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Faces—the most common and complex stimuli in our daily lives—contain multidimensional information
used to infer social attributes that guide consequential behaviors, such as deciding who to trust.
Decades of research illustrates that perceptual information from faces is processed holistically. An open
question, however, is whether goals might impact this perceptual process, influencing the encoding and
representation of the complex social information embedded in faces. If an individual were able to factorize
information so that each dimension is separately represented, it might enable flexibility. Having a
goal, for example, might mean that only goal-relevant dimensions are leveraged to inform behavior.
Whether people are able to build such factorized representations remains unknown, largely due to natural
correlations between social attributes. We overcome these confounds using a new statistical face model
that orthogonalizes perceived facial attractiveness and trustworthiness. Across three experiments (N =
249), we observe that only in some contexts can humans successfully factorize multidimensional
social information. When there is a clear goal of assessing another’s trustworthiness, people successfully
decompose these social attributes. The more an individual factorizes, the more they entrust money to others
in a subsequent trust game. However, when the goal is to assess attractiveness, irrelevant information about
trustworthiness is so potent that it biases how attractive someone is perceived—a trustworthiness “halo
effect.” In contrast, in goal-agnostic environments, we do not find any evidence of factorization; instead,
people encode multidimensional social information in an entwined and holistic fashion that distorts their
perceptions of social attributes.

Public Significance Statement

Humans swiftly extract social information from faces. Despite decades of research suggesting that
people process faces in a holistic manner, it remains unknown whether humans can parsimoniously
extract only goal-relevant information to achieve a particular goal (e.g., asking people who look
trustworthy for directions while ignoring other social attributes). Leveraging a newly developed
statistical face model that disentangles the high correlation between attractiveness and trustworthiness,
we observe that when there is a clear goal, people only rely on goal-relevant information to make
decisions while ignoring goal-irrelevant information. However, this effect depends on the goal.
In some cases, perceptual information about another’s trustworthiness is so potent that it biases
people’s judgments about how attractive one appears, suggesting a trustworthiness “halo effect.” In
goal-agnostic environments, people are unable to ignore goal-irrelevant information and instead
encode social information in a holistic manner. These results reflect the flexible nature of social
perception.
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The world is full of information. Some of it can be used to
reduce the uncertainty permeating the environment. However, not
all available information is useful, relevant, or necessary when
pursuing a particular goal. Imagine, for example, you are lost at a
busy intersection in a new city. With just a glimpse of those passing
by, you can swiftly form an impression of each stranger’s age,
attractiveness, trustworthiness, and socioeconomic status (Asch,
1946; Bar et al., 2006). Faces are a rich source of information
spanning a multiplicity of dimensions (Jack & Schyns, 2017;
Todorov et al., 2015). Indeed, the information gleaned from faces
can be used to make rapid assessments about a person’s social
category, such as their gender or race (Cloutier et al., 2005; Quinn
& Macrae, 2005), political competence (Antonakis & Dalgas,
2009; Ballew & Todorov, 2007; Olivola & Todorov, 2010;
Todorov et al., 2005), trustworthiness (Rule et al., 2013; Todorov
etal., 2009; van ‘t Wout & Sanfey, 2008; Willis & Todorov, 2006),
or socioeconomic class (Bjornsdottir et al., 2024; Bjornsdottir &
Rule, 2020) in as little as half a second. If we consider our goal of
getting directions, only the information about trustworthiness is
relevant, while age, attractiveness, and socioeconomic status are
far less so. How one’s goals influence the encoding of information
is an open question—one that concerns attention, perception, and
memory researchers.

One possible way in which goals might shape how complex
social information is encoded is through decomposition (Hyvirinen
& Oja, 2000; Kingma & Welling, 2022; Wold et al., 1987). With
decomposition, social information is broken down into separate
dimensions (Bengio et al., 2014). Decomposed information can
be encoded in a factorized representation, where each dimension
is stored separately, or a filtering mechanism can gate out any
factorized information that is irrelevant to the goal. An alternative
possibility is that people encode multidimensional information to
form a gestalt representation (Koffka, 1922; Wagemans et al., 2012),
one that can be used to service multiple different goals as they
become pertinent over time. Here we investigate how goals shape
the encoding of social information for adaptive behavior.

Evidence from machine learning and artificial intelligence
favors the first account: social information from faces is read
out in a factorized manner (Lee & Seung, 1999; Liu et al., 2015;
Parkhi et al., 2015; Soulos & Isik, 2024; Turk & Pentland, 1991),
where social attributions (e.g., trustworthiness, attractiveness)
are combinations of decomposed facial features (i.e., eye size, skin
luminesce, etc.; Jaeger & Jones, 2022; Oosterhof & Todorov,
2008; Peterson et al., 2022; Vernon et al., 2014). This mapping
between social attributions and decomposed facial features allows
for maximal flexibility. Machines can simply extract any social
attribution or any decomposed facial features independently from
one another, disentangling the representation to improve learning
success (Bengio et al., 2014; Lake et al., 2017). Machines can
also independently tune any subset (or all) of the physical features
(i.e., nose size, skin luminesce, etc.) to manipulate a particular

social attribution—such as attractiveness. This is a technique often
adopted by social perception researchers, and is akin to tuning
neurons in the input layer in a two-layer network to generate
different outcomes in the output layer (He et al., 2019; Karras et
al., 2021; Kulkarni et al., 2015). While these data-driven methods
are fast and efficient in creating infinite faces with different social
attributions by adjusting any number of relevant physical features,
research on how humans encode social information from faces
illustrates a largely different process.

