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ABSTRACT 

 
The purpose of the present study was to investigate the severity scoring of symptoms that are often 
associated with carpal tunnel syndrome (CTS). The symptoms were identified based on participants’ 
recalled experiences of computer game playing, specifically on desktop computer platforms. We conducted 
the assessment among Malaysian university students by using the Boston Carpal Tunnel Questionnaire. The 
data were collected from 120 students in the age range of 18-25 years. The results indicated that the mean 
score for symptom severity was 1.59, the standard deviation was 0.49 and most of the cases were mild (N = 
88, 73.3%). Meanwhile, the mean score for functional severity was 1.33, the standard deviation was 0.52 
and half of the participants described having hand functions affected (N = 62, 51.7%). The same 
participants were also required to answer questions pertaining to their perceptions of desktop computer 
gaming. The results showed the participants’ agreement with the proposition that a user interface for special 
needs, such as the needs of hand-impaired users, should be designed (75.0%). There was a significant 
association between students who were less interested in computer game playing and a feeling of hand 
discomfort (p < 0.001). This study shows that even though the incidence of symptoms associated with CTS 
among students is predominant, the symptom severity is in the mild category.  

Keywords: Carpal Tunnel Syndrome (CTS), Boston Carpal Tunnel Questionnaire (BCTQ), Computer-

Game Playing, Computer Game, University Students 

 

1. INTRODUCTION  

Computer games have become a major 
component of entertainment activities and are 
particularly appealing to university students [1]. 
This pattern of usage occurs because computer 
games offer enjoyable activities while at the same 
time requiring users to follow a set of rules in order 
to accomplish some challenging objectives [2]. 

Rapid developments in computer technology 
have resulted in many genres of computer games 
being formed, such as: military games [3], [4], 
educational games [5], [6], health-related games 
[7], [8] as well as serious games [9]. Computer 
gaming can increase a student’s engagement in the 
learning process when it is used appropriately [10]. 

As well as the positive aspects of computer 
gaming, concerns have been raised relating to 
health effects, such as poor cardiovascular fitness, 
musculoskeletal disorders and carpal tunnel 
syndrome (CTS) [11]–[13]. A limited number of 

studies have investigated the severity scoring of the 
symptoms often associated with CTS from 
computer game playing. The repetitive and forceful 
hand movements performed while computer game 
playing might be one of the risk factors associated 
with CTS. However, the fact remains that there are 
no real data available to assess this factor. 
Therefore, the main purpose of this study was to 
investigate the severity scoring of symptoms 
commonly associated with CTS based on recall of 
experiences playing computer games. 

2. BACKGROUND STUDY 

Many research findings have supported the use of 
computer games to accompany traditional lectures 
in order to enhance students’ learning [14]–[16]. It 
has been well documented that computer gaming 
has the potential to encourage students to explore 
beyond the prescribed boundaries, to be proactive 
and to become self-reliant learners [17]. The 
computer games create engaging and immersive 
learning experiences while delivering specified 
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learning goals and outcomes [18]. Bourgonjon et al. 
[5] discussed how students’ perceptions regarding 
the usefulness, ease of use, learning opportunities 
and personal experiences directly affected students’ 
preferences for using computer games. An 
extensive body of literature indicates that the use of 
computer games may also improve thinking and the 
effectiveness of education [19], [20]. 

Recent studies also suggest that computer games 
can be associated with adverse health consequences 
[21], [22], such as aggressive thoughts and 
behaviour patterns [23], an inactive lifestyle, being 
overweight [24] and musculoskeletal disorders [13]. 
A study by Chang et al. [25] reported that daily 
computer usage of longer than three hours’ duration 
had a significant association with the incidence of 
musculoskeletal disorders. One of the most 
generally reported work-related musculoskeletal 
disorders is CTS [26], [27]. CTS occurs due to 
compression of the median nerve where the nerve 
passes through the carpal tunnel in the wrist [28]. 
Early detection of the symptoms is considered 
important for the prevention of CTS and offers a 
better chance to minimise the risk [29].  

Previous studies have widely accepted that 
exposure to a combination of repetitive and forceful 
hand movements due to keyboarding and mouse 
tasks may also be a cause of CTS [28]. With the 
increasing use of computers, it has been a matter of 
concern that computer game playing could also be a 
risk factor in the development of CTS. Similar to 
general computer usage, computer game playing 
may involve highly repetitive and forceful hand 
movements and prolonged static body postures 
[30], [31]. It is well known that prolonged static 
posture and high muscle tension associated with 
computer use can contribute to the incidence of 
CTS [32]–[34]. 

Earlier studies have provided evidence of the 
association between repetition and CTS, which has 
been quantitatively measured [35]–[37] or observed 
[38]–[40]. Furthermore, research studies have been 
carried out with regard to the classification of 
repetitive hand and wrist movements in terms of: 1) 
the frequency of tasks pertaining to the hand/wrist; 
2) the ratio of work-time to recovery time; 3) the 
percentage of the workday spent on repetitive 
activities; and 4) the amount of work done in a 
given time frame [41]. 

