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Background: Studies have shown that elderly individuals have significantly worse facial expression recognition scores than young
adults. Some have suggested that this difference is due to perceptual degradation, while others suggest it is due to decreased attention
of elderly individuals to the most informative regions of the face.

Methods: To resolve this controversy, this study recruited 85 participants and used a behavioral task and eye-tracking techniques
(EyeLink 1000 Plus eye tracker). It adopted the “study-recognition” paradigm, and a mixed experimental design of 3 (facial
expressions: positive, neutral, negative) x 2 (subjects’ age: young, old) x 3 (facial areas of interest: eyes, nose, and mouth) was
used to explore whether there was perceptual degradation in older people’s attention to facial expressions and investigate the
differences in diagnostic areas between young and older people.

Results: The behavioral results revealed that young participants had significantly higher facial expression recognition scores than
older participants did; moreover, the eye-tracking results revealed that younger people generally fixated on faces significantly more
than elderly people, demonstrating the perceptual degradation in elderly people. Young people primarily look at the eyes, followed by
the nose and, finally, the mouth when examining facial expressions. The elderly participants primarily focus on the eyes, followed by
the mouth and then the nose.

Conclusion: The findings confirmed that young participants have better facial expression recognition performance than elderly
participants, which may be related more to perceptual degradation than to decreased attention to informative areas of the face. For
elderly people, the duration of gaze toward the facial diagnosis area (such as the eyes) should be increased when recognizing faces to
compensate for the disadvantage of decreased facial recognition performance caused by perceptual aging.
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Introduction

Recognizing facial expressions is important and indispensable in daily social activities. By interpreting their facial

expressions, we can easily understand individuals’ attitudes and the information they convey, thus facilitating commu-

nication. However, across the human life span, the ability to recognize facial expressions is not static but rather evolves

with age; there is a large difference in expression recognition ability between older and younger individuals.' ®
Researchers have often used behavioral tasks and eye-tracking techniques to explore the reasons underlying differences in

how well younger (18-30 years) and elderly people recognize facial expressions and have suggested a role of perceptual

1911 and variability in emotional diagnostic strategies.'?

degradation,”” differences in processing patterns,

First, perceptual degradation has been shown to decrease facial expression recognition task scores in elderly adults.”'* For
example, researchers utilized an emotion classification task and asked both younger and elderly participants to categorize faces
into six basic emotions (happiness, surprise, disgust, sadness, fear, and anger).'? The results showed that, compared with younger
participants, elderly people were less likely to correctly identify the emotion of the face and had slower reaction times. Researchers

suggested that this difference is related to elderly participants processing less visual information related to facial expressions, as
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significantly fewer elderly participants gaze at the face than younger (18-30 years) participants do.'? Researchers used a study-
recognition paradigm in which participants were asked to learn about facial expressions, and their learning was subsequently
tested; they reported that elderly participants had significantly lower facial recognition scores than younger (18-30 years)
participants did.® Researchers suggested that perceptual degradation is the main reason for the decreased facial recognition scores
observed in elderly participants.® Elderly participants experience worsening perceptions, attention, and memory abilities as they
age. Perceptual degradation is an important reason for the difference in facial expression recognition ability between elderly and
young individuals.

Variability in the diagnostic region for expression recognition is likely another important reason for the difference in facial
recognition ability between young and elderly participants. Researchers utilized eye-tracking techniques to examine the gaze
characteristics of young and elderly individuals who scanned different facial expressions regarding their facial features
(primarily the eyes and nose).'? The results revealed that elderly participants focused less on the whole face and more on the
mouth region than young participants did. This result is supported by the findings of a study by researchers,'®> which also
compared the characteristics of attention given to facial features (primarily the eyes and nose) between elderly and young (20—
38 years) participants during the recognition of facial expressions; they reported that elderly participants had significantly
worse facial expression recognition performance than young participants, and elderly participants typically spent more time
gazing at the mouth region and less time gazing at the eye region than young participants. Researchers suggested that the
increase in gazing at the mouth in elderly participants was the main reason for the decline in their expression recognition
scores.'? Several limitations exist in the studies of researchers ' and researchers,13 as described below:

1. Researchers '>!3

compared only the differences in gaze between elderly and young participants at the eyes and
mouth and did not consider the whole set of facial features (eyes, nose, and mouth); thus, these studies cannot
comprehensively reveal the differences in the scanning patterns of elderly and young participants in recognizing
facial expressions.