Instead, people seem to rapidly extract social attributions
from faces in a holistic, gestalt manner. Such holistic processing
manifests in two ways: First, faces are perceived as unified wholes,
and second, social attributions, which are read out from faces,
appear to influence one another, such that they are represented
in an intertwined manner. Composite-face paradigms (Young
etal., 1987), which serve as the bread-and-butter methodology for
interrogating face processing, demonstrate that people mainly rely
on holistic—rather than decomposed—processing to make social
impressions (Farah et al., 1998; Maurer et al., 2002; Todorov et al.,
2010). As just one example, when a top portion of an attractive
face is combined with a bottom portion of an unattractive face,
the attractive top portion of the composite-face is perceived as
less attractive, suggesting that faces are processed as a whole
(Abbas & Duchaine, 2008)—an effect that extends to trust
(Todorov et al., 2010), gender (Baudouin & Humphreys, 2006),
race (Michel et al., 2007), and emotional expressions (Calder et
al., 2000). Furthermore, inferred social attributions—for example,
trustworthiness and attractiveness—from faces are often corre-
lated with one another, further hinting that social dimensions are
processed in an entwined manner (Jones et al., 2021; Oosterhof &
Todorov, 2008). Additional evidence that social judgments are not
decomposed but rather processed in a gestalt manner comes from
the well-known “halo effect,” where a physically attractive face
is associated with other positive social features, such as greater
competence or intelligence (Dion et al., 1972; Eagly et al., 1991;
Langlois et al., 2000).

Despite decades of work illustrating that humans holistically
process multidimensional facial information, advances in artificial
intelligence tout factorization as a powerful mechanism that can
efficiently encode information for adaptive decisions (Bengio
et al., 2014; Chen et al., 2016; Higgins et al., 2017; Lake et al.,
2017). However, the natural confounds between attributes in
face perception (Jones et al., 2021; Oosterhof & Todorov,
2008), combined with a historical legacy favoring goal-invariant
paradigms, have left unanswered questions of whether people
are capable of factorizing multidimensional information from
faces in the service of a particular goal. Even though people
can extract a single social attribution when making decisions with
a fixed goal in mind (e.g., being asked to judge someone’s
competence; Antonakis & Dalgas, 2009; Todorov et al., 2005), if
other goal-irrelevant social attributions (e.g., attractiveness) are
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present alongside goal-relevant attributions (e.g., competence), it
is almost impossible to decipher whether the representation built for
pursuing a particular goal factorizes social information, or, whether
multiple pieces of information have been encoded into a holistic,
integrated representation. Evidence of factorization would require
that following encoding, subsequent decisions remain unaffected by
goal-irrelevant information. This parsimonious solution is akin to
encoding a stranger’s trustworthiness at the busy intersection when
asking for directions without entangling any other socially irrelevant
attributions (e.g., attractiveness, age).

There are of course times when there is no clear goal at hand.
How is multidimensional information encoded in the absence of
a goal? A solution is to encode all available information and
selectively invoke relevant dimensions once a decision needs to be
executed down the line. In these cases, an additional question arises
about the representations maintained in goal-agnostic environments.
Are these representations created from information that has been
factorized (in which case, information along some dimensions can
be recalled without interference from other dimensions), or, from
information integrated in such a way that the representation is truly
gestalt? As applied to our example above, when there is no goal, an
individual may extract multiple social attributions and then either
build a representation in which each dimension is separately stored,
or, where all dimensions are interwoven and entangled in a holistic
manner.

To test these open questions about how goals impact the
encoding and representation of multidimensional social informa-
tion, we leverage a working memory gating paradigm (Chatham
et al., 2014) that enables an assessment of whether social informa-
tion can be decomposed or factorized, and if so, whether any
information is subsequently filtered out in service of meeting the
current goal. We present people with unfamiliar faces in different
contexts, in some cases, particular goals are known to participants,
and in others, there is no obvious goal. We probe the nature of
each representation, hypothesizing that having a specific goal is
associated with decomposed, factorized representations while goal
agnostic environments obligatorily lead to integrating information
into a holistic representation. To test the behavioral relevance yoked
to each type of representation, we then asked participants to play
a trust game with these individuals (Berg et al., 1995), which
enabled us to interrogate how each representational format impacts
subsequent social choices.

Experiment 1: Orthogonalizing Social Information

Considering their ubiquitous impact on our daily social
decisions (Maestripieri et al., 2017; Todorov, 2008), we selected
the dimensions of attractiveness and trustworthiness as the two
social attributes to interrogate. To investigate the cases in which
people factorize versus maintain a gestalt representation, we
need a set of faces in which social attributions are completely
orthogonal. That is, only one social dimension should be relevant
to a particular goal, while providing zero information about
another goal. Given that attractiveness and trustworthiness are
typically highly correlated in real human faces (Jones et al., 2021;
Oh et al., 2023; Todorov, 2008), we first needed to create a face
set in which these two social dimensions were independent from
one another. We therefore built a statistical face model that
generated a stimulus set of 150 face images in which the perceived

attractiveness and trustworthiness of the faces are algorithmically
orthogonal. We then validated the orthogonality between attractive-
ness and trustworthiness in our stimulus set using participant
responses.

Method

A Statistical Face Model Orthogonalizing Attractiveness
and Trustworthiness

Our statistical face model is derivative of two existing data-
driven face models: an attractiveness and trustworthiness face
model (Todorov et al., 2013). These two models leverage stimuli
from FaceGen (Singular Inversions, Toronto, Canada). FaceGen
defines the state space of human faces, where each face is
represented as a vector with 100 parameters in 100 facial principal
components (PC; 50 shape PCs and 50 texture PCs). A change
along any principle component leads to a holistic change in
appearance, which is orthogonal to changes in other PCs (Blanz &
Vetter, 1999). In the attractiveness and trustworthiness models,
100 facial PCs are mapped onto the perceived attractiveness or
trustworthiness, based on human ratings. In other words, the
perceived attractiveness and trustworthiness of a face are modeled
as a weighted linear combination of the 100 facial PCs (Egs. 1
and 2). With these two models, we can freely manipulate the
perceived attractiveness and trustworthiness of a face by adjusting
any of the 100 facial PCs. However, due to the correlational
nature between attractiveness and trustworthiness from human
judgments, manipulating a face’s perceived attractiveness auto-
matically changes its perceived trustworthiness and vice versa. That
is, the 100 weights of facial PCs in the attractiveness model
are highly correlated with the 100 weights in the trustworthi-
ness model. Thus, to create a face model in which the perceived
attractiveness and trustworthiness can be manipulated indepen-
dently without affecting the other dimension, we applied the same
methodology described in Oh et al. (2019, 2023) to regress out
trustworthiness-related information from the attractiveness model
and attractiveness-related information from the trustworthiness
model.

