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Task difficulty modulates the effect of eye 2
contact on word memory in females

Xinghe Feng'", Qigi Hu?', Chaoxiong Ye'*" and Zhonghua Hu'*"

Abstract

Background The influence of eye contact on memory has been a topic of extensive study, yet its effects remain
ambiguous. This inconsistency may be attributed to the varying levels of task difficulty encountered when
conducting this type of research.

Methods To explore this possibility, our study used a word memory task that also integrated eye gaze as a means of
examining how task difficulty (easy or difficult) modulates the effect of eye contact on word memory. A total of 41
participants engaged in the memory task under varying eye contact conditions.

Results Our findings revealed a significant interaction between task difficulty and eye contact: For easy tasks,
memory accuracy was lower with eye contact, whereas for difficult tasks, accuracy was improved with eye contact.
Intriguingly, this effect was predominantly observed in female participants. In easy tasks, eye contact appeared to
hinder memory performance in females, whereas it enhanced performance in difficult tasks.

Conclusions These results suggest that the impact of eye contact on memory is not uniformly positive or
negative, but is instead contingent on task complexity and influenced by gender differences. This study contributes
new insights into the fluctuating effects of eye contact on memory, thereby enriching our understanding of the
relationship between nonverbal social cues and cognitive processes.
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Introduction

Eye gaze, a crucial component of facial expressions, con-
veys nonverbal cues, including emotions, intentions, and
attentional focus [1-3]. In social contexts, direct eye con-
tact is often perceived as a manifestation of superiority,
control, or dominance [4]. Concurrently, it can signify
acceptance and empathy, thereby fostering a congenial
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contact has the potential to influence an individual’s cog-
nitive processes [10].

The role of memory, as a key element in individual
learning and development, intersects significantly with
eye contact; consequently, understanding the interac-
tion between eye contact and memory is vital for eluci-
dating these cognitive processes. Previous studies have
revealed a diverse impact of eye contact on memory task
performance; for example, eye contact has been demon-
strated to enhance memory, especially in tasks involving
faces, names, or linguistic elements. Studies show that
eye contact strengthens attention and the recall of faces
[11-14] and aids in associating names with faces [15].
Additionally, it positively influences the recall of verbal
information, thereby aiding in the retention of words
and numbers [16-18] and enhancing the memory of
detailed content, such as a product or story [2, 19-21].
This facilitation could be associated with the significance
of eye contact, arousal level, and attentional focus. When
individuals make eye contact with each other, it creates
a stronger feeling of closeness [19]. Conversely, those
who avoid eye contact may come across as defensive [22],
evasive [23], or inattentive [24]. The development of this
type of negative impression results in individuals being
less likely to heed the words of others [19]. Moreover, eye
contact serves as an arousing stimulus and a nonverbal
cue that directs attention to essential information when
paired with verbal communication, thereby enhancing
focus and reducing distractions [17, 25, 26].

Other studies have suggested that eye contact may
impede memory performance in working memory tasks,
as individuals show improved performance in the no-
eye-contact condition compared to the eye-contact con-
dition [27, 28]. The potential reason for this phenomenon
could be that the presence of social cues, such as eye
contact, can potentially disrupt an individual’s concen-
tration on tasks that require high cognitive resources and
prompt processing of situational information, and there-
fore impede memory performance [27, 28]. Our review
of the experimental tasks used in previous studies led us
to speculate that the varied findings on the impact of eye
contact on memory reported previously may be attribut-
able to inconsistencies in the difficulty levels of the exper-
imental tasks. The level of task difficulty could potentially
influence how cognitive load and attentional resources
are allocated during cognitive processing. Moreover,
based on the Contextual Theory of Eye Gaze Processing
[29], variations in task difficulty may influence an indi-
vidual’s interpretation of eye contact, their motivational
tendencies (approach or avoidance), and their emotional
responses (positive or negative).