3. METHODOLOGY 

3.1 Criteria for Participation  

The participants in the present study were 
students in the Faculty of Computer and 
Mathematical Sciences, Universiti Technologi 
MARA, Malaysia. Before being accepted into the 
study sample, the respondents needed to have 
actively played computer games at least once a 
month and needed to have experienced hand 
discomfort while game playing. The respondents 
also must not have suffered from lumps in the hand 
or wrist, diabetes mellitus, hypertension or trauma 
at the hand or wrist. A total of 120 respondents met 
the study inclusion criteria, which are presented in 
Table 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Inclusion Criteria 

3.2 Instrument 

The instrument for this study was adapted from 
the Boston Carpal Tunnel Questionnaire (BCTQ) 
[42]. The BCTQ is a self-administered 
questionnaire containing 11 questions concerning 
the severity of symptoms and hand function 
difficulty. The BCTQ is part of a well-recognised 
and validated outcome instrument, specifically 
designed for use in the field of CTS. It has been 
compared with different outcome measures [43] 
and has been validated in other languages [42]. It 
comprises two sections, namely, the symptom 
severity scale and the functional severity scale. 

3.2.1 Symptom severity 

The BCTQ symptom severity scale evaluates 
symptoms based on the severity, frequency, time 
and type of symptom. The symptom severity scale 
is comprised of 11 questions. Each question has 
five symptom severity levels, namely, no 
symptoms, mildly severe, moderately severe, 
severe and very severe. The symptom severity 
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scores are totalled and categorised into five groups: 
no symptoms (total scores:11), mild (total scores: 
12-22), moderate (total scores: 23-33), severe (total 
scores: 34-44) and very severe (total scores: 45-55) 
[42]. 

3.2.2 Functional severity 

The BCTQ functional severity scale assesses 
how the syndrome affects daily life. The functional 
status is explored through eight questions, with 
each question corresponding to a functional activity 
such as writing, buttoning clothes or holding a book 
while reading. Each task has five degrees of 
difficulty, namely: no difficulty, mild degree of 
difficulty, moderate degree of difficulty, severe 
degree of difficulty, and very severe degree of 
difficulty. The functional severity scores are 
totalled and grouped into  categories: no difficulty 
(total scores: 8), mild difficulty (total scores: 9-16), 
moderate difficulty (total scores: 17-24), severe 
difficulty (total scores: 25-32) and very severe 
difficulty (total scores: 33-40) [42]. 

3.2.3 Perceptions of desktop computer 

gaming 

The participants were required to indicate their 
agreement with items related to perceptions of 
desktop computer gaming. The items were adapted 
from previous research studies. Significant items of 
interest were as follows: 1) Symptoms cause users 
to become less interested in computer game playing 
[44]; 2) Symptoms will appear after prolonged 
computer game playing [45]; 3) A user interface for 
special needs should be designed [46]; 4) Users 
should be involved in designing the interface for 
computer games [47]; and 5) Enjoyment is one of 
the important factors to be taken into consideration 
when designing a computer game [48]. 

3.3 Procedures 

On the day of the assessment, consent forms and 
detailed guidelines were given to the participants 
prior to distribution of the questionnaires. The 
researcher was present if the participants had any 
enquiries. The participants were informed that the 
assessment would involve responding to questions 
related to symptoms that are often associated with 
CTS using the BCTQ instrument.  

In the next phase, the same participants were 
required to respond to the items related to their 
experiences of desktop computer gaming. The 
demographic questionnaire included data on the 
participants’ level of experience in computer game 
playing, preferred genre of computer games, 
frequency of computer game playing and the 

motivation to play computer games. The 
participants were required to respond to four items, 
with each item having four options for the response 
on a scale from 1 (strongly disagree) to 4 (strongly 
agree).  

It was expected that the survey would take 
approximately 5-10 minutes to complete. 
Confidentiality and anonymity were protected at all 
times. The participants were informed that the data 
would only be disclosed with the participants’ 
permission, and in no way would be used outside 
the current research. The participants were also 
informed that the data obtained from their 
completed questionnaire would be assigned a 
subject number that would not be paired with any 
personal details. Figure 2 shows the 
procedureinvolved in this study. 

Figure 2: Procedure Involved In This Study 

4. RESULTS 

The data results were analysed using the SPSS 19 
software tool. In order to estimate the frequency 
(%), standard descriptive statistical methods were 
used for the variables. The symptom severity and 
functional difficulty scores were also summed up in 
set totals, as proposed by Storey et al. [49]. 

4.1 Severity Scoring of Symptoms  

In total, 120 students participated in this study 
and all of them were computer game users. As 
shown in Table 1, the participants were distributed 
in the age groups of 18-19, 20-22, 23-25 and >25 
years, with only a small percentage being 18-19 and 
>25 years. This profile was fairly typical of 
undergraduates in the Malaysian population [50]. 
The demographic data also showed that about 50 
(41.7%) of the participants had moderate 
experience, 44 (36.7%) had some experience and 25 
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(20.8%) were very experienced in computer game 
playing. The levels of experience in computer game 
playing were identified by the participants 
themselves. Regarding the dominant hand 
classification, the numbers of right hand and left 
hand users were 110 and 10, respectively. The 
detailed demographic data are shown in Table 1.  