100

Attractiveness = Z B X PC;, (1)
i=1
100

Trustworthiness = Z Br; X PC;, 2

i=1

We applied a linear regression that predicts the 100 weights
of facial PCs in the attractiveness model using the 100 weights in
the trustworthiness model (Eq. 3) and retained the residuals of
this linear regression as the new 100 weights of the facial PCs to
create an Attractiveness - Trustworthiness model (Eq. 5). In this
Attractiveness - Trustworthiness model, adjusting any facial PCs
would only lead to a change in the perceived attractiveness of a face
while holding its perceived trustworthiness constant. We applied the
same logic in reverse to create a Trustworthiness - Attractive-
ness model (Equations 4 and 6). This gives us a statistical face model
that allows us to manipulate either the perceived attractiveness
or trustworthiness of a face, without interference from the other
dimensions.
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Ba = kaor X Br + €417, 3)

Br = kroa X Ba + €114, “4)

100

Attractiveness - Trustworthiness = Z e,17; X PC,;, (&)
i=1
100

Trustworthiness - Attractiveness = Z er1y; X PC,. 6)

i=1

Final Face Stimulus Set

To create a face stimulus set, we first generated 25 seed faces
with different identities which were sufficiently distinguishable.
We then adjusted the 100 facial PCs of the 25 seed faces to project
them at 0 SD on the Attractiveness 1 Trustworthiness dimension,
rendering them all neutrally attractive. We then projected each of
the 25 neutrally attractive faces at —2.63, 0, and +2.63 SD on the
Trustworthiness L Attractiveness dimension to create a set of
untrustworthy, neutrally trustworthy, and trustworthy faces with
neutral levels of attractiveness for each identity. We did the same
thing for the other dimension, which together generated a set of
six faces with different levels of perceived attractiveness and
trustworthiness (Figure 1A), resulting in a final stimulus set of 150
face images.

To validate the face set, we recruited 115 participants
(38 participants reported their genders as female, 76 as male, and
1 as nonbinary; average age = 33.24 + 9.24) from Amazon
Mechnical Turk and asked them to rate the perceived attractiveness
and trustworthiness of each face randomly presented one after
another on two 9-point Likert scales (Figure 1B). The response time
of each face was unlimited. Each participant first rated all 150 face
images once. Then each participant rated a randomly selected subset
of 25 face images for a second time as an intra-rater reliability
measure. Fifteen participants were removed from the final analyses
because of their low intra-rater reliability (test-retest correlation
smaller than 0). One additional participant was excluded due to their
highly repetitive responses (more than 80% of their responses were
exactly the same and the default response). This yielded a final
sample size of 99 participants. The inclusion of these 16 participants
does not change the results.

Transparency and Openness

All experiments were approved by Brown University’s internal
review board, and informed consent was obtained by all participants
before engaging in any of the studies reported here. The experiments
reported in this article were not formally preregistered. The face
stimulus set and raw data for all experiments are available via the
Open Science Framework at https://osf.io/5Sawbs/.

Figure 1
Experiment 1: Design and Results
(A) (B) (@) Ver Varying Attractiveness
yg (holding Trustworthiness constant)
Seed Faces r o, Attricjzive? Trustworthy?
Make judgments with your “gut instinct”. k= n.s.
14 5 / rm_—m——r
C
s
£3
More

attractive

1
Not at all @ @ Q> Q @ Q>
Les: ore Les: ore

Model Attractiveness Model Attractiveness

A3
How attractive is this person?
T3 1 2 3 4 5 6 9 Ve Varying Trustworthiness
No,agﬁ 000O0@e00 C\?ery Wg (holding Attractiveness constant)

attractive

Less More o Attractive? Trustworthy?
trustworthy trustworthy How trustworthy is this person? £ 7 n.s. bl

©

12 3 456 789 €, S — /
O OO0 %O O OO0 G
Not at all Very £

Less trustworthy trustworthy E 3
attractive \ J

Note.

1
Not at all Q @ @; g @ @;
Les: ore Les: ore

Model Trustworthiness Model Trustworthiness

(A) A set of six faces generated from each of the 25 seed faces with a statistical face model orthogonalizing attractiveness and trustworthiness.

(B) Experimental display for the social attribution rating task. (C) Results of the face model estimation validation. The x-axis reflects the model’s attribute
(less [attractive/trustworthy] = —2.63 SD, neutral = 0 SD, more = 2.63 SD); the y-axis shows participants’ average ratings on attractiveness (red) and
trustworthiness (blue). Bars reflect average ratings across participants and faces. Curves reflect participants’ attribution rating predicted by model estimates.
A = attractive; T = trustworthy; n.s. = not significant. See the online article for the color version of this figure.

