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Abstract
Background: Social communication via instant messaging (IM) and social networking (SN) apps makes up a large part of the
time that smartphone users spend on their devices. Previous research has indicated that the excessive use of these apps is positively
associated with problematic smartphone use behaviors. In particular, image-based SN apps, such as Instagram (Facebook Inc)
and Snapchat (Snap Inc), have been shown to exert stronger detrimental effects than those exerted by traditional apps, such as
Facebook (Facebook Inc) and Twitter (Twitter Inc).
Objective: In this study, we investigated the correlation between individuals’ tendencies toward smartphone use disorder
(SmUD) and objective measures of the frequency of smartphone usage. Additionally, we put to test the hypothesis that the pathway
linking the frequency of actual smartphone usage to self-reported tendencies toward SmUD was mediated by the increased
frequency of IM and SN app usage.
Methods: We recruited a sample of 124 adult smartphone users (females: 78/124, 62.9%; age: mean 23.84 years, SD 8.29 years)
and collected objective information about the frequency of smartphone and SN app usage over 1 week. Participants also filled
in a self-report measure for assessing the multiple components of tendencies toward SmUD. Bivariate associations were investigated
by using Spearman correlation analyses. A parallel mediation analysis was conducted via multiple regression analysis.
Results: The frequency of smartphone usage, as well as the use of IM apps (Messenger, Telegram, and WhatsApp [Facebook
Inc]), Facebook, and image-based apps (Instagram and Snapchat), had significant positive associations with at least 1 component
of SmUD, and the cyberspace-oriented relationships factor exhibited the strongest associations overall. We found support for an
indirect effect that linked actual smartphone usage to SmUD tendencies via the frequency of the use of image-based SN apps.
Conclusions: Our novel results shed light on the factors that promote SmUD tendencies and essentially indicate that image-based
SN apps seem to be more strongly associated with problematic smartphone behaviors compared to IM apps and traditional SN
apps, such as Facebook.
(J Med Internet Res 2021;23(9):e27093) doi: 10.2196/27093
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Introduction
Web-based social communication via instant messaging (IM)
and social networking (SN) apps makes up a large part of the
time that smartphone users spend on their devices, and this time
exceeds the time that smartphone users spend on other activities,
including being productive and gaming [1]. Among the most
popular IM apps are WhatsApp (Facebook Inc), Facebook
Messenger (Facebook Inc), WeChat (Tencent Holdings
Limited), Telegram, and Signal (Signal Messenger LLC), with
WhatsApp being the most popular IM app worldwide [2]. IM
apps allow for the one-to-one and group-based transmission of
messages and vary considerably in terms of their specific
characteristics and affordances (eg, file sharing and voice
calling). Popular SN apps include Facebook (Facebook Inc),
Instagram (Facebook Inc), Twitter (Twitter Inc), Snapchat (Snap
Inc), and TikTok, with Facebook being the most popular SN
app [3]. SN apps feature microblogging capabilities that allow
smartphone users to broadcast messages, pictures, or videos to
an extensive network of smartphone users and receive feedback
(ie, comments and likes) on the shared content—a feature that
is distinctive from those offered by IM apps and may play a
crucial role in triggering problematic behaviors [4,5]. Currently,
SN apps are shifting toward image-based ephemeral media
sharing (ie, media that are available for a limited time)—a
feature that was introduced by image-based apps such as
Snapchat and Instagram but has also been implemented on more
traditional platforms (eg, the recent introduction of Facebook’s
time-limited stories feature). Notably, such a time restriction
on content availability might pressure smartphone users to watch
or read a story instantly. Otherwise, one might miss crucial
information in one’s social network.
Previous findings have indicated that the excessive use of SN
apps on smartphones is positively associated with problematic
behaviors related to the use of devices in general [6-8]. These
findings suggest that the link between problematic smartphone
use and smartphone use disorder (SmUD; a discussion of
terminology was conducted by Montag and colleagues [9] in
2021) can, in part, be explained by the use and overuse of SN
apps on smartphones. It is worthy to note that many of the
available inventories that assess problematic behaviors in this
area of research use an addiction framework. However, the
question regarding the actual nature of problematic smartphone
and SN use has not been ultimately settled until now. In line
