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Abstract
Background: Traditional clinical assessments in psychiatric research or clinical practice rely on global retrospective self-
report depression measures, which do not adequately capture intra- and interindividual variability in depressive symptoms over
time and across contexts.
Objective: This study aimed to (1) assess the sensitivity of mobile ecological momentary assessment (EMA) for monitoring
depressive symptoms compared with traditional depression scales, (2) investigate changes in depressive symptoms and recall
consistency observed between the first week (FW) and the second week (SW), and (3) identify subgroups at higher risk for
depression and suicidal ideation, and characterize their sociodemographic, psychological, and psychiatric profiles.
Methods: Participants’ self-reports were collected once daily for 14 consecutive days via a mobile app–based EMA to
monitor the presence of 20 depressive symptoms based on a 24-hour recall period, thereby capturing naturalistic severity
and variability. Baseline questionnaires measured sociodemographic characteristics, digital sensitivity, and personality traits.
On day 14, postquestionnaires were administered to assess their clinical symptoms. In addition, modified depression scales
were administered on day 7 for 1-week recall, and day 14 for both 1-week and 2-week recalls. For cluster analysis, 3 active
EMA-derived features were included: mean symptom severity, within-person symptom variability, and frequency of suicidal
ideation.
Results: Generalized Linear Mixed Model analysis (model 1) revealed that traditional 2-week recall explained only 35.5% of
the variance in daily symptom presence (odds ratio 0.666, 95% CI 0.659‐0.674; P<.001). Additional Generalized Linear Mixed
Model analysis (model 2) identified a robust interaction, indicating that the consistency between weekly retrospective recall
and daily EMA differed significantly between FW and SW (F1, 81876=124.550; P<.001). While overall symptom severity
scores significantly decreased from FW to SW across both assessment methods (Cohen d=0.10‐0.34; P<.001), the estimated
mean of the probability of symptom reporting showed a contrasting upward trend from 0.853 to 0.908. In cluster analysis,
695 participants (244 males and 451 females; aged 19‐73 years, mean 36.14, SD 10.71 years) who completed at least 7 EMA
sessions over a 2-week period were classified into three distinct clusters: (1) no or low risk (n=445, 64.0%), (2) moderate
risk (n=223, 32.1%), and (3) high risk (n=27, 3.9%). While depressive symptom severity, frequency of suicidal ideation, and
psychiatric profiles progressively increased across clusters (cluster 1<2<3), the highest symptom variability was observed in
cluster 2 (cluster 1<3<2).
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Conclusions: This study demonstrated that mobile EMA effectively reduced recall bias in assessing depressive symptoms and
revealed symptom dynamics. Using a minimal set of active EMA-derived features, we differentiated 3 distinct risk clusters;
within-person symptom variability emerged as a clinically significant indicator not captured by traditional 2-week recall–based
assessments. Despite the brief 2-week assessment period, these findings suggest that mobile EMA may serve as a robust
real-world data collection tool.
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Introduction
Background
As one of the key symptoms of major depressive disor-
der (MDD), suicidal ideation is common among patients
with MDD. The overall prevalence of suicidal ideation is
estimated at 37.7% among patients with MDD [1]. While
sustained depressed mood is not associated with lifetime
suicidal ideation and suicide attempts, MDD can increase
suicide risk regardless of the presence of sustained depressed
mood [2]. Therefore, it is crucial to track the changes
across all 9 symptoms of major depressive episode (MDE)
meeting the DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition) diagnostic criteria for MDD
[3] rather than focusing solely on those in mood. Further-
more, depressive symptoms are the only risk factor that
can differentiate the high-risk group with suicidal ideation
and suicide attempt history from the nonsuicidal group [4].
The trajectory of depression symptoms with the highest
mean scores and variability over time can be identified as a
predictor of suicide attempts, particularly in young adults [5].
Since suicide is conceptualized as a process or a continuum
of suicidal ideation or behaviors developing from mild to
severe levels of suicidality among patients with MDD [6],
monitoring and treating the day-to-day variations in depres-
sion symptoms and self-harm or suicidal ideation may lower
the risk of suicidal behaviors. Among patients with MDD,
the decline in suicidal ideation is preceded by the alleviation
of depressive symptoms [7]. As suicidal ideation in remitted
patients with MDD predicts the recurrence of depression,
consistently measuring suicidal ideation among individuals
with MDD, as well as among those with minimal suicidal
ideation at any presentation, can also prevent the worsening
of suicidal symptoms and recurrence of depression [8]. In this
respect, the severity and variability of depressive symptoms
should be measured alongside suicidal thoughts in daily life.

Unlike many previous studies that considered affective
dynamics (ie, variability, inertia, and instability) as risk
factors for depression [9-12], this study focuses more on
the feasibility of identifying digital phenotypes that distin-
guish homogeneous and distinct subgroups at risk for major
depression and suicidal ideation, as well as on developing
an evidence-based measurement tool to minimize recall bias
and facilitate enhanced recall of current MDE symptoms in
everyday life [13,14]. According to the self-schema model of
depression based on the concept of organizational break-
down and subsequent restoration to effective processing of

schema-compatible information [15,16], nondepressives and
clinical depressives with well-organized, efficient cognitive
schemas showed higher self-referent yes recall for nonde-
pressed content and depressed content, respectively, when
compared with mild depressives in a state of uncertainty and
disorganization concerning one’s self-schema. In line with
this model, it can be postulated that mild depressives appear
to contain both positive and negative personal information in
their self-schema because they begin to view themselves with
depressed (or negative) content although positive informa-
tion has not yet been completely displaced. In this context,
individuals with mild to moderate depression may show
greater fluctuations in symptoms due to mixed self-schema
representations, making variability a potential marker for
identifying subgroups and their profiles. To explore differ-
ent profiles in the dynamics of depressive symptoms, there
is a need to address the limitations of standard depression
scales, which rely on summated total scores based not only
on classical test theory [17] but also on retrospective recall of
symptom frequency over the preceding 2 weeks.

From the findings of previous studies, the issue of
recall bias has been highlighted in ratings from traditional
depression scales. More individuals reported severe depres-
sive symptoms and higher suicidal ideation via ecologi-
cal momentary assessment (EMA) than via retrospective
self-report measures [18-20]. Moreover, more than half of
the participants who reported suicidal ideation via EMA
denied even past-week ideation on the scale for suicidal
ideation, and the participants reporting suicidal ideation via
EMA but not on the scale were just as likely to have
a history of suicidal behavior as those reporting suicidal
ideation in both formats [21]. In other words, EMA can
capture instances of suicidal thoughts that go undetected
via retrospective reports, thereby helping to identify at-risk
subgroups that would otherwise be missed. Previous studies
primarily demonstrated recall bias by comparing the total
scores of depressive symptoms calculated from EMA data
and those calculated from retrospective methods such as
well-established interviewer- or self-administered measures.
However, relatively little is known about how the frequency
of depressive symptoms collected via EMA differs from
that reported through traditional retrospective measures. To
tackle these issues, we conducted a preliminary study,
developing a self-administered 24-hour recall–based EMA
tool to prospectively assess daily MDE symptoms over
a 2-week period [13,14]. Specifically, this app uses the
mobile version of the standardized Korean Version of the
Center for Epidemiologic Studies Depression Scale–Revised
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(K-CESD-R), in which respondents are asked to report the
presence of depressive symptoms within the past 24 hours
by answering “yes” or “no” once daily at a self-selected
notification time over a 2-week period. Taken together,
using smartphone–based EMA technique (hereinafter, mobile
EMA or active EMA) may allow for more accurate meas-
urements of within- and between-participants variations in
daily depressive symptoms, including self-harm and suicidal
ideation, by reducing the recall period for symptom assess-
ment.

