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Abstract

We used a reverse-correlation image-classification paradigm to visualize facial representa-

tions of immigrants and citizens in the United States. Visualizations of immigrants’ faces

were judged by independent raters as less trustworthy and less competent and were more

likely to be categorized as a non-White race/ethnicity than were visualizations of citizens’

faces. Additionally, image generators’ personal characteristics (e.g., implicit and explicit

evaluations of immigrants, nativity status) did not reliably track with independent judges’ rat-

ings of image generators’ representations of immigrants. These findings suggest that anti-

immigrant sentiment and racial/ethnic assumptions characterize facial representations of

immigrants in the United States, even among people who harbor positivity toward

immigrants.

Introduction

An estimated 272 million people globally—or about 3.5% of the world’s population—voluntar-

ily or involuntarily live somewhere besides their birth nation, with an estimated 50.7 million

immigrants residing in the United States (U.S.) [1]. The immigrant population in the U.S. has

grown considerably, from an estimated 4.7% of the total population in 1970 to 13.7% in 2019,

rivaling estimates from the 1860s–1920s [2]. Despite (or perhaps because of) the growth in

immigrant populations, divisiveness over immigration lies at the core of left—right political

divides in the U.S. and many other immigrant-receiving nations. Anti-immigrant rhetoric,

including portrayals of immigrants as threats to public health and safety [3], are commonplace.

This anti-immigrant sentiment has sparked interest in understanding people’s mental repre-

sentations of immigrants, which is vital because such representations can predict the treatment

of immigrants and immigration policy more generally [4].

Here, we investigated whether anti-immigrant sentiment is recapitulated in mental repre-

sentations of immigrants’ facial appearance. People mentally represent the physical appearance

of social groups, including the faces of prototypical group members. Such facial
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representations can reflect intergroup evaluative biases, trait-based stereotypes, and lay beliefs

about inter-related social categories, such as age, gender, and race/ethnicity [5, 6]. Thus, inves-

tigating mental representations of immigrants’ and citizens’ facial appearance may offer a

novel entry into understanding anti-immigrant sentiment.

Anti-immigrant sentiment

A large body of research has documented anti-immigrant sentiment in many immigrant-

receiving nations [4]. For example, a Swedish housing study found that applicants with Arab-

sounding names received fewer callbacks for rental showings than did applicants with native,

Swedish-sounding names, even when equating the applicants on other relevant attributes (e.g.,

employment, income, marital status) [7]. Lab studies have also revealed that immigrants as a

general social category are commonly viewed as lacking both competence and warmth [8] and

as threatening [9]. Indeed, social psychological explanations for anti-immigrant sentiment fre-

quently invoke the perceived threats posed by immigrants, including threats stemming from

competition over economic resources (i.e., realistic threats), health and safety concerns, and

challenges to the cultural dominance of the majority group (i.e., symbolic threats) [10, 11]. For

example, describing an immigrant group as endangering the ingroup’s job security or as cul-

turally dissimilar from the ingroup (vs. a control description) engenders greater negativity

toward that immigrant group [12]. Concerns about immigrants harboring diseases (i.e., con-

tamination threats) [13] elicit feelings of disgust that motivate negativity toward immigrants

and support for restrictive immigration policies [14]. Majority group members often favor cul-

turally similar over culturally dissimilar immigrants, in part, because they view the former as

less threatening to the cultural dominance of the majority group [15].

Negative verbal descriptions of immigrants, including media portrayals of immigrants as

disease carriers, also evoke anti-immigrant sentiment [16]. Perceivers construct more racially/

ethnically minoritized mental representations of immigrants after reading portrayals of crimi-

nal behavior perpetrated by immigrants than after reading portrayals of immigrant achieve-

ments [17]. Similarly, threat-inducing images of immigrants (e.g., large groups of

undocumented immigrants at the U.S.–Mexico border) are overrepresented in news media

[18] and viewing such images can promote anti-immigrant policy preferences [19].

Just as anti-immigrant sentiment and negative portrayals of immigrants shape mental rep-

resentations of immigrants’ character (i.e., what they’re like), so too may these factors shape

representations of immigrants’ facial appearance (i.e., what they look like). Intergroup evalua-

tive biases and trait-based group stereotypes are commonly integrated into facial representa-

tions of groups [20]. For example, ingroup positivity is evident in facial representations linking

facial trustworthiness to ingroup status [21, 22]. Conversely, categorizing immigrants as out-

group members may lead to their faces being represented as untrustworthy. Facial representa-

tions also may reflect trait-based group stereotypes, particularly when group membership is

perceptually ambiguous [23]. Accordingly, representations of immigrants’ faces may incorpo-

rate group stereotypes about immigrants’ traits (e.g., incompetent, untrustworthy).

Immigrant facial representations also may reflect default assumptions about perceived

immigrant demography. For example, facial representations of welfare recipients reflect both

trait-based stereotypes and cultural associations that racialize welfare recipients [24]. Similarly,

immigrant facial representations may reflect perceivers’ default beliefs about the racial/ethnic

background of prototypical immigrants. Perceivers’ assumptions about immigrant demogra-

phy often diverge from actual statistical estimates and can predict their attitudes toward immi-

grants [25]. Such assumptions also may depend on perceivers’ cultural and personal

experience with immigrant populations, which is strongly shaped by geopolitical forces. Thus,
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perceivers from different world regions might have distinct assumptions about the attributes

of immigrants, which could feed into their facial representations of immigrants.

Reverse correlation as a window into facial representations

We investigated facial representations of immigrants and U.S. citizens using a reverse-correla-

tion image-classification paradigm [26], a data-driven approach to extracting the features

underlying face classifications. This technique enables researchers to estimate perceivers’ sub-

jective depictions of the prototypical face of a member of a social group, such as immigrants

[27]. Unlike procedures in which researchers modify specific stimulus features in a top-down,

theory-driven fashion, reverse-correlation procedures capitalize on the construal of randomly

distorted stimuli to achieve a bottom-up, data-driven estimation.

Reverse-correlation studies commonly use a two-phase design, wherein one set of partici-

pants (i.e., image generators) constructs facial images of a target group (phase 1: image genera-

tion), and a second set of participants (i.e., image raters), who lack knowledge about the

specific group the image generators visualized, evaluates the images on some dimension of

interest (phase 2: image assessment). Researchers then use the image raters’ responses to make

inferences about the image generators’ facial representations. Using this two-phase design,

reverse-correlation research has elucidated the facial representations of a range of social cate-

gories, including demographic categories (e.g., gender [26], race/ethnicity [28], age [29]), spe-

cific social groups (e.g., police officers [30], atheists [31], illegitimate voters [32]), and even

novel minimal groups [21, 33, 34]. This method also has been used to document associations

between certain groups (e.g., welfare recipients) and perceived race/ethnicity [24]. Of rele-

vance here is research documenting that facial representations of immigrants who acculturate

to mainstream U.S. culture (vs. those who maintain their heritage culture) are more frequently

categorized as White [35], which suggests that assumptions about immigrants’ racial/ethnic

background may be integrated into facial representations of immigrants.