Our hypothesis is that the previous discrepant find-
ings might arise from differences in task difficulty. How-
ever, none of the previous studies that investigated the
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influence of task difficulty and eye contact on memory
revealed any modulating effect of task difficulty. In a
story recall experiment, Otteson [20] observed no impact
of eye contact, task difficulty, and participant gender on
memory performance. Notably, eye contact enhanced
story retention for boys but not for girls when task dif-
ficulty was not considered. An experiment conducted by
Sherwood [21] focusing on the recollection of subject
knowledge revealed that eye contact improved memory
performance for both easy and difficult information.
Notably, the previous studies did not systematically
manipulate and measure real-time eye contact between
individuals; therefore, uncertainty remains regarding
the extent of eye contact established by the listener with
the speaker [30]. Additionally, these studies neglected
to consider the effects of participants’ language skills,
teacher pressures, and the interaction between the par-
ticipants’ gender and the experimenter’s gender. Hence,
the processing of social cues, such as eye contact, dur-
ing high-level cognitive tasks is complex, and raises the
first question about whether any effect of eye contact on
memory is influenced by task difficulty.

Some studies have suggested that males show greater
enhancement of memory performance through eye con-
tact [2], whereas others have found contrasting effects
based on gender, with negative impacts on male memory
but positive implications for females [30]. This aspect of
how gender impacts the moderation of the eye contact
effect by task difficulty warrants further investigation.
Given the observed gender-based differences in sensitiv-
ity to eye contact [30-32], a second aim of the present
study is to examine whether gender influences the mod-
erating role of task difficulty on the eye contact effect.

Previous studies have further indicated that an indi-
vidual’s memory performance can be influenced by the
gender of others, in addition to their own gender. For
example, when the face maintaining eye contact is of a
gender different from one’s own, the effect of eye contact
on facial memory is amplified [33]. The memory perfor-
mance for story details decreased when males made eye
contact with females but increased when interacting with
males [2]. The influence of sociocultural norms on the
interpretation of eye contact between males and females
may explain this phenomenon [34, 35]. The previous
studies have shown a potential interaction between self-
gender and model gender in cognitive tasks; therefore,
a third aim of the present study is to also include model
gender as a variable in the analyses to examine whether
model gender can co-modulate, along with the gender of
participants, the effect of eye contact on memory in tasks
of varying difficulty levels.

Overall, previous research has not shown a signifi-
cant and consistent effect of task difficulty on memory
performance in relation to eye contact, and this may be
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attributable to variations in eye contact manipulation and
gender interaction. To address this knowledge gap, the
current study used a word memory task while maintain-
ing precise control over eye contact and incorporating a
second language as the experimental material. We opted
for the second language because it offers greater flexibil-
ity in manipulating the variable ‘task difficulty’ within the
experimental material and allows for sufficient variabil-
ity in accuracy to evaluate the effects of eye contact and
gender, whereas the native language may exhibit a ceiling
effect in this regard. By manipulating memory difficulty
levels, the study sought to examine the potential modu-
lating role of task difficulty on the relationship between
eye contact and memory performance while also consid-
ering the potential modulating effects of model gender
and participant gender. In light of the absence of previ-
ous research incorporating both participant gender and
model gender to investigate how task difficulty moder-
ates the effect of eye contact on memory, this exploratory
study aims to provide fresh insights into the intricate rela-
tionship among task difficulty, social cues, and memory.

Methods

Participants

A total of 41 participants were recruited (20 males, aver-
age age 20.56 years, standard deviation (SD) 1.84 years,
age range 18-25 years) from Sichuan Normal Univer-
sity. All participants had no history of neurological or
psychiatric disorders and possessed normal hearing and
vision (or corrected to normal). The participants were all
right-handed and had passed the National College Eng-
lish Test-4 (CET-4) in China. Prior to the experiment,
the participants were unaware of its purpose. We calcu-
lated a priori power of the experiment using G*power 3.1
[36] to ensure it was adequately powered. We assumed a
medium effect size (f=0.25) and set «=0.05. According to
G*power, we needed a sample size of at least 24 to obtain
a significant interaction with an actual power of 0.96. In
addition, when considering task difficulty, eye contact,
the gender of participants, and the gender of models in
prior studies, sample sizes varied from around 18 to 84
individuals [2, 20, 21, 30]. Considering the sample size
in previous studies and the potential data exclusions, we
have set our sample size at 41. Each participant signed an
informed consent form before participating in the experi-
ment. This study complied with the Helsinki Declaration
and was approved by the Ethics Committee of Sichuan
Normal University (Approval No: SCNU-220406).

