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Abstract:

The outbreak of the COVID- 19 in early 2020 generated perhaps the largest disruption in changing human
behavior and choices. Going forward, A critical question is how these experiences have changed preferences
and habits in ways that might persist after the pandemic ends. This paper explores the time commitment change
adolescents put on video games after experiencing the pandemic to provide concrete evidence of behavioral stickiness.
Using the online survey of 412 adolescents, the paper confirms the stickiness in video game time among adolescents.
Interestingly, adolescents who experienced the quarantine caused by the COVID- 19 has less game time increases than
those who did not. The paper also addresses that game-playing history, age, and parenting time are good predictors for

such stickiness.
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1. Introduction

Economists have devoted an enormous amount of
time and effort to seeking answers to the stickiness
phenomenon, especially the sticky wages, and prices in
macroeconomic discipline, which are the essential element
of Keynesian economics (Hall 2005; Gali 2015;
Shimer 2005; Bils and Klenow 2004). Incorporating
price or wage stickiness vastly increases the sensitivity
and performance of macroeconomic models to driving
forces. In contrast, the stickiness phenomenon at the
micro level received much less attention in either theory
development or real explanation. Human behavior and
choices at the micro level also move much more slowly
than one can imagine. For example, Beshears and Choi
(2012) showed that low-income individuals present the
default stickiness in 401(k) selection. Sakaguchi et al.
(2020) identified the stickiness in payment amounts
because of the round number preferences. In the studies
of shopping behaviors, stickiness phenomenon widely
exists, such as “ channel stickiness,” which refers to
the tendency among shoppers to stay in one channel
throughout a shopping journey (Kim et al. 2021) and
the online consumers' stickiness in repurchase (Khalifa
et al. 2002). Thus, studying stickiness at the micro
level critically impacts public policy and economic
development.

Behaviorists believe that human preference and
behavior are notoriously difficult to change unless some
fundamental disruptions exist (Mohd Dali et al. 2020;

Salon et al. 2021). The stability of human preferences
creates challenges in observing and learning people's
new ways of doing things and reevaluating old habits
and choices. However, the outbreak of the COVID- 19
in early 2020 provides a unique opportunity for such a
study. The COVID-19 pandemic has probably been the
largest disruption of public events in decades that modify
people's preferences and habits in almost every aspect.
For example, people increased their time at home and
preferred less public activities with dese populations;
employees were forced to work online instead of in office
rooms, etc. (Okada et al. 2022). A critical question
moving forward is whether the pandemic-induced
changes modify people's stickiness in preferences and
habits, which may persist in the long run.

Although the outbreak of the COVID-19 pandemic
affects individuals of all ages, it is particularly detrimental
to youth, disabilities, and indigenous people who
are in the most vulnerable situations.  The pandemic
has generated unique challenges for adolescents, such
as education, social life, and mental and physical
health. Whether the impact is positive or negative, its
significance on the overall shaping of adolescents' lives
cannot be overlooked. Particularly, more attention is
needed on how the pandemic-induced changes create
stickiness in their preferences and choices, which may
last for a long period. For example, with communities'
shutdowns and school closures, adolescents are isolated
from their in-personal social life. Instead, they may
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look for connections through internet social applications
or online video games. Key questions to answer are
whether this shift to a virtual network is a long-term
transformative change and how this affects adolescents'
quality of life, mental health, and personal development.
If the pandemic induces more video game addiction,
adolescents may remain to stay away from social contact
or crucial life events even when the pandemic is over.
For those who care about adolescents' development,
changes in the pandemic can predispose adolescents to
adverse impacts.

Among the emerging literature on the pandemic, Salon
et al. (2021)'s paper is the first to comprehensively
evaluate the potential stickiness of pandemic-induced
behavior changes in the U.S.

