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1. SUMMARY

Background. Unconscious bias is a pervasive phenomenon that compromises health outcomes and
perpetuates societal disparities. Despite its critical impact, the foundational mechanisms driving
unconscious biases—specifically their evolutionary and cognitive origins—remain contested in
contemporary literature, complicating efforts to mitigate them.

Aim. To review unconscious bias by defining its theoretical foundations, examining its impact on health
and healthcare, and evaluating its possible evolutionary origins.

Objectives. 1) To establish a conceptual framework for unconscious bias, including its definition, related
terminology, and a typology of its forms. 2) To detail the impact of unconscious bias on health and
healthcare. 3) To critically evaluate evolutionary perspectives of unconscious bias by synthesizing
findings from neuroscience, cognitive science, evolutionary psychology, and philosophy of science.
Methods. A narrative literature review was conducted using PubMed, PsycINFO, PhilPapers and Google
Scholar, supplemented by the Stanford Encyclopedia of Philosophy and StatPearls. Search included
combinations of keywords related to evolutionary theory, cognitive architecture, unconscious bias, and
social cognition. In total 129 articles were included in the review.

Results. Unconscious biases are automatic associations that happen without conscious awareness. They
influence how people see the world and how they behave, and they often lead to discrimination. Because
biases are common and hard to change, some researchers think they may have evolved as part of human
psychology. There are two main ways to explain the origins of unconscious biases. The first, domain-
specific approaches, suggest that these biases are evolved adaptations. In the past, they may have helped
people deal with recurring problems such as avoiding disease, detecting danger, or protecting resources.
The second, domain-general perspective, argues that unconscious biases are by-products of basic mental
processes like learning from experience, grouping things into categories, and making predictions. These
processes can lead to biased thinking, especially in environments where social biases already exist.
Conclusions. This literature review examined the concept of unconscious bias and its evolutionary
explanations. The findings indicate that the concept is theorized inconsistently throughout the literature.
Moreover, unconscious bias remains a pervasive phenomenon that poses significant public health
challenges. Finally, existing evolutionary accounts lack sufficient theoretical and empirical validity, and

a domain-general perspective provides a plausible explanation for the origins of unconscious bias.



2. SANTRAUKA

Darbo aktualumas. Nesamoningas SaliSkumas yra placiai paplites fenomenas, darantis neigiama jtakg
visuomenés sveikatai ir didinantis socialing nelygybe. Nepaisant jo svarbaus poveikio, pagrindiniai
nesgmoningg SaliSkumg lemiantys mechanizmai (ypac jo evoliuciné ir kognityviné kilme) Siuolaikingje
literatiiroje iSlieka ginCytini, ir tai apsunkina sprendimy pasirinkimg jo mazinimui.

Tyrimo tikslas. Apzvelgti moksling literatirg apie nesamoningg SaliSkuma, apibréziant jo teorinius
pagrindus, nagrin¢jant poveikj sveikatai ir sveikatos prieziiirai bei jvertinant galimas jo evoliucines
iStakas.

UZdaviniai. 1) Sukurti nesgmoningo SaliSkumo konceptualyjj pagrindg, jskaitant jo apibrézima, susijusia
terminijg ir formy klasifikacijg. 2) ISsamiai apraSyti nesamoningo SaliSkumo poveikj sveikatai ir
sveikatos priezitrai. 3) KritiSkai jvertinti nesagmoningo SaliSkumo evoliucines perspektyvas,
apibendrinant neuromoksly, kognityviniy moksly, evoliucinés psichologijos ir mokslo filosofijos tyrimus.
Tyrimo metodai. Naratyvioji literatiiros apzvalga atlikta naudojant ,,PubMed*, ,,PsycINFO*, PhilPapers,
ir ,,Google Scholar* duomeny bazes, kurios buvo papildytos ,,Stanford Encyclopedia of Philosophy* ir
StatPearls Saltiniais. PaieSka apémé raktiniy Zodziy, susijusiy su evoliucijos teorija, kognityvine
architektiira, nesgmoningu SaliSkumu ir socialiniu pazinimu, kombinacijas. IS viso 129 straipnsiai buvo
jtraukti j apzvalgg.

Literatiiros apZzvalgos rezultatai. Nesamoningas SaliSkumas (tai yra automatinés asociacijos,
susidarancios be sgmoningo suvokimo) daro jtakg Zmoniy suvokimui ir veiksmams, bei daznai nulemia
diskriminacinj elgesj. Kadangi SaliSkumas yra placiai paplites, dalis tyréjy teigia, kad jis galéjo iSsivystyti
kaip evoliuciné zmogaus psichologijos dalis. Egzistuoja du pagrindiniai btidai paaiskinti nesgmoningo
Saliskumo kilmg. Pirmasis (specifiskos srities poziiris) teigia, kad Sie SaliSkumai yra evoliucinés
adaptacijos. Praeityje jie galé¢jo padéti zmonéms spresti pasikartojancias problemas, tokias kaip ligy
iSvengimas, pavojaus aptikimas ar istekliy apsauga. Antrasis (bendrosios srities poziiiris) argumentuoja,
kad numanomas SaliSkumas yra baziniy psichikos procesy, tokiy kaip mokymasis i§ patirties, objekty
grupavimas j kategorijas ir prognoziy kiirimas, Salutinis produktas. Sie procesai gali lemti $aliska
mastyma, ypac tose aplinkose, kuriose socialinis SaliSkumas jau egzistuoja.

I$vados. Sioje literatiiros apzvalgoje i$nagrinéta nesamoningo $aliskumo samprata ir jo evoliuciniai
paaiSkinimai. Rezultatai rodo, kad literatliroje S§i samprata teorizuojama nenuosekliai. Be to,
nesgmoningas SaliSkumas iSlieka placiai paplitusiu reiskiniu, kelian¢iu reikSmingy i8Stkiy visuomenes
gerovei. Galiausiai, evoliuciniams paaiskinimams triiksta pakankamo teorinio ir empirinio pagrjstumo,

o bendrosios srities perspektyva suteikia labiau tikéting nesamoningo SaliSkumo kilmés paaiskinimg.
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predictive processing.

4. INTRODUCTION

While some philosophers defended prejudice as an indispensable human faculty - though in a sense
distinct from its pejorative meaning (see Box 1) - many Enlightenment thinkers emphatically embraced
objective reason as the ultimate arbiter of truth [ 1]. Rationality was put forth as the standard for human
conduct, and prejudice was cast away as a remnant of the past. These rationalist and egalitarian notions,
among other factors, have taken root to the extent that stereotype-derived judgments are now broadly
discouraged [2]. In turn, many sincerely believe they have rid themselves of all traces of biased reasoning,
and the notable decrease in explicitly expressed prejudice [ 3] certainly appears to attest to that. However,
this picture of an overall reduction in prejudice is challenged by the high prevalence of implicit bias [4].
This discrepancy is largely attributed to the fact that explicit measures of bias are compromised by social
desirability effects, as individuals suppress prejudiced responses to adhere to societal norms [5,6]. In
light of this, most research [7] has pivoted toward methodologies less prone to subjective distortion.
Through the use of indirect cognitive and neuroimaging tools [8], unconscious bias became the focus of
contemporary scientific studies.

Operating mostly beyond the awareness and direct control of individuals, unconscious bias is a vexing
process. It exerts a wide array of negative effects on society [9], ranging from distressing interpersonal
interactions and constrained employment opportunities to grave injustices in the legal and law
enforcement systems and fatal errors in the health sector. While extensive effort is expended to curtail
these harmful influences, unconscious bias remains highly resistant to change, with most standard
interventions yielding negligible long-term effects [ 10]. Such pervasiveness suggests robust evolutionary
underpinnings. This review investigates these claims by outlining several evolutionary accounts and
evaluating their validity. Before doing so, it first thoroughly explores the concept of unconscious bias

and details its impact on clinical and health outcomes.



Box 1. Two philosophers defend prejudice

Writing during the early days of the French Revolution in 1790, political philosopher Edmund
Burke, the “father of modern conservatism,” actively defended prejudice as a valid and valuable
preconceived opinion [11]. He believed it accurately embodies a country’s customs and norms,
offering a reliable method for making consistent judgments in line with one’s virtues. Prejudice also
proves useful under pressing time constraints (i.e., “emergencies’”’) when decisions need to be made
quickly. Predictably, he dismissed “naked reason” as an insufficient guide for human conduct.

In his magnum opus “Truth and Method”, written in 1960, philosopher Hans-Georg Gadamer
approached the concept of prejudice by invoking the older, positive conception of the term: literally,
a “pre-judgment” [12]. He claimed that prejudices constitute a “fore-structure” for understanding.
In other words, rather than impairing and obstructing comprehension, prejudgments” are
anticipatory structures that make meaning-making possible at all. For anything to be understood, it
must represent a complete, coherent whole. Understanding requires ‘anticipation of completeness’,
and prejudices fulfil this function by providing preliminary sketches. Gadamer conceded that while
prejudices enable comprehension, they occasionally distort reality. By identifying pre-judgements
that contradict other forms of knowledge, initial preliminary impressions can be updated, allowing
for a more nuanced understanding to emerge [12].

Burke’s characterization of prejudice closely resembles the modern conception of heuristics and
their utility, although contemporary discourse discourages such reliance on them. Gadamer’s
approach, however, is much more nuanced. It provides a structural-level explanation that resonates
with current cognitive science models, such as predictive processing [ 13], which suggests that the
brain generates top-down predictions to make sense of incoming sensory data, or research in social
neuroscience [ 14], which shows how split-second visual perceptions are influenced by higher-order

constructs (e.g., stereotypes and prejudices).

5. AIM AND OBJECTIVES

Aim. To review unconscious bias by defining its theoretical foundations, examining its impact on health

and healthcare, and evaluating its possible evolutionary origins.



Objectives:

1) To establish a conceptual framework for unconscious bias, including its definition, related terminology,
and a typology of'its forms.

2) To detail the impact of unconscious bias on health and healthcare.

3) To critically evaluate evolutionary perspectives of unconscious bias by synthesizing findings from

neuroscience, cognitive science, evolutionary psychology, and philosophy of science.

6. METHODS

This thesis is based on a narrative literature review. The narrative approach was chosen due to the highly
diverse literature on the topic, spanning multiple scientific fields, including cognitive science,
neuroscience, psychology, and evolutionary psychology. This method enabled a comprehensive analysis
of competing theories to produce an accurate overview of the concept of unconscious bias and its
foundations.