2. Researchers '*!3

attributed the decrease in expression recognition scores in elderly participants to gazing at more
uninformative areas (ie, the mouth); however, many studies have shown that, in addition to the eyes, ie, the
primary area providing information about facial expressions, the mouth is also an important area for expression

4,222 and

recognition."*'> For example, studies have shown this for happy,'®!” disgusted,'®'®!? fearful,>**' sa
angry faces.”’** The recognition of expressions is closely related to the mouth; therefore, the view held by
researchers'® that elderly people’s increased gaze at uninformative areas causes a decrease in their ability to
recognize expression is unconvincing and contradicts the observed real-life experience of elderly people being
more sensitive to a variety of emotional cues.> Researchers’s study may have overlooked the fact that perception
degradation reduces emotion recognition performance in elderly people.'® Although elderly people can gaze very
accurately at the regions that provide the most information from facial expressions, perceptual degradation may
nonetheless lead to reduced recognition scores. Therefore, the current study should distinguish whether the
reduced expression recognition performance of elderly participants is an effect of perceptual degradation or

a bias toward gazing at nondiagnostic areas of the face.

To address the above limitations, this study refers to the experimental paradigm of researchers.® The facial expression
recognition performance of elderly and young participants was further compared via behavioral tasks and eye-tracking
techniques; additionally, the characteristics of the two age groups’ gaze on each facial feature (the eyes, nose, and mouth)
were analyzed to reveal the scanning patterns of expression recognition in elderly and young participants. First, we explored
whether perception degradation occurred in elderly participants by comparing individuals’ attention to facial features between the
two age groups. When the duration of the facial stimulus presentation is the same, elderly people’s attention to facial features
(fixation duration and counts) is significantly less than that of young people, suggesting perceptual degradation in elderly
people.'? Second, we explored whether elderly participants have worse expression recognition performance than young
participants because they focus on more uninformative areas of the face. A previous study showed that young participants
tended to process more horizontal facial information than elderly participants and that elderly participants tended to process more
vertical facial information than young participants.'® Therefore, we hypothesized that young participants process more of the
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vertical information conveyed by facial expressions, primarily considering the eyes and nose rather than the mouth as informative
regions, and pay significantly more attention to the eyes and nose than to the mouth. In addition to looking at the eyes, elderly
participants may allocate more attention to the mouth region than young participants because of their better processing of
longitudinal information, that is, elderly participants may primarily attend to the eyes, followed by the mouth and nose. The eyes
and mouth are important regions for conveying information to discriminate both positive and negative emotions.'* Therefore, in
the present study, we speculated that facial expression recognition performance would be worse in elderly participants than in
young participants and that this effect would generally be caused by perceptual degradation rather than incorrect diagnostic areas.

Methods

Participant

Eighty-five Han people were recruited, including 43 young participants (21.3043.27 years old, 19 males, 24 females) and 42 elderly
participants (64.52+6.3 years old, 24 males, 18 females). None of the participants had a history of mental illness or insomnia, or had
suffered anxiety or other symptoms in the past month. All the participants were right-handed, had normal or corrected-to-normal
vision, and provided written informed consent. This research was approved by the ethics committee of Henan University.

