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Abstract: Many researchers have considered whether online sexual activities (OSAs) increased over
the course of the COVID-19 pandemic and whether these have led to an increase in problematic
pornography use (PPU). This study investigated the impact of COVID-19 on PPU through pornogra-
phy use motivations (PUMs) and OSAs to develop a better understanding of the mechanism and
changes affecting PPU. Two groups of Chinese adults were recruited during the initial months of
the pandemic (April 2020, n1 = 496) and the post-pandemic period (October 2021, n2 = 504). A
network analysis was conducted to compare the structures of PPU symptoms among the two groups.
The results showed that PUMs and OSAs were stronger predictors of PPU during the pandemic
than post-pandemic (R2

pandemic = 57.6% vs. R2
post-pandemic = 28.7%). The motives of fantasy, sexual

pleasure, stress reduction, and self-exploration were the prominent motivations during these two
periods, but we found distinct PPU-related communities. PPU, sexual pleasure, and viewing sexually
explicit materials (a type of OSAs) constituted a community during the pandemic but not in the
post-pandemic’s network. The present study indicated that the pandemic may not have been the only
factor impacting the higher rate of PPU. Instead, the higher frequency of OSAs during the pandemic
may have been a strategy to cope with stress and to safely satisfy sexual desire.

Keywords: COVID-19; pornography use motivation (PUM); online sexual activities (OSAs); network
analysis; community detection

1. Introduction

The revolution in information and internet communication technology (e.g., emergence
of portable devices such as smart phones and laptops) has made pornography more
convenient and prevalent worldwide [1–3]. In addition, pornography use is related to
many aspects of our daily life, such as intimate relationships [4], sexual satisfaction, sexual
problems [5], sexual aggression [6], and body image [7]. For instance, users’ sexual body
image, penis-size dissatisfaction, and decisions concerning genital cosmetic surgery have
been associated with pornography use [8,9]. A small percentage of people (5–14%) have
been identified as having problematic pornography use (PPU) [10,11]. PPU has been
characterized as persistent, repetitive use of pornography that results in the impairment in
one’s life and the inability to reduce or cease PPU [7,9]; it is considered as a subcategory of
compulsive sexual behavior disorder (CSBD) [12–20].

During the COVID-19 pandemic, online pornography consumption significantly in-
creased [21]. Correspondingly, researchers discussed that COVID-19-related pornography-use
patterns may have exposed many to a higher risk of developing or worsening PPU [21,22].
Data, though insufficient, supported that problematic use had increased along with the
increase in pornography use during lockdowns [23], which suggested that the spike in
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pornography use may have been a coping strategy during the global pandemic. However,
the empirical evidence has been limited. Furthermore, previous studies have been primarily
conducted in western, educated, industrialized countries [23,24], it would be valuable to
explore the pornography use in the eastern, conservative cultural countries such as China.
Accordingly, comparing the characteristics of PPU over the initial months of the pandemic
and during the post-pandemic era may contribute to better understanding the patterns of
problematic and non-problematic engagement.

Furthermore, pornography use motivation (PUM) was a crucial variable in under-
standing PPU, especially during the pandemic. Motivation refers to the psychological
process that promotes the behavior’s purpose and direction [25] and determines the like-
lihood and the intensity of a behavior [26]. Grubbs et al. mentioned that pornography
use may be motivated by factors such as pleasure seeking and boredom reduction in
the context of the pandemic [23]. However, sexual motivation is complex, with affective,
motivational, and cognitive factors affecting the determination of engagement in sexual
activity [27,28], especially as the COVID-19 pandemic and subsequent lockdowns impacted
interpersonal and social behaviors as well as significant, unexpected changes in sexual
habits [29–32]. Therefore, studying the characteristics of pornography use motivations may
provide insights into pornography use within the context of the COVID-19 pandemic.

Although individual, solitary pornography use is the most common [33], other forms
of online sexual activities such as those focused on mutual arousal with a partner [3,34,35],
engaging in sex chats, and searching for sexual partners have also increased due to the
use of social interaction via online media to fill the void of in-person activities during the
pandemic [31,36]. Previous research found an association between craving pornography
and the frequency of cybersex as watching pornography has often been identified as a
gateway to cybersex, and vice versa [37]. More importantly, research has shown that both
partnered and solitary activities could be problematic [38,39]. Considering that researchers
have been encouraged to assess pornography use in a more comprehensive manner [40,41],
both solitary and partnered OSAs were considered in the current study.

1.1. Motives to Engage in OSAs

Although the importance of exploring the motives behind using the Internet for sexual
purposes has been well recognized [42–48], the prominent motivations for pornography
use during the COVID-19 pandemic are not yet fully understood. Since the COVID-19 pan-
demic can undoubtedly be considered a major stressor for the global community [31,49,50],
engaging in OSAs that avoided interpersonal contact were part of the safe recommenda-
tions for meeting sexual needs and coping with the ongoing stress without increasing the
risk of contagion [28,51]. Moreover, researchers confirmed that people expand their sexual
interests by engaging in OSAs during the pandemic [31]. It was plausible, therefore, that
coping (to reduce stress or negative emotions) and sexual pleasure (satisfying sexual desire
and sexual arousal) could have been the predominant motivations for OSAs during this
period. In addition to the impact of sexual drives [52], however, identifying the salient char-
acteristic of sexual motivations may further define the pornography use patterns during
the COVID-19 pandemic.