Specifically, this paper used a national survey from July
to October 2020 to show that the post-pandemic lifestyle
is characterized by a “doubling of telecommuting,
reduced air travel, and improved life for some”
(Salon et al. 2020). However, the paper admitted the
limitations in terms of the data quality and methodology.
For example, the paper used the stated intentions to
measure the potential stickiness of pandemic-induced
behavior changes. The stated intentions, however,
do not always accurately predict future choices (we
use the revealed preference method). Besides, there
is no statistical modeling to ascertain these changes'
socioeconomic and geographical correlates.

To provide more concrete evidence to Salon's study,
this paper sheds light on adolescents' stickiness behavior
changed by the pandemic. More specifically, this paper
uses an online survey of adolescents to assess the time
stickiness in video games in pre- and post-pandemic.
To capture the dynamic changes from different periods of
the pandemic: before, during, and after the COVID-19
pandemic, this survey includes questions to collect
the time information in different periods. This method
measures the “real”  stickiness rather than their stated
intentions. Furthermore, this paper builds an economic
model to show that the stickiness of video games
comes from the substitution effect between video games
and other activities. The experience of the pandemic
shifts adolescents' preference toward video games, and
this stickiness will be a persistent event when the
pandemic ends. Finally, this paper uses econometric
modeling to estimate the impacts of individual
characteristics, video game features, and mental health
status on the time increases in video games during the
pandemic.

The paper first builds an economic model to explain that
the stickiness of video games comes from the substitution
effect between video games and other activities. The

pandemic “selectively” induces more game time and
limits other outdoor or in-person activities. Empirically,
this confirms the stickiness in video game time among
adolescents. Because of more time with parents,
adolescents who experienced the quarantine caused by
the COVID- 19 has less game time increases than those
who did not. Adolescents who are not in school, have less
experience in the game, and have less parenting time are
likelier to increase their game time during the pandemic.
This paper uses the music video game, characterized by
less social and additive functions. Even for this video
game, this paper confirms the stickiness of in-game
time. Thus, it is very likely that stickiness may exist for
many games broadly, and some of them may easily cause
addiction than others because of the stickiness.

To our best knowledge, this paper is the first one to
study the stickiness of pandemic-induced behavior
changes for adolescents. This paper expands the
research scope on the COVID-19 pandemic from
the health and medical areas for adolescents to the
economic perspective. We believe the increase in video
games is a rational decision for adolescents because
of the substitution effect. This stickiness can easily be
overlooked if parents, health workers, or policymakers
do not pay specific attention, as they treat the increase
in video games as a temporary result of the school closure
or community lockdown. More efforts are needed for
adolescents' development.

2. Literature Review

The stickiness phenomenon in economics mainly comes
from the price-wage stickiness to address the real effects
of monetary policy (Sim 1998). Instead, this paper
sheds light on micro-level decisions, e.g., the time
allocation for adolescents into video games. This part
summarizes the current papers on measuring stickiness
in video games and the factors that drive stickiness.

Behaviors or choices with stickiness have been widely
discussed in the Internet context, either from the game
developers' or users' perspectives. The standard way
to measure stickiness on a website or a video game is
to use the total number of visits or the cumulative
amount of time spent on a given website/game over a
certain period for example (Rong 2019; Chiang 2015;
Lee et al. 2018; Lu and Lee 2010). Studying stickiness
can generate marketing strategies to increase a service
company's revenue and enhance online transactions
(Elliot et al., 2013; Kim et al., 2016). The current
stickiness measurement, however, cannot measure
adolescents' needs and preferences correctly. For
example, adolescents may increase their video game
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time because they have more time to dispose of, such
as during the summer and winter when the school closes.
Similarly, the outbreak of the pandemic may not only
increase adolescents' time in video games and their
leisure time in total due to school closure and community
shut down. Thus, to accurately measure stickiness, this
paper also collects data on total leisure time and uses
the ratio of video game time over leisure time as the
index of stickiness.

