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Abstract
This study investigates whether perceptions of others’ trustworthiness influence
the representation of that individual’s facial appearance and the underlying
mechanisms. Experiment 1 had participants form impressions of target indi-
viduals as trustworthy or untrustworthy. Subsequently, using the reverse cor-
relation image classification technique, participants’ mental representations of
the target individuals’ faces were visualized. Results revealed that regardless of
whether the target individuals were male or female, high-trustworthiness targets
were associated with facial representations possessing greater attractiveness and
positive traits. Experiment 2 visualized the features of facial representations of
trustworthy and untrustworthy groups from a new group of participants and
conducted similarity analyses with the features of target individuals’ facial rep-
resentations obtained in Experiment 1, finding that target individuals described
as trustworthy (or untrustworthy) exhibited greater similarity to the facial rep-
resentation features of trustworthy (or untrustworthy) groups, suggesting that
when people learn that others are trustworthy (or untrustworthy), they superim-
pose corresponding schematic features from their mind onto the physical facial
features of that person, thereby reshaping the facial representation. This study
demonstrates that top-down processing plays a crucial role in the formation of
facial representations.
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Abstract
This study investigated whether perceptions of others’ trustworthiness influence
mental representations of their facial appearance and the underlying mecha-
nisms. In Experiment 1, participants formed impressions of target individuals
as either trustworthy or untrustworthy. Reverse correlation image classification
was then used to visualize participants’ mental representations of the target
faces. Results showed that, regardless of target gender, trustworthy targets
were associated with more attractive and positively valenced facial representa-
tions. Experiment 2 visualized features of trustworthy and untrustworthy group
prototypes in a new sample and conducted similarity analyses with the repre-
sentations obtained in Experiment 1. We found that faces described as trust-
worthy (or untrustworthy) shared greater similarity with the trustworthy (or
untrustworthy) group prototypes, suggesting that when people learn someone
is trustworthy (or untrustworthy), they superimpose corresponding schematic
features onto that individual’s facial features, thereby reshaping the facial repre-
sentation. These findings demonstrate that top-down processing plays a crucial
role in the formation of face representations.

Keywords: interpersonal perception, reverse correlation image classification
technology, mental representation, attractiveness, trustworthiness

People frequently infer traits from facial appearance, such as judging others’
trustworthiness and competence, and make positive or negative social evalua-
tions accordingly [?, ?, ?, ?]. Research has shown that physically attractive indi-
viduals are perceived as possessing more desirable qualities, reflecting a “what
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is beautiful is good” stereotype [?]. Conversely, knowledge about a person’s
character can alter perceptions of their facial attractiveness [?, ?, ?, ?]. A clas-
sic example is “beauty is in the eye of the beholder,” where individuals tend to
evaluate liked faces more positively, perceiving honest people as more physically
attractive than dishonest ones [?].

However, whether trait perception influences mental representations of faces and
the underlying mechanisms remain unclear. Mental representation refers to the
internal reproduction of external objects in psychological activity, which both
reflects objective reality and serves as an object for further cognitive processing.
Because mental representations can become objects of cognitive processing, fa-
cial representations may change as attitudes toward a person evolve. According
to the “seeing is believing” notion, face representations reflect a bottom-up vi-
sual processing mode and should solely reflect physical facial features without
being influenced by top-down processes such as impression formation. Neverthe-
less, research indicates that mental representations of social groups are shaped
by top-down stereotypes [?, ?]. For example, highly prejudiced individuals rep-
resent Moroccan faces as more criminal and untrustworthy [?]. The present
study examines whether mental representations of individual faces differ when
people form different impressions. Previous work has shown that individuals
who represent African Americans with darker skin tones and more stereotypical
features allocate fewer resources to them [?], demonstrating that mental face
representations directly influence decision-making [?]. Investigating the forma-
tion of mental face representations is thus crucial for understanding cognitive
characteristics and behavioral patterns.

