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Abstract
Emotion and attractiveness are two important cues that influence learning judg-
ments of face memory. Previous studies have only examined the effects of the
two cues on learning judgments separately, neglecting the role of cue integration.
However, in real-world situations, emotion and attractiveness typically jointly
influence individuals’processing of a single face. The present study investigated
the promoting effect of cue integration of emotion and attractiveness on learn-
ing judgment accuracy and its electrophysiological mechanisms through two
experiments. The results revealed that: (1) More than half of the participants
integrated the two cues of emotion and attractiveness for learning judgment
ratings. (2) Cue integration of emotion and attractiveness can promote learn-
ing judgment accuracy. (3) Compared with the non-cue-integration group, the
cue-integration group exhibited larger amplitudes of the late positive potential
(LPP) in the parietal region during the encoding stage and the late negative
wave (NSW) in the frontal region during the learning judgment stage, both of
which were significantly correlated with learning judgment accuracy. The find-
ings indicate that cue integration of emotion and attractiveness can promote
learning judgment accuracy, and its underlying mechanism is reflected in better
allocation of cognitive resources for cognitive evaluation during the late encoding
stage and better information maintenance during the learning judgment stage,
thereby enabling more accurate monitoring of one’s own cognitive processes of
face memory.
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Full Text
Preamble
Self-Check Report for Acta Psychologica Sinica Submission

Please complete the following items and paste them on the first page of your
manuscript.

1. Please list up to three innovative contributions of this study in the
form of“Research Highlights,”with a total word count not exceeding
200 words.

Acta Psychologica Sinica aims to publish cutting-edge psychological research
that is “both scientifically excellent and of particularly broad interest and sig-
nificance.”If your study only makes minor incremental contributions, does not
attempt to open new areas of inquiry or propose unique and innovative perspec-
tives, or particularly if it merely investigates algorithms or techniques without
addressing clear psychological questions, such research has a low probability of
being accepted by this journal and we recommend submitting elsewhere.

Answer: � This study examined face memory and metamemory monitoring
as core tasks, investigating how the integration of emotion and attractiveness
cues affects judgment-of-learning (JOL) accuracy. Results revealed individual
differences in cue integration and demonstrated that cue integration facilitates
JOL accuracy. � By collecting ERPs data during encoding, JOL, and retrieval
phases, we specifically examined the mechanism through which cue integra-
tion promotes JOL accuracy, which manifests as better allocation of cognitive
resources for cognitive evaluation during the late encoding stage and better in-
formation maintenance during the JOL stage, thereby enabling more accurate
monitoring of one’s own face memory cognitive processes.

2. Have you published or submitted any articles using the same
data as this study? If yes, please attach them for review. (We do
not encourage authors to publish multiple articles using the same data with
identical variables, nor do we support splitting a series of related studies into
multiple publications.)

Answer: No.

3. For non-experimental, non-intervention studies in management,
clinical, personality, and social psychology that rely solely on self-
report (questionnaire methods), it is necessary to check for common
method bias. What methods did you use to control for or demonstrate
that such bias would not affect the validity of your conclusions? What
measures were taken? (Relevant literature on common method bias can be
found at: http://journal.psych.ac.cn/xlkxjz/CN/abstract/abstract894.shtml)
Studies based on cross-sectional data with only self-reports and convenient
sampling are easy to conduct but typically have limited innovative value and
low acceptance probability.

chinarxiv.org/items/chinaxiv-202405.00064 Machine Translation

https://chinarxiv.org/items/chinaxiv-202405.00064


Answer: This study is an experimental study and does not have the above
issues.

4. Are effect sizes reported and analyzed (e.g., Cohen’s d for
t-tests, �2 or �2p for ANOVA, standardized regression coefficients)?
(Many studies mechanically report effect sizes without necessary analysis or
explanation, such as whether the effect size is small/medium/large or its
theoretical/applied significance.) (Searching “effect size calculator”on Google
yields many convenient apps. For explanations of effect sizes in Chinese,
see: http://journal.psych.ac.cn/xlkxjz/CN/abstract/abstract1150.shtml; in
English, see: http://www.uccs.edu/lbecker/effect-size.html) Are 95% CIs
reported for statistical analyses? (e.g., 95% CI for differences, 95% CI for
correlation/regression coefficients) For calculations and plotting of confidence
intervals, see https://thenewstatistics.com/itns/esci/

5. Please state the planned sample size and actual sample size. If
they differ, please explain why. Previous psychological research has uni-
versally suffered from low statistical power due to insufficient sample sizes. We
recommend explaining in the Methods section the basis for your sample size
calculation and determination. Sample size should be determined based on
a justified effect size and desired power, with the calculation software or pro-
gram reported. For rationale and practices regarding sample size planning, see
https://osf.io/5awp4/

Answer: This study simultaneously examined memory and metamemory mon-
itoring. When determining the number of subjects, we referenced previous stud-
ies investigating the effects of cues on memory and metamemory monitoring:
Legrand et al. (2021) recruited 35 subjects and retained 30 valid subjects. Ulti-
mately, in this study, Experiments 1 and 2 selected 41 and 45 subjects respec-
tively, retaining 40 and 42 valid datasets.

6. In hypothesis testing, if using Null Hypothesis Significance Test-
ing (NHST), precise p-values must be reported rather than p-value
ranges (report ranges only for p < 0.001, otherwise report precise
p-values). Does your paper meet this requirement? If using Bayes
factors, have you reported its sensitivity to prior distribution assump-
tions?

7. To ensure completeness of data reporting, if some data were ex-
cluded from statistical analysis, is this reported in the text? What
were the reasons? How would statistical results change if this portion
of data were included? How were missing data handled in statisti-
cal analysis? When using scales, were any individual items deleted?
Why? How would statistical results change if these items were in-
cluded? Were there any measured items or variables not reported?
Why? Please indicate where in the paper this is addressed.

Answer: Yes. Reasons for excluding behavioral experiment subjects: Some sub-
jects withdrew midway due to personal reasons. Reasons for excluding ERPs
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experiment subjects: When excluding trials with absolute EEG voltage exceed-
ing $±$100 µV, subjects with more than 35% of trials excluded were deemed
ineligible. Both have been reported in the text. Statistics⋯

8. For experimental materials, scales, or questionnaires that have
not undergone peer review and examination, are they attached at
the end of the document for review? If not, please explain why. If
this article is published, are you willing to share these materials with
other researchers?

Answer: No such materials were used.

9. This journal requires authors to provide raw data. Please choose
one of the following options:

a) Send data to editorial office email after submission

b) Data can be obtained from the following link

c) Raw data and programs have been shared on the Psychological Science
Data Bank (https://psych.scidb.cn/)

d) If unable to provide, please explain reasons or provide relevant proof.

Answer: Cannot provide temporarily, as the data in this article are from an
unpublished thesis.

10. Is your study a clinical intervention or laboratory experiment?
Yes(√) No( )

If yes, please provide pre-registration number. If no, please explain why.
Note: Clinical interventions or laboratory experiments should be pre-registered
before data collection. Other experimental studies are also encouraged to
pre-register. Pre-registration requires stating all research hypotheses and
their support, as well as detailed experimental/intervention procedures. This
journal’s pre-registration website is https://os.psych.ac.cn/preregister (see
“Download Center”on the journal website for instructions) or https://osf.io/
or https://aspredicted.org/. If your study is pre-registered, it will significantly
increase acceptance probability. The importance of pre-registration can be
found at https://osf.io/5awp4/

Answer: No, this experiment was conducted 3 years ago, before Acta Psycho-
logica Sinica had a pre-registration system.