Different perceivers may construct different facial representations of the same group. For

example, Black perceivers’ representations of police officers’ faces are rated by independent

judges as more negative than are White perceivers’ representations [30]. The role of perceivers’

attitudes in shaping their facial representations is less clear. Some studies suggest that perceiv-

ers’ explicit and implicit evaluations of groups significantly predict differences in their facial

representations of these groups [28, 36]. Other studies, by contrast, have failed to find a signifi-

cant relationship between perceivers’ group evaluations and their facial representations of that

group [37, 38]. For example, one study found that image generators’ personal blatant dehu-

manization of Arab people did not significantly predict the extent to which image raters

viewed their representations of Arab people’s faces as dehumanized [39].

We view reverse-correlation tasks as part of a larger class of indirect, performance-based

measurement procedures, which includes the Implicit Association Test (IAT) [40], the Affect

Misattribution Procedure (AMP) [41], among others. A notable difference between these

other indirect measurement procedures and reverse-correlation tasks is that the former argu-

ably assess character representations of a target group (e.g., immigrants), whereas the latter

assess appearance representations of the group. Additionally, whereas these other indirect

measurement procedures constrain participants’ responses via predefined response labels (e.g.,

good vs. bad) established by the researcher [42], reverse-correlation tasks allow image genera-

tors to use any criteria they like for classifying the faces to a group. Accordingly, they can illu-

minate whether image generators’ evaluative biases seep into their classifications of immigrant

faces [27]. Importantly, however, other elements of reverse-correlation tasks, such as the

underlying base face, may constrain image generators’ possible decision criteria [43].
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Furthermore, the theory-driven attributes and traits selected by researchers necessarily con-

strain what image raters evaluate in the images during the image-assessment phase.

The current research

Two primary objectives guided this research. First, we tested whether there are evaluative dif-

ferences in representations of immigrants’ and U.S. citizens’ faces. Although this issue has

been explored for numerous other social groups [27], to our knowledge, no studies have tested

whether anti-immigrant sentiment is recapitulated in the facial representations of immigrants.

We predicted that immigrant facial representations would be judged less favorably—as less

trustworthy and less competent—than U.S. citizen representations.

Second, we tested whether there are differences in the apparent race/ethnicity of immigrant

and citizen facial representations. Although past work has examined this question when addi-

tional information about acculturation is present [35], to our knowledge, no studies have

assessed the role of racial/ethnic assumptions in immigrant and citizen facial representations

in the absence of such information. Guided by past research on these groups [35, 44], we

expected that representations of immigrants’ faces would be more likely to be categorized as a

non-White race/ethnicity than would representations of citizens’ faces, whereas representa-

tions of citizens’ faces would be more likely to be categorized as White than would representa-

tions of immigrants’ faces.

As a final, more exploratory objective, we tested whether any observed evaluative biases in

immigrant and citizen facial representations vary based on characteristics of the image genera-

tors, focusing specifically on image generators’ birth nation and their implicit and explicit eval-

uations of immigrants. Given our racially/ethnically diverse sample of participants in the U.S.,

we explored the possibility that native-born (i.e., those born in the U.S.) and foreign-born par-

ticipants (i.e., those born outside the U.S.) have different cultural and personal experiences

with immigrants that could shape the valence and perceived race/ethnicity of their facial repre-

sentations of this group. Additionally, we explored the possibility that participants with more

negative implicit and explicit evaluations of immigrants would generate correspondingly nega-

tive facial representations of immigrants.

As is common in reverse-correlation research [27], our investigation comprised an image-

generation experiment and several image-assessment experiments. In the image-generation

experiment, participants viewed hundreds of pairs of noise-laden faces. In one condition, they

selected which face in each pair looked more like an ‘immigrant’; in the other condition, they

selected which face in each pair looked more like a ‘natural-born U.S. citizen’ (i.e., a person

who is a U.S. citizen by birth). We chose the latter term because non-citizens can become citi-

zens through naturalization.

We then used participants’ selections to construct classification images that estimate their

facial representations of these groups. The image-assessment experiments (described below)

tested our predictions about the valence and the apparent race/ethnicity of the images, using

measures of explicit and implicit impressions provided by raters who were naïve about the

groups the image generators visualized. In addition, we explored image generators’ explicit

and implicit evaluations of immigrants and nativity status as possible predictors of the impres-

sions and race/ethnicity categorizations of their immigrant facial representations.

Analysis code, data, and materials for all experiments are available at this URL: https://osf.

io/95n8h/?view_only=6826b122f63d4ddd875c5b7c9ba02e69. We report all manipulations,

measures, and exclusions.
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Image-generation experiment (Phase 1)

Materials and method

Ethics statement. The Institutional Review Board at the University of California, Davis

approved this research and the informed consent process (IRB ID# 1111880). This research

was determined to involve “no more than minimal risk.” In this and all other experiments, all

participants read a document describing the experimental procedures and provided consent

prior to participating, and they read a debriefing document at the end of the experimental

session.

Participants (Image generators). Given uncertainty about formal power analysis proce-

dures for the image-generation phase in reverse-correlation paradigms [34, 45], we set a target

sample size using a heuristic of 100 participants per condition, or 200 participants in a two-

condition between-subjects design. In total, 218 University of California, Davis undergradu-

ates participated for course credit. Data collection began on March 4, 2019, and concluded on

April 12, 2019. After excluding data from one participant who failed to complete the entire

reverse-correlation task, the final sample comprised 217 participants (see Table 1 for demo-

graphics in all experiments).

Reverse-correlation task. Participants first completed a two-image forced-choice reverse-

correlation image-classification task [27], during which they were randomly assigned to gener-

ate either a facial representation of an immigrant or a facial representation of a natural-born

U.S. citizen. On each of 400 trials, participants viewed two adjacent images of degraded faces

(512 × 512 pixels) and, depending on between-subjects condition, selected which face looked

more like an immigrant or which face looked more like a natural-born U.S. citizen (hereafter,

citizen). We informed participants that there were “no right or wrong answers” and urged

them to use their “gut-level reactions” when making decisions.

The face stimuli were created with the rcicr 0.3.4.1 package [46] by superimposing random

noise patterns onto a base-face image. The base face was the mean of all the neutral-expression

White male faces from the Averaged Karolinska Directed Emotion Face Database [47]. This

gray-scaled, highly averaged White male face has been used frequently in prior reverse-correla-

tion work, including in studies on facial representations of non-White racial/ethnic groups

[28, 39]. Previous researchers carefully manipulated the low-level properties of this averaged

facial image to match the low-level properties of the specific superimposed noise used in this

procedure [27]. Without altering the base face in these ways, the superimposed noise will fail

to meaningfully distort the image, leading to low quality classification images. The noise pat-

terns were 4,092 superimposed truncated sinusoid patches in all possible combinations of 2

cycles in 6 orientations (0˚, 30˚, 60˚, 90˚, 120˚, 150˚) × 5 spatial frequencies (1, 2, 4, 8, 16

patches per image) × 2 phases (0, π/2), with random contrasts. A unique noise pattern was

Table 1. Participant demographics in each experiment.

