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ABSTRACT

Background and aims: During the COVID-19 lockdown, problematic Internet use (PIU) has become a
serious issue among residential college students, who remain physically isolated from off-campus so-
ciety. This study constructs an integrated model to investigate the influencing mechanisms of internal
locus of control (LOC) and objective peer effects. Methods: Residential college students (n 5 494) were
surveyed from a single department of a Chinese university. An item from the World Value Survey was
employed to measure internal LOC, while objective peer effects were assessed via friends’ mutual
nominations. Finally, PIU was measured using Young’s Internet Addiction Tests, while a social network
analysis and logit regression were combined to estimate various factors’ effects on PIU. Results: In our
sample, the prevalence rate of PIU was 30.6%, and while internal LOC was a protective factor for PIU,
its protective role was diluted when exposed to a peer environment with high PIU prevalence.
Furthermore, indegree performed contrasting roles on PIU under various network conditions. It acted
as a protective factor when exposed to a low prevalence of PIU in a peer environment; however, it
became a risk factor when PIU peers were prevalent. Lastly, the protective efficacy of betweenness was
activated when individuals had more than one PIU friend. Discussion and conclusions: Further inter-
vention studies focusing on individuals with a weak internal LOC are recommended during the lock-
down. Additionally, interventions that consider the network structures carefully, may enhance the
prevention of PIU.
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INTRODUCTION

The current COVID-19 pandemic has hugely impacted national administrations and the
daily life of individuals in almost every country and region in the world. Governments have
implemented lockdown measures on a worldwide scale to reduce its rapid spread by pro-
moting the concept of social distance between individuals (Alfano & Ercolano, 2020; Di
Domenico, Pullano, Sabbatini, Bo€elle, & Colizza, 2020; Lau et al., 2020). Optimistic appraisals
about the direct effects of lockdown measures in terms of coping with public health emer-
gencies have dominated public health literature (Alfano & Ercolano, 2020). However, po-
tential mental health consequences and problematic behaviors due to the resulting isolation
are arousing the attention of scholars (Pfefferbaum & North, 2020). The sharp reduction and
considerable changes in daily offline activities and routines, respectively, due to COVID-19,
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may enhance the role of online behaviors in people’s daily
life, consequently instigating problematic media use (Ko &
Yen, 2020; Mestre-Bach, Blycker, & Potenza, 2020; Sinclair
et al., 2020) and problematic internet use (PIU) (Dong,
Yang, Lu, & Hao, 2020; Siste et al., 2020).

PIU is more prevalent among college students than
among general Internet users (Young, Yue, & Ying, 2012).
COVID-19 lockdown measures require universities to shut
down their campus facilities and conduct all academic ac-
tivities online, making college students more vulnerable to
PIU. Previous studies revealed that PIU has several risk fac-
tors amidst a lockdown. Surveyed American college students
seven days after the lockdown, Flaudias et al. (2020) suggested
that stressors triggered by the lockdown and media exposure
regarding COVID-19 were associated with problematic eating
behaviors. Furthermore, an online survey conducted by
Odriozola-Gonz�alez, Planchuelo-G�omez, Jes�us Irurtia, and
Luis-Garcia (2020) reported that over a quarter of the uni-
versity members experienced moderate to extreme depression
and stress, two weeks after the lockdown was implemented.
Another study found that the mental status of Swiss college
students worsened during the lockdown than before it was
implemented (Elmer, Mepham, and Stadtfeld, 2020).

However, despite the existing literature exploring the
psychiatric burdens of lockdown, few studies have focused on
its effects on PIU, particularly among residential college
students, who have majorly been isolated on a closed
campus. These students are at a higher risk of PIU, since the
Internet is their only efficient way to access the outside world
(Arnett, �Zukauskiene, and Sugimura, 2014). Anderson, Steen,
and Stavropoulos (2017) concluded that previous studies
investigating the risk and protective factors of PIU among
adolescents and emerging adults, have primarily focused on
individual (e.g., emotional regulation, personality traits, and
mental status) and contextual factors (e.g., parenting,
friendship quality, and classroom environment). Thus, to
develop a better understanding of PIU among residential
college students during COVID-19 lockdown, we employed
the internal locus of control and objective peer effects as the
individual and contextual influencing factors, respectively.

