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Abstract. College students spending too much time on online games every 
week tend to suffer from worsened learning ability, concentration problems, 
poor academic performance, and decreased interactions with other people. This 
study’s author conducted a questionnaire-based survey to examine how many 
hours college students from central Taiwan spend on online games per week, in 
order to find out their average daily involvement in such games. Using propor-
tionate stratified sampling, the survey respondents were selected to examine the 
weekly involvement in online games among college students from central Tai-
wan, who were divided into low-, medium- and high-involvement groups in a 
cluster analysis. Results of the survey were tested using a self-developed evalu-
ation system based on working memory and response time. Totally 36 college 
students, or 12 students from each of the low-, medium- and high-involvement 
groups, were randomly selected from the population to test how involvement in 
online games, game-playing time and display duration affected their working 
memory. Findings from this study include: I. The low, medium and high levels 
of online game involvements are defined as an average 1.34 hours, 4.84 hours 
and 10.27 hours spent on online games every day. 30.9% of the survey respon-
dents said they spent more than 4 hours on online games,  which suggests that 
online games may be the reason why college students stay up all night so often. 
II. This testing discovers that the levels of involvement in video gaming (p＜
0.05), display duration (p＜0.05), and the interaction of the two factors will all 
have an impact on visual working memory (p＜0.05). 

Keywords: Online games, involvement in online games, Display duration, 
game-playing time, Attention. 

1 Introduction 

1.1 Research Background 

According to the estimation made by the Institute for Information Industry in Taiwan 
in 2009, there are as many as 350 million broadband users worldwide.  Video games 
have also gradually transformed to grow beyond the stereotypical ideas of gambling 
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and unhealthy leisure activity.  Due to economic recession, many people face the 
problem of losing their jobs, being forced to retire, and being forced to be dismissed.  
As a result, another form of economy, “stay-at-home economy” (otaku economy), has 
been formed.  The increase of online population, speedy fiber internet, and the popu-
larity of home computers has led to the emergence of “video gaming addiction”, a 
behavior pattern developed by individuals and video games[11].  The after effects of 
being overly involved in internet gaming, including alienation, tendency toward vi-
olence, behavioral disorder, anxiety, loss of concentration, and low learning efficien-
cy have not only become personal problems of the users but major social issues[8].  
Although there are many studies focusing on middle school and elementary school 
students, there is very little research done on college students. 

The surveys are conducted through stratified sampling to understand college stu-
dents’ level of involvement in video games each week in central Taiwan[11][15].  
This study uses surveys as research tools and the survey structure is divided into three 
parts: first, variables of personal background; second, usage behavior of video games; 
third, mental and physical state.  Four thousand college students from different de-
partments are surveyed.  According to the sampling curve proposed by [9], when the 
population is 4,000, at least 351 people must be sampled and the conservative estima-
tion of the survey response rate is 80%.  As a result, the number of survey should be 
at least 439.  This research uses surveys to study the amount of time that college 
students spend each week on video games in colleges in central Taiwan to understand 
the background and behavioral pattern of video game involvement, which is one of 
the research motivations of this study. 

Early studies focused on the negative effects caused by internet addiction[11] but 
very few focused on working memory of the video game addicts.  Therefore, the 
impact of video games on visual working memory is the second research motivation 
of this study.  The examination of video gaming and visual concentration is con-
ducted with self-designed and self-developed visual code testing tools[3]. Subjects 
are randomly selected from the video gaming groups of low, middle, and high le-
vels of involvement to test the level of involvement and the impact of time length 
toward working memory.  The dependent variables of working memory generate 
the accuracy rate. 