Experiment Age Gender (%) Race/Ethnicity (%)

N M SD Women Men Nonbinary A B L W M

IG 217 20.2 2.4 74.1 25.0 0.9 59.3 2.8 18.1 12.0 3.7

IA 1 327 37.6 11.9 57.2 41.7 1.0 7.9 10.7 4.8 71.7 1.4

IA 2 228 20.2 2.2 81.6 17.5 0.9 53.1 1.3 24.6 14.9 2.2

Note. IG = Image-generation, IA = Image-assessment, N = the number of participants included in the data analyses. Some participants did not report their age, gender,

or race/ethnicity. For race/ethnicity, A = Asian, Asian American, or Pacific Islander; B = Black or African American; L = Latina/o/e/x or Hispanic; W = White or

European American; and M = reported another or more than one race/ethnicity.

https://doi.org/10.1371/journal.pone.0306872.t001
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generated for each trial and placed atop the base face to create one face stimulus. The other

face stimulus on each trial was the inverse of the noise pattern atop the same base face. This

strategy maximizes the between-face contrast on each trial [48].

Single-Category Implicit Association Test (SC-IAT). We next assessed implicit evalua-

tions of immigrants with a SC-IAT [49]. Participants completed 5 blocks of trials in which they

categorized 4 words related to immigrants (Immigrant, Immigration,Nonnative, and Nonindig-
enous) and 20 evaluative words—10 normatively positive words (Love, Fun, Health, Vacation,

Gifts, Friends, Success, Honesty, Freedom, and Peace) and 10 normative negative words (Virus,
Vomit, Cancer, Rotten, Pollution, Enemy, Failure, Poison, Abuse, and Stress) taken from prior

research on implicit evaluations of social groups [50–52]. In Block 1 (20 trials), participants

categorized words as Bad or Good. In Block 2 (20 trials), they categorized Immigrant words

and Bad words using one key and Good words using the other key. The first critical block

(Block 3: 40 trials) was identical to Block 2. In Block 4 (40 trials), the label positions changed,

and participants categorized Immigrant words and Good words using one key and Bad words

using the other key. The second critical block (Block 5: 40 trials) was identical to Block 4.

The SC-IAT was scored using the D algorithm [40], with higher scores reflecting more neg-

ative evaluations of immigrants. Nine participants did not complete the SC-IAT, and we

excluded data from 5 participants whose response times (RTs) were<300 ms on>10% of tri-

als. Trials with RTs >10,000 ms were also excluded (0.2% of trials). SC-IAT scores in the

immigrant condition (M = 0.13, SD = 0.33) and the citizen condition (M = 0.18, SD = 0.35) did

not significantly differ, t(199.69) = 1.04, p = .300. These SC-IAT scores served as an indicator

of participants’ implicit evaluations of immigrants, which we used as a predictor variable in

exploratory analyses reported below.

Feeling thermometers. Participants then evaluated various social groups, including

immigrants, on a scale from 0 (very cold) to 99 (very warm). Feelings of warmth toward immi-

grants in the immigrant condition (M = 78.31, SD = 21.85) and the citizen condition

(M = 79.53, SD = 21.47) did not significantly differ, t(212.55) = 0.41, p = .680. These feeling

thermometer ratings served as an indicator of participants’ explicit evaluations of immigrants,

which we used as a predictor variable in exploratory analyses reported below.

Demographics. Finally, participants reported their age, gender identity, racial/ethnic

identity, birth nation, and native language. We used participants’ self-reported birth nations to

determine whether they were born in the U.S. (native-born) or outside the U.S. (foreign-born).

Image processing

Again using the rcicr package [46], we created individual classification images (hereafter,

images) that were later evaluated in the image-assessment experiments. We did so by averag-

ing all the selected noise patterns for each participant and superimposing this noise pattern

onto the base face. This procedure produced 107 immigrant images and 110 citizen images, or

1 individual image per image generator (for example images, see Fig 1).

Though common in reverse-correlation research, we do not report experiments assessing

the group images in the citizen and immigrant conditions. Group images can artificially inflate

differences between conditions (i.e., between citizen and immigrant conditions) by eliminat-

ing all the variance within conditions (i.e., between image generators within the citizen or

immigrant conditions), thereby increasing Type-1 error [53].

Image-assessment experiments (Phase 2)

To test our predictions about differences in facial representations of immigrants and citizens,

we conducted two image-assessment experiments with new samples of participants. In the first
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image-assessment experiment, participants rated the immigrant and citizen individual images

on competence, trustworthiness, or perceived race/ethnicity. The second image-assessment

experiment aimed to replicate the competence and trustworthiness findings from the first

image-assessment experiment, again using the immigrant and citizen individual images but

now as primes in a sequential-priming task. In both image-assessment experiments, we

explored the relationship between image generators’ explicit and implicit evaluations of immi-

grants and nativity status and image raters’ impressions of the immigrant images.

Image-assessment Experiment 1

Materials and method

Participants (Image raters). In total, 327 Amazon Mechanical Turk (MTurk) workers

living in the U.S. participated for modest pay. Data collection began and concluded on April

24, 2019. The final sample, after excluding data from participants who failed to complete the

entire image-assessment procedure, comprised 290 participants. Because participants rated

images on one of three dimensions (competence, trustworthiness, or perceived race/ethnicity),

and because we conducted separate linear mixed-effects models (LMEMs) for each dimension,

we used the number of participants in the smallest condition (n = 94) to estimate power. A

sensitivity power analysis (https://jakewestfall.shinyapps.io/crossedpower/), given a stimuli-

within-condition design and default variance partitioning coefficients [54], indicated that 94

participants and 217 images affords 80% power to detect an effect size as small as dz = 0.28.

Procedure. Participants, who were naïve about what groups the image generators visual-

ized, rated 100 randomly selected individual images on a single randomly assigned dimension:

trustworthiness (n = 97 participants), competence (n = 94 participants), or race/ethnicity
(n = 99 participants). After completing 7 practice trials, participants rated each image (e.g., 1 =

extremely untrustworthy, 7 = extremely trustworthy). For the race/ethnicity condition, partici-

pants categorized each image by selecting one of the following labels: African American,

Asian, White, Latinx, or Native American.

Results

Primary analyses. Using the afex package [55], we fit separate LMEMs for each trait and

race/ethnicity categorization (see Table 2); the latter were recoded into separate binary vari-

ables for each category label. Each model contained a fixed effect of Immigrant Status

Fig 1. Example individual classification images of citizens and immigrants generated by participants during the

reverse-correlation task in the image-generation experiment.

https://doi.org/10.1371/journal.pone.0306872.g001
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(immigrant = -1, citizen = 1). Because the dependent variable was cross-classified—it was

nested within both participants (i.e., each participant responded to multiple images) and

images (i.e., each image received responses from multiple participants)—the models included

by-participant and by-image random intercepts to afford calculation of separate intercepts for

each participant and each image. The models also included by-participant random slopes of

Immigrant Status to allow the effect of this variable to differ by participants and images.

Because image generators classified faces either as immigrants or as citizens, the models did

not include a by-image random slope of Immigrant Status. Each LMEM contained the maxi-

mal random-effects structure [56] described above, except when noted. Given negligible differ-

ences between linear and logistic models [57], we analyzed the race/ethnicity categorization

data using linear models for interpretive ease. Coefficients can be interpreted as probabilities.

As displayed in Table 2, immigrant images were rated as both less competent and less trust-

worthy than were citizen images. In addition, citizen (vs. immigrant) images were more fre-

quently categorized as White, whereas immigrant (vs. citizen) images were more frequently

categorized as African American, Latinx, and Native American. Asian categorizations did not

significantly differ between immigrant and citizen images.