This study examined whether perceived trustworthiness affects mental represen-
tations of individual faces and the underlying mechanisms. Experiment 1 asked
whether the same face described as trustworthy would be represented as more at-
tractive than when described as untrustworthy. If differences emerged between
conditions despite participants viewing identical faces, this would demonstrate
that top-down trait perception influences mental face representations. We fo-
cused on the relationship between attractiveness and trustworthiness because
these dimensions are highly correlated [?, ?, ?] and constitute important com-
ponents of social perception and interaction.

Mental face representations are abstract and difficult to introspect or report
consciously. Reverse correlation image classification (RCIC) technology can vi-
sualize mental representation content and reveal internal representations and
decision strategies [?, ?]. This data-driven technique requires participants to
select, across many trials (typically $�$300), which of two noisy faces (created
by adding random visual noise to a base face) better represents a target in-
dividual or social group. By making these selections across numerous trials,
participants provide information about the image features associated with their
mental representations. The noise patterns from selected faces are averaged and
combined with the base face to produce classification images, which are consid-
ered internal mental representations because they reveal the stimulus features
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driving social judgments. In this study, mental face representations were oper-
ationalized as classification images obtained through RCIC. This technique has
been widely used in social perception research to investigate how members of
different social categories are mentally represented, including out-group mem-
bers [?, ?], romantic partners [?], political candidates [?], police officers [?],
and even self-faces [?, ?]. Using this technique, researchers have generated men-
tal representations of trustworthy and untrustworthy groups, with subsequent
participants rating the trustworthy group representation as more trustworthy
than the untrustworthy one [?]. Building on [?], the present study used RCIC
to examine how manipulating a target person’s trustworthiness during impres-
sion formation affects their mental face representation. We hypothesized that
trustworthy targets would be represented with more attractive faces.

Experiment 2 investigated the psychological mechanism underlying how per-
ceived trustworthiness influences mental face representations. We hypothesized
that when forming mental representations of faces, individuals integrate physical
facial features (bottom-up processing) with stereotypical features of the social
group to which the face belongs (top-down processing). Thus, when learning
someone is trustworthy, individuals may engage in secondary processing, at-
tributing features of their trustworthy group prototype to the target face. If
correct, trustworthy (or untrustworthy) target faces should share greater simi-
larity with trustworthy (or untrustworthy) group face prototypes. Experiment
2 used the standard RCIC procedure from [?] to obtain trustworthy and un-
trustworthy group face representations for similarity analysis with Experiment
1’s representations.

Experiment 1
Experiment 1 examined whether mental representations of female and male tar-
get faces were influenced by the target’s perceived trustworthiness. The experi-
ment comprised two phases. In Phase 1, participants completed an impression
formation task to establish trustworthy or untrustworthy impressions of target
persons. They then performed an RCIC task, recalling and selecting from pairs
of noisy faces the one that best resembled the target, generating classification
images (CIs) that visualized their mental representations. Phase 2 recruited a
separate group of participants to evaluate the traits of these classification im-
ages, focusing on whether faces described as trustworthy would be rated as more
attractive.

2.1.1 Participants

In Phase 1, 155 participants were randomly assigned to four groups (2 target face
genders: male and female × 2 trustworthiness levels: trustworthy and untrust-
worthy). The male trustworthy group had 40 participants (20 female; mean age
= 20.38 years, SD = 1.85); the male untrustworthy group had 40 participants
(20 female; mean age = 19.68 years, SD = 1.82); the female trustworthy group
had 37 participants (20 female; mean age = 19.86 years, SD = 1.60); and the
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female untrustworthy group had 38 participants (21 female; mean age = 20.42
years, SD = 1.95).

Phase 2 included two tasks with participants who had not completed Phase 1.
Task 1 involved 40 participants (20 female; mean age = 19.98 years, SD = 1.29)
who rated the attractiveness of the classification images from Phase 1. Task 2
replicated and extended Task 1 with 50 new participants (27 female; mean age
= 21.32 years, SD = 2.51) who rated multiple traits including attractiveness,
trustworthiness, intelligence, friendliness, positive expression, meanness, greed,
aggressiveness, and dominance.

All participants were university students with normal or corrected-to-normal
vision. The study was approved by the Ethics Committee of Zhejiang Normal
University. Participants provided written informed consent and received mone-
tary compensation.

