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A B S T R A C T

Users of Social Networking Sites (SNS) often engage in social comparison, an experience that can elicit various
affective responses. While previous studies have established important links between social comparison and
emotion, the granularity and ecological validity of this work remains limited. To address this issue, we
conducted a field study with 40 Instagram users. We unobtrusively recorded their Instagram usage patterns
(e.g., time on site and the type of content consumed, such as feed, story, or message). Additionally, we used
experience sampling methods and questionnaires to capture their affective experiences, social comparisons,
and depression severity. Our results elucidate the interplay between these emotions, traits, and tendencies
during Instagram use. Notably, we find that while passive or prolonged Instagram use affects users’ emotions,
the magnitude of this effect depends on the frequency of users’ social comparisons. These results can inform
the design of systems to improve mental well-being on SNS.
1. Introduction

Social Networking Sites (SNS) have transformed how billions of
people interact and maintain social relationships (boyd and Ellison,
2007). These platforms enable users to connect with others (e.g., fol-
low, message), share content (e.g., pictures, short videos, stories), and
publicly react to the content they encounter (e.g., via likes, emojis,
and comments). The reach and popularity of these services is un-
precedented. For example, in March 2023, Meta, a major company in
this area, reported 3.81 billion monthly active users, with 79.2% of
these individuals using one of their SNS (e.g., Facebook, Whatsapp,
Instagram) on a daily basis (Meta, 2023). Furthermore, a recent report
suggests the use of SNS among young adults is nearly universal, with
95% indicating they use at least one service (Vogels et al., 2022).
The reasons underlying the popularity of SNSs are the substantial
and diverse benefits they offer their users, such as increased social
capital (Thi-Kim-Hien Le and Li, 2023), better access to information
resources (Hui et al., 2023), and, in older adults, improved social and
psychological well-being (Simons et al., 2021). However, the ubiqui-
tous nature of SNS has also raised new challenges. One particularly
prominent issue is the widely acknowledged toll such services can exact
on users’ mental and emotional health (Pantic, 2014; Seabrook et al.,
2016).
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One particularly commonplace example of this problem relates to
the impact of social comparisons on users’ affective experiences (Ver-
duyn et al., 2020; Appel et al., 2016). As individuals post and consume
content on these platforms, many consistently engage in social com-
parisons, which can lead to a wide range of emotional responses.
For instance, because SNS users tend to publish about predominantly
positive aspects of their lives (Engeln et al., 2020), users often engage in
upward social comparison, comparing themselves to individuals whom
they perceive to be better off than themselves (Festinger, 1954). While
upward social comparison can motivate users positively to strive for
self-improvement (Meier and Schäfer, 2018; Cramer et al., 2016), it
also has been reported to cause adverse effects such as envy (Chou
and Edge, 2012), depression (Robinson et al., 2019; Alfasi, 2019), and
loneliness (Wallace and Buil, 2021; Yang, 2016). For example, Steers
et al. (2014) report that people feel depressed after spending pro-
longed periods on Facebook due to the prevalence of negative affective
experiences triggered by upward social comparisons.

Due to their inherent importance, the relationships between upward
social comparison and affective experiences during SNS use have at-
tracted considerable prior study (Vogel et al., 2015; Steers et al., 2014).
Indeed, work has progressed to the point of developing machine and
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deep learning models to predict affective states (Wampfler et al., 2022;
Ruensuk et al., 2020) or social comparison levels (Ruensuk et al., 2022)
from smartphone sensor data. However, we note that these studies rely
on self-report questionnaires that overlook individuals’ actual usage
patterns in terms of key metrics such as usage time (Lup et al., 2015;
Steers et al., 2014) or the prevalence of passive SNS use (Krasnova
et al., 2013; Chen et al., 2016). In addition, they also neglect to
examine critical characteristics such as gender (Thelwall et al., 2010;
Vogel et al., 2021) and depression severity (Appel et al., 2016), de-
spite evidence suggesting these factors lead to substantial variations
in both affective experiences (Winter and Kuiper, 1997; Barr et al.,
2008) and the propensity to engage in social comparisons (Wheeler,
2000; Schneider and Schupp, 2014). In essence, prior work in this area
has tended to view their participant group as homogeneous, ignoring
major sources of within-group variability. We believe this approach
is likely problematic and impedes our comprehensive understanding
of this topic; the limited prior work discussing this issue concurs.
For example, in their review seeking to map out the relationships
between Facebook use, social comparison, envy, and depression, Appel
et al.’s (2016) headline result is to caution against treating SNS users
as a homogeneous group. They state that ‘‘research should not focus
on global affective changes depending on general Facebook use, but on
which processes cause which effects in which populations’’.

The work in this paper picks up this idea. It seeks to improve our
understanding of the interplay between social comparisons, affective
experiences, depression severity, and real-world Instagram use patterns.
To accomplish this, we conducted a two-week field study with 40
Instagram users, maintaining a balanced representation of key user
characteristics such as gender and self-reported depression severity.
We captured participants’ self-reported affective experiences and social
comparisons during Instagram use on their smartphones through a
contextually triggered Experience Sampling Method (ESM) (Csikszent-
mihalyi et al., 2014; Van Berkel et al., 2017). In addition, we deployed
a smartphone app to automatically collect their Instagram use patterns,
such as time, duration, and type of content consumed, to increase
accuracy and reduce survey fatigue and recall bias. We combine this
data to explore how different self-reported social comparison levels
relate to both reported affective experiences and different users’ varying
patterns of SNS use. Our key insight is that these variables and measures
will interact and we seek to conduct exploratory analysis to tease apart
these relationships.

This study enhances our understanding of the digital well-being of
SNS users in two ways. First, in terms of methods, our study highlights
the value of automatically recording users’ SNS usage patterns in the
wild. In contrast to previous work relying on questionnaires (Ruensuk
et al., 2022; Burnell et al., 2019), we capture usage time and content
type consumed automatically and unobtrusively. This increases data
reliability, reduces survey fatigue and recall bias, and enables new
analyses. We recommend that future research in this area adopt similar
techniques to automatically record data. Second, our results show how
upward social comparison relates to Instagram use patterns, depression
severity, and the emotional changes experienced during SNS use. The
key implication for future work in areas such as designing systems to
support mental well-being on SNS, or developing affective classifiers for
such systems, is that not all users are created equal. Interventions may
be rendered more appropriate, and classifiers more effective, if users
are clustered in salient groups representing their observed tendencies
(e.g., frequency of upward social comparison or depression severity)
and practices (e.g., in terms of their actual SNS use patterns).