Exploratory analyses. Although our study was powered only with the primary analyses in

mind, we also explored whether image generators’ explicit and implicit evaluations of immi-

grants and nativity status predicted the image raters’ impressions and racial/ethnic categoriza-

tions of their immigrant images. To do so, we fit separate LMEMs for each trait (competence

and trustworthiness) and race/ethnicity categorization, including ratings of only the immi-

grant images. The models contained fixed effects of image generators’ explicit immigrant eval-

uations, image generators’ implicit immigrant evaluations, and image generators’ nativity

status (-1 = native-born, +1 = foreign-born). Image generators’ explicit and implicit evalua-

tions of immigrants were mean-centered and scaled by dividing scores by their standard devia-

tions. Such standardization of measures on different scales allows us to compare the relative

sizes of the regression coefficients. Again, because the dependent variables were nested within

both participants and images, the models included by-participant and by-image random

intercepts.

As displayed in Table 3, no significant effects involving image generators’ implicit evalua-

tions of immigrants, explicit evaluations of immigrants, or nativity status emerged on trait

impressions of the immigrant images. Similarly, no significant effects involving image genera-

tors’ implicit or explicit evaluations of immigrants emerged on the race/ethnicity categoriza-

tions of the immigrant images. Furthermore, no significant effects involving image generators’

Table 2. Trait impressions and race/ethnicity categorizations by immigrant status in image-assessment Experiment 1.

Rating Citizen (SE) Immigrant (SE) B (SE) t df p
Trait Impressions

Competence 4.49 (0.10) 4.16 (0.10) -0.163 (0.029) -5.78 207.03 < .001

Trustworthiness 3.81 (0.09) 3.52 (0.09) -0.145 (0.029) -5.05 237.06 < .001

Race/Ethnicity Categorizations

African American 0.04 (0.01) 0.08 (0.01) 0.021 (0.005) 4.39 175.90 < .001

Asian 0.06 (0.01) 0.09 (0.01) 0.007 (0.004) 1.96 147.90 .052

Latinx 0.16 (0.02) 0.20 (0.02) 0.018 (0.005) 3.30 124.80 .001

Native American 0.05 (0.01) 0.07 (0.01) 0.008 (0.003) 3.18 98.16 .002

White 0.68 (0.03) 0.57 (0.03) -0.055 (0.010) -5.47 223.96 < .001

Note. t values were computed using the Satterthwaite approximation for degrees of freedom implemented in the afex package in R.

https://doi.org/10.1371/journal.pone.0306872.t002
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nativity status emerged on any race/ethnicity categorizations of the immigrant images, with

one exception. Immigrant images generated by foreign-born participants (M = 0.09,

SE = 0.01) were slightly more frequently categorized as Asian by image raters than were immi-

grant images generated by native-born participants (M = 0.07, SE = 0.01).

Discussion

Consistent with anti-immigrant sentiment [4], mental representations of immigrants’ faces

were rated as less competent and less trustworthy than were mental representations of citizens’

faces. Immigrant facial representations were also more frequently categorized as Black, Latinx,

and Native American, whereas citizen facial representations were more frequently categorized

as White.

The extent to which the immigrant images were viewed as competent or trustworthy was

largely unrelated to image generators’ evaluations of immigrants or nativity status. The lack of

significant relationships between image generators’ characteristics and their representations of

immigrants’ faces comports with several other studies that also have found limited evidence

for individual differences in facial representations of social groups [37, 39].

Image generators’ nativity status did predict the extent to which immigrant images were

categorized as Asian, with immigrant images constructed by foreign-born participants being

slightly more likely to be categorized as Asian than immigrant images constructed by native-

Table 3. Image generators’ explicit immigrant evaluations, implicit immigrant evaluations, and nativity status predicting image raters’ trait impressions and race/

ethnicity categorizations of the immigrant images.

Rating Predictor B (SE) t df p
Competence Explicit 0.07 (0.04) 1.82 4298 .069

Implicit 0.01 (0.04) 0.34 4298 .732

Nativity -0.03 (0.04) -0.72 4298 .469

Trustworthiness Explicit 0.05 (0.04) 1.14 4481 .252

Implicit 0.01 (0.04) 0.35 4481 .727

Nativity -0.01 (0.04) -0.21 4481 .833

African American Explicit <-0.01 (0.01) -0.37 4560 .708

Implicit -0.01 (0.01) -1.90 4560 .058

Nativity <-0.01 (0.01) -0.34 4560 .733

Asian Explicit <-0.01 (0.01) -0.79 4560 .430

Implicit <0.01 (0.01) 0.90 4560 .369

Nativity 0.01 (0.01) 2.05 4560 .040

Latinx Explicit <-0.01 (0.01) -0.72 4560 .470

Implicit <-0.01 (0.01) -0.54 4560 .589

Nativity -0.01 (0.01) -1.69 4560 .092

Native American Explicit -0.01 (<0.01) -1.26 4560 .208

Implicit -0.01 (<0.01) -1.72 4560 .086

Nativity 0.01 (<0.01) 1.48 4560 .139

White Explicit 0.02 (0.01) 1.15 4560 .249

Implicit 0.02 (0.01) 1.40 4560 .162

Nativity <-0.01 (0.01) -0.23 4560 .815

Note. Explicit = Image generators’ explicit evaluations of immigrants (feeling thermometer scores), Implicit = Image generators’ implicit evaluations of immigrants

(Single Category Implicit Association Test scores), and Nativity = Nativity status. t values were computed using the Satterthwaite approximation for degrees of freedom

implemented in the afex package in R.

https://doi.org/10.1371/journal.pone.0306872.t003
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born participants. This finding might suggest that foreign-born and native-born participants

have different assumptions about the prototypical racial/ethnic background of immigrants.

Because this effect was small and not hypothesized, however, we refrain from interpreting it

pending replication in a confirmatory analysis in future research.

This first image-assessment experiment used direct measures of impressions wherein image

raters explicitly rated the competence and trustworthiness of the immigrant and citizen facial

images. Considerable evidence indicates that people rapidly form consensual face impressions

[58], even when doing so is irrelevant to their focal task goal [59]. Insofar as image raters’

impressions of the immigrant and citizen images are formed spontaneously, evaluative biases

should also emerge on indirect measures of such impressions.

Image-assessment Experiment 2

This next image-assessment experiment examined impressions of competence and trustwor-

thiness spontaneously elicited by the immigrant and citizen facial representations using a vari-

ant of the stereotype misperception task (SMT) [60]. The SMT is a sequential-priming task

that assesses the biasing effect of semantic/evaluative content (e.g., trait impressions) evoked

by prime faces on judgments of unrelated target faces. We tested whether the immigrant

images and citizen images, which served as primes in the SMT, evoked differential impressions

of competence and trustworthiness.

As in the previous image-assessment experiment, we examined the role of image genera-

tors’ explicit and implicit evaluations of immigrants and nativity status on image raters’

impressions of competence and trustworthiness. Image generators’ implicit evaluations of

immigrants may better predict image raters’ spontaneous impressions (as measured by the

SMT) than image raters’ direct ratings (as in the previous study) of the immigrant images,

because spontaneous impressions may be more stimulus-driven and less influenced by any

strategic responding to avoid the appearance of bias among the image raters.