Literature was gathered using academic databases and search engines, primarily PubMed, PsycINFO,
Google Scholar, PhilPapers and Google. The Stanford Encyclopedia of Philosophy provided broad
overview articles on topics such as implicit bias and evolutionary psychology. StatPearls was used for

review articles on the impact of implicit biases on healthcare. The initial search relied on keyword

nn nn

combinations such as "implicit bias overview," "neuroscience of prejudice," "evolutionary approaches to
stereotyping," and "predictive processing bias". Foundational articles were identified through the initial
keyword search. Complementary studies were found by reviewing the reference lists of the main articles.
Additional literature was identified through targeted searches as specific subtopics came up. Articles
were selected based on direct relevance rather than strict publication dates, resulting in a final inclusion
of 129 studies. Citations were managed using Zotero.

The research was organized into four main phases. The first phase consisted of gathering literature to
define unconscious bias and its psychological components. The second phase focused on providing an
overview of its impact on health and healthcare systems. The third phase involved identifying literature
on evolutionary explanations for the development of biases. Finally, the fourth phase consisted of
synthesizing critical reviews of these evolutionary theories and exploring predictive processing as an
alternative explanation.

Generative artificial intelligence (Gemini 3.1 Pro) was utilized strictly for grammatical error correction

and readability suggestions.



7. RESULTS AND DISCUSSION

7.1. The concept of unconscious bias

7.1.1. Theoretical background

Folk psychology refers to intuitive assumptions non-experts hold regarding social behavior and mental
states [15], such as the belief that human behavior is primarily driven by explicit beliefs and conscious
intentions. In contrast, the scientific perspective offers a markedly different account. Consciousness, or
short-term ‘working memory’, is an excessively costly cognitive resource. As a result, there is substantial
pressure to encode and store relevant information into unconscious, or non-declarative, long-term
memory to automate behavior [16]. It is estimated that only 5% of goal-directed action is consciously
controlled [17]. Conversely, approximately 95% of all mental activity consists of unconscious processing
[18]. This is the context within which the primary subject of this literature review, unconscious bias, is

situated.

7.1.2. Conceptualizing unconscious bias

Unconscious biases are automatic associations that occur without conscious awareness. These biases
influence how people perceive the world and how they behave, potentially leading to discriminatory
outcomes. They stand in contrast to explicit biases, which refer to consciously endorsed beliefs and
attitudes that might manifest as deliberate discrimination. Thus, the key relevance of unconscious bias
lies in its unintentional character, which nevertheless causes discriminatory behavior that the perpetrator
is unaware of committing. In the cognitive sciences and social psychology, the standard technical term
frequently used interchangeably with this phenomenon is “implicit bias”. Because much of the existing
literature treats these terms as synonymous, this review follows suit for simplicity. Importantly, however,
leading researchers in the field advocate against equating these terms, as will be briefly elaborated in the

following subsection.

7.1.3. Distinguishing unconscious from implicit

Within the context of unconscious bias, the term “unconscious” implies several distinct meanings [ 19]:



1. Absence of phenomenology: an individual lacks conscious experience or feeling associated
with the biased mental state.

2. Unawareness of the content: a subject may be unable to identify the specific representations
impacting their performance on implicit measures.

3. Unawareness of source and impact: an individual is unable to understand where the biases
originate from or how they influence the actual behavior.

4. Unawareness of the relations: an individual does not recognize that their implicit and explicit
evaluation of a given target differ.

5. Variation in awareness: an individual’s insight into their own mental state is variable (e.g.,

aving “access” awareness, but lackin enomenal” awareness).
h g [13 2 . b t 1 k g ‘Cph 1”

Implicit biases were (and commonly still are) described as discriminatory biases that are grounded in
implicit attitudes or implicit stereotypes [20], where “implicit” means automatic or unconscious. In this
sense, there is plenty of overlap between the designations unconscious and implicit. However, over the
last two decades, the term “implicit” (in the context of implicit bias) was redefined to mean “indirect,”
making it incompatible with the modifier “unconscious” [21]. There were several reasons for doing so.
First, researchers sought to establish conceptual clarity, given the lack of consensus on how to
conceptualize and operationalize terms such as “automatic” or “unconscious”. Second, theorists
recognized that while indirect methodologies uncover unconscious processes and attitudes, they might
also reveal biases or preferences that are well-known to the subjects. Some studies have demonstrated
that people can accurately gauge their implicit biases when specific methodological modifications are
applied [22]. A related example is the “bogus pipeline” experiment [23], in which participants were led
to believe that deceptive self-reports could be detected by the researcher. This modification resulted in a
significantly stronger correlation between explicit self-reports and implicit scores than was typically
observed under standard testing conditions. Together, these studies provide evidence that people are
aware of the content of their implicit biases to some extent - or, as some research suggests [24], to a
considerable extent. Although this awareness does not necessarily indicate direct introspective access to
underlying mental content, as individuals may instead infer their biases from various other available cues
[25].

In view of these considerations, the currently proposed definition of implicit bias [ 9] emphasizes its two
features: 1) it is expressed and measured indirectly, and 2) it shapes biased judgment and discriminatory
action that can operate outside of the person’s awareness. As such, this formulation is at least partly

incongruous with the definition of unconscious bias. It is worth noting, however, that there is no
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consensus regarding the exact definition of “implicit”. Moreover, there is substantial research that

challenges the rigid dichotomy between implicit and explicit, or conscious and unconscious.

7.1.4. Beyond the implicit — explicit dichotomy

Favored by some scholars for its seemingly uncontroversial and theoretically uncommitted formulation,
the strict definition of “implicit” means “indirectly measured,” whereas “explicit” denotes “directly
measured” [26]. The former relates to indirect measures of bias — most notably the Implicit Association
Test — as well as physiologically based techniques, such as functional neuroimaging, startle eyeblink
response, electromyography, and event-related potentials; the latter consists predominantly of explicit
self-report surveys. In the broader scientific discourse, “implicit” is equated with “unconscious” — that
which is inaccessible to awareness, and, by extension, leads to unintentional action. “Explicit” designates
that which is conscious, accessible, and deliberate. These two modifiers, together with their associated
meanings, are applied to bias-related concepts, such as stereotype, prejudice, and discrimination, to
delineate two distinct facets of the same phenomenon (for definitions, see Table 1. Definition of

concepts). Increasingly, however, research calls this dualistic framework into question [27, 28].

Table 1. Definition of concepts

Concept Definition

Implicit (technical) | Indirectly measured

Explicit(technical) | Directly measured

Indirect measure An assessment of a mental construct by observing automatic responses,

assuming the individual has no conscious access to that construct

Direct measure An assessment of a mental construct through explicit self-report, assuming

the individual has conscious access to that construct

Implicit (general) | Mental content that is inaccessible to awareness and drives unintentional

action

Explicit (general) | Mental content that is conscious, accessible, and deliberate

Attitude A positive or negative evaluation of an object, person, group, or idea

11



Concept Definition

Bias A tendency to favor or disfavor a target in ways that may produce unfair or
unequal judgment
Stereotype A belief or an opinion about the characteristics and attributes of a social

group and their members

Prejudice A personal attitude directed toward social groups and their members

Discrimination The behavioral manifestation of prejudice and stereotype, resulting in

unequal treatment

For some time, it was assumed that indirect methodologies captured phenomena that differed
substantially from explicitly gathered content. In other words, it was thought that individuals could hold
two distinct evaluations of the same target (e.g., a negative implicit attitude alongside a positive explicit
attitude toward cyclists, or an implicit stereotype associating marathon runners with boredom, while
consciously regarding them as interesting and captivating people). Low correlations between implicitly
and explicitly measured results were interpreted as indicating that implicit measures record unconscious
content that is inaccessible to introspective self-report surveys. However, it is now widely recognized
that a range of factors may contribute to this apparent divergence, including self-presentation concerns
and socially desirable responding. In addition, recent extensive meta-analytic reviews show that implicit
and explicit measures are, in fact, always positively correlated [26], thus indicating the inherent similarity
between implicit and explicit contents [27].

Another point of contestation concerns the assumption that implicit bias remains rigid even in the face
of new, contradictory evidence that is explicitly reinforced. Such a dynamic lends itself to the
interpretation that implicit bias reflects highly overlearned information (e.g., old attitudes) that is resistant
to change, while explicit bias refers to the recently learned and transient material. Considerable evidence
for this perspective comes from a pivotal, high-quality study on implicit racial bias [29] with an
astounding sample size that ran bias reduction interventions in university campuses and measured their
effectiveness. It concluded that while there was a significant reduction in implicit bias shortly after the
interventions, none of them had a lasting effect after 1 or 2 days. These findings were considered strong
evidence for the rigidity of implicit biases. However, other studies have demonstrated the contrary: that
implicit associations are labile, context-dependent, and temporally unstable. Research indicates that

explicit biases are, in fact, more temporally stable than implicit biases [30]. While aggregate levels of
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implicit bias across populations are highly stable, individual levels fluctuate significantly. It is well
established that the same person can yield entirely different results on an Implicit Association Test within
a few hours. Contextual cues can significantly impact these measurements [31]. For example, if a person
who is generally against capital punishment has recently read an article advocating for the death penalty,
the test will register a preference for the death penalty, even though on another occasion the same person
would score in a vastly different way [27].

This distinction is further complicated by the fact that implicit measures are not “process-pure”, but
instead capture a range of cognitive and affective processes, including beliefs and explicit attitudes [ 19].
Thus, what “implicit” entails is not necessarily what one is unaware of, but also what one leaves
unattended or unspoken in a given context. On the other hand, explicit expressions of subjective
experience are active constructions [32] based on past experiences and may not involve conscious
deliberation. Therefore, it is reasonable to conclude that what is expressed overtly may be the direct
consequence of automatic associations, and vice versa, what appears inconspicuous and unintentional
may result from concealed deliberation. This discussion is particularly relevant when examining implicit
and explicit forms of discrimination. As such, the ambiguous boundary between the two justifies a

broader and more inclusive evaluation of such phenomena.

7.1.5. Stereotype, prejudice, discrimination

At its core, bias operates through three psychological processes: cognitive, affective, and behavioral [33].
Stereotypes represent the cognitive component, referring to beliefs or opinions about the characteristics
and attributes of social groups and their members. Prejudice represents the affective component,
involving evaluative attitudes directed toward social groups and their members [34]. Discrimination is
the behavioral manifestation of stereotypes and prejudice, leading to unequal treatment. These processes
operate on a range from highly automatic to highly deliberate. As such, unconscious bias designates the
automatic end of the spectrum. Therefore, any discussion of unconscious bias ultimately refers to the

automatic activation of stereotypes or prejudice that may or may not lead to discrimination.