1.2. Motives behind OSAs and Problematic Use

The motivations unpinning addictive behaviors have been intricately linked to the
development of both behavioral and substance addictions [53–55]. Griffiths stated that
the “motivations of people participating OSAs may further increase our understanding
of Internet sex addiction” [56], and there is a growing body of research investigating
the motives that fuel problematic and nonproblematic engagement in OSAs [38,48,57,58].
Several studies that have focused on this issue found that participants with higher levels
of problematic use tend to have stress reduction and mood regulation motivators for
their activities more frequently than participants with less problematic involvement in
OSAs [38,46,48,58]. Previous studies found that participants with more problematic OSAs
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were more likely to be motivated by sexual pleasure [39,48]. Since both of these motivations
have been associated with problematic use, we investigated whether the main motivation
associated with PPU had changed at different time periods during the pandemic. In
addition, although previous studies found that solitary and partnered OSAs frequently
coexist and both can be associated with PPU [38,39], it was still unknown whether there
were different motivations behind the varied types of OSAs. Conducting a study that
clarified the complexity of these associations between different motives and types of OSAs
could thus provide more insight into problematic use.

1.3. Network Approach and Community Detection

Psychopathological states exist as dynamic, complex systems involving interactive
components [59]. In contrast to some latent models, the network analysis method can math-
ematically analyze and visually display the relationships among complex variables [60].
More precisely, it can examine the interplay between different constructs [61] and provide
a powerful visual depiction of complex associations that can reveal patterns and structures
and efficiently identify variables at central positions in the network [62–64]. Network
theories and methodologies have been successfully applied in studies concerning hypersex-
uality [63] and PPU [65,66]. In the current study, we used the network approach to assess
PPU-related network topology in order to identify the most prominent motive, and node
communities in symptom domains during the pandemic and post-pandemic periods and
to provide a novel perspective from which to examine whether pornography use may be a
problematic coping strategy during emergency situations.

1.4. The Current Study

By examining the patterns of PUMs and OSAs during and after the COVID-19 pan-
demic, this study considered the influence of COVID-19 on these factors to better un-
derstand the characteristics of problematic engagement. We used data from two groups,
separately recruited, during the initial months of the pandemic and the post-pandemic era
to address the following objectives: (1) to compare the network topology and predictability
of two PPU-related networks, (2) to identify the most salient characteristic of the motiva-
tions in the two networks, and (3) to examine the clusters of PUMs and OSAs and whether
they were associated with problematic use during the two different time periods.

2. Materials and Methods
2.1. Participants and Procedure

Pandemic group: Participants were asked to complete an anonymous Internet-based
survey through a popular Chinese survey website Wenjuanxing in April 2020, for which
each participant received a compensation of CNY 15. Eligible participants had to (a)
be 18 years old or older; (b) report having engaged in OSAs at least once during the
past 3 months; and (c) reside in China. A total of 496 adult respondents (females = 240,
48.39%) from 29 of the 34 provinces in China were included in the final data set. A total
of 95 respondents were excluded due to disqualifying information (e.g., incomplete or
duplicate data, younger than 18, did not engage OSAs in the past 3 months).

Post-pandemic group: Using the same survey website with the same inclusion and
exclusion criteria, a total of 504 adult respondents (females = 251, 49.80%) who had engaged
in OSAs at least once during the past 3 months were recruited in October 2021. In August,
September, and October 2021, 31 provinces (including autonomous regions and municipali-
ties) in Mainland China (China’s population is approximately 1.4 billion) reported monthly
COVID-19 confirmed cases of 1081, 1264, and 1893, respectively (data retrieved from the
National Health Commission of the People’s Republic of China), and cross-provincial travel
had been reinstated. Participants were recruited from 28 of the 34 provinces in China.
Table 1 summarizes the sociodemographic characteristics of the two groups. The study was
approved by the local ethics committee of Fuzhou University.
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Table 1. Comparisons of the two groups on demographic characteristics.