Method

Participants (Image raters). In total, 228 University of California, Davis undergraduates

participated for course credit. Data collection began on April 30, 2019, and concluded on May

30, 2019. The final sample, after excluding data from participants who pressed the same key on

every trial of the SMT [34], comprised 225 participants. Because we ran separate LMEMs for

the competence and trustworthiness conditions, we conducted separate sensitivity power anal-

yses for each condition, each with a stimuli-within-condition design and the default variance

partitioning coefficients. Both conditions afforded 80% power to detect an effect size as small

as dz = 0.27.

Procedure and materials. Participants, who were naïve about what groups the image gen-

erators visualized, were randomly assigned to complete one of two variants of the SMT [60]—

a competence SMT or a trustworthiness SMT—each with the following properties. On each

trial, a prime face and target face appeared in rapid succession. The prime faces were the immi-

grant and citizen individual images from the image-generation experiment, as well as a fea-

tureless outline of a human head that is commonly used in this task. For ease of presentation,

and following other SMT research [34, 61], we did not include the featureless prime in the

analyses reported below. Indeed, it is typical for the featureless prime to elicit negativity [62,

63]. The same was true in our data—the featureless prime evoked less competence (M = 0.46,

SD = 0.50; ts> 16.25, ps < .001) and less trustworthiness (M = 0.48, SD = 0.50; ts> 2.48, ps <

.05) than did the citizen or immigrant primes—making it an inappropriate baseline stimulus.

The target faces were line drawings of computer-generated facial morphs [64] that were
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created by morphing 24 unique facial identities with facial features that were +2 SD or -2 SD
from the neutral point in competence or trustworthiness.

After completing two short practice blocks (5 trials and 12 trials, respectively), participants

completed two extended testing blocks (132 trials each). Each trial began with a fixation cross

(500 ms), followed by a prime face (individual immigrant or citizen image; 150 ms), a blank

screen (50 ms), and then a target face (100 ms). Finally, a pattern mask appeared until partici-

pants judged the target face as “more competent” or “less competent” (in the competence

SMT) or as “more trustworthy” or “less trustworthy” (in the trustworthiness SMT) than the

average target face (see Fig 2 for a depiction of the trial sequence).. Each testing block con-

tained 54 trials with immigrant face primes, 54 trials with citizen face primes, and 24 trials

with the featureless face prime. Because there were more individual images than SMT trials, a

randomly selected individual image appeared on each trial. Trial order was randomized, and

immigrant and citizen image primes appeared equally often with target faces of each type.

Task instructions directed participants to remember the prime faces for a later task but to

avoid letting these faces affect their judgments of the target faces. Participants were also urged

to respond quickly and to use their “gut” feelings when judging the target faces. The propor-

tion of “more competent” judgments (in the competence SMT) or “more trustworthy” judg-

ments (in the trustworthiness SMT) after each prime face served as an indirect index of its

competence/trustworthiness. Spontaneous impressions of the prime faces are revealed by their

unintended influence on judgments of the target faces [60, 65].

Results

Primary analyses. We fit identical LMEMs for the competence and trustworthiness

SMTs. Each model contained a fixed effect of Immigrant Status as well as random intercepts

for participants and images and a by-participant random slope for Immigrant Status primes.

Because immigrant images and citizen images were generated by separate image generators,

we did not fit a by-image random slope of Immigrant Status. Because of convergence issues,

we modified the random-effects structure of the trustworthiness SMT by eliminating the cor-

relation between the by-participant random slope of Immigrant Status and the by-participant

random intercept.

The immigrant image primes (M = 0.59, SE = 0.02) spontaneously elicited slightly weaker

competence impressions than did the citizen image primes (M = 0.60, SE = 0.02), B = -0.008,

SE = 0.004, t(92.15) = -2.15, p = .034. Similarly, the immigrant image primes (M = 0.50,

Fig 2. Depiction of the trial sequence in the stereotype misperception task.

https://doi.org/10.1371/journal.pone.0306872.g002
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SE = 0.02) also elicited slightly weaker trustworthiness impressions than did the citizen image

primes (M = 0.52, SE = 0.01), B = -0.009, SE = 0.004, t(123.80) = -2.23, p = .028.

Exploratory analyses. Next, we explored whether image generators’ explicit and implicit

evaluations of immigrants and nativity status predicted image raters’ impressions of their

immigrant images. We fit separate LMEMs for the competence and trustworthiness SMTs,

including spontaneous impressions of only the immigrant images. The models contained fixed

effects of image generators’ explicit evaluations of immigrants, implicit evaluations of immi-

grants, and nativity status (-1 = native-born, +1 = foreign-born). Again, because the dependent

variables were nested within both participants and images, the models included by-participant

and by-image random intercepts.

As shown in Table 4, image generators’ explicit evaluations of immigrants significantly pre-

dicted image raters’ spontaneous trustworthiness impressions: Image generators with warmer

feelings toward immigrants created more trustworthy-looking immigrant images than did

image generators with colder feelings towards immigrants. Image generators’ implicit immi-

grant evaluations and nativity status, by contrast, did not significantly predict image raters’

spontaneous trustworthiness impressions. There were no significant relationships between

image generators’ explicit immigrant evaluations, implicit immigrant evaluations, or nativity

status and image raters’ spontaneous competence impressions.

Discussion

These results complement those from the first image-assessment experiment by documenting

that evaluative biases in facial representations of immigrants and citizens extend to image rat-

ers’ spontaneously elicited impressions of these groups. The immigrant images evoked less

competence and less trustworthiness than did the citizen images. Granted, these differences

were small, but they were sufficiently apparent to alter image raters’ impressions even after

very brief exposures.

Also, as in the first image-assessment experiment, the image-generator characteristics that

we examined were not consistently associated with impressions of their immigrant images.

These null relationships comport with evidence from several studies that have failed to find

significant relationships between image generators’ attitudes and facial representations of

social groups [37–39].

General discussion

The current research used a reverse-correlation image-classification paradigm [26] to investi-

gate facial appearance representations of immigrants and citizens in the United States. We

examined (a) whether there were evaluative differences in representations of immigrants’ and

citizens’ faces, (b) the perceived race/ethnicity of those immigrant and citizen facial

Table 4. Image generators’ explicit immigrant evaluations, implicit immigrant evaluations, and nativity status predicting image raters’ spontaneous competence

and trustworthiness impressions of the immigrant images.

Rating Predictor B (SE) t df p
Competence Explicit <-0.001 (<0.001) -0.16 11806 .875

Implicit -0.004 (0.016) -0.25 11806 .800

Nativity -0.005 (0.006) -0.82 11806 .414

Trustworthiness Explicit 0.0005 (0.0002) 2.24 11200 .025

Implicit -0.004 (0.013) -0.33 11200 .743

Nativity -0.003 (0.005) -0.63 11200 .530

https://doi.org/10.1371/journal.pone.0306872.t004
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representations, and (c) the potential role of image generators’ implicit and explicit evaluations

of immigrants and nativity status in shaping their facial representations of immigrants.

