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OPEN A database of heterogeneous

faces for studying naturalistic
expressions

Hougqiu Long'?, Natalie Peluso®3, Chris I. Baker?, Shruti Japee?> & Jessica Taubert23*

Facial expressions are thought to be complex visual signals, critical for communication between social
agents. Most prior work aimed at understanding how facial expressions are recognized has relied

on stimulus databases featuring posed facial expressions, designed to represent putative emotional
categories (such as *happy’ and ‘angry’). Here we use an alternative selection strategy to develop

the Wild Faces Database (WFD); a set of one thousand images capturing a diverse range of ambient
facial behaviors from outside of the laboratory. We characterized the perceived emotional content

in these images using a standard categorization task in which participants were asked to classify

the apparent facial expression in each image. In addition, participants were asked to indicate the
intensity and genuineness of each expression. While modal scores indicate that the WFD captures a
range of different emotional expressions, in comparing the WFD to images taken from other, more
conventional databases, we found that participants responded more variably and less specifically

to the wild-type faces, perhaps indicating that natural expressions are more multiplexed than a
categorical model would predict. We argue that this variability can be employed to explore latent
dimensions in our mental representation of facial expressions. Further, images in the WFD were rated
as less intense and more genuine than images taken from other databases, suggesting a greater
degree of authenticity among WFD images. The strong positive correlation between intensity and
genuineness scores demonstrating that even the high arousal states captured in the WFD were
perceived as authentic. Collectively, these findings highlight the potential utility of the WFD as a

new resource for bridging the gap between the laboratory and real world in studies of expression
recognition.

Humans are deeply social beings. We thrive on sharing our needs, wants, and feelings with those around us,
in part through our facial expressions. Expression recognition has attracted the attention of researchers in
multiple fields because impairments in this ability are associated with major neuropsychological conditions
including autism'?, bipolar disorder?, schizophrenia®, and cognitive decline®. Further, with the rise of video calls,
online learning, remote work, artificial intelligence, and virtual reality, it has become increasingly important
to understand how we recognise expressions in digital social agents and in online tasks®’. However, despite its
importance, our understanding of expression recognition is constrained by the kinds of staged, artificial stimuli
researchers have selected for use in previous experimental tasks. Here we develop an alternative method for
stimulus selection, producing a database of ambient facial expressions that reflect the diverse conditions under
which we naturally see faces.

Our current understanding of how we perceive and recognize facial expressions has relied heavily on the use
of posed facial expressions, taken in sterile laboratory conditions, because researchers have prioritized the control
of other facial properties and low-level visual attributes®'2. For example, researchers have used photographs of
actors asked to convey different facial expressions because this allowed them to control other image properties
such as facial identity, gaze direction, viewing angle, lighting conditions and the presence of background cues'°.
This method of stimulus creation and selection has allowed researchers to develop experimental tasks to tap into
expression recognition, while minimising interference from other image properties, context or familiarity with
individual actors. However, the validity of this approach depends on a longstanding theory that there are “basic”
facial expressions that are important visual signals linked to putative emotions and internal states with biologi-

cal and evolutionary origins'®!’; a theory that is being challenged'®-?2. The central debate is focused on whether
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there is a set of universally recognized facial expressions that occur spontaneously outside of the laboratory*-2.

Consequently, it is possible that face stimuli created to represent semantic emotional categories such as “happy”,
“angry” and “fearful” might underestimate or poorly characterize the psychometric space that underlies our
capacity for expression recognition in everyday life.

There is also emerging evidence that humans are aware of the artificial nature of posed facial expressions®
and that this awareness might alter behavioral responses to those expressions?® and the associated patterns of
brain activity?. Therefore, to advance our understanding of expression recognition we must make a genuine
effort to increase ecological validity and use more naturalistic facial expressions in experiments. Previous reports
of such efforts to gather naturalistic stimuli include databases such as the Aff-Wild2*® which is a large database
of dynamic faces classified on the basis of muscle movements. In contrast, our goal was to provide a database of
one thousand static images depicting ambient facial behaviors and employ a data-driven approach to describe
the emotional content. This database is hereafter referred to as the Wild Faces Database or the WFD.

This project proceeded in two stages. First, we conducted a large-scale web-based search for images and videos
of faces. This involved multiple researchers starting with a set of search terms to guide the collection of images
and videos with appropriate usage rights from online platforms. Several exclusion criteria were employed to
remove famous identities and poor-quality images from the WFD (see “Materials and methods” for more details).
Thus, the WFD contains 840 human faces (415 feminine in appearance) representing a wide range of ages, races,
and ethnicities, as well as 101 animal faces and 59 illusory faces in objects. Illusory faces were included because
the perception of faces in non-face objects—a phenomenon known as face pareidolia—is thought to emerge
from our motivation for social connectivity*'~*°. As such, images inducing pareidolia may provide an entry
point for research exploring shared mechanisms between real faces and objects that simply look face-like®”¢,
and for exploring bias towards other attributes like perceived gender in expression perception®. The inclusion
of animal expressions (the majority being non-human primates) might also prove vital when considering the
developmental origins of facial signals in terms of both production and recognition®-2.

In the second stage of this project, we used a data-driven approach to characterize the perceived emotional
content of the WFD images. To evaluate the utility of the selection method, we also compared the WED images
to (1) one thousand images taken from existing and conventional facial expression databases, and (2) one thou-
sand images taken from the 10 k Adult Faces Database*. In addition to categorizing the facial expression in each
image, participants were asked to rate the intensity and genuineness of the expression. The results revealed that
images in the WFD elicited more variable and less specific responses from participants in terms of emotional
categorization, compared to images taken from other databases. This increased variability in the response profile
of WFD images might help contextualize more fine-grained, socio-emotional content present in facial behaviors
in everyday life. WFD images were also rated as less intense and more genuine than images taken from other
databases. In sum, the Wild Faces Database is a large, diverse, and contextually rich resource made publicly
available via the Open Science Framework (https://osf.io/6p4r7/).

Results

To create the WFD, we performed an ‘intelligent scrape’ of the public domain for one thousand images of natural-
istic facial behaviors (see Fig. 1A). Specifically, three authors (H.L., N.P, and ].T.), working initially independently
and then collectively, used a large variety of emotional search terms (such as “best day ever” and “outburst”; see
Table 1 for a catalogue of these terms) to identify candidate images. These search terms were inspired by the
basic facial expressions, to try and capture a wide range of emotions, but these terms did not equally contribute
to the database and often the authors had to follow sub-threads or use combinations of terms to find candidate
images. Importantly, even though we documented this process, at no point were the search terms considered to
be a ground truth nor do we believe these search terms should be used as the “correct” labels.

Next images were cross-checked for visual quality and permission for reuse with modification. This selection
method resulted in a highly heterogeneous collection of visual stimuli, depicting a wide range of people, animals
and objects in naturalistic contexts and photographed or filmed using different cameras and equipment (see
Fig. 1B for illustrative examples). Having collected these images, we focused on two key empirical questions: (1)
does this selection method yield images representing a range of different recognizable facial expressions? And
(2) how does this stimulus selection method compare to other selection methods?