Characteristic Pandemic Group
(n = 496)

Post-Pandemic Group
(n = 504) χ2 (F) p

Gender ratio (men/women) 1.07 1.01 0.200 0.655

Age Mean ± SD 29.46 ± 6.79 29.42 ± 6.29 0.075 0.940
Range 18–52 18–51 - -

Sexual orientation
Homosexual 0.60% 1.19%

0.962 0.618Heterosexual 98.39% 97.82%
Bisexual 1.01% 0.99%

Relationship status Single 10.08% 21.03%
22.770 <0.001Partnered 89.92% 78.97%

Educational level

Primary school or below 0 0.40%

2.661 0.447
Vocational school 1.21% 0.79%
Middle school 2.02% 1.59%
University or college 96.77% 97.22%

Place of residence

Capital 55.65% 57.74%

2.438 0.487
County town 40.12% 39.49%
Town 2.42% 1.98%
Village 1.81% 0.79%

2.2. Instruments

The pornography use motivations scale (PUMs) was described in [46]. The PUMs is a 24-
item self-report scale that assesses eight dimensions of PUM factors, each with three items: sexual
pleasure, sexual curiosity, fantasy, boredom avoidance, lack of sexual satisfaction, emotional
distraction or suppression, stress reduction, and self-exploration. Respondents indicated their
answers on a 7-point scale from 1 (never) to 7 (all the time). The PUMs showed good reliability
in both groups (α = 0.97 in the pandemic group, and α = 0.95 in the post-pandemic group).

The online sexual activity questionnaire was described in [3]. Thirteen items were used
to measure the use of the Internet in four dimensions: viewing sexually explicit materials
(SEM), seeking sexual partners, cybersex, and flirting and sexual relationship maintenance.
Assessed items were rated on a 9-point scale that ranged from 1 (never/0 time) to 9 (at least
once a day/20 or more times). Higher scores were indicative of more frequent engagement
in OSAs. Cronbach’s alpha of the entire scale was 0.91 in the pandemic group and 0.82 in
the post-pandemic group.

The brief pornography screening (BPS) is a short screening tool that measures self-control
and use of pornography to identify individuals at risk of PPU [67]. This five-item scale uses a 3-
point rating scale, and a cut-off score of 4 was suggested to detect impaired control (range = 0–10).
Higher scores indicate higher levels of impaired control regarding pornography use. Cronbach’s
alpha of the entire scale was 0.88 in the pandemic group and 0.90 in the post-pandemic group.

2.3. Analysis

Statistical analyses were carried out in SPSS 22.0 (IBM, Armonk, NY, USA) and R
version 4.1.1 (R Foundation for Statistical Computing, Vienna, Austria), using mgm, bootnet,
qgraph, network comparison test, and igraph packages to compute the networks. We
estimated and analyzed the networks in three sections. All analyses were carried out
separately for each group.

To investigate how the twelve predictors (i.e., the four dimensions of OSAs and eight
dimensions of PUMs) were associated with PPU (measured by BPS), all thirteen variables
were included in a mixed graphical model (MGM) using the mgm package [68]. Least
absolute shrinkage and selection operator (LASSO) regression was adopted for adjustment
to reduce the appearance of false connections. To choose the most appropriate network,
we used the extended Bayesian information criterion (EBIC) and selected γ = 0.5 as the
hyperparameter value to ensure a more conservative network estimation [69,70]. We
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visualized the estimated network models using the qgraph package [71] and also calculated
the node predictability for statistical comparison (was interpreted akin to R2) to provide
the variance of each node that could be explained by all other nodes in the network [68,72].

Next, to identify the most prominent motivations during these two periods, we
calculated the three most popular indices of node centrality [73–75]. Case-dropping subset
bootstrap was used to test the accuracy of node centrality, and the correlation stability (CS)
coefficient was considered as the selection criteria (≥0.5 for excellent fit) [73]. The network
comparison test (NCT) was used to calculate p-values per node from the permutation test
concerning differences in centralities [76].

Lastly, to explore differences in the structure of connectivity among PUMs, OSAs,
and PPU across groups from an additional perspective, we ran a community detection
algorithm. A community is a cluster of nodes (e.g., factors or variables) that have more
strongly connected subnetworks in the network and can identify a group of nodes that are
primarily affected when a node in the respective subnetwork changes states. We used the
spinglass algorithm derived from principles of statistical mechanics [77] with the igraph
package [78]. The following parameters were used: spins = 25, γ = 1, start temperature = 1,
stop temperature = 0.01, cooling factor = 0.99.

3. Results
3.1. Characteristics of the Pandemic and Post-Pandemic Groups

Regarding sociodemographic characteristics, the results of the chi-squared tests in-
dicated that these two groups did not significantly differ from each other, except for
relationship status (see Table 1), which suggested that the two groups were demographi-
cally comparable. The descriptive statistics for scores concerning the PUMs, OSAs, and
BPSs are presented in Table 2. The proportion of participants above the cutoff score of the
BPS (≥4) was 61.69 percent in the pandemic group and 40.28 percent in the post-pandemic
group. Overall, the public had significantly stronger sexual motivations, engaged in OSAs
more frequently, and were at higher risk of PPU during the initial months of the pandemic
than in the post-pandemic period (ps < 0.001), with the exception of one OSA dimension,
viewing SEM. On all variables, males scored significantly higher than females during the
pandemic and post-pandemic periods (ps < 0.05). Moreover, as the results of chi-squared
show in Table 2, there was a higher proportion at risk for PPU during the COVID-19
pandemic than during the post-pandemic, regardless of gender.

Table 2. Descriptive statistics and t-tests on measures of PUM, OSA, and BPS (Mean ± SD).