11. If your study used human or animal subjects, was it approved by
your institution’s ethics committee? If yes, please send a scanned
copy to the editorial office email. If no, please explain why.

12. Have you written a 400-500 word English abstract following the
“English Abstract Writing Guidelines”published on the editorial office
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website? Has the English title and abstract been reviewed by English-
proficient professionals or edited by a professional SCI/SSCI paper
editing company?

Answer: Yes, it has been written and reviewed.

13. If the first author is a student, please have the advisor send a
separate email to the editorial office (xuebao@psych.ac.cn) stating
that they have read this paper and carefully reviewed it. Have you
reminded your advisor to send this email? (The editorial office will
only consider entering the manuscript processing workflow after re-
ceiving the advisor’s email)

14. Please go to the “Download Center”on the right side of
the editorial office website homepage to download and complete
the “Manuscript Non-Confidentiality Certificate,”stamp it with
the confidentiality office seal of the corresponding author’s in-
stitution, and send a scanned copy to the editorial office email
(xuebao@psych.ac.cn). If there is no confidentiality office seal,
please stamp it with the official seal of the corresponding author’s
institution. Has the email been sent?

Answer: No, will send to editorial office email after submission.

Cue Integration of Emotion and Attractiveness Facilitates
Judgment-of-Learning Accuracy: Evidence from LPP and
NSW
Abstract

Emotion and attractiveness are two important cues that influence judgments
of learning (JOLs) for face memory. Previous studies have only examined the
effects of each cue on JOLs in isolation, neglecting the role of cue integration.
However, in real-world situations, emotion and attractiveness typically jointly
influence the processing of a single face. The present study investigated how
the integration of emotion and attractiveness cues facilitates JOL accuracy and
its electrophysiological mechanisms through two experiments. The findings re-
vealed: (1) Over half of the participants integrated emotion and attractiveness
cues when making JOL ratings. (2) Integrating emotion and attractiveness
cues promoted JOL accuracy. (3) Compared to the non-integration group, the
cue integration group exhibited larger amplitude of the late positive potential
(LPP) in the parietal region during the encoding stage and larger amplitude
of the negative slow wave (NSW) in the frontal region during the JOL stage,
both of which were significantly correlated with JOL accuracy. These results
demonstrate that cue integration of emotion and attractiveness facilitates JOL
accuracy, with the underlying mechanism manifesting as better allocation of
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cognitive resources for cognitive evaluation during the late encoding stage and
better information maintenance during the JOL stage, thereby enabling more
accurate monitoring of one’s own face memory cognitive processes.

Keywords: judgments of learning, cue integration, metamemory

Judgments of learning (JOLs) refer to learners’subjective predictions about
whether they can successfully retrieve previously studied material in future tests
and represent one of the most commonly used indicators of metamemory mon-
itoring [?]. The relationship between JOLs and actual memory performance is
known as JOL accuracy [?]. Accurate JOLs can promote learning and enable
individuals to effectively regulate and control their own cognitive processes [?].

Research has shown that emotion and attractiveness are important cues that
influence JOLs for face memory [?, ?]. Emotional faces receive higher JOL rat-
ings than neutral faces. Michaela et al. (2020) asked participants to memorize
negative and neutral emotional pictures and then make JOLs. Results showed
that participants gave higher JOL ratings to negative pictures compared to neu-
tral pictures. Hourihan and Bursey (2017) used positive and neutral emotional
pictures as learning materials and similarly found that individuals gave higher
JOL ratings to positive pictures than to neutral pictures. In addition to facial
emotional information, attractiveness is also an important cue for face JOLs [?].
Researchers manipulated the attractiveness level of faces and found that indi-
viduals showed higher JOL accuracy for high and medium attractiveness faces
compared to low attractiveness faces [?].

However, the aforementioned studies only examined the effects of facial emo-
tion or attractiveness cues on JOLs in isolation. In daily life, the process of
recognizing and memorizing a single face is often simultaneously influenced by
both emotion and attractiveness. Moreover, when a face contains emotional
information, its attractiveness level often changes as well. According to the
reinforcement-affect theory of attraction, smiling faces appear more pleasant,
meaning that happy facial expressions increase facial attractiveness, whereas
negative expressions decrease it [?]. Therefore, emotion and attractiveness cues
may mutually influence each other during facial metamemory monitoring. This
process of multiple cues influencing metamemory monitoring involves cue inte-
gration.

Cue integration refers to the process in which individuals base their confidence
ratings on two or more valid cues in non-single-cue situations [?, ?, ?]. Whether
participants engage in cue integration can be determined by individually assess-
ing whether each cue influences a given participant’s JOLs. There are two
indicators: First, mean difference, calculated by testing for mean differences in
JOL ratings across different levels of a cue for each participant—if the difference
is significant, it indicates that the participant used that cue when making JOLs.
Second, effect size, also called cue effect, calculated by obtaining the effect size
from the mean difference test—if the effect size reaches the specified threshold
for a small effect (even without significant mean difference), it suggests the par-
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ticipant’s JOLs were based on that cue. If a participant based their JOLs on
two or more cues, this indicates cue integration occurred. However, the essence
of effect size is the magnitude of mean difference; only when differences are sig-
nificant is the effect size more meaningful [?]. Therefore, when using the effect
size method for cue integration statistics, both significant mean differences and
meeting the small effect size threshold should be required to demonstrate that
individuals based their JOLs on a cue. However, existing studies using the effect
size indicator for cue integration have not considered the prerequisite of signif-
icant mean differences [?]. Consequently, this study adopts a more stringent
effect size indicator that ensures both significant mean differences and meeting
the small effect size threshold to examine cue integration in the JOL process.

In reality, there are individual differences in whether participants integrate cues
during JOLs in multi-cue situations. Previous studies have distinguished individ-
uals who integrate cues from those who do not using the aforementioned mean
difference or cue effect methods, then calculated the proportion of participants
who engaged in cue integration [?, ?]. For example, word-pair learning studies
found that 54% of participants made JOLs based on integration of font size
and frequency cues, while 46% did not integrate cues—some relied on only one
cue, and others did not use either of the two cues at all [?]. Similarly, another
study found that most participants integrated word concreteness and emotion
cues when making JOLs; the researchers further compared memory performance
between cue integration and non-integration groups and found the former was
higher, but did not compare JOL accuracy between the two groups [?]. Com-
parable results were found in studies using scene picture materials. Researchers
manipulated two scene picture-related cues and found that 46.3% of participants
integrated both cues when making JOLs, while the remaining participants did
not engage in cue integration [?]. In summary, individual differences in cue in-
tegration during the JOL stage exist across different memory materials (verbal
materials and scene pictures). Therefore, when examining how facial emotion
and attractiveness cue integration affects JOL accuracy, this study must first
distinguish between cue integration and non-integration groups using the data
analysis methods from the aforementioned studies.