7.1.6. Relation with cognitive bias

Unconscious bias can be considered a subtype of cognitive bias. Although there is no uniform definition
of “cognitive bias” [35], the concept is generally understood as automatic information processing that

relies on mental shortcuts, or heuristics. Such processes guide decision-making through statistical
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inferences rather than deliberative thinking. Thus, it is a process that uses minimal cognitive resources
and has even been shown to be efficacious [36]. Nevertheless, cognitive biases are viewed negatively,
and not without reason, as they occasionally lead to highly costly errors in such fields as medicine, the
justice system, finance, and management [37]. Although many cognitive biases are fundamentally neutral,
they provide the cognitive backbone that reinforces unconscious biases [ 38] and leads to the propagation
of unintentional discrimination. Several common cognitive biases that operate within the medical field
are presented in the following section.

The concept of cognitive bias (including implicit bias) is primarily evaluated through the framework of
Dual-Process Theory [39]. Its central claims posit two modes of cognitive processing, commonly referred
to as System 1 and System 2. System 1 is fast, efficient, intuitive, automatic, unconscious, associative,
and dates to evolutionary past. Conversely, System 2 is a more recently evolved capacity for rule-based
processing that is slower, more effortful, analytical, and associated with conscious deliberation. Under
this paradigm, cognitive biases arise when System 1 relies on heuristics, utilizing metabolically efficient

shortcuts that are often adaptive, though occasionally prone to error.

7.1.7. Relation with systemic bias

Closely related to unconscious bias is the concept of systemic bias. This refers to the way in which
societal structures and institutional processes create or perpetuate inequality and mistreatment without
deliberate intent [9]. Discriminatory practices are thus inherent to societal systems, independently of the
attitudes and opinions of those who occupy roles within the system. This phenomenon has been aptly
called “racism without racists” [40], and most likely applies to other forms of discrimination as well.
People learn their attitudes and opinions from their surrounding culture, which is largely shaped by these
societal structures. It is theorized, therefore, that the average level of implicit bias in a community reflects
the amount of bias present in the system itself. Thus, implicit bias is an indicator of a given system’s
level of bias [41]. In addition, implicit bias can also serve as a vehicle through which systemic prejudice
is embodied and passed on. Evidently, it can be a mutually reinforcing process, where systemic bias
provides the content of implicit bias, and the ensuing discrimination further solidifies existing societal
structures.

Therefore, given that implicit biases originate from the surrounding cultural landscape, it is reasonable
to view them as individual-level expressions of systemic bias. Moreover, while the broader cultural
environment represents a static baseline of collective attitudes, the accessibility of stereotypical cues
varies from one immediate context to another, which is reflected in the fluctuating individual
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performance on implicit measures. From this perspective, it becomes apparent why the aggregate level
of implicit bias across populations remains stable and why most interventions show no long-lasting
efficacy, despite implicit bias being highly malleable on a personal basis. This is the core idea behind the

“Bias of Crowds” framework [41].

7.2. Unconscious bias in health and healthcare

This section examines the impact of unconscious bias on health outcomes and explores how it manifests

within the healthcare system.

7.2.1. Bias, stress, and allostatic load

When expressed as discrimination, unconscious bias has severe, detrimental effects on health outcomes
[42]. The primary pathway involves the induction of chronic stress, which causes cumulative
physiological damage over time. Such an effect on physical health is usually studied within the
framework of allostatic load. Allostasis involves anticipating and meeting a body’s physiological needs
before they actually arise, which requires predictively adjusting internal set-points to match
environmental demands. However, when these regulatory systems are repeatedly activated without
adequate recovery, this results in a cumulative biological wear and tear called allostatic load [43].
Marginalized and stigmatized populations are, by definition, the primary targets of stereotypes and
prejudice, bearing the greatest burden of discrimination. This marginalization occurs across lines of race,
ethnicity, gender, sexual orientation, socioeconomic status, age, physical characteristics, and disability.
It is not surprising, then, that stigmatized populations consistently display higher levels of allostatic load
than the non-stigmatized groups [44].

A social environment fraught with discriminatory stressors can induce a persistent state of readiness for
threats and adversities. In response, the physiological system becomes locked in sustained activation of
the hypothalamic-pituitary-adrenal axis and the sympathetic-adreno-medullary axis, with this activation
persisting even during normal periods of rest. This leads to prolonged elevations in cortisol, epinephrine,
and norepinephrine levels, thereby causing allostatic load. Sustained periods of allostatic load initiate a
cascade of secondary and tertiary physiological responses. In the cardiovascular system, this results in
elevated resting blood pressure, significantly increasing the risk of coronary heart disease, ischemic heart
disease, and peripheral arterial disease. Metabolically, allostatic load is strongly correlated with increased

body mass index, elevated waist-to-hip ratios, and the earlier onset of metabolic syndrome. In addition,
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it leads to elevated fasting glucose, cholesterol, and triglyceride levels, predisposes to insulin resistance,
and contributes to the development of type 2 diabetes. Moreover, chronic exposure to perceived
discrimination is associated with a higher incidence of mental illnesses, such as clinical depression,
generalized anxiety disorder, and severe psychological distress [45]. Furthermore, the anticipation of bias
leads those experiencing it to a state of hyper-vigilance, which strains cognitive resources and impairs
executive control. As a result, the capacity for self-control becomes depleted [46,47]. This depletion
increases the inclination toward unhealthy coping mechanisms, such as smoking or substance abuse,
which temporarily attenuate distress [48], or, conversely, decreases the likelihood of maintaining effort-
requiring healthy behaviors, including treatment adherence and participation in preventive protocols.
These behavioral responses create further avenues for discrimination down the line. This demonstrates
how chronic subjection to overt or covert discrimination initiates a self-reinforcing cycle [49], wherein

health and life satisfaction steadily deteriorate.

7.2.2. Unconscious bias in clinical care

Clinical care is a field especially sensitive to the impact of bias and discriminatory behavior. Biases affect
patient care and clinical training, obstruct communication between patients and healthcare professionals,
as well as among colleagues, and influence hiring, career advancement, and allocation of research
funding.

Healthcare professionals are highly susceptible to various cognitive biases in their decision-making [50].
While most of them offer clear advantages under the time and resource constraints of routine medical
practice —especially in emergency departments — they occasionally lead to costly, preventable errors [51].
Some of the important heuristics operational in the everyday clinical environment are listed in Table 2.
Definitions and examples of cognitive biases [52,53]While these examples demonstrate how cognitive
biases impact clinical decision-making under standard conditions, this influence becomes even more

critical when combined with a clinician’s unconscious biases.

Table 2. Definitions and examples of cognitive biases [52,53]

Type of bias Definition and examples

Anchoring bias Being disproportionately influenced by the first piece of information

encountered and making judgments accordingly, even when later

information contradicts the first impression.
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Type of bias

Definition and examples

A patient presenting to an emergency room with acute shortness of breath
and a history of asthma leads the clinician to assume that the cause of the
symptoms is an asthma attack, and after administering bronchodilators with
no effect, the clinician remains fixated on the asthma diagnosis rather than

considering alternatives such as pulmonary embolism.

Availability bias

Overestimating the likelihood of an event based on the recent, memorable,
or emotionally charged experience.
Suspecting a very rare condition in a patient with vague symptoms after

reading about it in a scientific article a day before.

Base rate neglect

Prioritizing a specific instance instead of considering the general prevalence
of an event.

Concluding that a COVID-19 vaccine is ineffective because vaccinated
patients have a higher rate of hospitalization than the unvaccinated, while
ignoring that a vast majority of the population is vaccinated — a base rate that
makes such an outcome statistically predictable.

Diagnosing a patient with a very rare illness instead of considering the
possibility of a false-positive answer.

Assuming a young patient with chest pain has a rare cardiac disorder while
overlooking the much higher base-rate likelihood of benign musculoskeletal

pain.

Commission bias

Prioritizing doing something instead of nothing, even when the evidence
suggests that action may lead to worse outcomes.

Prescribing infusion therapy to a palliative care patient when there are no
clinical indications to justify the intervention.

Prescribing antibiotics for a likely viral upper respiratory infection because

doing something feels preferable to idly waiting.

Confirmation bias

Seeking or favoring information that supports existing beliefs while

overlooking contradictory evidence.
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Type of bias

Definition and examples

Attributing a psychiatric patient’s anger to the worsening of his condition,
failing to consider situational factors, such as resentment over their

involuntary commitment

Conjunction fallacy

Assuming that a combination of events is more probable than a single event.
Concluding that a patient presenting with acute shortness of breath and chest
pain is more likely to have both a pulmonary embolism and deep vein
thrombosis, rather than just a pulmonary embolism, despite the single

diagnosis being mathematically more probable.

Diagnostic momentum

Accepting a preliminary diagnosis that gets established and passed on among
clinicians without sufficient critical review, making it harder to revert.

Continuing to treat a patient according to the primary diagnosis of a
gastrointestinal infection made by a night-shift physician without

reconsidering alternative explanations, such as appendicitis.

Overconfidence

Maintaining high certainty in a judgment without adequately evaluating its
factual accuracy.

A doctor confidently diagnosing a viral upper respiratory tract infection
without adequately assessing the validity of their opinion (especially
problematic with physical examinations which are prone to inaccuracy, such

as auscultation).

Representative bias

Making a judgment about an event or subject based on the degree to which
it resembles a typical prototype.

Dismissing the possibility of a pulmonary embolism in a young, athletic
person complaining of shortness of breath only because the patient does not

match the prototypical demographic.

Search satisfying

Ceasing the search for further or alternative information after an initial,
satisfactory explanation is found.
A radiologist, after identifying an obvious fracture on an X-ray, halts their

review, missing a second, more subtle fracture.
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Type of bias Definition and examples

presented.

The framing effect Reacting to a choice differently depending on how the information is

A surgeon is significantly more likely to obtain patient consent when
describing a procedure as having a 90% survival (or success) rate rather than

a 10% mortality (or failure) rate.

At the patient level, individuals from marginalized groups face the greatest risk of being subjected to

unconscious biases. While prejudice toward these groups may be rejected at a conscious level, ingrained

cultural associations continue to inform implicit attitudes, thereby impacting treatment outcomes. For

this reason, healthcare providers must remain mindful when interacting with these populations to ensure

they deliver optimal care. Drawing on a review article [54], the following table (Table 3. Bias-related

disparities in medical care according to marginalized and stigmatized groups) outlines clinical areas

where diagnostic biases commonly occur across different populations.