Mobile EMA apps can enhance measurement preci-
sion and motivate repeated self-observation, thus increas-
ing emotional reactivity and facilitating behavioral change,
potentially reducing depressive symptoms [22,23]. Such
symptom improvements may occur even without a for-
mal intervention due to assessment reactivity, defined as
symptom changes induced by repeated EMA assessments
[24]. However, concerns remain that frequent self-monitoring
might exacerbate negative affect and depressive symptoms
[25,26]. Despite these concerns, previous evidence indicates
that digital self-monitoring typically leads to enhanced
emotional awareness, symptom reduction, and increased
empowerment without triggering negative reactivity [27-29].
Although many studies have demonstrated the feasibility of
using mobile EMA to capture moment-to-moment affec-
tive dynamics related to depression, relatively few stud-
ies have prospectively monitored MDEs using EMA [11,
18]. Moreover, limited research exists on whether repea-
ted self-monitoring itself directly contributes to measurable
improvements in depressive symptoms.
Objectives
The objectives of this study are (1) to assess the sensitiv-
ity of mobile EMA for monitoring depressive symptoms in
daily life compared with traditional depression scales, (2)
to investigate changes in depressive symptoms and recall
consistency observed between the first week (FW) and the
second week (SW), and (3) to identify homogeneous groups
of community-dwelling adults at higher risk for depres-
sion and suicidal ideation and characterize their sociodemo-
graphic, psychological, and psychiatric profiles.

Methods
Study Design
In this study, we used a 2-week observational study design
using mobile EMA and traditional retrospective scales. To
address objectives 1 and 2, we administered a 24-hour recall–
based mobile EMA once daily for 14 days and a modified
version of the K-CESD-R in a 1-week recall format on day 7
and day 14, as well as in a 2-week recall format on day 14,
reflecting the K-CESD-R reporting frame (“in the past week
or so,” including an option reflecting “nearly every day for
2 weeks”). To further address objective 3, we restricted our
cluster analysis to active EMA data-driven features (symp-
tom severity, symptom variability, and frequency of suicidal
ideation) that could be extracted even if participants did not
respond every day during the 2-week study period, given that

greater depressive symptom severity might be associated with
lower adherence to digital intervention for depression [30].

Participant Recruitment
As a fully decentralized clinical trial, this study was con-
ducted in collaboration with dataSpring Korea, Inc., over
an approximately 1-month period from August 16, 2023, to
September 18, 2023. A total of 1049 community-dwelling
adults were recruited through PanelNow, a proprietary online
research panel service operated by dataSpring Korea.

Eligibility and Dropout Criteria
In accordance with the institutional review board (IRB)–
approved protocol, potential participants were assessed based
on the following inclusion and exclusion criteria. This study
required participants to meet all the following inclusion
criteria: a person (1) who checks “Agree” on the e-consent
form presented at the beginning of the online survey, (2)
who is aged 19 years and older, (3) who owns a smartphone
registered in their name and is able to install the mobile
app used in this study, and (4) whose smartphone operating
system meets the minimum requirements to install the app.
However, even if all the inclusion criteria are met, people for
whom (1) the mobile app is not properly installed and does
not work on their smartphones or (2) the app does not run due
to unknown errors that occur after completing its installation
are not enrolled according to the exclusion criteria.

Participants were considered to have dropped out or were
discontinued from the study if they met any of the following
criteria: (1) failure to complete all mandatory prequestion-
naires within the designated period; (2) never completing
a single session after registering for the mobile EMA app;
(3) inadequate adherence to the research protocol, defined
as completing fewer than 7 out of the 14 scheduled EMA
sessions or failing to complete all 3 traditional assessments;
(4) providing responses judged to be insincere or unrelia-
ble; or (5) expressing a voluntary withdrawal of consent
to participate in the study at any point. For participants
who withdrew their consent or failed to meet the adherence
criteria, all response data were immediately deleted from the
server and not used for any analyses, with only basic app
account logs and study participation logs retained for the
legally mandated period.
Ethical Considerations
To conduct this study, the study protocol was approved
by the IRB of Yongin Severance Hospital, Yonsei Univer-
sity College of Medicine (IRB number 9-2023-0122). All
participants provided electronic informed consent (e-consent)
prior to their involvement in the study. The study information
and consent form were presented online via the PanelNow
platform and mobile app. Potential participants were required
to sign in to their registered accounts to access the study
link, where they read a comprehensive description detailing
the research purpose, procedures, potential benefits and risks,
and compensation. Consent was obtained voluntarily when
participants checked an “Agree” radio button, which allowed
them to proceed to the screening and baseline questionnaires.
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This e-consent explicitly covered the collection and pro-
cessing of personal and sensitive data, including sociode-
mographic characteristics, clinical symptoms, and digital
phenotypes. Participants were clearly informed of their right
to withdraw from the study at any time for any reason
without any disadvantage or penalty. They were also provided
with instructions on how to request the permanent deletion
of their previously collected data by contacting the Panel-
Now customer center should they choose to opt out. To
protect participant privacy and confidentiality, all datasets
were deidentified by the online panel service provider
(dataSpring Korea) before being transferred to the research
team; directly identifiable information (birth date and mobile
phone number) was removed, providing only the minimum
necessary variables (sex and age) for statistical analysis.
The deidentified data are stored on a secure, password-pro-
tected computer and server whose access is restricted to
authorized individuals directly involved in the study. To
ensure multilayered security, separate passwords were set
for reading and writing files, and these passwords were
communicated through independent channels and updated
periodically. Furthermore, the mobile EMA app used a secure
protocol where user identities were converted into nonidenti-
fiable IDs; it was technically impossible to decode these IDs
back into identifiable personal information. Compensation
was provided via “PanelNow” points (1 point=1 KRW [1
KRW=US $0.00075 as of September 19, 2023]), a redeem-
able reward unit used within the service platform. Eligible
participants who completed all tasks received 6000 points;
those with 100% adherence to the mobile EMAs received an
additional 1000 points. The total possible compensation of
7000 points was equivalent to 7000 KRW (US $5.27).
Traditional Retrospective Measure

Modified K-CESD-R
To determine whether recall bias affects the retrospective
report of depressive symptoms on the standardized CESD-R
assessment [31], we modified the K-CESD-R scale [32] to
additionally require participants to specify the number of
days they experienced the symptoms and to input numerical
values for their responses into the modified format. Specifi-
cally, a 2-week recall was conducted on day 14 to evaluate
the sensitivity of mobile EMA compared with traditional
retrospective recall. To investigate changes in depression
symptoms and recall consistency, a 1-week recall was also
administered on day 7 (for first week, FW) and day 14
(for second week, SW). Furthermore, the modified scale
was designed to prevent insincere random responses. If

inconsistencies were detected between the responses on the
original scale and the directly entered values, the survey
system displayed a warning pop-up to reduce careless entries.

The K-CESD-R is a 20-item self-report measure of
depressive symptoms in 9 different domains: sadness/dys-
phoria (questions 2, 4, and 6), loss of interest/anhedonia
(questions 8 and 10), appetite (questions 1 and 18), sleep
(questions 5, 11, and 19), thinking/concentration (ques-
tions 3 and 20), guilt/worthlessness (questions 9 and 17),
tiredness/fatigue (questions 7 and 16), movement/agitation
(questions 12 and 13), and suicidal ideation (questions 14
and 15). Participants are asked to rate each item on a 5-point
scale to indicate how they felt or behaved during the last
week or so: 0=not at all or less than 1 day in the last week,
1=1‐2 days in the last week, 2=3‐4 days in the last week,
3=5‐7 days in the last week, and 4=nearly every day for 2
weeks. All responses are summed for a total score ranging
from 0 to 80, with scores of 13 or higher indicating the need
for individuals to seek further clinical diagnostic interview.
In this study, the total scores from the modified K-CESD-R,
administered separately on day 7 and day 14 to assess the
preceding 1-week recall periods, ranged from 0 to 60 rather
than the original 0 to 80.
EMA-Based Retrospective Measure

Mobile App–Based Depression Assessment
The “BeWithYou” app, an upgraded version of the K-CESD-
R mobile app developed in our previous study [13], is
designed as a 24-hour recall–based prospective depression
assessment tool. A single test set consists of 14 sessions
over a 2-week period and can be repeatedly administered
to monitor the improvement and deterioration of depressive
symptoms in individuals with or with no previous diagno-
sis of major depression. In the test set, 20 items are presen-
ted in a randomized order in each session, and participants
respond either “yes (1=presence)” or “no (0=absence)” to
each item (eg, “In the past 24 hours, I felt depressed”)
(Figure 1). At the start of the first session, the app allows
participants to set a daily assessment reminder, ensuring
that they can report their symptoms regularly during this
study period (Figure 2). Regarding the clinically validated
scoring algorithm embedded in the app [13], the total score is
automatically calculated only if participants complete at least
7 sessions. If they complete fewer than 7 sessions, only the
total number of tests taken over the 2 weeks and the number
of days each symptom is reported can be viewed in the main
menu of the assessment history (Figure 2).
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Figure 1. Screenshots of the 24-hour recall-based depression assessment procedure in the BeWithYou app.