Existing research on cue integration in JOLs has only investigated behavioral
aspects and has not revealed the physiological mechanisms underlying how cue
integration affects JOL accuracy. ERPs studies have found that the frontal
region is closely related to the JOL process. The word-list paradigm discov-
ered that JOLs are associated with late positive waves in the frontal to central
regions [?, ?]. Müller et al. (2016) found similar results, with task-related posi-
tive slow waves (PSW) appearing in the frontal region when participants made
JOLs. Therefore, this study localized EEG components during the JOL stage to
the frontal region. Additionally, previous studies have only examined whether
EEG components from either the encoding or JOL stage alone are significantly
correlated with JOLs. However, JOL accuracy involves neural activity across
multiple stages. Moreover, when asked, participants reported engaging in the
JOL process during both the late encoding stage before JOLs began and through-
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out the entire learning stage. Therefore, investigating EEG components related
to JOL accuracy across multiple stages can provide deeper understanding of the
temporal characteristics of confidence rating processes.

Furthermore, ERPs studies on face memory have found that the occipital P1
component and parietal late positive potential (LPP) are both related to face
processing, while frontal negative-going slow waves (NSW) are related to face in-
formation maintenance. Specifically, P1 occurs in the early stage and primarily
processes low-level facial physical features [?, ?, ?]. LPP occurs in the parietal
region, typically appearing in the late stage of face encoding, and is related to
emotion and attractiveness. It reflects high-level attentional resource allocation
and cognitive evaluation, and is also associated with emotion regulation, mark-
ing emotional stimuli for encoding and consolidation [?, ?]. The frontal NSW
component appears in the maintenance stage after memory encoding and is re-
lated to information maintenance and rehearsal [?, ?]. Face memory studies
have also found that frontal negative-going slow waves (NSW) are related to in-
formation maintenance [?]. Previous studies have examined ERPs components
related to face memory across multiple stages, and the process of JOL monitor-
ing memory also involves multiple stages. Therefore, after adding JOLs, EEG
components related to memory across various stages may be associated with
JOLs and their accuracy.

This study aims to investigate how emotion and attractiveness cue integration
affects JOL accuracy and its multi-stage temporal characteristics. The pilot
experiment preliminarily examined the number of participants who integrated
emotion and attractiveness cues during JOLs to ensure the effectiveness of the
two-cue manipulation and guarantee balanced group sizes for subsequent exper-
iments. Experiment 1 increased the intensity gradient of each attractiveness cue
level based on pilot results, calculated the cue effect for each participant across
the two cues, and accordingly divided participants into cue integration and non-
integration groups to further explore whether cue integration affects memory
and JOL accuracy. Experiment 2 incorporated ERPs technology to investigate
the reasons why cue integration facilitates JOL accuracy. JOL accuracy is the
correlation between memory performance and JOL ratings, so improved JOL
accuracy may involve the encoding, JOL, and retrieval stages. Since partici-
pants knew in advance that they would make JOLs for each encoded item, they
may have processed items for memory in the early encoding stage while already
beginning the cognitive evaluation process for JOLs in the late encoding stage,
continuing through to the JOL stage where information was rehearsed and main-
tained until the JOL response keypress ended. Therefore, this study used face
pictures to explore the temporal characteristics of JOL accuracy, expecting to
find LPP components related to high-level cognitive resource allocation in the
late encoding stage and NSW components related to information maintenance
and rehearsal in the JOL stage, both predicting JOL accuracy. In contrast,
P1 primarily involves low-level early visual processing, with less involvement
in deeper, higher-level cognitive processing, and is mainly related to process-
ing stimulus physical features. Therefore, we expected that the P1 component
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would not be correlated with JOL accuracy.

2 Pilot Experiment: Investigating Cue Integration Levels
of Emotion and Attractiveness in JOLs
This study aimed to investigate how cue integration affects JOL accuracy for
face memory, selecting emotion and attractiveness as the two cues. The prereq-
uisite for better comparing the effects of the two cues was ensuring consistency in
manipulation methods, namely selecting a unified cue intensity variable: emo-
tion intensity for the emotion cue and attractiveness intensity for the attrac-
tiveness cue. The pilot experiment’s purpose was to explore the number of
participants who integrated versus did not integrate emotion and attractiveness
cues, to determine whether the manipulation of each cue level was appropriate
and to ensure balanced group sizes for subsequent experiments.

2.1 Method

2.1.1 Participants We used G*Power software to determine the sample size
before the experiment [?, ?, ?]. With effect size defined as medium (0.25), 𝛼
error probability as 0.05, and power as 0.8, the calculated required sample size
was 13 participants.

We recruited 21 university students (9 male) from Northeast Normal Univer-
sity, all with normal or corrected-to-normal vision, right-handed, and without
psychiatric or psychological disorders. Before the experiment, participants were
informed of the experimental purpose, procedures, and precautions using stan-
dardized instructions, then signed informed consent forms and received com-
pensation after completing the experiment. Due to 2 participants withdrawing
midway, 19 valid participants (8 male) were included. The experimental pro-
tocol was approved by the Ethics Committee of the School of Psychology at
Northeast Normal University.

2.1.2 Materials All experimental materials were selected from the Chinese
Facial Affective Picture System [?]. We recruited 24 university students (11
male) from Northeast Normal University to rate 480 face pictures on attrac-
tiveness intensity and emotional intensity using a 0-100 scale. All participants’
ratings were averaged, and pictures were sorted from high to low scores. The
top 30% were selected as high intensity, the bottom 30% as low intensity, and
the middle 40% as medium intensity. Pictures scoring above 50 were selected
as high emotional intensity, 40-50 as medium emotional intensity, and below
40 as low emotional intensity. Pictures scoring above 45 were selected as high
attractiveness intensity, 35-45 as medium attractiveness intensity, and below 35
as low attractiveness intensity.

Based on participants’rating results, nine types of face pictures were created:
high emotion-high attractiveness, high emotion-medium attractiveness, high
emotion-low attractiveness, medium emotion-high attractiveness, medium
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emotion-medium attractiveness, medium emotion-low attractiveness, low
emotion-high attractiveness, low emotion-medium attractiveness, and low
emotion-low attractiveness. We randomly selected 30 pictures of each type,
balanced for valence (15 positive, 15 negative). Twenty pictures of each type
were used in the learning phase (180 face pictures total in the learning phase),
and the remaining 10 were used as distractors in the test phase (90 new pictures
and 180 old pictures in the test phase). All face pictures were presented on a
black background with identical brightness, and all responses were recorded.

2.1.3 Procedure The experiment consisted of learning and test phases, as
shown in Figure 1 [Figure 1: see original paper]. In the learning phase, there
were nine types of face pictures with 20 pictures each, totaling 180 trials. In each
trial, a “+”was first presented at the center of the screen for 500 ms, followed
by a face picture at the same location for 2000 ms. Participants were instructed
to memorize the face picture. After the picture disappeared, participants were
asked to provide a JOL rating by responding to the prompt“How confident are
you that you will correctly recognize this photo in the subsequent test? Rate
from 0-100.”Participants were required to input a number from 0-100 using the
keyboard based on their true confidence level, with higher numbers indicating
higher confidence in future recognition. After entering the number, participants
pressed “Enter”to proceed to the next trial.