2.1.2 Materials

Target faces. Forty participants (20 female) who did not participate in the
main experiments rated 80 face images on attractiveness (1 = not at all attrac-
tive, 9 = very attractive). From these, four faces with moderate attractiveness
were selected as target and distractor faces (one male and one female for each).
Mean attractiveness ratings were 5.03 for male targets, 5.18 for female targets,
5.13 for male distractors, and 4.90 for female distractors. One-sample t-tests
against the midpoint of 5 revealed no significant differences: t(39) = 0.11, p =
0.910; t(39) = 0.76, p = 0.455; t(39) = 0.47, p = 0.644; and t(39) = -0.41, p
= 0.682, respectively. Moderately attractive faces were selected to avoid ceiling
or floor effects.

Base faces. Target and same-gender distractor faces were morphed to create
faces containing 50% of each person’s physical features (one male and one female
base face), as shown in [Figure 1: see original paper].

[Figure 1: see original paper] illustrates the target face, distractor face, and base
face for female stimuli (top row). The bottom row shows base faces superim-
posed with positive or negative random visual noise.

RCIC task stimuli were generated by superimposing random visual noise on
base faces. Noise comprised 6 orientations (0°, 30°, 60°, 90°, 120°, and 150°) ×
5 spatial frequencies (1, 2, 4, 8, and 16 cycles/image) × 2 phases (0 and 𝜋/2)
× random amplitudes [?]. A total of 640 face stimulus pairs were generated,
with each pair containing opposite noise patterns [Figure 1: see original paper].
This 640-trial procedure far exceeded previous paradigms (e.g., [?]), and using
opposite noise patterns maximized visual contrast between stimuli, reducing
unnecessary trial counts [?]. Each image was 512 × 512 pixels.

Trustworthy target description: “Xiao Li, female (male), 20 years old,
university student. Her (his) roommate says she (he) is very trustworthy and
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always asks permission before borrowing things. Once, Xiao Li found a wallet
containing a large sum of cash and returned it to the owner.”

Untrustworthy target description: “Xiao Li, female (male), 20 years old,
university student. Her (his) roommate says she (he) is very untrustworthy and
never asks permission before borrowing things. Once, Xiao Li found a wallet
containing a large sum of cash and did not return it to the owner.”

2.1.3 Procedure and Data Processing

[Figure 2: see original paper] shows the experimental procedure for Experiment
1.

Phase 1: Obtaining classification images. Participants were instructed
to observe a male or female target face for three minutes while reading a brief
description. In the trustworthy condition, targets were described as trustwor-
thy; in the untrustworthy condition, they were described as untrustworthy (see
descriptions above). Participants were told to attend carefully to both face
and text, as subsequent tasks would involve related tests. After a two-minute
distractor task (counting backward from 999), participants rated the target’s
trustworthiness (1 = very untrustworthy, 9 = very trustworthy) to ensure the
manipulation was effective. To verify that the trust manipulation did not affect
unrelated traits, participants also rated the target’s activeness (1 = very inac-
tive, 9 = very active). Activeness served as a control variable and allowed us
to test for gender-specific effects: we expected males to be perceived as more
active than females.

Following another three-minute distractor task, participants completed the
RCIC phase to visualize their mental representations of the target face [?].
Each trial presented two noisy faces side-by-side (base face superimposed with
opposite noise patterns) [FIGURE:1 and FIGURE:2]. Participants selected the
face that best resembled the target seen during the impression formation phase.
There were 640 trials with randomly generated noise patterns for each trial.

The noise patterns from participants’ 640 selected images were averaged to ob-
tain each participant’s mean noise pattern. These were then averaged across
participants within each experimental condition and superimposed on the orig-
inal base faces, producing the classification images (mental representations) for
female and male target faces in trustworthy and untrustworthy conditions shown
in [Figure 3: see original paper].

[Figure 3: see original paper] shows classification images for female and male
target faces in trustworthy and untrustworthy conditions (averaged across all
participants).

To identify diagnostic regions used for face recognition, we conducted pixel
cluster tests on the noise patterns of these four classification images using the
stat4CI toolbox in Matlab [?]. Following [?], we first applied Gaussian smooth-
ing (SD = 4 pixels) to the noise pattern pixel values. Second, we performed
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Z-transformation on smoothed pixel values within face regions. Finally, two-
tailed cluster tests were conducted (Zcrit ≥ |2.3|, p < 0.05) to reveal significant
pixel regions.