The mean scores for each item of symptom 
severity and the frequency (%) of responses are 
presented in Table 2. The results show that the most 
common CTS-related symptom suffered by the 
participants was numbness. The mean scores for 
each item of functional severity and the frequency 
(%) of responses are presented in Table 3. The 
function that had the highest score for CTS-related 
symptom severity was carrying grocery bags, 
followed by writing activities.  

The participants responded to the questions about 
symptoms that are commonly associated with CTS 
by recalling their experiences of computer game 
playing. As shown in Table 4, 88 participants 
(73.3%) were categorised as mildly severe cases, 
followed by 18 participants (15%) who were 
categorised as moderately severe cases. There were 
2 cases (1.7%) of severe symptoms, while no very 
severe cases were found. The data on the frequency 
of functional severity showed that 58 participants 
(48.3%) had no functional difficulties, whereas 50 
participants (41.7%) had mild difficulties, 10 
participants (8.3%) had moderate difficulties and 2 
participants (1.7%) had severe functional 
difficulties. None of the participants had very 
severe functional difficulties. 

4.2 Perceptions Of Desktop Computer 

Gaming 

A summary of the descriptive analysis of the 
participants’ desktop computer gaming activities is 
shown in Table 5. As shown in the table, 38 
participants (31.7%) played computer games a few 
times per week. More than half of the participants 
agreed with the statement that they played computer 
games because they found the experience 
enjoyable. The most preferred genres of games 
were action and adventure.  

As shown in Table 6, the participants agreed that 
hand discomfort occurred during prolonged 
sessions of computer game playing (N = 82, 
68.3%). Only nine participants (7.5%) strongly 
disagreed with this. More than half of the 
participants (N = 90, 75.0%) agreed that a user 
interface for special needs users should be designed. 
The participants also agreed that users should be 

involved in designing the interface of computer 
games (N = 88, 73.3%).   

Approximately half of the participants (N = 50, 
41.7%) strongly agreed that enjoyment is a major 
factor to be taken into account when designing 
computer games. In addition, a significant 
association was found between the participants who 
were less interested in computer game playing and 
the experience of hand discomfort (p < 0.001).  

5. DISCUSSION 

The purpose of the present study was to 
investigate the severity scoring of symptoms that 
are often associated with CTS. The severity and 
frequency of the symptoms were identified based 
on the participants’ recall of experiences while 
playing computer games on desktop computer 
platforms. In addition, we examined the same 
participants’ perceptions of desktop computer 
gaming. 

The assessment was carried out using the BCTQ 
based on suggestions made in the literature [28], 
[38], [51]. Previous research has examined the 
scoring of the severity of CTS symptoms among 
patients and workers [28], [52]. This study, 
however, focused on university students. The study 
sample was taken from the university student 
population because the results in previous studies 
have indicated that computer game playing is one of 
the most popular activities among university 
students [53]–[56]. 

As expected, it was determined that, similar to 
general computer use, exposure to a combination of 
repetitive and forceful hand movements while 
computer game playing can cause symptoms that 
are often associated with CTS such as numbness. 
This finding is consistent with a number of previous 
studies [25], [57], [58]. Nevertheless, most of the 
cases with CTS-related symptoms in this study 
were in the mildly severe category (N = 88, 73.3%). 

The results of the study showed that the symptom 
with the highest severity score reported by the 
participants was numbness, followed by tingling 
and weakness (Table 2). Rozali et al. [59] reported 
that the most common symptom was numbness or 
tingling during the daytime, which is consistent 
with the finding of this study. Almost half of the 
participants reported some degree of functional 
difficulty. The results indicated that the most 
affected activities were carrying grocery bags and 
writing (Table 3). The writing task was listed as one 
of the most affected tasks, possibly because the 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
129 

 

participants spent a great deal of time writing notes 
during lectures [60], [61]. 

 The results also showed that the participants 
agreed that CTS symptoms appeared after 
prolonged periods of computer game playing (Table 
6). This result is supported by other research [25], 
[62] which found that long durations of playing 
would increase cumulative muscle loading and 
contribute to musculoskeletal syndromes such as 
CTS. The participants agreed that a user interface 
for special needs, such as the needs of users who 
have CTS, should be designed. The participants 
also agreed that users should be involved in 
designing the interface of computer games. This 
finding was consistent with the literature on 
computer game design [47], [63], [64]. 

The analysis of enjoyment factors indicated a 
significant level of agreement among the 
participants that enjoyment is one of the most 
important factors to be taken into account when 
designing computer games. Fu et al. [48] discussed 
a similar finding in their study of a scale to measure 
learners’ enjoyment of e-learning games. 
Predictably, there was an association between 
participants who were less interested in computer 
game playing and feelings of weakness in the hands 
or wrists (p < 0.001). This result is supported by the 
research findings in [13]. 