To address these questions, we compared the thousand images in the WFD to one thousand images taken
from existing databases of facial expressions (referred to as the ‘Existing Database’ or ED faces), and another
thousand images selected at random from the 10 k US Adult Faces Database*® (referred to as the ‘Unbiased
Selection’ or US faces). For more detailed information about stimulus sources see “Materials and methods”. The
purpose of this comparison was to evaluate the utility of the WFD against two common practices in studies of
expression recognition. For example, researchers often download and use highly controlled stimuli from existing
databases, an approach represented by the ED faces in this experiment. In contrast, an equally valid but oppos-
ing approach is to program a machine to scrape images from the public domain without imposing any further
selection criteria. This approach is represented by the US faces in this experiment, which were selected to reflect
different identities, not expressions. While both approaches have their distinct advantages, our expectation is that
the WED faces will provide researchers with a complementary “middle ground”, with more ecological validity
than the ED faces and a more diverse range of recognizable emotional content than the US faces.

Emotion categorization. Each of the 3000 images (1000 images each from WED, ED and US faces) was
categorized by 18-22 participants (for details of the experimental procedure see Fig. 1C). We calculated the
modal score for the perceived emotional expression of each image. For the WFD faces (anger: 7.8%, disgust:
10%, fear: 3.8%, happiness: 24.5%; neutral: 15.4%, sadness: 11.2%, surprise: 18.2%, other: 4.2%, unknown: 4.9%,
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Figure 1. (A) Schematic showing the procedure used to identify and select the WFD faces. (B) Illustrative
examples of the diverse images included in the WFD. (C) The trial procedure for the behavioral ratings
experiment. On each trial, participants were shown an image for 500 ms followed by a prompt to categorize the
emotion displayed in the image using one of nine options. This was followed by prompts to obtain intensity and
genuineness ratings using a 9-point scale. Each participant completed 50 WEFD trials, 50 ED trials and 50 US
trials per block (each participant viewed 1-3 unique blocks).

1 Angry Scare Disgust Sad Happy Surprise
2 Angry reaction Scared reaction Disgusting reaction | Sad reaction Happy reaction | Surprised reaction
3 Never felt so angry | Don't fear challenge | Disgusted food Crying Best day ever Shock reaction
4 So furious Scare challenge Food tasting Crying reaction Laugh Shocking faces
reaction
5 Mad Fear reaction So revolting Made me cry Laugh challenge Shocl_(ing Asian
reactions
6 I get so angry when | Fear face gf:ﬁ:g;k away Upset Happy couple So surprised
7 Hate it Scariest moments Gross food Loss Happiest day Cheating caught
8 Losing my temper | Horror film Food challenge Depression Wedding Cheating reaction
9 Outburst Shooting Food tasting Crying reaction Propose Couldn't believe it
10 Losing their cool Ghost videos Worst smells Don't cry challenge | Funny videos g:fnt expecting
Table 1. Examples of WFD stimuli search terms.
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Fig. 2A) and the ED faces (anger: 13.1%, disgust: 15%, fear: 7.4%, happiness: 15.3%, neutral: 18.2%, sadness:
13%, surprise: 17.1%, other: 0.7%, unknown: 0.2%; Fig. 2B) a broad range of emotions were perceived across
the different images. In contrast, the distribution of modal responses for the US faces was more restricted and
biased towards neutral and happy expressions (anger: 0.3%, disgust: 0.2%, fear: 0%, happiness: 64%, neutral:
33.2%, sadness: 0.8%, surprise: 0.4%, other: 1.1%, unknown: 0%; Fig. 2C). This is consistent with the notion
that unbiased sampling of the internet might oversample a narrow range of emotional content because people
will be motivated to upload more attractive and approachable impressions of themselves (i.e., photographs of
themselves looking happy or emotionally neutral rather than aggressive or fearful) into the public sphere®*~.
We also examined the spread in responses across participants by calculating the number of perceived emo-
tional expressions used to categorize each image. Thus, if an image had a categorical spread score of 1, it meant
that all the participants used the same option to categorize the image. Alternatively, if an image had a categori-
cal spread score of 9, it meant that participants used all nine options to categorize the image. We found that
the distribution of categorical spread scores for the WFD faces (median =5, range=1-9; Fig. 2A) was different
from the distribution of spread scores for the ED faces (median =4, range=1-9, Fig. 2B; Mann-Whitney U test,
Z=-10.38, p<0.001, two-tailed) and the US faces (median =3, range =1-8, Fig. 2C; Mann-Whitney U test,
Z=-18.24, p<0.001, two-tailed). In addition, to summarize and compare the specificity of responses across
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Figure 2. Results of the emotion categorization task. The distribution of modal scores (left), categorical spread
scores (middle), and specificity scores (right) for images in the (A) Wild Faces Database (WFD images), (B)
Existing Databases (ED images) and (C) the Unbiased Selection (US images). The WFD images showed higher
categorical spread in how participants perceived the expressions compared to the ED and US images. ED and
US images expectedly showed greater specificity compared to WFD images.
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databases, for each image we calculated a specificity score by subtracting the average frequency to all other
emotion categories from the frequency associated with the modal emotion category (Fig. 2A-C). When we
compared the WFD to the other databases, we found that the distribution of specificity scores for the WFD faces
(median =0.52, range =0.09-1; Fig. 2A) was different from the distribution of specificity scores for the ED faces
(median=0.72, range=0.11-1, Fig. 2B; Mann-Whitney U test, Z=— 11.34, p <0.001, two-tailed) and the US faces
(median=0.76, range=0.11-1, Fig. 2C; Mann-Whitney U test, Z=—- 15.87, p <0.001, two-tailed). The direction
of the differences in both spread and specificity indicates that faces in the WFD elicited more variable responses
than faces in the ED or US databases.

What is the source of this variability? It could be that the higher degree of response variability reflects
increased task difficulty; the facial expressions in the WFD images are noisier visual signals than those in the
ED or US images and are, therefore, more difficult to recognize and elicit more random guesses. To examine this
possibility, we ran a split-half reliability analysis and compared the three databases. If the variability in responses
to the WFD faces reflects random guessing, we would not expect any correlation in the responses across groups of
participants. However, if the variability reflects a true ambiguity in the expression, we would expect the responses
to the WFD faces to correlate as strongly as for the US and ED faces. To do this, we sorted the participants into
two groups based on their randomly assigned participant numbers (odd numbers vs. even numbers) and then,
for every image in the 3 database conditions, we calculated a separate specificity score for the odd and even
groups. The Pearson correlation between the scores given by the two groups for the images yielded an r of 0.69
for the WED (N=1000, p <0.001, two-tailed), 0.68 for the ED (N=1000, p <0.001, two-tailed) and 0.6 for the USD
(N=1000, p<0.001, two-tailed). The statistical significance of these tests indicates that responses were reliable
and not noisy. When we compared the strength of these correlations on a pairwise basis, we found no evidence
of a difference between the WFD and the ED (z=0.42, p=0.337). The comparable strength of these correlations
suggests that the responses towards the WFD images were as reliable across participants as the responses towards
the posed facial expressions in the ED. The pairwise comparisons also found evidence of less reliability among
responses to the US database than responses to the other databases (USD vs. WED, z=3.46, p <0.001; USD vs.
ED, z=3.04, p=0.001). Further when we computed the mode emotional category for the WFD faces separately
for the odd and even groups, we found that a large proportion of them (79.4%) had the same mode regardless of
group. Collectively, these results suggest that increased task difficulty and visual noise are insufficient explana-
tions for the degree of categorical spread and specificity associated with the WFD.