Stimuli

A total of 192 images of facial expressions used in the experiment were selected from the “facial-expression database of
Chinese Han, Hui and Tibetan people”.?® In the learning stage, there were 96 images depicting positive, neutral and
negative facial expressions (32 of each type). The negative facial expression images were categorized into 4 types,
namely, disgust, sadness, anger and fear, with 8 faces of each type. In addition, 96 new facial images were presented in
the recognition stage; these similarly included 32 images of positive, neutral and negative facial expressions. All the hair,
ears and other irrelevant features were removed from the facial images via Photoshop CS6. The images had a resolution
of 640 x 480 pixels and were subsequently converted to grayscale. The facial images were divided into eye, nose and
mouth regions, as shown in Figure 1. The total area of each face was approximately 8 cm?. The facial images were
divided into three AOIs (eyes, nose and mouth), with the area of the eyes approximately 1.7 cm?, the area of the nose
approximately 1.8 cm?, and the area of the mouth approximately 1.6 cm?.

Figure | Areas of interest.
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Equipment

Experiment Builder 1.4.0 software was used during the experiment, and eye movement data were recorded using the
EyeLink™ 1000 Plus eye tracker with the following parameters: the sampling rate was 1000 Hz and the line-of-sight error
was accurate within 5°. The screen resolution was 1024 x 768 pixels, and the distance between the participants and the display
screen was 65 cm. The screen angle of view was 15.5° x 11.7°, and the facial image angle of view was 9.85° x 7.5°,

Procedure

All the participants completed the experiment independently in a quiet environment, with the same experimenter using unified
instructions. The experiment adopted the “study—recognition” paradigm. In the learning stage, instructions were first presented
to the participants; they were instructed to carefully study the 96 randomly presented face pictures and were told that their
learning performance would be tested later. After the participants carefully read the instructions, they pressed any key on the
keyboard to start learning the faces. In this phase, a facial expression image was presented on the screen for 5 s, followed by the
presentation of a fixation point for 1 s'* and then the facial expression image. This process was repeated for a total of 96 trials.
To ensure the accuracy of the data, a single-point calibration was added to each trial. The positions of single-point calibration
dots were randomly assigned to the top, middle, bottom, left and right of the screen. The EyeLink 1000 Plus eye tracker was
used to record the eye movement data (fixation counts and fixation duration) of the participants in the learning stage.

In the recognition stage, the participants were required to recognize 192 faces (96 were learned, and 96 were new).
The participants were instructed to press the F key if the face was a learned face and to press the J key otherwise. The
participants were instructed to press the key as quickly as possible while ensuring accuracy, and their recognition
accuracy and response time were recorded.

Experimental Design

The experiment had a 3 (emotional valence: positive, neutral, negative) x 2 (subject age: younger, older) x 3 (facial areas
of interest: eyes, nose and mouth) design, with participants’ age as the between-participants variable and facial
expression and area interest as the within-participants variables, as shown in Figure 1. The dependent variables were
the recognition accuracy rate and response time, as well as the fixation count and fixation duration for each face AOI.

Results

Behavioral Data

Repeated-measures ANOVAs with 3 emotion valences (positive, neutral, negative) x 2 age groups (younger, older) were
conducted to assess recognition accuracy rates. The results revealed that the main effect of emotion valence was
significant (F(2, 83)=3.27, p<0.05, #>=0.04), with positive facial expressions (p<0.05, M=0.61, SD=0.08) yielding
significantly greater recognition scores than neutral facial expressions (M=0.59, SD=0.07). There was a significant
main effect of participant age (F(1, 84)=8.98, p<0.01, #°=0.10), with the recognition scores of the young participants
(M=0.62, SD=0.07) being significantly greater than those of the elderly participants (4/=0.57, SD=0.08). The interaction
effect between age and emotional valence was not significant, F(2, 166)=2.05, p=0.13, >=0.02.

A repeated-measures ANOVA with 3 emotional valence conditions (positive, neutral, negative) X 2 age groups
(younger, older) was conducted to assess response time; the results revealed that the main effect of emotional valence
was not significant (F(2, 83)=.70, p=0.50, n>=0.01). There was a significant main effect of age (F(1, 84)=21.52, p<0.001;
7n*=0.82), with the young group (M=0.1920.68, SD=944.34) showing significantly faster response times than the elderly
group (M=3200.72, SD=1521.47). See Table 1 for details.