Table 3. Bias-related disparities in medical care according to marginalized and stigmatized groups

Marginalized and stigmatized group

Bias-related disparities in medical care

Women

Dismissal of symptoms as psychosomatic or minimization
of symptom reports [55]; delayed cardiac intervention due to
misattribution of symptoms to non-cardiac causes [56,57];
systematic lack of standardization regarding female-specific
physiology in medical research and practice, leading to
diminished treatment efficacy [58]; significantly poorer

surgical outcomes when treated by male surgeons [59]

Racial and ethnic minorities

Under-assessment of pain levels and delayed analgesic
administration [60]; lower rates of thrombolysis, cardiac
catheterization, and noninvasive diagnostic testing [61]; late
diagnostic referrals and reduced access to preventative
cancer screening programs [62]; diminished quality of care
due to frequent antagonizing interactions between clinicians

and patients [63]

19




Marginalized and stigmatized group

Bias-related disparities in medical care

People with mental illness

Psychiatric history as a justification for lower-quality
medical care [64]; dismissal of physical complaints,
particularly pain, leading to the neglect or delayed

recognition of health problems [65]

Older adults Reduced access to and provision of mental health treatment
compared to younger populations [66]
People living with HIV Hindered expansion of public health measures for

prophylaxis, diagnosis, and treatment [67]; reduced rates of

HIV testing, lower treatment adherence [68]

People from the LGBTQIA+

community

Reduced access to specialized and gender-affirming care;
lower quality of care and poorer health outcomes associated
with stigma, discrimination, and avoidance of healthcare due

to anticipated mistreatment [69]

People with substance use disorders or

histories of incarceration

Diminished feelings of empowerment and significantly
poorer treatment outcomes [ 70]; unfair clinical judgment of
“treatability” prior to admission, which can restrict or delay

access to essential rehabilitation programs [71]

People with low socioeconomic status

and people experiencing homelessness

Suboptimal access to and delivery of healthcare services,
along with higher rates of hospitalization associated with
delayed intervention, structural barriers,

neglect [72,73]

and systemic

People with disabilities

Suboptimal preventive care and poorer overall health
outcomes [74,75]; lack of clinical preparedness and

insufficient education of clinicians regarding the unique

health needs of people with disabilities [76]

However, it must be emphasized that properly addressing unconscious bias is challenging for healthcare

professionals, given their taxing working conditions - high patient loads, difficult long shifts, extensive

bureaucratic responsibilities, and significant mental strain. While individual efforts, such as practicing
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mindfulness [77] or maintaining a compassionate outlook, can certainly improve the working
environment [ 78], structural change is essential. Creating safe environments for reflection on experiences
with implicit bias, reducing the pressure to make important decisions under high stress, and providing
role-playing opportunities with the patients when unconscious bias is encountered [79] contribute to
reducing the impact of implicit bias on health outcomes [54].

The negative impact of unconscious bias on health is indisputable, to say nothing of its pervasive
influence across other spheres of life. This phenomenon, therefore, clearly warrants thorough
investigation. Its universality across human populations has led scholars to posit evolutionary

foundations for these biases [80 — 82].

7.3. Evolutionary perspectives on unconscious bias

This section introduces the core principles of evolutionary theory and outlines the foundational
assumptions of this approach. It then examines several prominent evolutionary perspectives on
unconscious bias, followed by a critical evaluation of these theories and the presentation of an alternative
domain-general framework in the subsequent two sections. Although these principles apply to a wide

range of phenomena, this analysis focuses specifically on unconscious bias.

7.3.1. Principles of evolutionary theory

Evolution is generally understood as a process by which biological populations accumulate modifications
over successive generations. These modifications are encoded in DNA and passed on to offspring as
genes via sexual reproduction cells, called gametes. Genes condition specific phenotypic expressions of
an organism: its anatomical constitution, physiological states, and behavioral patterns, or simply, its traits.
If a gene influences a particular phenotype, it is regarded as a gene for that phenotype. A single gene can
have alternative forms called alleles, each coding for a specific variation of the phenotype. The total
combination of alleles constitutes the organism’s genotype. Importantly, phenotypic modifications
acquired during an organism’s lifespan do not get passed on to offspring, as they are not encoded in DNA;
only genetic information is transferred across generations. In short, the genotype influences the

phenotype, but the phenotype doesn’t affect the genotype /. As such, genes constitute the cornerstone of

! This one-way relationship is not wholly accurate. Empirical evidence demonstrates that organisms can acquire phenotypic
modifications that are transmitted to offspring through non-genetic pathways, as illustrated by transgenerational epigenetic
inheritance [83]. It is also worth noting here that the classic framework of evolutionary science is based on the Modern
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evolutionary processes, and contemporary evolutionary biology defines evolution primarily as an
alteration of gene and genotype frequencies down a line of descent [86]. The other essential piece to
consider is what causes this alteration. However, before exploring this second part, one caveat regarding
the relationship between genotype and phenotype needs to be addressed.

Genes do not strictly determine phenotypes; rather, phenotypic expression emerges from the interaction
between genes and the environment. The same genotype can produce different traits if developmental
environments vary sufficiently?. For example, two tomato plants grown from identical seeds but planted
in different soils — one arid and the other nutrient-rich — will reach different heights and yield qualitatively
different fruits, despite having the same genotypes. Following this logic, a gene for a particular phenotype
will produce that phenotype only under some developmentally relevant conditions, and not others. From

this, two implications emerge [86]:

1. Anincrease ina gene’s frequency leads to a corresponding increase in the associated phenotype’s
expression only when the relevant developmental conditions stay relatively stable across
generations. The environment could change to such an extent that it would no longer support the
expected phenotype, and then an increase in gene frequency would not result in an analogous
increase in phenotype expression. Therefore, relative environmental stability is a prerequisite for
the consistent expression of expected phenotypes via genetic inheritance.

2. Phenotypic variation can occur solely due to changes in the environment, without any relevant
alterations in genotypes. Buller refers to these exclusively environmentally driven shifts in
phenotypic frequencies across generations as phenotypic evolution [86, p26]. This process is
clearly illustrated by the significant increase in the average height of human populations in the

twentieth century due to widely improved living conditions [87].

Evolution is driven by two main causes [86]: changes within genes, which add entirely novel traits into
the gene pool, and changes in the overall frequency of genes over time. Regarding the first process, new
traits emerge through two distinct mechanisms within reproductive cells: mutation, which creates new

genes via random changes to the DNA sequence, and recombination, which randomly shuffles existing

Synthesis [84], and there have been numerous innovations within adjacent fields that challenge this framework and call for
its extension [85].

2 Certain genotypes are highly resistant to environmental influences and consistently produce identical traits (such as
genotypes for Huntington’s disease or cystic fibrosis). However, such direct correspondence between genotype and phenotype
is relatively rare and represents an exception rather than the rule.
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genetic variants into new combinations. The second cause of evolution - changes to the frequencies of
genes - also occurs through two processes: genetic drift and natural selection [86]. Genetic drift describes
the random change in allele frequency resulting from random sampling of reproductive cells and chance
survival * due to catastrophic events. In these cases, allele frequencies fluctuate strictly by chance,
completely independent of any phenotypic advantage. Natural selection, by contrast, is highly reliant on
phenotypic advantages and is considered the primary driver of evolution in large populations, including
humans. It occurs when there is phenotypic variation within a population, when these phenotypes are
genetically heritable, and when these variants confer different fitness advantages [86].

Fitness is a central concept in natural selection because it reflects an organism’s ability to survive and
reproduce, which dictates its chances of successfully transmitting its genes to the next generation. An
organism’s fitness is determined by how well its traits adapt to the specific environmental challenges, or
selection pressures. The more fit an organism is, the better equipped it is to solve adaptive problems
posed by its environment. As a result, a fitter organism will, on average, contribute more to the gene pool
of'its population. Thus, natural selection increases the prevalence of genetic variants that aid survival and
reproduction, diminishes those linked to disadvantageous traits, and exerts no selective pressure on
neutral variants [86].

When a phenotype confers an adaptive advantage and increases in frequency across generations, it is said
that there has been selection for that phenotype. Selection acts only on genetically heritable traits. Any
trait that arises in a population through a history of selection is termed an adaptation. Crucially, a trait
can be adaptive without being an adaptation; likewise, an adaptation may no longer be adaptive. This is
because adaptiveness refers solely to the current fitness of a trait, which may not have evolved under
natural selection and thus would not qualify as an adaptation. Conversely, an adaptation may lose its
adaptive value when ecological pressures change [86].

With these concepts established, it can now be illustrated how natural selection leads to traits becoming
universally prevalent, or fixated, in a population. The process begins when a mutation or genetic
recombination improves an existing structure, conferring a fitness advantage. Individuals carrying this
adaptive trait achieve higher reproductive success, causing the trait to increase in frequency in subsequent
generations until it reaches fixation. Whether unconscious bias evolved in a similar way as direct

adaptation, or is merely a by-product of other general processes, remains to be answered.

3 As an illustration of chance survival, if a catastrophic event indiscriminately eliminates a large portion of a population
carrying a specific allele, the survivors are left with an alternative allele at amuch higher frequency. As aresult, this alternative
allele would increase in frequency the next generation, thus constituting evolution, albeit driven by chance.
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7.3.2. Introduction to an evolutionary approach

Evolutionary approaches operate under a set of core assumptions [80]. A foundational claim upholds that
the human brain has evolved through natural selection. This means that the brain has been molded by
various selection pressures affecting human populations in our evolutionary past. Those who possessed
relevant adaptations had better survival and reproduction rates, and thus their adaptations propagated
from one generation to the next. In this way, contemporary human populations came to have the
propensity for stereotyping, prejudice, and discrimination. However, what was adaptive in ancestral
environments may no longer be adaptive in the current one; despite this, these ancient adaptations
continue to shape human psychology to an extent.