Summary of findings

In two image-assessment experiments, image raters, who were unaware that the images

depicted immigrants and citizens, evaluated the immigrant images less favorably than the citi-

zen images. Specifically, image raters viewed the immigrant images as less competent and less

trustworthy than the citizen images, and this pattern of bias emerged on both direct (rating

scales) and indirect (sequential priming task) measures of competence and trustworthiness

impressions. These findings align with research on negative character representations of immi-

grant, including stereotypes linking immigrants with low competence and low warmth [8].

Importantly, we used a meaningfully different measure to capture appearance representations

of immigrants’ faces. In contrast to previous studies examining character representations (e.g.,

group stereotypes), participants in our image-generation experiment were not prompted to

evaluate the competence or warmth of immigrants, but only to classify images as looking like

immigrants (or like U.S. citizens). Yet, negative group stereotypes appear to have guided their

classification decisions, suggesting that perceivers may (unknowingly) incorporate these biases

into their facial representations.

The immigrant and citizen facial representations also offered insights into assumptions

about the racial/ethnic background of prototypical immigrants in the U.S. Image raters more

frequently categorized the immigrant images (vs. the citizen images) as a race/ethnicity other

than White—as Black, Latinx, or Native American. In contrast, they more frequently catego-

rized the citizen images (vs. the immigrant images) as White. These findings complement

prior work linking mental representations of being American and being White [44]. Similarly,

the current results mirror previous findings on the role of perceived acculturation on represen-

tations of immigrants’ faces [35]. In the absence of information about acculturation, image

generators constructed immigrant facial images that were frequently categorized as a race/eth-

nicity other than White. These results are informative regarding default racial/ethnic assump-

tions about immigrants in the U.S. Future research should examine the similarity between

generic immigrant images and images of more specific immigrant groups [66]; understanding

the similarities and differences between these conditions can more clearly illuminate default

assumptions about immigrants.

In addition, differences in the perceived race/ethnicity of immigrant and citizen facial rep-

resentations may have implications for research on American identity denial, the phenomenon

whereby Americans from some racial/ethnic groups (e.g., Asian and Latinx Americans) are

viewed as less American (or more foreign) than White Americans [67, 68]. It is noteworthy

that our image-generator sample included sizable numbers of Asian and Latinx participants,

constituting greater than 75% of the sample. Even in this diverse sample, however, citizens

were predominantly mentally represented as White. These results seemingly conflict with pre-

vious findings that people visually self-project themselves onto their visualizations of superor-

dinate group faces (U.S. citizens) [69]. To our knowledge, however, no research has explored

whether facial representations of social groups reflect cultural versus personal representations

of those groups. A fruitful avenue for future research could be to explore whether immigrant

facial representations differ when image generators are prompted to consider cultural mes-

sages (i.e., what U.S. society thinks immigrants look like) versus their own personal beliefs

(i.e., what they personally think immigrants look like) [70].

With few exceptions, the characteristics of the image generators (i.e., their implicit and

explicit evaluations of immigrants and their nativity status) did not reliably track with the
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perceived competence, trustworthiness, and race/ethnicity of their immigrant facial represen-

tations. The lack of a role of image generators’ implicit evaluations conflicts with some previ-

ous findings, including one study indicating that implicit evaluations of Moroccan and

Chinese people predict facial representations of those groups [28]. Notably, however, this

prior study used procedures to construct aggregated classification images of higher-prejudice

and lower-prejudice perceivers that may inflate differences between these two groups [53].

Should individual differences in implicit immigrant evaluations contribute to immigrant facial

representations, these contributions may be small, and thus our image-generation experiment

might have been underpowered to detect them. It is also possible that they are difficult to

observe in individual classification images in part because of the limited reliability of each

measurement procedure. A related possibility for the observed null relationships between

implicit evaluations and facial representations of immigrants is suggested by research docu-

menting low between-participant variability in performance-based tasks (e.g., Stroop task),

despite their ability to produce robust experimental effects [71]. Yet another possibility is poor

structural fit [72] between the measure of implicit evaluations (i.e., image generators’ immi-

grant—good/bad associations) and the measure of facial representations (i.e., image raters’

impressions of the competence/trustworthiness of the immigrant images).

Accordingly, future research that examines the potential role of implicit (or explicit) evalua-

tions in shaping facial representations might benefit from greater structural fit between mea-

sures, larger samples of image generators, multiple assessments of implicit evaluations and

facial representations [73, 74], an image-processing approach that protects against Type-1

error inflation and strikes a balance between reducing noise and maintaining some image-gen-

erator variability (i.e., subgroup images) [45, 53, 75], or other procedures that maximize true-

score variance and minimize error variance on these tasks. Such procedures could also be help-

ful for research aiming to predict downstream implications of biased facial representations

(e.g., support for different immigration policies).

Limitations and future research directions

We acknowledge several additional limitations of this work, each of which suggests potential

directions for future research. First, although our image-assessment experiments consistently

revealed differences in facial representations of immigrants and citizens, our conclusions rest

on a single image-generation experiment—a limitation that characterizes much reverse-corre-

lation research (but see refs. [33, 39, 76] for recent exceptions). Because the results of our

image-assessment experiments necessarily depend on the facial representations constructed in

the image-generation experiment, future research that replicates the image-generation experi-

ment with a new sample of participants could provide greater clarity on the robustness of our

results.

Second, consideration should be given to our sample of image generators, who were

recruited from a university participant pool in the Western U.S. and thus are not representa-

tive of the U.S. population. Unlike the general U.S. population, our image-generator sample

predominantly identified as Asian and women and were mostly young adults. Although we

did not assess participants’ political orientation, most students in this research population

identify as politically left of center. A different sample of participants might have generated

appreciably different facial representations of immigrants and citizen. For example, older par-

ticipants might bring to mind different facial features when imagining immigrants, based on

their age cohort’s experiences with an ever-changing immigrant population. Although most

immigrants currently living in the state where the research was conducted (i.e., California)

were born in Asia and Latin America [77], immigrant populations differ in other parts of the
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U.S. and elsewhere around the world. It is possible, for example, that American and European

participants mentally represent immigrants differently, given differences in the immigrant

populations in those world regions. Some people may also have more negative or positive

mental representations of immigrants based on their personal connection to immigration. Per-

haps people who strongly self-identify as immigrants would construct positive facial represen-

tations of this ingroup. Future research should explore these possibilities.

A related and equally important direction for future research is to explore whether image

generators with different racial/ethnic backgrounds construct meaningfully different facial

representations of immigrants versus citizens. Although our participant sample was more

racially/ethnically diverse than the modal convenience sample of university students, the

upshot of this sample diversity is that the absolute number of image generators of some races/

ethnicities (e.g., Latina/o/e/x, White, Black) was low, which precludes appropriately powered

analyses based on image generator race/ethnicity.

Third, our findings were surely constrained by our use of a White male base face. As noted

earlier, this base face has been used extensively in prior research examining facial representa-

tions of non-White racial/ethnic groups [28, 39]. Furthermore, its low-level properties were

carefully manipulated in prior work to match the low-level properties of the specific superim-

posed noise used in this procedure, which helps ensure higher quality classification images

[28]. Nevertheless, it is possible that using a base face that aggregates (e.g., via morphing) faces

of different apparent races/ethnicities [78] would have produced different results. Future

research should explore this possibility.