D < .001.
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Results

Interrater agreements in attractiveness and trustworthiness of
the model faces are both high with an interclass correlation
coefficient (ICC[2, k], i.e., absolute agreement across all raters;
Koo & Li, 2016) of 0.774 and 0.816 and a Cronbach’s a of 0.896
and 0.905, respectively. Participants rated faces that had higher
model estimates of attractiveness as more attractive (f = 0.16 +
0.03,r=6.05,p < 10_8), but not more trustworthy (p = —0.03 +
0.02, r = —1.92, p = .06). Faces with higher model estimates of
trustworthiness were rated as more trustworthy (p = 0.21 £ 0.03,
t=7.42, p < 107'2), but not more attractive (p = 0.02 = 0.02, r =
0.66, p = .51). In other words, our orthogonal model successfully
disentangled the notoriously high positive correlations between
perceived attractiveness and trustworthiness of faces (Jones et al.,
2021; Oh et al., 2023; Oosterhof & Todorov, 2008). We also
successfully orthogonalized attractiveness and trustworthiness in
an additional study (Experiment 1b) in which participants were
asked to make predictions about how attractive and trustworthy
they thought other people would find these faces. Results replicate
Experiment 1 (see Supplemental Material for more details).

Experiment 2: Do People Only Encode Relevant Social
Information Given a Specific Goal?

When working toward a specific goal, do people factorize and
parsimoniously encode only the relevant social information from
faces, while filtering out the irrelevant information? To answer this
question, we leveraged a working memory input gating paradigm
(Chatham et al., 2014), where participants were informed of a
specific goal on each trial before being presented with a picture of
aperson’s face. In some trials, participants were informed that they
would be making predictions about a person’s attractiveness;
while in other trials, they would make predictions about a person’s
trustworthiness. In addition, participants played a trust game with
these people, which allowed us to interrogate how decomposed
(or gestalt) representations influence social choices.

Method
Participants

A total of 84 in-lab participants (48 participants reported their
genders as female, and 36 as male; average age = 19.60 + 1.75) from
Brown University community were recruited and either compen-
sated for their time with a monetary reward or course credit. One
participant was removed from analyses due to their high timeout
rates, yielding a final sample size of 83. The inclusion of this
participant’s data does not change the findings.

Design

In the first task, we leveraged a working memory input gating
paradigm, where the goal is revealed to participants at the start of
the trial. Participants were told that people from a previous study
had rated a set of faces on two dimensions: attractiveness and
trustworthiness; and the job of the current participant was to predict
whether each face was either considered above- or below-average
attractiveness/trustworthiness by the previous participants. Validated
faces (N = 150) from Experiment 1 were used as stimuli. From this

initial validated set of faces, 15 sets of faces (each set comprised
of six faces) were selected to be presented to participants. Thus,
participants were presented with 90 faces over the course of the first
task. Each face was presented twice; the participant was asked to
judge attractiveness/trustworthiness on separate trials. On each trial,
participants were first presented with a cue denoting the goal of the
trial: to judge attractiveness, denoted by a heart icon, or, to judge
trustworthiness, denoted by a handshake icon. The use of simple
icons to represent the goals of trials matched with the original
working memory gating paradigm (Chatham et al., 2014). After the
cue, participants were then presented with a face for 1,000 ms.
Participants responded in a binary manner (yes = above average/no =
below average) by pressing one of two keys. The mapping between
the keys and the responses (yes/no) switched across trials to prevent
participants from performing habitual key-pressing behaviors.
No feedback was provided. Participants were instructed to respond
within 3 s. If participants did not make a response within 3 s, a
warning in red read “Respond Faster!” would pop up on the screen.
Between trials, there was a 1,500- to 2,000-ms trial interval. See
Figure 2A for an illustration of an experimental trial. Before the
formal experiment, participants completed five practice trials to
become familiar with the task, especially, the use of icon cues.

In the second task, participants played a trust game (Berg et al.,
1995) with the remaining validated faces (10 sets of 25 were
selected, for a total of 60 faces) that were not used in the first task.
Each face was presented once. On each trial, participants were
endowed with $10 and acted as the investor, deciding whether to
entrust their money with the other player (Figure 2B). Participants
were informed that any money invested would be multiplied four
times, and the other player could then either share the money back
with the participant (reciprocate) or keep the money for themselves
(defect). Participants made only one decision with each person and
to prevent learning biases over the task, participants never received
feedback regarding whether the other player reciprocated or
defected.

Results

If people are capable of decomposing information from faces and
representing it in a factorized manner, we should expect to see
participants’ performance predicted only by the relevant informa-
tion, while remaining unaffected by the irrelevant information.
For example, when participants are asked to make predictions about
a face’s attractiveness, they may encode information pertaining to
attractiveness and not trustworthiness, while exhibiting this pattern
in reverse when asked to make judgments about trustworthi-
ness. We leveraged mixed-effects logistic regressions (maximal
models without interaction terms between model estimates of face
attractiveness and trustworthiness) to test participants’ predictions
about each perceived social attribute, which revealed that when asked
to make predictions about the attractiveness of faces, participants
were able to extract the relevant attractive information (Bjyggea_a =
0.412 + 0.038, r = 10.788, p < 107%; Figure 3B); however, they
were incapable of filtering out trustworthy information, which
influenced their judgments along the attractiveness dimension
(Bjudgea_r = 0.157 £ 0.037, r =4.233,p < 10™*; Figure 3C). That
is, the more a face was judged to be trustworthy, the more it
was also perceived as attractive—despite the fact that these faces
had the same level of model estimated attractiveness. Prior work
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Figure 2
Experiment 2: Design

(A)

(B)

Investor Trustee

Al

No trust Partial trust Full trust

1K1K

.