Figure 2. Screenshots of the preferred assessment time reminder feature and assessment history menu in the BeWithYou app.

Psychological and Psychiatric Measures

Digital Sensitivity
The Yongin Severance Digital Sensitivity Scale, developed
by Park et al [33], is a self-report instrument designed to
measure individual differences in digital sensitivity. The scale
comprises 6 subfactors across 2 domains: digital literacy (14
items) and digital efficacy (6 items). The digital literacy
domain includes 4 subfactors: digital application (4 items),

digital communication (3 items), critical thinking (4 items),
and digital ethics (3 items). The digital efficacy domain
consists of digital confidence (3 items) and digital anxiety
(3 items). All items are rated on a 7-point Likert scale ranging
from 1 (strongly disagree) to 7 (strongly agree), yielding a
total score ranging from 20 to 140. Items in the digital anxiety
subscale are reverse-scored before computing the total score.
Higher total scores indicate higher levels of digital sensitivity.
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Personality Traits
To quickly and easily measure the Big Five personality traits,
we used a Korean version of the brief Big Five Inventory-15
[34], which was adapted and shortened to 15 items from
the 44-item Big Five Inventory [35]. The Korean version of
the brief Big Five Inventory-15 comprises 15 items across
5-factor personality domains: (1) neuroticism (3 items), (2)
extraversion (3 items), (3) openness (3 items), (4) conscien-
tiousness (3 items), and (5) agreeableness (3 items). Each
item is rated on a 5-point scale (1=strongly disagree to
5=strongly agree). The responses to the 3 items within each
domain were averaged for the data analysis.

Depression
As a well-validated multipurpose instrument for screen-
ing and diagnosing major depression, the Patient Health
Questionnaire–9 (PHQ-9 [36]) is adopted to measure the
presence and severity of 9 MDE symptoms over the past
2 weeks. On the last day of the 2-week study period, we
administered the Korean version of PHQ-9 scale [37] to
collect these data, aligning them with the data measured
through the modified K-CESD-R scale and the BeWithYou
app. As each of the 9 items can be scored from 0 (not at
all) to 3 (nearly every day), the total score of the PHQ-9
ranges from 0 to 27 (≤4: no depression, 5‐9: mild depression,
10‐19: moderate depression, and ≥20: severe depression),
with scores of 10 or greater indicating clinically significant
depression.

State-Trait Anxiety
As a measure of the severity of anxiety, the Spielberger
State-Trait Anxiety Inventory (STAI-form X [38]) was
adopted to separately measure 2 types of anxiety: state
anxiety (ie, how you feel right now, ie, at this moment)
and trait anxiety (ie, how you generally feel). In this
study, we administered a revised version of the STAI [39],
a 40-item self-report questionnaire with 2 subscales: the
STAI-X-1 (state anxiety) and the STAI-X-2 (trait anxiety).
Both subscales consist of 20 items each, rated on a 4-point
scale with different anchors for the STAI-X-1 (1=not at all,
2=somewhat, 3=moderately so, and 4=very much so) and
the STAI-X-2 (1=almost never, 2=sometimes, 3=often, and
4=almost always). All responses to positively stated items
are reverse-coded to calculate each of the total scores for
the STAI-X-1 (items 1, 2, 5, 8, 10, 11, 15, 16, 19, and 20)
and the STAI-X-2 (items 1, 6, 7, 10, 13, 16, and 19); after
that, the total scores of the STAI-X-1 and the STAI-X-2 are
calculated by summing the responses to the 20 items for each
subscale. The total scores range from 20 to 80, with higher
scores indicating greater levels of anxiety.

Insomnia
As a brief self-report instrument measuring subjective
insomnia complaints in the last 2 weeks, the Insomnia

Severity Index (ISI [40]) consists of 7 items: (1) the severity
of sleep-onset (1a: initial), sleep maintenance (1b: middle),
and early morning awakening (1c: terminal) difficulties; (2)
the dissatisfaction with current sleep pattern (dissatisfaction);
(3) the interference with daily functioning (interference); (4)
the noticeability of impairment in the life quality attributed
to the sleep problem (noticeability); and (5) the degree of
concerns or distress caused by the current sleep problem
(distress). Each of the ISI items is rated on a 5-point scale
with different anchors from 0 to 4, and scores are summed
to yield a total score ranging from 0 to 28, with high
scores indicating greater insomnia severity. The total scores
are interpreted as follows: no clinically significant insom-
nia (0‐7), subthreshold insomnia (8-14), clinical insomnia
(moderate, 15‐21), and clinical insomnia (severe, 22‐28).
In this study, we administered the Korean version of the
Insomnia Severity Index (ISI-K), standardized and validated
by Cho et al [41]. A cutoff score of 15 on the ISI-K is used as
the threshold for clinically significant insomnia.

Somatic Symptoms
In this study, somatic symptoms were assessed using the
Korean version of the Patient Health Questionnaire–15
[42]. This instrument consists of 15 items that ask how
often respondents have been bothered by various physical
symptoms over the past 4 weeks, rated on a 3-point Likert
scale ranging from 0 (not at all) to 2 (bothered a lot). Total
scores range from 0 to 30, with higher scores indicating more
severe somatic symptom burden. A cutoff score of 8 or above
was used to indicate clinically relevant somatization.
Sociodemographic Measures
Sociodemographic measures included sex, date of birth,
educational attainment, marital status, number of other
household members, and subjective socioeconomic status
(SES), all of which were collected by self-report. Sex was
assessed as a dichotomous variable (male or female). Using
the date of informed consent as the reference date, age was
automatically calculated from the participant’s self-reported
date of birth. Educational attainment was measured as the
highest level of education completed, with response options
of no formal education, elementary school, middle school,
high school, 2‐ to 3-year college, 4-year university or higher,
master’s degree, doctoral degree, or other. Marital status was
measured using 6 categories: single, cohabiting or common-
law marriage, married, separated, divorced, or widowed. A
current living arrangement variable was derived from the
reported number of other household members and categorized
into none (1-person household) through 5 or more people
(6-or-more-person household). For analysis, this variable was
recategorized as living alone (1-person household) or living
with others (≥2-person household). SES was assessed with a
single item asking participants to rate their overall socioe-
conomic position considering occupation, educational level,
income, and assets on a 5-point scale ranging from very low
to very high.
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Procedure
In this study, potential participants were recruited via
PanelNow, a mobile panel platform directly operated by
dataSpring Korea. Access to the study was restricted to
registered app users, who received an in-app notification
with an embedded link redirecting them to the e-consent
form and online prequestionnaires. These prequestionnaires
consisted of screening items to determine eligibility, followed
by baseline questions regarding sociodemographic informa-
tion, digital sensitivity, and personality traits. After provid-
ing e-consent, individuals who met all eligibility criteria and
successfully completed the BeWithYou app installation and
registration process were enrolled.