After the learning phase, participants completed a 3-minute distraction task
(continuously subtracting 3 from 1000), followed by the test phase. The test
phase consisted of 270 trials, including 180 old pictures from the learning phase
and 90 new pictures not previously presented, all in random order. In each trial,
a fixation point was presented for 500 ms, followed by a picture for 4000 ms.
Participants were required to judge within 4000 ms whether the picture was
old (R key) or new (Y key) from the learning phase, pressing the corresponding
key with their index finger. They then made an R/K judgment about their
old/new decision: the screen displayed “1 = remember clearly, 2 = remember
but not sure, 3 = guess,”and participants responded according to their true
experience. If they clearly remembered the picture was old/new, they pressed
1; if they remembered but were not sure, they pressed 2; if the judgment was
pure guesswork, they pressed 3. After the keypress, the next trial began. Trials
with R/K judgments of 3 were excluded from data analysis to eliminate guessing
probability.

2.1.4 Design and Data Processing Data were statistically analyzed using
SPSS 22.0. Single-subject analysis was conducted first, calculating cue effects
for emotion and attractiveness cues for each participant. Mean JOL ratings
were obtained for different levels of each cue, and one-way repeated-measures
ANOVAs with three levels were conducted separately for each cue: emotional
cue (high, medium, low intensity) and attractiveness cue (high, medium, low in-
tensity). If differences were significant, it indicated that the participant showed
a cue effect for that cue, meaning they used that cue when making JOLs; oth-
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erwise, the participant did not show that cue effect and did not use the cue for
JOLs. For participants with significant differences, the effect size �p2 was calcu-
lated—the larger the �p2, the stronger the cue effect, indicating more extensive
use of that cue in JOLs. Thus, some participants may have been exposed to the
manipulated cues but did not actually use them when making JOLs. Based on
whether each participant showed emotion and attractiveness cue effects, we tal-
lied cue usage across all participants. Following previous research, participants
showing both emotion and attractiveness cue effects were defined as the cue
integration group, and the number of participants engaging in cue integration
was counted.

2.2 Results

First, individual-level analysis was conducted: separate ANOVAs were per-
formed on each participant’s JOL ratings across the three intensity levels for
emotion and attractiveness cues, recording each participant’s �p2 for both cues.
Using the criterion of �p2 ≥ 0.02 [?], we recorded the number of cues each partic-
ipant used in the JOL stage, thereby documenting their cue integration status.
Specifically, 84% of participants based their confidence ratings on both emotion
and attractiveness cues (engaging in two-cue integration), while 16% based their
ratings only on the emotion cue, not using attractiveness as a basis for JOLs
(see Table 1 ).

Supplementary analysis of cue effects was then conducted. Paired-sample t-
tests were performed on emotion cue effect sizes and attractiveness cue effect
sizes across all participants to compare whether the two cue effects differed
significantly. Results showed t(18) = 5.53, p < 0.001, Cohen’s d = 1.70, with
emotion cue effects (M = 0.26 ± 0.18) significantly larger than attractiveness
cue effects (M = 0.04 ± 0.03), indicating that participants were less sensitive to
attractiveness cues compared to emotion cues.

Table 1 Number (percentage) of participants basing JOLs on different cues

Cue Usage Pre-Experiment Experiment 1 Experiment 2
Using neither cue 0 (0%) 4 (10%) 5 (12%)
Using only emotion 3 (16%) 9 (22.5%) 11 (26%)
Using only attractiveness 0 (0%) 5 (12.5%) 3 (7%)
Using both cues (cue integration) 16 (84%) 22 (55%) 23 (55%)

Note: n = 19 for pre-experiment, n = 40 for Experiment 1, n = 42 for Experi-
ment 2

2.3 Discussion

The pilot experiment investigated cue integration levels of facial emotion and
attractiveness. We found that when both emotion and attractiveness cues were
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present, most participants (84%) tended to base their confidence judgments on
both cues simultaneously—that is, they engaged in two-cue integration—though
a minority (16%) based their JOLs only on the emotion cue. This is consis-
tent with previous research showing that when multiple cues are available, most
participants tend to base their JOLs on multiple cues [?]. Additionally, no par-
ticipants in the pilot experiment based their JOLs solely on attractiveness. We
speculate that when emotion and attractiveness cues coexist, participants are
more sensitive to emotion cues—that is, they more easily notice emotional in-
formation in face pictures and consequently make JOLs based more heavily on
differences in emotional intensity, which in turn affects memory and metamem-
ory information maintenance and retrieval processes.

Supplementary analysis of cue effects revealed that the effect size for attrac-
tiveness cues was lower than that for emotion cues during the JOL stage, indi-
cating lower cue effectiveness. This made participants less sensitive to attrac-
tiveness cues, resulting in zero participants using only attractiveness cues and
creating a large disparity in group sizes between the cue integration and non-
integration groups, making further analysis of cue integration effects on JOL
accuracy difficult. Therefore, in Experiment 1, we increased the gradient be-
tween the three levels of attractiveness cues to improve their effectiveness for
participants, thereby ensuring more similar group sizes between cue integration
and non-integration participants as a basis for investigating how using versus
not using both cues affects memory and JOL accuracy.

3 Experiment 1: Effects of Emotion and Attractiveness Cue
Integration on JOL Accuracy
The pilot experiment found that participants were less sensitive to attractiveness
cues than emotion cues, resulting in large differences between cue integration
and non-integration group sizes. Therefore, Experiment 1 increased the gradient
between the three levels of attractiveness cues to improve their effectiveness
and ensure comparable group sizes, aiming to investigate whether emotion and
attractiveness cue integration could promote memory and JOL accuracy.

3.1 Method

3.1.1 Participants We used G*Power software for power analysis to deter-
mine sample size before the experiment. With effect size defined as medium
(0.25), 𝛼 error probability as 0.05, and power as 0.8, the calculated required
sample size was 13 participants.

We recruited 41 university students from Northeast Normal University, all right-
handed with normal or corrected-to-normal vision and without psychiatric or
psychological disorders. Before the experiment, participants were informed of
the experimental purpose, procedures, and precautions using standardized in-
structions, then signed informed consent forms and received compensation after
completing the experiment. Ultimately, 40 valid datasets (18 male) were re-
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tained. The experimental protocol was approved by the Ethics Committee of
the School of Psychology at Northeast Normal University.

3.1.2 Materials All experimental materials were selected from the Chinese
Facial Affective Picture System (CAFPS) based on pilot experiment rating re-
sults. The emotional intensity gradient of selected face pictures remained consis-
tent with Experiment 1: above 50 as high emotional intensity, 40-50 as medium
emotional intensity, and below 40 as low emotional intensity. Compared to the
pilot experiment, Experiment 1 increased the attractiveness intensity gradient:
the top 25% as high attractiveness intensity, the bottom 25% as low attractive-
ness intensity, and the middle 25% as medium attractiveness intensity. Thus,
pictures scoring above 60 were defined as high attractiveness intensity, 40-50 as
medium attractiveness intensity, and below 30 as low attractiveness intensity.

We randomly selected nine types of face pictures: high emotion-high attrac-
tiveness, high emotion-medium attractiveness, high emotion-low attractiveness,
medium emotion-high attractiveness, medium emotion-medium attractiveness,
medium emotion-low attractiveness, low emotion-high attractiveness, low
emotion-medium attractiveness, and low emotion-low attractiveness. Each type
included 30 pictures with balanced valence (15 positive, 15 negative). Twenty
pictures of each type were used in the learning phase (180 pictures total), and
the remaining 10 were used as distractors in the test phase (90 new pictures
and 180 old pictures in the test phase). Background presentation was identical
to the pilot experiment, and all responses were recorded.