Table 1 The results of the model face assessment (M + SD)
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Materials

Linguistic material The materials used in the study
included 192 English sentences divided into two types:
one consisted of 96 easy statements from keywords and
example sentences of high school entrance examinations,
and the other comprised 96 more difficult statements
from vocabulary and example sentences of the CET-4.
Each type of statement (easy or difficult) included 4 (6, 7,
8, or 9 words) X 24 sentences. The 96 easy sentences were
randomly divided into two sets of 48 sentences each, and
the same was done for the 96 difficult sentences. One set
of easy sentences was subsequently combined with one
set of difficult sentences to form two lists, each compris-
ing 48 easy sentences and 48 difficult sentences. These
lists featured distinct vocabulary and example sentences
but maintained an equivalent level of difficulty (see Sup-
plementary Information Table S1).

Video material To create the video content, eight models
(4 males) were chosen, and 10 participants (5 males; mean
age+SD=25.31+1.06 years) were enlisted to evaluate the
facial images of those models based on a 9-point scale that
measured valence, arousal, and attractiveness. Based on
the ratings, two models (one male and one female) with
moderate levels of attractiveness and valence, as well as
low arousal, were chosen from the pool of candidates. No
significant differences were found in the paired samples
t-tests for attractiveness, valence, and arousal between the
two models, ps>0.05 (see Table 1).

The videos, which were filmed using Canon cameras,
featured the two chosen models in white tops against a
backdrop of blue curtains. All videos were recorded in
a brightly illuminated room. While filming, the camera
lens was aligned with the model’s eyes. In the video, the
model (either male or female) could be seen speaking an
English sentence. The models were instructed to sustain
their gaze either toward the camera lens or downward
at the screen while reading the English sentence without
necessitating any shifts in eye movement. Both models
were from the English department of Sichuan Normal
University. Each model selected all 96 sentences from
a list and read them aloud in two different gaze forms.
Consequently, each sentence produced two perspectives:
direct eye contact with the camera and a downward gaze.
The participants were instructed to maintain their atten-
tion on the models throughout the experiment, thereby
creating conditions with and without eye contact. The
video content was edited and cropped in Adobe Premiere

Male model Female model t P
Attractiveness 4.15+1.38 5.00£147 1.780 0.109
Valence 4.65+0.85 560+097 1.956 0.082
Arousal 3.05+1.19 375+1.74 1.210 0.257




Feng et al. BMC Psychology (2025) 13:12

Pro 2022 (https://www.adobe.com/products/premiere.h
tml). The specifications included videos being 800x480
pixels, 5 s in duration, with a frame rate of 25 frames per
second, and audio set to two-channel stereo (44,100 Hz
and 128 kbps).

Word material The words used in the word judgment
task were selected from the Compulsory English Vocabu-
lary for the senior school entrance exam (easy) and the
CET-4 (difficult) to ensure that they were of the appropri-
ate level of difficulty for the video.

Design and procedure

This study was conducted in a laboratory setting. The
experiment utilized E-prime 2.0 software (http://pst
net.com/products/e-prime/), and the stimuli (videos
and words) were presented on an 18-inch LCD moni-
tor (1024x768 pixels, refresh rate 85 Hz), with partici-
pants positioned 60 cm away. The experiment employed
a mixed design with four factors: two levels of task dif-
ficulty (easy and difficult), two eye contact conditions
(with and without eye contact), two genders of models
(male and female), and two genders of participants (male
and female). Task difficulty, eye contact conditions, and
the gender of models were the within-subject variables,
while the gender of participants was a between-subject
variable. The dependent variables were reaction time and
accuracy of the word judgments in the task.

Before the experiment, the participants’ CET-4 scores
were recorded. To ensure that participants understood
the experimental procedure, a practice session was con-
ducted. This session was similar to the formal experi-
ment, but consisted of only three trials and used very
simple sentences from middle school English vocabulary

Trials without eye contact

5000ms Until Response Until Response Until Response

Until Response
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and example sentences. The formal experiment pro-
ceeded only after each participant had achieved 100%
accuracy in the practice session. Before the participants
conducted the formal experiment, they were provided
with an instruction indicating the requirement to main-
tain visual focus on the model’s eyes during the entirety
of the video presentation phase.