1.2 Research Objectives 

Therefore, there are two purposes of research in this study.  The first purpose is to 
study the behavioral pattern of college students’ involvement in video gaming and the 
research subject are students in the colleges in central Taiwan.  The second purpose 
is to, based on the survey analysis from the first stage of the study, adopt cluster anal-
ysis to divide the subjects into video gaming groups of low, middle, and high levels  
of involvement based on their average time spent on video games and to analyze  
the impact on working memory caused by the levels of involvement, time length of 
involvement, and code display duration[2]. 
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2 Research Methods 

2.1 Survey of the Background and Behavioral Pattern of College Students’ 
Involvement in Video Gaming in Colleges in Central Taiwan 

Three sections of the surveys used by [5]are selected to be the survey tool for this 
study. College students were surveyed to study the different level of involvement in 
video gaming and their behavioral patterns. Stratified sampling is conducted and the 
survey time is approximately 30 to 35 minutes. The first part of the survey is “Basic 
Information” to understand background factors such as personal variables and recrea-
tional resources. The second part is “Experience in video gaming” to examine the 
type of game played by the subject, the environment of playing, the motivation of 
playing, the time of playing, feeling and evaluation for playing. The third part is 
“Video Gaming Addiction Chart.” 

In order to understand the influence of college students’ levels of involvement in 
video gaming and their behavioral pattern, survey structures of past literatures have 
been studied to summarize and generate the survey structure of this study.  The sur-
vey structure is divided into three sections: first, variables of personal background; 
second, usage behavior of video gaming; third, mental and physical state.  The sur-
vey design is completed based on the above structure.  Three sections of the survey 
used by [5] are selected to be the survey tool for this study.  

Lee [10] once applied less than one SD of the sample mean and it is 15.87%  
after the application in the group with lower level of involvement in video gamming 
while it is 15.87% before the application in the group with higher level of involve-
ment, more than one SD of the sample mean.  The group with middle level of in-
volvement is within plus or minus one SD, 68.26%, which is the middle of the sample 
scores.  This research applies cluster analysis toward the study of the groups with 
high, middle, and low levels of involvement in video gaming. 

2.2 The Impact Caused By Different Levels of Involvement in Video Gaming 
and Different Time Length on Working Memory  

Based on the analytical result of the surveys, experiment participants are divided into 
three groups of high, middle, and low levels of involvement in video gaming.  
Twelve people are randomly selected from each group and a total of 36 people from 
the three groups are tested on their visual attention to compare the difference in work-
ing memory caused by the time of video gaming, level of video gaming, and display 
duration[2].  

(1) Research subject 
Twelve people are randomly selected from the three groups of high, middle, and 
low levels of involvement in video gaming and there are a total of 36 subjects. 

(2) Research tool 
(A) A self-designed “Visual Code working Memory Evaluation System” is used 

and the software function includes the setting of the background color,  
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code color, font size, font, code number, display duration, the number of 
questions, inspection duration, total inspection duration, calculating the  
correct number of questions and the time required. 

(B) Equipment and environment setting: ambient light illumination is set at 350 
lx, PC parameter setting.  Please refer to Table 1[3]. 

Table 1. The settings of Visual Code working Memory Evaluation System 

VDT 
pixels 

Background 
color 

Code 
color

Font 
size 

Display 
duration 

Code 
number 

Font 
Inspection 
duration 

1152×864 White Black 72 
0.3 & 0.4 

Sec. 
7 Arial 10 Minutes 

 
(3) Design of the experiment 

This experiment offers the video game Runes of Magic to the participants and 
each participant must have more than five hours of experience in playing Runes 
of Magic.  The variables of the experiment are three levels of involvement de-
gree (high, middle, and low); two levels of code display duration (0.3 second 
and 0.4 second); two levels of video gaming time (two hours and three hours).  
During the experiment recording process, each set of experimental time is ten 
minutes and the dependant variables are the accuracy rate.  The experiment 
adopts a repeated measure design.  Random grouping experiments are con-
ducted with the groups of high, middle, and low involvement levels.  Within 
three minutes after the participants finished playing the video games, the partici-
pants are tested in 3 minutes. 

(4) Experiment Process 
A. Before the experiment, explain to the participants the purpose, the precau-

tions, and the operation method of the experiment.  Each participant has 
two practices with ten questions each time before playing the video game.  
The testing lasts approximately ten minutes. 

