, including those in which lower-status groups showed
only attenuated ingroup preference rather than outright outgroup
preference (e.g., sexuality). These results therefore identify self-
regulatory control as a previously unexplored process that con-
tributes across attitude domains toward an absence of ingroup
preference among lower-status groups.

What Drives the Asymmetry in Self-Regulatory Control? The
finding that, among lower-status groups, ingroup-affirming evalua-
tions are regulated more often than outgroup-affirming evaluations
raises the question of how such an asymmetry is acquired. One
possibility we consider centers on the social environment itself. Prior
research demonstrates that counterstereotypical behavior among
lower-status group members draws social penalties that function
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Fig. 5. Error bars represent 95% Cl. Bars reflect the OB parameter estimates. Values of OB < 0.50 indicate that OB successfully occurs on less than half of
relevant trials, whereas OB > 0.50 indicates OB successfully occurs on more than half of relevant trials. Bar colors denote whether OB estimates the overcoming
of ingroup evaluations (positive for the ingroup-affirming model; negative for the outgroup-affirming model), or outgroup evaluations (negative for the ingroup-
affirming model; positive for the outgroup-affirming model). Panel columns represent attitude domains.
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to maintain existing hierarchies (52, 53). These penalties may
promote self-regulatory control over ingroup-affirming behavior.
For example, high-performing Black Americans report suppressing
displays of academic success to avoid backlash, and sexual minorities
report chronic pressure toward identity concealment to avoid
prejudice and discrimination (53, 54). This perspective resonates
with the view that implicit bias reflects the statistical regularities
of the social environment (28, 55): just as society provides signals
that shape evaluations, it also may convey signals that elicit self-
regulatory control in line with hierarchy maintenance. The OB
asymmetry found here may thus reflect a regulatory response to
chronic environmental pressure to withhold ingroup-affirming
behavior. Whether and how such environmental signals give rise
to the specific regulatory asymmetry observed on the IAT remains
an open question that future research should directly examine.

These data raise several empirical questions worth pursuing. First,
what drives variability in the magnitude of this regulatory asymmetry
across attitude domains, and why does its magnitude not closely
track that of behavioral outgroup bias? The asymmetry in OB was
most pronounced for sexuality and race domains and less pronounced
for weight, age, and disability domains. This pattern warrants inves-
tigation into whether domain-level features (e.g., differences in the
frequency or severity of social penalties for lower-status ingroup-
affirmation) predict the magnitude of the effect. Relatedly, the
two-OB decomposition indicates that the regulated content also
varied: in age and skin tone, the asymmetry reflected greater control
over negative evaluations of the higher-status outgroup than positive
evaluations of the lower-status ingroup.

Notably, lower-status disability group members showed no sig-
nificant difference in overcoming ingroup-affirming versus
outgroup-affirming evaluations, with near-zero aggregate-level OB
estimates across QPM specifications. The pattern (OB, group-affirming
> OB, group-affirming) Was nevertheless descriptively present in the
aggregate analyses, and also emerged as a significant effect in the
two-OB model extension, as well as in a supplemental analysis
using individual-level data (S Appendix), albeit with lower esti-
mates than in other domains. Additionally, because aggregate-level
estimation is susceptible to boundary compression when true OB
values are small (56), the pattern in OB across the other five
attitude domains cannot be entirely ruled out in the disability
domain, but overall disability OB estimates are clearly smaller
than in other domains. Future research should explore why, among
lower-status groups, ingroup-affirming evaluations are dispropor-
tionately overcome more in some domains than others.

Second, what are the longer-term consequences of chronically
preventing ingroup-affirming evaluations? Research on inhibition-
induced devaluation suggests that repeated inhibition of responses
to a stimulus can reduce its perceived positivity (42, 44, 57, 58),
raising the question of whether such regulatory asymmetries grad-
ually erode ingroup-affirming associations over time. If so, a con-
sequence may ultimately be a shift in the balance of how the
ingroup is evaluated relative to the outgroup, as revealed, for
example, through the AC parameter. Longitudinal designs track-
ing both AC and OB parameters alongside individual differences
in social experience would be well-positioned to examine these
questions. If ingroup-affirming evaluations are chronically accom-
panied by regulatory control among lower-status groups, such
repeatedly enacted responses may also, over time, transition from
effortful and intentional to relatively automatic (45).