Eye Movement Data
Fixation for a Whole Face

A repeated-measures ANOVA considering the 3 emotional valence conditions (positive, neutral, negative) X 2 age groups
(younger, older) was conducted for the counts of fixations on the whole face. The results revealed that the main effect of
age was significant (F(1, 84)=54.63, p<0.001, #*=0.41), and the number of fixations for the whole face was significantly
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Table 1 Means and Standard Deviations (M £ SD) of the Recognition Accuracy and Response Times at
Different Ages

Age Accuracy Response Time

Positive | Neutral | Negative Positive Neutral Negative

Young group | 0.64+.08 | 0.59+.07 0.61+.07 1909.83£761.40 1932.30+897.35 1919.90+£954.00
Elderly group | 0.58+.07 | 0.58+.07 0.58+.05 3191.96+1371.22 | 3284.28+1647.47 | 3125.90+1495.04

greater in the young group (M=17.39, SD=2.30) than in the elderly group (M=17.39, SD=2.30). There was no main effect
of emotional valence (F(2, 83)=.01, p=0.99, #>=0.001), and the interaction effect of age and emotional valence was not
significant (F(2, 166)=0.08, p=0.93, #=0.001).

A repeated-measures ANOVA considering the 3 emotional valence conditions (positive, neutral, negative) x 2 age
groups (younger, older) was conducted for the duration of fixation across the whole face. The results revealed that the
main effect of age was significant (F(1, 84)=16.36, p<0.001, #*=0.17), with young participants (M=4460.72, SD=312.18)
showing significantly longer fixation durations across the whole face than elderly participants (M=4196.47, SD=377.13).
There was no main effect of emotional valence (F(2, 83)=1.23, p=0.29, n?>=0.016), and the interaction effect of age and
emotional valence (F(2, 166)=.04, p=0.96, n>=0.001) was not significant.

Fixation for Facial AOls

Fixation Counts

A repeated-measures ANOVA considering the 3 emotional valence conditions (positive, neutral, negative) x 2 age groups
(younger, older) X 3 AOIs (eyes, nose and mouth) was conducted to analyze fixation counts on the facial AOIs. A main
effect of AOI was found (F(2, 83)=94.77, p<0.001, #?=0.53). The number of fixations on the eyes (M=5.64, SD=1.97)
was significantly greater than that on the nose (p<0.001, M=3.98, SD=0.81) and mouth (p<0.001, M=3.56, SD=0.72), and
the number of fixations on the nose was significantly greater than that on the mouth (p<0.001).

The interaction effect between age and AOI was significant (F(2, 166)=6.38, p<0.01, #?=0.07). According to simple
effect analysis, the fixation counts for the eyes were significantly greater than those for the nose (p<0.001) and mouth
(»<0.001), and the fixation counts for the nose were significantly greater than those for the mouth when young
participants recognized facial expressions (p<0.001, F(2, 82)=119.57, p<0.001, #?*=0.75). Similarly, the fixation counts
for the eyes were significantly greater than those for the nose (»p<0.001) and mouth (p<0.001), and there was no
significant difference between those on the nose and mouth when elderly participants recognized facial expressions
»=0.57, F(2, 82)=19.29, p<0.001, #*=0.32).

The interaction effect between emotional valence and AOI was significant (F(4, 332)=39.59, p<0.001, #°=0.32).
Simple effect analysis revealed that the fixation count for the nose was significantly greater than that for the mouth
when young participants recognized positive, neutral or negative facial expressions. Elderly and young participants
had different results; the fixation count for the eyes was significantly greater than that for the nose (»p<0.001) and
mouth (p<0.001), and the fixation counts for the nose and mouth were not significantly different (p=0.48, F(2, 82)
=35.88, p<0.001, n*=0.47) when elderly participants recognized positive facial expressions. The fixation count for
the eyes was significantly greater than that for the nose and mouth, and the fixation count for the mouth was
significantly greater than that for the nose (p<0.01, F(2, 82)=6.67, p<0.001, #*=.14) when elderly participants
recognized neutral facial expressions. The fixation counts for the eyes were significantly greater than those for the
nose (p<0.001) and mouth (p<0.001), and there was no significant difference between the counts for the nose and
mouth (p=0.23, F(2, 82)=24.23, p<0.001, #>=0.37) when the participants in the elderly group recognized negative
facial expressions. See Table 2 for details.
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Table 2 Means and Standard Deviations (M * SD) of Fixation Counts of AQOIs for
Different Facial Expressions