During the 2-week study period, enrolled participants
followed a protocol consisting of four assessment compo-
nents: (1) a first traditional assessment (1-week recall), (2) a
second traditional assessment (both 1-week recall and 2-week
recall), (3) a mobile app–based active EMA, and (4) final
postquestionnaires. To ensure a rigorous evaluation of each
component, specific protocols were established as follows.
For traditional retrospective assessments, modified versions
of K-CESD-R were administered on day 7 and day 14.
Concurrently, the mobile EMA was conducted daily for 14
sessions. To be eligible for the final data analysis, participants
were required to meet minimum adherence criteria, defined
as completing at least 7 mobile EMA sessions and all 3
traditional assessments. On day 14, only those who fulfilled
these requirements were provided with the link to the final
postquestionnaires, which assessed clinical symptoms such
as anxiety, depression, insomnia, and somatization. Except
for the daily mobile EMA using the BeWithYou app, all
questionnaires were administered online via URL links sent
to the contact channels (including app push, email, or SMS
text messaging) for which participants had maintained opt-in
status for research participation notification.
Statistical Analysis
All statistical analyses were performed using IBM SPSS
Statistics (version 29.0.2.0 for Mac; IBM Corp), with 2-tailed
P value of .05 considered statistically significant. Missing
EMA sessions were retained as missing values so that all
available repeated observations could be included in the
analyses. To address objectives 1 and 2, we fitted 2 Gen-
eralized Linear Mixed Models (GLMMs), with a binomial
distribution and logit link to predict the outcomes of daily
EMA (“Symptom Presence”; 0=no and 1=yes). Retrospective
K-CESD-R responses were first aggregated into 9 MDE
symptom domains using the maximum number of days
reported within each domain (eg, if “Sadness” items [3 items]
were reported as 2, 0, and 5 days, the value “5” was used for
that domain). In both models, “participant ID” was included
as a random intercept to account for the nonindependence
of repeated observations and control for stable between-
person differences in reporting tendencies. Model 1 exam-
ined the association between daily EMA symptom presence
(EMA sensitivity) and 2-week retrospective recall (systematic
recall bias), with fixed effects of “Symptom Days_T2W”
(0‐14) as a continuous covariate and “Day” (1-14) and

“Domain” (1-9) as categorical factors. Model 2 further
examined week-to-week differences in recall consistency
using 1-week retrospective recall. Fixed effects included
“Symptom Days_1W” (0‐7) as a continuous covariate and
“Week” (FW vs SW), “Day” (1‐7, nested within week), and
“Domain” as categorical factors. The “Week” × “Symptom
Days_1W” interaction was also included to test whether
recall consistency differed between weeks. Model fit was
evaluated using the Akaike Information Criterion Corrected
(AICC) and Bayesian Information Criterion (BIC). Variance
explained was estimated using marginal (fixed effects only)
and conditional (fixed and random effects) pseudo R2 values.
The magnitude of between-person variability was assessed
using the intraclass correlation coefficient (ICC). Finally,
we conducted the paired samples t test to compare modi-
fied K-CESD-R total scores obtained on day 7 and day
14, representing the first and second 1-week recall periods,
respectively. This comparison was intended to assess whether
repeated EMA–based self-assessments in daily life were
associated with positive changes in depression severity.

To address objective 3, K-means clustering was conduc-
ted using 3 z-standardized EMA-derived features: (1) mean
number of daily depressive symptoms over the 2-week period
(symptom severity: 0‐20 symptoms), (2) within-person SD of
daily depressive symptom counts (symptom variability), and
(3) mean number of days with suicidal ideation (items 14
and 15, frequency of suicidal ideation: 0‐14 days) (Table 1).
We compared 3-, 4-, and 5-cluster solutions and selected the
3-cluster model based on silhouette coefficients and clinical
interpretability. To validate the extracted clusters, 1-way
ANOVA tests were performed using the cluster assignment
as the independent variable and the means of the 3 EMA
features as the dependent variables. Cluster differences in
sociodemographic, psychological, and psychiatric profiles
were evaluated using 1-way ANOVA, chi-square tests, and
Bonferroni-adjusted post hoc comparisons (P<.05). Cramér V
was used as the effect size for chi-square tests, with values of
0.10, 0.30, and 0.50 typically interpreted as indicating small,
medium, and large effects, respectively [43].

JMIR MHEALTH AND UHEALTH Chung & Park

https://mhealth.jmir.org/2026/1/e80332 JMIR Mhealth Uhealth 2026 | vol. 14 | e80332 | p. 7
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e80332


Ta
ble

 1.
 A

lgo
rit

hm
 us

ed
 to

 ca
lcu

lat
e a

cti
ve

 E
M

Aa -ba
sed

 fe
atu

res
 fr

om
 pa

rti
cip

an
ts’

 re
sp

on
ses

 to
 th

e K
-C

ES
D-

Rb  m
ob

ile
 sc

ale
.

Do
ma

in

2-w
ee

k E
M

A 
pro

toc
ol 

(da
y)

To
tal

 m
ea

n n
um

be
r

of 
da

ys
 w

ith
sy

mp
tom

s p
er

do
ma

in 
ov

er 
2

we
ek

s, 
da

y
1

2
3

4
5

6
7

8
9

10
11

12
13

14
Sa

dn
ess

(dy
sp

ho
ria

)
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 It

em
 2

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 4

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

 
 It

em
 6

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

Lo
ss 

of 
int

ere
st 

(an
he

do
nia

)
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 It
em

 8
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0‐

14
 

 It
em

 10
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
Ap

pe
tite

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 18

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

Sle
ep

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 5

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 11

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

 
 It

em
 19

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

Th
ink

ing
/

co
nc

en
tra

tio
n

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 3

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 20

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

Gu
ilt 

(w
ort

hle
ssn

ess
)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 9

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 17

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

Ti
red

ne
ss 

(fa
tig

ue
)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 7

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 16

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

M
ov

em
en

t (
ag

ita
tio

n)
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 It
em

 12
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0‐

14
 

 It
em

 13
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
Su

ici
da

l id
ea

tio
n

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 It

em
 14

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0‐
14

 
 It

em
 15

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

0/1
0/1

 

JMIR MHEALTH AND UHEALTH Chung & Park

https://mhealth.jmir.org/2026/1/e80332 JMIR Mhealth Uhealth 2026 | vol. 14 | e80332 | p. 8
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e80332


  Do
ma

in

2-w
ee

k E
M

A 
pro

toc
ol 

(da
y)

To
tal

 m
ea

n n
um

be
r

of 
da

ys
 w

ith
sy

mp
tom

s p
er

do
ma

in 
ov

er 
2

we
ek

s, 
da

y
1

2
3

4
5

6
7

8
9

10
11

12
13

14
To

tal
 nu

mb
er 

of 
de

pre
ssi

ve
sy

mp
tom

s p
er 

da
y

(m
ini

mu
m-

ma
xim

um
), n

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

0‐
20

N/
Ac

Tr
an

sfo
rm

ed
 sc

ore
 pe

r i
tem

ba
sed

 on
 th

e B
eW

ith
Yo

u
sco

rin
g a

lgo
rit

hm
(m

ini
mu

m-
ma

xim
um

),
po

int

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

0‐
4

N/
A

To
tal

 sc
ore

 (m
ini

mu
m–

ma
xim

um
), p

oin
t

0‐
80

N/
A

a E
M

A:
 ec

olo
gic

al 
mo

me
nta

ry 
ass

ess
me

nt.
b K

-C
ES

D-
R:

 K
ore

an
 V

ers
ion

 of
 th

e C
en

ter
 fo

r E
pid

em
iol

og
ic 

Stu
die

s D
ep

res
sio

n S
ca

le–
Re

vis
ed

.
c N

/A
: n

ot 
ap

pli
ca

ble
.

JMIR MHEALTH AND UHEALTH Chung & Park

https://mhealth.jmir.org/2026/1/e80332 JMIR Mhealth Uhealth 2026 | vol. 14 | e80332 | p. 9
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e80332


Results
Participant Flow and Sociodemographic
Characteristics
The participant flow from initial recruitment to the final
analysis is illustrated in Figure 3. Out of 1049 participants
who were initially screened, 701 met all eligibility and
adherence criteria and were included in the data analysis,
while 348 were excluded based on predefined dropout
criteria. Even if they met the minimum requirement of 7
sessions, we further excluded 6 participants who exhibited
highly skewed or nonrepresentative response patterns that
could undermine the clinical and statistical validity of the
study.

Specifically, these exclusions included (1) participants
whose responses were concentrated exclusively within a
single week (either the FW or the SW), which not only
precluded the assessment of the temporal continuity of
depressive symptoms over the required 2-week period—a
critical clinical criterion—but also rendered them ineligible
for the planned comparison between the FW and the SW; and
(2) participants who exhibited straight-lining EMA response
patterns with zero variance, suggesting insincere participa-
tion. After these final exclusions, the sociodemographic and
psychological characteristics of the final analytic sample
(N=695) are summarized in Table 2.