Internal locus of control and PIU

Rotter (1966) proposed that a locus of control (LOC) is an
essential personality trait ingredient that describes an in-
dividual’s perception of their capacity to control their life
events. The theory divided the LOC into two parts: internal
and external. Individuals with strong internal loci of control
tend to conceive events’ outcomes as being controlled by
their actions, whereas individuals with strong external loci of
control usually believe that the outcome of events involves
the intervention of others (Rotter, 1966). Both theoretical
taxonomies have been widely adopted by empirical research
and reveal similar results. Studies have suggested that an
internal LOC contributes to one’s subjective wellbeing
(Landau, 1995; Spector et al., 2001) and plays a protective
role in terms of coping with daily stress (Helmbrecht &
Ayars, 2021; Xia & Ma, 2020). In addition, an external LOC

triggers poor mental health (Kurtovi�c, Vukovi�c, & Gaji�c,
2018; Sullivan, Thompson, Kounali, Lewis, & Zammit, 2017)
and problematic, or even deviant behaviors (Blanchard &
Henle, 2008; Pals, Love, Hannibal, & Waren, 2016).

In PIU studies, scholars assume that individuals with
weak internal loci of control or strong external loci of con-
trol usually offer minimal effort when it comes to earning
rewards in real life and have a high likelihood of devoting
themselves to the virtual world (Koo, 2009; Lloyd, Frost,
Kuliesius, & Jones, 2019). Empirical evidence also supported
this assumption, like Rotsztein (2003), who revealed a pos-
itive relationship between an external LOC and PIU among
college students. Additionally, Hair and colleagues (2007)
revealed that stressed email usage is statistically significantly
related to external LOC. Chak and Leung (2004) adopted
Levenson’s (1973) taxonomy dimensions and found that an
internal local of control decreases the likelihood of PIU.
Recently, Lloyd et al. (2019) extended the LOC theory to the
virtual world in an online gaming study; moreover, they
classified the LOC further into two categories—in real life
and in a game. Results indicated that both an external LOC
in real life and internal LOC in a game environment trig-
gered problematic gaming.

Objective peer effects on PIU

The role of peers in understanding PIU is another important
focus of recent studies (Li et al., 2013; Soh, Chew, Koay, &
Ang, 2018). Social capital theory (Kawachi & Berkman,
2014), complex contagion theory (Centola & Macy, 2007),
and social bond theory (Hirschi, 1969) suggest that prosocial
and antisocial behaviors could be diffused through a peer
network. Empirical evidence demonstrated that misconduct
is more contagious during adolescence than childhood and
emerging adulthood (Daw, Margolis, & Verdery, 2015;
Lorant & Tranmer, 2019), whereas prosocial conduct or
nondeviant behaviors are less contagious (Rulison, Kreager,
& Wayne Osgood, 2014). Moffitt (1993) described this as the
gap between one’s biological and social maturity. During
adolescence, individuals tend to mimic misconduct from
peers to obtain desirable resources. When biological and
social maturities are balanced during emerging adulthood,
the transmissibility of misconduct decreases.

To substantiate Moffitt’s (1993) theory, studies have
adopted both subjective and objective measures of peer ef-
fects, which revealed inconsistent findings. A recent narrative
review (Hoeben, Meldrum, Walker, & Young, 2016) sug-
gested that future studies should use a social network analysis
(SNA) to measure objective peer effects, while avoiding
measurement bias (e.g., assumed similarity bias and same-
source bias) caused by subjective measures. However, recent
antisocial behavior and health studies using SNA mostly
focus on adolescents (Haynie, 2002; Lorant & Tranmer,
2019), and college student populations remain largely
underexplored (Hoeben et al., 2016). Additionally, studies
attributing PIU to peer effects seldom employ SNA. Thus, to
address this methodological limitation, we applied SNA to
measure the residential college students’ objective peer effects.
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Three indicators were generated from SNA in our study:
indegree, betweenness, and the percentage of PIU peers.

