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INTRODUCTION

Estimation of emotional facial expressions is an essential 
ability in daily life. However, this key ability has been dam-
aged for the population of schizophrenia patients. Numerous 
previous studies have proved that abnormal perceptions of 
emotional facial expressions as well as the relatively low sen-
sitivity to the classification of emotional facial expressions are 
core features of schizophrenia patients.1-6 Schizophrenia pa-
tients are unable to quickly and accurately estimate emotions 
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presented by ambiguous facial expressions.7 Namely, when 
the emotional intensity of some expressions is weak, schizo-
phrenia patients are unable to estimate these expressions as 
quickly and accurately as healthy people. The deficit often 
obstructs schizophrenia patients’ empathy and social com-
munications.8-12 Currently, there are two views to explain the 
mechanism of the deficit. 

Some researchers suggested that the deficit results from a 
cognitive disability of emotions, namely an emotion-specific 
deficit.13 They proposed that schizophrenia patients have spe-
cific deficits in encoding or decoding other’s emotions.14 Oth-
ers advocated that the deficit is a result of an integrated defi-
cit of signals on facial areas. It belongs to a general cognitive 
deficit involving the effective integration of emotion and cog-
nition.15 This controversy has been going on for many years.

Recently, according to the finding that “the local features 
and structural information are the main factors affecting so-
cial perceptions of faces,” some studies indirectly proposed a 
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new thought to deal with this controversy.16-18 Specifically, the 
new thought is to investigate emotional classification pat-
terns of schizophrenia patients in different facial areas. To il-
lustrate the categorical perception of emotional facial expres-
sions in healthy people, Wegrzyn et al.18 instructed participants 
to classify emotional facial expressions with an emotional cat-
egorical perception task, and found that healthy adults can 
estimate facial expressions with ambiguous emotions in a 
relatively stable way, no matter what kind of facial area is pro-
cessed. In other words, healthy adults always classify a facial 
expression with ambiguous emotions as having the same emo-
tion, despite observing the eye region, mouth region, or the 
whole face respectively. It indicates that healthy adults’ cate-
gorical perception of emotional facial expressions is relatively 
stable regardless of processing whatever signals on the facial 
area. At bottom, their abilities to integrate the signals of differ-
ent facial areas are intact. However, it is still unclear whether 
schizophrenia patients also have a relatively stable categorical 
perception of emotional facial expressions when they process 
signals on different facial areas. Through investigating this, 
the abovementioned controversy of whether the relatively low 
sensitivity to the classification of emotional facial expressions 
in schizophrenia patients is a cognitive disability of emotions 
or an integrated deficit of signals on different facial areas can 
be deconstructed to some extent. 

Categorical perception of emotional facial expressions re-
fers to a phenomenon of perception that individuals tend to 
make perceptual categorizations among emotional facial ex-
pressions when those facial expressions belong to different 
emotional categories rather than the same emotional catego-
ry.19,20 Normally, the emotional categorical perception task is 
utilized to investigate individuals’ categorical perception of 
emotional facial expressions. In this task, stimuli are gradu-
ally varied continuums of facial expressions. A continuum is 
created by two emotional facial expressions pictures. Each 
picture includes a facial expression image with a certain emo-
tional valence and a 100% emotional intensity. The two pic-
tures, called prototype pictures, are at the two endpoints of 
the continuum. Between the two endpoints, other pictures of 
emotional facial expressions are generated by morphing the 
two prototype pictures through computer software. Specifi-
cally, the emotional intensity of these morphed pictures of 
emotional facial expressions gradually varies between 0% 
and 100% compared to the emotion contained in the picture 
of left endpoints of the continuum. The emotional intensity 
increment is equal between every picture, it is often 10%. 
Consequently, the continuum gradually varies from one 
emotional facial expression to the other. In the task, observ-
ers’ classification boundary (also called “shift point”) and the 
sensitivity to the classification of emotional facial expressions 

can be calculated by a logistic function. The “shift point” indi-
cates the position on which facial expressions with a certain 
emotion start to change to the other one in observers’ subjec-
tive views. It is also the point on the continuum at which the 
most likely choice of emotion shifts from an emotion to the 
other one. The sensitivity to the classification of emotional 
facial expressions refers to observers’ ability to classify the 
two emotional facial expressions. The general logistic func-
tion can be represented by the following simplest equation: 
Y=1/(1+e-x). According to different data types, the general 
logistic function has many variants. 

