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Abstract.

Background. Identification of emotional facial expressions (EFEs) is important in interper-
sonal communication. Six ‘universal’ EFEs are known, though accuracy of their identification
varies. EFEs involve anatomical changes in certain regions of the face, especially eyes and
mouth. But whether other areas of the face are just as important in their identification
is still debated. This study was conducted to compare the accuracy of identification of
universal EFEs under full-face and partial face conditions (only showing the eyes and the
mouth regions). Methods. An analytical cross-sectional study was conducted among 140
young Indian adults. They were divided into two equal groups and shown the six universal
EFEs in two sets, one with full-face images, and the other with images showing just the
eyes and the mouth regions on a computer screen. The participants were asked to identify
each of the EFE and their responses were analyzed. Results. Mean age was 21.3+£1.7 years
for full face group, and 21.2+1.6 years for the partial face group. Most were men, from
rural areas and from upper socioeconomic status families, and many of them were students.
EFE identification was significantly higher for part-face group compared to full-face group
(p-value .0007). Participants of both groups identified happiness the best (100%). For
other EFEs, part-face images were identified more accurately than full-face images, except
for disgust. These differences were statistically significant except for anger and fear.
Conclusions. Among young Indian adults, accuracy of identification of universal EFEs was
high, which was significantly enhanced for all except disgust, when only combinations of
eyes and mouth were shown, suggesting that other facial regions serve as distractors in EFE
identification. Key Messages. 1. Identification of universal EFEs was higher from partial
faces (combination of eyes and mouth) as compared to full-face EFEs for all emotions except
disgust. 2. This suggests that other regions of face serve as potential distractors in the
identification of emotions, except for disgust, where these regions provide more information.
Resumen.

Antecedentes.  La identificacién de las expresiones faciales emocionales (EFEs) es
importante en la comunicacién interpersonal. Se conocen seis EFEs “universales”, aunque
la precision de su identificacién varia. Los EFEs involucran cambios anatémicos en ciertas
regiones del rostro, especialmente los ojos y la boca. Sin embargo, todavia se debate si
la identificaciéon de las otras areas del rostro es igualmente importante. Este estudio se
llevé a cabo para comparar la precision de la identificacién de los EFEs universales en
condiciones de rostro completo y rostro parcial, mostrando solo las regiones de los ojos
y la boca. Método. Se llevé a cabo un estudio analitico transversal entre 140 adultos
jovenes indios. Fueron divididos en dos grupos iguales y se les mostraron los seis EFEs
universales en dos conjuntos, uno con imagenes de rostro completo y otro con imagenes
que mostraban solo las regiones de los ojos y la boca. A los participantes se les pidié que
identificaran cada uno de los EFE y sus respuestas fueron analizadas. Resultados. La
edad promedio fue de 21.3+1.7 afios para el grupo de rostro completo y de 21.2+1.6 afios
para el grupo de rostro parcial. La mayoria de los participantes eran hombres, provenian
de dreas rurales, pertenecian a familias de nivel socioeconémico alto y eran estudiantes.
La identificacién de EFEs fue significativamente mayor en el grupo de rostro parcial en
comparacién con el grupo de rostro completo (p = .0007). Los participantes de ambos
grupos identificaron mejor la felicidad (100%). Para los demas EFEs, las imagenes de
rostro parcial se identificaron con mayor precisién que las imagenes de rostro completo,
excepto en el caso del asco. Estas diferencias fueron estadisticamente significativas, excepto
en los casos de ira y miedo. Conclusiones. Entre los adultos jévenes indios, la precision
en la identificacion de EFEs universales fue alta, lo cual se mejord significativamente
para todos, excepto el asco, cuando solo se mostraron combinaciones de ojos y boca.
Esto sugiere que otras regiones faciales actiian como distractores en la identificacién de EFEs.
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1. Introduction

Identification of emotional facial expressions (EFEs) is a
key element of non-verbal interpersonal communication
between humans. EFEs contain within them socially rele-
vantinformation as well as cues of the emotional state of the
person, on which they have little conscious control (Troisi,
1999). Fruitfulsocialinteractionsrequireaccurateidentifi-
cationof EFEs. Thisnotonlycreatesrapport,butalsohelps
the observer formulate and modulate their own behaviorin
response to the expresser (Isaacowitz et al., 2007).