In the formal experiment, each trial consisted of watch-
ing a video and judging words in two stages. Each trial
began with a 5 s video during which the participants were
instructed to focus on the model’s eyes and pay atten-
tion to the model’s speech. Following the video, the par-
ticipants were required to quickly and accurately judge
whether the five words displayed next had appeared
in the preceding speech (see Fig. 1). Participants were
required to press “1” if the word had appeared in the
video, or press “2” if it had not. During the word recall
phase, the five words displayed after each video were
always different. In half of the trials, the set consisted of
two old words (previously shown in the video) and three
new words, while in the other half, it consisted of three
old words and two new words. The entire experimental
design comprised four blocks, with each block exclusively
dedicated to one of the four experimental conditions:
easy—male model, easy—female model, difficult—-male
model, and difficult—female model. The eye contact con-
ditions were randomly presented within each block. A
total of 48 trials were administered within each block,
with 24 trials involving eye-contact conditions and the
remaining 24 trials excluding any eye-contact conditions.
The block order was balanced among the participants. In
total, 192 trials (24 trials per condition) were completed
in the experiment. Following each block, we specifically
inquired whether the participants had complied with the

° Participant Perspective
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vacation L paper ’
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Fig. 1 (a) Schematic diagram of the event sequence in a single trial of the experiment. (b) Participant’s perspective under conditions with and without

eye contact. Models both agreed to authorize portraits
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Table 2 Reaction times (M +SD, ms) for task difficulty, eye contact condition, gender of participants, and gender of models

Task difficulty Eye contact condition Female model Male model
Female participants Male participants Female participants Male participants
Easy Without eye contact 86341+15149 823.93+95.14 883.11+136.21 834.01+130.28
With eye contact 867.86+150.35 821.14+119.28 867.28+126.12 822.69+121.88
Difficult Without eye contact 97179+ 146,67 905.92+141.70 970.26+133.75 913.34+119.93
With eye contact 974.80+154.49 904.80+12861 980.36+129.80 902.27+130.06
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Fig. 2 Mean reaction time (a) and accuracy (b) of easy and difficult tasks, *** p <0.001

directive to gaze into the model’s eyes throughout the
experiment.

Data analyses

Our analysis, conducted using SPSS 23.0 (https://www.ib
m.com/spss) and JASP (version 0.11.1, JASP Team, 2019,
jasp-stats.org), began by determining the average accu-
racy rates (ACC) for each participant across varied con-
ditions. The calculation of the mean reaction times (RTs)
excluded incorrect responses (8.38%) and outliers (2.17%;
defined as RTs outside three standard deviations).

We conducted a four-way repeated measures analysis
of variance (ANOVA) with 2 (Task difficulty: easy, diffi-
cult) x 2 (Eye contact condition: with eye contact, with-
out eye contact) X 2 (Gender of models: male, female) x 2
(Gender of participants: male, female) for RTs and ACC.
The Greenhouse—Geisser correction to the degrees of
freedom was utilized in all analyses when necessary. All
follow-up pairwise comparisons were Bonferroni cor-
rected. We also reported the Bayes factor (BF,,), which
was estimated by the JASP software to evaluate the mag-
nitude of support for the alternative hypothesis over the
null hypothesis (nondifference hypothesis) [37-39]. Spe-
cifically, Bayes factors range from 0 to <, with a BF,;,>1,
indicating that the alternative hypothesis predicts
the data to a stronger degree than the null hypothesis

(specifically, for the alternative hypothesis, a BF;, of 1 to
3 means a weak degree, a BF,, of 3 to 10 means a mod-
erate degree, and a BF,; of 10 or more means a strong
degree), while a BF,,<1 indicates evidence for the null
hypothesis (specifically, for the null hypothesis, a BF,
of 0.33 to 1 means a weak degree, a BF,, of 0.1 to 0.33
means a moderate degree, and a BF;; of 0.1 or less means
a strong degree) [40]. In our study, one null hypothesis
indicated no disparity in accuracy between the with eye
contact and without eye contact conditions, while the
other null hypothesis suggested no notable distinction
in accuracy between male and female participants. We
employed the default settings of JASP, utilizing a Cauchy
prior distribution (r=0.707), to compute the BF,, values.

Results

Reaction times

The RTs (see Table 2) showed a significant main effect of
task difficulty (see Fig. 2), F;, 39)=107.456, p<0.001, 7712J
= 0.734. This effect manifested in faster reaction times in
easy tasks (848.54 + 122.40 ms, Mean + SD) compared to
difficult tasks (941.09 £ 132.03 ms), thereby affirming the
validity of our task difficulty parameter. The other poten-
tial main effects and interaction effects did not reach
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statistical significance (see Supplementary information
Table S2), ps > 0.05.