with the term disorder, which is used to describe behavioral
addictions in the International Classification of Diseases, 11th
edition (eg, gaming disorder) as well as those in previous
literature related to this area of research [7,10], we chose to use
the term SmUD in this paper. Still, we explicitly stress the
importance of refraining from pathologizing everyday life
behaviors [11]. Moreover, we explicitly mention that so far,
SmUD does not represent an official diagnosis, and in this paper,
we aimed to unify the terminology used in related literature
without judging on the nature of the construct underlying the
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term itself. It must also be mentioned that the concept of SmUD
is being fiercely discussed by researchers, as smartphones are
only vehicles for accessing various apps, which in turn may
trigger the addiction to the device itself [12], similar to how
someone diagnosed with an alcohol use disorder is not
dependent on the bottle but on the beverage. Beyond this, it is
very likely that for many smartphone users, SmUD might
resemble social networks use disorder to a high degree due to
the substantial overlap of concepts [7,13]. Further, we also want
to hint at recent works that discuss what prerequisites need to
be met to speak of a disorder that results from problematic
behaviors and might be classified within the residual category
of “other specified disorders due to addictive behaviors” in the
International Classification of Diseases, 11th edition. The
criteria suggested are (1) scientific relevance for clinical
relevance, (2) theoretical embedding within addiction
frameworks, and (3) empirical evidence for the validity of
mechanisms that underlie addictive behaviors. In terms of a
potential social networks use disorder, these criteria are widely
met, although the scientific evidence for clinical relevance and
functional impairment are still less convincing compared to the
evidence for other disorders resulting from addictive behaviors,
such as gaming disorder [14].
It is noteworthy that although we distinguish between messaging
and SN apps in this paper, SN can be seen as an umbrella term
that also includes messenger apps [15]. For our research, it is
of interest that increasing amounts of evidence indicate that
image-based apps such as Instagram and Snapchat may exert
stronger detrimental effects on adverse health-related outcomes,
including sleep problems, psychological distress, and
problematic behaviors, compared to those exerted by more
traditional SN platforms such as Facebook and Twitter [16-18].
Interestingly, a new study by Rozgonjuk et al [19] reported that
the problematic use of WhatsApp and Instagram was the factor
that was the most strongly linked to productivity loss in
everyday life (ie, compared to Facebook and Snapchat use).
Another work has also shown that these two platforms might
be associated with the most problematic consequences for
smartphone users [20]. These studies are based on self-report
data; however, recent literature has explored the associations
between smartphone and IM and SN app usage and SmUD
based on objective measures [17,21,22] (a related review was
conducted by Ryding and Kuss [23]). Some of the studies in
this area of research focus on overall measures of smartphone
usage, such as screen time and screen unlock events, but do not
explore app usage measures [24,25]. Additionally, other studies
have provided evidence of the links between SmUD variables
and broad app usage categories (eg, chatting [26] and SN use
[21,22]). We could only find 1 study [17] that distinguished
between traditional and image-based SN platforms when
examining the link between app usage and SmUD. The results
provided by Noë and colleagues [17] showed that Snapchat use
was more strongly related to self-reported tendencies toward
SmUD than the use of other IM and SN apps (eg, WhatsApp
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and Facebook)—a finding that the authors interpreted as the
result of the in-built design features in Snapchat that promote
high-frequency usage. The findings of Rozgonjuk et al [20]
differ from those of Noë et al [17]; by using self-report data,
Rozgonjuk et al [20] reported that the lowest magnitude of
correlations was found between Snapchat use and SmUD
incidence and that the highest correlations were found between
SmUD and problematic WhatsApp and Instagram use.
Nevertheless, both of these findings point toward the need to
distinguish between IM, traditional, and image-based SN apps
when examining their associations with SmUD.
To build on these findings, in this study, we aimed to examine
the existing associations between objective records of
smartphone, IM platform, and SN platform activity and
individual differences in self-reported SmUD. More specifically,
we tested the following hypotheses:
•