2. Related work

2.1. Social comparisons and SNS

Research has consistently shown that SNS are fertile ground for
social comparisons among users, leading to various affective experi-
2

ences. Indeed, social comparison theory (Festinger, 1954) posits that
individuals naturally tend to evaluate themselves by comparing their
abilities, achievements, and appearance to those of others. In the
context of SNS use, this often occurs in the form of upward social
comparisons (Vogel et al., 2014; Engeln et al., 2020) in which users
measure themselves against others who appear to be more successful,
attractive, or happier. This process can trigger various emotional re-
sponses, and among popular SNS platforms, prior work has suggested
such social comparisons are particularly prevalent on image-focused
services, such as Instagram (Lup et al., 2015; Engeln et al., 2020) com-
pared to more broadly featured services. This is due to the dominance
with which services such as Instagram are used to present carefully
curated and highly positive aspects of users’ lives through images.
Given the prevalence of this behavior, prior research has explored
the link between social comparison and emotional responses during
SNS use (Lup et al., 2015; Yang, 2016). This literature indicates that
while upward social comparison can motivate users to achieve self-
improvement (Meier and Schäfer, 2018; Cramer et al., 2016; Jiang and
Ngien, 2020), it has also been linked to adverse effects such as low
self-esteem (Kalpidou et al., 2011; Liu et al., 2016; Schmuck et al.,
2019), stress (Fox and Moreland, 2015), and depression (Bevan et al.,
2012; Robinson et al., 2019; Alfasi, 2019). Appearance comparison
is one of the prevalent upward social comparisons that can lead to
negative affective experiences (Tiggemann and McGill, 2004; Fardouly
et al., 2017). For example, Fardouly and Vartanian (2015) examined
the impact of Facebook use on body dissatisfaction, revealing that
exposure to idealized images on the platform can lead to negative
emotional outcomes, especially among young women. The work in this
paper builds on the established importance of social comparisons to
our understanding of the impact of SNS on affective experiences by
exploring this relationship in a novel study that captures data from in-
the-wild use. This improves the ecological validity of work in this area
and will shed further light on the complex relationship between social
comparisons and affective experiences during SNS use.

2.2. The impact of individual differences on SNS use

While the connection between social comparison and emotions
during SNS use is well-documented, researchers have increasingly rec-
ognized the significance of individual differences in SNS usage pat-
terns (Lup et al., 2015; Krasnova et al., 2013) and user characteris-
tics (Mazman and Usluel, 2011; Appel et al., 2016). Individual dif-
ferences play a crucial role in shaping affective experiences (Barr
et al., 2008) and social comparison (Wheeler, 2000; Schneider and
Schupp, 2014) across users. For example, distinct SNS use patterns
such as a tendency for passively viewing content (Verduyn et al., 2020,
2015; Burnell et al., 2019) and increased time spent on SNS (Hwnag,
2019; Yoon et al., 2019) increase the prevalence of upward social
comparisons and, in turn, negative affective experiences. Addition-
ally, different levels of depression severity (Yoon et al., 2019; Wang
et al., 2020) or self-esteem (Liu et al., 2016) are also reported to lead
to different levels of social comparisons during SNS use. While this
literature is extensive, existing research typically centers on group-
level analyses, overlooking within-group variations. We believe such
within-group variations are important and deserve attention (Appel
et al., 2016). Furthermore, reliance on user self-reports for collecting
SNS usage patterns, including passive usage and time, has been com-
mon but is widely acknowledged to suffer from recall and reporting
biases (Hektner et al., 2007). Addressing these limitations, the cur-
rent study uniquely emphasizes the interplay between upward social
comparison, depression severity, affective experiences, and Instagram
usage patterns during SNS engagement. In addition, we automatically
captured users’ Instagram usage patterns (e.g., usage time and type
of content consumed) through a mobile application, enhancing data

quality within a real-world use context.
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2.3. Experience sampling for studying SNS use

Researchers have employed various data collection methods to bet-
ter understand affective experiences in the wild. The Experience Sam-
pling Method (ESM) (Csikszentmihalyi et al., 2014) has been promi-
nent. The ESM involves repeatedly assessing participants’ daily expe-
riences through systematic self-reports during their daily lives. It can
enhance the reliability of survey answers by reducing recall bias from
retrospective reports (Hektner et al., 2007) regardless of location and
time (Schneider, 2006). Moreover, particularly in smartphone-based
ESM studies (Van Berkel et al., 2017), questionnaires are designed to
expire after a specific duration. This feature allows participants to skip
or ignore questions when they feel fatigued or lack time to respond,
contributing to enhanced data quality by preventing the reconstruction
or fabrication of responses after the intended time has expired (Broder-
ick et al., 2003). Several studies have used ESM to capture real-world
emotional responses to mobile devices in a wide range of contexts, such
as during gaming (Gao et al., 2012), text entry (Ghosh et al., 2017),
and SNS use (Ruensuk et al., 2022; Faelens et al., 2021). One key
issue with ESM studies is response fatigue (Van Berkel et al., 2017).
Consequently, careful design is required to minimize the impact of
repeated requests to complete self-reports. One simple mechanism for
achieving this is carefully selecting survey questions to support rapid,
low-cost completion. For example, for quantifying affective experiences
in ESM studies, the Self-Assessment Manikin (SAM) (Bradley and Lang,
1994) has been widely used (Gao et al., 2012; Ruensuk et al., 2020,
2022). SAM is a non-verbal pictorial instrument measuring valence,
arousal, and dominance (Russell, 1980, 2003) through a simple three-
item scale. It has been validated in diverse study contexts. Similarly,
in the context of social comparison, Iowa-Netherlands Comparison
Orientation Measures (INCOM) (Gibbons and Buunk, 1999) enables
measurement of individual differences in social comparison orienta-
tion while the Facebook Social Comparison Scale (Steers et al., 2014)
adapted INCOM to a SNS. Finally, the Physical Appearance Comparison
Scale (PACS) (Thompson et al., 1991) has been widely used to measure
the tendency to compare one’s appearance with others. Each of these
instruments is suitable for ESM studies, as the underlying constructs
can be assessed with relatively few questions.