3.1.3 Procedure The procedure was identical to the pilot experiment.

3.1.4 Design and Data Processing The experiment used a 2 (group: cue
integration vs. non-integration) × 3 (emotion cue: high, medium, low intensity)
× 3 (attractiveness cue: high, medium, low intensity) mixed design, with group
as a between-subjects variable (based on cue effects in the JOL stage) and emo-
tion and attractiveness cues as within-subjects variables. Data were analyzed
using repeated-measures ANOVA in SPSS 22.0. Dependent variables included:
hit rate, JOL ratings, Gamma correlation between memory performance and
JOLs, and JOL effect size �p2 (cue effect).

The data analysis approach was consistent with the pilot experiment, with addi-
tional analysis of cue integration effects on memory and JOLs—that is, examin-
ing differences between cue integration and non-integration groups. Therefore,
after calculating cue effects for all participants and documenting cue integra-
tion status, participants were divided into cue integration and non-integration
groups. Group (cue integration vs. non-integration) was then included as a
between-subjects independent variable in a mixed-design ANOVA with emotion
and attractiveness cues to investigate how cue integration affects memory and
JOL accuracy.
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3.2 Results

3.2.1 Determining Cue Integration and Non-Integration Group Sizes
Individual-level analysis was conducted: each participant’s �p2 was recorded, and
using the criterion �p2 ≥ 0.02, cue integration status was documented. Specifi-
cally, 22 participants (55%) based their confidence ratings on both emotion and
attractiveness cues when making JOLs; 9 participants (22.5%) based their rat-
ings only on emotion cues, not using attractiveness; 5 participants (12.5%) based
their ratings only on attractiveness cues, not using emotion; and 4 participants
(10%) did not base their ratings on either cue. Participants who used both cues
were classified as the cue integration group, and the rest as the non-integration
group (see Table 1).

3.2.2 Effects of Cue Integration on Memory and JOL Accuracy Par-
ticipants who based their JOLs on both emotion and attractiveness cues were
assigned to the cue integration group, while those who used only attractive-
ness cues were assigned to the non-integration group. Group was included as
a between-subjects independent variable in a 2 (group: cue integration vs. non-
integration) × 3 (emotion cue: high, medium, low intensity) × 3 (attractive-
ness cue: high, medium, low intensity) repeated-measures ANOVA. Descriptive
statistics are shown in Table 2 .

A repeated-measures ANOVA on hit rates focused only on results related to
cue integration. The analysis revealed a significant interaction between group
and attractiveness, F(2,76) = 4.64, p = 0.038, �p2 = 0.109. For medium and
low attractiveness faces, the cue integration group showed significantly higher
hit rates (M = 0.55 ± 0.04; M = 0.46 ± 0.04) than the non-integration group
(M = 0.52 ± 0.04; M = 0.46 ± 0.04). No significant differences were found
between groups for high attractiveness faces. The main effect of group was not
significant, F(1,38) = 1.21, p > 0.05, �p2 = 0.031. The interaction between
group and emotion was not significant, F(2,76) = 1.80, p > 0.05, �p2 = 0.045.
The three-way interaction between group, emotion, and attractiveness was not
significant, F(4,152) = 1.70, p > 0.05, �p2 = 0.043.

A repeated-measures ANOVA on JOL accuracy focused only on results related
to cue integration. The analysis revealed a significant main effect of group,
F(1,38) = 14.84, p < 0.001, �p2 = 0.281. The cue integration group showed
significantly higher JOL accuracy (M = 0.27 ± 0.03) than the non-integration
group (M = 0.10 ± 0.03). The interaction between group and attractiveness was
not significant, F(2,76) = 0.89, p > 0.05, �p2 = 0.023. The interaction between
group and emotion was not significant, F(2,76) = 0.15, p > 0.05, �p2 = 0.004.
The three-way interaction between group, emotion, and attractiveness was not
significant, F(4,152) = 2.37, p > 0.05, �p2 = 0.059.

Table 2 Descriptive statistics for cue integration and non-integration groups
(n1 = 22, n2 = 18)
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Condition Cue Integration Group Non-Integration Group
Hit Rate M ± SD M ± SD
High
Emotion-High
Attractiveness

0.74 ± 0.18 0.76 ± 0.17

High Emotion-
Medium
Attractiveness

0.63 ± 0.23 0.68 ± 0.25

High
Emotion-Low
Attractiveness

0.63 ± 0.23 0.58 ± 0.31

Medium
Emotion-High
Attractiveness

0.52 ± 0.24 0.59 ± 0.28

Medium
Emotion-
Medium
Attractiveness

0.55 ± 0.04 0.52 ± 0.04

Medium
Emotion-Low
Attractiveness

0.46 ± 0.04 0.46 ± 0.04

Low
Emotion-High
Attractiveness

0.45 ± 0.24 0.48 ± 0.25

Low Emotion-
Medium
Attractiveness

0.42 ± 0.22 0.45 ± 0.23

Low
Emotion-Low
Attractiveness

0.38 ± 0.21 0.40 ± 0.22

Gamma
Correlation

0.27 ± 0.03 0.10 ± 0.03

Note: n1 = number in cue integration group, n2 = number in non-integration
group; H = high intensity, M = medium intensity, L = low intensity; first letter
represents emotion cue, second represents attractiveness cue (e.g., HM = high
emotion-medium attractiveness); data presented as M ± SD

3.3 Discussion

Analysis based on cue integration statistics revealed that over half of the par-
ticipants simultaneously based their JOLs on both emotion and attractiveness
cues—that is, they engaged in cue integration. This is consistent with the pilot
experiment results and previous research [?]. Analysis of cue integration effects
on memory and JOL accuracy found that the main effect of group on hit rate
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was not significant, meaning that hit rates did not differ statistically between
the cue integration and non-integration groups. Previous studies using mean
difference as the cue integration indicator found that cue integration could im-
prove memory performance—that is, significant differences in hit rates existed
between cue integration and non-integration groups [?]. However, when using
cue effect (effect size) as the cue integration indicator, no differences in mem-
ory performance were found between integration and non-integration groups,
consistent with our results. Our study’s more stringent method of defining
cue integration using the effect size indicator made participant classification in
cue integration more precise, consequently making differences in hit rates less
likely to emerge. Notably, the main effect of group on JOL accuracy was signif-
icant, with the cue integration group showing significantly higher JOL accuracy
than the non-integration group. This suggests that participants who integrated
multiple cues incorporated more information from the learning materials into
their confidence assessments, enabling better monitoring of their own memory
cognitive processes for face learning, which in turn allowed them to adjust their
learning states and cognitive resources to improve JOL accuracy. Experiment 2
further employed ERPs technology to investigate EEG waveforms across multi-
ple stages to seek the reasons why cue integration facilitates face memory JOL
accuracy.