Through providing schizophrenia patients with signals on 
different facial areas and instructing them to conduct emo-
tional categorical perception tasks, we can clarify the differ-
ence of the classification between various conditions of facial 
areas. Namely, we can acquire schizophrenia patients’ pattern 
of emotional facial expressions classification under the condi-
tion of processing different facial signals. Subsequently, healthy 
adults’ classification pattern can also be acquired by this task, 
and the difference of classification patterns between schizo-
phrenia patients and healthy adults can be analyzed. If schizo-
phrenia patients and healthy adults have a similar emotional 
classification pattern in different facial areas, the relatively low 
sensitivity to the classification of emotional facial expressions 
is due to the cognitive disability of emotions. In contrast, if 
schizophrenia patients and healthy adults have a similar emo-
tional classification pattern under the condition of observing 
a whole face, but different emotional classification pattern un-
der the condition of local facial areas, then we can conclude 
that the relatively low sensitivity to the classification of emo-
tional facial expressions arises from patients’ integrated defi-
cit of signals on facial areas. 

To date, few studies have investigated the abovementioned 
debate from the perspective of emotional categorical percep-
tions. In the current study, we used an emotional categorical 
perception task with different facial areas. Specifically, we used 
three “positive emotional valence-negative emotional valence” 
emotional continuums (“happy-sad” continuums). They are 
the continuum with upper half of facial area (mainly eye re-
gion), the continuum with lower half of facial area (mainly 
mouth region), and the continuum with whole faces. The aim 
of the current study is to deconstruct the mechanism of ab-
normal categorical perception of emotional facial expressions 
in schizophrenia patients by adopting this approach. 

We assume that emotional categorical perception of schizo-
phrenia patients will show some pathological characteristics 
during the processing of estimating emotional facial expres-
sions. Specifically, there are two possible results. First, if the 
standpoint of cognitive disabilities of emotions is right, the 
similar classification boundary will exist between schizophre-
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nia patients and healthy adults regardless what facial areas is 
observed. Oppositely, if the viewpoint of integrated deficit of 
signals on facial areas is right, significantly different classifi-
cation boundary will occur between schizophrenia patients 
and healthy adults. Specifically, compared with healthy adults, 
schizophrenia patients would perceive more negative emo-
tions when they observe ambiguous facial expressions in eye 
regions. In contrast, they would perceive more positive emo-
tions when they observe ambiguous facial expressions in 
mouth regions. Namely, compared with healthy adults, schizo-
phrenia patients would have a more center-left classification 
boundary in a “happy-sad” continuum of eye images and a 
more center-right classification boundary in a “happy-sad” 
continuum of mouth images. 

METHODS

Participants

Participants with schizophrenia
Eighty-three schizophrenia patients who were in the phase 

of stabilization and convalescence were recruited for this 
study. Psychiatric diagnoses based on Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition. Psychopatho-
logical assessment was conducted by using the Positive and 
Negative Syndrome Scale (PANSS). According to previous 
studies, our criteria for being in the phase of stabilization and 
convalescence included two requirements.21,22 First, no rele-
vant PANSS item was greater than “mild” (no rating greater 
than 3) for both positive and negative symptoms. Second, 
there was no change in the types and dosages of drugs last 
month. In addition, included patients have certain commu-
nication and understanding abilities, therefore, they can co-
operate with relevant inspections and complete the current 
research. Exclusion criteria included a history of head injury, 
co-morbid serious physical disease, substance abuse or alco-
hol abuse (except smoking), pregnancy or lactation, and 
chronic diseases of the nervous system. 