Emotional Valence Young group Elderly group

Eyes Nose Mouth Eyes Nose Mouth
Positive 6.06+1.89 | 4.04+91 | 2.91+49 | 6.04x1.52 | 3.72+.73 | 3.63+.72
Neutral 5.50+1.60 | 3.99+.68 | 3.50+.80 | 4.98+1.40 | 4.05+.79 | 4.43+.60
Negative 5.65%1.47 | 4.15£.70 | 3.04+£.50 | 5.58+1.50 | 3.95+.77 | 3.82+.72

Fixation Duration

A repeated-measures ANOVA considering the 3 emotional valence conditions (positive, neutral, negative) X 2 age groups
(younger, older) x 3 AOIs (eyes, nose and mouth) was conducted to analyze the fixation durations on each of the facial AOIs.
The results revealed that the main effect of AOI was significant (F(2, 83)=94.77, p<0.001; n*=0.53); specifically, the duration
of fixation on the eyes (M=5.64, SD=1.97) was significantly greater than that on the nose (p<0.001, M=3.98, SD=0.81) and
mouth (p<0.001, M=3.56, SD=0.72), and the duration of fixation on the nose was significantly greater than that on the mouth.

The interaction effect between age and AOI was significant (F(2, 166)=2.91, p=0.057, #?=0.03). Through simple
effect analysis, the duration of fixation on the eyes was significantly longer than that on the nose (p<0.001) and mouth
(p<0.001); moreover, the duration of fixation on the nose was significantly longer than that on the mouth when young
participants recognized facial expressions (F(2, 82)=65.65, p<0.001, #?=0.62). The duration of fixation on the eyes was
significantly longer than that on the nose and mouth, and the duration of fixation on the nose and mouth was not
significantly different when elderly participants recognized facial expressions.

The interaction effect between emotional valence and AOI was significant (F(4, 332)=41.10, p<0.001, #%=0.33).
Through simple effect analysis, the duration of fixation on the eyes was significantly longer than that on the nose
(»<0.001) and mouth (p<0.001); additionally, the duration of fixation on the nose was significantly greater than that on
the mouth when participants recognized positive facial expressions. The duration of fixation on the eyes was significantly
greater than that on the nose and mouth, and the duration of fixation on the nose and mouth was not significantly different
when the participants recognized neutral facial expressions. The duration of fixation on the eyes was significantly longer
than that on the nose and mouth, and the duration of fixation on the nose was significantly longer than that on the mouth
when participants recognized negative facial expressions (F(2, 82)=95.59, p<0.001, #°=0.70).

The interaction effect of expression, age and AOI was significant (F(4, 332)=3.26, p<0.01, #*=0.04). Through simple effect
analysis, the duration of fixation on the eyes was significantly longer than that on the nose and mouth, and the duration of fixation
on the nose was significantly longer than that on the mouth when young participants recognized positive, neutral and negative
facial expressions. The duration of fixation on the eyes was significantly longer than on the nose and mouth, and the duration of
fixation on the mouth and nose was not significantly different when the participants in the elderly group recognized positive facial
expressions (F(2, 82)=40.49, p<0.001, #*=0.50). The duration of fixation on the eyes was significantly longer than on the nose
and mouth, and the duration of fixation on the mouth was significantly longer than that on the nose when elderly participants
recognized neutral facial expressions (F(2, 82)=7.49, p<0.001, #”=0.15). The duration of fixation on the eyes was significantly
longer than on the nose and mouth, and the duration of fixation on the mouth and nose was not significantly different when elderly
participants recognized negative facial expressions (F(2, 82)=26.17, p<0.001, #*=0.39). See Table 3 for details.