Next, we considered the possibility that the reason the WFD faces elicited more variable responses from
the participants than the ED or US faces, was because more naturalistic facial behaviours transmit composite
signals that are better characterized by using multiple emotional tags. For example, in Fig. 3 we took a detailed
look at the responses to the WFD faces that were most frequently rated as expressing happiness or fear. Studies
of happy faces that have routinely reported variance in the use and meaning of a smile®*->* and despite being an
“opposing” emotional category associated with negative valence, and occurring at a lower frequency than hap-
piness in the WFD than happy expressions (see Fig. 2A), similar questions have been raised about the variable
meaning of fearful facial expressions®>**. Thus, these are two emotional categories for which there is an interest
in interpreting variance in participant responses. What we discovered was that, although the response profile of
these faces was dominated by “happiness” and “fear”, respectively, these faces also elicited distinct combinations
of other emotional responses (Fig. 3A,B). Indeed, summarizing each image using multiple emotional dimen-
sions seemingly captures more fine-grained, diagnostic, information (see Fig. 4A,B). Thus, modal, spread and
specificity scores provide independent, yet equally important, descriptions of emotional content.

Intensity ratings. A mean expression intensity score was calculated for each of the 3000 images. A one-
way, independent samples ANOVA was performed to compare average intensity across the three databases. The
results of this analysis revealed a significant effect of database, F(2, 2997) =323.9, p<0.001, 172p= 0.18 (Fig. 5A).
We used two a-priori contrasts to determine whether the intensity of the WFD differed from the other two
databases. The first of these contrasts revealed that the expressions of the WFD faces (Myyzp=>5.84, SE=0.02)
were perceived as significantly less intense than the expressions of the ED faces (Myp=5.95, SE=0.02; independ-
ent samples t-test, (1998) =3.22, p <0.001, Cohen’s d =0.14, two-tailed). In contrast, the expressions of the WFD
faces were perceived as significantly more intense than the expressions of the US faces (Myg=5.21, SE=0.02;
independent samples t-test, t(1998) =— 20.33, p= <0.001, Cohen’s d=— 0.91, two-tailed).

Genuineness ratings. The mean genuineness ratings of the expressions were also calculated for all images.
Again, a one-way, independent samples ANOVA was performed to compare average genuineness across the three
databases. The results revealed a significant effect of database, F(2, 2997) =517.15, p <0.001, l]zp =0.26 (Fig. 5A).
To test whether the WFD faces were rated as more genuine than faces in other databases, we performed two com-
parisons which revealed that the emotional expressions in the WED faces (Mypp=6.31, SE=0.02) were rated as
significantly more genuine than the emotional expressions in the ED faces (Mpp=5.34, SE=0.02; independent
samples t-test, t(1998) = — 28.3, p<0.001, Cohen’s d=— 1.27, two-tailed) or US faces (Mys=5.59, SE=0.02; inde-
pendent samples t-test, t(1998) = — 24.10, p = <0.001,Cohen’s d=— 1.08, two-tailed).

The relationship between intensity and genuineness. For the images in each database (WED, ED,
and US faces) we examined the relationship between mean intensity and genuineness scores. For the WFD
images we found a significant positive relationship between the two variables (Nyzp=1000, Pearson’s r=0.45,
P <0.001; Fig. 5B), indicating that the more intense an expression was perceived to be, the more genuine it was
perceived to be as well. This was also evident for images in the unbiased selection (Nys= 1000, Pearson’s r=0.46,
p<0.001; Fig. 5B). However, surprisingly, we found evidence of a significant negative relationship between
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Figure 3. Not all happy and fearful faces are created equal. (A) Radial plots showing the response rates for each
emotion category for WFD faces that were most frequently categorized as expressing “happiness” (245 images;
left) and “fear” (38 images; right). Note that even amongst these top ‘happy’ and ‘fearful’ faces, participants
picked other responses to categorize the same expression. (B) Pie charts showing the proportion of the 245
happy (left) and 38 fearful faces (right) that were categorized using each of the other emotion categories. For
example, while all of the 245 happy faces were categorized by at least one participant as signalling happiness (by
definition), 13% of the happy faces were categorized by at least one participant as signalling disgust, and 36% of
the happy faces were categorized by at least one participant as signalling surprise. Similarly, while all of the 38
fearful faces were categorized by at least one participant as signalling fear, 18% were categorized as happy and
more than half (i.e., 71%) were categorized as signalling a recognizable but unspecified emotion (i.e., “other”).

intensity and genuineness scores for the faces from existing databases (N, = 1000, Pearson’s r=-0.18, p <0.001;
Fig. 5B), indicating that the more intense an expression was perceived to be, the less genuine. This is consistent
with the view that posed expressions might exaggerate signals beyond normal limits—to the point where they
are perceived as disingenuous. To examine whether modal score predicted intensity and/or genuineness, we
redrew the correlation between mean intensity and genuineness scores for the WED in Fig. 5C. We found no
evidence that particular facial behaviors, such as those most frequently categorized as happy, were perceived as
more intense or more genuine than other facial behaviors.

Discussion

In this paper our main goal was to develop and characterize a novel database of naturalistic images, representing
the facial behaviors we tend to see in our everyday lives. To this end we collected 1000 images of faces and char-
acterized the emotional content in each image using four dependent variables, including mode categorization,
between-participant categorical spread, expression intensity and expression genuineness scores. We compared

Scientific Reports |

(2023) 13:5383 | https://doi.org/10.1038/s41598-023-32659-5 nature portfolio



www.nature.com/scientificreports/

A.