Fourth, an important procedural feature of reverse-correlation research is that participants

in the image-assessment phase are naïve about how the facial images were constructed during

the image-generation phase. That is, the image raters were unaware that the images they evalu-

ated comprised the image generators’ facial representations of immigrants and U.S. citizens.

Accordingly, it remains for future research to determine whether the image raters spontane-

ously encoded the faces in terms of these social categories, or if they would be able to classify

the images in terms of the image generators’ assigned experimental condition (i.e., immigrant

vs. citizen) with above-chance accuracy.

Finally, because our interest was in capturing facial representations of the generic category

“immigrants,” we focused on how immigrants are mentally represented in the absence of addi-

tional information (e.g., country of origin, documentation status). Indeed, it is possible that

providing such information about the immigrant group might alter the resulting facial repre-

sentations [66]. For example, documentation status might affect the positivity of immigrant

images, given that prejudice is generally stronger toward undocumented than documented

immigrants [79]. Similarly, insofar as some labels for describing immigrants (e.g., “illegal

alien”) may connote more negativity than other labels (e.g., “undocumented immigrant”), the

latent assumptions in these labels could lead to more negative (positive) immigrant facial rep-

resentations [80]. Future research that compares facial representations of differently labeled

immigrant groups (e.g., documented vs. undocumented) with those of a general, unlabeled

immigrant category could provide insights into the diversity of groups that come to mind

when imagining immigrants.

Conclusion

In sum, the current investigation examined facial representations of immigrants and citizens

in the United States, finding that these representations recapitulated anti-immigrant sentiment

and racial/ethnic assumptions about immigrants. In contrast to some past work, characteristics

of the image generators, including their implicit and explicit evaluations of immigrants and
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nativity status, did not consistently track with image raters’ impressions of the image genera-

tors’ immigrant facial representations. That is, image generators with relatively positive feel-

ings toward immigrants did not create meaningfully more positive-looking immigrant facial

representations. This work offers initial evidence that anti-immigrant sentiment may seep into

mental pictures of immigrants’ faces, even for people who otherwise espouse positive views of

immigrants. In doing so, our findings help build toward a broader understanding of the evalu-

ative biases commonly directed toward immigrants.
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47. Lundqvist D, Flykt A, Öhman A. Karolinska directed emotional faces. PsycTESTS Dataset. 1998; 91:

630.

48. Dotsch R, Todorov A. Reverse correlating social face perception. Soc Psychol Pers Sci. 2012; 3: 562–

71.

49. Karpinski A, Steinman RB. The Single Category Implicit Association Test as a measure of implicit social

cognition. J Pers Soc Psychol. 2006; 91: 16–32. https://doi.org/10.1037/0022-3514.91.1.16 PMID:

16834477

50. Gawronski B, Peters KR, Brochu PM, Strack F. Understanding the relations between different forms of

racial prejudice: A cognitive consistency perspective. Pers Soc Psychol Bull. 2008; 34: 648–65. https://

doi.org/10.1177/0146167207313729 PMID: 18299634

51. Todd AR, Bodenhausen GV, Richeson JA, Galinsky AD. Perspective taking combats automatic expres-

sions of racial bias. J Pers Soc Psychol. 2011; 100: 1027–42. https://doi.org/10.1037/a0022308 PMID:

21381852

52. Todd AR, Burgmer P. Perspective taking and automatic intergroup evaluation change: testing an asso-

ciative self-anchoring account. J Pers Soc Psychol. 2013; 104: 786–802. https://doi.org/10.1037/

a0031999 PMID: 23527849

53. Cone J, Brown-Iannuzzi JL, Lei R, Dotsch R. Type I error is inflated in the two-phase reverse correlation

procedure. Soc Psychol Pers Sci. 2021; 12: 760–8.

54. Westfall J, Kenny DA, Judd CM. Statistical power and optimal design in experiments in which samples

of participants respond to samples of stimuli. J Exp Psychol Gen. 2014; 143: 2020–45. https://doi.org/

10.1037/xge0000014 PMID: 25111580

55. Singmann H, Bolker B, Westfall J, Aust F, Ben-Shachar MS. (2020). afex: Analysis of Factorial Experi-

ments. 2020 (Version 0.28–1). https://CRAN.R-project.org/package=afex

56. Barr DJ, Levy R, Scheepers C, Tily HJ. Random effects structure for confirmatory hypothesis testing:

Keep it maximal. J Mem Lang. 2013; 68: 255–78. https://doi.org/10.1016/j.jml.2012.11.001 PMID:

24403724

57. Gomila R. Logistic or linear? Estimating causal effects of experimental treatments on binary outcomes

using regression analysis. J Exp Psychol Gen. 2021; 150: 700–709. https://doi.org/10.1037/

xge0000920 PMID: 32969684

58. Todorov A, Olivola CY, Dotsch R, Mende-Siedlecki P. Social attributions from faces: Determinants, con-

sequences, accuracy, and functional significance. Annu Rev Psychol. 2015; 66: 519–45. https://doi.org/

10.1146/annurev-psych-113011-143831 PMID: 25196277

PLOS ONE Immigrant and citizen facial representations

PLOS ONE | https://doi.org/10.1371/journal.pone.0306872 July 24, 2024 18 / 19

https://doi.org/10.3389/fpsyg.2013.00386
http://www.ncbi.nlm.nih.gov/pubmed/23825468
https://doi.org/10.1037/xge0000961
https://doi.org/10.1037/xge0000961
http://www.ncbi.nlm.nih.gov/pubmed/33119356
https://doi.org/10.1037/0022-3514.85.2.197
https://doi.org/10.1037/0022-3514.85.2.197
http://www.ncbi.nlm.nih.gov/pubmed/12916565
https://doi.org/10.1037/0022-3514.89.3.277
http://www.ncbi.nlm.nih.gov/pubmed/16248714
https://doi.org/10.1037/pspa0000268
http://www.ncbi.nlm.nih.gov/pubmed/34180688
https://doi.org/10.3758/s13428-019-01232-2
https://doi.org/10.3758/s13428-019-01232-2
http://www.ncbi.nlm.nih.gov/pubmed/30937848
https://doi.org/10.1037/0022-3514.88.3.447
https://doi.org/10.1037/0022-3514.88.3.447
http://www.ncbi.nlm.nih.gov/pubmed/15740439
http://ron.dotsch.org/rcicr
https://doi.org/10.1037/0022-3514.91.1.16
http://www.ncbi.nlm.nih.gov/pubmed/16834477
https://doi.org/10.1177/0146167207313729
https://doi.org/10.1177/0146167207313729
http://www.ncbi.nlm.nih.gov/pubmed/18299634
https://doi.org/10.1037/a0022308
http://www.ncbi.nlm.nih.gov/pubmed/21381852
https://doi.org/10.1037/a0031999
https://doi.org/10.1037/a0031999
http://www.ncbi.nlm.nih.gov/pubmed/23527849
https://doi.org/10.1037/xge0000014
https://doi.org/10.1037/xge0000014
http://www.ncbi.nlm.nih.gov/pubmed/25111580
https://CRAN.R-project.org/package=afex
https://doi.org/10.1016/j.jml.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24403724
https://doi.org/10.1037/xge0000920
https://doi.org/10.1037/xge0000920
http://www.ncbi.nlm.nih.gov/pubmed/32969684
https://doi.org/10.1146/annurev-psych-113011-143831
https://doi.org/10.1146/annurev-psych-113011-143831
http://www.ncbi.nlm.nih.gov/pubmed/25196277
https://doi.org/10.1371/journal.pone.0306872


59. Klapper A, Dotsch R, van Rooij I, Wigboldus DH. Do we spontaneously form stable trustworthiness

impressions from facial appearance? J Pers Soc Psychol. 2016; 111: 655–64. https://doi.org/10.1037/

pspa0000062 PMID: 27762574

60. Krieglmeyer R, Sherman JW. Disentangling stereotype activation and stereotype application in the ste-

reotype misperception task. J Pers Soc Psychol. 2012; 103: 205–24. https://doi.org/10.1037/a0028764

PMID: 22663350

61. Rees HR, Sherman JW, Klauer KC, Todd AR. On the use of gender categories and emotion categories

in threat-based person impressions. Eur J Soc Psychol. 2022; 52: 597–610.