Table 3 Means and Standard Deviations (M £ SD) of the Fixation Durations of AOIs for Different Facial Expressions

Emotional Valence Young group Elderly group
Eyes Nose Mouth Eyes Nose Mouth
Positive 1778.31£462.59 | 1206.28+317.72 | 905.80+243.78 | 1674.90£328.28 | 1042.94+188.30 | 1002.19+208.86
Neutral 1594.06+438.28 | 1192.40+290.69 | 1098.62+291.44 | 1495.97+411.50 | 1138.45+244.21 | 1236.40£199.17
Negative 1650.40+418.24 | 1306.00+303.12 | 907.73+208.79 | 1626.59+438.54 | 1088.31+213.72 | 1025.17£190.17
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Discussion

This study utilized behavioral tasks and eye-tracking techniques to explore the differences in the scanning patterns of elderly
and young participants while they recognized various facial expressions on the basis of emotional valence, AOI and subject
age. The behavioral results revealed that the accuracy and response time of young participants were significantly greater than
those of elderly participants. For the eye-tracking results, the fixation count and duration were significantly greater in young
participants than in elderly participants, which indicated that there was perceptual degradation in elderly participants. Both
elderly and young participants used the eyes as the fixation area most often when facial expressions of different valences were
recognized, followed by the nose and mouth. The eyes are the most critical diagnostic area for facial recognition. Therefore,
young and elderly participants used similar diagnostic areas when recognizing facial expressions. The above results indicate
that the decrease in facial recognition scores among elderly participants is due to perceptual aging rather than differences in

facial diagnosis areas.

Relationship Between Facial Recognition Performance and Perceptual Degradation in
Elderly Participants

Is the worse facial recognition performance of older participants than that of younger participants the result of
perceptual degradation? The eye-tracking data used in the present study support this view. Specifically, the fixation
duration on each face was 5 s, and the young participants gazed at the faces significantly more than the elderly
participants over the same presentation time, demonstrating perceptual degradation in the elderly participants. With
aging, especially in old age, individuals’ perceptual organs age to different degrees; in this case, individuals experience
visual aging (eg, presbyopia). Visual aging causes elderly people to require more effort to gaze clearly at facial
features, which results in them gazing at faces less than young individuals over the same presentation time. Decreased
attention to faces reduces facial recognition performance in elderly participants. For example, researchers suggested
that perceptual degradation reduces facial recognition scores in elderly people.® Similarly, researchers reported that
elderly people pay less attention to faces than young people do, and they suggested that this change is a sign of
perceived degradation.'?

Notably, the difference in overall gaze between elderly participants and young participants was not affected by the
emotional valence of the faces. These results are consistent with those of researchers. In terms of facial expression
processing, there were six stages, with stages 1-3 proceeding simultaneously: 1. early visual analysis (example, size,
length, direction); 2. groups of feature units (eyes, nose, mouth); 3. facial recognition units, directed visual processing,
expression analysis, and facial speech analysis; 4. person identity nodes; 5. phonological lexicon; and 6. hearing one’s name
or name production. In these 6 stages of facial processing, individuals must first process faces perceptually (stages 1 and 2)
and then recognize information such as emotions and facial context on the basis of this perceived information.’ In this
study, owing to the observed visual perceptual aging in elderly participants, the processing of perceptual information about
faces by elderly individuals was impaired, and the facial information they perceived was probably incomplete, resulting
a limited ability to extract emotional information from faces.'? Therefore, the difference in the overall gaze between elderly
and young participants was not affected by the emotional valence of the face.