Although EFEs are known to contain visual cues of
a number of different emotional categories and be am-
biguous, some of them have shown ‘universality’, being
recognizable across geographical and ethnic boundaries,
with little to no cultural modifications (Elfenbein et al.,
2002; Matsumoto et al., 2008). Six ‘universal’ EFEs,
namely anger, sadness, fear, surprise, happiness, and dis-
gust have been identified till date (Ekman et al., 1971).
While being recognizable across cultures, however, the
accuracy of the identification of these EFEs varies across
individuals, with the intensity of the EFE and the char-
acteristics of the observers playing the most significant
roles (Hess et al., 1997). Furthermore, psychiatric ail-
ments like mood and personality disorders also affect
the accuracy and interpretation of EFEs, as it has been
reported in research done a priori (Heuer et al., 2010).

It has been seen that identification of EFEs depend
on certain anatomical changes in certain regions of the
face (Kestenbaum, 1992). Various studies have employed
different occlusal methods to identify that the eyes re-
gion and the mouth region are the two most important
areas of the faces that determine the identification of
EFEs (Noyes et al., 2021; Wegrzyn et al., 2017). Re-
search utilizing eye tracking technology has also been
conducted to observe to what extent observers focus on
these facial regions while identifying emotions from faces
(Calvo et al., 2018; Eisenbarth et al., 2011). It has also
been observed that while for individual emotional fa-
cial expressions, the extent of the observers’ focus on
the eyes and the mouth vary, but these two regions re-
main the most focused on parts of the emotional faces
(Calvo et al., 2018; Wegrzyn et al., 2017). Studies us-
ing ‘bubbles’ of emotional facial expression stimuli have
also found that fixation of the observer’s gaze on the
eyes and the mouths of the expressors were almost in-
exorably linked with the identification of the emotion
itself (Neumann et al., 2006). However, a question that
has still remained largely unexplored is that of whether
the other regions of the face (ears, cheeks, forehead)
provide more information to the observer or serve only
as distractions during the identification of EFEs, with
only one study being conducted among a small group of
Caucasian adults (Kestenbaum, 1992).

Although Indians form 17.7% of the world’s popu-
lation, research on the identification of EFEs among

the Indian population are sparse (Bandyopadhyay et
al., 2021; Mishra et al., 2018). Furthermore, no study
comparing accuracy differences during identification of
EFEs from full and partial faces has been conducted in
this populace. Thus, the current study was conducted
with an aim to compare the accuracy of recognition
and identification of universal EFEs under full-face and
partial face conditions (only showing the eyes and the
mouth regions), using static images showing the six uni-
versal facial expressions at 100% intensity.

The hypothesis of the present research was that when
presented with images of emotional facial expressions at
100% intensity, Indian young adult observers would be
able to identify the EFE with a higher accuracy from
partial face images (showing only the eyes and mouth
region) as compared to complete face images.

2. Materials and Methods

An analytical study with a cross-sectional design was
conducted in a tertiary care hospital cum teaching insti-
tute of Eastern India from August to October of 2019.
Relevant ethical permissions were obtained from the In-
stitutional Ethics Committee of the study Institution.