Defect

Reciprocate

Mo e
Partial Full
reciprocation reciprocation

(R
Full Partial
defection  defection

Tor
Fixation I
1100ms+500ms’
Cue yes -
1000ms
Face yes =
1000ms

_ +
Until Repsonse
(max. 2000ms)

Time

il R i

Note. (A) Experimental procedure illustrating one trial in social attribute prediction task adopting the working
memory input gating paradigm in Experiment 2. Participants were given a clear goal of either judging the
attractiveness or trustworthiness before a face was presented to them. (B) The trust game. Participants were
endowed with $10 at the beginning of each round. Any money participants decided to entrust is multiplied four
times, and the trustee then can decide to return any portion of the money from full defection (0%) to full
reciprocation (50%). See the online article for the color version of this figure.

suggests that when attractiveness of a face is controlled for,
the more trustworthy it looks, the more positive emotion it shows
(Oh et al., 2023). Could this trustworthy halo effect be explained
by increasingly positive emotional expressions as trustworthiness
increases? To rule out this possibility, we extracted positive
emotional facial features, treated them as control variables, and
reran the analysis (see Supplemental Material for details). We find
no evidence that the trustworthy halo effect is explained by a
perception of positive emotion expressions from the model faces.
That is, the same outcomes are observed when controlling for
positive emotional features: When asked to predict attractiveness,
participants relied on attractive information (Bjyagea_a = 0.384 %
0.040, r = 9.593, p < 1072°; Supplemental Figure S4A) but failed
to filter out trustworthy information (Bjygea_r = 0.178 £0.043, 1=
4.132, p < 107%; Supplemental Figure S4B). Interestingly, such a
halo effect was only observed for information pertaining to
trustworthiness. When participants made predictions about the
trustworthiness of faces, they reliably extracted trustworthy
information from faces (Bjygger_r = 0.512 £ 0.051, 1 =9.995, p <
107%%; Figure 3E), while successfully decomposing and then
filtering out attractiveness information—thereby preventing
attractiveness information from affecting their judgments about
trustworthiness (Bjugger_a = 0.038 £ 0.035, 1 = 1.090, p = .276;
Figure 3D).

How did decomposition and filtering out irrelevant informa-
tion about a person’s attractiveness bias decisions to trust? We
leveraged mixed-effects linear regressions to test how much money
participants entrust to faces, given differing levels of attractiveness
and trustworthiness. First, participants only relied on trustworthi-
ness information to inform their decisions to trust (Boqerr = 0.456
0.045, r = 10.050, p < 1072%; Figure 4A blue line) while largely

filtering out information about attractiveness (Pogeia = 0.065 +
0.034, r = 1.910, p = .056; Figure 4A red line). We then probed
how much an individual was able to factorize social attributes
influenced their decisions to trust. We leveraged linear regressions
that included interaction terms between model estimates of face
attributes (attractiveness and trustworthiness), and the individual-
level beta values extracted from the previous logistic regression
(which represents the degree to which participants rely on relevant
facial information make social attribute judgments, e.g., trustworthi-
ness information for trustworthiness judgment). Results reveal that
the extent to which participants relied on trustworthiness informa-
tion to inform their decisions to trust was modulated by how
much they factorized trustworthiness information (B,ogeiT x Bragger_ 7 =
0.733 £ 0.115,t = 6.377, p < 1077; Figure 4B). In contrast, how
much participants relied on attractiveness information to judge a
person’s attractiveness in the memory gating paradigm did not
predict money trusted (Bnogert x Buggrn = -0.012 = 0.184, t =
—0.068, p = .946; Figure 4B).

In short, when given a specific goal, participants could only
sometimes filter out irrelevant information: Participants failed
to completely gate trustworthy information, which ultimately distorted
their judgments of a person’s attractiveness. However, they were
able to successfully prevent information about attractiveness from
influencing their judgments about another’s trustworthiness.
Similarly, participants were able to exclusively rely on trustworthy
information to guide their decisions to entrust money to others. The
degree to which they relied on this trustworthy information was
modulated by their ability to successfully factorize this information.
But what mechanism is driving this asymmetric halo effect?

One possibility is that trustworthiness is so potent that this
social information cannot be filtered out, even when an input gate is
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Figure 3
Experiment 2: Gating Task Results
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Note. (A) A toy illustration of how social dimensions become distorted when trustworthy information is not filtered. More

trustworthy faces are perceived to be more attractive, but this relationship was only observed in this direction and not in the
reverse. (B—E) Participants’ judgments on social dimensions predicted by relevant and irrelevant information. The x-axis
illustrates the model estimates of social attributes (attractiveness and trustworthiness) of the faces. The y-axis denotes the average
probability of participants judging the faces as above average attractiveness (red) and above average trustworthiness (blue).
n.s. = not significant. See the online article for the color version of this figure.

FEE <001,

applied; rather trustworthiness information is irresistibly encoded,
thereby affecting representations of other visual social attributes. In
contrast, other less potent social information, such as attractiveness,
can be effectively filtered out. If this is the case, it would suggest
that only some information can be filtered in service of a goal.

Figure 4
Experiment 2: Trust Game Results
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It is also possible, however, that no filtering mechanism was
applied at all, and that instead, information from both dimensions
was encoded, such that perceived trustworthiness distorted the
representation of perceived attractiveness. If this were the case, it
would suggest that only some attributes can be represented in a
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(A) Money entrusted as a function of the model estimated trustworthiness (blue) and attractiveness (red). The x-axis

reflects model estimates of each social attribute, while the y-axis is the average amount entrusted in the trust game. (B) Money
entrusted, which is predicted by the model estimated trustworthiness (Panel A), is modulated by the degree to which participants
relied on the relevant information (trustworthiness). n.s. = not significant. See the online article for the color version of this figure.

D < .001.
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factorized manner, while others cannot. To test these competing
hypotheses, we conducted a third experiment, leveraging an output
gating paradigm where the goal was not made clear to participants
until after social information was provided, essentially rendering
any filtering mechanism useless.

Experiment 3: Maintaining Factorized Representations
of Social Attributions

An output gating paradigm, where the information is provided
prior to a goal, helps to answer a more fundamental question
about representation. If multiple social dimensions are extracted
from faces and encoded without an input filter, do people represent
multidimensional information in a factorized manner? Evidence
of factorization would be to make judgments about the relevant
dimension without interference from the irrelevant dimension once
the goal becomes clear.