Indegree and betweenness are basic network attributes
that portray an individual’s social position. Indegree typi-
cally refers to an individual’s popularity (Faris, Felmlee, &
McMillan, 2020; Haynie, 2001) or peer acceptance (Rulison
et al., 2014). Researchers suggested that indegree is a useful
indicator to capture an individual’s integration capacity at-
tributes (Baron & Tindall, 1993). Studies also revealed that
individuals with high indegree usually display stronger in-
fluence in disseminating information or social values among
people adhering to similar norms (Choi, Hecht, & Smith,
2017; Huang & Sun, 2014). On the other hand, betweenness
describes the bridging potential within a community (Ruli-
son et al., 2014), and can be used to measure one’s social
status (Faris & Felmlee, 2011, 2014; Foshee et al., 2013,
2016). It represents individuals’ control capacities in a
broader scope. Individuals with high betweenness may not
necessarily share homogeneous attributes with other
network members, but they may demonstrate an ability to
link diverse sub-communities within the network.

Further, the percentage of PIU peers is the key element
that describes peers’ PIU status. In an SNA approach, several
studies indicated that the status of one’s friends in a self-
selected network may also change the status of their network
(Haynie, 2001, 2002; Lee & Lee, 2020). For example, Haynie
(2002) revealed that the percentage of delinquent friends in
one’s network is a risk factor of personal subsequent de-
linquency. Lee and Lee (2020) reported that depression is
mostly contagious by both median and high depressive peers
within one’s friend network. In addition, Haynie (2001)
revealed connections between indicators of a peer network
and individual deviant behaviors that were strengthened by
deviant friends in a self-selected network. These results
implied that the percentage of PIU peers among a residential
college student’s self-selected network may serve as both a
trigger of personal PIU risk as well as a catalyst between
influencing factors (internal LOC, indegree, and between-
ness) and PIU risk.

Current study overview

In the current study, residential college students living in
closed universities reduced their participation in offline
conveniences during the COVID-19 lockdown. Since offline
community activities were restricted to university members,
the Internet provided a vent for students to access activities
outside of the university, amplifying the risk of suffering
from PIU. Thus, preventing PIU is a burning issue during
these kinds of emergency measures. To provide a better
understanding of PIU antecedents, we employed the notion
of an internal LOC and adopted the friend nomination
method to construct college students’ objective peer effects
in order to answer the following: (1) Does an internal LOC
serve as a protective factor for PIU? (2) Are objective peer
effects (indegree, betweenness, and percentage of PIU peers)
associated with PIU? (3) Does the percentage of PIU peers
moderate the associations between influencing factors

(internal LOC, indegree, and betweenness) and PIU, and if
so, how?

METHODS

Participants

Participants were students recruited from a large university
in a major metropolitan area in China; this university
adopted a closed-management strategy at the beginning of
the semester (from July 1, 2020 to September 1, 2020) to halt
the spread of the pandemic. Therefore, students from one
class of a department, which strictly adhered to this strategy,
were selected. For sociodemographic information, we
included sex (female 5 1, male 5 0), age, and ethnicity (1 5
Han, 0 5 other).

Measures

The Chinese version of Young’s Internet Addiction Tests
(IAT) (Young, 1998) was adopted to screen individuals’ PIU,
and it contains eight dichotomized items, representing eight
distinct symptoms of PIU. The IAT has an adequate reli-
ability (Cronbach’s alpha 5 0.754) in the current sample.
Participants were required to report their perceptions of
each question during the lockdown, and if they answered
“yes” to at least five of the eight criteria, they were classified
as experiencing PIU (Young, 1998).

Internal LOC was evaluated by asking participants the
following question from the World Value Survey (Inglehart
et al., 2014) in the context of the university lockdown: “Some
people feel that they have free choice and control over their
lives, while others feel that what they do has no real effect on
what happens to them.” The response scores ranged from
one to ten, where a higher score represented a greater sense
of control.

Indegree was calculated based on the number of
friendship nominations received from others. A higher score
meant that the participants received more friendship nom-
inations (i.e., they are more popular) than those with lower
indegree scores. On the other hand, betweenness was
assessed by computing the percentage of the shortest paths
that pass through specific individuals (Burt, 2015). Thus, a
higher betweenness score indicated that the individual was
more likely to function in a “bridge spanning” role across the
entire peer friendship network. Lastly, the percentage of PIU
peers was calculated by computing the proportion of the
respondents’ peers, who satisfied the PIU criteria (IAT
scores ≥5). In this study, we operationalized a personal peer
network via mutually nominated friends. For example, in a
hypothetical network, if A nominated B, C, and D as their
friends, but only B and C nominated A in return, then only
B and C were considered as A’s peer network.