6. CONCLUSION 

We used a survey method in order to effectively 
assess the severity scoring of symptoms commonly 
associated with CTS among Malaysian university 
students. The participants were required to answer 
the survey based on their recall of past experiences 
playing computer games. The BCTQ is a valid and 
reliable assessment tool for measuring symptom 
severity and functional severity of CTS. The results 
of the present study showed that the most common 
CTS-related symptom while playing computer 
games was numbness and the activity that posed the 
most difficulty was carrying grocery bags.  

The current study also examined the severity of 
CTS symptoms among university students in 
Malaysia, with most of the cases found to be in the 
mildly severe category. The results emphasise the 
need to develop a rigorous game design for special 
needs users, especially users experiencing hand 
discomfort. At the same time, the game design 
could reduce the incidence of CTS symptoms 
arising from computer game playing. 

There were several limitations in our work. First, 
the survey was only distributed at one university in 

Malaysia. This limitation will be addressed in our 
future work which will involve more universities in 
the survey distribution. Second, the participants 
assessed their symptoms based on their recall of 
experiences playing computer games. Our future 
work will assess the participants’ symptoms 
immediately after they play computer games. A 
more thorough assessment can be done when this 
approach is implemented. Third, this study focused 
on computer games that were played on desktop 
computer platforms. Future research will aim to 
assess symptom severity while playing computer 
games on a mobile device platform. 

7. ACKNOWLEDGEMENT 

We would like to thank the Ministry of Science, 
Technology and Innovation (MOSTI) for 
sponsoring this research by using the funding of the 
e-Science Fund  grant (06-01-02-SF0960). We also 
would like to thank Puan Hajah Rohani Hj. Haron, 
Physiotherapist and Senior Lecturer under the 
Physiotherapy Department, Centre for Study of 
Health & Therapeutic Services, Faculty of Health 
Sciences (FSK), UiTM, who assisted in the carrying 
out of this research. Finally, we would like to 
express our gratitude to all lecturers and students 
who were directly or indirectly involved in this 
study. 

8. REFERENCES 

[1] Y.-L. Lin and Y.-Z. Tu, “The values of 
college students in business simulation 
game: A means-end chain approach,” 
Comput. Educ., vol. 58, no. 4, pp. 1160–
1170, May 2012. 

[2] T. M. Connolly, E. a. Boyle, E. MacArthur, 
T. Hainey, and J. Boyle, “A systematic 
literature review of empirical evidence on 
computer games and serious games,” 
Comput. Educ., vol. 59, no. 2, pp. 661–686, 
Mar. 2012. 

[3] G. Fong, “Adapting cots games for military 
simulation,” Proc. 2004 ACM SIGGRAPH 

Int. Conf. Virtual Real. Contin. its Appl. 

Ind. - VRCAI ’04, p. 269, 2004. 
[4] R. M. Smelik, T. Tutenel, K. J. de Kraker, 

and R. Bidarra, “Declarative Terrain 
Modeling for Military Training Games,” 
Int. J. Comput. Games Technol., vol. 2010, 
pp. 1–11, 2010. 

[5] J. Bourgonjon, M. Valcke, R. Soetaert, and 
T. Schellens, “Students’ perceptions about 
the use of video games in the classroom,” 
Comput. Educ., vol. 54, no. 4, pp. 1145–
1156, May 2010. 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
130 

 

[6] G.-J. Hwang, P.-H. Wu, and C.-C. Chen, 
“An online game approach for improving 
students’ learning performance in web-
based problem-solving activities,” Comput. 

Educ., vol. 59, no. 4, pp. 1246–1256, Dec. 
2012. 

[7] C. Anderson, “Simulation Game Playing – 
A Nursing Instructional Strategy,” Clin. 

Simul. Nurs., vol. 4, no. 1, pp. e7–e15, Jan. 
2008. 

[8] C. Frederico, “Results of a Dietitian Survey 
About Nutrition Games,” vol. 1, no. 1, pp. 
1–7, 2012. 

[9] B. Cowley, J. L. Moutinho, C. Bateman, 
and A. Oliveira, “Learning principles and 
interaction design for ‘Green My Place’: A 
massively multiplayer serious game,” 
Entertain. Comput., vol. 2, no. 2, pp. 103–
113, Jan. 2011. 

[10] J. R. Anderson, “On cooperative and 
competitive learning in the management 
classroom,” Mt. Plains J. Bus. Econ. 

Pedagog., vol. 7, pp. 1–10, 2006. 
[11] R. J. Iannotti, M. D. Kogan, I. Janssen, and 

W. F. Boyce, “Patterns of adolescent 
physical activity, screen-based media use, 
and positive and negative health indicators 
in the U.S. and Canada.,” J. Adolesc. 

Health, vol. 44, no. 5, pp. 493–9, May 
2009. 

[12] S. a. Costigan, L. Barnett, R. C. Plotnikoff, 
and D. R. Lubans, “The Health Indicators 
Associated With Screen-Based Sedentary 
Behavior Among Adolescent Girls: A 
Systematic Review,” J. Adolesc. Heal., 
Sep. 2012. 