Method
Participants

A total of 50 in-lab participants from Brown University
community (31 participants reported their genders as female, and
19 as male; average age = 22.4 + 5.25) participated in Experiment 3.
Participants were compensated for their time with a monetary

Figure 5

reward. Three participants were removed from the analyses
due to their high timeout rates, yielding a final sample size of
47 participants. The inclusion of these three participants does not
change our findings.

Design

We used the same design as described in Experiment 2 with one
critical difference. Participants experienced two types of trials—
context-first and context-last trials—where they were informed
about their goal either before or after the face was presented,
respectively. Context-first trials adopted an input gating paradigm
(essentially, Experiment 2), while context-last trials adopted an
output gating paradigm, such that the display order of the visual
cue and the face was reversed (Figure 5A). Participants were first
presented with a face without knowing which dimension they
would be asked about. A heart or handshake icon was then briefly
presented, instructing whether participants should predict the
judgment on perceived attractiveness or perceived trustworthiness
of the face they just saw. Each face (N = 90, 15 sets of six faces),
derived from the validated model in Experiment 1 was presented
twice, once to make predictions on its perceived attractiveness
and once for perceived trustworthiness. In total, each participant
made 180 predictions, half of which were context-first and half of
which were context-last trials; all trials were randomly presented.
As in Experiment 2, participants completed a trust game with

Experiment 3: Working Memory Gating Paradigm Design and Results for Context-First Trials
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Note. (A) Experimental procedure for context-first and context-last trials in Experiment 3. During context-first trials,
participants were given a clear goal of either judging attractiveness or trustworthiness before a face was presented. In context-last
trials, participants were presented with a face without a clear goal. After the face disappeared, they were asked to judge its
attractiveness or trustworthiness. (B—E) Participants’ judgments on social dimensions predicted by relevant and irrelevant
information in the context-first trials. The x-axis reflects the model estimates of each social attribute (attractiveness and
trustworthiness). The y-axis denotes the average probability of judging the faces as above average attractiveness (red) or above
average trustworthiness (blue). n.s. = not significant. See the online article for the color version of this figure.
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the remaining, unpresented faces (N = 60, the other 10 sets of
six faces).

Results

Data from context-first trials replicated our findings from
Experiment 2: As before, participants judged faces with higher
model estimates of attractiveness as more attractive (Bjyagea_a =
0.538 + 0.049, r = 10.985, p < 1072%; Figure 5B), and faces with
higher model estimates of trustworthiness as more trustworthy
(Bjudger.r = 0.419 = 0.072, t = 5.797, p < 1078; Figure 5C).
Similarly, participants again failed to completely filter out
trustworthy information, which ultimately influenced their judg-
ments of other’s attractiveness (Bjyggea_r = 0.105 £ 0.040, ¢t =
2.630, p = .009; Figure SE)—again suggesting a trustworthiness
halo effect. Such a halo effect persists even when positive emotion
expressions are controlled for (Bj,ggea_1 = 0.194 £ 0.050, 1 = 3.856,
p < 107%; Supplemental Figure S4D). As before, participants were
able to effectively filter out attractive information, which enabled
their judgments of trustworthiness to remain unaffected by any
other information (Bjyger_a = 0.049 £ 0.046, t = 1.072, p = .284;
Figure 5D).

Given the natural mapping between context-first trials and
the known goal instructed in the trust game, we also anticipated
replicating the individual-level modulation effects we observed in
Experiment 2. Indeed, participants only relied on trustworthiness
information to inform their decisions to trust (Byeqer = 0.492 +
0.074, = 6.665, p < 107'°; Figure 6A blue line), while not relying
on attractiveness information (Bpegeia = —0.017 £ 0.056, ¢t =
—0.299, p = .765; Figure 6A red line). This effect was again
modulated by their ability to extract decomposed trustworthiness
information (BmodelTXBJudgeT,T =0.808 + 0.160, r = 5.039, p < 107%;
Figure 6B), which did not extend to attractiveness information
(BrnodelTx pryggen s = 0-250 = 0.296, 1 = 0.842, p = .405; Figure 6B).

Finally, we used mixed-effects logistic regressions to test
participants’ predictions about the attractiveness and trustworthi-
ness for both task-relevant and task-irrelevant information in
context-last trials. Results revealed that participants were incapable
of maintaining factorized representations of attractiveness or

Figure 6
Experiment 3: Trust Game Results
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trustworthiness, when there was no known goal. Essentially,
participants encoded both social dimensions, which affected their
judgments of both trustworthiness and attractiveness: Participants
judged faces with higher model estimates of attractiveness as
more attractive (Byqgea a = 0.282 = 0.043, 1 = 6.566, p < 107'°;
Figure 7B), and they also judged more trustworthy faces as
more attractive (Bjyggea_t = 0.249 £ 0.047, 1 = 5.296, p < 107°;
Figure 7C). Participants’ predictions about another’s trustworthi-
ness were similarly affected by both irrelevant information
(attractiveness: Pjygeer_ a = 0.239 £ 0.038, 1 = 6.237, p < 1077
Figure 7D) and task-relevant information (trustworthiness: Bjger_1 =
0.233 + 0.048, r = 4.809, p < 107>; Figure 7E)—illustrating an
entwined representation. When making trustworthiness judgments,
those who exhibited less interference from attractiveness informa-
tion (Figure 7D, participants with flatter slopes) were able to
more effectively use trustworthiness information to inform how
much money should be entrusted with other players in the trust game
(PmodelT s pygger_n = —1:481 = 0.601, t = =2.463, p = .019; linear
regression that includes two interaction terms for model estimates of
attractiveness/trustworthiness and the individual-level beta values
extracted from the output gating paradigm assessing social attribute
judgments).

