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Abstract     1 

In the present study, we examined the status of physical inactivity and activity patterns 2 

among a sample of Taiwanese Secondary students, incorporating the cluster analytic approach. 3 

The three research goals were: (a) to compare gender and age differences in sedentary behaviour 4 

patterns, (b) to examine correlations of forms of sedentary behaviour (i.e., computer/internet, 5 

playing video games, doing homework, leisure reading, sitting and talking, listening to music, 6 

talking on the telephone, and watching television), and with physical activity participation levels, 7 

and (c) to compare whether cluster groups of students with distinct sedentary activity patterns 8 

differ in physical activity pattern. A sample of 757 secondary school students aged 12 to 15 years 9 

from eight Taiwanese schools in Southern part of Taiwan took part in the study. The results of 10 

cluster analysis revealed five clusters, with distinct patterns of sedentary activities. There was no 11 

difference in terms of physical activity participation across these five clusters. The overall results 12 

suggest that the link between sedentary behaviour and physical activity is weak, concurring with 13 

previous findings.  14 

 15 

Keywords: Secondary students, cluster analysis, sedentary behaviours, physical inactivity, 16 
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Physical Inactivity and Activity Patterns among Taiwanese Secondary Students 1 

 Sedentary behaviour has been linked to negative health outcomes, such as increased risk 2 

for obesity and bone loss (e.g., Tremblay, Colley, Saunders, Healy, & Owen, 2010). In 3 

particular, issues pertaining to sedentary lifestyles of the youth have received much attention, 4 

both by the scientific community (e.g., Biddle, Gorely, Marshall, Murdey, & Cameron, 2004) 5 

and health policy makers (e.g., Tremblay et al., 2011). Concerns about sedentary behaviour 6 

among the youth are understandable as childhood and adolescence are critical stages of 7 

development in the formation of lifestyle habits (Al-Nakeeb, Dodd, Lyons, Collins, & Al-Nuaim, 8 

2014). Given the gravity of the issue, it is therefore important to seek greater understanding 9 

about youth sedentary from multiple perspectives. In the present study, we examined the 10 

prevalence of physical inactivity and activity patterns among a sample of Taiwanese Secondary 11 

students using a cluster analytic approach, contributing to extant literature using similar approach 12 

(e.g., Marshall, Biddle, Sallis, Mckenzie, & Conway, 2002; Omorou, Coste, Escalon, & 13 

Vuillemin, in press; Rundle-Thiele, Kubacki, Tkaczynski, & Parkinson, 2015; Trilk et al., 2012) 14 

. 15 

  According to the ecological perspective (e.g., Mehtälä, Sääkslahti, Inkinen, & Poskiparta, 16 

2014; Sallis & Owen, 1999), physical activity and sedentary behaviour can be explained through 17 

the interactions of individual and situational-specific factors. For example, the presence of 18 

physical and societal factors, and how they afford individuals residing within it towards 19 

movements could account for levels of physical activity and inactivity. It is expected that each 20 

geographic location has its own set of conditions that predispose particular types of behaviour.  21 

The subject of our interest –Taiwanese youth’s physical activity and sedentary behaviour, is also 22 

likely to be shaped by its emphasis on education and high internet penetration rate. Indeed, 23 

http://www.ncbi.nlm.nih.gov/pubmed?term=Saunders%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=21164543
http://www.ncbi.nlm.nih.gov/pubmed?term=Healy%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=21164543
http://www.ncbi.nlm.nih.gov/pubmed?term=Owen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21164543
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James, Hsu, Redmond, and Hope (2005) conducted a cross-cultural study to study the impact of 1 

culture difference on physical activity between Australian and Taiwanese students, and found 2 

that Australian students reported a higher level and enjoyment of physical activity compared to 3 

Taiwanese students. Sensing the greater emphasis by Taiwanese parents on academic success 4 

over physical prowess, the authors proposed that physical activity programs and related social 5 

marketing campaigns in Taiwan could focus on promoting the positive academic spin-offs from 6 

increased physical activity, such as the capacity to cope with multiple demands in adult life due 7 

to the added opportunity to incorporate both academic work and physical activity during 8 

adolescence (James et al.). In essence, this study illustrates the importance of considering 9 

cultural influences as part of the interactions of individual and situational-specific factors within 10 

the ecological framework when seeking to promote physical activity.  11 

  Judging from the latest recommendations regarding the curbing of sedentary behaviour 12 

issued by some notable health promotion agencies in developed nations, it is obvious that there is 13 

prevalence of screen time and sitting time affecting the youth population in those localities. For 14 

example, the Canadian Sedentary Behaviour Guidelines for Children and Youth recommends 15 

that (a) recreational screen time be limited to no more than 2 hours per day; and (b) sedentary 16 