Procedure

An online survey was conducted with 546 undergraduate
students from a class of a single university department and
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data were collected from October 8–30, 2020. The partic-
ipation rate was 96.3%, and missing data was largely due to
absences. During the survey, participants were required to
nominate five (maximum) best friends (average 5 4.88)
from the same department. Since every student in the
department was invited to participate, the mutual nomi-
nation system was believed to capture the friendship
network structure of the whole department. The network-
related variables were constructed based on the collected
friendship network. Individuals who did not receive any
friendship nominations were removed from the analysis
because their network-related variables could not be
calculated. Finally, 494 individuals were included in the
study’s analysis.

Statistical analysis

A sequence of statistical procedures was applied to explore
the research questions. Descriptive statistics were computed
initially for all the study variables to outline the sample
characteristics. Further, t-tests were performed to examine
the differences between the PIU and non-PIU samples.
Network graphs were constructed to display individuals’
distribution across the peer network. The nodes’ layout was
constructed based on the Fruchterman-Reingold layout al-
gorithm (Fruchterman & Reingold, 1991). The size of the
node in the network graphs were weighted in accordance
with the internal LOC, indegree, and betweenness, respec-
tively. Logit regressions with interaction terms were esti-
mated to investigate whether the internal LOC, objective
peer effects, and their interaction items were statistically
significantly associated with PIU. Afterward, simple slope
tests (Dawson, 2014) and a Shapley value decomposition
(Shorrocks, 1982) were conducted to further investigate the
existence of moderating effects and their relative contribu-
tion to the regression model.

Ethics

Written informed consent was obtained from all participants
prior to the interviews and survey administration. The
current study was approved by the research ethics com-
mittee of School of Political Science and Public Adminis-
tration at Huaqiao University.

RESULTS

Table 1 presents the descriptive statistics and t-test results
between non-PIU and PIU students for all the variables
analyzed in the current study. The results indicate that
30.6% of the sample suffered from PIU. Of these, 71.5% were
females, 87.3% who were Han, and the mean age was 19.69
years. No sociodemographic variables presented statistical
differences between non-PIU and PIU students. Moreover,
indegree and the percentage of PIU peers were also equally
distributed between these groups. However, compared to
non-PIU students, the PIU students reported statistically
significant lower levels for both an internal LOC and
betweenness.

Figure 1 presents the egocentric friendship network for
each participant in the current study. Figure 1a suggests that
the non-PIU students had a stronger internal LOC, as
compared to the PIU students. These results were consistent
with the T-test results shown in Table 1. Further, Fig. 1b
shows that the relationship between indegree and the
probability of PIU was complex. Some parts of Fig. 1b (e.g.
the upper and right parts), suggest that students with higher
indegree had lower probabilities of PIU, but other parts
show the reverse. For example, Part I (see Fig. 1d) suggests a
negative association between indegree and the probability of
PIU. Meanwhile, Fig. 1c reveals that the students with high
betweenness usually had a low likelihood of PIU. When
comparing Figs 1b and 1c, it is easy to observe that partic-
ipants with a high indegree did not necessarily have a high
betweenness within the network. When comparing the same
parts of two sub-figures among six participants who had
relatively low indegree, as shown in Fig. 1e (Part II in
Fig. 1b), five nodes had statistically significant high
betweenness, as demonstrated in Fig. 1f (Part III in Fig. 1c).
These results indicate that difference between the roles of
indegree and betweenness were statistically significant in
terms of triggering PIU.

Table 2 shows the results of logit regression and
Shapley value decomposition for the variables’ main and
moderating effects. In Column 1, the internal LOC was
negatively associated with the probability of PIU (b 5
�0.194, P < 0.001), indicating that it was a protective
factor of PIU risk among residential college students.