Approval was obtained from the Shanxi Medical Universi-
ty Ethics Committee (no. 2018LL244). The procedures used 
in this study adhere to the tenets of the Declaration of Helsin-
ki. Informed consent was obtained from all individual par-
ticipants included in the study. 

Healthy controls
Seventy-one healthy controls were recruited through adver-

tisement, and were screened using a semi-structured inter-
view to confirm the absence of psychiatric history or related 
illness. All schizophrenia patients as well as the healthy con-
trols were right-handed and with normal or corrected-to-nor-
mal vision. Informed consents were signed by all participants.

Stimuli and apparatus 
Standard happy and sad images of 10 Asian female identi-

ties were selected from the Japanese Female Facial Expres-
sion Database23 as prototype pictures. The emotional intensi-
ty in “prototype happy” is defined to 1 and the same definition 
in “prototype sad” is 11. By using Abrosoft FantaMorph5 
(Abrosoft, Lincoln, NE, USA),24 each identity’s two prototype 
pictures (with 100% happy and 100% sad) were morphed to 
create a continuum of 11 facial images, and each intermediate 
image was transformed by a 10% increment with sad emo-
tion signal increasing gradually. The “emotional intensity” in 
these morphed facial expressions between two prototype 
pictures was an integer value between 1 and 11 (see Figure 1). 
Thus, 10 identities generated 10 whole facial continuums, 
which consisted of 110 whole facial images. Each facial im-
age contains a sad emotion with a different proportion. De-
tails of the morphing technique were provided by Pollak and 
Kistler.25

Next, these whole facial images were divided into upper 
and lower half images through a certain way described by 
Wegrzyn et al.18 Using these upper and lower half facial im-
ages, other 20 continuums were generated (10 upper facial 
continuums and 10 lower facial continuums). 

The experiment was performed using E-Prime 2.0 Profes-

Figure 1. Morphed stimuli of emotional facial expressions.
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sional Software (Psychology Software Tools, Pittsburgh, PA, 
USA),26 and all facial images were exhibited by this psycho-
logical software. 

Procedure 
In a quiet room, participants were seated before a 14-inch 

Acer Laptop screen with a resolution of 1,024×768 pixels. The 
distance from their eyes to the screen was approximately 57 
cm. Prior to normal experiments, task instructions and emo-
tional definitions were presented on the screen to help partici-
pants get to know experimental rules, and then participants 
pressed the ‘p’ key in a standard QWERTY keyboard to enter 
experiments. The formal experiment began with a red cross 
remaining 1 second in the center of the screen. Then 11 facial 
images of the first identity, with 256×256 pixels, were pre-
sented on the screen with out-of-order process. For each im-
age, participants selected an emotion to describe the emo-
tional facial expression appropriately by pressing the ‘f ’ key 
for happy and ‘j’ key for sad. There was no time limit for re-
sponses, and the facial image remained in view until a re-
sponse was made. The duration of responses approximates 
the timing of judgments in real circumstances. When partici-
pants made their choice, a trial finished. Between two trials, a 
red cross appeared in the center of the screen for 1 second. Be-
fore the formal experiment in each block, there was a practice 
session, in which 11 practice images were estimated. When 
the estimate of all ten identities was finished, a block was over. 

Participants have viewed 110 whole emotional facial images 
in all (11 facial images×10 identities). 

In the other two blocks, participants were instructed to es-
timate emotions of the upper facial areas and lower facial ar-
eas by observing local facial images. At the end of each block, 
participants had a duration to rest. The order of the blocks 
was counterbalanced across participants. In summary, the 
formal experiment included three hundred and thirty trials 
(11 facial images×10 identities×3 face areas) distributed in 3 
blocks (see Figure 2). 