ESM methods have been used to understand behaviors and study ap-
plication use patterns (Verduyn et al., 2015; Aalbers et al., 2019; Jiang
and Ngien, 2020). For example, Verduyn et al. (2015) text messaged
participants five times a day to assess their active Facebook usage,
passive Facebook usage, direct social interaction, and non-Facebook
online social network usage with surveys. However, prior work has also
suggested that such self-report questionnaires are unreliable measures
of user behaviors over prolonged periods (Ellis et al., 2018; Stacy,
1997). To address this issue, Faelens et al. (2021) developed their
own monitoring software, which supports capturing how much time
participants spend on Facebook or Instagram. Furthermore, Ruensuk
et al. (2022) implemented a web-wrapper application to capture sur-
vey and sensor data by embedding an Instagram web-view within an
Android app. While this system provided a highly similar look and user
experience to the existing Instagram application, it did not support
key features, such as uploading content and viewing reels, as these
were unavailable in the web-view. This likely limited the application’s
use, impacting coverage of SNS sessions in their study. However, the
basic approach embodied in this work, essentially one of using mixed
methods (Shibuya et al., 2022) to simultaneously capture both objec-
tive data and self-reported subjective experiences is highly valuable.
Indeed, building on ideas in this prior work, the current study uses a
web-wrapper application that resolves the previously reported issues
(e.g., it supports uploading content and viewing reels) and integrates
best practices for sampling users’ behaviors, affective experiences, and
social comparisons promptly and in the wild. This mixed-methods
approach ensures more complete coverage of the behaviors during, and
3

experiences of, SNS use sessions than that recorded in prior work.
3. Study

In this study, we investigated variations in, and relationships be-
tween, self-reported social comparison, depression severity, affective
experiences, and automatically logged use patterns recorded during
Instagram use in the wild. To capture valid self-report data related
to experiences on Instagram, we deployed ESM surveys immediately
after participants finished an SNS use session on their smartphones.
Additionally, we unobtrusively logged participants’ Instagram use time
and the type of content they consumed to measure their usage patterns.
This study received approval from the local Institutional Review Board
(IRB) in terms of research ethics.

3.1. Study design

We developed EMO-sense, an iOS application built with SwiftUI,
to record users’ affective experiences and social comparison behaviors
during their Instagram use. EMO-sense provides access to Instagram
within a web-view, effectively replicating most native Instagram appli-
cation functions, including news feed browsing, story viewing, content
exploration, and post interactions. Due to technical limitations with the
current Instagram web-view component, EMO-sense does not support
some advanced features, such as photo editing and live broadcasts.
However, these were not viewed as critical to our study as they do not
relate to core Instagram functionality. In addition, EMO-sense features
an initial setup page (used at the start of the study) and a dedicated
ESM survey page for self-report data collection. All data recorded by
EMO-sense is immediately logged to the Cloud Firestore database. Fig. 1
illustrates the user interface of EMO-sense.

To support data collection, users input a unique pre-provided invi-
tation code when starting the study and then enter their demographic
details: name, gender, and age. After this setup, the system tracks
key Instagram use metrics: the number of use sessions, the number
of submitted and skipped surveys, and the time spent across differ-
ent Instagram features. To achieve this last objective, we captured
URL information and parsed it to identify content types among the
following: feeds (related to permanently sharing photos or videos and
exploring others’ permanent posts); stories (for sharing and viewing
transient content in the form of photos or short videos); direct messages
(involving private communication between Instagram users); comments
(for leaving comments on posts); exploring (for viewing photos and
reels related to the user’s interests) and; others (e.g., notifications and
account settings). We note that we could not separate the act of posting,
such as creating the user’s own feed contents, from viewing feeds since
the URLs for these activities are not differentiable. To respect user
privacy, only the content type is logged from the URL, the full URLs are
never stored or transmitted from the user’s device, and logging occurs
only during a screen touch, as such an event is required to trigger
viewing a different type of content. Together, these features enable us
to record users’ fine-grained Instagram usage patterns. In addition, to
ensure participants’ privacy, we note that no information relating to the
specific Instagram content viewed or created is ever recorded, stored,
or transmitted by our application.

EMO-sense additionally triggers ESM notifications in the form of
survey prompts after each Instagram session is finished. However,
there are two exceptions. First, notifications are not triggered if the
user exits Instagram after less than 15 s of use. This is because such
brief sessions are unlikely to involve content consumption or explicit
interaction (Lukoff et al., 2018). Second, in prolonged sessions (greater
than ten minutes), notifications are triggered at the ten-minute point,
even if the user does not exit Instagram. As recent closely related
work (Ruensuk et al., 2022) reported the majority of sessions last
less than 10 min (mean 2.79 min (SD = 6.79)), this design ensures
that self-reports refer to immediately preceding time periods rather
than encompass protracted use sessions. To avoid overwhelming users,

notifications are suppressed for 180 min after completing a survey.
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Fig. 1. User interface of the EMO-sense: (a) The setup page that collects participant’s demographic details, (b) The Instagram web-view replicating core functions from the original
Instagram application, (c) a notification to complete the ESM survey, and examples of ESM survey pages for (d) emotions and (e) social comparisons.
To ensure users can see pending survey requests, we instruct them
to enable EMO-sense notification permissions during setup. When an
EMO-sense notification is presented, tapping it opens our ESM survey
(see Fig. 1c). If participants do not immediately select the EMO-sense
notification, the Instagram logo remains on the smartphone status bar
for five further minutes. If participants click the logo or launch the
EMO-sense application within this period, they are also presented with
our ESM survey. After the notification is removed, they can no longer
submit ESM surveys related to the session, and they can continue using
EMO-sense as normal. We chose this design to ensure ESM responses are
submitted immediately after browsing sessions, minimizing recall bias
and discouraging data fabrication. Participants also have the flexibility
to skip answers when fatigued or pressed for time.