Figure 3. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of this study. EMA: ecological momentary assessment.
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Table 2. Sociodemographic and psychological characteristics of the total sample.
Characteristics Total sample (N=695)
Sex, n (%)
  Male 244 (35.1)
  Female 451 (64.9)
Age (years), mean (SD) 36.14 (10.71)
Age (years), range (minimum-maximum) 19‐73
Age group (years), n (%)
  19‐29 224 (32.2)
  30‐39 215 (30.9)
  40‐49 165 (23.7)
  50‐59 75 (10.8)
  60‐69 16 (2.3)
Educational attainment, n (%)
  High school 109 (15.7)
  Associate degree (2‐3-year college) 118 (17.0)
  Bachelor’s degree (4-year university or higher) 409 (58.8)
  Master’s degree 50 (7.2)
  Doctoral degree 9 (1.3)
Marital status, n (%)
  Single 354 (50.9)
  Cohabiting/common-law marriage 16 (2.3)
  Married 316 (45.5)
  Previously married (separated/divorced/widowed)a 9 (1.2)
Current living arrangement, n (%)
  Living alone (1-person household) 109 (15.7)
  Living with others (2 or more household members) 586 (84.3)
Subjective socioeconomic status, n (%)
  Lowest 21 (3.0)
  Low 177 (25.5)
  Middle 450 (64.7)
  High 45 (6.5)
  Highest 2 (0.3)
Personality trait, mean (SD)
  Openness to experience 3.16 (0.86)
  Conscientiousness 3.81 (0.67)
  Neuroticism 2.94 (0.92)
  Extraversion 2.72 (0.85)
  Agreeableness 3.46 (0.64)
Digital sensitivity, mean (SD) 90.12 (14.03)
Smartphone operating system, n (%)
  iOS 244 (35.1)
  Android 451 (64.9)

aPreviously married was defined as having been legally married at some point, including those currently separated, divorced, or widowed.

Final Analytic Sample and Mobile EMA
Outcome Events
Of the total 87,570 potential sessions, 81,900 (93.5%) valid
EMA observations from 695 participants were included in the
final analysis. This high inclusion rate, achieved by using all
available data points through a GLMM, effectively mitigated
potential selection bias and preserved statistical power despite
occasional missing daily entries.

Assessing Recall Bias in Traditional
vs Mobile EMA–Based Depression
Measures
The primary objective of model 1 was to quantify the
systematic discrepancy and information loss inherent in
traditional retrospective reports (2-week recall) compared
with daily EMA records (24-hour recall). The final GLMM
demonstrated robust statistical fit (AICC=473,906.603 and
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BIC=473,915.916). The overall classification accuracy for
model 1 was 88.3%. Omnibus tests for fixed effects revealed
that traditional retrospective reports (“Symptom Days_T2W”)
were a statistically significant predictor of daily symp-
tom presence (“Symptom Presence”; F1, 81877=4,826.322;
P<.001). Significant main effects were also observed for
“Domain” (F8, 81877=284.483; P<.001) and “Day” (F13,
81877=118.344; P<.001). Parameter estimates for “Symptom
Days_T2W” yielded a significant negative slope (Β=−0.406,
SE 0.006; P<.001), with an odds ratio of 0.666 (95% CI
0.659‐0.674). The marginal pseudo R2 value was 0.355,
indicating that the traditional retrospective recall method
explains only 35.5% of the variance in actual daily symp-
tom presence. When accounting for random intercepts, the
conditional pseudo R2 value increased to 0.504, with an
adjusted ICC of 0.232. These results show that while
interindividual heterogeneity accounts for 23.2% of the total
variance, nearly 76.8% of the symptomatic variability is
driven by intraindividual fluctuations, approximately half of
which (49.6%) remains entirely unexplained by the 2-week
recall method.
Investigating Temporal Dynamics and
Interaction Effects of Recall Periods
The second objective of model 2 was to investigate whether
the consistency of recall remained stable or exhibited
temporal fluctuations across the assessment period by
comparing the FW and the SW. The final GLMM also
demonstrated a robust statistical fit (AICC=469,917.005 and
BIC=469,926.318) and achieved an overall classification
accuracy of 88.5%. Omnibus tests for fixed effects revealed
significant main effects for all predictors, including “Domain”
(F8, 81876=276.180; P<.001), “Day” (F12, 81876=56.555;
P<.001), and “Symptom Days_1W” (F1, 81876=7146.780;
P<.001). Notably, a significant main effect of “Week” was
also observed (F1, 81876=50.317; P<.001), with the estimated
mean of “Symptom Presence” increasing from 0.853 (FW)
to 0.908 (SW). Similar to model 1, parameter estimates
for “Symptom Days_1W” yielded a significant negative
slope (Β=−0.749, SE 0.011, P<.001; odds ratio 0.473,
95% CI 0.463‐0.483). The marginal pseudo R2 value of
0.335 indicates that the fixed effects, including the tempo-
ral interaction, explain only about one-third of the variance
in daily symptom reporting. When accounting for random
intercepts, the conditional pseudo R2 value increases to 0.475,
indicating that more than 52% of the total variance in
daily symptom presence remains entirely unexplained even
when considering individual differences. The adjusted ICC of
0.211 further revealed that while interindividual heterogeneity
accounts for 21.1% of the total variance, the vast major-
ity of symptomatic variability, specifically nearly 79%, is
attributable to within-person fluctuations. Most importantly, a
robust interaction was found between “Week” and “Symp-
tom Days_1W” (F1, 81876=124.550; P<.001). This significant
interaction revealed that the consistency between weekly
retrospective recall and daily EMA significantly differed
between FW and SW.

Evaluating Week-to-Week Changes in
Depression Severity Across Recall
Methods
To further elucidate the symptomatic trajectory observed in
model 2, a supplementary analysis was conducted to compare
the change in depression severity scores between FW and
SW across 2 different assessment methods: a 1-week recall–
based version (original) and a 24-hour recall–based version
(mobile). Paired samples t tests revealed that the original
scores significantly decreased from 12.46 (SD 13.54) in the
FW to 11.17 (SD 13.76) in the SW (t694=5.41, Cohen d=0.10;
P<.001). Additionally, a comparable reduction was observed
in the mobile scores, which decreased from 14.29 (SD 13.71)
to 11.11 (SD 14.03) (t694=13.04, Cohen d=0.34; P<.001).
Notably, this overall reduction in symptomatic severity across
both assessment methods stands in direct contrast to the
upward trend in symptom reporting probability observed in
model 2.

Identifying and Profiling High-Risk
Subgroups Using Active EMA Features
A K-means cluster analysis (k=3) was performed using active
EMA features—symptom severity, symptom variability, and
frequency of suicidal ideation—which were standardized
using a z-score transformation. In the analysis, a total of
695 participants were identified as 3 distinct risk groups, and
based on their symptom profiles, each cluster was subse-
quently labeled as no- or low-risk (cluster 1), moderate-risk
(cluster 2), and high-risk (cluster 3) groups. Cluster 1 (n=445)
was characterized by low symptom severity (z=−0.57; raw
mean 1.07, SD 1.15), low symptom variability (z=−0.56;
raw mean 0.95, SD 0.65), and minimal suicidal ideation
(z=−0.30; raw mean 0.02, SD 0.12). Cluster 2 (n=223) had
moderate symptom severity (z=0.79; raw mean 6.42, SD
3.20), the highest symptom variability (z=1.04; raw mean
3.07, SD 1.16), and occasional suicidal ideation (z=0.07;
raw mean 0.62, SD 0.98). Cluster 3 (n=27) showed the
highest symptom severity (z=2.80; raw mean 14.34, SD 2.13),
moderate symptom variability (z=0.36; raw mean 2.17, SD
1.55), and frequent suicidal ideation (z=4.23; raw mean 7.37,
SD 2.82). While both the severity of depressive symptoms
and frequency of suicidal ideation, as well as all psychiat-
ric characteristics, increased with the level of risk in the
clusters (cluster 1<2<3), the highest variability of depressive
symptoms was observed in cluster 2 (cluster 1<3<2).

To assess the robustness of the clustering outcomes, 1-way
ANOVAs were conducted using the cluster assignments
as the independent variable. Results confirmed significant
between-group differences across all 3 EMA indices: F2,
692=892.24, partial η2=0.72, P<.001, for symptom severity;
F2, 692=423.18, partial η2=0.55, P<.001, for symptom
variability; and F2, 692=1117.36, partial η2=0.76, P<.001, for
frequency of suicidal ideation. These findings support the
internal validity of the 3-cluster classification.
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Sociodemographic and Psychological
Characteristics Across Clusters
As presented in Table 3, the sociodemographic and psycho-
logical characteristics are summarized for each of the 3

clusters identified in the cluster analysis: (1) cluster 1 (no
or low risk: 445/695, 64.0%), (2) cluster 2 (moderate risk:
223/695, 32.1%), and (3) cluster 3 (high risk: 27/695, 3.9%).