Mode: Happiness
Spread: 1

Happiness
100%

= \*\1 Happiness

100%
RN
- )
o |

Mode: Fear
Spread: 2

X Sadness
- 15%

a

Fear
85%

Mode: Fear
Spread: 4

Surprise Anger

25% ’ 5%
Other Fear

10% 60%

Mode: Happiness
Spread: 3

Unknown Disgust
1% 5%

Happiness
84%

Neutral Fear
5% 5%

Happiness
90%

Mode: Fear
Spread: 5

Surprise Anger

«

Other
10%

Fear
45%

Neutral
5%

Unknown
Sadness 149

B Other Fear
| 10% 38%

Disgust
24%

Mode: Happiness
Spread: 6
Fear

Unknown 2%

O Happiness
4 " 38%
Surpris!‘\ Neutral

24% Other 5%
50/0

Disgust

Unknown 15%

20%

N

15% Other
10%

Happiness
25%

Neutral
15%

Mode: Fear
Spread: 8

Surprise Anger
10% 5%

Sadness " Disgust
19% ‘ 24%
Other % /' Fear
5% 29%

Neutral Happiness
5% 5%

Unknown Disgust
19% 10%
Surprise Fear

5% g
Sadness'l‘ :
5% Happiness

Other Neutral 10%
14% 5%

33%

Figure 4. Six representative examples of WED faces with modal scores of happy (A) and fearful (B). From left
to right the examples vary in their categorical spread from low to high. Each image was categorized by 18-22
participants. The pie charts show the distribution of categorical responses for each image.

the WED faces to two benchmarks: (1) a set of highly posed face stimuli, typically employed by researchers to
control for low-level visual properties and (2) a set of faces scraped from the internet, typically employed by
researchers to avoid selection biases. Our results support the notion that the WFD provides a complementary
approach to the study of expression recognition; the WFD faces were perceived as more diverse in expressions
than the images selected by means of an unbiased web-based selection (i.e., US faces) (Figs. 2, 3, 4) yet more genu-
ine than photographs taken of facial expressions under more controlled circumstances (i.e., ED faces) (Fig. 5A).
Finally, more emotional categories were used to describe the WFD faces than the ED or US faces (Fig. 2A), i.e.,
participants were less specific when responding to WFD faces. This observation suggests that naturalistic facial
expressions, like the ones we see in everyday life, might be poorly characterized by basic-level category labels.
Unexpectedly, we found a negative relationship between average intensity and genuineness scores that was
unique to faces selected from exiting databases (Fig. 5B). This finding suggests that when expressions are posed or
generated under sterile laboratory conditions, the heightened intensity might decrease the expression’s perceived
authenticity. Meanwhile, the opposite was true for the faces selected using web-based searches; for the WFD and
US faces increases in intensity were associated with increases in authenticity. The simplest interpretation of these
results is that posed expressions are noticeably exaggerated signals. Then again, although ED faces were rated as
more intense than the WFD faces (Fig. 5A), the effect size was small and the ED faces tended to vary in terms of
their average intensity score (see Fig. 5B). Thus, it is possible that the perceived genuineness of an expression is
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Figure 5. (A) Average expression intensity (top) and genuineness (bottom) scores as a function of the three
databases (WEFD, ED, and US). Error bars are 95% CI. Lines with asterisks indicate significant pairwise
differences (p <0.001). (B) Average intensity scores were highly correlated with genuineness scores for images

in the WFD (blue markers), ED (red markers), and US (green markers) databases. The corresponding solid

lines are the result of the best fitting linear regression of the form y=mx+b. (C) The relationship between
genuineness and intensity for the WFD redrawn to examine the influence of modal categorization. Color
reflects the emotion most often used by human participants to categorize the image. The solid lines are the result
of the best fitting linear regression, as in (B), and their length marks the data range. Thus, any clustering of
colored dots would indicate that particular emotions are perceived as more genuine and/or intense than others.
However, this is not the case, all colors are dispersed, and we observe positive relationships between genuineness
and intensity for every emotional category. That said, this plot does not take into account categorical spread and
specificity score.

conveyed by more nuanced visual cues than those associated with intensity (see?”). An important goal of future
research will be to identify the factors that contribute to the perceived genuineness of a facial expression and see
how they relate to other aspects of face evaluation. The negative relationship between intensity and genuineness
for posed facial expressions could be related to the uncanny valley effect—where false or unusual visual cues
in faces trigger an eeriness feeling in participants®>%. Perhaps staged or exaggerated facial expressions trigger
similar mechanisms? Certainly, a deeper understanding of how humans detect false, disingenuous facial expres-
sions is a topic for future research. Whether the ability to produce expressions under false pretences is linked to
the ability to detect false expressions in others, and whether these abilities are unique to the human species®**
are interesting questions that also follow from this line of thought.

A previous attempt to quantify the emotional content in naturalistic facial expressions produced outside of
the laboratory used the movement of facial muscles to classify images®. This approach avoids the limitations
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associated with human selection and shows that machines can be trained to recognize the visual patterns that
define canonical, basic facial expressions such as happiness. An added benefit of this approach is that the expres-
sions are defined and annotated in dynamic displays, not just static images*. Motion has been identified as an
important feature of facial expressions because they change over time®-%. However, a recent meta-analysis
has indicated that there is no strong evidence linking the movement of particular muscles to discrete internal,
affective states?’. Other research has revealed that the basic categories often used to label facial expression do
not transcend language and culture'®?2. In sum, there is now speculation and considerable debate about how
we should classify and label facial expressions. Therefore, here our central goal was to leverage a data-driven
approach to shed light on the emotional content of naturalistic, ambient faces without making assumptions about
correct labels and categories. Our experimental design allowed us to compare the static faces in the WFD to
other static face stimuli, the results revealing that the WFD faces evoked more variable and less specific responses
from participants than the ED or US faces. Whether adding motion to naturalistic visual stimuli would change
behavioral and physiological responses remains to be seen.

Overall, the WFD provides a range of different naturalistic, ambient facial behaviors, with increased genuine-
ness compared to other currently available resources. Close inspection of the WFD images provides evidence
that naturalistic facial behaviors are multiplexed visual signals?*®%; they tend to signal more than one basic emo-
tion (see Fig. 3A). Contextualizing these latent dimensions will prove important for understanding how facial
behaviors are read and recognized by both biological and artificial visual systems. We envision that researchers
will sample images from the WFD based on their particular research questions. For example, the WFD allows
for the comparison of specific versus ambiguous stimuli which provides new avenues for neuropsychological
research (i.e., perhaps some patient groups respond abnormally to specific expressions owning to language dif-
ficulties whereas other groups respond abnormally to ambiguous expressions owning to limited social skills).
Other researchers may need a selection of WFD images because their question requires ambient facial stimuli
with high specificity and high genuineness. Aside from increased ecological validity and multidimensional
granularity, the use of the WFD comes with limitations; for example, the WFD is not immune to the limitations
associated with language because we used emotionally charged words and phrases in the search procedure. Thus,
we expect that the WFD does not represent the entire spectrum of spontaneous human facial behaviors. For this
reason, we hope that by making the WFD freely available to the scientific community, over time other groups can
help develop and extend the WFD by adding new images found using different search terms and other resources.
This will ultimately enable large-scale naturalistic research in the field of expression recognition.

Materials and methods
All methods were performed in accordance with the relevant guidelines and regulations.

Stimulus selection methods. Image selection for the Wild Faces Database. We gathered one thousand
naturalistic images of facial behaviors, with appropriate Creative Commons licensing, using extensive web-based
searches. To capture these spontaneous expressions in context, we searched videos hosted by YouTube (659
videos) and Chinese-hosted video channel Bilibili (69 videos). Once a suitable video was identified, the video
was paused at an appropriate frame and screen snipped. The resulting image was cropped to 400 pixels x 400
pixels. We also sourced 157 images from Pxhere.com, and 25 from Pexels.com using the same criteria as above.
Remaining images were photographs taken and belonging to one of the authors (J.T.). Searches were guided by
seven basic emotion categories: happiness, sadness, anger, surprise, fear, disgust and neutral. This was to ensure
a relatively good spread of possible facial behaviors. However, since we generated a list of search terms that were
based on the basic emotion categories, this means that our selection process is still circumscribed.