During ESM surveys, participants self-reported their affective expe-
riences and social comparison behaviors in relation to the preceding In-
stagram session. We used the Self-Assessment Manikin (SAM) (Bradley
and Lang, 1994) scale to capture valence and arousal (Russell, 1980,
2003). SAM involves depictions of reference facial expressions and
bodily expressions alongside a 9-point numeric scale (see Fig. 1d);
users make selections that best match their emotions. Additionally, we
measured social comparison intensity with three metrics: upward, non-
directional, and appearance-related social comparison (Steers et al.,
2014). To prevent survey fatigue and increase survey completion rates,
we opted to use single questions adapted from prior work for each
of these metrics. For assessing upward social comparison, participants
were asked, ‘‘When I was using Instagram, I felt many of my friends
have a better life than me’’ (Tandoc Jr. et al., 2015). To measure non-
directional social comparison, we asked, ‘‘When I was using Instagram,
I wanted to find out how I do things compared to others’’ (Steers
et al., 2014). Furthermore, as SNS users may engage in specifically
appearance-related social comparisons (Fardouly and Vartanian, 2015),
we measured users’ tendency towards such assessments. To do this, we
adapted the Physical Appearance Comparison Scale (PACS) (Thompson
et al., 1991) to the Instagram context (Di Gesto et al., 2022): ‘‘When I
am using Instagram, I compare my physical appearance to the physical
appearance of others’’. Users reported their social and appearance com-
parison data using unlabeled continuous sliders (with an underlying
scale of 0 to 100). We opted to exclude labels and ticks on the sliders
to minimize anchoring effects (in which participants tend to respond in
relation to their previously entered responses) (Tversky and Kahneman,
1974). In addition, the scales had no initial value (i.e., they were blank)
to prevent prompting participants from selecting a default score and,
additionally, to reduce the inadvertent submission of self-reports that
had not been intentionally completed. To enter data on the scales,
participants were required to tap each one to enter an initial value,
which could then be modified by subsequent touches. The form could
not be submitted until values for all scales were entered. Finally, to
ensure users’ clear understanding, we translated and delivered these
questions in the native language of all participants (which was the same
for all participants).
4

3.2. Participants

We recruited participants through online local communities and
flyers in academic institutions. To be eligible, individuals needed to
own an iPhone and use Instagram for at least 30 min daily. During
the application process, participants were asked to provide simple
demographic information (e.g., gender, age, email address) and also
completed a PHQ-9 survey and submitted the result. We screened
potential participants’ data to balance participants by gender and self-
reported depression severity. A total of 40 participants, including 20
males and 20 females, with 20 reporting minimal depression severity
(i.e., a PHQ-9 score of less than 5) and 20 reporting mild or greater
depression severity (with a mean of PHQ-9 score of 6.0 (SD:4.3)),
were ultimately selected for the study. To encourage engagement, we
announced the requirements for successful completion as follows. First,
spend more time using our application than the original Instagram
application (ideally reserved for the use of unsupported features, such
as photo editing and live broadcasts) during the study. Second, answer
at least two ESM surveys per day over the two-week study period.
Seven participants were screened out after the first week due to low
levels of engagement, and the remaining 33 successfully completed the
study. This group was composed of 19 females and 14 males, with
a mean age of 22.42 (SD = 3.20). To address the potential change
in participants’ depression severity during the study, participants re-
reported their PHQ-9 scores at the end of the two-week study period.
The majority of participants (N = 26) reported final scores that were
different from those captured during initial PHQ-9 assessments at re-
cruitment. The mean score at the end of the study was somewhat
reduced: a mean of 4.12 (SD: 3.8). More specifically, 23 participants
reported either none or minimal depression severity, seven reported
mild depression severity, and 3 indicated they experienced moderate
depression severity during the study period.

3.3. Procedure

To conduct a field study in the wild, we installed our application
on participants’ smartphones and requested they use it instead of the
original Instagram application. We did this through online orientation
video-conference sessions lasting 30 min, with up to 5 participants
joining each session simultaneously. During the orientation, we ex-
plained the study’s protocol and application installation process and
obtained their consent. Participants were informed they could drop
out of the study at any time. Participants were guided to set up their
smartphones by installing our application through TestFlight, a demo-
testing application for iOS devices. After installation, they granted data
collection permissions and deactivated the ‘do not disturb’ mode to
receive survey notifications. The study started immediately after the
orientation session. After one week of study, we screened out partici-
pants who did not fulfill the minimum application usage requirements.
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Fig. 2. Distribution of all participants’ (a) number of Instagram use sessions by hour of the day, (b) emotions based on Russell’s circumplex model, and (c) social comparisons.
Table 1
The results of t-tests (shown as p values) highlighting the effect of the characteristics of depression severity (as measured by
PHQ-9 score) and gender on Instagram usage patterns in terms of use frequency (Freq), session duration (Dur), active use
duration (Active), passive use duration (Passive) and our ESM survey metrics of valence (V), arousal (A), Upward-SC, ND-SC
and, AC. Asterisks show significant results.

Participants Usage pattern Emotions Social comparisons

Freq Dur Active Passive V A Upward-SC ND-SC AC

Depression 0.40 0.62 0.074 0.37 0.35 0.16 0.013* 0.039* 0.12
Gender 0.84 0.97 0.33 0.21 0.51 0.68 0.83 0.63 0.54

* p < 0.05.
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or those who successfully completed two weeks of the study, it closed
ith post-study questionnaires about their experiences. In addition, we

ncluded PHQ-9 to measure any variations in participants’ depression
everity over the study period. Furthermore, we conducted individual
losing semi-structured interviews, each lasting approximately 15 min.
uring the interviews, we presented participants with distributions of

heir survey answers and asked about the circumstances that might
ave led to any specific responses or the general trends in their re-
ponses. For participants reporting mild or higher depression severity,
e mentioned the availability of a free counseling program run by
ealthcare specialists at their institution.