[13] A. L. Zapata, A. J. P. Moraes, C. Leone, U. 
Doria-Filho, and C. A. A. Silva, “Pain and 
musculoskeletal pain syndromes related to 
computer and video game use in 
adolescents,” Eur. J. Pediatr., vol. 165, no. 
6, pp. 408–414, 2006. 

[14] K. Kiili, Kristian Kiili On Educational 

Game Design : Building Blocks of Flow 

Experience On Educational Game Design : 

Building Blocks of Flow Experience. 2005. 
[15] K. H. Tan, Y. K. Tse, and P. L. Chung, “A 

plug and play pathway approach for 
operations management games 
development,” Comput. Educ., vol. 55, no. 
1, pp. 109–117, 2010. 

[16] K. H. Tan, “Comparing games and case 
methods in enhancing student learning,” 
Int. J. Innov. Learn., vol. 4, no. 3, pp. 224–
236, 2007. 

[17] S. K. Taradi, M. Taradi, K. Radić, and N. 
Pokrajac, “Blending problem-based 
learning with Web technology positively 
impacts student learning outcomes in acid-
base physiology,” Adv. Physiol. Educ., vol. 
29, no. 1, pp. 35–39, 2005. 

[18] M. Z. Nurul Hidayah and J. Azizah, 
“Integrating digital games based learning 
environments with eye gaze-based 
interaction,” Pattern Analysis and 

Intelligent Robotics (ICPAIR), 2011 

International Conference on, vol. 2. pp. 
222–227, 2011. 

[19] Z. Birknerová, “The Use of Simulation 
Business Games in University Education,” 
Bulg. J. Sci. Educ. Policy, vol. 4, no. 2, pp. 
202–215, 2010. 

[20] M. Virvou, G. Katsionis, and K. Manos, 
“Combining software games with 
education: Evaluation of its educational 
effectiveness,” Educ. Technol. Soc., vol. 8, 
no. 2, pp. 54–65, 2005. 

[21] D. Brake, “Effects of electronic games,” 
Encycl. Child. Adolesc. media. Thousand 

Oaks CA Sage, 2007. 
[22] J. D. Brown and E. M. Witherspoon, “The 

mass media and American adolescents’ 
health,” J. Adolesc. Heal., vol. 31, no. 6, 
pp. 153–170, 2002. 

[23] C. A. Anderson and B. J. Bushman, 
“Effects of violent video games on 
aggressive behavior, aggressive cognition, 
aggressive affect, physiological arousal, 
and prosocial behavior: A meta-analytic 
review of the scientific literature,” Psychol. 

Sci., vol. 12, no. 5, pp. 353–359, 2001. 
[24] E. A. Vandewater, M. Shim, and A. G. 

Caplovitz, “Linking obesity and activity 
level with children’s television and video 
game use,” J. Adolesc., vol. 27, no. 1, pp. 
71–85, 2004. 

[25] C. J. Chang, B. C. Amick, C. C. Menendez, 
J. N. Katz, P. W. Johnson, M. Robertson, 
and J. T. Dennerlein, “Daily computer 
usage correlated with undergraduate 
students’ musculoskeletal symptoms,” Am. 

J. Ind. Med., vol. 50, no. 6, pp. 481–488, 
2007. 

[26] J. S. D. Mieog, J. P. Morden, J. M. Bliss, R. 
C. Coombes, and C. J. H. van de Velde, 
“Carpal tunnel syndrome and 
musculoskeletal symptoms in 
postmenopausal women with early breast 
cancer treated with exemestane or 
tamoxifen after 2-3 years of tamoxifen: a 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
131 

 

retrospective analysis of the Intergroup 
Exemestane Study.,” Lancet Oncol., vol. 
13, no. 4, pp. 420–32, May 2012. 

[27] K. L. Babski-Reeves and L. L. Crumtpon-
Young, “Comparisons of measures for 
quantifying repetition in predicting carpal 
tunnel syndrome,” Int. J. Ind. Ergon., vol. 
30, no. 1, pp. 1–6, Jul. 2002. 

[28] K. T. Palmer, E. C. Harris, and D. Coggon, 
“Carpal tunnel syndrome and its relation to 
occupation: a systematic literature review.,” 
Occup. Med. (Lond)., vol. 57, no. 1, pp. 57–
66, Jan. 2007. 

[29] L. Mani and F. Gerr, “Work-related upper 
extremity musculoskeletal disorders,” Prim. 

Care Clin. Off. Pract., vol. 27, no. 4, pp. 
845–864, 2000. 

[30] A. Briggs, L. Straker, and A. Greig, “Upper 
quadrant postural changes of school 
children in response to interaction with 
different information technologies,” 
Ergonomics, vol. 47, no. 7, pp. 790–819, 
Jun. 2004. 

[31] A. M. Greig, L. M. Straker, and A. M. 
Briggs, “Cervical erector spinae and upper 
trapezius muscle activity in children using 
different information technologies,” 
Physiotherapy, vol. 91, no. 2, pp. 119–126, 
Jun. 2005. 