The Role of Motivation. According to System Justification Theory,

lower-status group members with a greater desire to justify the
societal status quo are less likely to demonstrate ingroup preference

PNAS 2026 Vol.123 No.37 2600311123

(18). However, the cognitive implementation of this motivation
remains unclear. Does the desire to see the system as legitimate
simply lead to the acquisition of outgroup-affirming associations,
or does it actively recruit the regulatory processes identified in
the current research, or both? It is possible that while the social
environment may condition self-regulatory control over lower-
status groups’ ingroup-affirming behaviors, motivation to justify
the system may potentiate this effect, further reducing the
likelihood of ingroup affirmation. Future research should examine
whether system-justifying motives predict self-regulatory control
over ingroup-aflirming evaluations among lower-status groups, the
prevalence of those evaluations, or both, clarifying how individual
psychological needs support social hierarchy maintenance.

Inconsistent Self-Regulatory Control Among Higher-Status
Groups. Whereas ingroup-affirming evaluations were often accomp-
anied by greater self-regulatory control than outgroup-affirming
evaluations among lower-status groups, no consistent pattern
emerged among higher-status groups. Extensive literature on the
psychological implications of power suggests that individuals with
more power generally feel freer to act on their impulses (59, 60).
Groups who sit at the top of the social hierarchy may be subject to
fewer systemic pressures on self-regulatory control in any particular
direction. This may explain why estimates of higher-status self-
regulatory control lack directional uniformity across domains. What
accounts for the specific patterns observed within each domain,
however, remains an open question for future research.

Limitations. The current research utilizes a dataset of unprece-
dented scale for cognitive modeling of intergroup behavior,
but it is not without limitations. Primary among them is the
estimation approach. The main analyses relied on aggregate-level
estimates using maximum likelihood estimation, which assumes
independently and identically distributed data and results in
complete pooling of information across respondents. This allowed
us to leverage the full statistical power of the dataset, but did not
account for individual-level variability. A no-pooling approach
relying on individual QPM estimates was considered; however,
because IAT data typically contain few errors, many individual-
level OB estimates failed to converge or had SEs covering nearly
the entire probability space, requiring the exclusion of ~80%
of the sample. The remaining individual-level estimates pro-
duced the same pattern of results as the aggregate-level analyses
(81 Appendix). Furthermore, MPT parameters converge well across
estimation approaches (56). One resolution to this trade-off is
the partial-pooling of information through hierarchical Bayesian
estimation. Though computationally prohibitive for datasets of
this magnitude, this approach would stabilize individual estimates
by leveraging group-level distributions.

A second limitation concerns the operationalization of group
status for skin tone and age. For skin tone, race served as a proxy
for a continuous construct, which may mask some variation in
colorism-related evaluation. For age, the cutoffs used to classify
respondents are necessarily somewhat arbitrary, leaving unan-
swered what the more precise boundaries are. Future work should
examine finer-grained operationalizations of both constructs.

Conclusion. For decades, the absence of ingroup preference
among lower-status groups has been understood primarily as
a reflection of internalized stigma. By applying formal process
modeling to 5.7 million implicit bias tests and six social group
categories, we demonstrate that this phenomenon is not merely a
product of learned associations but also of the regulatory control
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that accompanies them. Among lower-status groups, ingroup-
affirming evaluations are accompanied by greater self-regulatory
control than outgroup-affirming evaluations. Understanding how
social hierarchies are sustained may therefore require looking
beyond the content of our biases to the cognitive machinery
regulating their expression.