General Discussion

An open question in face perception is how goals can bias the
encoding and representation of social information. By constructing
a statistical face model where perceived attractiveness and trust-
worthiness are truly orthogonal, we created a face set that could be
flexibly encoded and represented depending on the context.
Mirroring real-life settings where we sometimes have a clear goal,
while at other times the environment must be navigated without
a goal in mind, we found that people can successfully prevent
irrelevant information about a person’s attractiveness from affecting
their judgments of trustworthiness. Moreover, an individual’s ability
to factorize across these social dimensions predicted how much
money was entrusted to others in a subsequent trust game. That is,
deviating from prior work (Jones et al., 2021; Oh et al., 2023;
Oosterhof & Todorov, 2008; Stolier et al., 2018), we observed that
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Note. (A) Money entrusted is predicted by model estimated trustworthiness (blue) but not attractiveness (red). (B) This
relationship between money entrusted and model estimated trustworthiness is modulated by the degree to which participants were
able to rely on the relevant trustworthiness information. n.s. = not significant. See the online article for the color version of this

figure.
D < .001.
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Figure 7
Experiment 3: Working Memory Gating Paradigm for Context-Last Trials
(A) B) | ©),
More _g
attractive Bo075 0.75
/\ = Hkk *kk
1 ’, <
~ 05 0.5
=
’7 3
P ©0.25 0.25
4 <]
4 ‘) “ 0
4 263 0 263 2 0 263
il Model Attractiveness Model Trustworthiness
(®) (E)
Less - s More = 1 1
trustworthy 7 trustworthy £
P Sors 0.75
4 ‘.‘;; dkk dkk
2
= 05 0.5
’ 2
’ k/ E
Less § 0.25 0.25
attractive <
o 0 0
-2.63 0 2.63 -2.63 0 2.63

Note.

Model Attractiveness Model Trustworthiness

(A) A toy illustration of how social dimensions become distorted when both attractive and trustworthy information is

encoded in a holistic manner. More attractive faces are perceived to be more trustworthy, and more trustworthy faces are perceived
to be more attractive. (B—E) Participants’ judgments are predicted by relevant and irrelevant information. The x-axis illustrates the
model estimates of social attributes (attractiveness and trustworthiness) of the faces. The y-axis denotes the average probability of
participants judging the faces as above average attractiveness (red) or above average trustworthiness (blue). See the online article

for the color version of this figure.
D < .001.

multidimensional social information can—at times—be success-
fully decomposed and factorized, which has downstream effects on
choice. However, there are also times when information cannot be
successfully decomposed and factorized, such as when people
are unable to prevent irrelevant information about trustworthiness
from influencing their judgments about attractiveness. To better
understand this observed trustworthiness bias, we leveraged an
output gating paradigm where one does not know beforehand what
information might be important since there is no specific goal
to meet. In these goal-agnostic environments, people do not seem
capable of factorizing multidimensional social information. Instead,
they create a gestalt representation that blends perceived attractive-
ness and trustworthiness, and this holistic representation biases
subsequent social judgments.

While our findings illustrate that people are capable of extracting
only goal-relevant information when there is a goal in hand, the
exact perceptual or cognitive computations that afford such a
filtering process remain unknown. One possibility is that the
perceptual system adopts an attentional filter to only allow facial
features relevant to the goal to pass through and be further processed
(Broadbent, 1957; Treisman, 1969), blocking out all other irrelevant
information. If this is the case, the observed trustworthy halo effect
might reflect a failure in shutting down the “trustworthiness filter”
due to its privileged significance to social life (Balliet & Van Lange,
2013; Kramer, 1999; Rotter, 1971, 1980; Schilke et al., 2021).
Future research can delineate how specific filters used for different

social attributes are acquired and deployed by perceptual systems.
In a similar vein, more clarity is needed for characterizing how
deeply readouts of social attributes are intertwined in goal-agnostic
environment. One possibility is that the perceptual system adopts
multiple attentional filters, so that each social attribute is encoded
independently early on during perception, but once at the represen-
tation stage, these attributes become blended. In addition, the
degree to which the representation of one attribute leaks onto
another is likely affected by prior beliefs about how these attributes
relate to each other (Stolier et al., 2018). Such beliefs are shaped by
the natural statistics of personality structures in one’s surrounding
environment (Oh et al., 2022). Alternatively, it is possible that the
perceptual system never applies any attentional filter, when there is
no clear goal. Future work can help explore these possibilities
underlying the blended representation of social attributes.

The observation that humans can factorize multidimensional
social information suggests that people are attempting to simplify
the cognitive challenges associated with a high-dimensional problem
space, essentially doing a form of dimensionality reduction. Factori-
zation allows for the segmentation of highly complex data into
simpler, more manageable components. By extracting the essential
features, factorization reduces the overall complexity of the problem
to facilitate adaptive learning. For example, if you find yourself
rejected after a job interview, a factorized representation of the
interview process could help pinpoint the reason(s) behind the
failure, in order to aid future improvements (Gershman et al., 2015;
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Lamba et al., 2023). In other words, if people can factorize
multidimensional information, they can swiftly and efficiently use
essential information to behave more adaptively.

To date, understanding whether people can extract only goal-
relevant social attributes from faces has been almost impossible
given the experimental paradigms the field uses. The result is a
literature that assumes that social information is processed in a
holistic manner, where distinct social attributes are perceived as
closely intertwined (Jones et al., 2021; Oosterhof & Todorov, 2008).
Indeed, much research has compiled detailed evidence of how
irrelevant social information can bias our judgments, such as how a
suspect’s attractiveness can lessen the length of a prison sentence
(Sigall & Ostrove, 1975; Stewart, 1985). The problem is that once
a goal is introduced, there is no way to disentangle the contributions
of highly correlated information. One simple solution is to vary
the goal state and use a statistical model that orthogonalizes any
highly correlated social attributes, such as attractiveness and trust-
worthiness. Our newly developed face model ensures that social
information in one dimension provides zero information along
the other dimension. With such methodology in hand, any two
social dimensions can be tested against one another to decipher the
degree to which different types of information are factorized, or,
alternatively, processed in a more gestalt manner. This could include
clarifying, for example, whether well-known effects in the literature,
such as perceived competence predicting electoral success (Antonakis
& Dalgas, 2009; Ballew & Todorov, 2007; Todorov et al., 2005) is
due to a direct effect, or instead is because competence is actually
biasing perceptions of attractiveness, which indirectly predicts
electoral success (a mediating effect; Verhulst et al., 2010).