[32] A. Blangsted, K. Hansen, and C. Jensen, 
“Muscle activity during computer-based 
office work in relation to self-reported job 
demands and gender,” Eur. J. Appl. 

Physiol., vol. 89, no. 3–4, pp. 352–358 LA 
– English, 2003. 

[33] G. P. Y. Szeto, L. M. Straker, and P. B. 
O’Sullivan, “During computing tasks 
symptomatic female office workers 
demonstrate a trend towards higher cervical 
postural muscle load than asymptomatic 
office workers: An experimental study,” 
Aust. J. Physiother., vol. 55, no. 4, p. 257, 
2009. 

[34] G. P. Y. Szeto, L. M. Straker, and P. B. 
O’Sullivan, “A comparison of symptomatic 
and asymptomatic office workers 
performing monotonous keyboard work—
1: neck and shoulder muscle recruitment 
patterns,” Man. Ther., vol. 10, no. 4, pp. 
270–280, 2005. 

[35] K. Y. Chiang H, Chen S, Yu H, “The 
occurrence of carpal tunnel syndrome in 
frozen food factory employees,” Kao 

Hsiung J Med Sci, vol. 6, pp. 73–80, 1990. 

[36] Moore JS, “Carpal tunnel syndrome,” 
Occup Med State Art Rev, vol. 7, no. 4, pp. 
741– 763., 1992. 

[37] A. T. Silverstein BA, Fine LJ, 
“Occupational factors and the carpal tunnel 
syndrome,” Am J Ind Med, vol. 11, no. 3, 
pp. 343–358, 1987. 

[38] D. L. Nathan PA, Meadows KD, 
“Occupation as a risk factor for impaired 
sensory conduction of the median nerve at 
the carpal tunnel,” J Hand Surg, vol. 13B, 
no. 2, pp. 167–170, 1998. 

[39] C. J. Osorio AM, Ames RG, Jones J and et 
al. Rempel D, Estrin W, “Carpal tunnel 
syndrome among grocery store workers,” 
Am J Ind Med, vol. 25, no. 2, pp. 229–245, 
1994. 

[40] K. W. Stetson DS, Silverstein BA and A. J. 
Wolfe RA, “Median sensory distal 
amplitude and latency: comparisons 
between nonexposed 
managerial/professional employees, and 
industrial workers,” Am J Ind Med, vol. 24, 
pp. 175–189, 1993. 

[41] B. P. Bernard, “Musculoskeletal disorders 
and workplace factors: a critical review of 
epidemiologic evidence for work-related 
disorders of the neck, upper extremities, 
and low back,” NASA, no. 19980001289, 
1997. 

[42] D. W. Levine, B. P. Simmons, M. J. Koris, 
L. H. Daltroy, G. G. Hohl, a H. Fossel, and 
J. N. Katz, “A self-administered 
questionnaire for the assessment of severity 
of symptoms and functional status in carpal 
tunnel syndrome.,” J. Bone Joint Surg. Am., 
vol. 75, no. 11, pp. 1585–92, Nov. 1993. 

[43] J. Greenslade, R. Mehta, P. Belward, and 
D. Warwick, “Dash and Boston 
questionnaire assessment of carpal tunnel 
syndrome outcome: what is the 
responsiveness of an outcome 
questionnaire?,” J. Hand Surg. J. Br. Soc. 

Surg. Hand, vol. 29, no. 2, pp. 159–164, 
Apr. 2004. 

[44] M. Z. Nurul Hidayah, J. Azizah, and A. R. 
Fariza Hanis, “SGameFlow framework: 
How to experience enjoyment in Serious 
Game (SG) for Motor Impaired Users 
(MIU),” in Computer & Information 

Science (ICCIS), 2012 International 

Conference on, 2012, vol. 2, pp. 1020–
1024. 

[45] G. P. Y. Szeto, L. M. Straker, and P. B. 
O’Sullivan, “During computing tasks 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
132 

 

symptomatic female office workers 
demonstrate a trend towards higher cervical 
postural muscle load than asymptomatic 
office workers: An experimental study,” 
Aust. J. Physiother., vol. 55, no. 4, pp. 257–
262, 2009. 

[46] S. Kartakis and C. Stephanidis, “A design-
and-play approach to accessible user 
interface development in Ambient 
Intelligence environments,” Comput. Ind., 
vol. 61, no. 4, pp. 318–328, May 2010. 

[47] C. Lerouge, J. Ma, S. Sneha, and K. Tolle, 
“User profiles and personas in the design 
and development of consumer health 
technologies.,” Int. J. Med. Inform., pp. 1–
18, Apr. 2011. 

[48] F.-L. Fu, R.-C. Su, and S.-C. Yu, 
“EGameFlow: A scale to measure learners’ 
enjoyment of e-learning games,” Comput. 

Educ., vol. 52, no. 1, pp. 101–112, Jan. 
2009. 