Relationship Between Facial Recognition Performance and Scanning Patterns in Elderly

Participants

Young participants gazed the most at the eyes, followed by the nose and, finally, the mouth, when recognizing facial
expressions. However, while elderly participants also gazed mostly at the eye region, their gaze on the nose decreased
relative to that of young participants, and their gaze on the mouth increased relatively. Additionally, the fixation counts
for the nose and mouth were not significantly different when gazing at positive and negative faces, and the fixation
duration for the mouth was longer than that for the nose when gazing at neutral faces. We believe that the reasons for this
difference are as follows: (1) there is a difference in the pattern of visual processing of faces between elderly and young
participants, and (2) elderly and young participants use different regions for recognizing facial expressions.
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The differences in visual facial processing patterns between elderly participants and young participants are as follows.
First, young and elderly participants probably differed in their processing of information about the upper and lower parts of the
face. Murphy and Isaacowitz’s eye-tracking study divided faces into areas of interest corresponding to the upper and lower
parts of the face."' Young participants gazed at the upper half of the face more than elderly participants, whereas elderly
participants gazed at the lower half of the face more than young participants. Elderly participants’ tendency to process the
lower half of the face was probably responsible for their increased gaze on the mouth, whereas young participants gazed more
on the upper half of the face, and, thus, focused more on the eyes, above the nose, and on the nose. The findings of researchers
also supported this view.® Their study suggested that young Chinese participants specifically process horizontal facial
information (conveyed by the eyes and the upper bridge of the nose area between the eyes) and process vertical facial
information (from the lower part of the nose and mouth area) less. In contrast, elderly participants process more vertical facial
information than young participants, which leads elderly participants to gaze less on the nose and mouth.

Elderly and young participants not only have different patterns of facial processing but also likely rely on different
facial regions when recognizing facial expressions. This study revealed that elderly and young participants most
commonly gaze at the eyes when identifying facial expressions, regardless of age or expression type. Research has
shown that individuals of various ages pay significantly more attention to the eyes than to other facial features when
recognizing facial expressions, as the eyes are the most predominant diagnostic area for all expression recognition.”® The
variations among the elderly and young participants in their attention to facial expressions of different valences were
related mainly to the nose and mouth. The study revealed that young participants gaze at the nose significantly more than
at the mouth when recognizing all facial expressions, which is related to the observed scanning pattern from the center of
the face to the surrounding area in young participants. Researchers reported that young Chinese participants tended to
adopt a scanning pattern from the center of the face to the surrounding area when identifying Chinese faces, with the
center of the Chinese face being at the upper bridge of the nose in between the eyes.”’ Additionally, individuals focused
more on the eyes and the upper bridge of the nose region, which is in the center of the face, resulting in young
participants mainly focusing on the eyes and the nose as the main informative areas of the face rather than the mouth.
Elderly participants employed a more comprehensive region of the face, providing information about facial expressions,
and recognized emotions primarily by gazing at the eyes and mouth areas for both positive and negative faces.**

Notably, the informative regions of faces used by elderly participants correspond to the optimal informative regions for
facial recognition. Researchers’ facial action coding system (FACS) study revealed that eye and mouth muscle movements are
the main areas driving facial expressions;”° research on expression recognition has also identified the eyes and mouth as the
primary informative regions for recognizing different categories of emotions.'* It follows that elderly participants adopted
a more scientific approach to face analysis than young participants did; however, elderly participants’ facial expression
recognition scores were significantly lower than those of young participants were. The results of the present study showed that
the better recognition performance of young participants was not caused by the fact that the elderly participants focused on the
uninformative areas of the facial expressions but was probably due to inadequate perceptual processing caused by perceptual
degradation in the elderly participants, which led to worse recognition performance.

Although the results of this study revealed that young and elderly people use similar diagnostic regions to recognize
faces, perceptual aging often reduces older individuals’ facial recognition performance. Moreover, the significantly
shorter gaze duration toward facial diagnostic areas (such as eyes) among elderly individuals than younger individuals
confirms their perceptual aging. Therefore, for elderly people, the duration of gaze toward the facial diagnosis area (such
as the eyes) should be increased when recognizing faces to compensate for the disadvantage of decreased facial
recognition performance caused by perceptual aging.

Conclusion

In the present study, elderly participants performed worse at recognizing facial expressions than young participants,
which was probably the result of perceptual degradation in elderly participants rather than the result of gazing more in
uninformative areas. For elderly people, the duration of gaze toward the facial diagnosis area (such as the eyes) should be
increased when recognizing faces to compensate for the disadvantage of decreased facial recognition performance caused
by perceptual aging.
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