Phase 2: Evaluating classification images. Task 1 examined whether in-
dividuals described as trustworthy would be associated with more attractive
face representations. This task included two trials (male and female stimuli,
presented in random order). Each trial presented same-gender classification im-
ages side-by-side: one from the trustworthy condition and one from the untrust-
worthy condition, with left-right position randomized. Participants selected the
more attractive face.

Task 2 replicated and extended Task 1 by having participants select not only the
more attractive face but also the more trustworthy, intelligent, friendly, positive,
mean, greedy, aggressive, and dominant face. In each trial, a face pair and
evaluation question (e.g., “Which face looks more trustworthy?”) were presented
simultaneously, and participants made their selection. This task comprised 18
trials (2 genders × 9 trait dimensions) with randomized trial order and face
positions.

2.2.1 Effectiveness of Trustworthiness Manipulation

Separate 2 (trustworthiness: trustworthy vs. untrustworthy) × 2 (target gender:
male vs. female) between-subjects ANOVAs were conducted on trustworthiness
and activeness ratings. For trustworthiness ratings, only the main effect of
trustworthiness was significant, F(1, 151) = 452.64, p < 0.001, �2 = 0.75, with
higher ratings in the trustworthy condition (M = 7.30, SD = 1.81) than the
untrustworthy condition (M = 1.82, SD = 1.34). For activeness ratings, only
the main effect of target gender was significant, F(1, 151) = 6.70, p = 0.011,
�2 = 0.042, with male targets (M = 4.25, SD = 1.63) rated as more active
than female targets (M = 3.60, SD = 1.46). The trustworthiness manipulation
affected trustworthiness ratings but not unrelated activeness ratings, confirming
its effectiveness.

2.2.2 Attractiveness Ratings

Classification images for trustworthy and untrustworthy conditions are shown in
[Figure 3: see original paper]. For both female and male faces, all participants
selected classification images from the trustworthy condition as more attractive.
Chi-square tests revealed X2(1) = 40, p < 0.001.

2.2.3 Multi-dimensional Trait Ratings

shows the number and proportion of raters selecting trustworthy-condition clas-
sification images for each trait (out of 50 participants) and chi-square test re-
sults. Separate chi-square tests for male and female faces revealed that more
raters selected trustworthy-condition faces for positive traits (attractiveness, in-
telligence, trustworthiness, positive expression, friendliness) and untrustworthy-
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condition faces for negative traits (meanness, greed, aggressiveness, dominance).
Further chi-square tests incorporating gender found no significant effects for any
trait (see final column of ), indicating that target gender did not influence rat-
ings.

TABLE:1 Raters selecting trustworthy-condition classification images for dif-
ferent traits: number (proportion) and chi-square test results (Experiment 1
and Experiment 2) with gender incorporated.

2.2.4 Diagnostic Regions for Face Recognition

Pixel cluster test results are shown in [Figure 4: see original paper]. Red and
green regions indicate significant diagnostic areas for face recognition, including
eyes, nose, mouth, and some hair, cheeks, and ears. Green clusters indicate that
smaller noise pixel values (making that region darker) increased selection as the
target face, whereas red clusters indicate that larger pixel values (making that
region brighter) increased selection.

[Figure 4: see original paper] Significant clusters revealed by pixel cluster tests.

Experiment 2
Experiment 2 examined whether facial representation features of individuals
described as trustworthy (or untrustworthy) in Experiment 1 would show greater
similarity to trustworthy (or untrustworthy) group prototypes. To generate
these group prototypes, Experiment 2 participants did not view individual face
photos or perform face recognition tasks; they simply selected trustworthy faces
from noisy stimuli.

3.1.1 Participants

Twenty university students (10 female; mean age = 19.95 years, SD = 1.10) with
normal or corrected-to-normal vision participated. The study was approved by
the Ethics Committee of Zhejiang Normal University. Participants provided
written informed consent and received monetary compensation.