•

Hypothesis 1: Significant associations exist between
self-reported tendencies toward SmUD and objective
measures of the usage of the smartphone and IM and SN
platforms.
Hypothesis 2: The association between self-reported
tendencies toward SmUD and overall smartphone usage is
mediated by the frequency of IM and SN app usage (both
traditional and image-based apps).

Based on the existing literature about theoretical considerations
and previous empirical findings [6-8], we expected that a
positive link would emerge between actual smartphone usage
and users’ perceptions of being at risk for SmUD. We also
expected that this link might, in part, be mediated by the usage
of both IM and SN apps and that image-based SN apps would
have a stronger mediation effect [17].

Methods
Sample
Our sample consisted of individuals who were recruited among
students at a German university campus by using a convenience
sampling strategy. The inclusion criteria for this study were
legal age (18 years and over) and current ownership of a
smartphone. Participants were recruited between March 2017
and August 2018 and consisted of 124 individuals with a mean
age of 23.84 years (SD 8.29 years; range 18-63 years) and a
majority of female individuals (78/124, 62.9%). Participants
gained university credits or monetary compensation for their
participation. With regard to education level, of the 124
participants, 2 (1.6%) reported having finished secondary school,
10 (8.1%) reported holding a vocational baccalaureate diploma,
92 (74.2%) reported holding an A-level diploma, 3 (2.4%)
reported holding a degree from a university of applied sciences,
and 17 (13.7%) reported holding a university degree. Prior to
their participation in this study, participants were provided with
detailed information on the aim of this study, all variables that
were tracked by the Insights app (see also the Objective
Smartphone Activity Data section), how data were recorded,
who was granted access to their data, and where data were saved
and analyzed. Participants were informed about their right to
request the deletion of their data at any time during this study.
https://www.jmir.org/2021/9/e27093
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All participants provided digital informed consent via the app
prior to their participation in this study. In order to facilitate the
installation process, participants were invited to the laboratory,
where scientists guided the participants through the Insights
app installation process. Therefore, no problems with the
installation process were observed. The study was approved by
the local ethics committee of Ulm University, Ulm, Germany.
It should be noted that in this study’s data set, there was an
overlap among other publications—there was 1 study that
investigated links between call variables and personality [27];
1 study that investigated the molecular genetics of social
network size [28]; and 1 study that investigated links between
smartphone variables and self-reported mood, drive, and stress
levels [29].

Objective Smartphone Activity Data
In order to collect participants’ smartphone activity data, the
Insights app [30]—an Android-based smartphone app—was
installed on participants’ phones by either the examiner or the
participants themselves. The app allowed for the recording of
different variables, such as the number of calls per day
(incoming, outgoing, and missed calls), the frequency of specific
smartphone events (eg, screen unlock and screen on events),
and data related to users’ sessions on smartphone apps. An
in-depth review of the Insights app was conducted by Montag
et al [27].
Participants varied considerably in terms of the duration of study
participation, which ranged from 1 week to 2 months (based on
recorded activity). Based on considerations about the potential
incomparability of data that are collected during different time
frames and the need to maximize our sample size for this study,
we decided to limit our analyses to smartphone data that were
collected during the first week (7 days) of smartphone data
collection. Given this time frame, we retrieved the following
information: the number of smartphone sessions that were
started by the user unlocking the smartphone screen (ie, the
number of screen unlock events) and the number of sessions on
IM apps (ie, Facebook Messenger, Telegram, and WhatsApp),
traditional SN apps (ie, Facebook and Twitter), and image-based
SN apps (ie, Instagram, Snapchat, and TikTok). Participants
were coded as having 0 sessions on the app if they either had
the app installed on their smartphones and did not use it or did
not have the app installed on their smartphones. We followed
such a strategy to conduct analyses on the complete sample and
to take into account that not each app of interest was installed
on each phone. The Insights app allowed for the tracking of
both the screen unlock events and screen on events of Android
smartphones; each event represented an indicator of users’ active
use of their smartphone. However, while both screen unlock
events and screen on events were triggered through users’
interaction with their smartphone’s hardware (ie, the screen or
buttons), screen on events could also be triggered by app
notifications (depending on the smartphone settings). Due to
this potential confounding factor, for the purpose of this paper,
analyses were presented by using the screen unlock event
variable. However, for full transparency, we presented and
commented on the associations between screen on and screen
unlock events and app session and SmUD variables in
Multimedia Appendix 1.
J Med Internet Res 2021 | vol. 23 | iss. 9 | e27093 | p. 3
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
Based on the collected data, WhatsApp was the most used app
during the investigated time frame (participants: 122/124,
98.4%), followed by Facebook (70/124, 56.5%), Messenger
(60/124, 48.8%), Instagram (56/124, 45.2%), Snapchat (41/124,
33.1%), and Telegram (13/124, 10.50%). Of the 124
participants, 123 (99.2%) used IM apps and 67 (54%) used
image-based SN apps. In turn, we found that no participants
used the TikTok app; however, it should be noted that at the
time data collection started for the present study, the TikTok
app was called “musical.ly” [31], and was later renamed TikTok
starting on November 2017. Further, only 3 participants reported
using the Twitter app. Due to the small number of users, the
TikTok and Twitter apps were not considered further in this
study.