4 Experiment 2: Temporal Characteristics of Cue Integra-
tion Effects on JOL Accuracy
Experiment 1 found that the cue integration group showed significantly higher
JOL accuracy than the non-integration group, indicating that simultaneously
using both facial emotion and attractiveness cues was more effective for inte-
grating facial information and improving JOL accuracy than using only one cue
or neither cue. To reveal the reasons for this phenomenon, Experiment 2 used
ERPs technology to further explore the multi-stage temporal characteristics of
how cue integration facilitates face picture JOL accuracy. To increase partic-
ipants’sensitivity to both cues and facilitate observation of EEG amplitude
differences, we further increased the intensity level gradients for both emotion
and attractiveness cues, changing from three levels to two levels to investigate
whether the cue integration group would show larger amplitude of cue-related
components than the non-integration group during encoding, JOL, and retrieval
stages.

4.1 Method

4.1.1 Participants We used G*Power software for power analysis to deter-
mine sample size before the experiment. With effect size defined as medium
(0.25), 𝛼 error probability as 0.05, and power as 0.8, the calculated required
sample size was 24 participants.

We recruited 45 university students from Northeast Normal University with the
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same requirements as Experiment 1. Ultimately, 42 valid datasets (20 male)
were retained.

4.1.2 Materials All experimental materials were selected from the Chinese
Facial Affective Picture System (CAFPS) based on pilot experiment rating re-
sults. Pictures scoring above 60 were selected as high emotional intensity, and
below 30 as low emotional intensity. Pictures scoring above 60 were selected
as high attractiveness intensity, and below 30 as low attractiveness intensity.
We randomly selected four types of face pictures: high emotion-high attractive-
ness, high emotion-low attractiveness, low emotion-high attractiveness, and low
emotion-low attractiveness. Each type included 75 pictures with balanced va-
lence (37 positive, 38 negative). Fifty pictures of each type were used in the
learning phase (200 pictures total), and the remaining 25 were used as distrac-
tors in the test phase (100 new pictures and 200 old pictures in the test phase).
Background presentation was identical to the pilot experiment, and all responses
were recorded.

4.1.3 Procedure To ensure valid EEG data, compared to Experiment 1, Ex-
periment 2 changed the JOL stage from a 0-100 keypress to two keypress options:
high confidence and low confidence. Additionally, to ensure adequate EEG com-
ponent collection, a 500 ms blank screen was added after both the stimulus and
response screens. The rest of the procedure remained consistent with Experi-
ment 1. Before the formal experiment, participants were instructed to minimize
blinking and head movements, especially during stimulus presentation and re-
sponse. See Figure 2 [Figure 2: see original paper].

4.1.4 EEG Recording The experimental program was written in E-Prime 3.0
and displayed on a Lenovo 17-inch monitor (1024$×$768). All participants sat in
front of the computer with eyes approximately 90 cm from the display. We used
a Neuroscan SynAmps2 amplifier to acquire online EEG data and a Neuroscan
Quik-Cap 64 electrode cap, recording EEG from 62 electrode sites according to
the international standard 10-20 extended system. The left mastoid (M1) served
as the online reference. Horizontal electrooculogram (HEOG) was recorded from
electrodes placed approximately 1 cm lateral to the outer canthus of each eye,
and vertical electrooculogram (VEOG) from electrodes placed approximately
1.5 cm above and below the left eye. All electrode impedances were maintained
below 10 kΩ throughout testing. The sampling rate was 1000 Hz with a filter
bandwidth of 0.05-100 Hz.

4.1.5 Design and Data Analysis The experiment used a 2 (group: cue
integration vs. non-integration) × 2 (emotion cue: high, low intensity) × 2
(attractiveness cue: high, low intensity) mixed design, with group as a between-
subjects variable (based on cue effects in JOLs) and emotion and attractiveness
cues as within-subjects variables. ANOVA was conducted using SPSS 22.0.
Dependent variables were identical to Experiment 2: hit rate, JOL ratings,
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Gamma correlation between memory performance and JOLs, and JOL effect
size 𝜙 (cue effect).

EEG data were analyzed using the EEGLAB toolbox [?] in Matlab 2018. Data
were first down-sampled to 500 Hz and re-referenced to the average of bilateral
mastoids (M1 + M2)/2. A high-pass filter of 0.1 Hz and low-pass filter of 40 Hz
were applied [?]. Independent component analysis (ICA) was then performed to
remove artifacts related to blinking. Trials with absolute EEG voltage exceeding
$±$100 µV were excluded. Participants with more than 35% of trials excluded
were removed from final analysis, resulting in 3 participants being excluded.
Ultimately, 42 participants provided valid data.

Based on our research objectives, ERPs evoked after stimulus presentation in
the encoding, JOL, and retrieval stages were analyzed. The 200 ms before
stimulus presentation served as baseline, and the epoch from baseline to 1000
ms after stimulus presentation was used for EEG analysis, with segmentation
according to experimental conditions. All three stages could be divided into high
emotion-high attractiveness, high emotion-low attractiveness, low emotion-high
attractiveness, and low emotion-low attractiveness conditions; in the retrieval
stage, only hit trials were retained.

This study focused on NSW, LPP, and P1 components. Based on previous
research, LPP was measured as the average of CP1, CPZ, and CP2 electrodes
in the 650-680 ms time window; NSW was measured as the average of F1,
FZ, and F2 electrodes in the 760-860 ms time window; and P1 was measured
as the average of O1, OZ, and O2 electrodes in the 90-120 ms time window
[?, ?, ?]. Matlab software was used for statistical analysis of amplitude in each
time window, conducting independent samples t-tests (group: cue integration
vs. non-integration).

4.2 Results

4.2.1 Effects of Cue Integration on Memory and JOL Accuracy
Individual-level analysis was conducted: �2 tests were performed on each
participant’s JOLs for each cue to obtain effect size 𝜙 for each participant
and cue. Using the criterion 𝜙 ≥ 0.2 [?], cue integration status was recorded.
Specifically, 23 participants (55%) based their confidence ratings on both
emotion and attractiveness cues when making JOLs, 11 participants (26%)
used only emotion cues, 3 participants (7%) used only attractiveness cues, and
5 participants (12%) did not use either cue (see Table 1). Participants who
used both cues were classified as the cue integration group, and the rest as the
non-integration group.

Participants who used both emotion and attractiveness cues were assigned to the
cue integration group, while those who used only attractiveness cues and those
who used neither cue were assigned to the non-integration group. Group was in-
cluded as a between-subjects independent variable in a 2 (group: cue integration
vs. non-integration) × 2 (emotion cue: high, low intensity) × 2 (attractiveness
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cue: high, low intensity) mixed-design ANOVA. Descriptive statistics are shown
in Table 3 .

A repeated-measures ANOVA on hit rates focused only on results related to cue
integration. The analysis revealed no significant main effect of group, F(1,40)
= 0.17, p > 0.05, �p2 = 0.004. The interaction between group and emotion was
not significant, F(1,40) = 0.12, p > 0.05, �p2 = 0.003. The interaction between
group and attractiveness was not significant, F(1,40) = 1.48, p > 0.05, �p2 =
0.036. The three-way interaction between group, emotion, and attractiveness
was not significant, F(1,40) = 1.17, p > 0.05, �p2 = 0.028.