B. Setting of the testing system (please refer to Table 1). 
C. The participants play the video game Runes of Magic for a random of  

two (or three) hours and take the test within three minutes after playing 
the game. 

D. Testing of the participants: 
(A) Start by pressing any button. 
(B) Codes are displayed randomly (Arabic numerals 0-9, each number is 

one code; seven numbers will be randomly displayed at the same 
time, the number of the code might repeat). 

(C) The participants key-in the seven code numbers they remember in 
five seconds. 

(D) The participants complete the test when ten minutes has passed or 
100 sets of random codes have been finished. 
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(E) Calculate and analyze the accuracy rate of the set of codes entered by 
the participants, including all correct in 1-7 codes, 1-6 codes, 1-5 
codes, 1-4 codes, 1-3 codes, and 1-2 codes. 

3 Results and Discussion 

3.1 Survey of the Background and Behavioral Pattern of College Students’ 
Involvement in Video Gaming in Colleges in Central Taiwan 

The survey includes six aspects and a total of 104 questions. The survey for each class 
was conducted through stratified sampling; therefore there are some samples from 
each class. Deducting the surveys with missing values, the Cronbach α reached 0.944 
after correction, demonstrating good validity. 

Table 2. Cluster analysis chart of the time spent on video gaming 

 Cluster 
group 1 2 3 

Time spent on video gaming 33.9 72.4 9.4 

Table 3. Cluster analysis of the time spent on video gaming ANOVA summary 

        Cluster Deviation 
F-value P 

MS    df   MS df 
Time of playing   72433.88 2 63.556 492 1139.679 .000 
＊P＜0.05 

3.2 The Impact on Working Memory Caused by Different Involvement Levels 
In Video Gaming and Time of Usage 

Table 4. Summary chart of the MANOVA testing of the involvement levels, involvement time 
in video gaming and display duration.  

Effect terms Numeric F-value df of Assumed  df of error p 
Involvement level 

(A) 
.240 22.050    12.000 254.000 .000 

Display duration 
(B) 

.886 2.713   6.000 127.000  .016 

A*B .802 2.462 12.000 254.000 .005 
＊P＜.05; A= Involvement level, B= Display duration; A*B=Interaction of between A 
and B. 
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Table 5. Summary chart of the testing of effect terms among the involvement levels of video 
gaming of the subjects. 

Source variables SS of Type III df MS F -value p 

Involvement 

level 

The 2nd code 732.347 2 366.174  5.552* .005 

The 3rd code 1279.847 2 639.924 9.268* .000 

The 4th code 5591.625 2 2795.812 28.623* .000 

The 5th code 31918.347 2 15959.174 148.518* .000 

The 6th code 47723.181 2 23861.590 154.734* .000 

The 7th code 59062.181 2 29531.090 157.320* .000 

*p＜0.05 

Table 6. Summary chart of the effect term testing among the duration time of the participants 

Source variables SS of Type III df MS F-value p 

Duration 

Time 

The 2nd code  2.250 1   2.250 .034 .854

The 3rd code      5.444 1   5.444 .079 .779 

The 4th code    14.694 1  14.694   .150 .699 

The 5th code  403.340 1   403.340 3.754 .055 

The 6th code 1040.063 1 1040.063   6.744* .010 

The 7th code  427.111 1  427.111 2.275 .134 
＊P＜0.05 

4 Discussion 

4.1 Survey of the Background and Behavioral Pattern of College Students’ 
Involvement in Video Gaming in Colleges in Central Taiwan 