Variables t/χ2 a Pandemic
(n = 496)

Men
(n = 256)

Women
(n = 240) t/χ2 b

Post-
Pandemic
(n = 504)

Men
(n = 253)

Women
(n = 251) t/χ2 c

The average score of PUM (1–7) 7.745 *** 3.54 ± 1.20 3.80 ± 1.08 3.27 ± 1.26 4.98 *** 2.96 ± 1.18 3.21 ± 1.08 2.71 ± 1.22 4.78 ***
M1 Sexual Pleasure 5.393 *** 3.84 ± 1.33 4.11 ± 1.19 3.55 ± 1.42 4.72 *** 3.37 ± 1.43 3.69 ± 1.27 3.05 ± 1.50 5.20 ***
M2 Sexual Curiosity 8.507 *** 3.54 ± 1.33 3.73 ± 1.23 3.33 ± 1.41 3.40 *** 2.81 ± 1.41 3.03 ± 1.43 2.58 ± 1.35 3.67 ***
M3 Fantasy 5.046 *** 3.53 ± 1.45 3.81 ± 1.38 3.25 ± 1.47 4.40 *** 3.07 ± 1.47 3.31 ± 1.42 2.83 ± 1.48 3.68 ***
M4 Boredom Avoidance 3.263 *** 3.30 ± 1.30 3.54 ± 1.21 3.04 ± 1.35 4.32 *** 3.02 ± 1.44 3.33 ± 1.41 2.71 ± 1.41 4.96 ***
M5 Lack of Sexual
Satisfaction 4.094 *** 3.33 ± 1.36 3.57 ± 1.29 3.08 ± 1.40 4.10 *** 2.97 ± 1.47 3.24 ± 1.47 2.69 ± 1.42 4.27 ***

M6 Emotional Distraction or
Suppression 7.568 *** 3.42 ± 1.44 3.68 ± 1.35 3.16 ± 1.49 4.03 *** 2.74 ± 1.44 2.94 ± 1.39 2.54 ± 1.47 3.08 **

M7 Stress Reduction 8.524 *** 3.58 ± 1.45 3.91 ± 1.33 3.23 ± 1.49 5.39 *** 2.81 ± 1.42 3.01 ± 1.36 2.61 ± 1.46 3.17 **
M8 Self-Exploration 9.510 *** 3.76 ± 1.44 4.00 ± 1.35 3.51 ± 1.49 3.84 *** 2.90 ± 1.43 3.09 ± 1.41 2.71 ± 1.43 3.05 **

The average score of OSA (1–9) 8.347 *** 2.63 ± 1.21 2.92 ± 1.21 2.32 ± 1.13 5.64 *** 2.08 ± 0.82 2.29 ± 0.91 1.88 ± 0.66 5.72 ***
O1 Viewing SEM d 0.865 3.32 ± 1.49 3.81 ± 1.45 2.80 ± 1.35 8.04 *** 3.24 ± 1.45 3.66 ± 1.31 2.81 ± 1.47 6.89 ***
O2 Flirting and Sexual
Relationship Maintenance 7.153 *** 2.51 ± 1.61 2.68 ± 1.68 2.32 ± 1.53 2.48 * 1.86 ± 1.21 2.00 ± 1.42 1.72 ± 0.93 2.68 **

O3 Cybersex 5.384 *** 2.04 ± 1.31 2.18 ± 1.41 1.89 ± 1.18 2.50 * 1.64 ± 1.00 1.78 ± 1.18 1.50 ± 0.76 3.20 ***
O4 Seeking Sexual Partners 7.701 *** 2.21 ± 1.43 2.39 ± 1.54 2.00 ± 1.27 3.04 ** 1.60 ± 1.05 1.69 ± 1.23 1.50 ± 0.81 2.07 *

The total score of BPS (0–10) 7.253 *** 4.53 ± 2.65 5.21 ± 2.52 3.81 ± 2.59 6.10 *** 3.30 ± 2.72 4.08 ± 2.69 2.51 ± 2.52 6.78 ***

The proportion that reached the
cutoff score (≥4) of BPS 45.88 *** 61.69% 73.83% 48.75% 32.97 *** 40.28% 49.41% 31.08% 17.60 ***

* p < 0.05, ** p < 0.01, *** p < 0.001. a t-test or chi-square test was used to determine whether there was a difference
in the two groups; b t-test or chi-square test was used to determine whether there was a gender difference in the
pandemic group; c t-test or chi-square test was used to determine whether there was a gender difference in the
post-pandemic group; and d SEM = sexually explicit materials.
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3.2. Network Analysis
3.2.1. Network Structure and Predictability