Another mainstream in studying stickiness is identifying
the factors that affect the level of stickiness. Scholars
explore this area from different aspects. For example,
Lee et al. (2018) listed the control variables such
as gender, age, platform, game experience, and in-app
expense. Other variables are real-life inadequacy (Aviv
Malkiel Weinstein, 2010), time users spent previously
(You Li, Xiaolin Li, and Jiali Ca, 2021), attachment to
the platform (You Li, Xiaolin Li, and Jiali Ca, 2021),
unique content (Teece, 1986), enjoyment (Merikivi te
al., 2017) and purchase Intention (Lin et al., 2010). To
align with the literature, this paper selects variables from
the following three categories: household and individual
characteristics, video game variables, and enjoyment/
attachment variables. The discussion of variables is listed
in the data section.

3. Economic Model

The shift in time allocation for video game time
induced by the pandemic among adolescents can be
analyzed in a standard utility maximization framework.
Instead of using the mathematical expression, this paper
uses a graph to show how adolescents change their time
allocation between video games and other activities
during the pandemic and how this change generates
stickiness.

Adolescents allocate time to various activities to
maximize their utility. To be simplified, this paper class all
adolescents' activities in leisure time into two categories:
video games and other activities. The time allocations for
the two categories of activities are T and t, respectively. In
most cases, adolescents' total leisure time in a given period
is fixed. However, the outbreak of the COVID- 19 results
in school closures, lockdowns in neighborhoods and cities,
and even quarantine if they are exposed to the virus, which
in turn gives adolescents more time to dispose of.1 Assume
that adolescents' utility is a monotonic function of their total
disposable time. Therefore, the adolescents' post-pandemic
utility level is higher than the pre-pandemic level, e.g.,
UposthOVID > UpTeiCOVID .

Unlike the standard budget constraint where the
expenditure from the two goods is less or equal to total

income, adolescents do not have income constraints,
and the prices for the video game time and

One leisure time and disposable time are
interchangeable terms in this paper, the same as the
pandemic and covid.

other activities are either missing or impossible to
measure. Instead, this framework only considers the
time constraint where the sum of video games and other
activities is less or equal to the total leisure time, fixed
in pre- or post-pandemic. The time constraint (Ipre_
COVID) and utility curve in pre-COVID define the
optimal time allocation point 4, where the time for
video games and other activities are T, coyip  and tpre_
COVID , respectively. The outbreak of the COVID- 19
allows adolescents to have more leisure time to dispose
of, which induces the utility curve for the adolescents to
move up and right to a new status, U, covio- The optimal
point B defines the new time allocation between video
game time and other activities: T, covip and tpost_
COVID. Compared to the pre-pandemic time allocation,
adolescents allocates more time to video game and other
activities. Note that the increase in video game time is
larger than in other activities during the pandemic. This
happens because adolescents can still and even spend
more time playing video games at home using computers,
tablets, and smartphones during the pandemic, whereas
they are forced to reduce other activities like outdoor
activities or in-person social activities when they or their
communities are exposed to the virus. Thus, we have the
following expression:
TpnstﬁCOVID - TprchOVID > tposLCOVID - tprc7C0V1D .

The more interesting question is whether or not
adolescents will continue their pandemic lifestyle,
specifically, their time allocation strategy, when the
pandemic becomes a “new normal” life. In other
words, how the pandemic experience changed adolescents'
habits in allocating their video game time and other
activities time after the pandemic ends. Here, we define
“the pandemic ends” as the case of adolescents' initial
utility curve: U, covip.- That is, the move of the utility
curve from U, covio t0 U covip represents the impact
of the pandemic. In contrast, when the pandemic ends
or becomes a “new normal” status, the utility curve
will move back from U, covip 10 Uy covin- However,
adolescents' preferences and habits in allocating time to
video games and other activities would not change. This
is the stickiness we explore in this paper. The stickiness
of preferences of time allocation is represented by the
parallel change from 1, covip 0 Lo covip in Figure 1.
The new optimal point B* defines the eventual time
allocation in a video game that persists even after the
pandemic ends: T, covip- Note that the final optimal
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video game time ( T,y covip ) locates between the optimal
time before the pandemic ( T, covip) and the one when the
pandemic just hit ( T, covip), and the difference between
T ost covio and T . covip indicates the stickiness in this
paper. That is:

0 " *
stickiness ~ (Tpost_covip — Tprecovin)-

>
>

Other Activity Time (t)

5

Uvos t_Covip
Ipose covio

\-._“-—ﬁ———-" Upre_covin
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Video Game Time (T)

Figure 1. The time allocation for adolescents
during the pandemic.