3.1.2 Materials

RCIC task stimuli were identical to Experiment 1.

3.1.3 Procedure

Participants completed two RCIC tasks (male and female face tasks, order coun-
terbalanced) to obtain classification images for trustworthy and untrustworthy
group prototypes [?]. Unlike Experiment 1, no impression formation task was
performed. Participants simply selected, across 640 trials, the face that best
matched their mental representation of a trustworthy face. According to [?],
averaging noise patterns from selected images and superimposing them on base
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faces produced trustworthy group representations, while averaging noise from
unselected images produced untrustworthy group representations.

3.1.4 Data Processing

To examine similarity between facial representation features, we vectorized pixel
intensity values from noise patterns within face regions and computed Pearson
correlations [?]. We analyzed noise patterns rather than classification images
directly to avoid redundant correlations from identical base faces within each
gender. Since noise patterns alter base face appearance, they represent unique
features of each mental representation. Bootstrap methods were used to obtain
95% confidence intervals for correlation coefficients; intervals excluding zero
indicated significant correlations.

Two methods compared correlation differences. First, Zou’s (2007) method im-
plemented in R’s cocor package [?] computed confidence intervals for differences
between correlations; intervals excluding zero indicated significant differences.
Second, permutation tests compared real correlation differences against a null
distribution. To create this distribution, we randomly shuffled spatial positions
of noise pixel values (e.g., swapping values at positions 100 and 200) 1,000
times, computing correlation differences each time to generate the null distribu-
tion. The p-value was determined by the position of the real difference in this
distribution, with values in the bottom 2.5% or top 97.5% considered significant
for two-tailed tests. Our primary focus was whether trustworthy target faces
from Experiment 1 showed greater similarity to trustworthy group prototypes
than to untrustworthy prototypes, and whether untrustworthy targets showed
the opposite pattern.

To control for systematic bias from identical base faces, we computed partial
correlations controlling for vectorized base face pixel values, using permutation
tests to compare correlation differences.

Since vectorizing pixel values loses spatial information, we also computed struc-
tural similarity index measures (SSIM) between noise patterns using Matlab’s
ssim function [?]. Permutation tests assessed differences between SSIM values.

3.2 Results

[Figure 5: see original paper] shows classification images for trustworthy and
untrustworthy group faces.

TABLE:2 presents correlations between noise patterns of different classification
images and their 95% confidence intervals. Correlation difference tests revealed
that for both male and female faces, trustworthy target faces showed greater
similarity to trustworthy group prototypes than to untrustworthy prototypes.
For male faces, untrustworthy target faces also showed greater similarity to
untrustworthy than trustworthy prototypes. However, for female faces, untrust-
worthy target faces showed greater similarity to trustworthy than untrustworthy
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prototypes.

TABLE:3 shows partial correlation results controlling for base faces, which
were consistent with the above findings.

TABLE:4 presents SSIM values between noise patterns. Difference tests re-
vealed that for both genders, trustworthy target faces showed greater struc-
tural similarity to trustworthy than untrustworthy group prototypes. Addition-
ally, untrustworthy target faces showed greater similarity to untrustworthy than
trustworthy prototypes.

General Discussion
This study used RCIC to investigate how perceived trustworthiness influences
mental representations of individual faces and the underlying mechanisms. Ex-
periment 1 demonstrated that the same target face described as trustworthy
(versus untrustworthy) was represented as more attractive, suggesting that trait
inference affects not only self-reported attractiveness ratings but also percep-
tual processes involved in forming face representations. Previous research has
shown that group face representations (e.g., male groups) are influenced by both
bottom-up visual features (e.g., larger jaws) and top-down stereotypes (e.g., ag-
gressiveness) [?, ?, ?, ?]. Our findings align with this work, demonstrating that
“what we represent in our minds is not what we actually see” and that top-down
factors (e.g., knowledge of personality traits) can influence mental representa-
tions of others’ faces.