Table 1. Descriptive statistics (n 5 494)

Variables Mean (SD) n (%) non-PIU students PIU students Differences T value

PIU (1 5 yes) – 151 (30.6%) – – – –
Female (1 5 yes) – 353 (71.5%) 0.723 0.695 0.028 0.626
Age (years) 19.690 (1.327) – 19.638 19.808 �0.169 �1.309
Ethnicity (1 5 Han) – 431 (87.3%) 0.872 0.874 �0.002 �0.075
Internal locus of control 6.692 (1.722) – 6.860 6.311 0.549 3.297ppp

Indegree 4.067 (1.934) – 4.172 3.828 0.344 1.826
Betweenness 0.010 (0.014) – 0.011 0.008 0.003 2.398p

Percentage of PIU peers 0.283 (0.295) – 0.288 0.272 0.016 0.553

Note: PIU refers to problematic Internet use. Numbers in columns “non-PIU students” and “PIU students” are mathematical means of
variables for non-PIU students (n5 343) and PIU students (n5 151), respectively. Numbers in column “Differences” are means differences
between two groups of students. ppp P < 0.001, pp P < 0.01, p P < 0.05.
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Moreover, students with high betweenness reported a low
probability of PIU (b 5 �18.737, P < 0.05), whereas the
indegree and percentage of PIU peers were not statistically
significantly associated with the likelihood of PIU. Column
2 presents each factor’s contribution rates according to the
probability of PIU. Among all the independent variables,
an internal LOC contributed the most (52.5%), while
betweenness was the second most important contributing
factor (26.0%).

In Column 3 of Table 2, the interaction test reveals that
the percentage of PIU peers weakened the protective effects
of the internal LOC (b 5 0.543, P < 0.05) and indegree (b 5
0.562, P < 0.01). All three interaction items accounted for
27.7% of the contribution to the probability of PIU. Despite
the interaction item of betweenness and the percentage of
PIU peers not being statistically significant (b 5 �72.385,
P > 0.05), it held the maximum proportion among the three
interaction items. Thus, we further analyzed this item via a

Fig. 1. Network graphs for residential college students. The node represents individuals, the edges indicate friendship nominations, the
nodes' color denotes PIU status (black 5 with PIU, white 5 without PIU), and nodes' sizes in Figs 1a, b, and c represent the value of the

locus of control, indegree, and betweenness, respectively. PIU refers to problematic Internet use
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simple slope test. While Fig. 2 shows the effects of the in-
ternal LOC, indegree, and betweenness on the probability of
PIU by different percentages of PIU peers, the results of the
slope tests are shown in Table 3.

First, Fig. 2a demonstrates that the negative relationship
between an internal LOC and the probability of PIU was
weakened with an increased percentage of PIU peers. Spe-
cifically, when the percentage of PIU peers was below or
equal to 25%, the internal LOC reduced the likelihood of
PIU. However, this protective effect was diluted when stu-
dents had a moderate to high percentage of PIU peers.
Second, the role of indegree on the probability of PIU was
also moderated by the percentage of PIU peers. Fig. 2b re-
veals that the effect of indegree on the probability of PIU was
reversed with an increased percentage of PIU peers. Only
with an extremely low percentage of PIU peers (e.g., 0%, as
shown in Table 3), indegree had a protective effect on PIU;
whereas, within a high percentage of a PIU peer network
(e.g., 75% and 100% PIU peers, as shown in Table 3),
indegree was a risk factor of PIU. Third, Fig. 2c shows that
the protective role of betweenness on PIU was triggered

when the self-selection network had PIU peers. If the
number of PIU peers in a self-selection network was zero,
this protective role was inactive (b 5 �0.658, P > 0.05).

DISCUSSION

This study contributes to previous research on the influ-
encing mechanisms of PIU under the COVID-19 lockdown
measures. To the best of our knowledge, it is also the first to

Table 2. Logit regression and Shapley value decomposition results

(1) (2) (3) (3)

Female (1 5 yes) �0.189 2.7% �0.196 1.8%
(0.223) (0.227)

Age (years) 0.099 7.9% 0.09 4.5%
(0.076) (0.078)

Ethnicity (15 Han) 0.041 0.1% �0.058 0.1%
(0.304) (0.31)

Internal locus of
control

�0.194ppp 52.5% �0.349ppp 37.4%
(0.059) (0.087)