The MGM networks for the two groups are presented in Figure 1. Visual inspection
suggested that BPS occupied the center of the pandemic group’s network with high pre-
dictability (R2 = 0.58); in contrast, it occupied the peripheral position in the post-pandemic
group’s network (R2 = 0.29). In addition, the nodes in the pandemic group’s network had a
higher average predictability than those in the post-pandemic group. The nodes explained,
on average, 66.8% of the variance between them in the pandemic network and 54.2% of the
variance in the post-pandemic network. Similar tendencies were observed in both male
and female nets (Figure A1 and Table A1 in Appendix A contained additional details),
indicating that OSA and motivation were more predictive of PPU during the pandemic
than afterward. Predictability represents how strongly a focal node is influenced by its
neighbors in an individually estimated network; however, it does not provide visual details
as to which node is more important within a network and whether there is a difference in
importance for a given node in jointly estimated networks. Fortunately, node centrality
helped to identify the most prominent nodes during these two periods.
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Figure 1. Network topology for PUM, OSA, and BPS by group. Green color edges represent positive,
and red color edges represent negative associations, all lines in both networks are green. Thickness
and saturation of edges indicate the strength of associations. The filled part of the pie chart around
each node shows the predictability of each node, representing the variance of the nodes explained by
other nodes in the networks.

3.2.2. Node Centrality

Bootstrap stability analyses indicated that the closeness and betweenness (CS coeffi-
cients < 0.5) estimates were not as stable as strength (CS coefficients = 0.75). According
to the recommended value of the stability coefficient [73], we limited the interpretation
of centrality statistics to strength centrality (i.e., the absolute sum of edge weights at-
tached to a node). The z-score value of the strength for each node in the network is
shown in Figure 2. There was a high similarity in the pattern of node centrality for the
pandemic and post-pandemic groups. Specifically, using the NCT, we found that nodes
with the highest strength centrality estimates were sexual pleasure (M1, diff = −0.02,
p = 0.859), stress reduction (M7, diff = 0.01, p = 0.956), fantasy (M3, diff = 0.13, p = 0.105),
and self-exploration (M8, diff = −0.08, p = 0.300), in both networks. Nevertheless, NCT
showed that there were significant differences on the point of O1 (viewing SEM, diff = 0.28,
p = 0.004) and BPS (diff = 0.17, p = 0.005). BPS was significantly higher in the pandemic
group than in the post-pandemic group, suggesting that the public was more likely to
overuse pornography during an emergency, but could reduce their use once the emergency
had passed. Although the frequency of viewing SEM during the pandemic period was not
significantly higher than it was during the post-pandemic, the node centrality showed it
was more prominent during the pandemic, which indicated the frequency of viewing SEM



Int. J. Environ. Res. Public Health 2022, 19, 5870 7 of 16

should not be overlooked while under stress. Furthermore, we conducted brief centrality
estimates of the two groups in both genders. In all four networks (please see Figure A2 in
Appendix A for more information), the nodes with the highest estimated strength centrality
were still sexual pleasure (M1), stress reduction (M7), fantasy (M3), and self-exploration
(M8). The motivation of emotional distraction or suppression appeared more prominent for
males, both during the pandemic and post-pandemic, but it was marginally significantly
different for females (diff = 0.15, p = 0.069, please see Figure A2 in Appendix A).
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3.2.3. Network Communities

Since centrality could not determine which types of motivations and activities were
more strongly associated with BPS, the community detection method was applied. The
results of the spinglass cluster detection algorithm are presented in Figure 3. The analysis
pointed to five distinct communities (i.e., clusters) of nodes in both networks, and the
composition of the communities was similar across groups. The four dimensions of OSAs
were generally clustered into two clusters, which could be classified as either solitary
arousal (O1) and partnered arousal (O2–O4) activities. The eight dimensions of PUMs
could be roughly divided into three clusters, including pleasure-seeking motives (M1, M3,
M5), information-seeking motives (M2, M8), and coping motives (M4, M6, M7). Most
noteworthy was that one community comprised the BPS, sexual pleasure, and viewing
SEM (O1) in the pandemic network. In contrast, BPS formed a cluster on itself in the
post-pandemic network, and the community comprising sexual pleasure and viewing SEM
were distant while coping motives and partnered-arousal activities were relatively closer to
the solo BPS cluster.
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When we stratified the community detection by gender, pleasure-seeking (M1, M3,
M5) and solitary-arousal (O1) were closer to BPS for males, and these five nodes comprised
a community for both networks. Comparatively, for females during the pandemic, the BPS
and pleasure-seeking clusters worked as a community; during the post-pandemic, the BPS
and solitary-arousal (O1) clusters constituted a community, and the coping clusters (M4,
M6, M7) were closer to the BPS (see Figure A3 in Appendix A).

4. Discussion

The objective of the current study was to observe, study, and understand the charac-
teristics, motivations, and behaviors associated with the problematic use of pornography
during and after the pandemic in order to provide insights for the evaluation of and pre-
ventative measures for PPU. This study found that (1) the public had significantly stronger
sexual motivation, engaged in more frequent online sexual activities, and were more
likely to be a higher risk of PPU during the pandemic than in the post-pandemic period;
(2) centrality estimates indicated that the core nodes were fantasy, sexual pleasure, stress
reduction, and self-exploration in the networks of both groups; and (3) there were distinct
communities (clusters) of nodes associated with PPU: sexual pleasure, viewing SEM, and
PPU formed one community in the pandemic network, whereas in the post-pandemic
network, PPU formed a cluster on its own and was closer to the regulating (negative)
emotion cluster but farther from the sexual pleasure cluster.