A repeated-measures ANOVA on JOL accuracy focused only on results related
to cue integration. The analysis revealed a significant main effect of group,
F(1,40) = 8.01, p = 0.007, �p2 = 0.17. The cue integration group showed
significantly higher JOL accuracy (M = 0.49 ± 0.05) than the non-integration
group (M = 0.29 ± 0.05). The interaction between group and emotion was not
significant, F(1,40) = 0.24, p > 0.05, �p2 = 0.006. The interaction between
group and attractiveness was not significant, F(1,40) = 0.22, p > 0.05, �p2 =
0.005. The three-way interaction between group, emotion, and attractiveness
was not significant, F(1,40) = 1.45, p > 0.05, �p2 = 0.035.

Table 3 Descriptive statistics for cue integration and non-integration groups
(n1 = 23, n2 = 19)

Condition Cue Integration Group Non-Integration Group
Hit Rate M ± SD M ± SD
High Emotion-High Attractiveness 0.74 ± 0.18 0.76 ± 0.17
High Emotion-Low Attractiveness 0.63 ± 0.23 0.68 ± 0.25
Low Emotion-High Attractiveness 0.63 ± 0.23 0.58 ± 0.31
Low Emotion-Low Attractiveness 0.52 ± 0.24 0.59 ± 0.28
Gamma Correlation 0.49 ± 0.05 0.29 ± 0.05

Note: n1 = number in cue integration group, n2 = number in non-integration
group; data presented as M ± SD

Table 4 ERPs amplitude statistics for cue integration and non-integration
groups (n1 = 23, n2 = 19)

Component Cue Integration Group Non-Integration Group
LPP (�V) 6.15 ± 4.47 3.41 ± 4.07
NSW (�V) -7.89 ± 3.98 -4.53 ± 5.24
P1 (�V) 4.90 ± 3.95 7.28 ± 4.68

Note: n1 = number in cue integration group, n2 = number in non-integration
group; data presented as M ± SD
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4.2.2 ERPs Amplitude Comparison Between Cue Integration and
Non-Integration Groups Based on the significant behavioral group main
effect on JOL accuracy, we further investigated the neural mechanisms by con-
ducting independent samples t-tests between groups for the encoding, JOL, and
retrieval stages.

First, in the 650-680 ms time window after stimulus presentation during the en-
coding stage, we examined LPP amplitude differences between cue integration
and non-integration groups at parietal electrodes CP1, CPZ, and CP2. Inde-
pendent samples t-test analysis revealed a significant group main effect, t(40)
= 2.06, p = 0.046, Cohen’s d = 0.65. The cue integration group (M = 6.15 ±
4.47) showed larger LPP amplitude than the non-integration group (M = 3.41
± 4.07). Waveforms and topographic maps are shown in Figure 3 [Figure 3: see
original paper], with descriptive amplitude statistics in Table 4.

In the 760-860 ms time window after stimulus presentation during the JOL stage,
we examined NSW amplitude differences between groups at frontal electrodes
F1, FZ, and F2. Independent samples t-test analysis revealed a significant group
main effect, t(40) = 2.36, p = 0.023, Cohen’s d = 0.75. The cue integration group
(M = -7.89 ± 3.98) showed larger NSW amplitude than the non-integration
group (M = -4.53 ± 5.24). Waveforms and topographic maps are shown in
Figure 4 [Figure 4: see original paper], with descriptive amplitude statistics in
Table 4.

In the 90-120 ms time window after stimulus presentation during the retrieval
stage, we examined P1 amplitude differences between groups at occipital elec-
trodes O1, OZ, and O2. Independent samples t-test analysis revealed no signif-
icant group main effect, t(40) = 1.86, p > 0.05, Cohen’s d = 0.59. Waveforms
and topographic maps are shown in Figure 5 [Figure 5: see original paper], with
descriptive amplitude statistics in Table 4.

Table 5 Pearson correlations between ERPs amplitudes and Gamma values (n1
= 23, n2 = 19)

Component Cue Integration Group Non-Integration Group
LPP r = 0.48, p = 0.019 r = 0.19, p = 0.43
NSW r = 0.57, p = 0.004 r = 0.37, p = 0.12
P1 r = 0.41, p = 0.053 r = 0.03, p = 0.90

Note: n1 = number in cue integration group, n2 = number in non-integration
group

4.2.3 Correlation Between JOL Accuracy and ERPs Amplitudes
Since JOL accuracy involves multiple stages—encoding, JOL, and retrieval
—the brain activity in each stage may be associated with this behavioral
performance. Therefore, to further demonstrate the relationship between cue
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integration and JOL accuracy, this study examined the connection between
ERPs amplitudes and behavioral performance. Pearson correlations analyzed
the relationships between LPP, NSW, and P1 amplitudes and JOL accuracy in
both cue integration and non-integration groups. As shown in Table 5, results
indicated that in the cue integration group, JOL accuracy showed significant
positive correlation with frontal NSW amplitude, r = 0.57, p = 0.004, and with
parietal LPP amplitude, r = 0.48, p = 0.019, but no significant correlation
with occipital P1 amplitude, r = 0.41, p > 0.05. In the non-integration group,
JOL accuracy showed no significant correlation with parietal LPP, frontal
NSW, or occipital P1 amplitudes, r = 0.19, 0.37, 0.03, p = 0.43, 0.12, 0.90,
respectively. These ERPs results, consistent with the behavioral findings,
indicate that compared to the non-integration group, individuals in the cue
integration group engaged in deeper cognitive evaluation of face pictures and
allocated more cognitive resources to picture maintenance and rehearsal during
the JOL stage, evoking more positive amplitudes that positively correlated with
behavioral responses. In contrast, the non-integration group did not engage in
more detailed memory and evaluation based on the manipulated cues, resulting
in lower JOL accuracy.

4.3 Discussion

The cue integration statistics in Experiment 2 were similar to those in the pilot
experiment and Experiment 1, with over half of participants integrating both
facial emotion and attractiveness cues, consistent with previous research. In the
analysis of cue integration effects on memory and metamemory, we found that
cue integration improved JOL accuracy but not memory performance, consistent
with Experiment 1 results. Because each cue had only two levels in Experiment
2, participants’cognitive load was lower than in Experiment 1, so regardless
of whether they integrated the two cues, participants achieved relatively good
performance, making group differences less likely to emerge.