2.1 Study Population and Sampling
The study population consisted of young Indian adults
who volunteered for the study.

Based on the study conducted by Kestenbaum (1992)
among Caucasian adults, sample size was calculated based
on the difference between the mean scores of the partic-
ipants while identifying the least accurately recognized
negative EFE, fear from complete and partial faces. The
sample size was calculated using the formula:

2 2
(Z1-g)? [2 x %]
2

Where, Z g is the critical value of the Normal distri-
bution at § (e.g., for a confidence level of 95%, a is .01
and the critical value is 2.58), o1 and o are the stan-
dard deviations of the two groups and d is the estimated
difference between the means of the two groups, and n
is the required sample size for each group. Considering

o1 as .41, 09 as .5, and d as .2, the final required sample
size for each group was 70 participants.

n =

The 140 study participants were recruited from adults
aged between 18-26 years, who responded to fliers and
social media advertisements of the study. Everyone meet-
ing the age criteria and responding to the call for the
study were considered as participants. The participants
were mostly students at the study institution or nearby
the university campus and volunteered for the study.
They were screened for any neuropsychiatric illnesses
using the Primary Care Evaluation of Mental Disorders
Patient Health Questionnaire (PRIME-MD PHQ) self-
administered questionnaire, which has been utilized in
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and validated for the Indian population (Avasthi et al.,
2008; Spitzer et al., 1999), as well as by a registered psy-
chiatrist working in the Department of Neuropsychiatry
of the study institution. Of the 258 total respondents,
12 were excluded for either not meeting the age criteria
or for being screened out by the psychiatric evaluation.
Of the remaining 246 respondents, random sampling was
used to assign 70 volunteers to the full-face group using a
random number table. Once a participant was assigned
to the group, corresponding another age (+2 years), sex,
residence and socioeconomic status matched participant
was recruited for the other group. None of the partici-
pants were paid any remuneration for taking part in the
present study.

2.2 Study Tools
Four (4) full-color image sets from the Karolinska Direc-
tory of Emotional Faces (KDEF) were utilized for the
current study (Lundqvist et al., 1998). Each of these
image sets comprised of seven individual images corre-
sponding to full faces of a person (expressor) expressing
universal facial expressions at 100% intensity as well as
a neutral image of the expressor. Two of the selected im-
age sets (KDEF no. 01 and 02) showed EFEs of women
expressors, and the other two (KDEF no. 14 and 35)
were of men. In addition to these four image sets, two
extra images were selected for demonstration purposes,
one of a male expressor expressing sadness (KDEF nos.
09) and the other one of a female expressor expressing
happiness (KDEF nos. 07). All of these image sets
were selected randomly using a random number table.
Subsequently, all of these 30 images were modified by
an image editing software (GIMP™) to produce par-
tial faces, where only the eyes and mouth regions of the
participants were kept, while the rest of the face was
removed. The extents of the ‘eye region’ and ‘mouth re-
gion’ were adapted from the study done by Schurgin et
al. (2014), where both eyes (LY and RY) along with the
eyebrows (LB and RB) and the nasion (NS) were con-
sidered to be part of the eye region and the upper and
lower lips (UL and LL) were considered to be parts of
the mouth region for the purposes of the current study.
The full-face images of the EFEs of the four study
sets were shuffled using a random number table to pro-
duce a superset (hereafter called ‘Full-face set’). Simi-
larly, the partial faces corresponding to each of the emo-
tions were aggregated and shuffled to form the ‘Partial-
face set’ of images.

2.3 Study Technique

The present study was conducted after obtaining writ-
ten informed consent from the study participants in an
environment isolated from any distracting stimuli such
as loud noises, bright lights. The four full face neutral
expression images of the four expressors were at first
shown to all the participants to control for any confu-

sion arising from unfamiliarity with the faces. This was
followed by a demonstration session. For each of the
two groups, two demonstration images were used to ex-
plain and demonstrate the whole identification task to
the participants (Palermo et al., 2004).

Participants were shown the Full-face and the Partial-
face sets on a 19.35x34.42 cm computer screen with
1208 x 768 resolution and a refresh rate of 60Hz. After
the demonstration for the image set, each image from
that set was presented on the screen for a period of two
seconds, after which it was replaced by a black screen.
The images were shown to the participants using the
Microsoft T Powerpoint software, and presenting time
was controlled via the same. FEach participant then
marked on the given response sheet the emotion that
they could identify being expressed in that image, from
a list of the six universal EFEs. After each response was
marked, the participant was shown the next image. This
process continued till the end of the image set. None of
the images in the sets were repeated for a participant,
and there was no provision for choosing multiple options
on the EFE list.