4. Data

This paper uses a music video game as the target to
measure the impact of the pandemic-induced changes
among adolescents. The primal intention of playing the
game is to simulate the sense of playing the instrument
and performing songs by the player's movements. Even
now, most music games contain a little or small portion
of collaboration or competition between players, and
minor social features, such as public chat rooms. Thus
excluding factors like people's need for socializing and
gaining attention that might influence users' stickiness
with this behavior.
This paper uses first-hand survey data to measure
stickiness. The survey includes the following parts: ( 1)
individual and household characteristics, (2) game time
and leisure time before, during, and after the pandemic,
(3) health indicators such as sleeping time, the feeling
of loneliness and connection, etc. After the survey, we
conducted the pilot test with five participants to test
the survey. Feedback and comments were incorporated
into the survey revision. For example, the wordings
were altered as less descriptive and substituted with
jargon that was well-accepted by the player community
in the first revision. And the definition of “experiencing
COVID-19” was completed to contain the meaning of
“influences on personal freedom such as voluntarily

reducing the frequency of going outdoors,” as the
former description may imply only “being in the state of
quarantine forcefully.” The survey was designed

and revised on an online survey tool called
WenJuanXing. The questionnaire was distributed
to the game players' community through social
media accounts (QQ and WeChat chat groups) and a
video streaming website (Bilibili). The questionnaire
is attached in the appendix.

In total, we collected 412 observations within a week.
The distribution of the samples is displayed in Figure
2. The samples covered almost all the provinces and
concentrated on the east coastal providences such as
Zhejiang, Guangdong, and Jiangsu. Table 1 shows
the details about the characteristics of the samples.
Specifically, 89% of the respondents are male, and only
10.9% are female. The average age is 16, with the
range from 11 to 24. 54% of the respondents are in
high school, then followed by middle school (22.8%)
and college ( 16.7%). The respondents are relatively
new to the music game. The data show that 39% of the
respondents use the music video game for 1 to 2 years,
then followed by 2 to 3 years ( 19%). Only 14% of the
respondents played this music video game for more than
5 years. Note that not all participants started to play
the video game before the pandemic. In fact, 38.3% of
respondents got to know this game after the outbreak
of the pandemic. The purpose of consuming music
video games varies among the respondents, but the top
three reasons are ( 1) the proud feeling of making
progress in the game; (2) enjoying the music in the game,
and (3) Enjoying the game design and play rules.

Figure 2. The distribution of the samples in
China



Dean&Francis

Table 1. Summary table for individual characteristics

Variable Label N Mean Std Dev Min Max
Gender Male= 1; female=0 412 0.89 0.31 0 1
Age Categorical 399 1634 232 11 24
Edu Categorical 412 3.06 0.92 1 6
Gamehistory Categorical 412 382 165 1

Note: The education category include: 1-elementary school; 2-middle school; 3-high school; 4-college; 5-

graduates; 6-others;

The category for game history is: 1-within 6 months; 2-6 to12 months; 3- 1 to 2 years; 4-2 to 3 years; 5-3 to 4

Regarding the pandemic experience, about half the
represents (48.9%) of the respondents experienced
quarantine since the pandemic outbreak. For those who
experienced the quarantine, 59.4% of the respondents
indicated that they increased the time on the video game,
and only 7% said that they decreased the video game
time. Furthermore, 50% of the respondents who
increased game time during the pandemic indicated that
they increased the game time for about 1-2 hours per
day. The percentage for the increase of 3 hours and above
is about 13%. This indicates a certain level of addiction to
video games during the pandemic. During the quarantine,
68% of the respondents said they also had more time
to dispose, and only 6% had less leisure time during
the quarantine. Over half of the participants increased
their leisure time to 1-3 hours per day. During the
survey distribution, only 4.8% of the participants were
experiencing quarantine.