(motorized) transport, extended sitting time, and time spent indoors throughout the day should be 17 

limited (Tremblay et al., 2011). The Australia’s Physical Activity and Sedentary Behavioural 18 

Guidelines (Australian Government Department of Health, 2014) also recommends that youth 19 

aged 13-17 years minimize sedentary lifestyle on a daily basis by limiting use of electronic 20 

media for entertainment (e.g. television, seated electronic games and computer use) to no more 21 

than two hours a day, and to break up long periods of sitting as often as possible. To this end, a 22 

recent study on physical activity and sedentary behaviour among 1793 middle school students in 23 
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Beijing conducted by Duan, Hu, Wang and Arao (2015) suggests that approximately half 1 

(49.7%) of the students surveyed spent more than 2 hours reading, writing, or drawing, while 2 

42.9% reported spending more than 2 hours on screen time. The authors concluded that majority 3 

of students did not fulfil the physical activity recommendations while about half are spending 4 

excessive time being sedentary. In a rare published work documenting status of physical activity 5 

among adolescents in Taiwan, Chen, Hasse and Fox (2007) reported findings based on a large 6 

scale population census conducted in 2001. They too revealed that only 28.4% of the sample met 7 

recommended physical activity guidelines. Daily mean sedentary time was reported as 9.5 hours. 8 

However, no details regarding specific nature of sedentary behaviour was reported.  Nonetheless, 9 

prevalence of electronic devices usage in year 2001 was lower than it is today as technology had 10 

advanced dramatically since, so the sedentary problem associated with electronic device then 11 

could have been lesser. More recently, following the footsteps of China and South Korea, the 12 

Taiwanese lawmakers even approved an act that permits the government to fine parents of youth 13 

below 18 who are using electronic devices over extended times, to prevent prolong screen usage 14 

causing physical or psychological harms (Looker, 2015). It is clear from these guidelines and 15 

legislations that the modern youth living in the developed nations are confronted with the 16 

increased availability of electronic media and opportunity to sit throughout the day in the 17 

environment, triggering the respective health agencies and governments to devise targeted 18 

guidelines for addressing the health concerns associated. 19 

  Physical activity and sedentary behaviour does not appear to be negatively associated. 20 

Past research suggests that incidences of sedentary activity such as TV viewing and video-game 21 

playing are uncorrelated with physical activity, suggesting that youth allocated time for both 22 

physical activity and sedentary behaviour (Biddle et al. 2004). Likewise, Wang, Chia, Quek and 23 
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Liu (2006) also found that physical activity and sedentary behaviours were not inversely related 1 

for a sample based on Singaporean children. Getting youth to be less sedentary is thus not a 2 

simple affair of promoting and providing more opportunities for physical activity. Given the 3 

inherent complex relation between personal factors, environmental factors, physical activity and 4 

sedentary behaviour, there is value in documenting and examining the issue of inactivity in 5 

specific geographical contexts, such that more intricacies regarding sedentary behaviour can be 6 

uncovered.  7 

  To this end, the cluster analytic approach, which identifies homogeneous groups have 8 

been useful in identifying patterns of physical and sedentary activities in the population (e.g., 9 

Marshall et al, 2002; Omorou et al., in press; Rundle-Thiele et al., 2015; Trilk et al., 2012). For 10 

example, Marshall et al. reported two clusters with sufficiently active characteristics, and one 11 

cluster characterised with lack of physical activity. Among the two ‘active’ clusters, one is 12 

characterised with greater incidence of sedentary behaviour despite similar physical activity 13 

levels. Their cluster analysis allowed them to suggest that the simple association between 14 

physical activity and sedentary behaviour association is not supported. More recently, Omorou et 15 

al. identified five clusters of individuals of varying total physical activity, active-transportation 16 

and sedentary behaviour. What is noteworthy is that there was a cluster identified with low total 17 

physical activity and low sedentary behaviour that was also characterized by active 18 

transportation. This observation, in particular, demonstrates that low physical activity and low 19 