Answers provided by the participants were marked
as being ‘correct’ or ‘incorrect’, with scoring of 1 and
0, respectively. The more faces a participant correctly
identified, the higher score was given to him/her.

2.4 Data Analysis

After response marking, each participant was scored out
of 24 for each image set. Data collected was compiled us-
ing MS-Excel 19 (Microsoft Inc) and analyzed using fre-
quencies and percentages. Difference between the identi-
fication accuracy of the participants with respect to the
two image sets was measured using the student’s ¢ test
and Chi-squared test (with Yates correction wherever
applicable) and a p-value of <.05 was considered to be
statistically significant. All statistical calculations were
made using the Statistical Package for Social Sciences
(SPSS) v. 25 (IBM Corp).

3. Results

Analysis of the collected data showed that the mean +
SD age of the participants was 21.3+1.7 years for full
face group, and 21.2+1.6 years for the partial face group.
Most of the participants were male (62.9%), were from
rural areas (61.4%), and belonged to higher socioeco-
nomic status families —per capita monthly family in-
come of > %8000; 65.7%— (Khairnar et al., 2021). Most
of the participants were medical students of the study
institution (37.8%), followed by engineering students
(23.6%), students pursuing bachelor’s degree in the arts
(15%), medical technologists (14.3%), and lawyers (9.3%)
(see Table 1). The sex distribution and socioeconomic
status of the study participants were similar to that ob-
served in other studies working with similar populations.
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Table 1

Sociodemographic Characteristics of the Participants (n =140)

Characteristic

Full-face group (n = 70)

Part-face group (n = "70)

Age in completed years (mean+SD)
Sex (male, %)
Residence (rural, %)
Per capita monthly income (>38000, %)
Occupation (n, %)

Medical student

Engineering student

Lawyer

Medical technologists

Arts student

21.3+1.7 years

21.2+1.6 years

44 (62.9%) 44 (62.9%)
3 (61.4%) 43 (61.4%)
6 (65.7%) 46 (65.7%)
6 (37.1%) 27 (38.6%)
8 (25.7%) 15 (21.4%)

(10.0%) 6 (8.6%)
(12.9%) 11 (15.7%)
0 (14.3%) 11 (15.7%)

The mean score of the participants who identified the
Full-face set was 18.14+1.8, with a median score of 18.
The identification rate was higher in the Part-face set
group, with participants scoring a mean of 19.74+1.6 out
of 24, with a median score of 20 (Table 2). This differ-
ence between the mean scores of the two groups was also
found to be statistically significant (p-value = .0007).

When the correct identification rates for individual
EFEs were explored, those participants who correctly
identified > 3 images depicting an EFE out of a possi-
ble four (75%) were considered to have a high accuracy
of identifying the said EFE. It was seen that the most
correctly identified EFE in the full-face group was happi-
ness, with 100% of participants being able to identify > 3
images depicting the emotion. This was followed by dis-
gust (90%) and sadness (80%). The least identified EFE
was fear, with only 22.9% of the participants being able
to identify three or more images of the emotion (Table
3). Participants belonging to the partial-face group also
identified happiness the most correctly, with all of them
identifying at least three of the four EFEs shown to them.

It was also observed that the accuracy of correctly
identifying the emotions was higher across the board for
every other emotions, except disgust, where the propor-
tion of participants identifying at least 3 out of 4 EFEs
was lower than the full-face set. These differences were
found to be statistically significant for all EFEs except
fear and anger (Table 3).