The survey also collected data on adolescents' health
habits and mental health. Specifically, most respondents
(over 67%) went to bed between 22:00 and 1:00 am.
32% of the respondents

went to bed after 1 am, and only 2.66% went to
bed before 22:00. Over 60% of the respondents had
sleeping time over 7 hours, and 16 % had sleeping
hours less than 6 hours. The survey also shows that the
pandemic increases social contact from 43% (quite
often or frequent contact) to 55%. Even though contact
increases, the pandemic increases adolescents' loneliness.
The survey shows that the percentage of feeling lonely
(often or frequently) increases from 13% to 21%. Thus,
more contacts are probably related to status checks
about the pandemic rather than emotional care and
support.

5. Results

The section explicitly discusses the results from two
aspects: the measurement of stickiness and the factors that

drive the stickiness.

5.1 Whether the stickiness of pandemic-
induced behavior exists?

The data section shows that the adolescents' video
game time increased after the outbreak of the pandemic,
and so did their leisure time. This may come from
the neighborhood lockdown and school closure. To
accurately measure the stickiness in video games, this
paper uses the ratio of video games over total leisure
time. Furthermore, this paper only focuses on the
subsample who started to play the music video game
before the pandemic. Those subsamples, therefore, have
game time data in pre- and post-pandemic.

Table 2 shows the ratio before and after the pandemic.
The last row shows the overall average ratios with 214
observations. Overall, the outbreak of the pandemic
changes adolescents' stickiness with music and video
game. Specifically, before the pandemic, adolescents
spent 50% of their leisure time in the video game,
which increased to 57% in the post-pandemic
period. We believe that this increase is permanent and
forms a new level of stickiness. We also look further
at whether the quarantine experience contributes to the
increase. The results are interesting because respondents
who did not experience quarantine experienced a larger
increase than those who did not experience quarantine.
Specifically, respondents who experienced quarantine
increased their ratio from 51% to 54%. In contrast,
respondents who did not experience quarantine
increased their ratio from 50% to 59%, with a
net increase of 9%. Table 3 provides the impact of the
pandemic on parents' working status. We want to use this
table to explain why adolescents increase their game
time less if they experience quarantine. Table 3 shows
that quarantine during the pandemic also increases the
parents' time at home from 29% to 35%. Thus, with more
supervision from parents at home, adolescents are less
likely to spend too much time on video games.
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Table 2. The ratio of game time over leisure time before and after the pandemic

quarantine_ever N Obs Variable N Mean Std Dev Mini Max

Ratio of Gametime 112 0.50 0.24 0.11 1
before COVID-19

No 112 Ratio of Gametime_now 112 0.59 0.27 0.11 1

Yes 102  Ratio of Gametime 102 0.51 0.24 0.13 1
before COVID-19

Ratio of Gametime now 102 0.54 0.27 0.11 1

Overall 214  Ratio of Gametime 214 0.50 0.24 0.11 1
before COVID-19

Ratio of Gametime now 214 0.57 0.27 0. 11 1

Note: N=214. The sample for this table only includes adolescents who started to play music video games before
the pandemic.

Table 2. Parents' working status during the pandemic

Impact on Parents' work status No quarantine Quarantine Overall
Impacted; less time at home 15(7. 11) 19(9.45) 34
Impacted; more time at home 62(29.38) 72(35.82) 134
No impact 122(57.82) 102(50.75) 224
Others 12(5.69) 8(3.98) 20
Overall 211 201 412

Table 3 shows the game time distribution before and
after the pandemic, which provides information about
the game time change over time. This table is based on
the participants who started to play music video games
before the pandemic. Table 3 shows that about 69% of
participants spent 2 hours or less before the pandemic.
However, this percentage decreases to 57% in the
post-pandemic. As we discussed earlier, adolescents

increased their game time after experiencing the
pandemic, and this change forms a new stickiness.
Table 3 shows that the increases in-game time locate
at 2-4 hours. Specifically, the percentage of adolescents
who spent 2-4 hours in the music video game increased
from 24% to 35%. A slight increase in the game time
range from 4 to 5 hours (2.36% increase).