Accuracy

ACC (see Table 3) showed a significant main effect of
task difficulty (see Fig. 2), F; 34=125.819, p<0.001,
i 12) =0.763. The ACC in word recognition was higher in
the easy tasks (0.94 £ 0.03, Mean + SD) than in the dif-
ficult tasks (0. 90 £ 0.03), thereby reinforcing the validity
of task difficulty.

Eye contact condition and task difficulty showed a
significant interaction effect, F; 34=16.947, p<0.001,
nf, = 0.303. Follow-up pairwise comparisons showed
that in the easy tasks, the ACC was lower with eye con-
tact (0.93£0.04) than without eye contact (0.94%0.03),
tup=2.530, p=0.015, Cohen’s d=0.395, BF;,=2.791,
whereas in the difficult tasks, the ACC was higher
with eye contact (0.90+0.03) than without eye contact
(0.89£0.04), t4g = -2.267, p=0.029, Cohen’s d = -0.354,
BF,,=1.656. The BF,, values (both >1 and <3) showed
weak differences in ACC with and without eye con-
tact in both the easy and difficult tasks. The gender of
the models and task difficulty also showed a significant
interaction effect, F; 39=7.333, p=0.010, nf, =0.158. In
the difficult tasks, the ACC was higher for female mod-
els (0.90£0.04) than for male models (0.8910.04), £ =
2.443, p=0.019, Cohen’s d=0.382, BF,,=2.339, whereas in
the easy tasks, there was no significant difference in the
ACC between male models (0.94+0.04) and female mod-
els (0.93%0.03), £(45,=-1.024, p=0.312, Cohen’s d=-0.160,
BF,,=0.275. The BF, value, falling between 1 and 3, sug-
gested weak support for the alternative hypothesis in the
difficult tasks. Conversely, in the easy tasks, moderate
evidence supported the null hypothesis over the alterna-
tive hypothesis, with the BF,, value ranging from 0.1 to
0.33.

Notably, the interaction effect of the eye contact con-
dition, task difficulty, and gender of participants was sig-
nificant (see Fig. 3), F;, 39=9.959, p=0.003, n% = 0.203.
Follow-up Bonferroni-corrected pairwise comparisons
revealed that, for females, the ACC was lower with eye
contact (0.93 £ 0.04) than without eye contact (0.94 *
0.03) in the easy tasks, ¢, = 2.626, p = 0.016, Cohen’s d =
0.573, BF,, = 3.387, while the opposite effect was shown
in the difficult tasks, with higher ACC with eye contact
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(0.90 £ 0.03) than without eye contact (0.88 £ 0.03), £,
=-3.724, p = 0.001, Cohen’s d = -0.813, BF,, = 28.037. For
males, no significant difference was detected between the
ACC with and without eye contact for either task type
(easy: t;9) = 1.007, p = 0.327, Cohen’s d = 0.225, BF, =
0.363; difficult: £;4) = 0.245, p = 0.809, Cohen’s d = 0.055,
BF,, = 0.239). The BF, results indicated that female gen-
der demonstrates moderate support (3 < BF;, < 10) for
the alternative hypothesis in easy tasks and stronger
support (BF;;, > 10) in difficult tasks, while male gen-
der exhibits weak evidence (0.33 < BF,, < 1) for the null
hypothesis in easy tasks and moderate evidence (0.1 <
BF,, < 0.33) in difficult tasks when compared to the alter-
native hypothesis. Other main effects and interaction
effects were not significant (see Supplementary informa-
tion Table S3), ps > 0.05.

Discussion

This study explored the impact of eye contact on memory
performance in word memory tasks with different dif-
ficulty levels. The results showed that task difficulty can
modulate the effect of eye contact on memory and that
this modulation effect differs between male and female
participants.

As an initial finding, this study showed that eye con-
tact impeded word memory in an easy task, whereas it
facilitated word memory in a difficult task. This is con-
sistent with the results of some previous studies on the
influence of eye contact on memory. For example, in an
end-of-sentence word recall task, eye contact hindered
memory performance [27], whereas in detailed memory
tasks [2, 19, 20], digit-letter compound memory tasks
[16, 17], and the highest-level memory span tasks [18],
eye contact enhanced memory performance. Analysis of
the difficulty levels of these previously investigated tasks
revealed that the end-of-sentence word recall represents
an immediate and concise memory demand, whereas
memory for story details, mixed letter-number mate-
rial, and similar aspects entails a delayed and complex
memory requirement. However, the results of the present
study are inconsistent with a previous study by Sherwood
[21], who showed that eye contact enhances the recall of
information, regardless of its difficulty.