In the ERPs results, the late positive component (LPP) related to emotional cog-
nitive evaluation in the parietal region during the encoding stage was associated
with cue integration, with the cue integration group showing significantly larger
LPP amplitude than the non-integration group. This indicates that the cue
integration group engaged in higher-level cognitive evaluation of face pictures
compared to the non-integration group. In the frontal region during the JOL
stage, the late negative slow wave (NSW) related to memory maintenance was
associated with cue integration, with the cue integration group showing larger
NSW amplitude than the non-integration group, indicating deeper rehearsal of
information during the JOL stage. Moreover, both components showed signifi-
cant positive correlations with the behavioral JOL accuracy measure, suggest-
ing that the neural mechanisms underlying cue integration’s enhancement of
metamemory monitoring accuracy are manifested in frontal late negative waves
and parietal late positive waves.
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5 General Discussion
This study used the classic study-JOL-recall paradigm across three experiments
with face materials to investigate emotion and attractiveness cue integration
and whether cue integration improves JOL accuracy and its multi-stage tempo-
ral characteristics. The pilot experiment manipulated high, medium, and low
levels for both emotion and attractiveness cues, primarily exploring cue integra-
tion levels for face pictures. Results showed that 84% of participants engaged in
two-cue integration—that is, they based their JOL ratings on both emotion and
attractiveness cues—while the remaining participants used only emotion cues, in-
dicating that attractiveness cues were not effective for this subset. Experiment
1 further increased the intensity gradient between attractiveness cue levels to
enhance its effectiveness and explore whether two-cue integration affects mem-
ory and JOL accuracy. Results showed that 55% of participants engaged in
cue integration, while the rest did not. Additionally, the cue integration group
showed significantly improved JOL accuracy compared to the non-integration
group, suggesting that when participants based their JOLs on multiple cues,
they better monitored their cognitive processes for memorizing learning materi-
als, enabling them to select better learning strategies and improve metamemory
monitoring accuracy. In Experiment 2, we further increased the intensity dif-
ferences between emotion and attractiveness cue levels and changed each cue to
high and low two levels to investigate the EEG temporal characteristics of two-
cue integration effects on memory and metamemory. Results showed that the
late positive component (LPP) in the parietal region during the encoding stage
and the late negative component (NSW) in the frontal region during the JOL
stage were significantly correlated with the metamemory monitoring accuracy
behavioral measure. Moreover, the cue integration group showed larger LPP
amplitude than the non-integration group, indicating deeper cognitive evalua-
tion during the encoding stage. The cue integration group also showed larger
NSW amplitude than the non-integration group, indicating better maintenance
and rehearsal of picture materials during the JOL stage, enabling more accurate
JOL processes based on both cues.

Across the pilot experiment and two formal experiments, we consistently found
that most participants engaged in two-cue integration of emotion and attractive-
ness. This is consistent with previous research. Studies using verbal materials
found that over half of participants integrated font size and frequency cues [?].
Studies on scene pictures investigating JOL cue integration in Experiments 1
and 2 also found that over half of participants engaged in two-cue integration
[?]. When multiple cues are manipulated, each manipulated cue becomes a
basis for participants’JOLs. However, for participants who used all cues, the
effectiveness of each cue decreased. This pattern differs significantly from JOL
studies manipulating single cues. According to Kahneman’s (1973) cognitive
resource limitation theory proposed in Attention and Effort, participants who
engaged in cue integration simultaneously attended to both emotion and at-
tractiveness cues during the JOL stage, consuming more attentional resources
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overall and consequently reducing utilization of individual cues, as reflected in
decreased cue effects and less thorough use of each cue’s information compared
to participants who relied on single cues.

Emotion and attractiveness cue integration facilitates JOL accuracy. In both
Experiments 1 and 2, participants who integrated emotion and attractiveness
cues during the JOL stage showed significantly higher JOL accuracy than those
who used only single cues or neither cue. Some interactive effects and correla-
tions between emotion and attractiveness cues enabled participants to integrate
more learning material information, leading to reinforcement that allowed them
to adjust their learning states and cognitive resources, conduct more accurate
confidence assessments, and improve metamemory monitoring accuracy [?]. Ad-
ditionally, because each cue had only two levels in Experiment 2, there was
a risk of demand characteristics threatening cue effectiveness for JOLs—that is,
when single cues are manipulated at two easily distinguishable levels, cue effects
on JOLs might be based on participants’assumptions about what memory pat-
terns would make the experiment more successful [?]. However, JOL accuracy
results showed that cues remained effective for the JOL process, largely ruling
out demand characteristics as an explanation.

The improvement in JOL accuracy from cue integration was manifested in
deeper cognitive evaluation during the late encoding stage and information
maintenance and rehearsal during the JOL stage. In Experiment 2, the late
positive component (LPP) related to emotional cognitive evaluation in the pari-
etal region during the encoding stage was associated with cue integration, with
the cue integration group showing significantly larger LPP amplitude than the
non-integration group. LPP occurs in the parietal region and is related to
high-level cognitive resource allocation. For example, research has shown that
emotional stimuli evoke higher LPP amplitude than neutral stimuli to obtain
more attentional resources [?]. A study on emotion regulation found that in-
creased LPP amplitude reflects increased attentional and other cognitive re-
sources and deeper processing of motivational stimuli, indicating that the cue
integration group allocated more cognitive resources and evaluation to face pic-
tures than the non-integration group [?]. The late negative slow wave (NSW)
in the frontal region during the JOL stage was associated with cue integra-
tion, with the cue integration group showing larger NSW amplitude than the
non-integration group. Larger NSW amplitude in the frontal region indicates
deeper information maintenance and rehearsal [?]. Both human and non-human
primate prefrontal cortex regions have shown negative slow waves related to vi-
sual information maintenance [?], indicating that cue integration engaged in
deeper rehearsal of information during the JOL stage. Moreover, both compo-
nents showed significant positive correlations with the behavioral JOL accuracy
measure, consistent with previous research finding late negative components in
the frontal region related to JOL accuracy [?].

This study is the first to adopt a more stringent effect size indicator for cue
integration. Previous studies investigating cue integration in JOLs for verbal
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and scene picture materials found that most participants based their JOLs on
multiple cues and that cue integration improved memory performance to some
extent [?, ?, ?]. However, when using effect size as the dependent variable for
cue integration, these studies did not consider the prerequisite of significant
mean differences between cue levels, potentially compromising the indicator’s
rigor. Therefore, this study improved the effect size indicator for cue integration
and used face pictures to investigate emotion and attractiveness cue integration
in JOLs, finding similar results—most participants simultaneously based their
JOLs on both emotion and attractiveness cues. Moreover, when we artificially in-
creased the differences between attractiveness cue levels, the effectiveness of the
attractiveness cue improved, leading more participants to base their JOLs solely
on that cue. The cue utilization model categorizes cues affecting metamemory
into different types but does not consider interactions between cues or between
cues and participants. Therefore, this study’s results enrich the cue utilization
model to some extent, further confirming that not all cues are effective for all
participants and proposing methods to increase cue effectiveness.

Finally, this study has several limitations. First, it only demonstrates cue inte-
gration for emotion and attractiveness, both of which are internal cues. Whether
different results would emerge with different cue types remains unknown, lim-
iting generalization to integration of more than two cues or other cue types.
Future research should investigate integration of more numerous cues in face
materials. Second, metamemory monitoring measures were limited. This study
focused on JOLs and their accuracy in face learning tasks and did not in-
clude other metamemory monitoring indicators. However, other prospective
metamemory monitoring measures and retrospective metamemory monitoring
are also important for memory processes [?, ?]. Future research could compare
different metamemory monitoring types in the cue integration domain. Third,
the participant population lacked diversity. This study used university students
whose cognitive functions were fully developed and at their peak. As JOLs rep-
resent a high-level cognitive activity, functional differences may exist across age
groups [?, ?]. Investigating behavioral and electrophysiological mechanisms of
cue integration effects on JOL accuracy in other populations is also necessary to
provide insights into the longitudinal development of metamemory monitoring
accuracy.

This study conducted a pilot experiment and two formal experiments to explore
whether emotion and attractiveness cue integration for face materials could im-
prove JOL accuracy and its multi-stage temporal characteristics. The following
conclusions were reached:

1. In face memory, over half of participants tend to simultaneously base
their JOLs on both emotion and attractiveness cues—that is, they engage
in emotion and attractiveness cue integration.

2. Cue integration facilitates JOL accuracy, manifested as deeper cognitive
evaluation during the late encoding stage and better information mainte-
nance and rehearsal during the late JOL stage.
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