4. Discussion

It was observed in this study that participants scored on
an average 18.1 out of 24 (75%) of EFEs from full face
images and 19.7 out of 24 (83.3%) from images show-
ing only the eyes and the mouth regions. This points
to a high general accuracy of Indian adults to identify
universal facial expressions and conform to findings that
have been reported by Mishra et al. and Lohani et al.
in their studies as well as a study done by two of the
authors previously (Bandyopadhyay et al., 2021; Lohani
et al., 2013; Mishra et al., 2018). However, an interest-

ing observation in this regard was the statistically sig-
nificant increase of accuracy when participants tried to
identify EFEs from partial faces as compared to full face
images. Research done a priori using eye-tracking have
shown that there is an increased focus on specific regions
of face when humans try to identify emotions (Schurgin
et al., 2014). Focus on the eyes and the mouth regions
has been observed in most people when attempting to
identify a particular universal EFE. Therefore, it follows
that the activity of identification of emotion from an ex-
pressive face will be easier where only the specific areas
of interest are shown, free from the potential ‘distractor’
regions, which was substantiated by the present study.

Figure 1

Ezxamples of Full and Part-face Images Shown to
the Participants

1.A. Full-face of KDEF 01

1.B. Part-face of KDEF 01

When individual emotions were assessed, it was seen
that the increase in accuracy was observed for all of the
EFEs except that of happiness and disgust. This con-
trasts with the results reported by Kestenbaum in her
study, where she found that, except happiness, all other
EFE identification accuracies decreased for eyes/mouth
combinations (Kestenbaum, 1992). Thiscanbeexplained
in terms of cultural and geographical modulations on
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Table 2

Differences of Scores Between Full-face and Partial Face Groups (n = 140)

Full-face group (n=70) Part-face group (n = "70)

t-test value (p-value)

EFEs

Total score
Mean 18.1
Standard deviation 1.8

19.7
1.6

4.2 (.0007)*

Note. *statistically significant.

Table 3

Accuracy of Identification of Emotional Facial Expressions by Participants (n =140)

EFEs identified®

Full-face group (n=70) Part-face group (n = "70)

Z-/Chi-squared” value

(p-value)
Positive EFEs
Happiness (n, %) 70 (100%) 70 (100%) - (.00)
Surprise (n, %) 63 (90%) 70 (100%) 2.92 (.003*)
Negative EFEs
Sadness (n, %) 56 (80%) 67 (95.7%) 2.59 (.009%)
Disgust (n, %) 63 (90%) 53 (75.7%) 2.02 (.043%)
Fear (n, %) 16 (22.9%) 23 (32.9%) 1.13 (.258)
Anger (n, %) 32 (45.7%) 42 (60%) 1.52 (.128)

Note. 2Correct identification of > 3 out of 4 images of each EFEs; *statistically significant; "with Yates

correction, wherever applicable.

emotion perception. Kestenbaum, with her observers
being primarily Caucasian, observed such results, as it
has been reported by Jack et al., that Westerners showed
more generalized focus on the face while identifying hu-
man emotions. On the other hand, Asians showed a
higher region-specific fixation in identifying emotions
(Jack et al., 2009). A thorough search of the available
literature did not yield any similar study done among
Indians. The results of the current study suggest, how-
ever, that they share their EFE identification methods
with the other Asian populations, with whom they share
large portions of their culture.

Significantly, the EFEs depicting happiness were iden-
tified with 100% accuracy in both full-face as well as
part-face scenarios. This points to the well-established
‘happy face advantage’, in which the idiosyncratic trans-
formation of the facial region (open mouth, showing
teeth etc.) are distinctly and instantly recognizable, and
are therefore identifying the EFE of happiness as not af-
fected by the other distractor regions of the face (Kirita
et al., 1995). Interestingly, the findings of the present
study suggest that the opposite is true for the EFE of dis-
gust, where just the changes in the eyes and the mouth
regions of the expressor were not enough and visualiz-
ing the other regions of the face was also needed by the
observer to properly identify the EFE. A decrement in
the accuracy of the participants to identify disgust from
partial-face images can be explained by the fact that
in expressing disgust, there occurs a largely global non-
specific change in the facial musculature instead of more
intense changes of specific regions like those occurring