. Results

In total, 11,033 sessions were recorded during the study, with
articipants using our app on average 335.3 times (SD: 245.5). Out of
hese sessions, we triggered notifications 2551 times (23.1%), and users
licked on them 1663 times (65.2% compliance rate) to report their
motions (valence and arousal), upward social comparison (upward-SC),
on-directional social comparison (ND-SC), and appearance compari-
on (AC) data. The remaining 8482 sessions (76.9%) did not trigger
survey to prevent fatigue. Due to technical issues, 377 non-survey

essions (4.0%) failed to record the end time of sessions, and another
77 survey sessions (22.2%) failed to record URL data (used to clas-
ify Instagram activity type) during a session. These sessions were
xcluded from all subsequent analyses. As a result, 10 279 sessions were
ecorded, and 1286 survey sessions were used for data analysis.

.1. Data description

Overall, participants used EMO-sense a mean of 21.56 times (SD:
8.9) per day, and each session lasted 67.6 s on average (SD: 139.8).
here were no significant use frequency and duration differences be-
ween weekdays (21.4 times, 85.57 s on average) and weekends (19.92
imes, 91.48 s on average). Participants predominantly used EMO-sense
uring the afternoon (33.87%, 12 PM - 6 PM) and evening (31.87%, 6
M–12 AM), followed by night (17.23%, 12 AM–6 AM) and morning
17.03%, 6 AM–12 PM)—see Fig. 2, left.

In response to EMO-sense sessions that triggered a survey, par-
icipants responded by completing the requested survey a mean of
5

n

.78 times (SD: 1.1) per day. Based on the recorded Instagram URL
nformation during survey sessions, primary activities during Insta-
ram use, in order of frequency, were: stories (35.5%), feeds (27.8%),
irect messages (15.4%), comments (13.8%), others (5.4%) and ex-
loring (3.2%). To make this usage data more amenable to analysis,
e additionally categorized usage activity as either passive (62.3%)
r active (29.2%). Based on prior work, we consider passive use to
e the consumption of information (stories and feeds) without direct
xchange with others, while active use entails activities facilitating
irect exchange with others (comments and direct messages) (Verduyn
t al., 2015). In the ESM survey answers, participants reported their
motions on a scale of 1 to 9 for valence (mean: 5.34, SD: 1.61) and
rousal (mean: 3.49, SD: 1.97) using SAM—see Fig. 2, center for an
verview of this data. Finally, social and appearance comparison levels
Fig. 2, right) were assessed on a scale of 0 to 100, with mean scores
s follows: upward-SC (mean: 23.09, SD: 27.25), ND-SC (mean: 23.85,
D: 26.65), and AC (19.14, SD: 24.86). While these results do show
ifferent emotional distributions across different users, we followed
losely related prior work (Gao et al., 2012; Ruensuk et al., 2020, 2022)
hat directly measures participants’ affect and comparison levels by not
onducting a per-user normalization process.

Next, we used independent t-tests to determine if there were effects
f gender (male: 14, female: 19) and binary depression severity (low:
3, high: 10) on the following metrics: Instagram use frequency, dura-
ion, passive use rates, active use rates, and survey responses (valence,
rousal, upward-SC, ND-SC, and AC). We performed this procedure
s these factors were the variables we balanced during participant
ecruitment and screening; a comparative analysis lets us determine
hether these groups show any differences in their behaviors or self-

eport data. See Table 1 for a summary of the results. We noted no
ffects for Instagram usage patterns, affect, or AC for either factor. In
ddition, gender did not affect upward-SC and ND-SC. However, the 10
articipants who reported mild or greater depression severity recorded
ignificantly higher levels of upward-SC and ND-SC (respectively, 37.3
SD 28.8) and 35.5 (SD 26)) than the group who reported minimal
epression severity (respectively, 17.6, (SD 24.5) and 19.4 (SD 25.5))
ith high effect sizes (respectively, Cohen’s d of 0.99 and 0.81). In
ddition, a supplementary examination of the data for upward-SC
nd ND-SC showed a strong positive correlation (r(31) = 0.83) and
o significant differences (p = 0.46) between the means of the two
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Fig. 3. Survey answers showing the distribution of (a) emotional state (the mean of valence and arousal) and (b) the magnitude of emotional change (the SD of valence and
arousal) for each no-comparison, low-comparison, and high-comparison group.
groups in a paired t-test. Accordingly, we determined these measures
assessed the same underlying construct and focused further analysis
and discussion only on upward-SC due to redundancy (with ND-SC) and
insignificance (of AC).

4.2. Cross-sectional analysis

Given prior investigations into the association between upward-
SC and affective experiences (Verduyn et al., 2020; Fardouly et al.,
2017) or Instagram usage patterns (Chen et al., 2016; Lup et al.,
2015), we conducted a further cross-sectional analysis centered on
upward-SC. To do this, we first defined a high upward-SC session
as one in which the self-reported rating was above the scale mid-
point (50), ultimately identifying 278 such sessions (or 21.62% of
the total). Then, we grouped participants based on the frequency in
which they reported such sessions, ultimately forming three groups.
The first no-comparison group (N = 9) did not report high upward-SC
sessions. We created two additional equally sized groups (N = 12) by
simply dividing the remaining 24 participants at the mid-point of the
number of high upward-SC sessions recorded. The low-comparison group
reported a mean of 4.5 upward-SC sessions (SD: 1.7), while the high-
comparison group reported a mean of 18.7 (SD: 8.4). Notably, all nine
participants in the no-comparison group reported minimal depression
severity in the PHQ-9 tests, and all three participants who reported
moderate depression severity (the peak score recorded) belonged to the
high-comparison group.

We first explored the effect of upward-SC frequency on users’ affec-
tive experiences. As an initial analysis, we conducted one-way ANOVAs,
using upward-SC frequency group as an independent variable, on va-
lence and arousal data; both variables were normally distributed and
satisfied sphericity assumptions. Valence exhibited a significant main
effect of the upward-SC group (F (2, 30) = 3.93, p < 0.05, 𝜂̂2𝐺 = 0.21),
while arousal did not (F (2, 30) = 1.97, p = 0.15). Post-hoc t-tests
on valence, adjusted using Bonferroni corrections, revealed that the
high-comparison group experienced lower valence compared to the no-
comparison or low-comparison groups (both p < 0.05). No difference was
observed between the no-comparison and low-comparison groups, sug-
gesting that while frequent upward-SC is linked to heightened negative
experiences on Instagram, infrequent upward-SC has limited emotional
impact.