[49] P. A. Storey, A. Fakis, R. Hilliam, M. J. 
Bradley, T. Lindau, and F. D. Burke, 
“Levine-Katz (Boston) Questionnaire 
analysis: means, medians or grouped totals? 
,” J. Hand Surg. (European Vol. , vol. 34 , 
no. 6 , pp. 810–812, Dec. 2009. 

[50] A. Manan, S. Khaidah, and R. Mohamad, 
“Kajian mengenai pencapaian akademik 
pelajar-pelajar di UiTM Shah Alam: satu 
analisa perbandingan antara jantina/Siti 
Khaidah Ab. Manan, Rukiah Mohamad,” 
Institute of Research, Development and 
Commercialization, Universiti Teknologi 
MARA, 2003. 

[51] B. J. Ollivere, K. Logan, N. Ellahee, J. C. a. 
Miller-Jones, M. Wood, and D. S. Nairn, 
“Severity Scoring in Carpal Tunnel 
Syndrome Helps Predict the Value of 
Conservative Therapy,” J. Hand Surg. 

(European Vol., vol. 34, no. 4, pp. 511–
515, Jul. 2009. 

[52] G. N. Mody, G. a Anderson, B. P. Thomas, 
S. C. R. Pallapati, J. a Santoshi, and B. 
Antonisamy, “Carpal tunnel syndrome in 
Indian patients: use of modified 
questionnaires for assessment.,” J. Hand 

Surg. Eur. Vol., vol. 34, no. 5, pp. 671–8, 
Oct. 2009. 

[53] M. Grellhesl and N. M. Punyanunt-Carter, 
“Using the uses and gratifications theory to 
understand gratifications sought through 
text messaging practices of male and 
female undergraduate students,” Comput. 

Human Behav., vol. 28, no. 6, pp. 2175–
2181, Nov. 2012. 

[54] W.-H. Huang, W.-Y. Huang, and J. 
Tschopp, “Sustaining iterative game 
playing processes in DGBL: The 
relationship between motivational 
processing and outcome processing,” 
Comput. Educ., vol. 55, no. 2, pp. 789–797, 
Sep. 2010. 

[55] C. Lai, Q. Wang, and J. Lei, “What factors 
predict undergraduate students’ use of 
technology for learning? A case from Hong 
Kong,” Comput. Educ., vol. 59, no. 2, pp. 
569–579, Sep. 2012. 

[56] M. J. Taylor, D. C. Pountney, and M. 
Baskett, “Using animation to support the 
teaching of computer game development 
techniques,” Comput. Educ., vol. 50, no. 4, 
pp. 1258–1268, May 2008. 

[57] A. Eleftheriou, G. Rachiotis, S. E. 
Varitimidis, C. Koutis, K. N. Malizos, and 
C. Hadjichristodoulou, “Cumulative 
keyboard strokes: a possible risk factor for 
carpal tunnel syndrome,” J. Occup. Med. 

Toxicol., vol. 7, no. 1, p. 16, 2012. 
[58] F. Gerr, M. Marcus, and C. Monteilh, 

“Epidemiology of musculoskeletal 
disorders among computer users: lesson 
learned from the role of posture and 
keyboard use,” J. Electromyogr. Kinesiol., 
vol. 14, no. 1, pp. 25–31, Feb. 2004. 

[59] Z. I. Rozali, F. M. Noorman, P. K. De Cruz, 
Y. K. Feng, H. W. Razab, J. Sapuan, R. 
Singh, and F. M. Sikkandar, “Impact of 
carpal tunnel syndrome on the expectant 
woman’s life.,” Asia Pac. Fam. Med., vol. 
11, no. 1, p. 1, Jan. 2012. 

[60] L. F. Annis, “Effect of preference for 
assigned lecture notes on student 
achievement,” J. Educ. Res., pp. 179–182, 
1981. 

[61] I. J. Russell, T. N. Caris, G. D. Harris, and 
W. D. Hendricson, “Effects of three types 
of lecture notes on medical student 
achievement,” Acad. Med., vol. 58, no. 8, 
pp. 627–636, 1983. 

[62] D. P. Y. Lui, G. P. Y. Szeto, and A. Y. M. 
Jones, “The pattern of electronic game use 
and related bodily discomfort in Hong 
Kong primary school children,” Comput. 

Educ., vol. 57, no. 2, pp. 1665–1674, Sep. 
2011. 

[63] E. B.-N. Sanders, E. Brandt, and T. Binder, 
“A framework for organizing the tools and 
techniques of participatory design,” in 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
133 

 

Proceedings of the 11th biennial 

participatory design conference, 2010, pp. 
195–198. 