sedentary behaviour can coexist. Trilk and colleagues (2012) also used the cluster analytic 20 

approach in their study of physical activity and sedentary patterns in middle school girls. They 21 

found six clusters with each dominated by the following activity characteristics: educational 22 

sedentary, sports and play, organized sports teams/classes/lessons in past years, active 23 
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transportation and chores, and electronic media. While they did not uncover any cluster that 1 

showed low physical activity and low sedentary electronic media use (i.e. watching television or 2 

a movie, talking on the phone, playing music, and play video games/surfing internet), they too 3 

concurred that physical activity and sedentary activity are “complex and not independent”. The 4 

results of their cluster analysis led to their suggestion that encouraging participation in organized 5 

sport alongside with decreasing time spent on electronic media and sleep could be a fruitful 6 

strategy for future policies and environmental interventions (Trilk et al, 2012, p.297). Indeed, 7 

one benefit of cluster analytic approach is that the segmentation derived with its intricacies can 8 

be used by health promoters to develop more targeted programmes (e.g., Rundie-Thiele et al.).      9 

  In the present study, we focus on the status of a sample of Taiwanese secondary students’ 10 

physical inactivity and activity patterns by incorporating cluster analytic approach. It is useful to 11 

report the case of Taiwan because Taiwan is known to have one of the highest internet 12 

penetration rates in the world (ranked 34th with 80% penetration rate) (see Top 50 Countries with 13 

Highest Internet Penetration Rates - Country Literacy Rates, n.d.), indirectly resulting in heavy 14 

computer use, and possibly associated with sedentary lifestyles. Coupled with the fact that there 15 

is strong emphasis on academic achievements within the society, for instance leading to greater 16 

time spent attending cram schools (see Liu, 2012), the opportunities for sedentary behaviour 17 

seem aplenty, as highlighted by a study on cultural differences impacting physical activity 18 

between Australian and Taiwanese adolescents (James et al., 2005).  19 

  More specifically, in an effort to describe the sedentary behavioural situation in Taiwan 20 

given the current lack of research (Chen et al, 2007), we formulated and addressed three research 21 

objectives. First, we examined differences in activity patterns between genders and between two 22 

age groups (Year 7 and Year 8) in order to document empirical evidence pertaining to gender 23 
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and age differences on this issue for the benefits of policy makers implementing physical activity 1 

promotion strategies. Second, we tabulated correlations between different types of activities so 2 

that the associations between activity prevalence can be better understood, as a supplement to the 3 

third research objective. Finally, we characterized different groups of individuals based on their 4 

sedentary behaviour types before comparing levels of physical activity across groups. The 5 

findings would add to the extant literature that had adopted the cluster analytic approach in the 6 

study of physical activity and sedentary behaviour, further demonstrating the utility of this 7 

approach.  8 

Methods 9 

Participants  10 

A sample of 757 secondary school students aged 12 to 15 years from eight Taiwanese 11 

schools from the Southern part of Taiwan took part in the study. In these schools, Year 7 12 

students’ age ranged from 12 to 13 years old, and Year 8 students’ age ranged from 13 to 15 13 

years old, as the school year start in January. There were 262 students from Year 7 (46% males, 14 

54% females) and 496 Year 8 students (52% males, 48% females). These two year groups were 15 

selected as the higher grades students have major examinations near the data collection period. 16 

The schools were randomly selected from the Kaohsiung, the second largest city in Taiwan. All 17 

the schools were typical government schools with similar demographic characteristics and prior 18 

achievements.  19 

Procedures 20 

Ethical approval was granted from the host university’s Ethical Review Board. The 21 

school principals were approached with a formal letter requesting consent for the study. The 22 

schools sought informed consent from the parents. All participants were told that their 23 
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participation in the study was voluntary and they were free to withdraw at any time, with 1 

informed consent sought from the participants. The participants took 20 minutes to complete the 2 

questionnaire that was administered by research assistants in a quiet classroom setting. 3 

Participants were told that there was no right or wrong answers, and were assured of the 4 

confidentiality of their responses. Informed consent and ethical procedures conformed to the 5 

guidelines of the British Psychological Society. 6 

Measures 7 

Modified self-administered physical activity checklist (SAPAC). The original SAPAC 8 