Indegree �0.034 8.8% �0.184p 8.9%
(0.06) (0.088)

Betweenness �18.737p 26.0% �3.407 9.6%
(9.442) (11.204)

Percentage of PIU
peers

�0.246 2.0% �5.331pp 10.1%
(0.345) (1.736)

Internal locus of
control3
Percentage of
PIU peers

0.543p 7.3%
(0.220)

Indegree3
Percentage of
PIU peers

0.562pp 8.5%
(0.212)

Betweenness3
Percentage of
PIU peers

�72.385 11.9%
(40.485)

Constant �1.004 0.647
(1.596) (1.699)

Observations 494 494
Pseudo R2 0.034 0.057
Log likelihood �293.669 �286.674
Chi2 20.865 34.855

Note: PIU refers to problematic internet use. Numbers in columns
(2) and (4) are contribution rates of different factors to the
probability of PIU for models at column (1) and (3), respectively.
Standard errors are in parentheses. ppp P < 0.001, pp P < 0.01,
p P < 0.05.

Fig. 2. Effects of internal locus of control, indegree, and between-
ness on probability of PIU by different percentage of PIU peers.

PIU refers to problematic Internet use
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explore the factors that trigger or prohibit PIU among res-
idential college students during a university lockdown. This
is also one of the earliest studies to adopt the SNA in order
to analyze whether and how PIU was diffused within a self-
selection friendship network among emerging adults.

This study reveals several significant findings: (1) inter-
nal LOC and betweenness are protective factors for PIU, (2)
percentage of PIU peers weakened the protective role of
internal LOC on PIU, (3) indegree works as a protective
factor for PIU when the percentage of PIU peers is low,
whereas its risk in instigating PIU was triggered when the
percentage of PIU was high, and (4) the protective role of
betweenness on PIU was activated once an individual had at
least one PIU peer in their friendship network.

Consistent with the majority of previous literature on the
relationship between an LOC and PIU (Hair, Renaud, &
Ramsay, 2007; Koo, 2009; Rotsztein, 2003), this study reveals
that residential college students with stronger internal loci of
control report a lower probability of PIU. However, since an
external LOC facilitates the immersion of an online virtual
environment (Koo, 2009; Lloyd et al., 2019), PIU is more
likely to occur under a physically constrained environment.
The prevalence of PIU students in the current study was
30.6%, which is statistically significantly higher than some
previous studies’ results (Gupta, Khan, Rajoura, & Srivas-
tava, 2018; Wang et al., 2020; Young et al., 2012). Compared
to those with a weak internal LOC, students with a strong
internal LOC suffered less from the sudden change in their
living and learning conditions and held strong beliefs about
controlling the social rewards in the offline world based on
their effort (Rotter, 1966). Thus, an internal LOC is a typical
trait that can be harnessed to cope with external shock and
reduce the risk of PIU among residential college students.

Relationships between objective peer effects and PIU reveal
significant patterns. Our results differ from previous studies
focused on adolescents, which consistently show a positive
relationship between objective peer effects and deviant be-
haviors (Haynie, 2002; Lorant & Tranmer, 2019; Rulison et al.,
2014). In our study, the objective peer effects—indegree,

betweenness, and percentage of PIU peers—were not direct
risk factors for the adoption of problematic behaviors among
college students, a more mature group than adolescents. This
could be explained by Moffitt’s (1993) maturity gap hypoth-
esis: To obtain desirable resources, the deviant/problematic
behavior is more likely to be diffused by peer effects during
one’s adolescence. Once biological and social maturity are
balanced, the transmissibility of deviant/problematic behavior
is suppressed. In our sample, college students represent typical
emerging adults, who are usually aware of rewards and pun-
ishments regarding personal behaviors. Thus, the advantage of
diffusing PIU in their network is not necessarily associated
with advantaged network positions.