As of July 2003, there were more than 3.51 million households enjoying the internet 
and the internet penetration rate in general households were as high as 54%.  The 
estimated internet user was approximately 11,750,000, about half of the total popula-
tion of Taiwan.  According to the estimation of the Institute for Information Industry 
in 2009, there were as much as 350 million global broadband users. There are 521 
effective samples in this survey. Analytical study of the surveys indicates that 35.5% 
of the college students in central Taiwan play video game more than eight times each 
week.  On average, men are involved in video gaming for 25 hours each week, higher 
than the 13 hours of women.  There are 308 men who have been involved in video 
gaming for over three years, which is 59.18% of the surveyed population. According 
to the daily time of usage of the high-risk group is four hours, approximately 24.5 
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hours a week[5].  The standard for heavy users set by Canadian scholars is seven 
hours and above per week, which indicates that 59.18% of the college students have 
become heavy users and even high-risk users in college or even in their high school 
years.  During non-weekends and non-holidays, 30.9% of the students are involved 
in video gaming for more than 4 hours a day; as high as 42.8% are involved in video 
gaming for more than 4 hours a day on weekends and holidays.  As the time for vid-
eo gaming increases, sleeping time decreases and might cause poor school grades. 
Cluster analysis of the surveys discovers that the average number of hours spent  
on video gaming each week from the groups of middle and high levels of involvement 
are several times higher than the research result of 12.5 hours per week discovered  
by Harn[7]. 

In addition to the fact that video gaming causes poor school work, the research re-
sult of Huang [8]discovers that more boy students have played online game and have 
a higher percentage of online gaming addictions.  In terms of years of experience, 
moreover, the highest percentage of students are those with three and more years of 
experience; the higher the frequency and the longer the time spend in video gaming 
each week, the higher the tendency for game addiction.  Research shows that video 
gaming can fulfill the users’ need for self-fulfillment and social interaction yet it pos-
es the potential threat of addiction[15], leading to negative psychological responses of 
anxiety and a sense of emptiness.  When the act of video gaming is suspended, the 
person becomes anxious and hard to control his or her impulsive behavior, neglecting 
the interactive relationship between people and matters in the surrounding.  Studies 
show that the important variables of video gaming addictions include certain perso-
nality traits such as a tendency of depression, anxiety, low self-esteem, type A perso-
nality, and alienation in interpersonal relationship[6].  Previous studies show that  
obsession in video gaming might lead to addiction problems and it may cause a great 
impact of mental damage on the young students. Although research literatures also 
mention that the experience of playing video games can improve visual concentra-
tion[11], this study discovers that some college students have become heavy user, and 
even users of high-risk group, with their over-involvement in video gaming.  Psycho-
logical damages might have been caused; how to correct or adjust their life style will 
be a major challenge in future education. 

Past researches show that obsession with video gaming might cause addiction 
issues, causing psychological damage to the young students.  This study also discov-
ers that as many as 88.8% of college students play online games at home.  Therefore, 
parents should establish good communication channels with the children, understand-
ing their children’s online activities.  It would be best if the parents can regulate their 
children’s time and behavior online, educating them about the correct concept in in-
ternet use to avoid the damages caused by the internet on the children and avoiding 
the students’ indulgence in the world of online gaming. 

Information security company Norton commissioned opinion polling firm Strate-
gyOne to conduct a survey in more than 14 countries including America, England, 
and Canada about internet behaviors and experiences.  The survey included 2,800 
children aged 10 to 17 and more than 7,000 adults.  The survey discovered that child-
ren in Taiwan spend an average of 15 hours per week online, preceded only by Bra-



 The Effects of User Involvement in Online Games, Game-Playing Time 65 

zil’s 18.3 hours, showing that the children in Taiwan are overly indulged in the inter-
net.  A research done in 1998 with 2,249 students from 12 high schools and voca-
tional high schools shows a high 85% of the students goes online[4].  According to 
the analytical study of the “Internet Addiction Clinic” at the Kaohsiung Medical Uni-
versity Chung-Ho Memorial Hospital, the level of seriousness of internet addiction in 
Taiwan is the third in the world, closely following Singapore and Korea[12].  How 
do we educate the children to have correct concepts in computer usage, how do we 
restrict the time for computer games and internet use, how do we divert the children’s 
attraction to video games and the internet, and how do we develop alternative leisure 
activities are all pending issues and action items for the future. 