62. Rees HR, Rivers AM, Sherman JW. Implementation intentions reduce implicit stereotype activation and

application. Pers Soc Psychol Bull. 2019; 45: 37–53. https://doi.org/10.1177/0146167218775695

PMID: 29855220

63. Rivers AM, Sherman JW, Rees HR, Reichardt R, Klauer KC. On the roles of stereotype activation and

application in diminishing implicit bias. Pers Soc Psychol Bull. 2020; 46: 349–64. https://doi.org/10.

1177/0146167219853842 PMID: 31200626

64. Oosterhof NN, Todorov A. The functional basis of face evaluation. Proc Natl Acad Sci USA. 2008; 105:

11087–92. https://doi.org/10.1073/pnas.0805664105 PMID: 18685089

65. Uleman JS. Spontaneous versus intentional inferences in impression formation. Dual-process theories

in social psychology. 1999:141–60.

66. Lee TL, Fiske ST. Not an outgroup, not yet an ingroup: Immigrants in the stereotype content model. Int

J Intercult Relat. 2006; 30: 751–68.

67. Cheryan S, Monin B. Where are you really from? Asian Americans and identity denial. J Pers Soc Psy-

chol. 2005; 89: 717–30. https://doi.org/10.1037/0022-3514.89.5.717 PMID: 16351364

68. Zou LX, Cheryan S. Two axes of subordination: A new model of racial position. J Pers Soc Psychol.

2017; 112: 696–717. https://doi.org/10.1037/pspa0000080 PMID: 28240941

69. Imhoff R, Dotsch R. Do we look like me or like us? Visual projection as self-or ingroup-projection. Soc

Cogn. 2013; 31: 806–16.

70. Krueger J. Personal beliefs and cultural stereotypes about racial characteristics. J Pers Soc Psychol.

1996; 71: 536–48.

71. Hedge C, Powell G, Sumner P. The reliability paradox: Why robust cognitive tasks do not produce reli-

able individual differences. Behav Res Methods. 2018; 50: 1166–86. https://doi.org/10.3758/s13428-

017-0935-1 PMID: 28726177

72. Payne BK, Burkley MA, Stokes MB. Why do implicit and explicit attitude tests diverge? The role of struc-

tural fit. J Pers Soc Psychol. 2008; 94: 16–31. https://doi.org/10.1037/0022-3514.94.1.16 PMID:

18179315

73. Carpenter TP, Goedderz A, Lai CK. Individual differences in implicit bias can be measured reliably by

administering the same Implicit Association Test multiple times. Pers Soc Psychol Bull. 2023; 49:

1363–78. https://doi.org/10.1177/01461672221099372 PMID: 35751174

74. Hannay JW, Payne BK. Effects of aggregation on implicit bias measurement. J Exp Soc Psychol. 2022;

101: 104331.

75. Klein SA, Hutchings RJ, Todd AR. Revising mental representations of faces based on new diagnostic

information. Cognition. 2021; 217: 104916. https://doi.org/10.1016/j.cognition.2021.104916 PMID:

34598051

76. George M, Guilfoyle JR, Steele JR, Struthers CW. A sorry excuse for an apology: Examining people’s

mental representations of an apologetic face. J Nonverbal Behav. 2023; 47: 57–81. https://doi.org/10.

1007/s10919-022-00422-5 PMID: 36619160

77. Johnson, H., Perez, C., & Meija, M. Immigrants in California. 2021. Public Policy Institute of California.

https://www.ppic.org/publication/immigrants-in-california/

78. Gallagher NM, Bodenhausen GV. Gender essentialism and the mental representation of transgender

women and men: A multimethod investigation of stereotype content. Cognition. 2021; 217: 104887.

https://doi.org/10.1016/j.cognition.2021.104887 PMID: 34537593

79. Murray KE, Marx DM. Attitudes toward unauthorized immigrants, authorized immigrants, and refugees.

Cult Divers Ethn Minor Psychol. 2013; 19: 332–41. https://doi.org/10.1037/a0030812 PMID: 23148903

80. Rucker JM, Murphy MC, Quintanilla VD. The immigrant labeling effect: The role of immigrant group

labels in prejudice against noncitizens. Group Process Intergr Relat. 2019; 22: 1139–60.

PLOS ONE Immigrant and citizen facial representations

PLOS ONE | https://doi.org/10.1371/journal.pone.0306872 July 24, 2024 19 / 19

https://doi.org/10.1037/pspa0000062
https://doi.org/10.1037/pspa0000062
http://www.ncbi.nlm.nih.gov/pubmed/27762574
https://doi.org/10.1037/a0028764
http://www.ncbi.nlm.nih.gov/pubmed/22663350
https://doi.org/10.1177/0146167218775695
http://www.ncbi.nlm.nih.gov/pubmed/29855220
https://doi.org/10.1177/0146167219853842
https://doi.org/10.1177/0146167219853842
http://www.ncbi.nlm.nih.gov/pubmed/31200626
https://doi.org/10.1073/pnas.0805664105
http://www.ncbi.nlm.nih.gov/pubmed/18685089
https://doi.org/10.1037/0022-3514.89.5.717
http://www.ncbi.nlm.nih.gov/pubmed/16351364
https://doi.org/10.1037/pspa0000080
http://www.ncbi.nlm.nih.gov/pubmed/28240941
https://doi.org/10.3758/s13428-017-0935-1
https://doi.org/10.3758/s13428-017-0935-1
http://www.ncbi.nlm.nih.gov/pubmed/28726177
https://doi.org/10.1037/0022-3514.94.1.16
http://www.ncbi.nlm.nih.gov/pubmed/18179315
https://doi.org/10.1177/01461672221099372
http://www.ncbi.nlm.nih.gov/pubmed/35751174
https://doi.org/10.1016/j.cognition.2021.104916
http://www.ncbi.nlm.nih.gov/pubmed/34598051
https://doi.org/10.1007/s10919-022-00422-5
https://doi.org/10.1007/s10919-022-00422-5
http://www.ncbi.nlm.nih.gov/pubmed/36619160
https://www.ppic.org/publication/immigrants-in-california/
https://doi.org/10.1016/j.cognition.2021.104887
http://www.ncbi.nlm.nih.gov/pubmed/34537593
https://doi.org/10.1037/a0030812
http://www.ncbi.nlm.nih.gov/pubmed/23148903
https://doi.org/10.1371/journal.pone.0306872