Broadly speaking, evolutionary reasoning used to infer adaptations adheres to a specific logical structure
consisting of three parts [86]. First, the ancestral environment posed adaptive problems to early humans.
Second, adaptive solutions arose in response to those problems driven by genetic change. Third, these
adaptations were sufficiently successful that they were selected to fixation and now constitute a universal
human nature [88]. In evolutionary psychology, this reasoning relies on a method called evolutionary
functional analysis [86], which is characterized as the reverse-engineering of the human mind from the
vantage point of the Pleistocene epoch 4. In practice, the first step involves theorizing historical selection
pressures universal to ancient human populations. The second step requires inferring the psychological
mechanisms that developed as adaptations to these pressures. The third step entails conducting
psychological experiments with contemporary populations to determine whether these mechanisms
actually exist. For heuristic purposes, the first step is referred to as adaptive problems, and the second
step as adaptive solutions to these problems. With the core assumptions and structure of evolutionary
reasoning established, the following subsection delineates several evolutionary perspectives on

unconscious bias.

7.3.3. Origins of unconscious bias

Ultimately, the primary adaptive problem the human brain evolved to solve is maximizing reproductive
fitness, which entails successful reproduction and the propagation of one’s genes into future generations

[80]. To achieve this, beyond the obvious (securing a mate), many auxiliary challenges must be addressed.

4 Evolutionary psychologists view the Pleistocene epoch (from 2.58 million to 11,700 years ago [89]) as the temporal
backdrop for the Environment of Evolutionary Adaptedness: a set of historical selection pressures under which human
psychological adaptations reached fixation.
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Foremost, humans must survive long enough to reproduce, which requires securing sustenance and
avoiding harm from predators, diseases, or other humans. Furthermore, they need to ensure their
offspring mature to reproductive age. Moreover, they have to navigate a broad range of social dynamics
to enhance their likelihood of reproductive success, such as attaining high social standing, cooperating
with others for difficult tasks, and guarding partners against rivals. The social domain is particularly
important, as above all, humans are a highly interdependent species [90]. Social interactions can offer
opportunities that lead to significant adaptive benefits. Other times, they can be severely damaging,
inflicting substantial fitness costs. As such, individuals must effectively distinguish between favorable
social situations worth pursuing and potentially threatening ones that would be better avoided. Within
this context, some researchers [80] theorize that biases evolved as affordance management systems:
specialized psychological mechanisms designed to navigate the contingencies of social situations.
Accordingly, stereotypes, prejudices, and discrimination are envisioned as some of the instruments
through which these systems operate. The rationale of this perspective can be succinctly illustrated in
two parts: (1) In ancestral environments, certain statistical regularities existed between individuals’
observable traits and their affordance-relevant behaviors; and (2) Ancestors who recognized these
patterns made more effective judgments than those who did not, thereby gaining substantial survival and
reproductive advantages. As before, the first premise outlines the adaptive problem, while the second
represents the adaptive solution. The following accounts apply this bipartite evolutionary reasoning to
explain how particular biases arose across the dimensions of age, sex, race, ecology, disease, coalition,
and kinship. Each dimension is examined independently, drawing directly on the work of Sng and

colleagues [80].
7.3.3.1. Age

An important theoretical backbone is provided by life history theory [91], according to which organisms
have a limited energy capacity; therefore, they must effectively allocate resources across various tasks
throughout their lifespan to achieve evolutionary success. Some tasks, such as securing a mate and raising
offspring, are only relevant during specific life stages. As such, interacting with everyone
indiscriminately is inefficient because individuals’ goals and physical capacities differ by age.
Categorizations based on age are adaptive because they aid in gauging others’ behaviors and abilities
[80]. For example, age-based cues allow for the instant distinction between a child requiring care and an
older adult offering wisdom. Similarly, they help in identifying vigorous young adults, which carries
both competitive risks and cooperative benefits, or those of reproductive age who may qualify as viable

partners.
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7.3.3.2. Sex

Similar to categorizations by age, grouping people by biological sex is useful as it provides clues about
their social goals and physical capabilities. Females invest significant energy in reproduction, from
pregnancy to nursing, and therefore tend to be more selective in choosing mates. Males, on the other
hand, are pressured to compete for female attention. As a result, identifying a person’s sex allows for the
rapid assessment of social encounters, such as recognizing a quality mate or assessing the risk of conflict
with a rival. Additionally, the affordance implications of age and sex are usually intertwined, as this
combination provides highly relevant information. For example, women can only have children during
certain years of their lives, and men are typically most competitive as young adults. In sum, age and sex
provide important cues regarding others’ abilities and behaviors, and recognizing these cues informs
individuals about social opportunities and threats. For this reason, it is likely that humans evolved a
propensity for bias based on age and sex [80].

Another component of sexual bias concerns prejudices toward homosexuality, which are primarily
experienced in the form of disgust. Since disgust evolved as a protection mechanism against infectious
disease, heterosexual individuals with sexual prejudice may implicitly react to same-sex non-
heterosexuals as if they were physically contagious. Such reactions could serve as a defense against the

potential costs of unwanted sexual attention [80].
7.3.3.3. Race

The evolutionary origins of race-based bias are not straightforward. Early humans lived in relatively
homogeneous groups and rarely encountered individuals from distant, racially different populations,
making it highly improbable that categorization based on race would develop. In light of this, two major
interpretations view race as a proxy for highly relevant social information: one’s ecological
circumstances [92] or coalitional belonging [93,94].

To elaborate on the former, environmental conditions determine which behavioral strategies are more
frequently encountered. In unstable environments that lack resources and are highly perilous, it is more
adaptive to assume a “fast” strategy focused on immediate rewards. This strategy involves various
behavioral traits, ranging from earlier sexual initiation and more frequent sexual activity with multiple
partners to heightened impulsivity and an increased proneness to criminal behaviors [95]. Conversely,
environments associated with prosperity and high living conditions lead to the adoption of “slow”
strategies that are future-oriented and characterized by behavioral traits opposite to those of “fast”
strategies. Taking all of this together, correctly anticipating others’ ecological backgrounds has

significant affordance implications. The ability to categorize people according to their inferred ecological
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circumstances, and thus predict their behavioral inclinations, provided fitness advantages to ancestral
populations [80]. In contemporary societies, due to the contingencies of historical and postcolonial
relations, marginalized regions experience disproportionate hardship and exploitation compared to
dominant economic hubs [96]. The same dynamic repeats on a local level, where marginalized racial
groups are subjected to systemic disadvantages compared to majority populations, causing their
respective ecological niches to differ drastically. As a result, race becomes associated with specific
environments, and this ecological disparity then serves as a basis for racial categorization and
discrimination [80].

The other interpretation considers race as a proxy for categorizing individuals based on group
membership and coalitional affiliation. The argument unfolds like this: early humans belonged to groups
and coalitions for adaptive purposes. Within these coalitions, there was a general uniformity in how
people looked; conversely, distinct physical features indicated that individuals belonged to a separate
coalition. To survive, people had to quickly distinguish with whom they could cooperate and who posed
a potential danger. As such, there was significant selection pressure to learn to differentiate others
according to their physical appearance. Because race is a highly salient visual cue, it became a target of

this coalition tracking mechanism, thus explaining the prevalence of racial bias [80].
7.3.3.4. Disease

Pathogens have constantly threatened human survival, meaning the ability to identify and avoid
contagious individuals is highly adaptive. However, developing a cognitive mechanism capable of
accurate detection of infectiousness was improbable for ancestral populations, given the variety of
constantly evolving microorganisms and the highly variable, inconsistent symptoms they produce.
Instead, an alternative adaptation emerged that uses various phenotypic irregularities, such as bodily
disfigurements or behavioral abnormalities, as markers of latent or active infections. This adaptive
solution has been aptly called the behavioral immune system [97]. It operates by broadly scanning others
for any atypical physical or behavioral traits, implicitly categorizing anyone with these traits as
potentially diseased and best avoided. However, given its crude algorithm, it not infrequently detects
false positives, interpreting healthy individuals with unusual appearances as potentially contagious. In
this way, people who are obese, elderly, physically disabled, or living with a rare genetic condition
become the targets of unwarranted discrimination. Despite these frequent misattributions, this
mechanism is grounded in the robust evolutionary logic of error management [98]. Failing to detect a
highly contagious person could be fatal, while mistakenly avoiding a perfectly healthy but unusual-

looking person carries comparatively little biological cost. This principle is vividly illustrated by the
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smoke detector metaphor [99]: it might trigger when no threat is present, but it will definitely go off
when a real fire starts. Thus, it is hypothesized that many psychological adaptations, especially those

concerning threat detection, are wired to be overreactive rather than risk missing a real danger [80].

7.3.3.5. Coalition

As previously noted, early humans relied on small cooperative coalitions for survival. These coalitions
frequently clashed with rival factions, making intergroup hostility a persistent evolutionary threat.
Moreover, intense rivalry over resources and sexual partners caused sub-groups to form, leading to
violent internal disputes. Such a hostile nature of ancestral environments is supported by evidence that
nonhuman primates and present-day foragers frequently engage in lethal confrontations. Under these
circumstances, successfully separating allies from enemies became a survival necessity, driving a
selection pressure for group-based categorization. The psychological mechanism, which once helped
assess potential aggression or cooperation based on perceived coalitional affiliation, now underlies
widespread discrimination based on ethnicity, nationality, religion, and other social identities. The male
warrior hypothesis [ 100] suggests that ancestral males experienced additional evolutionary pressures to
distinguish the outgroup males than females did. To secure fitness advantages given the fiercer
competition for sexual partners, males more frequently formed alliances and engaged in group violence.
For this reason, male psychology evolved specialized mechanisms for fighting rival factions. As a
consequence, modern men are more vigilant to outside threats and experience higher hostility toward

out-group men than women do [80].

7.3.3.6. Kinship

Individuals who prioritized caring for their direct kin ensured a higher probability that their shared genes
were passed on. To achieve this, they had to successfully distinguish between family members and
genetically unrelated people. Because humans do not automatically know who their relatives are, a
psychological mechanism that aided in kin recognition was selected for. In this way, modern humans
came to possess a relatedness-detection system, which registers environmental cues consistently
associated with kinship, such as facial similarity, physical proximity, and shared outlooks. The ensuing

categorization into the family group directly influences social behaviors and cooperative choices [ 80].
7.3.3.7. Synthesis and implications

Several themes apply uniformly across these dimensions of bias. To begin, each category is highly salient
and carries clear affordance implications, thus explaining the selection pressures for developing adaptive

solutions to navigate these different spheres [80]. The evolved psychological adaptations were selected
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to fixation and are now universal in the human population. These adaptations are distinct, highly
specialized brain modules tasked with dealing with their specific domains [101]. They operate
automatically, mostly beyond conscious recognition, thus forming the basis of unconscious bias [80].
Stereotypes provide the cognitive content of bias, rapidly informing individuals about what to expect
from social situations. Prejudices form the affective component of bias, triggering behavioral reactions
in response to perceptions of social contingencies. Together, stereotypes and prejudices lead to
discriminatory behaviors that can be either deliberate and highly directed or unintentional and performed
unwittingly. Although these processes are often inaccurate, they reflect kernels of truth that aid in judging
whether those encountered offer potential for harm or cooperation [80]. After all, according to error
management theory, biases are calibrated like a smoke detector: it is safer to mistakenly assume potential
dangers and miss out on opportunities than to overlook a genuine, life-threatening danger. However,
being rigidly biased towards the worst also carries fitness costs, as expending energy to address false
threats is wasteful. Therefore, some flexibility within bias mechanisms is expected. This flexibility varies
depending on environmental circumstances, where individuals are open to alternative interpretations

when feeling generally safe, and rely on biases when feeling threatened [80].