in other EFEs (Waller et al., 2008). Furthermore, in
the expression of disgust, there often occur wrinkling
up of the nose, an event that was excluded from the
partial face images, which excluded the nasal regions of
the face (Widen et al., 2008). Therefore, the findings of
the present study indicate that for most facial expres-
sions, the other regions of the face serve as distractors,
and provide more evidence towards establishing the eyes
and the mouth regions as the key facial areas for the ex-
pression as well as recognition of EFEs.

The findings of the present study have important
implications. As it was identified by the researchers in
a previous study, the current study also found that In-
dian adults identified negative emotions such as fear and
anger to a much lesser extent than positive emotions
(Bandyopadhyay et al., 2021). This has important so-
cial and behavioral implications, as misidentification of
emotions can lead to interpersonal conflicts (Wells et al.,
2016). Furthermore, in certain medical conditions, such
as among patients of chronic diseases, and psychiatric
ailments as depressive and anxiety disorders, there is a
distinct lowering of accuracy in the identification of neg-
ative EFEs (Gollan et al., 2010; Prochnow et al., 2011).
Improvement of EFE identification rates for negative
emotions (except disgust) from partial faces, as observed
in the present study, may have certain applications in
this regard in the form of training modules used in ed-
ucational and psychological counseling. Interventions
using images of partial faces to improve the identifica-
tion accuracy of different EFEs can also find use in the
management of social-communication problems suffered
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by patients of conditions such as autism spectrum dis-
orders in the Indian population (Russo-Ponsaran et al.,
2016). However, further research in this regard needs to
be conducted.

While it has been seen by others as well as the au-
thors themselves that there exists difference between
males and females in the identification of EFEs, this phe-
nomenon was controlled for in the study by ensuring the
matching for sex in the two study groups (Bandyopad-
hyay et al., 2021; Montagne et al., 2005). Apart from
these, however, the study had several limitations. The
primary limitation for the present study was that KDEF,
a directory of emotional facial expressions of Caucasian
expressors were used in the present study. This was done
as there is not yet a validated emotional faces directory
for the Indian population, which is exceedingly difficult
to create due to the extreme diversity of culture and
ethnicities present within the population of the subconti-
nent. Although it has been widely used in studies across
the world, the use of KDEF in the present study might
have led to certain biases in the response of the partici-
pants owing to their limited exposure to Caucasian faces.
Another limitation of the present study was the use of
static EFEs with 100% intensity. In most real-life situ-
ations, EFEs are expressed dynamically at much lower
intensities, which leads to a wide variation of accuracy
between observers (Wells et al., 2016). Nevertheless, in
the present study, due to the lack of resources and ap-
propriate infrastructure, an ‘ideal’ situation was simu-
lated, and therefore the inferences drawn might have
limited generalizability. Finally, in the present study,
only between-group comparisons, and not within-group
comparisons were made. This is prone to bias when
there are present one or more neuro-divergent individu-
als in one of the study groups, especially those with high
functioning autism spectrum disorders who could not be
screened with the tools at hand. Therefore, a cross-over
design in a future study is warranted to generate more
valid and generalizable results.

5. Conclusion and Future Directions

It can be concluded from the present study that among
young Indian adults, accuracy of identification of uni-
versal EFEs was high. This accuracy was further sig-
nificantly enhanced when they were shown EFE images
with only combinations of eyes and mouth regions vis-
ible, except disgust. This suggests that the other re-
gions of the face serve as distractors in expression and
identification of all universal EFEs, except for disgust,
where the opposite happens. Further research into the
topic needs to be undertaken using a facial expression
directory validated for Indian populations. Also, studies
using EFEs of lesser intensities, cross-over design, and
using a combination of different EFEs can generate more
robust data on the topic.
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