Descriptive statistics and t-tests revealed that people had significantly stronger motiva-
tions, had OSAs more frequently, and had a higher risk for PPU during the initial months of
the pandemic than in the post-pandemic era. Interestingly, the frequency of viewing SEM
remained stable across groups, but the BPS scores dropped. This finding was attributed
to viewing SEM being typical for many adults and adolescents, and its popularity rivals
other modern technology-based activities (e.g., playing video games) [79]. This finding
also indicated that as a quantitative indicator of PPU, the frequency of pornography use
would not be a sufficient criterion for screening PPU [41]. There was also a difference in
the network structures of these two groups. The PPU (measured by BPS) was positioned
centrally with high predictability in the pandemic network, but not in the post-pandemic
network. These were consistent with the results found by Grubbs et al., and their data
showed that following the height of the first wave of the pandemic-related lockdowns,
people reported higher pornography use than during other time periods [23]. However,
compared with the available data from our previous studies, people engaged in OSAs
more frequently at the peak of the pandemic and then returned to similar levels found
prior to the COVID-19 pandemic [17,66,80,81]. China was the first country hit by the
pandemic [82]. The sudden, large-scale infectious hazard, the strict isolation measures, and
the unpredictable future placed increased pressure and severe psychological distress on the
population of China during the initial months of the COVID-19 pandemic [49,83]. Health
care providers suggested that sexual activity via digital platforms was the optimal choice
during the pandemic (in addition to abstinence) [51,84], so it was expected that people
would engage in more OSAs to meet their sexual needs and cope with the ongoing stress,
even in conservative cultures. However, intense sexual desire and increased engagement
in OSAs has been be related to the development of problematic use [38,80,85], especially
in sexually conservative cultures where there has been a stronger association between the
quantity and the severity of pornography use [41].

Node centrality analyses identified the motivations of fantasy, sexual pleasure, stress
reduction, and self-exploration as the most central nodes in both networks. Fantasy is an
intentional act of imagination that is usually solitary, typically resulting in daydreaming
or masturbation [86], and it can serve the purpose of pleasure [87]. As expected, previ-
ous studies suggested that sexual pleasure and stress reduction were the main motives
that drove people to engage in OSAs when confronted with the COVID-19 pandemic.
Higher levels of psychological distress often result in a greater propensity to use pornog-
raphy [88]. Given the evidence that many people experienced considerable economic
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hardship, acute stress, anxiety, and depression associated with the disruptive nature of
the pandemic [83,89,90], using OSAs to cope with stress, unpleasant mood states, and
boredom was reasonable [45,46,88]. Our finding that there was no difference in motivations
during the pandemic and post-pandemic periods also suggested that the influence of the
COVID-19 pandemic on mental health remained despite being nearly under control in
China. As researchers predicted, individual and societal effects caused by COVID-19, such
as economic distress and unemployment, would continue for several years after the pan-
demic [91,92]. For example, workers may experience increased stress, including exposure to
the virus itself, changes in work arrangements and schedules, effects on work–life balance,
lack of social support at work, and loss of income [93–95].

Self-exploration refers to a motivation to gain knowledge regarding one’s sexual
desires and preferences [46,96]. Although information-seeking was not the most common
motivation for pornography use [43], it appeared to be enhanced in the current study. A
possible interpretation of this finding was the impact of culture on sexual motives and
sexual education [97,98]. As individuals could use OSAs as a source to promote sexual
health through greater sexual exploration, mutual disclosure, and instant access to sexual
information and education [99–102], they were more likely to engage in them, particularly
in Asian countries that hold conservative views concerning sexuality and lack quality sex
education [103,104].

We also found specific patterns of motivations and activities associated with the PPU
during the two periods. During the initial months of the pandemic, solitary OSAs were
directly associated with PPU and driven by the motivation of sexual pleasure. Sexual
pleasure-seeking motives were commonly reported as predominant reasons for pornogra-
phy consumption [38,43,45,46,88]. Solitary arousal OSAs, which typically involve viewing
pornography, have separated sexual pleasure from intimacy in relationships and allow peo-
ple quickly to focus on pleasure-motivated goals such as sexual fantasies [35,38], which had
been suggested as a safe approach during the pandemic [105]. Although high-frequency
pornography use might not be a sufficient indicator of PPU [65,106,107], it could reflect the
degree of PPU to some extent [80].