[64] E. Brandt, “Designing exploratory design 
games: a framework for participation in 
participatory design?,” in Proceedings of 

the ninth conference on Participatory 

design: Expanding boundaries in design-

Volume 1, 2006, pp. 57–66.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Theoretical and Applied Information Technology 
 10

th
 May 2014. Vol. 63 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
134 

 

 
Table 1: Demographic data of respondents (N = 120) 

 Range Frequency (N) Percentage (%) 

Number of game users: N (%)  120 100% 
Gender Male 41 34.2 

Female 79 65.8 
Age distribution: N (%) 18-19 1 0.8 

20-22 85 70.8 
23-25 29 24.2 
>25 5 4.2 

Level of experience in computer 
game playing:  

N (%) 

Novice 1 0.8 
Moderate 50 41.7 

Experienced 44 36.7 
Very Experienced 25 20.8 

Dominant hand Right 110 91.7 

Left 10 8.3 

 

Table 2: Mean score of symptom severity and frequency (%) of responses 

Symptom Severity Mean 

Scores 

Std. 

Deviation 

No  

Symptoms 
Mild Moderate Severe 

Very  

Severe 

Numbness 1.99 0.92 34.2 40.0 19.2 5.8 0.8 

Tingling 1.93 0.90 35.0 43.3 16.7 3.3 1.7 

Weakness 1.82 0.88 44.2 34.2 18.3 2.5 0.8 

Night time numbness or tingling 1.73 0.93 52.5 28.3 15.8 0.8 2.5 

Night time pain severity 1.56 0.84 63.3 20.0 15.0 0.8 0.8 

Holding a small object 1.48 0.84 68.3 20.8 7.5 1.7 1.7 

Daytime pain length
&
 1.47 0.61 59.2 35.0 5.8 0 0 

Daytime pain frequency 1.46 0.65 62.5 29.2 8.3 0 0 

Daytime pain severity 1.43 0.68 66.7 24.2 8.3 0.8 0 

Awakening tingling and numbness* 1.41 0.65 68.3 22.5 9.2 0 0 

Awakening pain^ 1.23 0.54 83.3 10.8 5.8 0 0 

Mean symptom severity 1.59 0.49      

Scale from 1 to 5: no symptoms, mild, moderate, severe, or very severe symptoms.  
&Pain length scale from 1 to 5: never, < 10 minutes, 10-60 minutes, > 60 minutes, constant. 

*Frequency of awakening scale from 1 to 5: none, once, 2-3 times, 4-5 times, more than 5 times.  

 
Table 3: Mean score of functional severity score and frequency (%) of responses 

Functional Severity  Mean  

Scores 

Std.  

Deviation 

No 

Symptoms 

Mild Moderate Severe Very  

Severe 

Carrying grocery bags 1.60 0.96 63.3 21.7 8.3 5.0 1.7 

Writing 1.41 0.70 69.2 22.5 7.5 0.8 0 

Opening a jar 1.40 0.75 73.3 19.2 6.7 0.8 0 

Housekeeping 1.35 0.64 72.5 17.5 8.3 0.8 0.8 

Holding a book while reading 1.33 0.62 75.0 18.3 5.8 0.8 0 

Holding telephone handles 1.24 0.55 81.7 12.5 5.8 0 0 

Bathing and dressing 1.21 0.53 85.0 9.2 5.8 0 0 

Buttoning clothes 1.11 0.41 92.5 4.2 3.3 0 0 

Mean functional severity 1.33 0.52      

Scale from 1 to 5: no symptoms, mild difficulty, moderate difficulty, severe difficulty, cannot perform functions. 
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Table 4: Frequency of symptoms and functional severity according to group totals 

Type 
Group  

No Symptoms  Mild   Moderate  Severe  Very Severe 

Symptom 
Severity Scale 

12  88  18  2  - 

Functional 
Severity Scale 

58  50  10  2  - 

 
Table 5: Frequency (%) of participants’ perceptions of computer game playing 

Item Classification (N) % 

Frequency of computer game 

playing 

Once a month 26 21.7 

A few times a month 21 17.5 

A few times a week 38 31.7 

Every day: < 1 hour 13 10.8 

Every day: 1-3 hours 15 12.5 

Every day: > 3 hours 7 5.8 

Reasons for playing computer 
games 

 

Learning 15 12.5 
Training 1 0.8 

Enjoyment 66 55.0 

Challenge mind 15 12.5 

To kill time 23 19.2 
Preferred game genre 

 

 
 

 

 

 

 

 

Action 36 30.0 

Simulation 15 12.5 

Adventure 36 30.0 

Puzzles 19 15.8 

Role playing 1 .8 

Strategic 10 8.3 

Others 3 2.5 

 

Table 6: Frequency (%) of participants’ perceptions of computer game playing 

No. Item 
 Strongly 

Disagree 

Disagree Agree Strongly 

Agree 

1. 

Symptoms cause users to be less interested in computer game 

playing. 

 

 15.0 47.5 35.8 1.7 

2. 
Symptoms will appear after prolonged computer game playing 

. 

 7.5 15.0 68.3 9.2 

3. 
A user interface for special needs should be designed. 

 

 4.2 6.7 75.0 14.2 

4. 

Users should be involved in designing the interface of computer 

games. 

 

 3.3 11.7 73.3 11.7 

5. 
Enjoyment is one of the most important factors to be considered 

when designing a computer game. 

 5.0 3.3 50 41.7 

 