Individual Differences in Tendencies Toward SmUD
We administered a German version of the Smartphone Addiction
Scale (SAS) [32], which consists of 33 items that are rated on
a 6-point Likert scale (1=strongly disagree; 6=strongly agree).
It is worthy to note that the SAS scale is not a diagnostic tool
for SmUD but is instead meant to provide an assessment of
users’ addictive tendencies toward using smartphones. To keep
in line with previous studies [7,10] however, in this study, the
SAS total score was treated as an indicator of a general tendency
toward SmUD. The SAS items assess 6 components of
smartphone addiction, namely daily life disturbances (eg,
“Missing
planned
works
due
to
smartphone
usage”), positive anticipation (eg, “Feeling pleasant or excited
while using a smartphone”), withdrawal (eg, “Having my
smartphone in my mind even when I’m not using it”),
cyberspace-oriented relationships (eg, “Feeling that my
smartphone buddies understand me better than my real-life
friends”), overuse (eg, “Using my smartphone longer than I had
intended”), and tolerance (eg, “The people around me tell me
that I use my smartphone too much”). The items were summed
to compute an overall indicator of the tendency toward SmUD
(SAS total score: mean 70.10, SD 22.84). For the purpose of
this study, the SAS total score had excellent reliability
(Cronbach α=.94). The reliability of the 6 components was also
adequate (daily life disturbances: α=.80; positive anticipation:
α=.80; withdrawal: α=.80; cyberspace-oriented relationships:
α=.77; overuse: α=.69; tolerance: α=.86). It should be noted
that for most of the participants (74/124, 59.7%), the SAS was
administered within 1 month of the beginning of smartphone
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data collection; the remaining participants filled in the SAS
within 6 months (14/124, 11.3%) or more than 6 months
(36/124, 29%) from the beginning of smartphone data collection.
In regression analyses, we controlled for this effect by using a
covariate that represented the time (in months) between
self-reports and smartphone data collection.

Strategy of Analysis
First, we computed descriptive statistics (the mean and SD of
the number of app and smartphone sessions). Second, we
calculated Spearman correlation values between the number of
app and smartphone sessions and age and between the number
of such sessions and indicators of tendencies toward SmUD (ie,
SAS subscales and total score). Mann-Whitney U tests were
performed to evaluate the association between gender and
smartphone and app session variables. In all inferential tests,
results were considered significant when P was <.05.
Third, we performed a mediation analysis via multiple linear
regression models for predicting the overall tendency toward
SmUD. The diagrams for the examined models are shown in
Figure 1. As a first step, we examined the total effect that
participants’ frequency of smartphone use (ie, the number of
smartphone sessions started by a screen unlock) had on
tendencies toward SmUD. In the mediation model, participants’
number of sessions on Facebook, image-based SN apps (ie,
Instagram and Snapchat), and IM apps (ie, WhatsApp, Telegram,
and Messenger) were investigated as multiple parallel mediators
of the link between the frequency of smartphone use (ie, the
number of smartphone sessions started by a screen unlock) and
tendencies toward SmUD. In all analyses, we controlled for the
effects of gender, age, and the time of the administration of the
SAS (ie, the number of months after the collection of
smartphone data). Analyses were performed by using 10,000
bootstrap samples to compute 95% CIs. Bootstrapping was used,
as it did not impose assumptions on the distribution of residuals.
Moreover, the use of bootstrapping is appropriate when
potentially dealing with nonnormally distributed variables [33].
Estimated effects were deemed significant if 95% (bootstrap)
CIs did not span 0. Finally, pairwise contrasts of indirect effects
were used to test whether differences in the size of indirect
effects were statistically significant (P<.05). Analyses were
performed with SPSS 23 (IBM Corporation) by using the
Process macro [34].
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Figure 1. Total effect (A) and mediation (B) models for smartphone use disorder. For ease of visualization, the results of covariates are not reported
in the figure. IM: instant messaging; SAS: Smartphone Addiction Scale; SN: social networking.