No facial attributes were used as selection criteria except for familiar identities (which were excluded). Thus,
the WED contains images that vary in viewpoints, colour profiles, backgrounds, obstructions and/or clothing
and make-up. Celebrities known to the authors were removed from the WFD but it remains possible that some
faces are either highly memorable or will be known to others. Very few image properties were used as selection
criteria—as long as the image or frame could be cropped into a square shape without transparent pixels, it was
considered appropriate. Once resized to 400 pixels in width, we verified that the images could be seen on three
different screens (including a Dell LCD monitor). This means that some of the faces in the WFD appear heavily
pixelated, for example, or contain motion blur artifacts. Strong consideration was given to non-WEIRD (West-
ern, Educated, Industrialized, Rich and Democratic) representation, as well as an inclusive spectrum of gender,
age, and disability. Since the search terms in Table 1 often yielded animal faces, examples of face pareidolia and
portraits, we included some examples of these in the WFD. That said, the exact proportion of non-human faces
were not controlled in any strict way. The most appropriate emotion category was recorded along with its source,
the assumed or explicitly stated gender category and assumed or explicitly stated age of the individual.

The final set of one thousand WFD images included a broad range of human and animal faces and face-like
objects (840 human, 101 animals, and 59 objects) with human faces representing multiple races, different genders
(415 feminine, 403 masculine, and 22 other), a diverse age range (36 infant, 99 child, 50 adolescent, 548 younger
adults, and 107 older adults) and eight persons with a known disability (three blind, two Stromme Syndrome,
one Cerebral Palsy, one Grayson’s Syndrome, and one Rett’s Syndrome). The WFD stimuli and corresponding
data are available through the Open Science Framework at https://osf.io/6p4r7/.

Image selection for the Existing Database (ED) condition. To compare the WED faces to more conventional
stimuli, we selected an equal number of images from nine existing databases of emotional facial expressions:
Pictures of Facial Affect!®, The Yale Face Database®, the Karolinska Directed Emotional Faces (KDEF)", the
Montreal Set of Facial Displays of Emotion (MSFDE)%, the NimStim Set of Facial Expressions', FACES stimu-
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lus set®”, The Warsaw Set of Emotional Facial Expression Pictures (WSEFEP)®, The Racially Diverse Affective
Expression (RADIATE) stimulus set®, The Tsinghua facial expression database (Tsinghua-FED)”. Approval for
use of these images was obtained from corresponding authors of these databases.

From these databases we selected adult faces to represent the seven basic emotional categories (153 happiness,
148 sadness, 133 anger, 124 surprise, 136 fear, 136 disgust, and 170 neutral). To mirror the WFD, each discrete
facial identity was only used once in the ED database. Each database differed in how their images were originally
cropped and sized, which meant that some processing was required to ensure all images were consistent with
those of the WFD. Where possible, images were resized or cropped to a square shape (400 x 400 pixels). Images
with uneven aspect ratios (PoFA, FACES, KDEF, MSFDE, Tsinghua, and WSEFEP) were placed on a uniform
grey background (#6e6e6e). Images from The Yale Database were selected for best face visibility (given the set’s
emphasis on lighting differences) and faces with sunglasses were included®. No ‘calm’ images were selected from
the NimStim* Set of Facial Expressions.

10 k US Adult Faces Database. One thousand images were randomly selected from the 10 k US Adult Faces
Database® using a random draw without replacement. This database was originally compiled using approxi-
mately 25,000 first and last name pairs from a database of names from the United States census, balanced for
gender, age and diversity. We first filtered the images for celebrities, then resized the images to 400 pixels in
height before placing the images on a square grey canvas.

Behavioral experiment (remote collection). Participants. In line with previous experiments
that have sought to describe visual content in ambient images®® we aimed to collect 15-20 ratings per image
(Nimages =3000). We recruited a total of 204 adult, undergraduate students from the University of Queensland
to participate in this experiment. Participants completely the experiment remotely and were compensated for
their time with a $20 gift voucher. All procedures were approved by The University of Queensland Health and
Behavioural Sciences, Low and Negligible Risk Ethics Sub-Committee approved the experimental protocol. Par-
ticipation was voluntary and anonymous, and every participant provided informed consent.

Experimental procedure. The 3000 stimulus faces were randomly assigned to one of 20 subsets of stimuli; each
subset was comprised of 150 images (50 WED faces, 50 ED faces and 50 US faces). We used PsychoPy and Pav-
lovia to build and host the experimental task; we generated 20 distinct online task links, one for each of the 20
image subsets. Every participant was asked to complete two to three image subsets. We counterbalanced which
links were given to a participant, such that every participant completed a unique combination.

For a schematic of the trial structure see Fig. 1C. During the task, participants were presented with an
image for 500 ms. This presentation was followed by a screen that asked, “What was the emotion you just saw?”.
Underneath the question were nine choices: anger, fear, disgust, sadness, neutral, happiness, surprise, other or
unknown. The instructions were to select ‘other’ if they recognized the emotion, but it was not on the list pro-
vided, and ‘unknown’ if they did not recognize the emotion. Participants responded in their own time using key
presses. Once a selection was made, the next screen asked, “How intense was the emotion?” Intensity ratings
were registered by mouse click on a horizontal sliding scale with nine ticks and ‘Not intense at all’ on the far left,
and ‘Extremely intense’ on the far right. After this response the participants were asked, “How genuine was the
emotion?” Genuineness ratings were registered on a similar sliding scale with ‘Not genuine at all’ on the left, and
‘Extremely genuine’ on the right. After this third response, the trial was complete and there was a 300-ms inter-
trial interval before the next trial began. During the inter-trial interval, a central fixation cross was presented.
All participants completed seven practice trials at the start of the task before the 150 experimental trials began.

Data availability
All materials and data are available via the Open Science Framework https://osf.io/6p4r7/.

Received: 29 December 2022; Accepted: 30 March 2023
Published online: 03 April 2023

References

1. Yeung, M. K. A systematic review and meta-analysis of facial emotion recognition in autism spectrum disorder: The specificity of
deficits and the role of task characteristics. Neurosci. Biobehav. Rev. 133, 104518. https://doi.org/10.1016/j.neubiorev.2021.104518
(2022).

2. Uljarevic, M. & Hamilton, A. Recognition of emotions in autism: A formal meta-analysis. J. Autism Dev. Disord. 43, 1517-1526.
https://doi.org/10.1007/s10803-012-1695-5 (2013).

3. Lawlor-Savage, L., Sponheim, S. R. & Goghari, V. M. Impaired recognition of happy facial expressions in bipolar disorder. Acta
Neuropsychiatr. 26, 253-259. https://doi.org/10.1017/neu.2014.6 (2014).