7.4. Critique of evolutionary approaches

The previous section recounted major evolutionary explanations regarding the origins of unconscious
bias. While these accounts may appear well-founded, their validity remains highly contested. By drawing
on the substantial critique advanced by philosopher of science David Buller [86], this section
demonstrates that the premises underlying such explanations lack reliable evidence. To contextualize this
critique, the initial subsection describes the teleological logic underpinning evolutionary research and
illustrates how it aligns with evolutionary psychology’s primary method of inquiry: evolutionary
functional analysis. The core arguments are then presented along the three axes of this method: adaptive

problems, adaptive solutions, and modern empirical evidence [86].

7.4.1. Teleology

Evolutionary research often exhibits a problematic tendency to ascribe intrinsic purpose or goal-directed
intent to biological processes. In the philosophy of science, this is known as teleology: explaining the
cause of a phenomenon by its goal or functional utility. Teleology underpins adaptationism, which

assumes that unconscious biases were selected during evolution for distinct survival advantages. Such
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teleological arguments rely on mental inferences about evolutionary goals rather than explicating the
psychological mechanisms that actually drive biased responses. To be clear, there is nothing inherently
wrong with teleological claims. They align well with common sense and are useful for generating
hypotheses. However, teleological inferences cannot be treated as factual statements on their own,
because they rely on metaphorical language that lacks empirical verification and should therefore be
avoided when assessing the adaptiveness of biological features [ 102]. Nevertheless, they are frequently
used to postulate causal relations, thus conflicting with established principles in evolutionary research
[103].

To maintain scientific rigor, explanations of adaptive features should be grounded at a mechanistic level.
In the terminology of Action Identification Theory [104], this corresponds to “low-level identification,”
where an action is expressed in its physical, mechanical, and concrete details. This stands in contrast to
“high-level identification,” which involves representing an action in terms of its broader meaning,
purpose, or ultimate goals (see Table 4. Differences between mental inference and action identification

level explanations). These distinct levels of explanation appear across various academic disciplines.

Table 4. Differences between mental inference and action identification level explanations’

Mental inference Action identification

The rat freezes in fear The rat has ceased movement due to motor-cortex
inhibition

A human is angry A human is scowling, shouting, and their blood pressure
is rising

Unconscious bias exists as a threat detector | Unconscious bias involves the brain’s rapid
that evolved as a psychological mechanism | categorization of visual stimuli, which triggers an

to quickly identify potential adversity immediate physical arousal response in the nervous

system

In philosophical tradition, for example, this distinction is captured by the terms ‘immanent’ and
‘transcendent’. To illustrate, in literary theory, methods for analyzing a text depend on whether meaning

is presumed to reside within the work (immanent analysis) or outside of it (transcendent analysis). An

3 Barrett [ 102] refers to low-level identification as “action identification” and categorizes high-level identification as “mental

inference.” This review adapts this terminology.
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immanent approach focuses exclusively on internal constitutive elements of a text, such as syntax and
plot structure, disregarding externally derived concepts [ 105], and maps onto the “action identification”
level of explanation. In contrast, the transcendent method interprets text through principles and contexts
external to the text itself, situating it within the domain of mental inference.

In evolutionary sciences, the two primary levels of explanation rely on the distinction between the
physical mechanism (the proximate cause, the “how”) and the evolutionary purpose (the ultimate cause,
the “why”) [106]. The former approach focuses on the mechanical details of an organism’s physical
movements, physiological changes, and the developmental processes that produced them, coinciding
with ‘low-level’ action identification. In contrast, the latter approach explores which adaptive factors
could have contributed to a lineage’s survival in the ancestral past, corresponding to “high-level” mental
inference. Evolutionary functional analysis attempts to bridge these two levels of explanation: it infers
the proximate causes of behavior (psychological mechanisms) from its ultimate causes (historical
selection pressures). A reminder of how it works is worthwhile, as it will serve as a reference point for
evaluating the validity of evolutionary psychological accounts of unconscious bias. The method begins
by postulating the ancestral environments that exerted specific selection pressures on early humans. Next,
it hypothesizes which behaviors, driven by psychological mechanisms, were adaptive and subsequently
selected to near fixation given these pressures. Finally, it utilizes psychological experiments across
diverse contemporary populations to confirm the existence of these inferred mechanisms. It will become

evident that serious methodological flaws pervade every step of this method [86].

7.4.2. Adaptive problems

The Environment of Evolutionary Adaptedness constitutes the specific selection pressures under which
human psychological adaptations evolved. Ancestral populations are assumed to have faced various
adaptive problems, including mate selection, intrasexual competition, pathogen avoidance, and
coalitional violence. By identifying these selection pressures, inferences can be made about the
adaptations that evolved in response. To reconstruct adaptive problems, evolutionary psychologists rely
on three sources of evidence: (1) the apparent design of psychological adaptations, observations of
contemporary foraging societies, and comparative primate studies [86].

The first source of evidence involves inferring these pressures from the current design of psychological
adaptations. However, this is problematic for two reasons [86]. First, this approach relies on circular
logic: it uses current psychological mechanisms to postulate the historical selection pressures, which are
then used to explain those very same mechanisms. Second, there is currently no definitive scientific
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evidence that establishes which psychological features are genuine adaptations; thus, these features lack
empirical grounding and cannot be used to reliably identify historical selection pressures.

The second source draws on studies of present-day foragers. These populations are assumed to maintain
a lifestyle unchanged since the Pleistocene, offering a direct perspective on ancestral adaptive problems.
This premise fails in two ways [86]. First, the assumption that contemporary foraging populations have
been unaffected by the rest of civilization is simply not true. Anthropologists point out that human contact
has long shaped these populations, impacting their livelihoods in considerable ways. As such, they cannot
provide a privileged window into the ancient past. Second, these foraging societies are vastly diverse:
some differ in mating and marriage systems; in some, women provide the majority of nutrition, while in
others, their contribution is minimal. Because these structural differences significantly alter the adaptive
problems of a given community, it remains unclear which population should serve as the proxy for
ancestral populations, meaning that specific adaptive problems cannot be reliably inferred from living
hunter-gatherer communities [86].

The third source lies in nonhuman primate studies. Since humans share a common lineage with other
primates, it is suggested that the adaptive challenges present in these primate populations can shed light
on the adaptive problems of ancestral human populations. However, this doesn’t amount to reliable
evidence as well [86]. The first reason is that the vast temporal distance separating humans from other
primates makes it highly improbable that their Pleistocene adaptive problems were comparable. Humans
and their closest relative, the chimpanzee, diverged from a common ancestor 5 to 7 million years ago. In
the millions of years leading up to the Pleistocene, human and nonhuman lineages were exposed to vastly
different environmental pressures as they occupied distinct ecological niches. So when early humans
emerged in the Pleistocene, the adaptive challenges they faced were already entirely different from those
of other primates. In addition, nonhuman primates have continued to evolve up to the present day, making
their contemporary adaptive problems even further removed from those faced by early humans. The
second problem resides in the difficulty of assessing which nonhuman primate is the closest candidate to
represent human ancestors, as each primate species exhibits vastly different behaviors across social
domains. Research shows that behavioral similarities among any species are best accounted for by
similarities in their ecological conditions, not by morphological relatedness. Then, understanding how
early humans behaved requires finding a modern primate that inhabits an ecological niche most closely
paralleling that of early humans. However, the specific ecological niche early humans inhabited remains
unknown. Without prior knowledge of the early human environment, a reliable primate candidate cannot

be determined, and the adaptive problems cannot be reliably inferred [86].
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Taken together, these points demonstrate that serious problems pervade the ability to identify empirically
backed adaptive problems of ancestral human populations. Nevertheless, evolutionary psychologists
argue that certain adaptive problems are undisputed and easily derived from the issues relating to survival
and reproduction, such as mate selection, predator evasion, and nutrient acquisition. However, broad
descriptions provide insufficient detail for determining the specific pressures that acted on the
development of particular psychological adaptations [86]. Knowing a broad adaptive problem does not
inform what an organism must specifically do. Every mammal faces these broad problems, but each has
developed unique responses influenced by its specific environmental circumstances. An organism’s traits
dictate which ecological conditions actually impact its evolution (e.g., tall trees exert selection pressure
only on species with grasping hands, whereas burrowing species remain unaffected). Determining the
specific pressures that shaped early human psychology requires knowledge of ancestral cognitive and
physical capacities. However, prior knowledge of their psychological structures is unavailable. Without
it, hypotheses regarding adaptive solutions cannot be reliably established [86].

Finally, evolutionary functional analysis is predicated on the assumption that the adaptive problems faced
by ancestral populations were relatively stable, allowing for the gradual development of specialized
psychological adaptations. However, this assumption is also flawed for two reasons [86]. First, the
adaptive problems relevant to the evolution of human psychology are primarily determined by Auman
psychology itself. In other words, the development of psychological adaptations was driven by particular
environmental pressures that were themselves mostly shaped by psychosocial aspects. To illustrate, if a
cognitive trait were to evolve, it would impose new selection pressures on a community, in response to
which perhaps another trait developed, once again impacting selection pressures, a process that would
continue to reiterate, culminating in an “evolutionary arms race [107]. This makes such adaptive
problems far from stable.