Table 3. Sociodemographic and psychological characteristics of 3 clustersa.
Characteristics Cluster 1 (n=445) Cluster 2 (n=223) Cluster 3 (n=27) P value
Sex, n (%) .20
  Male 167 (37.5) 68 (30.5) 9 (33.3) —b

  Female 278 (62.5) 155 (69.5) 18 (66.7) —
Age (years), mean (SD) 36.64 (10.89) 35.59 (10.42) 32.37 (9.25) .09
Age (years), range (minimum–maximum) 19‐73 19‐69 19‐52 —
Age group (years), n (%) .39
  19‐29 141 (31.7) 72 (32.3) 11 (40.7) —
  30‐39 127 (28.5) 78 (35.0) 10 (37.0) —
  40‐49 114 (25.6) 48 (21.5) 3 (11.1) —
  50‐59 50 (11.2) 22 (9.9) 3 (11.1) —
  60‐69 13 (2.9) 3 (1.3) 0 (0.0) —
Educational attainment, n (%) .51
  High school 65 (13.9) 40 (17.9) 7 (25.9) —
  Associate degree
  (2‐3-year college)

71 (16.0) 42 (18.8) 5 (18.5) —

  Bachelor’s degree
  (4-year university or higher)

269 (60.4) 126 (58.5) 14 (51.9) —

  Master’s degree 36 (8.1) 13 (5.8) 1 (3.7) —
  Doctoral degree 7 (1.6) 2 (0.9) 0 (0.0) —
Marital status, n (%) .11
  Single 209 (47.0) 128 (57.4) 17 (63.0) —
  Cohabiting/common-law marriage 12 (2.7) 3 (1.3) 1 (3.7) —
  Married 219 (49.2) 88 (39.5) 9 (33.3) —
  Previously married (separated/divorced/widowed) 5 (1.1) 4 (1.8) 0 (0.0) —
Current living arrangement, n (%) .30
  Living alone (1-person household) 66 (14.8) 36 (16.1) 7 (25.9) —
  Living with others (2 or more household members) 379 (85.2) 187 (83.9) 20 (74.1) —
Subjective socioeconomic status, n (%) .03
  Lowest 10 (2.2)c 9 (4.0)c 2 (7.4)c —
  Low 98 (22.0)c 67 (30.0)c, d 12 (44.4)d —
  Middle 302 (67.9)c 135 (60.5)c 13 (48.1)c —
  High 33 (7.4)c 12 (5.4)c 0 (0.0)c —
  Highest 2 (0.4)c 0 (0.0)c 0 (0.0)c —
Personality trait, mean (SD) <.001
  Openness to experience 3.16 (0.84)c 3.21 (0.88)c 2.90 (0.95)c .20
  Conscientiousness 3.90 (0.62)c 3.64 (0.68)d 3.39 (0.93)e <.001
  Neuroticism 2.61 (0.79)c 3.47 (0.84)d 3.95 (0.80)e <.001
  Extraversion 2.77 (0.82)c 2.67 (0.89)c 2.25 (0.78)d .004
  Agreeableness 3.49 (0.63)c 3.44 (0.65)c, d 3.17 (0.71)d .04
Digital sensitivity, mean (SD) 90.13 (14.37) 90.49 (13.46) 86.74 (12.97) .42
Smartphone operating system, n (%) .31
  iOS 151 (33.9) 80 (35.9) 13 (48.1) —
  Android 294 (66.1) 143 (64.1) 14 (51.9) —

aCluster 1, no or low risk; cluster 2, moderate risk; and cluster 3, high risk.
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bNot available.
cScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.
dScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.
eScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.

According to the chi-square analyses for categorical variables,
there were no significant differences among the 3 clusters in
sex (χ²2=3.27, Cramér V=0.07; P=.20), age group (χ²8=8.42,
Cramér V=0.08; P=.39), educational attainment (χ²8=7.21,
Cramér V=0.07; P=.51), marital status (χ²6=10.29, Cramér
V=0.09; P=.11), current living arrangement (χ²2=2.42,
Cramér V=0.06; P=.30), and smartphone operating system
(χ²2=2.34, Cramér V=0.06; P=.31). For continuous varia-
bles, separate 1-way ANOVAs revealed no significant group
differences across the clusters in age (F2, 692=2.46, partial
η²=0.007; P=.09) and digital sensitivity (F2, 692=0.86, partial
η²=0.002; P=.42).

Among all variables examined, only SES and personality
traits showed significant differences across the 3 clusters. For
subjective SES, a significant group difference was observed
(χ²8=17.41, Cramér V=0.11; P=.03). To compare column
proportions, pairwise z-tests were conducted, and P values
were adjusted using the Bonferroni method (P<.05). These
comparisons revealed that the proportion of participants
reporting a low SES level was significantly higher in cluster
3 (12/695, 44.4%) than in cluster 1 (98/695, 22.0%). In terms
of personality traits, a 1-way MANOVA revealed a signifi-
cant multivariate effect of group on the combined dependent
variables (Pillai trace=0.26, F10, 1378=18.85, partial η²=0.13;
P<.001). Among the Big Five personality dimensions, 1-way
ANOVAs revealed significant group differences in conscien-
tiousness (F2, 692=17.09, partial η²=0.05; P<.001), neuroti-
cism (F2, 692=105.37, partial η²=0.23; P<.001), extraversion
(F2, 692=5.61, partial η²=0.02; P=.004), and agreeableness
(F2, 692=3.37, partial η²=0.01; P=.04), whereas no significant
difference was found in openness to experience only (F2,
692=1.63, partial η²=0.005; P=.20).

As shown in Table 3, post hoc comparisons with Bon-
ferroni correction indicated that both conscientiousness

and neuroticism significantly differed across all 3 clusters
(P<.001). Specifically, individuals in higher-risk clusters
demonstrated lower levels of conscientiousness and higher
levels of neuroticism than those in lower-risk clusters.
Extraversion was significantly lower in cluster 3 than in
both cluster 1 (P<.001) and cluster 2 (P=.04). For agreeable-
ness, individuals in cluster 1 exhibited significantly higher
scores than those in cluster 3 (P=.04), whereas no significant
differences were found between cluster 2 and either of the
other clusters.

Psychiatric Characteristics Across Clusters
To investigate differences in psychiatric characteristics across
the 3 clusters, 1-way ANOVAs were conducted for each
variable. As shown in Table 4, all psychiatric variables
demonstrated significant group differences. Significant effects
of cluster membership were found for the severity of
depression (F2, 692=463.22, partial η²=0.57; P<.001), state
anxiety (F2, 692=232.61, partial η²=0.40; P<.001), trait
anxiety (F2, 692=273.99, partial η²=0.44; P<.001), insom-
nia (F2, 692=137.15, partial η²=0.28; P<.001), and somatiza-
tion (F2, 692=197.63, partial η²=0.36; P<.001). Effect size
interpretation based on partial η² indicated large effects
for all variables (≥0.14). Post hoc analyses with Bonfer-
roni correction indicated that all pairwise comparisons were
statistically significant (P<.001) for depression, state and trait
anxiety, and somatization. For insomnia, the difference was
significant between cluster 1 and cluster 2 (P<.001) and
between cluster 1 and cluster 3 (P<.001) but not between
cluster 2 and cluster 3 (P=.07), indicating a similar level
of insomnia severity between the moderate- and high-risk
groups.