Data analysis
Previous studies have shown that logistic function models 

were fit for analyzing these kinds of dates, because S-shaped 
functions could appropriately fit the changing trend of emo-
tional categorical perception.1,27 As previous studies did,28 the 
logistic function y=a+(b-a)/(1+e-[(x-c)/d]), generated at the ear-
liest by Pollak and Kistler,25 was theoretically more appropri-
ate for fitting dates in current study. In this function, e repre-
sents exponential function, x is emotional intensity of sad 
emotion, y is the probability of identifying sad emotion, c 
represents the value of shift point. The value is equal to the 
emotional intensity of sad under the condition of y=50%, d is 
corresponding to the sensitivity, a and b represent the lower 
and the upper asymptotes, respectively. All parameters can be 
estimated through raw data from our experiments by using a 
nonlinear regression approach. Mathematically, the sensitivi-
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Figure 2. The procession of the experiment.
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ty is equal to (b-a)/4d. Because b-a approaches to the value 1, 
in current study, as previous studies did,25,28 we used 1/d as 
the approximate value of the sensitivity. It is the indicator of 
sensitivity to participants’ classification of emotional facial 
expressions

We employed a nonlinear regression approach to estimate 
the parametric value of c and d, then acquired the value of 
shift point (c), and the sensitivity of participants’ emotional 
categorical perceptions (1/d). We conducted a two-ways 2×3 
repeated-measures analysis of variance of the shift point and 
sensitivity by using face areas as a within-subject factor and 
groups of participants as a between-subject factor. The de-
pendent variables are shift point (c) and sensitivity (1/d).

RESULTS

Two groups completed the estimating task with three dif-
ferent face areas. After recruiting as candidates, 3 patients 
were excluded because their changing treatment condition 
made them unable to finish the whole experiment. On ac-
count of careless or random response, 9 patients’ data was in-
valid. In conclusion, 71 patients’ data were analyzed. We 
choose a moderate effect size (f=0.25) and a statistical power 
threshold of 0.8 (with p≤0.01) to calculate the sample size of 
our study. And according to this standard, we ensure that 
each group of 71 participants is enough to capture robust re-
sults of our experiment. 

For the participants in the final analysis, all healthy controls 
match the schizophrenia group in gender, age, and education. 
Their clinical and demographic characteristics are summa-
rized in Table 1. The descriptive statistical data of the shift 
points and sensitivities of three facial areas of schizophrenia 
patients and healthy controls are shown in Table 2.

For the shift point, there was no main effect of group (F(1, 140)= 

2.43, p=0.12). A significant main effect of face areas indicated 
that for different face areas, shift point was distinct despite 
groups (F(1.63, 227.76)=99.26, p<0.001, η2

p=0.415). A significant 
group-by-face area interaction forecasted that shift points 
among face areas are different for two groups (F(1.63, 227.76)= 
18.72, p<0.001, η2

p=0.118) (see Table 3 and Figure 3). 
Next, a simple effect analysis of groups showed a signifi-

cant difference between two groups in the condition of upper 
(p<0.001) and lower (p=0.015) facial expressions, but not in 
the whole facial expressions (p=0.182). A simple effect analy-
sis of face areas revealed that significant differences exist in 
every pairwise comparisons for schizophrenia patients (for 
all p<0.001). However, such significant results existed in only 
the comparison of upper to lower facial expressions (p<0.001) 
and upper to whole facial expressions (p=0.002) for the healthy 
control. 

For the sensitivity, a significant main effect of groups indi-
cated that schizophrenia patients and healthy controls’ sensi-
tivity about emotional facial expressions was different (F(1, 140)= 
17.70, p<0.001, η2

p=0.112). A significant main effect of face 
areas indicated that participants had dissimilar sensitivity 

Table 1. Demographic characteristics of schizophrenia patients and healthy controls

Schizophrenia (N=71) Healthy control (N=71) Indicators p
Age (yr) 40.46±11.97 40.63±12.00 t=-0.08 0.933
Education (yr) 9.65±2.80 9.76±2.73 t=-0.24 0.808
Sex (M:F) 47:24 46:25 χ2=0.031 0.860
WAIS-R, estimated IQ 89.21±15.78 91.63±12.23 t=-1.02 0.308
Duration of illness (yr) 12.44±8.65
PANSS

Positive symptom 10.85±3.60
Negative symptom 15.72±3.91
General symptom 27.07±6.15
Total score 57.03±11.36