Our results also demonstrate a strong bias for encoding
trustworthiness information; people are unable to filter out trust-
worthiness information, even when it is irrelevant, which
essentially impacts the potency of how other social attributes
become represented. That we only observed this along the
trustworthiness dimension—but not attractiveness dimension—
suggests that trustworthiness should be considered as a privileged
social dimension. Such an asymmetrical halo effect might reflect a
motivation for prioritizing accurate trustworthiness judgments:
Mistrusting an untrustworthy person is far more consequential
than misperceiving the physical attractiveness of another person
(FeldmanHall et al., 2018). This idea aligns with prior work
demonstrating that trustworthiness holds a significant influence in
social life (Balliet & Van Lange, 2013; Kramer, 1999; Rotter,
1971, 1980; Schilke et al., 2021) and is often automatically and
rapidly processed (Adolphs et al., 1998; Engell et al., 2007;
Klapper et al., 2016; Todorov et al., 2008, 2009; Uddenberg et al.,
2023; Winston et al., 2002), but it also calls into question other
well-known facial processing effects, primarily the long-standing
attractiveness “halo effect” (Dion et al., 1972; Eagly et al., 1991;
Langlois et al., 2000; van Leeuwen & Neil Macrae, 2004). Given
that attractiveness and trustworthiness are typically (if not always)
correlated in both natural and artificially generated faces, our
results suggest that information about trustworthiness may be the
more potent dimension, the one that robustly influences other
social attributes (Thorndike, 1920). Indeed, even though we selected
what we assumed to be the two most important types of social
information, attractiveness and trustworthiness, only attractiveness
could be filtered out. Future work can help investigate whether
trustworthiness is the only social attribute that is privileged during

facial processing, or whether there are other potent social dimensions
that function in a similar way.

Depending on the context, people either factorize and filter out
irrelevant information or maintain a holistic representation, suggesting
a precision—generalization trade-off (Geman et al., 1992). While
factorization is premised upon precise encoding of component
information, especially when it is relevant to a goal, it also comes at
the expense of being able to generalize (FeldmanHall et al., 2018).
When there is no clear goal at hand, people seem to maintain a more
holistic representation of the available information, since it is not
clear which information is relevant for solving future problems.
While at first blush such a gestalt representation might seem
less advantageous, this format of representation may actually be
quite adaptive. Given the vast array of information provided by
faces and the limited capacity of human working memory (Cowan,
2012), attempting to factorize and separately represent every piece of
information likely requires significant cognitive resources. A holistic
or blended representation may be a more resource-efficient strategy
that compresses large amounts of information in goal-agnostic
environments—situations that are part and parcel of our everyday life
(Brady et al., 2009; Franklin & Frank, 2018; Gobet et al., 2001;
Nassar et al., 2018; Vives et al., 2023).

In real-world scenarios, the mapping between goals and relevant
social cues is rarely straightforward, and instead often involves a
complex array of information that relates to a hierarchical objective
(FeldmanHall & Nassar, 2021; FeldmanHall & Shenhav, 2019).
This complexity may necessitate a gestalt approach to information
representation. Consider the example we began with, the foreign
intersection where we ask for directions. We are effectively looking
for someone who not only appears warm and trustworthy but also
seems like a local with knowledge about the nearby environment.
If we were to factorize and separately represent all the social
information from each stranger’s face, we would need to individually
extract each dimension for every face in view, according to each
singular goal, and only then perform online computations to integrate
these dimensions to decide whether to approach a specific stranger.
Such a process would be significantly computationally costly.
In contrast, a gestalt representation enables semireliable decisions
with high efficacy. Therefore, a gestalt representation of social
attributes might indeed reflect the adaptive nature of social cognition
(Hackel et al., 2024).

These studies took an initial step toward uncovering a flexible
encoding mechanism when faced with multidimensional social
information. Although our study reveals that people flexibly adjust
how they extract social attributes from faces and form representa-
tions to fulfill goals, there are unanswered questions. For example,
what are the computations humans use to compress multidimen-
sional social information into holistic representation? How do
subgoals in a hierarchical social task influence the balance between
factorization and gestalt encoding to form a representation with the
largest utility that can serve the ultimate goal? Future work can help
deepen our understanding of how, and when, factorization might be
leveraged in the service of adaptive social behavior.

Constraints on Generality

The first experiment in this set of studies interrogated social
evaluations from an online work platform (Amazon Mechnical Turk)
using a computer-generated face stimulus set. We constrained this
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online sample to fluent English speakers in the United States.
Although social evaluations about faces generalize across cultures
and regions (Cunningham et al., 1995; Jones et al., 2021), a direct
test on a more inclusive population would be necessary to validate
how well our statistical face model captures face evaluations
writ large. Experiments 2 and 3 took place within the laboratory,
and thus we mostly recruited from the general Brown University
community. Considering that the variability in personality structure
of people living in a region is predictive of the variability in the
structure of face impressions (Oh et al., 2022), it remains an open
question whether our findings generalize beyond Western cultures.
Finally, in order to maintain rigorous experimental control, our
findings are based on artificial faces generated with FaceGen. Despite
reasonable ecological validity of these faces and their widespread
use in face perception studies over decades, future research would
benefit from using more naturalistic faces (e.g., hyperrealistic faces
generated with generative adversarial networks) to investigate the
open questions mentioned above.
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