Results
Descriptive Statistics and Correlations
Table 1 depicts descriptive statistics for app and smartphone
session variables as well as the associations between these
variables and gender. Table 2 provides information about the

associations among app and smartphone session variables, age,
and indicators of tendencies toward SmUD (SAS subscales and
total score). Based on the number of weekly app sessions (Table
1), WhatsApp was the most frequently used app in the overall
sample, followed by Facebook, Instagram, Snapchat, Messenger,
and Telegram.

Table 1. The number of weekly sessions on apps and smartphones: descriptive statistics of the overall sample stratified by gendera.
App or device

U

P value

All participants (N=124)

Males (n=46)

Females (n=78)

Facebook

43.25 (65.78)

45.61 (79.78)

41.86 (56.45)

1843.50

.79

Image-based social networking apps

61.81 (104.96)

50.09 (126.24)

68.72 (90.31)

2098.50

.10

Snapchat

21.86 (52.03)

22.24 (60.3)

21.64 (46.91)

1841.50

.77

Instagram

39.34 (70.35)

27.85 (74.98)

47.08 (66.94)

2098.50

.06

327.31 (219.56)

336.26 (207.92)

322.03 (207.41)

1767.50

.89

Telegram

6.41 (40.10)

4.37 (13.88)

7.62 (49.52)

1773.00

.84

WhatsApp

319.10 (219.56)

332.96 (226.82)

310.92 (216.24)

1742.50

.79

Messenger

8.05 (22.57)

6.57 (15.53)

8.92 (25.9)

1976.00

.31

347.26 (199.43)

331.54 (184.20)

356.53 (208.48)

1945.00

.44

Instant messaging apps

Smartphone use
a

Number of sessions/week, mean (SD)

Gender was coded (male=0; female=1).
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Table 2. The correlations between app and smartphone usage variables and age and between usage variables and the individual differences in tendencies
toward smartphone use disorder (N=124).
App or device

Variables, Spearman ρ (P values)
Age

Facebook

−0.06 (.53) −0.01 (.96)

Image-based social −0.36
networking apps
(<.001)

CYa

Overuse

Tolerance

Total SASb
score

−0.01 (.95) 0.14 (.11)

0.15 (.10)

0.14 (.12)

0.31 (<.001)

0.07 (.48)

0.31 (<.001)

0.29 (.001)

0.27 (.003)

0.40 (<.001)

0.28 (.002) 0.35 (.001) 0.40 (<.001)

Snapchat

−0.33
(<.001)

0.23 (.009)

0.19 (.03)

0.23 (.009)

0.30 (<.001)

0.24 (.007) 0.25 (.006) 0.30 (.006)

Instagram

−0.26
(.003)

0.26 (.003)

0.25 (.006)

0.18 (.049)

0.39 (<.001)

0.22 (.01)

0.30
(<.001)

0.33 (<.001)

Instant messaging
apps

−0.26
(.004)

0.18 (.048)

0.33 (<.001)

0.24 (.007)

0.39 (<.001)

0.13 (.15)

0.20 (.03)

0.30 (<.001)

Telegram

−0.03 (.72) −0.08 (.37)

0.16 (.07)

−0.03 (.73)

0.13 (.14)

−0.01 (.95) 0.09 (.31)

0.03 (.72)

WhatsApp

−0.24
(.006)

0.15 (.10)

0.28 (.002)

0.21 (.02)

0.36 (<.001)

0.09 (.33)

0.16 (.08)

0.26 (.003)

Messenger

−0.11 (.21) 0.12 (.17)

0.23 (.009)

0.25 (.005)

0.33 (<.001)

0.21 (.02)

0.15 (.10)

0.26 (.004)

−0.30
(<.001)

0.38 (<.001)

0.30 (<.001)

0.44 (<.001)

0.20 (.03)

0.23 (.01)

0.38 (<.001)

Smartphone use

a

Life disturbances Positive anticipation Withdrawal

0.23 (.01)

CY: cyberspace-oriented relationship.

b

SAS: Smartphone Addiction Scale.