One explanation for the observed differences between
the present study and Sherwood’s may be the inconsis-
tency in controlling eye contact. Sherwood’s study [21]

Table 3 The accuracy (M +SD) for task difficulty, eye contact condition, gender of participants, and gender of models

Task difficulty Eye contact condition Female model Male model
Female participants Male participants Female participants Male participants
Easy Without eye contact 0.94+0.04 0.94+0.03 0.94+0.04 0.94+0.04
With eye contact 0.93+£0.04 0.93+0.04 0.93+£0.04 0.94+0.04
Difficult Without eye contact 0.89+0.03 0.91+0.04 0.88+0.04 0.90+0.05
With eye contact 0.91+0.03 0.90+0.05 0.90+0.03 0.90+0.04
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Fig. 3 The mean accuracy for task difficulty x eye contact condition x gender of participants, * p <0.05, ** p<0.01, ns p > 0.05

also involved a six-minute verbal presentation compar-
ing the disciplines of biology, chemistry, and psychology
during the memory encoding process. The prolonged
memory encoding may entail a range of abilities, such as
acquiring knowledge, understanding, and storing infor-
mation in long-term memory. Consequently, the findings
of these two studies cannot be directly compared.

We propose the following potential explanation for the
modulation of eye contact effects on memory by task dif-
ficulty. From the perspective of the Contextual Theory
of Eye Gaze Processing, the influence of eye contact on
memory may be context dependent [29]. The diverse
levels of task difficulty can influence an individual’s per-
ception of eye contact, their motivational inclination
(approach or avoidance), and their emotional reaction
(positive or negative). Specifically, in the present study, it
may be the case that completing difficult memory tasks
demands a higher cognitive load and more attention
resources, and individuals might allocate fewer attention
resources to maintaining eye contact and instead priori-
tize focusing on the task at hand. In this context, eye con-
tact can diminish daydreaming, decrease attention lapses,
be interpreted as a form of reward [41], and consequently
boost task performance. However, in easy tasks where
cognitive activities are easily accomplished, eye contact
can serve as a distraction that impairs task performance.
This phenomenon may be explained by the participant’s

diverted attention toward maintaining a consistent focus
on the facial images of other individuals and a resulting
increased rumination on social relationships and height-
ened feelings of surveillance, which consequently elicit
negative emotions associated with distrust [42, 43]. This,
in turn, negatively affects task performance [44, 45].

One noteworthy finding of our study is that the influ-
ence of task difficulty and eye contact on memory was
modulated by the gender of the participants. Specifically,
for female participants, the presence of eye contact sig-
nificantly reduced word memory accuracy in easy tasks,
while it significantly enhanced word memory accuracy
in difficult tasks. By contrast, male participants did not
show significant differences in accuracy, regardless of
the presence of eye contact across different task difficul-
ties. This demonstrates the intricacy of the process by
which task difficulty modulates the effect of eye contact
on memory in advanced cognitive processes. This com-
plexity may be reflected in gender differences in cognitive
processing strategies related to eye contact.

Previous studies have suggested that females may
exhibit a greater tendency to utilize metacognitive, social,
and affective strategies in the context of English language
learning when compared to males [46, 47]. The utiliza-
tion of these strategies could lead to inconsistencies in
the application and interpretation of eye contact among
individuals of different genders. Specifically, females may
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exhibit a higher tendency to use social strategies under
challenging circumstances, such as seeking information
from the model’s eyes. This behavior facilitates enhanced
attentional focus and cognitive resource allocation, con-
sequently resulting in improved memory performance.
Conversely, in simple situations, the utilization of meta-
cognitive strategies is more prevalent among females,
who are inclined to monitor their own performance and
are susceptible to distractions from eye contact from oth-
ers, leading to distraction and thus impairing memory
performance. While males do not employ these strate-
gies and consequently utilize less eye information in their
surroundings, the observation that eye contact does not
impact memory performance in tasks of varying diffi-
culty is noteworthy.