Furthermore, we examined how the frequency of upward-SC related
to emotional change. Similar one-way ANOVA tests were used to
analyze differences in the standard deviations for valence and arousal
reports across the three upward-SC groups. Both valence (F (2, 30)
= 5.21, p < 0.05, 𝜂̂2𝐺 = 0.26) and arousal (F (2, 30) = 9.09, p <
0.001, 𝜂̂2𝐺 = 0.38) exhibited significant main effects. Post-hoc t-tests
revealed that the no-comparison group exhibited less emotional changes
(as reflected by lower standard deviations) in both valence and arousal
than the low-comparison (valence: p < 0.05, arousal: p < 0.01) and high-
comparison groups (valence: p < 0.01, arousal: p < 0.001). No significant
6

Table 2
Session level analysis exploring relationships between Instagram usage patterns, such
as type of content consumed (active/passive) and usage duration (long/short), on
self-reported emotions (valence and arousal) or social comparisons (upward and
appearance-related social comparisons). Test results are reported primarily in terms
of effect size (Cohen’s d), with asterisks marking statistically significant results.

Type of content

Groups Num samples (#) Effect size (Cohen’s d)

Passive Active Valence Arousal Upward-SC AC

General 880 406 0.26** 0.12 0.17 0.09
No Comp 252 94 0.49** 0.12 0.18 0.21
Low Comp 306 157 0.26* 0.26* 0.21 0.08
High Comp 322 155 0.17 0.01 0.44** 0.26*

Usage duration

Groups Num samples (#) Effect size (Cohen’s d)

Short Long Valence Arousal Upward-SC AC

General 731 555 0.03 0.06 0.13 0.10
No Comp 199 147 0.01 0.00 0.15 0.10
Low Comp 237 226 0.11 0.25* 0.36** 0.03
High Comp 295 182 0.08 0.03 0.29* 0.46**

* p < 0.01.
** p < 0.001.

differences were observed between the low and high-comparison groups.
This result suggests that individuals who did not report engaging in
social comparisons tended to experience fewer emotional fluctuations.
Fig. 3 displays the data for the distribution of emotional states and
magnitude of emotional change represented by the mean and standard
deviation of valence and arousal for each upward-SC group. In addition,
we depict emotion distributions for every participant individually using
Russell’s circumplex model in Appendix.

4.3. Session level analysis on instagram usage patterns

To gain further insight into the impact of specific Instagram use
patterns on the emotions participants experienced, we conducted a
session-level analysis based on categorizing individual sessions as pas-
sive versus active and brief versus prolonged. We labeled each session
as passive if the time spent on viewing activities (e.g., feed, stories)
exceeded that spent using active features (e.g., direct messaging, com-
ments). All other sessions were tagged as active. Regarding Instagram
session duration, we split captured sessions using a threshold set to
the mean session duration (67 s), as this is both simple and objective.
Additionally, and in light of the variations we previously noted with
different upward-SC groups, we opted to perform this analysis sepa-
rately for sessions contributed by members of each of these upward-SC
groups. Table 2 shows the breakdown of sessions by major type of
content consumed and usage duration for the whole participant sample
and each individual group. In addition, we conducted t-tests on session
means for each of these groups for all self-report data. These results



International Journal of Human - Computer Studies 190 (2024) 103323J. Kim et al.
Fig. 4. The distribution of survey answers comparing different Instagram usage patterns in different comparison groups: (a) Valence distribution across the type of contents
consumed in the no, low, and high comparison groups. (b) Distribution of upward-SC across the type of contents consumed in low and high comparison groups. (c) Distribution
of upward-SC across Instagram usage durations in low and high comparison groups. (Note: no-comparison group excluded in both (b) and (c) as this group reported no social
comparisons during the study).
are also included in the table. Given the large number of tests (and
high Ns implied by the session-level analysis), we report effect sizes in
the form of Cohen’s d’, representing the magnitude of the differences
observed between groups in relation to the variability within each
group, as the primary outcome (Baguley, 2009). Additionally, Fig. 4
shows the distribution of survey answers related to the significant
findings revealed in the session-level analysis.

These results and charts indicate that, over our entire sample,
passive usage patterns significantly reduced valence with a small ef-
fect size (Cohen’s d: 0.26, the mean valence of passive usage: 5.21
(SD: 1.56), active: 5.63 (SD:1.67)). However, the relationship between
passive usage and valence exhibited distinctly different trends across
the three upward-SC groups: the no-comparison group demonstrated a
medium effect size, while the low-comparison group showed a small
effect size, and the high-comparison group displayed no substantial
difference. In addition, passive Instagram usage yielded more high
upward-SC and AC sessions within the high-comparison group (with,
respectively, a small-to-medium and small effect size). Furthermore, the
time spent on Instagram did not significantly impact emotions or social
comparisons when analyzed across our entire sample. However, for the
low-comparison group, prolonged Instagram use led to both increased
rates of upward-SC and elevated arousal (both with small effect sizes).
Finally, this analysis suggests members of the high-comparison group are
more likely to engage in both upward-SC and appearance comparison
during prolonged Instagram sessions (results with, respectively, small
and small-to-medium effect sizes). These results reveal how partici-
pants’ distinct Instagram usage patterns impact their emotional and
behavioral experiences and suggest that the magnitude of these effects
may be moderated by how frequently they tend to engage in upward
social comparisons.