The results of Mann-Whitney U (Table 1) tests indicated that
there was no significant association between gender and
smartphone and app session variables. With regard to
correlations (Table 2), we found that all of the weekly app and
smartphone session variables, except those for Facebook
(P=.53), Messenger (P=.21), and Telegram (P=.72) sessions,
had a significant negative correlation with age. We also analyzed
correlations between the objectively recorded SN app, IM app,
and smartphone session variables and the indicators of
tendencies toward SmUD variables. The daily life disturbances
score had positive correlations with the number of Instagram
sessions, Snapchat sessions, image-based SN app sessions, IM
app sessions, and overall smartphone sessions, but not with the
number of Facebook and each specific IM app sessions. Positive
anticipation, withdrawal, and the general tendency toward
SmUD (ie, the SAS total score) had positive correlations with
all of the app and smartphone session variables except for the
number
of
Facebook
and
Telegram
sessions.
Cyberspace-oriented relationships had moderate positive
correlations with all app and smartphone session variables
except for the Telegram session variable. The overuse subscale
scores positively correlated with the number of participants’
Snapchat, Instagram, image-based SN app, and Messenger
sessions and the number of overall smartphone sessions. Finally,
tolerance positively correlated with the number of participants’
Snapchat, Instagram, image-based SN app, and IM app sessions
(tolerance did not show significant correlations with sessions
on specific IM apps) and the number of overall smartphone
sessions.

Mediation Analyses
We also examined the total effect and mediation models for
analyzing the association between the number of smartphone
https://www.jmir.org/2021/9/e27093
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sessions and participants’ general tendency toward SmUD (ie,
the SAS total score). The results of total and direct effects are
shown in Figure 1. For ease of visualization, the results of
control variables (ie, age, gender, and the time of the
administration of the SAS) are not shown in the figure but are
only discussed in the text. In the total effect model, we found
that the number of smartphone sessions had a positive
association with participants’ tendency toward SmUD. In the
mediation model, after including Facebook, image-based SN
app, and IM app session variables in the model, the number of
smartphone sessions (ie, screen unlocks) no longer showed a
significant association with tendencies toward SmUD. In turn,
participants’ number of sessions on image-based SN apps had
a significant positive association with tendencies toward SmUD.
In contrast, the number of sessions on Facebook and IM apps
had no significant association with tendencies toward SmUD.
In all tested models, associations between control variables and
tendencies toward SmUD were nonsignificant.
The examination of indirect effects (Table 3) showed that the
association between the number of smartphone sessions and
tendencies toward SmUD was mediated by the number of
sessions spent on image-based SN apps (effect=0.010; 95% CI
0.002-0.024; standardized effect=0.090). The remaining indirect
effects were not significant. Finally, based on the
pairwise contrast of unstandardized indirect effects, there was
a significant difference between the indirect effects in the
Facebook and image-based SN app session routes
(contrast=−0.015; 95% CI −0.032 to −0.001); however, the
remaining contrasts were not significant (Facebook vs IM apps
contrast: −0.010; 95% CI −0.043 to 0.029; image-based SN vs
IM app contrast: −0.005; 95% CI −0.046 to 0.025).
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Table 3. Indirect effects linking smartphone use to tendencies toward smartphone use disorder stratified by routes of indirect effects.
Route of indirect effects

Effect (95% CI)

Standardized effect (95% CI)

Session on Facebook

−0.005 (−0.016 to 0.006)

−0.041 (−0.132 to 0.049)

Session on image-based apps

0.010 (0.002 to 0.024)

0.090 (0.015 to 0.209)

Session on instant messaging apps

0.005 (−0.029 to 0.036)

0.046 (−0.250 to 0.319)