Values are given as mean±standard deviation or N. M, male; F, female; WAIS-R, Wechsler Adult Intelligence Scale-Revision; PANSS, Positive 
and Negative Syndrome Scale

Table 2. Shift points and sensitivities of three face areas of schizo-
phrenia patients and healthy controls

Variable Groups
Face areas

Whole 
face

Lower 
half

Upper 
half

Shift points Schizophrenia 
  patients

5.85±1.09 6.70±1.39 4.47±1.96

Healthy controls 6.04±0.50 6.27±0.57 5.40±0.76
Sensitivities Schizophrenia 

  patients
1.51±1.00 1.39±0.75 1.11±0.88

Healthy controls 1.72±0.52 1.86±0.98 1.53±0.69
Values are given as mean±standard deviation
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among different face areas (F(2, 280)=7.20, p=0.001, η2
p=0.049). 

There was no significant group-by-face area interaction (F(2, 280)= 
1.10, p=0.335) (see Table 3 and Figure 4). Then, LSD test was 
carried out for different groups, the result showed that in all 
face areas, sensitivity of two groups had significant difference 
(p<0.001). Specifically, the sensitivity of schizophrenia pa-
tients was significantly lower than that of healthy controls in 
all face areas.

The logistic data response curves in three face areas be-
tween schizophrenia patients and healthy controls were illus-
trated based on their raw data (see Figure 5).

DISCUSSION

This study confirmed schizophrenia patients’ integrated def-
icit of signals on facial area by analyzing schizophrenia pa-
tients’ patterns of emotional categorical perception under dif-
ferent facial areas conditions. 

Schizophrenia patients’ shift point is the same as that of 
healthy controls under the condition of whole facial areas, 
which is inconsistent with previous studies.29 Potential rea-
sons may be due to the different recovery levels of the pa-
tients. In previous studies, participants were inpatients with 
schizophrenia, while the current study uses patients in the 
phase of stabilization and convalescence, who have better 
physical and mental states when operating tasks. Thus, they 

presented more similar shift points with healthy controls, 
which potentially implied the improvement of emotional 
functions for schizophrenia patients in the phase. It also in-
dicated that for schizophrenia patients with relatively slight 
pathological characteristics, their estimated pattern of am-
biguous emotional facial expressions is similar to healthy 
people in the daily life. The phenomenon is consistent with 
the study of Grave et al.30 They have proved that although 
schizophrenia patients have an overall slower access to visual 
awareness of facial expressions, the implicit perception of 
emotional faces is intact. 

Compared to healthy controls, schizophrenia patients sig-
nificantly prefer estimating ambiguous emotional facial ex-
pressions as happy expressions (namely, a more center- right 
classification boundary) when they process lower faces, where-
as significantly prefer estimating ambiguous emotional facial 
expressions as sad expressions (namely, a more center-left 
classification boundary) when they process upper faces. It in-
dicates that the pattern of emotional categorical perception 
for schizophrenia patients is significantly different from that 
of healthy controls when they process signals on the local fa-
cial areas. Compared to healthy people, schizophrenia pa-
tients have a significantly separate classification pattern in 
processing emotional signals between the eyes and mouth 
regions. Combining the similar shift points for the two types 
of populations under the condition of processing signals on 

Table 3. Repeated measure ANOVA for shift points and sensitivities

Variable
Groups Face areas Groups× face areas

F p η2
p F p η2

p F p η2
p

Shift points   2.43   0.121 0.017 99.26 <0.001 0.415 18.72 <0.001 0.118
Sensitivities 17.70 <0.001 0.112   7.20   0.001 0.049   1.10   0.335 0.008
ANOVA, analysis of variance
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whole faces, the different sensitivity between the two types of 
populations should be derived from the significantly separat-
ed classification pattern in schizophrenia patients and further 
attributed to their integrated deficit of signals on facial areas. 
In addition, the reason for the significantly separated classifi-
cation pattern in schizophrenia patients under the condition 
of processing local facial areas could be explained by the so-
cioemotional selectivity theory. 