Additionally, the findings of the present study may
indicate differences in how males and females process
eye contact, with females being more sensitive to oth-
ers’ eye contact, particularly in situations with differ-
ing levels of complexity. This finding is consistent with
previous research, which has reported that females are
more sensitive to eye contact in word-recognition tasks
[30], gaze cueing paradigms [48, 49], and eye-contact
tasks [50, 51], suggesting that females are more likely
to pay attention to the eyes and interpret social signals
related to others’ eye contact [32, 52, 53]. This inter-
pretation may be linked to the difficulty setting of the
memory task, with females tending to view eye contact
as a sign of stress and disruption in easy situations and
as a sign of encouragement and support in challeng-
ing situations. However, other studies have shown that
males were more influenced by others’ eye contact when
recalling stories [2, 20], which is inconsistent with the
results for males in our study.

Lanthier [30] discovered that eye contact impeded
word recall in males, whereas Otteson [20] observed that
eye contact enhanced males’ retention of story details.
Conversely, we found that eye contact had no influence
on males’ memory. This discrepancy could be attributed
to the possibility that males are less responsive to eye
contact from individuals portrayed in a video setting.
Previous studies that integrated interactivity into real-
life environments rather than merely passive viewing of
videos found that individuals interpret and respond dif-
ferently to real interactions versus videos [54], indicating
the complex interactions between eye contact, task diffi-
culty, and participant gender.

The model’s gender was also an important factor in the
design of this study; however, unfortunately, we did not
find a four-way interaction between the model’s gender,
eye contact, task difficulty, and participant gender, which
is inconsistent with previous study findings [2]. Helminen
[2] discovered that male participants exhibited enhanced
memory performance in response to eye contact from
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male models, whereas their performance declined when
faced with eye contact from female models. This differ-
ence between our study findings and Helminen’s may
reflect differences in the interactions used, as the inter-
action between the model and participants in our study
was based on videos and might be weaker than real inter-
actions. In Helminen’s study, female models exhibited a
higher frequency of gaze shifts than male models. Addi-
tionally, participants’ beliefs regarding whether models
could see them influenced their eye contact with models
in realistic scenes. Despite the models’ visual access to
the participants, reduced eye contact and increased gaze
shifts were observed when the participants believed they
were being watched by the models [2]. In the present
study, eye contact remained consistent regardless of the
participants’ beliefs, potentially explaining why the gen-
der of the model did not influence memory.

This study has some limitations. First, we used
meaningful English expressions and words as a
means of manipulating the task difficulty. Although
we controlled for the participants’ English language
proficiency, other factors, such as knowledge and
experience, might still have affected their performance
in memory tasks. Furthermore, individuals process
their native language and second language in differ-
ent ways [55]. Therefore, subsequent studies could use
unfamiliar words and phrases, meaningless characters,
or native language to further reduce the influence of
individual knowledge and experience and determine
the stability of the modulation of eye contact effects
on memory by task difficulty. A second limitation
is that this study did not investigate how individual
characteristics influence the eye contact effect. Indi-
viduals with autism spectrum disorders [56] or social
anxiety disorders [57] might exhibit traits of indif-
ference or unwillingness to make eye contact. Future
research could consider individual traits as variables
and explore whether these traits modulate the impact
of task difficulty on the eye contact effect. Moreover,
to enhance our comprehension of how eye contact
influences memory across different task complexities,
it is crucial to examine how levels of arousal, cognitive
load, and attentional resources are coordinated within
this mechanism. Future research might also benefit
from incorporating skin conductance measurements,
EEG technology, and other techniques to further eluci-
date and validate the underlying reasons of the current
research findings. Lastly, this study only involved eye
contact during the encoding phase. Future research
could explore whether task difficulty modulates how
eye contact influences memory across various stages,
such as during the recall phase.
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Conclusion

This study used a word memory task with eye gaze to
explore how task difficulty affects the impact of eye con-
tact on word memory. Task difficulty was found to modu-
late the impact of eye contact on word memory and to
produce different results between male and female gen-
ders. The study found that for females, eye contact hin-
dered their memory performance in easier tasks, whereas
it aided their memory performance in more challenging
tasks. By contrast, males did not exhibit this task-related
difference in the effects of eye contact on memory. This
study provides new insights into explaining the incon-
sistent results of eye contact on memory, thereby con-
tributing to a more comprehensive understanding of
the relationship between nonverbal social cues and
cognition.
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