4. Marosi, C., Fodor, Z. & Csukly, G. From basic perception deficits to facial affect recognition impairments in schizophrenia. Sci.
Rep. 9, 8958. https://doi.org/10.1038/s41598-019-45231-x (2019).

5. Gongalves, A. R. et al. Effects of age on the identification of emotions in facial expressions: A meta-analysis. Peer] 6, €5278. https://
doi.org/10.7717/peer;j.5278 (2018).

6. Rofler, J., Sun, J. & Gloor, P. Reducing videoconferencing fatigue through facial emotion recognition. Future Internet 13, 126
(2021).

7. Patel, K. et al. Facial sentiment analysis using AI techniques: State-of-the-art, taxonomies, and challenges. IEEE Access 8, 90495
90519. https://doi.org/10.1109/ACCESS.2020.2993803 (2020).

8. Calder, A. ], Young, A. W, Perrett, D. L, Etcoff, N. L. & Rowland, D. Categorical perception of morphed facial expressions. Vis.
Cogn. 3, 81-118. https://doi.org/10.1080/713756735 (1996).

Scientific Reports |

(2023)13:5383 | https://doi.org/10.1038/541598-023-32659-5 nature portfolio


https://osf.io/6p4r7/
https://doi.org/10.1016/j.neubiorev.2021.104518
https://doi.org/10.1007/s10803-012-1695-5
https://doi.org/10.1017/neu.2014.6
https://doi.org/10.1038/s41598-019-45231-x
https://doi.org/10.7717/peerj.5278
https://doi.org/10.7717/peerj.5278
https://doi.org/10.1109/ACCESS.2020.2993803
https://doi.org/10.1080/713756735

www.nature.com/scientificreports/

9. Taubert, J., Alais, D. & Burr, D. Different coding strategies for the perception of stable and changeable facial attributes. Sci. Rep. 6,
32239. https://doi.org/10.1038/srep32239 (2016).

10. Pessoa, L., McKenna, M., Gutierrez, E. & Ungerleider, L. G. Neural processing of emotional faces requires attention. Proc. Natl.
Acad. Sci. USA 99, 11458-11463. https://doi.org/10.1073/pnas.172403899 (2002).

11. Pegna, A. ], Khateb, A., Lazeyras, E. & Seghier, M. L. Discriminating emotional faces without primary visual cortices involves the
right amygdala. Nat. Neurosci. 8, 24-25. https://doi.org/10.1038/nn1364 (2005).

12. Yang, E., Zald, D. H. & Blake, R. Fearful expressions gain preferential access to awareness during continuous flash suppression.
Emotion 7, 882-886. https://doi.org/10.1037/1528-3542.7.4.882 (2007).

13. Ekman, P. & Friesen, W. V. Pictures of Facial Affect (Consulting Psychologists Press, 1976).

14. Tottenham, N. et al. The NimStim set of facial expressions: Judgments from untrained research participants. Psychiatry Res. 168,
242-249. https://doi.org/10.1016/j.psychres.2008.05.006 (2009).

15. Lundgqvist, D., Flykt, A. & Ohman, A. The Karolinska Directed Emotional Faces—KDEF (CD ROM) (Karolinska Institute, Depart-
ment of Clinical Neuroscience, Psychology Section, 1998).

16. Darwin, C. The Expression of the Emotions in Man and Animals 1st edn. (John Murray, 1872).

17. Susskind, J. M. et al. Expressing fear enhances sensory acquisition. Nat. Neurosci. 11, 843-850. https://doi.org/10.1038/nn.2138
(2008).

18. Barrett, L. E, Adolphs, R., Marsella, S., Martinez, A. M. & Pollak, S. D. Emotional expressions reconsidered: Challenges to inferring
emotion from human facial movements. Psychol. Sci. Public Interest 20, 1-68. https://doi.org/10.1177/1529100619832930 (2019).

19. Le Mau, T. et al. Professional actors demonstrate variability, not stereotypical expressions, when portraying emotional states in
photographs. Nat. Commun. 12, 5037. https://doi.org/10.1038/s41467-021-25352-6 (2021).

20. Russell, J. A. Is there universal recognition of emotion from facial expression? A review of the cross-cultural studies. Psychol. Bull.
115, 102-141. https://doi.org/10.1037/0033-2909.115.1.102 (1994).

21. Duran, J. I. & Fernandez-Dols, J. M. Do emotions result in their predicted facial expressions? A meta-analysis of studies on the
co-occurrence of expression and emotion. Emotion 21, 1550-1569. https://doi.org/10.1037/emo0001015 (2021).

22. Lindquist, K. A., Barrett, L. E, Bliss-Moreau, E. & Russell, . A. Language and the perception of emotion. Emotion 6, 125-138.
https://doi.org/10.1037/1528-3542.6.1.125 (2006).

23. Abramson, L., Petranker, R., Marom, I. & Aviezer, H. Social interaction context shapes emotion recognition through body language,
not facial expressions. Emotion 21, 557-568. https://doi.org/10.1037/emo0000718 (2021).

24. Aviezer, H. et al. Angry, disgusted, or afraid? Studies on the malleability of emotion perception. Psychol. Sci. 19, 724-732. https://
doi.org/10.1111/j.1467-9280.2008.02148.x (2008).

25. Aviezer, H., Trope, Y. & Todorov, A. Body cues, not facial expressions, discriminate between intense positive and negative emo-
tions. Science (New York, NY) 338, 1225-1229. https://doi.org/10.1126/science.1224313 (2012).

26. Jack, R. E., Caldara, R. & Schyns, P. G. Internal representations reveal cultural diversity in expectations of facial expressions of
emotion. J. Exp. Psychol. Gen. 141, 19-25. https://doi.org/10.1037/a0023463 (2012).

27. Dawel, A. et al. Perceived emotion genuineness: Normative ratings for popular facial expression stimuli and the development of
perceived-as-genuine and perceived-as-fake sets. Behav. Res. Methods 49, 1539-1562. https://doi.org/10.3758/s13428-016-0813-2
(2017).

28. McLellan, T, Johnston, L., Dalrymple-Alford, J. & Porter, R. Sensitivity to genuine versus posed emotion specified in facial displays.
Cogn. Emot. 24, 1277-1292. https://doi.org/10.1080/02699930903306181 (2010).

29. McLellan, T. L., Wilcke, J. C., Johnston, L., Watts, R. & Miles, L. K. Sensitivity to posed and genuine displays of happiness and
sadness: A fMRI study. Neurosci. Lett. 531, 149-154. https://doi.org/10.1016/j.neulet.2012.10.039 (2012).

30. Kollias, D. & Zafeiriou, S. Aff-Wild2: Extending the Aff-Wild Database for Affect Recognition. CoRR abs/1811.07770 (2018).

31. Proverbio, A. M. & Galli, ]. Women are better at seeing faces where there are none: An ERP study of face pareidolia. Soc. Cogni.
Affect. Neurosci. 11, 1501-1512. https://doi.org/10.1093/scan/nsw064 (2016).

32. Rahman, M. & van Boxtel, J. J. A. Seeing faces where there are none: Pareidolia correlates with age but not autism traits. Vis. Res.
199, 108071. https://doi.org/10.1016/j.visres.2022.108071 (2022).