Discussion
Principal Findings
This study investigated the associations between individual
differences in self-reported tendencies toward SmUD and a set
of objectively measured smartphone activity frequency and IM
and SN app usage indicators. First, we explored the hypothesis
that objectively measured indicators of smartphone and app
usage would have a significant association with self-reported
tendencies toward SmUD. Our data support this hypothesis.
From a purely quantitative standpoint, based on our findings,
the association between actual smartphone usage (assessed via
screen unlock events) and overall tendencies toward SmUD is
moderate (ρ=0.38) and appears to be close to the upper limit of
what has been reported in previous studies that used objective
smartphone data [24,25]. Further, our results showed that an
indicator of the usage of image-based SN apps (ie, Instagram
and Snapchat) had the strongest association with SmUD
tendencies when compared with indicators of the use of IM apps
and Facebook. It is noteworthy that among the image-based SN
apps, the use of Instagram had a relatively stronger association
with tendencies toward SmUD variables (ρ: range 0.22-0.39)
when compared with the use of Snapchat (ρ: range 0.19-0.30).
The overall use of IM apps was positively related to all of the
components of tendencies toward SmUD except for the overuse
component. In turn, Facebook use was only associated with the
cyberspace-oriented relationship component of SmUD.
Moreover, among the different components of tendencies toward
SmUD, the cyberspace-oriented relationship score had the
strongest association with the usage of both IM and SN apps as
well as overall smartphone usage. It should be noted that in our
previous work in investigating SmUD among the users of
different IM and SN platforms via self-report questionnaires,
the highest associations were observed between SmUD and
problematic Instagram and WhatsApp use, and the lowest (but
still significant) associations were observed between SmUD
and Snapchat and Facebook use [20].
We also examined our second hypothesis and tested the potential
role of the usage of IM and SN apps as a mediator of the link
between smartphone usage (ie, the frequency of screen unlocks)
and self-reported tendencies toward SmUD. We go beyond
previous studies by exploring the associations between
smartphone and app usage variables and self-reported tendencies
toward SmUD by using a parallel mediation model. Our findings
supported the hypothesis that the association between the
frequency of overall smartphone use and tendencies toward
SmUD could be mediated by the frequency of the usage of apps
that allow for web-based social communication (ie, IM and SN
apps). In particular, our analyses indicated the existence of an
indirect effect that links smartphone use and tendencies toward
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SmUD via the image-based SN app session route (ie, the
frequency of the use of such apps). However, this indirect effect
does not exist in the IM app session and traditional SN app
session routes.
Overall, combined with the findings that emerged from the
correlation analysis, the results from the mediation analyses are
in line with those of previous studies that suggest the importance
of social motives for smartphone use as predictors of tendencies
toward SmUD [6,8] as well as the relative stronger association
between tendencies toward SmUD and the use of image-based
SN apps, such as Instagram and Snapchat, when compared with
the association between such tendencies and the use of other
IM and SN platforms [17]. Further, by highlighting the
importance of social motives for both increased smartphone use
and SN app use, our findings seem to be in line with a
compensation-seeking hypothesis for SN app use (ie, using SN
platforms to compensate for perceived social deficits [35]) and,
possibly, smartphone use.

Strengths and Limitations
This study has strengths. Since we used a validated instrument
for the assessment of tendencies toward SmUD and smartphone
activity data were obtained by the use of an objective assessment
procedure (ie, a specifically devised smartphone app), our results
appear to be more reliable and valid than those reported by
studies that relied solely on self-report measures of smartphone
activity. The fact that our results were, in several ways, in line
with those reported by previous studies further supports the
validity of our findings. Future studies should also use measures
for directly assessing individual differences in social networks
use disorder and contrast their findings with those that we
observed in our study (ie, in the context of tendencies toward
SmUD).
This study also has several limitations. First, analyses were
performed on a relatively small convenience sample that
consisted mostly of young adults aged equal or below 30 years
old (116/124, 93.5%). Thus, our results cannot be generalized
to the general population. The relatively small sample size may
also have had a negative impact on statistical power; based on
the posthoc computation, our sample size appears to be large
enough to detect medium to large correlations and regression
effects, but it was not large enough to detect small associations
among the examined variables in a robust way. These limitations
are common in psychological studies that are based on objective
assessments of smartphone use [23]. Still, replication studies
with larger representative samples are needed to improve the
quality and generalizability of our results.

Conclusion
This study provides novel results that shed light on the
association between individuals’ use of popular SN and IM apps
J Med Internet Res 2021 | vol. 23 | iss. 9 | e27093 | p. 7
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and tendencies toward SmUD. The results from nonzero
correlations and regression analyses seem to suggest that the
features implemented in image-based SN apps could be more
strongly related to individual differences in tendencies toward
SmUD compared to those available in IM apps and traditional
SN apps, such as Facebook. Further, we also mention our
previous work [20] in using a self-report methodology to
demonstrate the robust associations between SmUD and
problematic WhatsApp use. However, this study supports the
idea that smartphones are just vehicles for accessing many

Marengo et al
different apps. Our data further indicate that reducing the
problematic use of social media and messaging apps
(particularly image-based SN app use) might help to reduce the
overall SmUD tendencies of a person. Of interest is a recent
study [36] that suggests that switching the smartphone mode
from color mode to gray mode helps to reduce the time spent
on smartphones and social media apps. Image-based SN apps
might be particularly less interesting when images are only
presented in gray mode.
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