4.4. Post-study questionnaire

Participants completed a post-study questionnaire, providing valu-
able insights into their experiences. Participants reported their typical
Instagram usage locations. A significant majority (90.9%) indicated
they use it at home, while 72.7% use it during transit (e.g., as a
passenger in a vehicle or while walking). Additionally, 63.6% reported
using the app at their workplaces, such as offices or schools. Others
mentioned using it in leisure facilities such as cafes (54.5%) and a
smaller percentage in dining areas (12.1%). On the other hand, partic-
ipants’ screen time data indicate that they used the original Instagram
application 60.3 min per week (SD: 79.4) on average. This is because,
although our EMO-sense provided most of the features of existing
Instagram, some latency issues in loading user interfaces and several
missing features (e.g., photo editing, Instagram live streaming) were
reported to lead participants to use the original Instagram application.
However, it is noteworthy that participants spent significantly more
time on EMO-sense, with an average of 182.8 min per week (SD: 122.7).
7

4.5. Semi-structured interviews

After the end of the study, we conducted semi-structured interviews
with the 33 participants who successfully completed the full study.
These interviews, lasting 15 min each, aimed to gather insights into
how SNS use impacts their affective experiences. Among these partic-
ipants, 18 reported SNS usage influenced their affective experiences,
with 12 noting predominantly negative experiences linked to upward
social comparisons. These comparisons are mainly related to observing
desirable activities or experiences among their peers, such as those
involving travel, food, socializing, or work achievements. For instance,
one participant explicitly remarked, ‘‘Others tend to post content to show
off only their positive moments, leading me to make more comparisons
with others. This tendency to compare has a negative impact on me’’.
(P21). Two others concurred and highlighted the specific trigger of
travel: ‘‘Observing others engaging in activities that I haven’t been able to
experience, like traveling abroad, triggers feelings of envy’’. (P10, P36).
Another participant, aware of their own tendencies, indicated they took
preventative action ahead of time: ‘‘When I’m feeling down, seeing posts of
others hanging out with friends leads me to compare myself with them. As a
result, I consciously avoid using social media when I’m not in a good mood’’.
(P38). On the other hand, among the 15 participants who reported that
SNS usage has no or minimal influence on their affective experiences,
6 stated they primarily consumed content for entertainment, such as
viewing cute animals (P1, P35), watching amusing short videos (P5,
P28), or following fashion (P27, P30). Additionally, three participants
(P8, P19, P24) reported they infrequently experience strong emotional
fluctuations, and five others (P3, P16, P22, P23, P26) indicated that
their emotions are impacted more by events in the real world rather
than content they encounter on Instagram. To minimize repetition,
rather than summarize this material further here, we integrate addi-
tional comments and outcomes from these interview sessions in the
discussion section, where we use them to illustrate and explain key
results and interpretations.

5. Discussion

This paper explores the impact of Instagram on users’ emotional and
behavioral changes, focusing on which processes cause which effects in
which populations (Appel et al., 2016) in the real world. We conducted
a two-week ESM study with 40 Instagram users in the wild. To accom-
plish this, we designed and implemented EMO-sense, a web-wrapper
mobile application to capture a wide array of Instagram use parame-
ters, affective experiences, and social comparison tendencies following
each Instagram session. Additionally, we measured participants’ self-
reported depression severity through the PHQ-9 questionnaire at the
end of the study. To understand their Instagram usage patterns, we
unobtrusively collected users’ Instagram usage data, including the time
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spent on the platform (via time logging) and the type of content they
consumed (using URL analysis). In contrast to prior work (Burnell et al.,
2019; Verduyn et al., 2015), this method allowed us to gather insights
into users’ behavior without relying solely on retrospective surveys
or self-reports, which may not always effectively capture behavior
patterns (Ellis et al., 2018; Stacy, 1997). As a result, we gathered a
rich real-world dataset of Instagram use across various contexts. We
then unpacked our findings in terms of three key factors: depression
severity, upward social comparison, and Instagram usage patterns. We
revisit, discuss, and extrapolate these findings in the below sections.
To provide a set of actionable implications from our work, we present
specific recommendations for future researchers and system designers
at the end of each of the three sections.

5.1. Depression severity and upward social comparison

Our findings reveal novel insights into how depression severity
affects users’ emotions and behaviors. Specifically, while we did not
observe a significant impact of depression severity on users’ emo-
tions, participants with mild or greater depression severity did report
comparing themselves to others significantly more often. While this
relationship is consistent with prior work on social comparison the-
ory (Wheeler, 2000; Schneider and Schupp, 2014), it has not previously
been observed during SNS use. P31 provided more direct insight into
this pattern: ‘‘I think my emotional state before using Instagram affects
my comparisons. When I’m feeling happy, I tend not to compare myself
to others. However, when I’m feeling down or in a difficult situation,
I often find myself comparing to others.’’. This observation highlights
a bidirectional relationship, suggesting that while Instagram use can
influence users’ affective experiences, users’ prior emotional states can
also impact their Instagram behavior, such as their propensity to engage
in social comparisons. Similarly, Sarsenbayeva et al. (2020) investi-
gated these bidirectional relationships between smartphone application
use and user emotions. They note that a better understanding of this
relationship may enhance emotional well-being by enabling improved
support for emotion regulation practices. Our work extends this notion
to the social media sphere and highlights that one of the most relevant
measurements an affect-aware social media application (Kramer et al.,
2014) could make would be an initial measurement to determine a
user’s affective state when they start browsing, rather than assessments
during (Tag et al., 2022) (or after Ruensuk et al., 2022) their session,
which is typically viewed as the result of their SNS browsing experi-
ence. Our results suggest that an early assessment of prevalent mood
may be more useful in customizing content and designing interventions
to support emotional self-regulation.

5.2. Upward social comparison and emotion

Our results also shed light on the impact of upward social com-
parison on emotional changes. Unsurprisingly, as previous work has
suggested (Lup et al., 2015; Vogel et al., 2014), participants who
engaged in frequent upward social comparisons reported more negative
affective experiences during Instagram use. P21 exemplified this point
in their statement: ‘‘I often compared myself to others. While I typically
share only my positive moments on Instagram, it amplifies my tendency
to make comparisons, occasionally resulting in negative emotions’’. On
the other hand, notably, those who do not engage in upward social
comparisons show fewer emotional changes. P37 summarized this as:
‘‘I understand that people usually share only their positive moments
on social media. Yet, I do recognize that they, too, experience highs
and lows in their daily lives, much like I do. This perspective on
others reduces my tendency for social comparison and stabilizes my
emotional response’’. This highlights that users need to be aware of
the potential emotional impact of frequent upward social comparisons
on SNS platforms. This awareness can encourage individuals to reflect
on their own emotional states while using these platforms and take
8

steps to manage their emotional responses effectively. While proposing
detailed designs to mitigate such outcomes goes beyond the scope of
the current paper, we note strategies to promote social savoring (Want
et al., 2009; Andrade et al., 2023) over comparison or to highlight
the cultivated nature of social media posts (Weber et al., 2022) show
strong potential. Future work should develop designs that integrate
such strategies seamlessly into the social media browsing experience.