4.2 The Impact on Short-Term Memory Caused by Different Levels of 
Involvement in Video Gaming and Different Time of Usage 

This testing discovers that the levels of involvement in video gaming (p＜0.05), dis-
play duration (p＜0.05), and the interaction of the two factors will all have an impact 
on visual working memory (p＜0.05).  There are many testing methods for visual 
concentration. For the vision, concentration is a very important information 
processing mechanism; without concentration, recognition, learning and memoriza-
tion will become impossible.  Psychologist Berlyne[1] once pointed out that human 
beings and animals are usually most interested in things that are not too easy and not 
too complicated. 

Therefore, the goal of this study is to test if visual concentration will be influenced 
by the length of time involved in video gaming, the length of time for code display, 
the number of code displayed, and level of involvement in video gaming in the past 
(the average time spend on video gaming each day).  The result shows that the expe-
riment participants, no matter which group of involvement level, demonstrate better 
post-test scores than pre-test scores(p＜0.05).  The results also proved experiences of 
playing video gaming can promote the ability of working memory[3]. And another 
reason the phenomenon is caused by the learning effect from using the visual code 
working memory evaluation system one more time.  

A person is focused on doing requires more resources, the ability to monitor 
surrounding messages will become worse[13].  The well-known “Posner paradigm” 
has become the model for studying visual spatial selective attention.  Posner utilizes 
the length of gap between cue time and the appearance of the target to discover that 
visual attention can be divided into covert shift of attention (a shift of attention with-
out moving the eye sight) and sustained attention (attention is kept at the cue spot).  
Covert shift of attention include the process of disengage, move, and engage, which 
are mostly complete by the parietal lobe in the brain.  This process provides the fron-
tal lobe with the command of priority management, managing and strengthening the 
level of the attention.  Normally people who the average of working memory are 7±2 
[14]. The later process is the so-called sustained attention.  The study result also dis-
covers that the level of involvement in video gaming has significant impact on the 
accuracy rate of the display codes.  Display duration will influence the accuracy rate 
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(p＜0.05) for the six codes.  There is no significant difference (p＞0.05) when there 
are seven codes, maybe because the number of codes is beyond the working memory 
capacity of the subjects. 

This study adopts visual working memory evaluation system, which is based on the 
important features of visual attention mentioned by many of the scholars mentioned 
above.  Sanders and McCormick[14] make the following suggestions on the screen 
color: do not use too many colors; avoid using extreme colors such as red or blue, 
avoid using color combinations such as red and blue, red and green, and blue and 
green; increase the color contrast between the text and the background. Zhu and Tsao 
[16] point out in their study on the pairing of the target and background color that the 
best result is achieved with a combination that has a greater contrast: white target and 
black background, yellow target and black background, green target and black back-
ground.  Research results show that there are no significant differences (p＞0.05) 
when the involvement time in playing the video games is two hours and three hours.  
While analyzing the reason, it is shown that the subject of experiment had a daily 
average of at least 1.34 hours playing video games in the past, with the highest aver-
age time 10.34 hours. It is understandable that significant differences were not 
reached since the number of hours is much higher than the 2 hours or 3 hours adopted 
in this experiment. 

5 Conclusion and Suggestion 

Due to the popularity of the internet, computers and the World Wide Web have be-
come indispensable tools of living for today’s families.  Video games and the internet 
have also become major items in the lives and leisure activities of teenagers and col-
lege students.  The quality of leisure life and the level of concentration, which is 
most crucial to learning, have gradually been corroded by video games and the inter-
net.  It is important to contemplate how we can help children develop correct con-
cepts in computer usage, how do we regulate appropriate time length for computer 
usage to avoid traits of video game addiction such as tendency of depression, anxiety, 
low self-esteem, type A personality, and alienation in interpersonal relationship. Some 
students even try to fulfill their goal of self-realization through the virtual reality 
world of the video games, causing negative psychological damage such as anxiety, 
sense of emptiness, and behavioral impulses beyond control.  This study discovers 
that as high as 88.8% of the college students play internet video games at home.  
The development of parent-and-child activities in the family as a replacement for 
playing video games will effectively reduce the time spent on video games and avoid 
the potential threat caused by over-involvement. 
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