The moderating roles of PIU peers’ percentage provides
significant evidence on the mechanisms of PIU’s develop-
ment. First, the percentage of PIU moderated the relation-
ship between an internal LOC and PIU. Despite an internal
LOC being PIU’s protective factor, this effect was diluted
when one was exposed to a high percentage of PIU in a peer
environment. Second, the role of indegree in influencing
PIU was conditionally moderated by the percentage of PIU
peers. Indegree served as a protective factor of PIU when
one had few PIU friends. However, if the percentage of PIU
peers was high, students with high indegree had a high
probability of PIU. These moderation results were similar to
Haynie’s (2001) findings. Even individuals’maturity gap was
closed, as the peer effects from deviant/problematic behavior
when adopting friends still negatively impacted personal
behavior. Lastly, the result of the interaction item on the
percentage of PIU peers and betweenness revealed that the
protective efficacy of betweenness became activated when
individuals had one or more PIU friends.

These results revealed that indegree and betweenness
perform different roles among college students. High inde-
gree students were usually viewed as role models and are
thus, more likely to interact with other sub-community
members. Therefore, high indegree students were more
likely to be PIU foregoers when exposed to deviant sub-
communities (e.g. PIU sub-networks) during the lockdown.
However, they usually have a lower probability of PIU when
exposed to non-deviant sub-communities. On the other
hand, high betweenness students in this study displayed
higher resilience to stressful events and had a lower proba-
bility of PIU. This result was consistent with Baron and
Tindall’s (1993) findings indicating that high betweenness
individuals usually highly identify with the missions and
social values of the network, and are thus, likely to be
influenced by deviant/problematic peers.

This study also suggests several practical implications for
university management during the COVID-19 pandemic.
First, students with weak internal loci of control are vulnerable
during lockdown due to university’s closed-management
strategies. Thus, counseling programs should pay more
attention to this population, providing them with timely psy-
chological support. Second, the attribute of students’ real-life,
offline world (e.g., the position of one’s network) considerably
impacts PIU. Since pandemic-related measures request that
individuals substitute offline activities with online ones,

Table 3. Simple slope test of the effects of locus of control, indegree,
and betweenness on the probability of PIU by different percentage

of PIU peers

Internal locus of
control Indegree Betweenness

0% PIU peers �0.068ppp �0.035p �0.658
(0.015) (0.016) (2.168)

25% PIU peers �0.042ppp �0.009 �4.256p

(0.012) (0.012) (2.015)
50% PIU peers �0.015 0.019 �7.842p

(0.015) (0.015) (3.234)
75% PIU peers 0.011 0.046p �11.154p

(0.023) (0.021) (4.759)
100% PIU
peers

0.036 0.070p �13.972p

(0.031) (0.028) (6.118)

Note: PIU refers to problematic Internet use. Standard errors are in
parentheses. ppp P < 0.001, pp P < 0.01, p P < 0.05.
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student affair officers at universities should launch activities
that integrate online activities with offline campus events to
reduce students’ virtual content consumption duration.

This study has several limitations. First, no causal
inference can be made due to the study’s cross-sectional
design, and the study cannot differentiate between PIU’s
contagious and selection mechanisms. Given the relatively
short-term of universities’ closed-management measures
(two months in the current study), it is difficult to observe
the development of friend network. Future studies should
incorporate longitudinal designs to close this gap. Second,
self-reported measurements, especially IAT, may influence
potential recall and same-source bias. Therefore, future
studies should adopt objective measures (e.g. screen time
records, internet browsing traces) to overcome these biases.
Third, an internal LOC was measured by a one-item scale
(Inglehart et al., 2014), which may not be a psychometrically
reliable instrument. Further studies may adopt Rotter’s
(1966) two-dimension scale or Levenson’s (1973) three-
dimension measurement to shed further insight on this ef-
fect. Fourth, the PIU prevalence rate reached as high as
about 30% in this study. PIU may indeed be severe in spe-
cific circumstances. However, this prevalence rate may have
been overestimated by the IAT scale (Griffiths, 2000). Lastly,
this study’s sample was recruited from one department of a
university. Therefore, findings should be generalized
cautiously to a broader population.

CONCLUSIONS

The current study reveals a high prevalence of PIU among
residential college students during the COVID-19 lockdown,
suggesting that the lockdown policy has inevitably impacted
their social life. Amidst sudden social and personal devel-
opment, they are vulnerable to PIU during such a stressful
event. Future intervention programs during lockdown
should pay attention to those with weak internal loci of
control and consider network structure attributions.
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