As the consumption of pornography for pleasure increased rapidly within a short
period of time during the pandemic, individuals may have been aware of their excessive
engagement and their risk of PPU. As the BPS [67] was a sensitive tool for assessing self-
control and the use of pornography to identify individuals at risk of PPU, the specific
pattern of the PPU-related subnetwork was captured. However, this pattern appeared
to be more of a short-term adaptation during the COVID-19 pandemic. During the post-
pandemic period when individuals gradually returned to normal life activities, PPU was
more closely linked to the clusters of partnered OSAs and coping motives rather than
pleasure-seeking motives. However, solitary OSAs were still associated with the pursuit
of sexual pleasure. Coping motivations were particularly concerning, as pornography
use in response to negative emotions has been associated with more problematic use
(i.e., compulsive, dysregulated, or excessive use) of pornography in general [46,88]. In
addition, agreeing with previous research findings regarding problematic engagement in
OSAs [38,39], our results suggested that both partnered activities and solitary activities
were associated with problematic use; however, the closeness of the association could
depend on the heterogeneity of motives behind different types of OSAs. Therefore, the
current study provided evidence as to the importance of considering different types of
OSAs and motives in problematic expression.

Considering that there have been gender differences in pornography-use variables,
such as frequency of use, types of OSAs, use motivation, the proportion of PPU, a gender
difference analysis was conducted in network structure, node centrality, and community
detection. The results showed that similar structures were observed in both male and
female nets, during outbreak and post-pandemic. The motivations of pornography use
were stable for both genders; nevertheless, emotional distraction or suppression was
more prominent for males, especially during the post-pandemic period. This finding
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was in line with previous research, where males were more likely to use pornography to
reduce negative feelings [46]. Male pleasure-seeking motives and solitary arousal activities
have been related more closely to PPU both during the pandemic and post-pandemic
periods, suggesting that pleasure-seeking and solitary arousal activities were more likely to
result in PPU. This finding was consistent with previous studies regarding sexual desire
and craving pornography. In general, as males tend to have stronger sexual desire than
females, and as increased sexual desire has been related to pornography use for pleasure-
seeking motivation [108,109], males have shown stronger cravings for pornography [110].
Comparatively, for females, the variables closer to PPU changed at different pandemic
stages. During the pandemic, similar to males, pleasure-seeking motives were closer to
PPU. Existing data also supported the results as PPU was mostly predicted by sexual
pleasure motives among female participants and by mood regulation motives among male
participants [48]. During the post-pandemic period, solitary arousal and coping motives
were closer to female PPU. This result was attributed to the impact of COVID-19 on the
labor market: more females than males lost their jobs, more females than males were in
essential jobs that exposed them to risk and psychological stress, and females experienced
more work disruption than males due to expectations surrounding childcare and other
responsibilities [111].

Some limitations should be considered when interpreting our findings. First, though
the two groups from different time periods of the pandemic had similar demographic
variables, they were cross-sectional groups that did not allow for causal inference. To fully
explore the impact of COVID-19 on PPU, it is crucial to explore the progressive development
of OSAs into PPU based on longitudinal studies. Second, the groups were self-selected via
online surveys and the instances of bias (e.g., higher average educational attainment) in the
group selection could have affected the results and limited the generalization of the results.
Third, a short unidimensional measurement, the BPS [67], was used to assess PPU in the
current study. The BPS focuses on measuring the loss control of pornography use, and it
has been recognized as the gold standard for short screenings [81]. While the brevity of
the BPS is a benefit, there may be gaps between the multidimensional and unidimensional
measurements in screening PPU. Using a measure assessing a broader variety of PPU
symptoms, such as the problematic pornography consumption scale [112], could provide
more insights into PPU.

5. Conclusions

This study examined the motivations underpinning the OSAs associated with PPU,
and these differed at different time periods during the pandemic. During the initial months
of the pandemic, solitary OSAs motivated by sexual pleasure were a major risk factor
for PPU, while different patterns of partnered OSAs motivated by coping needs were
closely linked to PPU in the post-pandemic period. Future research is encouraged to
further investigate the role of specific motives and OSA clusters in the development and
maintenance of PPU.
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24. Klein, V.; Savaş, Ö.; Conley, T.D. How WEIRD and androcentric is sex research? Global inequities in study populations. J. Sex Res.
2021, 1–8. [CrossRef] [PubMed]

25. Kreitner, R. Management, 6th ed.; Houghton Mifflin: Boston, MA, USA, 1995.
26. Hernández-González, M.; Guevara, M.A.; Ågmo, A. Motivational influences on the degree and direction of sexual attraction.

Ann. N. Y. Acad. Sci. 2008, 1129, 61–87. [CrossRef]
27. Hilton, D.L. Pornography addiction—A supranormal stimulus considered in the context of neuroplasticity. Socioaffect. Neurosci.

Psychol. 2013, 3, 20767. [CrossRef]
28. Ibarra, F.P.; Mehrad, M.; Di Mauro, M.; Godoy, M.F.P.; Cruz, E.G.; Nilforoushzadeh, M.A.; Russo, G.I. Impact of the COVID-19

pandemic on the sexual behavior of the population. The vision of the east and the west. Int. Braz. J. Urol. 2020, 46, 104–112.
[CrossRef]

29. Panzeri, M.; Ferrucci, R.; Cozza, A.; Fontanesi, L. Changes in sexuality and quality of couple relationship during the COVID-19
lockdown. Front. Psychol. 2020, 11, 565823. [CrossRef]