Table 3. The game time distribution before and after the pandemic.

Time for music Pre-pandemic

Post-pandemic Difference in

video game Frequency Percentages Frequency Percentages Percentage
Below 1 hour 89 35.04 55 21.65 -13.39
1-2 hours 86 33 86 88 34 65 079
2-3 hours 45 17.72 57 22.44 4.72
3-4 hours 18 7.09 33 12.99 5.90
4-5 hours 5 197 11 433 236
An bove 5 hours 11 4.33 10 3.94 -0.39

Note: The samples are adolescents who started to play music video games before the pandemic.

5.2 What drives stickiness?

This section uses regression to explore the drivers that
impact the pandemic-induced change. The dependent
variable is the difference in game time ratio

before and after the pandemic. Table 4 presents
the explanatory variables from various aspects. The
results show that gender does not significantly increase
stickiness, although most players are male, holding
other factors constant. Age decreases adolescents'
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preference for increasing game time. Older adolescents
usually face a heavy study load from school and will
limit their time on video games. Regarding the school,
compared to high school (the most popular for video
games), adolescents in elementary school are less likely
to increase game time. However, adolescents who are
not in school are more likely to increase their game time
during the pandemic.

We use 1 to 2 years as the reference for the game-
playing history. The results show that compares to this
category, adolescents who just know the game (less than
six months) are less likely to increase their game time
during the pandemic. In contrast, experienced adolescents
(4 to 5 years) will likely significantly increase their game
time. Meanwhile, compared to the less parenting

During the pandemic, adolescents who experience
increased or even no change in parenting time are
less likely to increase game time. Adolescents who
connect with their relatives and friends before the
pandemic frequently are more likely to increase
their game time during the pandemic. This change
may come from the need for connection, and com-
munication with other game players can be a substi-
tute when the community is on lockdown. Lastly,
adolescents experiencing quarantine are less like to
increase their game time. This is already explained
by the more home time for their parents. Typically,
adolescents experience quarantine together with their
parents. More time with parents means more super-
vision.

Table 4. Estimation of the drivers of pandemic-induced change.

Variables Estimate Standard error p
Intercept 1.002 1.244 0.422
Gender 0.248 0.358 0.488
Age -0. 148 0.065 0.024
Elementary school -0.997 0.512 0.053
Middle school 0.250 0.213 0.243
College 0.255 0.465 0.584
Out of school 0838 0356 0020
Game_history_6mon -0.844 0.521 0.107
Game_history 6 12mon 0.004 0. 188 0.984
Game_history 2 3year 0.085 0.231 0.714
Game_history 4 Syear 0.997 0.340 0.004
Parenting_time_increase -0.09521 0.349073 0.7854
Parenting_time no_change -0. 15511 0.338688 0.6476
Loneliness_before COVID -0 004 0090 0961
Social connect before COVID 0.092 0.085 0.282
Connect_change_increase 0.325 0.326 0.321
Connect_change no change 0.667 0.315 0.036
Quarantine_now -0.461 0.247 0.064
R square 0.206

Root MSE 1.031

Note: N=153.

6. Conclusion

The COVID-19 pandemic has modified people's
preferences and habits in almost every aspect, and it
is particularly important to discuss how it changes
adolescents' behavior. While some education workers
or parents believe the adverse impact on adolescents
will disappear automatically when the pandemic ends,
this paper uses adolescents' game time to show their
stickiness. This pandemic-induced change will persist

for a long period. Economically speaking, the stickiness
comes from the substitution effect between video games
and other activities. The pandemic “selectively”
induces more game time and limits other outdoor or in-
person activities. This paper uses the music video game,
characterized by less social and additive functions. Even
for this video game, this paper confirms the stickiness of
in-game time. Thus, it is very likely that stickiness may
exist for many games, and some of them may easily
cause addiction than others because of the stickiness.
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as sleeping time, the feeling of loneliness and connection,
etc.
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