33. Epley, N., Akalis, S., Waytz, A. & Cacioppo, J. T. Creating social connection through inferential reproduction: Loneliness and
perceived agency in gadgets, gods, and greyhounds. Psychol. Sci. 19, 114-120. https://doi.org/10.1111/j.1467-9280.2008.02056.x
(2008).

34. Taubert, J., Wardle, S. G., Flessert, M., Leopold, D. A. & Ungerleider, L. G. Face pareidolia in the rhesus monkey. Curr. Biol. 27,
2505-2509.e2502. https://doi.org/10.1016/j.cub.2017.06.075 (2017).

35. Flessert, M., Taubert, J. & Beran, M. J. Assessing the perception of face pareidolia in children (Homo sapiens), rhesus monkeys
(Macaca mulatta), and capuchin monkeys (Sapajus apella). . Comp. Psychol. (Washington, DC: 1983) https://doi.org/10.1037/
com0000320 (2022).

36. Wardle, S. G., Paranjape, S., Taubert, J. & Baker, C. I. Illusory faces are more likely to be perceived as male than female. Proc. Natl.
Acad. Sci. USA https://doi.org/10.1073/pnas.2117413119 (2022).

37. Alais, D., Xu, Y., Wardle, S. G. & Taubert, J. A shared mechanism for facial expression in human faces and face pareidolia. Proc.
Biol. Sci. R. Soc. 288, 20210966. https://doi.org/10.1098/rspb.2021.0966 (2021).

38. Wardle, S. G., Taubert, J., Teichmann, L. & Baker, C. I. Rapid and dynamic processing of face pareidolia in the human brain. Nat.
Commun. 11, 4518. https://doi.org/10.1038/s41467-020-18325-8 (2020).

39. Waller, B. M. & Micheletta, J. Facial expression in nonhuman animals. Emot. Rev. 5, 54-59. https://doi.org/10.1177/1754073912
451503 (2013).

40. Waller, B. M., Julle-Daniere, E. & Micheletta, ]. Measuring the evolution of facial ‘expression’ using multi-species FACS. Neurosci.
Biobehav. Rev. 113, 1-11. https://doi.org/10.1016/j.neubiorev.2020.02.031 (2020).

41. Taubert, J. & Japee, S. Using FACS to trace the neural specializations underlying the recognition of facial expressions: A commentary
on Waller et al. (2020). Neurosci. Biobehav. Rev. 120, 75-77. https://doi.org/10.1016/j.neubiorev.2020.10.016 (2021).

42. Taubert, ], Flessert, M., Liu, N. & Ungerleider, L. G. Intranasal oxytocin selectively modulates the behavior of rhesus monkeys in
an expression matching task. Sci. Rep. 9, 15187. https://doi.org/10.1038/s41598-019-51422-3 (2019).

43. Bainbridge, W. A., Isola, P. & Oliva, A. The intrinsic memorability of face photographs. J. Exp. Psychol. Gen. 142, 1323-1334. https://
doi.org/10.1037/a0033872 (2013).

44. White, D, Sutherland, C. A. M. & Burton, A. L. Choosing face: The curse of self in profile image selection. Cogn. Res. Princ. Implic.
2, 23. https://doi.org/10.1186/s41235-017-0058-3 (2017).

45. Jaensch, M. et al. Don’t look back in anger: The rewarding value of a female face is discounted by an angry expression. J. Exp.
Psychol. Hum. Percept. Perform. 40, 2101-2105. https://doi.org/10.1037/a0038078 (2014).

46. Guadagno, R. E., Okdie, B. M. & Kruse, S. A. Dating deception: Gender, online dating, and exaggerated self-presentation. Comput.
Hum. Behav. 28, 642-647. https://doi.org/10.1016/j.chb.2011.11.010 (2012).

47. Hancock, J. T. & Toma, C. L. Putting your best face forward: The accuracy of online dating photographs. J. Commun. 59, 367-386.
https://doi.org/10.1111/j.1460-2466.2009.01420.x (2009).

48. Scharlemann, J. P. W,, Eckel, C. C., Kacelnik, A. & Wilson, R. K. The value of a smile: Game theory with a human face. J. Econ.
Psychol. 22, 617-640. https://doi.org/10.1016/S0167-4870(01)00059-9 (2001).

Scientific Reports | (2023) 13:5383 | https://doi.org/10.1038/s41598-023-32659-5 nature portfolio


https://doi.org/10.1038/srep32239
https://doi.org/10.1073/pnas.172403899
https://doi.org/10.1038/nn1364
https://doi.org/10.1037/1528-3542.7.4.882
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1038/nn.2138
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1038/s41467-021-25352-6
https://doi.org/10.1037/0033-2909.115.1.102
https://doi.org/10.1037/emo0001015
https://doi.org/10.1037/1528-3542.6.1.125
https://doi.org/10.1037/emo0000718
https://doi.org/10.1111/j.1467-9280.2008.02148.x
https://doi.org/10.1111/j.1467-9280.2008.02148.x
https://doi.org/10.1126/science.1224313
https://doi.org/10.1037/a0023463
https://doi.org/10.3758/s13428-016-0813-2
https://doi.org/10.1080/02699930903306181
https://doi.org/10.1016/j.neulet.2012.10.039
https://doi.org/10.1093/scan/nsw064
https://doi.org/10.1016/j.visres.2022.108071
https://doi.org/10.1111/j.1467-9280.2008.02056.x
https://doi.org/10.1016/j.cub.2017.06.075
https://doi.org/10.1037/com0000320
https://doi.org/10.1037/com0000320
https://doi.org/10.1073/pnas.2117413119
https://doi.org/10.1098/rspb.2021.0966
https://doi.org/10.1038/s41467-020-18325-8
https://doi.org/10.1177/1754073912451503
https://doi.org/10.1177/1754073912451503
https://doi.org/10.1016/j.neubiorev.2020.02.031
https://doi.org/10.1016/j.neubiorev.2020.10.016
https://doi.org/10.1038/s41598-019-51422-3
https://doi.org/10.1037/a0033872
https://doi.org/10.1037/a0033872
https://doi.org/10.1186/s41235-017-0058-3
https://doi.org/10.1037/a0038078
https://doi.org/10.1016/j.chb.2011.11.010
https://doi.org/10.1111/j.1460-2466.2009.01420.x
https://doi.org/10.1016/S0167-4870(01)00059-9

www.nature.com/scientificreports/

49. Taubert, J., Van der Burg, E. & Alais, D. Love at second sight: Sequential dependence of facial attractiveness in an on-line dating
paradigm. Sci. Rep. 6, 22740. https://doi.org/10.1038/srep22740 (2016).

50. Ambadar, Z., Cohn, J. E. & Reed, L. I. All smiles are not created equal: Morphology and timing of smiles perceived as amused,
polite, and embarrassed/nervous. J. Nonverbal Behav. 33, 17-34. https://doi.org/10.1007/s10919-008-0059-5 (2009).