Socioemotional selectivity theory advocates that individu-
als’ attention preference for emotional facial expressions cor-
responds to their levels of social development.21-33 Previous 
studies have found that people with relatively low socializa-
tion levels, such as children or mentally disabled people, were 
apt to pay attention to people’s mouths.33 Ample evidence has 
shown degraded socialization level of schizophrenia patients.34 
Hence, schizophrenia patients are prone to having preferenc-
es for mouth region. Moreover, because the mouth region 
contains more traces of happy emotions,35-38 they are habitu-
ated to acquire more signals of happiness from mouth re-
gions, and prefer perceiving ambiguous emotional facial ex-
pressions as happiness when they observe signals from mouth 
regions. 

Simultaneously, socioemotional selectivity theory also sup-
posed that attention preference for emotional facial expres-
sions is closely related to individual’s living environments.32 
Because of clinical symptoms, schizophrenia patients often 
feel dangerous about their surroundings. It prompts them to 

notice negative emotional facial expressions, such as sad ex-
pressions. Moreover, the eye region is considered to contain 
more signals of emotions with negative valence, such as sad-
ness.39 It contributes to the phenomenon that schizophrenia 
patients perceive ambiguous emotional facial expressions as 
having sad emotions when they observe signals from eye re-
gions. This phenomenon does not conflict with schizophrenia 
patients’ preferences to pay more attention to mouth regions 
and to reduce observation of eye regions, because our experi-
ment forces schizophrenia patients to process solo eye and 
mouth regions respectively in different blocks. 

To overcome the conflict of the significantly separated clas-
sification pattern during processing the ambiguous emotion-
al facial expressions on a whole face, schizophrenia patients 
require more cognitive resources. However, previous studies 
have proved that the deficit of cognitive resources is a key 
pathological feature of schizophrenia patients.40-43 Therefore, 
schizophrenia patients have to take more time to process am-
biguous emotional facial expressions in daily life, and they 
still have difficult to estimate these expressions as quickly and 
accurately as healthy people. As a result, the sensitivity to the 
classification of emotional facial expressions is relatively low. 

The result of the sensitivity to the classification of emotional 
facial expressions is fitting for the above explanations. In all 
facial area conditions, the sensitivity of schizophrenia patients 
was significantly lower than that of healthy control. The fact 
revealed that schizophrenia patients were more insensitive to 
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classifying facial expressions with positive and negative emo-
tions, which was consistent with previous studies.1,44 This might 
cause the inability of schizophrenia patients to detect changes 
of people’s emotions in social communications in time, lead-
ing to lags in response in daily life to some degree. 

To sum up, the abovementioned discussions have proved 
that the deficit of categorical perception of emotional facial 
expressions in schizophrenia patients is derived from an inte-
grated deficit of signals on facial area. Specifically, for schizo-
phrenia patients in the phase of stabilization and convales-
cence, their abilities of classification of emotional facial 
expressions in the whole face are relatively intact. It indicates 
that the relatively low sensitivity of emotional facial expres-
sions did not result from an emotion-specific deficit. Mean-
while, schizophrenia patients perceive more negative emo-
tions when they observe ambiguous facial expressions in eye 
regions, and perceive more positive emotions when they ob-
serve ambiguous facial expressions in mouth regions. It re-
flects a significantly separate classification pattern in process-
ing emotional signals between the eyes and mouth regions, 
and leads to a conflict in the processing of estimating ambig-
uous emotional facial expressions on a whole face. Schizo-
phrenia patients cannot mobilize sufficient cognitive resourc-
es to overcome this conflict, and fail to integrate ambiguous 
even contradictory emotional signals from different facial ar-
eas. Consequently, the sensitivity to the classification of emo-
tional facial expressions becomes relatively low. Namely, an 
integrated deficit is the reason for abnormal categorical per-
ception of emotional facial expressions. At least for schizo-
phrenia patients in the phase of stabilization and convales-
cence. Further studies are required to investigate this debate 
by using some physiological technologies, such as eye move-
ment approaches.
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