Table 4. Psychiatric characteristics of the study samplea.
Characteristics Total (N=695) Cluster 1 (n=445) Cluster 2 (n=223) Cluster 3 (n=27) P value
Depression (PHQ-9b), mean (SD) 4.93 (5.71) 1.92 (2.53)c 9.34 (5.20)d 18.00 (5.66)e <.001
State anxiety (STAI-X-1f), mean (SD) 44.59 (12.64) 38.85 (9.48)c 53.43 (10.26)d 66.07 (10.83)e <.001
Trait anxiety (STAI-X-2), mean (SD) 45.09 (12.15) 39.26 (8.49)c 54.21 (10.04)d 65.85 (10.48)e <.001
Insomnia (ISI-Kg), mean (SD) 9.51 (6.28) 7.02 (4.95)c 13.67 (5.93)d 16.11 (5.98)d <.001
Somatization (PHQ-15h), mean (SD) 7.34 (5.30) 5.02 (3.78)c 10.96 (4.87)d 15.44 (5.54)e <.001

a Cluster 1, no or low risk; cluster 2, moderate risk; and cluster 3, high risk.
bPHQ-9: Patient Health Questionnaire–9.
cScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.
dScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.
eScores with the same superscript are not significantly different from each other but are significantly different from those with different superscripts.
fSTAI: State-Trait Anxiety Inventory.
gISI-K: Korean version of the Insomnia Severity Index.
hPHQ-15: Patient Health Questionnaire–15.
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Discussion
Principal Findings
The main findings of this study are as follows. First,
we confirmed the superior sensitivity of mobile EMA
for monitoring daily depressive symptoms compared with
traditional retrospective scales. Second, our analysis revealed
distinct temporal changes in depressive symptoms and
patterns of recall consistency between the FW and SW
of observation. Third, we identified specific subgroups at
heightened risk for depression and suicidal ideation and
characterized their unique sociodemographic, psychological,
and psychiatric profiles. These results provide a multidimen-
sional understanding of symptom dynamics and underscore
the clinical usefulness of high-frequency digital monitoring
for effective risk stratification among community-dwelling
Korean adults.

This study provides empirical evidence that traditional
retrospective reports systematically underestimate sympto-
matic experiences compared with daily EMA, which captures
the simple daily recording of symptom presence. We found
that a substantial portion of daily-level symptomatic variance
is lost as participants are required to mentally reconstruct
their experiences and estimate the total number of symp-
tomatic days over successive recall periods. This process
of heuristic estimation introduces a “smoothing effect”
that obscures the true density and temporal complexity of
depressive symptoms, resulting in significant information
loss. Consequently, our findings suggest that retrospective
frequency estimates insufficiently capture the full burden of
depression, as the nuanced symptomatic fluctuations captured
by prospective monitoring are flattened during memory-based
aggregation.

What is more, we identified a paradoxical divergence
in symptomatic patterns from the FW to the SW of assess-
ment. While retrospective assessments indicated a signifi-
cant decrease in depression severity scores, the prospective
probability of actual symptom reporting concurrently
increased. If this decrease in scores were due to regression
to the mean, symptom reporting should have also decreased.
Instead, the observed increase supports a psychological
shift in symptom sensitization rather than a mere statistical
artifact. This discrepancy is closely linked to intraindividual
dynamics, which account for the vast majority of sympto-
matic variability and remain largely unexplained by tradi-
tional retrospective recall methods. Ultimately, the interaction
between assessment week and recall consistency provides
robust evidence that recall bias is not a fixed or static error;
rather, it is a dynamic process associated with changes in a
participant’s internal standards and cognitive framework for
symptom recall during sustained daily monitoring.

Last but not least, this study highlights the value of digital
phenotyping by identifying 3 distinct clinical clusters with
diverging symptomatic patterns. While both mean symptom
severity and suicidal ideation frequency increased linearly
across the 3 risk groups, within-person symptom variability
(SD) exhibited a nonlinear pattern, particularly peaking in the

moderate-risk group. This peak in symptom variability may
reflect the underlying complexity of ambivalent self-schemas
in moderate-risk individuals. Furthermore, these clusters were
validated by psychiatric and personality profiles, with the
high-risk group distinguished by the highest neuroticism,
the lowest conscientiousness, and a higher prevalence of
low subjective SES. Collectively, these findings underscore
within-person symptom dynamics as a critical feature in
characterizing heterogeneous depression phenotypes and their
associated suicide risk, both of which are often masked by the
traditional retrospective assessments.
Comparison With Prior Work
In line with previous findings that EMA has greater sensitiv-
ity in detecting depressive symptoms and suicidal idea-
tion than retrospective self-report scales [18-20], this study
suggests that traditional retrospective reports are not merely
imprecise but systematically distorted. Indeed, the substan-
tial information loss inherent in traditional 2-week recall
was evidenced by its limited explanatory power, account-
ing for only 35.5% of the variance in actual daily symp-
tom presence (model 1). The significant negative slope
observed (Β=−0.406; P<.001) further indicates a fundamen-
tal misalignment between memory-based reports and actual
daily occurrences. Whereas the traditional K-CESD-R scores
were significantly higher for the FW than for the SW, the
actual probability of daily symptom presence was found to
be significantly higher in the SW than in the FW (0.908 vs
0.853; model 2). This discrepancy is likely rooted in cognitive
heuristics; specifically, this inverse relationship suggests that
retrospective recall is not a simple summary of experiences
but is heavily distorted by specific intense episodes from the
past, reflecting the “peak bias” of the peak-end rule [44]. In
this case, participants appeared to rely on intense MDEs from
the more distant past (FW) to calibrate their overall 2-week
symptom reports, thereby overriding the actual increase in
symptom frequency observed in the more recent period
(SW). Given that nearly 79% of symptomatic variability is
linked to intraindividual fluctuations, mobile EMA serves as
a cognitively robust alternative that captures these dynamic
patterns which are otherwise lost to recall bias.

Beyond identifying these recall biases, the observed
paradoxical divergence between the decrease in retrospective
scores and the increase in the daily probability of symp-
tom reporting highlights shifting patterns in how participants
perceive and evaluate their affective states over the course
of the study. Engagement with EMA is associated with
a refinement of internal standards for symptom appraisal,
which may be related to heightened emotional awareness
and behavioral reflection [22,23]. These results align with
the concept of assessment reactivity [24], indicating that
the act of frequent monitoring can be reflected in reporting
patterns by sensitizing participants to their subtle sympto-
matic fluctuations. Therefore, mobile EMA provides a more
ecologically valid reflection of symptomatic trajectories than
traditional static measures, capturing the daily engagement
with their own symptoms. While such heightened awareness
may facilitate self-regulated recognition, it remains critical to
acknowledge that increased self-focus or reinforced negative
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symptom monitoring may exacerbate psychological distress
in certain individuals [25,26]. Overall, these findings support
the potential usefulness of mobile EMA as a fine-grained tool
for capturing the complexity of symptom trajectories.

To address inconsistent findings on daily negative affect
dynamics across levels of depression severity [9,12,45], we
classified community-dwelling participants into 3 distinct
subgroups with depressive symptom dynamics: (1) cluster
1 (no or low risk; 445/695, 64.0%): low symptom severity,
low symptom variability, and minimal suicidal ideation; (2)
cluster 2 (moderate risk; 223/695, 32.1%): moderate symptom
severity, the highest symptom variability, and occasional
suicidal ideation; and (3) cluster 3 (high risk; 27/695, 3.9%):
the highest symptom severity, moderate symptom variability,
and frequent suicidal ideation. As hypothesized, within-per-
son symptom variability, among the 3 active EMA features,
played a key role in distinguishing not only between cluster
2 and cluster 3 but also between cluster 1 and clusters 2
and 3, as validated by the significant differences in the
PHQ-9 scores across the 3 clusters. In line with the self-
schema model for depression [15,16], these findings suggest
that the highest symptom variability observed in cluster 2
may be attributed to the underlying instability of ambivalent
self-schema representations, characterized by the coexistence
of both positive and negative self-referent information.
Importantly, the finding that higher variability was not always
associated with greater symptom severity further suggests the
presence of heterogeneous depression profiles.

Although cluster 3 (27/695, 3.9%) represented a relatively
small proportion of the total sample, this distribution aligns
with the expected epidemiological prevalence of high-risk
individuals with suicidal ideation in the South Korean general
population. Recent national surveys report that the proportion
of adults who experienced suicidal thoughts within the past
year ranges from 2.1% (2023 National Survey on Suicide
[46]) to 4.6% (2023 Korea National Health and Nutrition
Examination Survey [47]). The high degree of consistency
between our findings (27/695, 3.9%) and these national
representative data strongly supports the ecological validity
of this cluster analysis, suggesting that cluster 3 is not a
statistical outlier but a clinically valid subgroup of the at-risk
population in a real-world context. Moreover, while national
statistics often estimate suicide risk based on a 1-year history
of suicidal ideation without considering depression severity,
this study evaluated the co-occurrence of both active suicidal
thoughts and depressive symptoms within a brief 2-week
window. Furthermore, consistent with the previous study
[21], mobile EMA may reduce the concealment of suicidal
thoughts typically encountered in retrospective assessments
and identify highly specific, high-risk phenotypes, provid-
ing a more sensitive clinical snapshot of acute suicidal risk
associated with depression.