51. Frank, M. G., Ekman, P. & Friesen, W. V. Behavioral markers and recognizability of the smile of enjoyment. J. Pers. Soc. Psychol.
64, 83-93. https://doi.org/10.1037//0022-3514.64.1.83 (1993).

52. Rychlowska, M. et al. Dominance, reward, and affiliation smiles modulate the meaning of uncooperative or untrustworthy behav-
iour. Cogn. Emot. 35, 1281-1301. https://doi.org/10.1080/02699931.2021.1948391 (2021).

53. Zhao, K., Zhao, J., Zhang, M., Cui, Q. & Fu, X. Neural responses to rapid facial expressions of fear and surprise. Front. Psychol. 8,
761. https://doi.org/10.3389/fpsyg.2017.00761 (2017).

54. Crivelli, C., Russell, J. A, Jarillo, S. & Fernandez-Dols, . M. The fear gasping face as a threat display in a Melanesian society. Proc.
Natl. Acad. Sci. USA 113, 12403-12407. https://doi.org/10.1073/pnas.1611622113 (2016).

55. Mori, M., MacDorman, K. F. & Kageki, N. The uncanny valley [from the field]. IEEE Robot. Autom. Mag. 19, 98-100. https://doi.
org/10.1109/MRA.2012.2192811 (2012).

56. Chattopadhyay, D. & MacDorman, K. F. Familiar faces rendered strange: Why inconsistent realism drives characters into the
uncanny valley. J. Vis. 16, 7. https://doi.org/10.1167/16.11.7 (2016).

57. Seyama, J. I. & Nagayama, R. S. The uncanny valley: Effect of realism on the impression of artificial human faces. Presence Teleoper.
Virtual Environ. 16, 337-351. https://doi.org/10.1162/pres.16.4.337 (2007).

58. Carp, S. B. et al. Monkey visual attention does not fall into the uncanny valley. Sci. Rep. 12, 11760. https://doi.org/10.1038/s41598-
022-14615-x (2022).

59. Taubert, J. et al. Parallel processing of facial expression and head orientation in the macaque brain. J. Neurosci. 40, 8119-8131.
https://doi.org/10.1523/jneurosci.0524-20.2020 (2020).

60. Sato, W., Krumhuber, E. G,, Jellema, T. & Williams, J. H. G. Editorial: Dynamic emotional communication. Front. Psychol. https://
doi.org/10.3389/fpsyg.2019.02836 (2019).

61. Krumhuber, E. et al. Facial dynamics as indicators of trustworthiness and cooperative behavior. Emotion 7, 730-735. https://doi.
0rg/10.1037/1528-3542.7.4.730 (2007).

62. Krumhuber, E. G, Kappas, A. & Manstead, A. S. R. Effects of dynamic aspects of facial expressions: A review. Emot. Rev. 5, 41-46.
https://doi.org/10.1177/1754073912451349 (2013).

63. Namba, S., Sato, W. & Matsui, H. Spatio-temporal properties of amused, embarrassed, and pained smiles. J. Nonverbal Behav. 46,
467-483. https://doi.org/10.1007/s10919-022-00404-7 (2022).

64. Du, S., Tao, Y. & Martinez, A. M. Compound facial expressions of emotion. Proc. Natl. Acad. Sci. USA 111, E1454-1462. https://
doi.org/10.1073/pnas.1322355111 (2014).

65. Belhumeur, P. N. & Kriegman, D. J.

66. Beaupré, M. G., Cheung, N. & Hess, U. The Montreal Set of Facial Displays of Emotion (Ursula Hess, 2000).

67. Ebner, N. C,, Riediger, M. & Lindenberger, U. FACES—a database of facial expressions in young, middle-aged, and older women
and men: Development and validation. Behav. Res. Methods 42, 351-362. https://doi.org/10.3758/brm.42.1.351 (2010).

68. Olszanowski, M. et al. Warsaw set of emotional facial expression pictures: A validation study of facial display photographs. Front.
Psychol. 5, 1516. https://doi.org/10.3389/fpsyg.2014.01516 (2014).

69. Conley, M. L et al. The racially diverse affective expression (RADIATE) face stimulus set. Psychiatry Res. 270, 1059-1067. https://
doi.org/10.1016/j.psychres.2018.04.066 (2018).

70. Yang, T. et al. Tsinghua facial expression database—a database of facial expressions in Chinese young and older women and men:
Development and validation. PLoS One 15, €0231304. https://doi.org/10.1371/journal.pone.0231304 (2020).

Acknowledgements
This work was supported by the Intramural Research Program of the National Institute of Mental Health Grant
ZIAMHO002909 (to C.I.B). and by the Australian Research Council Grant FT200100843 (to J.T.).

Author contributions

H.L. and N.P. collected and curated the stimulus set. H.L., N.P,, S.J. and ].T. designed the experiment. H.L. and
S.J. built the task and N.P. collected the data. H.L. analyzed the data with guidance from J.T. N.P. wrote the first
draft of the manuscript. All authors edited the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection
may apply 2023

Scientific Reports |

(2023)13:5383 | https://doi.org/10.1038/541598-023-32659-5 nature portfolio


https://doi.org/10.1038/srep22740
https://doi.org/10.1007/s10919-008-0059-5
https://doi.org/10.1037//0022-3514.64.1.83
https://doi.org/10.1080/02699931.2021.1948391
https://doi.org/10.3389/fpsyg.2017.00761
https://doi.org/10.1073/pnas.1611622113
https://doi.org/10.1109/MRA.2012.2192811
https://doi.org/10.1109/MRA.2012.2192811
https://doi.org/10.1167/16.11.7
https://doi.org/10.1162/pres.16.4.337
https://doi.org/10.1038/s41598-022-14615-x
https://doi.org/10.1038/s41598-022-14615-x
https://doi.org/10.1523/jneurosci.0524-20.2020
https://doi.org/10.3389/fpsyg.2019.02836
https://doi.org/10.3389/fpsyg.2019.02836
https://doi.org/10.1037/1528-3542.7.4.730
https://doi.org/10.1037/1528-3542.7.4.730
https://doi.org/10.1177/1754073912451349
https://doi.org/10.1007/s10919-022-00404-7
https://doi.org/10.1073/pnas.1322355111
https://doi.org/10.1073/pnas.1322355111
https://doi.org/10.3758/brm.42.1.351
https://doi.org/10.3389/fpsyg.2014.01516
https://doi.org/10.1016/j.psychres.2018.04.066
https://doi.org/10.1016/j.psychres.2018.04.066
https://doi.org/10.1371/journal.pone.0231304
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A database of heterogeneous faces for studying naturalistic expressions
	Results
	Emotion categorization. 
	Intensity ratings. 
	Genuineness ratings. 
	The relationship between intensity and genuineness. 

	Discussion
	Materials and methods
	Stimulus selection methods. 
	Image selection for the Wild Faces Database. 
	Image selection for the Existing Database (ED) condition. 
	10 k US Adult Faces Database. 

	Behavioral experiment (remote collection). 
	Participants. 
	Experimental procedure. 


	References
	Acknowledgements