Second, humans actively construct niches that rapidly alter selection pressures. Just as dam-building
beavers radically reshape their evolutionary environment, humans do the same in a wide variety of ways.
Through agricultural and foraging practices, food preparation and preservation techniques, clothing and
dwelling innovations, and complex social institutions, humans significantly alter the selection pressures
affecting their populations. Once again, reconstructing specific selection pressures that shaped human
psychology is hardly possible, as they shifted continuously according to human intervention [86].
However, even if it were possible to establish with certainty the adaptive problems of ancestral
populations, difficulties in inferring adaptive solutions would still exist [86]. An adaptive problem may
warrant a specific solution, but that does not necessarily mean that such a trait develops. As Buller

illustrates, having night vision would have provided a significant advantage during the Pleistocene, yet
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the trait never emerged. This is important to emphasize, because evolutionary reasoning often functions
by assuming that if a feature would have provided an adaptive advantage, it most likely evolved. But
there is no guarantee that this will happen. For an adaptation to evolve, a relevant genetic change must
first occur. And usually, populations can survive without addressing particular adaptive problems [86].

Furthermore, inferring a solution from an adaptive problem is complicated by the fact that new
adaptations always build upon previous structures. Consequently, it is unclear whether a particular
feature arose in response to a specific adaptive problem or if it already existed. Without knowing these
pre-existing structures, accurately identifying the contributions of specific solutions is highly improbable
[86]. And as has been shown throughout this section, ancestral psychological structures remain unknown.

This subsection has consistently demonstrated that:

1. Establishing a robust empirical basis for the adaptive problems faced by early humans is virtually
impossible, as none of the proposed sources of evidence yield reliable data.

2. Broad assumptions about fundamental adaptive problems provide little utility in determining the
specific selection pressures that shaped particular psychological adaptations; these pressures
cannot be known, as their identification requires knowledge of pre-existing psychological
structures.

3. There were no stable adaptive problems affecting psychological evolution, making it highly
improbable that specialized psychological adaptations developed.

4. Adaptive solutions do not necessarily emerge in response to adaptive problems; even when they

do, reliably identifying the specific traits that evolved remains difficult.

Without appropriate empirical grounding, postulations about the ultimate causes of human behavior
become speculations based on mental inferences, and can be rightly called “just-so stories” [108]. The
inability to establish a reliable basis for adaptive problems seriously calls into question the validity of
inferences about adaptive solutions.

Tying all of this back to unconscious bias, there is little reason to assume that early humans developed
specialized psychological modules to address social demands across the aforementioned dimensions.
Broad selection pressures provide limited insight into the specific shape these bias mechanisms might
have taken. Furthermore, specific selection pressures cannot be definitively known; even if they were, it
would not guarantee that the inferred specialized mechanisms for categorizing individuals or generating
prejudiced reactions indeed evolved. Finally, the environmental challenges influencing cognitive
evolution were far from stable, suggesting that natural selection would have favored a flexible cognitive

apparatus over the development of specialized modules that might become maladaptive in shifting
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environments. Buller concludes that such evolutionary reasoning amounts to “pure guesswork”, thereby
offering little confidence in the validity of inferred adaptive solutions. [86]. While this does not entirely
discount the possibility that these hypotheses are valid, it imposes a highly rigorous burden of proof on

the supporting empirical evidence [86].

7.4.3. Adaptive solutions

Evolutionary accounts propose that, through natural selection, humans developed specialized cognitive
circuits (modules) designed to solve distinct problems within specific environmental domains [86].
Accordingly, ancestral populations became equipped with a multitude of modules, each responsible for
domain-specific tasks, such as categorizing individuals by age, sex, group membership, and pathogen
risk. These modules develop automatically, independently of exposure to their relevant domains, and
possess intrinsic information about those specific environments. Moreover, modules operate relatively
independently from other cognitive processes, which accounts for their capacity to process information
rapidly within their domains. The logic underlying this modularity hypothesis rests on three broad
arguments [109].

The first argument posits that just as natural selection has refined physical organs for highly specific
functions, it must have also developed “mental organs” equipped to perform specialized tasks within
distinct domains. Because general-purpose physical organs would be poorly suited to resolve diverse
physiological challenges, general-purpose cognitive mechanisms would be equally ineffective at solving
specific cognitive and behavioral tasks. Consequently, the human mind comprises a multitude of modules,
each dedicated to a specific function. There are several reasons why this argument by analogy is flawed,
but perhaps the most vivid counterexample is the immune system [86]. Successfully eliminating vastly
diverse pathogens requires “domain-specific” responses from particular antibodies. However, these
antibodies are produced by a “domain-general” immune system, which is not inherently specialized for
any particular pathogen. As such, a general-purpose system can resolve highly specific problems by
producing targeted, domain-specific responses. Accordingly, the human brain functions as a highly
plastic, domain-general system capable of constructing “domain-dominant” cognitive circuits to address
specific problem domains [86].

The second argument asserts that minds must solve diverse kinds of problems, each of them requiring
specific solutions [86]. A general-purpose system would be ill-equipped to resolve such a vast array of
problems, as no single problem-solving principle is universally applicable. Therefore, successfully
addressing these unique challenges requires the use of specialized mechanisms, or modules, tailored to
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these problem domains. However, similar to the first argument, a dedicated module is not required to
produce a domain-specific solution, as a general-purpose processing system is equally capable of
generating such responses. To clarify, there is a crucial difference between domain-specific processing
and domain-specific knowledge. A domain-general mechanism of social learning can facilitate the
acquisition of specialized knowledge, which subsequently generates optimal responses within that
domain without requiring domain-specific processing [109].

The third argument claims that there is neither enough time nor information for a general-purpose
mechanism to learn effective solutions across all relevant domains. Therefore, modules possessing innate
knowledge are indispensable, as they provide immediate adaptive advantages by efficiently guiding
behavior. The problem with this argument is two-fold [86]. First, a substantial amount of relevant
knowledge can be socially acquired, whether transmitted by forebears or learned through direct
observation. If this type of knowledge is sufficient to generate adaptive behavior, the necessity for a
multitude of specialized modules is undermined. Second, general-purpose mechanisms come equipped
with features that provide initial guidance regarding adaptively relevant domains. These initial biases
nudge the developing brain to prioritize specific stimuli, eventually leading to the formation of
specialized cognitive circuits that address particular adaptive challenges. For example, initial biases
facilitate the development of a face recognition mechanism. Crucially, these innate predispositions do
not dictate the final form of the circuit; instead, they lower the threshold for the brain to recognize and
respond to relevant stimuli. In the absence of such stimuli, the corresponding neural circuits fail to
develop.

Taking all of the above into consideration, it is highly improbable that the human brain has evolved
specific, genetically heritable modules for categorizing individuals or generating affective responses.
Instead, humans developed a plastic architecture capable of adapting to diverse environments [86].
Natural selection prioritized a highly flexible cognitive apparatus, one that fine-tunes its neural structure
through the mechanisms of synaptic proliferation and pruning. Ultimately, environmental stimuli dictate
the precise shape neural circuits take, partly guided by innate developmental predispositions. From this
perspective, unconscious biases emerge not as inherited psychological modules, but as the consequence
of domain-general learning processes that register the statistical regularities of their sociocultural
environment. At most, inherited predispositions may coax the brain to attend to certain environmental
cues, which can facilitate the development of particular biases; however, these predispositions lack the
domain-specificity of evolutionary modules and do not determine the final form of a neural circuit. As

such, the environment serves as the final arbiter of the brain’s configuration.
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7.4.4. Modern empirical evidence

The final pillar of evolutionary functional analysis involves conducting psychological experiments to
validate hypotheses regarding psychological mechanisms that were inferred from ancestral adaptive
challenges. As demonstrated throughout this section, the foundational premises of these hypotheses,
along with the hypotheses themselves, are inherently problematic. As such, any empirical evidence cited
in support of these hypotheses must meet a significantly higher standard of verification. Evolutionary
psychologists claim that their empirical evidence is robust, citing consistent results across diverse
cultures and populations. However, a fundamental question remains: do these experiments actually
confirm the existence of the purported proximate mechanisms, or do they only reveal behavioral
regularities that are not dependent on those specific mechanisms? To bypass this issue, the current
subsection instead reviews findings from social neuroscience that directly assess the cognitive footprint
of unconscious bias through neuroimaging and electrophysiological techniques. A review paper by
neuroscientists Amodio and Cikara [110] synthesized the current neuroscientific evidence regarding
social categorization, stereotypes, prejudice, and discrimination. Their findings offer no support for the
existence of domain-specific mechanisms driving unconscious bias; instead, social cognition appears to

be mediated by multiple general-purpose processes, which are summarized here:

1. Group-based categorizations are mediated by domain-general neural circuits responsible for
mapping social regularities and assessing the functional significance of stimuli (functions
primarily facilitated by the dorsal anterior cingulate cortex and anterior insula).

2. The brain relies on domain-general semantic memory (a conceptual storage network located in
the anterior temporal lobe) to store and retrieve stereotypes and evaluations. Thus, the same
cognitive system responsible for storing general knowledge also holds information regarding
social groups and their associations with specific traits or affective values.

3. Prejudicial impressions are thought to be acquired through instrumental learning, a domain-
general learning process (operated by the striatum). Through repeated interactions, specific
actions directed toward social targets become associated with positive or negative reward
outcomes, thus driving the formation of biased evaluations. This learning can occur without
conscious awareness, and these impressions can be updated depending on the changing reward
outcomes.

4. While the amygdala was previously regarded as a primary structure for implicit prejudice due to

its role in reflexive fear processing (Table 5. Contrasting views on the amygdala), recent studies
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have failed to conclusively support this view. Instead, amygdala activation within intergroup
contexts is explained by its processing of behaviorally relevant stimuli, which shapes attitudes
depending on whether the stimuli are advantageous or not. Thus, the amygdala is a domain-
general relevance detector.

5. Discriminatory behavior is facilitated by a network of brain regions that translate prejudicial
attitudes into social action. Prejudice provides the cognitive content that shapes how social
information is processed across multiple domains. For example, it distorts face perception,
leading to “perceptual dehumanization” of outgroup members [111], suppresses empathetic
responses and heightens Schadenfreude toward outgroups, and biases decision-making to favor

the ingroup while disadvantaging the outgroup.