30. Gabster, A.; Erausquin, J.T.; Michielsen, K.; Mayaud, P.; Pascale, J.M.; Pericas, C.; Marks, M.; Katz, J.; Talavero, G.C.;
de Argote, M.; et al. How did COVID-19 measures impact sexual behaviour and access to HIV/STI services in Panama? Results
from a national cross-sectional online survey. Sex. Transm. Infect. 2021, 1–9. [CrossRef]

31. Lehmiller, J.; Garcia, J.; Gesselman, A.; Mark, K. Less sex, but more sexual diversity: Changes in sexual behavior during the
COVID-19 coronavirus pandemic. Leis. Sci. 2021, 43, 295–304. [CrossRef]

32. Stavridou, A.; Samiakou, C.; Kourti, A.; Tsiorou, S.; Panagouli, E.; Thirios, A.; Psaltopoulou, T.; Sergentanis, T.N.; Tsitsika, A.
Sexual activity in adolescents and young adults through COVID-19 pandemic. Children 2021, 8, 577. [CrossRef] [PubMed]

http://doi.org/10.1016/j.addbeh.2021.106874
http://doi.org/10.1111/jcom.12201
http://doi.org/10.1080/19419899.2019.1637924
http://doi.org/10.1080/19317611.2014.999967
http://doi.org/10.1093/asj/sjy309
http://doi.org/10.1556/2006.7.2018.100
http://doi.org/10.1080/19317611.2020.1765940
http://doi.org/10.1080/00224499.2020.1716205
http://www.ncbi.nlm.nih.gov/pubmed/31995398
http://doi.org/10.1007/s11930-018-0143-8
http://doi.org/10.1007/s10508-018-1301-9
http://doi.org/10.1002/wps.20499
http://doi.org/10.1007/s10508-018-1292-6
http://doi.org/10.1556/2006.7.2018.77
http://doi.org/10.1080/10720160490882642
http://doi.org/10.1556/2006.5.2016.036
http://doi.org/10.1080/10720160008400207
http://doi.org/10.1556/2006.2020.00015
http://www.ncbi.nlm.nih.gov/pubmed/32663384
http://doi.org/10.1016/j.comppsych.2020.152180
http://www.ncbi.nlm.nih.gov/pubmed/32422427
http://doi.org/10.1007/s10508-021-02077-7
http://www.ncbi.nlm.nih.gov/pubmed/34282505
http://doi.org/10.1080/00224499.2021.1918050
http://www.ncbi.nlm.nih.gov/pubmed/33939579
http://doi.org/10.1196/annals.1417.010
http://doi.org/10.3402/snp.v3i0.20767
http://doi.org/10.1590/s1677-5538.ibju.2020.s116
http://doi.org/10.3389/fpsyg.2020.565823
http://doi.org/10.1136/sextrans-2021-054985
http://doi.org/10.1080/01490400.2020.1774016
http://doi.org/10.3390/children8070577
http://www.ncbi.nlm.nih.gov/pubmed/34356556


Int. J. Environ. Res. Public Health 2022, 19, 5870 14 of 16

33. Wéry, A.; Billieux, J. Problematic cybersex: Conceptualization, assessment, and treatment. Addict. Behav. 2017, 64, 238–246.
[CrossRef] [PubMed]

34. Zheng, L.; Zhang, X.; Feng, Y. The new avenue of online sexual activity in China: The smartphone. Comput. Hum. Behav. 2017, 67,
190–195. [CrossRef]

35. Shaughnessy, K.; Byers, E.S.; Walsh, L. Online sexual activity experience of heterosexual students: Gender similarities and
differences. Arch. Sex. Behav. 2011, 40, 419–427. [CrossRef]

36. Coombe, J.; Kong, F.Y.S.; Bittleston, H.; Williams, H.; Tomnay, J.; Vaisey, A.; Malta, S.; Goller, J.L.; Temple-Smith, M.;
Bourchier, L.; et al. Love during lockdown: Findings from an online survey examining the impact of COVID-19 on the sexual
health of people living in Australia. Sex. Transm. Infect. 2021, 97, 357–362. [CrossRef]

37. Weinstein, A.M.; Zolek, R.; Babkin, A.; Cohen, K.; Lejoyeux, M. Factors predicting cybersex use and difficulties in forming
intimate relationships among male and female users of cybersex. Front. Psychiatry 2015, 6, 54. [CrossRef]

38. Wéry, A.; Billieux, J. Online sexual activities: An exploratory study of problematic and non-problematic usage patterns in a
sample of men. Comput. Hum. Behav. 2016, 56, 257–266. [CrossRef]

39. Ross, M.W.; Månsson, S.-A.; Daneback, K. Prevalence, severity, and correlates of problematic sexual Internet use in Swedish men
and women. Arch. Sex. Behav. 2012, 41, 459–466. [CrossRef]

40. Kohut, T.; Balzarini, R.N.; Fisher, W.A.; Grubbs, J.B.; Campbell, L.; Prause, N. Surveying pornography use: A shaky science
resting on poor measurement foundations. J. Sex Res. 2020, 57, 722–742. [CrossRef]
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