As well as the PHQ-9 scores, the STAI-X-1, STAI-X-2,
and Patient Health Questionnaire–15 scores significantly
differed across the clusters, showing a consistent increase
with higher-risk levels (cluster 1<2<3). Consistent with the
previous findings that individuals with depressive symp-
toms are more vulnerable to insomnia than those with no

depressive symptoms in a general population–based sample
from the Republic of Korea [48], this study also observed an
increase in the ISI-K scores in accordance with the cluster
risk level. Furthermore, the lack of a significant difference
in the ISI-K scores between clusters 2 and 3 aligns with
prior evidence suggesting that the severity of depressive
symptoms is not significantly influenced by the presence or
severity of insomnia symptoms among those with depressive
symptoms [48]. In this regard, the risk levels assigned to each
cluster closely corresponded to their psychiatric characteris-
tics, providing theoretical support for the association between
symptom variability and the instability of depressive self-
schema.

In addition to psychiatric profiles, the cluster classifi-
cation was also associated with sociodemographic factors
and personality traits known as risk factors for both depres-
sive symptoms and suicidality. Consistent with the previous
findings that low subjective SES predicted higher levels of
depressive symptoms and suicidal ideation [49,50], cluster 3
(12/27, 44.4%) accounted for a significantly higher propor-
tion of individuals with low subjective SES than cluster
1 (98/445, 22.0%), showing that their proportion increased
with the cluster risk level. Interestingly, even in cluster 3
(the high-risk group), only a small proportion of participants
reported the lowest level of subjective SES, while those
with low (but not the lowest) SES were overrepresented.
This pattern supports prior findings that relative deprivation,
rather than absolute poverty, is more closely associated with
depression and suicidal risk [51,52]. These findings also align
with the social rank theory of depression [53], which posits
that lower perceived social status increases vulnerability to
depression and suicidality.

Among the Big Five personality traits, neuroticism,
conscientiousness, extraversion, and agreeableness signifi-
cantly differed across the 3 clusters. Individuals in the
high-risk cluster exhibited the highest neuroticism and
the lowest levels of conscientiousness, extraversion, and
agreeableness. Consistent with prior evidence [54-56],
neuroticism and conscientiousness were the personality traits
that most clearly distinguished the 3 clusters. Particularly,
cluster 3 exhibited the highest levels of neuroticism and the
lowest levels of conscientiousness. These findings suggest
that those in cluster 3 are more prone to emotional instabil-
ity including heightened sensitivity to stress and frequent
negative emotions, such as anxiety and anger, and expe-
rience greater difficulties with self-regulation in impulse
control, organization, and goal-directed behavior. Although
extraversion and agreeableness also differed across some
of the clusters, both traits were not as clearly discrimina-
tive of depression risk as neuroticism and conscientiousness
[57,58]. Extraversion was significantly lower in cluster 3
than in clusters 1 and 2, whereas agreeableness was sig-
nificantly lower than in cluster 1 but did not differ from
cluster 2. The observed reductions in extraversion and
agreeableness among individuals in cluster 3 may reflect
increased social withdrawal and interpersonal difficulties,
which are commonly associated with depressive symptoma-
tology [3]. Taken together, the current findings highlight the
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importance of neuroticism and conscientiousness in differ-
entiating depression risk profiles, while emphasizing the
added value of interpersonal traits such as extraversion and
agreeableness in identifying individuals at high risk for
social and emotional dysfunctions associated with increased
vulnerability to depression and suicidality.
Limitations and Future Directions
This study provides quantitative evidence of systematic
recall bias and the clinical usefulness of digital phenotyp-
ing. Despite its strengths, the following limitations should
be considered when interpreting the results of this study.
Most of all, specific methodological limitations regarding
the temporal scope of the study, including the frequency of
daily assessments and the overall duration of observation,
warrant consideration. First, although mobile EMA offers
high ecological validity, a 24-hour recall format used in this
study may still be subject to reporting biases (eg, underre-
porting or momentary inattention) and have missed more
granular, in-the-moment fluctuations that occur throughout
the day. Particularly, the present EMA framework may
still have been insufficient to capture the diurnal variability
and transient surges of suicidal thoughts, which are often
short-lived yet clinically significant. Second, it is true that the
identification of the relatively small, high-risk group (27/695,
3.9%) underscores the superior sensitivity of mobile EMA
in capturing the dynamic nature of suicidal risk that might
otherwise be underreported in conventional retrospective
assessments. However, the brief 2-week observation window
represents only a snapshot of the dynamic nature of suicidal
ideation in depressed individuals. Since suicidal ideation can
be reactive to transient environmental stressors or life events,
the long-term stability of this high-risk phenotype remains to
be established, suggesting that cluster assignments might vary
over a more extended longitudinal period.

Beyond these temporal considerations, additional
limitations involving our analytical procedures, study design,
and potential measurement effects also require careful
interpretation. Third, the exclusion of 203 participants, who
failed to complete the midpoint K-CESD-R survey (day 7),
may have introduced selection bias. Although this crite-
rion was applied to maintain the continuity of depressive
symptoms, which is a key diagnostic criterion for MDD,
the primary reason for this exclusion was adherence to the
IRB-approved study protocol, which mandated the disposal of
data from participants who withdrew or were lost to follow-
up. Accordingly, we were not able to perform sensitivity
analyses to compare the excluded and retained groups, which
remains a limitation in confirming the robustness of our
results against potential attrition bias. Fourth, although we
observed significant decreases in week-to-week symptom
severity scores across 2 different assessment methods, the
observational design precludes causal inferences regarding
the effects of EMA-based self-monitoring on symptom

improvement. Finally, the repeated use of the same depres-
sion scale (K-CESD-R) in both online and mobile formats
may have had a carryover effect, potentially improving
participants’ symptom recall over time and reducing recall
bias in the traditional online version.

Several research directions are suggested to overcome
these methodological limitations. To improve the limited
temporal resolution of a 24-hour recall format, follow-up
protocols could incorporate higher sampling frequencies,
such as multiple assessments per day, to more precisely
capture transient surges of suicidal ideation. Expanding the
observation window through longitudinal study designs that
span more than 2 weeks will also be essential to establish
the long-term stability of the identified phenotypes. Further-
more, implementing more flexible data retention policies
in coordination with IRB would allow for the inclusion
of partial data in sensitivity analyses, which in turn would
minimize selection bias. The integration of real-time passive
sensing (eg, step count, sleep time, GPS, screen time, call
or app logs, etc) with active EMA could further enhance
predictive precision while alleviating participant burden. To
establish the causal efficacy of EMA-based self-monitoring,
future studies should also use randomized controlled trials
comparing EMA with appropriate control conditions. Finally,
future research should replicate this methodological approach
using other validated depression scales to determine whether
similar patterns of recall-related underreporting are observed,
thereby addressing potential carryover effects from repeated
measurements. Such efforts to establish convergent evidence
would significantly improve the reliability and generalizabil-
ity of findings regarding recall bias.
Conclusions
This study demonstrates that mobile EMA provides more
sensitive and ecologically valid monitoring of depressive
symptoms than traditional retrospective measures. Conven-
tional assessments are subject to both systematic under-
reporting (recall bias) and limited sensitivity to daily
symptom variability. Further week-to-week analysis revealed
a significant reactivity effect, with daily symptom reporting
increasing over the 2-week period. This finding suggests
that EMA acts as a mechanism to enhance self-awareness.
Finally, active EMA features, including symptom severity,
symptom variability, and frequency of suicidal ideation,
effectively identified integrated depression and suicide risk
subgroups and their distinct sociodemographic, psycholog-
ical, and psychiatric profiles, highlighting the usefulness
of digital phenotyping. Among these markers, symptom
variability emerged as a key indicator for differentiating
moderate-risk individuals, providing more detailed informa-
tion than traditional measures. These findings pave the way
for more personalized and timely mental health assessments
and interventions in clinical practice.
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