Materials and Methods

Participants. Data were retrieved from N = 6,119,315 volunteer respondents
to the Project Implicit demonstration website (https://implicit.harvard.edu/), who
provided informed consent and demographicinformation before completing an
IAT related to age, disability, race, sexuality, skin tone, or weight. All data were
deidentified. The six domains were selected for two primary reasons. First, they
span a theoretically meaningful range of stigma types from sociodemographic
(race, sexuality) to body-related (age, disability, body weight), with skin tone
conceptually situated between these classes. This distinction is associated with
variation in intergroup evaluation among disadvantaged group members (61,
62), thereby permitting an assessment of whether the present findings general-
ize across qualitatively distinct attitude domains. Second, the data were highly
accessible given their prior use by the authors.

Data were only included if individual datasets had complete IAT data i.e., 120
critical trials). Additionally, respondents were only included if they self-reported
a group status relevant to the specific IAT completed (e.g., reporting as Black or
White for the Race IAT). Data inclusion began January 1, 2007, and ended May 31,
2022, forabout 16 years of data. For 454,622 individual datasets (7.4%), neither
QPM specification fit the data better than the other and were therefore excluded
from further analyses. The final sample comprised 5,664,693 respondents (see
Sl Appendix, Table S1, for demographics and sample sizes).

Materials and Procedure. The IAT(46) is a dual-categorization task designed to
assess the association people have between certain groups and attributes. When
taking an evaluative IAT, participants are instructed to sort groups (e.g., Black vs.
White people) and evaluative words (e.g., "wonderful” vs. “evil") using one of
two keys. Throughout the task, correctly categorizing positive (negative) stimuli
always requires the same key response. The correct key response for each group,
however, varies across trial blocks, such that the positive (negative) key sometimes
is shared with one group (e.g., Black people) and sometimes is shared with the
other group (e.g., White people).

Group status for each attitude domain was determined using respondents’
self-reported demographic information. For the race IAT, White-identifying
respondents were classified as higher-status and Black-identifying respondents
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as lower-status. For the skin tone IAT, which lacks a directly corresponding
demographic identity, racial self-identification was used as a proxy, applying
the same White/Black classification. For the age IAT, respondents aged 20 and
under were classified as higher-status and those aged 40 and over as lower-
status, consistent with cutoffs used in prior large-scale analyses of Project Implicit
data determined by the youngest and oldest age brackets with sufficient sample
size (63). For the sexuality, disability, and weight IATs, the relevant demographic
question was administered only to respondents completing that specific IAT.
Straight-identifying respondents were classified as higher-status and gay- or
lesbian-identifying respondents as lower-status. Nondisabled respondents were
classified as higher-status and those reporting a disability as lower-status. For
body weight, respondents were classified using a 7-point scale ranging from very
underweight to very overweight; those at or below the midpoint were classified
as higher-status and those above the midpoint as lower-status.

Analytic Approach. All QPM fitting was conducted with maximum likelihood
estimation (MLE) using the MPTinR package (64). Response frequencies (i.e.,
counts of correctand incorrect responses for each of eight unique trial types; see
SI Appendix for a detailed review) were summed across all respondents within
each Group Status x Model Specification cell, per IAT, prior to model fitting. This
aggregation results in a single set of parameter estimates per cell, rendering
standard General Linear Model analyses impossible due to a lack of variance.
Consequently, hypothesis testing relied on the likelihood-ratio test statistic G,
which follows a/ distribution (64, 65). Parameter estimates were compared
by computing the difference in goodness-of-fit (AG?) of unconstrained mod-
els against nested models with equality constraints imposed on the relevant
parameters, as described in the Results. Asignificant reduction in model fit (AG?)
indicated that the parameters differed significantly.

Data, Materials, and Software Availability. Anonymized de-identified
behavioral data, model files and analysis code data have been deposited in
Open Science Framework (OSF) (https://osf.io/83epy/overview) (66). All other
study data are included in the article and/or supporting information.
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