5.3. Impact of use patterns on emotion and social comparisons

Through session-level analysis, we explored the influence of In-
stagram usage patterns on users’ emotions and social comparisons.
Specifically, we note that the type of content users consume, whether
passively or actively, can impact their emotions. While prior work (Ver-
duyn et al., 2015; Burnell et al., 2019) has made a similar observation
and interpreted this by linking passive Instagram usage to negative
emotions and social comparisons, our study suggests a more nuanced
relationship. For users who infrequently engage in upward-SC, our
results do suggest that active engagement on Instagram, such as ac-
tively posting, commenting, or interacting with others, can lead to
more positive emotional experiences. P22 expressed the benefits of
active Instagram use as: ‘‘I usually share very funny content with my
friends, and they also share those contents with me. This exchange elicits
positive emotions for me’’. However, this beneficial effect appears to be
moderated in users who frequently engage in upward-SC. Specifically,
while users in our high-comparison group showed only limited impact
of active Instagram use on positive emotion, their passive Instagram
use elevated upward-SC and appearance comparisons. P31 expressed
this well: ‘‘I usually view stories posted by others. When I see others’ daily
lives through their stories, I often find myself comparing my situation, such
as studying in the library, to their positive moments, like hanging out with
friends’’.

Additionally, while we did not find any overall impact of usage
time on users’ affective experiences, our results suggest that partici-
pants in our high-comparison group increasingly engage in upward or
appearance-related comparisons in prolonged Instagram sessions. In a
representative quote, P40 noted ‘‘When I spend more time on Instagram,
I tend to compare myself to others more often. As I consume more about
others’ lives during longer usage, this gives me more chances to compare’’.
These findings reveal how Instagram usage patterns impact different
populations in different ways. This suggests that future work on users’
affective experiences and social comparisons during SNS use should
consider salient variations in users’ tendencies rather than applying
generalized approaches. For instance, while extended sessions were
inconsequential for many users, those in our high-comparison group
experienced an increased frequency of potentially problematic social
comparisons. We suggest that simple interventions, such as an SNS
periodically presenting a survey to establish and update a user’s ten-
dency to engage in upward-SC, may be sufficient to support content
customization (e.g., in the feed algorithms) or behavioral recommen-
dations (e.g., take breaks) targeted to improve the experiences and
well-being of particular susceptible user groups.

5.4. Limitations

We acknowledge the following limitations of our work. First, the
duration of two weeks may not have adequately reflected the long-
term implications of Instagram usage. Second, while our sample size
is substantial, it might not encompass the general spectrum of Insta-
gram users in terms of diversity. For example, all participants were
from a single country, spoke the same native language, and showed
limited variability across other demographic variables such as age.
Future studies could explore extended study periods and incorporate a
broader range of demographic variables to gain a more comprehensive
understanding of the impact of these variables. In addition, we note our
participants volunteered for our study, which may lead to a selection
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Fig. A.5. Individuals’ emotional distribution during the study within no-comparison, low-comparison, and high-comparison. We indicated each participant’s depression severity in the
top-right corner of their respective emotional distribution plot.
bias. Future studies may seek alternative recruitment strategies to avoid
this issue. Other biases may have also impacted our analysis, such as a
compliance bias resulting from the differences in response rate among
our participants and a consequential over-weighting of our analysis
towards the data contributed by prolific responders (van Berkel et al.,
2020). Again, larger samples captured over more prolonged periods
or improved prompts and notifications may be able to address such
concerns in future studies. Furthermore, future studies with larger
samples would also enable more sophisticated analyses, such as those
based on techniques such as structural equation modeling, that can
support unpicking the complex multi-faceted relationships between
self-reported experiences, observed behaviors, and demographic vari-
ables. Conducting such analyses would be invaluable as it would both
improve the fidelity of our understanding of the interplay between
these factors and increase certainty in the findings reported. Finally,
we note that as our research centered on a single SNS platform,
Instagram, our findings may not generalize to other SNS applications
with different characteristics, such as a greater emphasis on textual
content. Similar examinations of different social media platforms may
reveal distinct user behaviors and patterns, which can further improve
our understanding of the complex dynamics underlying social media
use and are a logical next step for this work.
9

6. Conclusion

In this paper, we investigated the interplay between Instagram
usage patterns, social comparisons, emotions, and depression severity
by examining each of these factors in real-world Instagram use. To
accomplish this, we developed EMO-sense, a web-wrapper mobile ap-
plication that unobtrusively logged users’ Instagram usage time and
the type of content they consume. Using the experience sampling
method, EMO-sense also captured users’ emotional experiences and
social comparisons over a two-week field study. Our results highlight
that Instagram experiences are highly diverse across users and their
different emotional and behavioral traits, as well as their usage pat-
terns, interact in subtle ways to shape their overall experience on the
platform. Specifically, we found a substantial relationship between up-
ward social comparisons with Instagram users’ depression severity and
emotional changes. We also found the impact of Instagram use patterns
on emotional and behavioral experiences. For instance, participants
who engage less frequently in such comparisons tend to enjoy more
positive emotional experiences during active Instagram use, while this
positive impact diminishes for those who engage more frequently in
upward social comparisons. Our study highlights the importance of
considering user diversity and varying SNS use patterns when designing
interventions and emotion recognition systems in the context of SNS
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use. We suggest that future digital well-being interventions need to take
into account users’ emotional and behavioral traits rather than adopting
a one-size-fits-all approach.
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ppendix. Individual affective experience analysis

Fig. A.5 provides a visual representation of participants’ emotional
istribution, using Russell’s circumplex model (Russell, 1980). To en-
ance clarity, we categorized participants into three distinct groups:
o-comparison, low-comparison, and high-comparison, aiding in under-
tanding the impact of upward social comparison on users’ emotions.
s indicated in the results and discussion sections, individuals in the
o-comparison group exhibit relatively minimal emotional fluctuations
ompared to those in the low-comparison and high-comparison groups.
onversely, participants in the high-comparison group tend to experi-
nce more displeasure in comparison to the other two groups.
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