Table 5. Contrasting views on the amygdala

Earlier view Current evidence

Damage to amygdala impairs | Damage to the amygdala results in variable functional deficits:
recognition of fear [112], hence | some individuals are capable of experiencing fear under
amygdala 1s necessary for emotion | specific circumstances [113], others become hypervigilant to
of fear threat [114], and some retain the ability to fully recognize

fearful faces [115, 116]

The amygdala activates primarily to | The amygdala also strongly reacts to images of food, sexual
threatening stimuli partners, and happy faces, provided they are intense or relevant

to the subject’s current goals [117]

7.4.5. Concluding the critique

As established throughout this section, evolutionary accounts of unconscious bias based on evolutionary
functional analysis warrant serious skepticism. Broad characterizations of adaptive problems faced by
ancestral populations are too imprecise to be informative, and there are no reliable methods for specifying
them. Furthermore, the hypothesis that humans evolved specialized brain modules for specific problem
domains is highly contested. Finally, contemporary neuroscientific evidence provides robust support for
the domain-general nature of the mechanisms underlying unconscious bias, effectively refuting the

modularity hypothesis.
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An alternative interpretation proposes that natural selection favored a general-purpose, plastic brain
architecture because ancestral populations encountered relatively volatile selection pressures concerning
psychological evolution. This plasticity facilitated flexible phenotypes that proved more adaptive across
shifting environmental conditions than rigid, modularized adaptations. In this view, the widespread
phenomenon of unconscious bias represents a case of phenotypic evolution, reflecting how populations
adapt to unpredictable and biased environments. To elaborate on this perspective, the final section of this
review introduces a domain-general account of unconscious bias based on Predictive Processing, a highly

influential framework in cognitive neuroscience [ 118].

7.5. Predictive Processing framework

7.5.1. Introduction to Predictive Processing

The primary function of the brain is to regulate the organism’s physiological systems efficiently to ensure
its chances at survival and reproduction [119]. The brain accomplishes this task best by anticipating the
upcoming needs of its internal milieu and satisfying them before they arise. This proactive regulation is
called allostasis ®. To successfully anticipate these needs, the brain generates a comprehensive internal
model of both the body and the external world [121]. This model forms the foundation of the Predictive
Processing framework [13,122], which describes the brain as a probabilistic system that constantly makes
predictions to minimize surprise — unexpected divergence from anticipated physiological needs.

The primary premise of this framework is that rather than passively reacting to bottom-up sensory input,
the brain actively anticipates it by generating predictions. Operating on Bayesian principles, the brain
estimates the probability of internal predictions given the incoming sensory data. It achieves this by
continuously sending top-down prediction signals to lower sensory regions, registering any discrepant
bottom-up input as a prediction error. This error represents the surprise that the brain constantly seeks
to minimize. To resolve the error, the brain has two non-exclusive strategies: update its internal model
to reflect sensory reality or initiate actions to change incoming sensory data so that it matches initial

predictions [123]. The former process, which accounts for the sensory input that the model failed to

¢ The well-known Pavlov’s dog experiment [120] is essentially an example of such anticipatory regulation, where the dog’s
digestive system is prepared for the anticipated food intake. Allostasis reconceptualizes the traditional homeostasis model,
which relies on monitoring physiological parameters and correcting deviations from established set-points through reactive

feedback mechanisms.

39



predict, is termed perceptual inference. The latter, through which incoming sensory data is actively

shaped to match the prior prediction, is known as active inference.

7.5.2. The mechanism of stereotypes

According to Devine [124], people acquire beliefs about social groups from their surrounding culture.
Due to frequent exposure to these associations, everyone, including non-prejudiced individuals, is
familiarized with stereotypes, which are firmly lodged in semantic memory. Because individuals are
often unaware of these latent stereotypes, they are classified as implicit biases.

The predictive processing framework explains this phenomenon in the following way [125]. The brain
continuously updates its generative models to align with incoming sensory input. Through repeated
exposure to pervasive cultural tropes and social associations, the brain infers statistical regularities
linking specific social groups to particular traits and behaviors. These learned associations are encoded
as prior predictions (priors) that guide subsequent perception and behavior toward these groups. Because
predictive processes are mostly non-conscious [126], people are largely unaware of their internalized
associations. Consequently, these priors can drive inadvertent discriminatory behavior, even among those
who consciously disavow any personal prejudice [38].

Therefore, while the standard view within the social cognition perspective holds that stereotypes are
manifestations of a cognitive bias [127], the predictive processing hypothesis contends that stereotypes
are the result of the brain learning in environments that are inherently biased [ 125]. Given this view,
stereotypes can be considered roughly accurate representations of the sociocultural environment [ 123].
For if stereotypes were inaccurate, the predictive brain would fail to reliably anticipate the world, leading
to frequent prediction errors. Since the brain models the world to serve the body’s physiological needs
[102], and because prediction errors impose high metabolic costs on allostasis, these models are
biologically pressured to remain accurate.

However, if stereotypes prove factually inaccurate, the brain relies on an alternative strategy to minimize
prediction error. This is explained through the phenomenon of self-fulfilling prophecy, which acts
through active inference. When encountering evidence that contradicts a stereotype, individuals may
unconsciously adjust their behavior to provoke a response that confirms their initial prediction 7. This

interaction reinforces the original stereotype, increasing the likelihood that the same dynamic will repeat

7 Perhaps updating the initial belief incurs higher metabolic costs than simply acting in a way that confirms the belief. This

action can also entail not attending to disconfirming evidence in a broad sense.
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in the future. Thus, even when faced with counter-stereotypical information, the brain can minimize
prediction error and avoid high metabolic costs without updating its internal model, relying instead on
actively shaping the social environment to align with its predictions [123].

To summarize, individuals acquire biased notions from their sociocultural environment. Through
perceptual inference, the brain integrates these associations into its generative model as priors. In
subsequent social encounters, the brain relies on these priors to minimize surprise, thereby reducing the
metabolic costs of allostatic regulation. When a member from a social group exhibits traits that contradict
these initial predictions, the brain may employ active inference to provoke behaviors consistent with the
stereotype, thus resolving the prediction error. The following subsection further details how these

predictive processes give rise to prejudice.

7.5.3. The mechanism of prejudice

To decide whether to utilize active or perceptual inference when encountering prediction error, the brain
weighs the strength of its prediction against the reliability of the sensory evidence [ 123]. The higher the
confidence in a prior prediction, the more likely the brain will rely on active inference instead of
integrating the error to update the model. In this way, when individuals have strong initial beliefs about
a social group, they may fail to entertain alternative hypotheses that might fit the sensory data better,
thereby acting in a way that results in prejudice [128].
Simultaneously, the brain evaluates the reliability of the incoming sensory input, assigning precision to
the resulting prediction error. The lower the precision assigned to an error signal, the more likely the
brain is to dismiss incoming sensory input, relying on active inference to ensure the existing prediction
dominates perception [ 128]. For example, when an individual is in a familiar environment, such as their
own home, the brain may filter out incoming sensory data, instead relying on initial predictions to
navigate the space. This same dynamic can lead to prejudice toward social groups perceived as “well-
known”. Conversely, when an individual encounters a novel situation, such as a back alley at night in a
foreign city, the brain may assign high precision to the incoming error signals, resulting in heightened
attention to sensory stimuli. In fact, attention and the precision assigned to an error signal are inextricably
connected — as attention increases, so does precision [129]. As such, when people have little interest in a
specific domain, such as marginalized populations, they may not pay attention to evidence that
disconfirms their crude, prejudiced attitudes toward these groups. Therefore, prejudice emerges when
strong initial beliefs about social groups are coupled with a failure to attend to disconfirming evidence
[128].
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Considered as a whole, the predictive processing perspective on unconscious bias suggests that
perceptual inference leads to stereotypes and prejudice because the brain is learning in biased
environments. Through active inference, these acquired biases are reinforced and perpetuated as
individuals provoke stereotype-consistent behavior and overlook disconfirming evidence. Ultimately,
unconscious bias functions as a strategy to minimize prediction error, thereby reducing the metabolic

demands of allostatic regulation.

7.6. Discussion

Throughout this work, two conflicting interpretations of unconscious bias have emerged. One perspective,
broadly speaking, conceptualizes bias as “given” — an inevitable feature of human cognition — whereas
the other conceives of bias as “constructed” — inherently a product of sociocultural contingencies. The
first view is reflected in theories that portray bias as efficient heuristics or innate, domain-specific
evolutionary modules. The second view is apparent in theories that consider bias as a product of systemic
inequality or as the result of the brain adapting to biased environments. The predictive processing
framework, with its imperative for allostasis, bridges these two broad conceptions into a coherent whole:
the brain’s biological requirement for efficiency results in it internalizing regularities from environments
pervaded by biases. Given that unconscious bias is a ubiquitous phenomenon with significant
consequences for societal well-being, it is critical to identify the domains where interventions are most
likely to yield meaningful change. Ultimately, the environment emerges as the central locus of
intervention, as it determines the content of unconscious bias, the intensity of its prevalence, and the
frequency of discriminatory behavior. Environments built on exploitation and intense competition will
naturally generate a distinct bias profile compared to those based on cooperation and mutual
understanding. Because humans have acquired an unprecedented capacity to shape the environments they
inhabit, there remains a significant potential to reduce the prevalence and severity of unconscious bias
through structural change. This potential is vividly encapsulated by Payne and colleagues [41]: “Far from
being rigid [personal] attitudes, implicit biases could be like the weather: If you want it to change, simply
wait a day or two. Average environmental levels of bias, in contrast, may be more like climate. Changes

are slow, but even small changes may have immense consequences.”
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8. CONCLUSIONS

1) Unconscious bias is traditionally conceptualized as automatic, unintentional associations operating
outside of conscious awareness. It encompasses three interconnected psychological processes: cognitive
stereotypes, affective prejudices, and discriminatory behaviors. The literature on this topic is broad and
often inconsistent. The terms "unconscious" and "implicit," though frequently used interchangeably, are
technically distinct. The strict dichotomy between implicit and explicit cognition is increasingly
contested by research demonstrating the fluid boundaries between the two. Some interpretations classify
unconscious bias as part of cognitive biases, which function as fast, automatic heuristics, while others
propose that these biases originate from the cultural landscape, functioning as individual-level indicators
of systemic societal prejudice.

2) Unconscious bias poses a serious threat to public health by inflicting chronic stress and allostatic load
on marginalized populations, while simultaneously driving cognitive heuristics that frequently lead to
preventable medical errors in clinical settings.

3) Although evolutionary psychology has posited that unconscious biases are innate, domain-specific
adaptations that arose in ancestral environments, philosophers of science rigorously question the validity
of these underlying premises, and social neuroscience increasingly supports domain-general learning
mechanisms instead. Ultimately, viewed through a predictive processing framework, unconscious bias
emerges as a direct byproduct of the brain's biological imperative for allostatic efficiency, arising through

the internalization of the statistical regularities of prejudiced sociocultural environments.
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