Experiment 1 further showed that trustworthy individuals were represented not
only as more attractive but also as possessing more other positive traits. Re-
search has confirmed close links between trustworthiness and attractiveness,
with trust judgments relying on facial attractiveness [?, ?, ?, ?]. Neuroimag-
ing studies indicate that trustworthiness and attractiveness judgments involve
similar brain regions and occur spontaneously [?, ?]. Our results are consis-
tent with these findings. Moreover, trustworthiness is a multidimensional con-
struct including honesty, reliability, and benevolence [?], and our study shows
that trust impressions also influence perceptions of other positive characteristics
(e.g., friendliness, intelligence).

Experiment 1 also identified diagnostic regions for face recognition, primarily
including eyes, nose, mouth, and some hair and facial contours (cheeks and ear
edges) [Figure 4: see original paper]. These results align with [?], despite their
focus on trustworthiness and dominance judgments, suggesting that people ex-
tract information from similar facial regions across different social judgments,
particularly relying on these key features. The identification of diagnostic re-
gions highlights the richness of information provided by RCIC technology.

Experiment 2 explored the mechanism underlying how perceived trustworthi-
ness influences mental face representations. We hypothesized that when forming
mental representations, individuals integrate social group stereotypes into target
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representations. Specifically, trustworthy (or untrustworthy) descriptions lead
individuals to categorize targets into trustworthy (or untrustworthy) groups,
then incorporate stereotypical facial features of those groups into the target’s
features, biasing representations of objective facial characteristics. Experiment
2 supported this hypothesis: SSIM analyses revealed that trustworthy (or un-
trustworthy) target faces shared greater similarity with corresponding group pro-
totypes for both genders. However, Pearson/partial correlation analyses showed
that for female faces, untrustworthy targets also resembled trustworthy proto-
types. This discrepancy may arise because vectorizing pixel values loses spatial
information, making it a suboptimal similarity measure. Additionally, people
may be reluctant to uglify others, as evidenced by weaker similarity between
untrustworthy targets and untrustworthy prototypes compared to trustworthy
targets and trustworthy prototypes. People also perceive females as more trust-
worthy than males [?, ?], potentially leading them to add more trustworthy
features even to untrustworthy female faces, which may explain the unstable
female results. Future research should explore these possibilities.

Future studies could investigate whether formed face representations influence
explicit behaviors. For example, do face representations formed during initial
face-to-face interactions affect subsequent non-face-to-face decisions in business
or political contexts? Additionally, research could examine whether mental face
representations can be reshaped, as many studies show memory can be recon-
structed [?, ?, ?], and mental face representations, as a form of memory, should
be similarly malleable. Future work could explore this reconstructive potential
and whether reshaping representations alters explicit behaviors or attitudes to-
ward targets. From a broader perspective, subsequent research could develop
effective interventions to reconstruct mental representations of other-race faces
and examine whether such reconstruction promotes positive interracial interac-
tions.

This study has limitations warranting further exploration. First, classification
images obtained through RCIC are only approximations of true mental repre-
sentations, as base faces and noise selection influence representation appearance
[?]. Different base faces would produce different classification images. However,
noise selection has minimal impact compared to base faces, and [?] found con-
sistent results using two sets of random noise (300 opposite-noise pairs each).
RCIC typically requires many trials (usually >300; our study used 640), which
reduces noise selection effects. Despite these confounds, RCIC research typically
focuses on relative differences between categories (e.g., whether one category’s
representation is more attractive than another’s) rather than absolute appear-
ance. Our study focused on differences between trustworthy/untrustworthy
conditions and similarities between individual and group representations. Al-
though same-gender base faces and noise patterns were identical, significant
differences emerged, indicating that mental representation changes primarily
stemmed from different trustworthiness descriptions. Nevertheless, isolating
confounding factors to obtain true mental representations remains an impor-
tant direction for future research. Second, this study investigated effects of
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trustworthiness descriptions on individual face representations but cannot test
all possible individuals, so whether our findings generalize beyond the two in-
dividuals used in Experiment 1 requires further validation. Our selection of
moderately attractive faces also raises questions about generalizability to faces
with high or low attractiveness.

In summary, this study is the first to demonstrate that perceived trustwor-
thiness influences mental representations of individual faces, with trustworthy
individuals being represented with more positive features. Thus, Cinderella can
become Snow White: even someone with average appearance will be perceived
as more attractive if they possess a good heart.
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