(Sallis, Strikmiller, Harsha, & Feldman, 1996) provided 21 checklist activities commonly 9 

performed by young people. The respondents were required to select the activities they have 10 

done in the previous day in three time blocks, that is, before, during and after schools. Following 11 

which, the respondents estimated the time they spend on each activity in the three time blocks. 12 

The modified SAPAC used in previous studies (Marshall et al., 2002; Wang et al., 2006) added 13 

more activities and grouped the three time blocks together, excluding Physical Education classes. 14 

In this study, we used Wang et al.’s modified SAPAC which included 28 sports, dances (e.g., 15 

basketball, baseball, and ballet), exercises (e.g., cycling machine, weight training, and jogging), 16 

and general physical activities (e.g., walking as part of transport, water play and house cleaning). 17 

There were seven sedentary activities listed on the SAPAC, and they were computer/internet, 18 

playing video games, doing homework, leisure reading, sitting and talking/ listening to music, 19 

talking on the telephone, and watching television. The participants were told to recall what 20 

activities they had engaged in the previous seven days and how many minutes they participated 21 

in each of these activities.  22 
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The reliability of the 7 day-recall SAPAC test-retest was .42 for an American sample by 1 

Marshall et al. (2002), and more recently, Gioxari and his colleagues (Gioxari et al., 2013) 2 

reported more than .85 with a Greek sample. In terms of validity, Gioxari et al. (2013)  3 

established satisfactory agreement between data derived from SAPAC and triaxial accelerometer 4 

RT3 (Kendall’s tau-b = .31 for Total MET, .37 for MET-MVPA).  5 

Data Reduction and Analysis 6 

First, due to the very skewed nature of the data collected, all the seven sedentary 7 

behaviours and physical activity were polychotomised according to the categories in previous 8 

studies (Marshall et al., 2002; Wang et al., 2006; Wang, Koh, Biddle, Liu, & Chye, 2011). This 9 

approach reduces the excessive skewness and leptokurtic distribution of the variables. The time 10 

spent on computer/internet, playing video games, doing homework, leisure reading (not for 11 

school), sitting and talking/ listening to music, and talking on the telephone were grouped into 12 

four categories: None (0 hour/week), Low (0.1 to 2.9 hour/week), Moderate (3.0 to 6.9 13 

hour/week), and High (≥ 7 hour/week). Television watching was also classified into four 14 

categories: None (0 hour/week), Low (0.1 to 6.9 hour/week), Moderate (7.0 to 13.9 hour/week), 15 

and High (≥ 14.0 hour/week). In addition, the levels of physical activity participation were 16 

recorded into four categories: No Activity or Inactive (0 min/week or < 3 METs); Low Activity 17 

with 1-150 minutes of moderate activity (3 to 5.9 METs) or ≤ 60 minutes/week of vigorous 18 

activity (≥ 6 METs); Moderate Activity with either > 150 and ≤ 300 minutes/week of moderate 19 

activity or > 60 and ≤ 120 minutes/week of vigorous activity, and High Activity with either > 20 

300 minutes/week of moderate activity or > 120 minutes/week of vigorous activity. The 21 

frequency distribution of each activity was computed.  22 
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Next, the polychoric correlations of all the sedentary and physical activities were 1 

computed. Chi square tests of independence were conducted to examine the differences by 2 

gender and year among sedentary and physical activities. Finally, a cluster analysis was 3 

conducted to cluster participants based on the seven sedentary behaviours. The aim of cluster 4 

analysis is to identify homogenous groups or clusters based on the characteristics they possess. 5 

The hierarchical method with agglomerative procedure was used. In this method, each 6 

observation starts out as its own cluster. Subsequently, new clusters are formed by the 7 

combination of the most similar cluster until all clusters are grouped into one cluster. Ward’s 8 

method was chosen to minimize the within-cluster differences and to avoid problems with 9 

forming long, snakelike chains (Aldenderfer & Blashfield, 1984). The agglomeration schedule 10 

and dendrogram were used to identify the number of clusters. Chi square tests of independence 11 

were conducted to examine the differences by gender and year among clusters. An Analysis of 12 

Variance (ANOVA) was conducted to examine the differences among the cluster groups in 13 

physical activity. Post hoc tests were conducted as follow tests of the ANOVA.  14 

Results 15 

The prevalence of sedentary and physical activity behaviours among the overall sample, 16 

males, and females and the two year groups are shown in Table 1 and Table 2, respectively. In 17 

general, the majority of Taiwanese students spent more than seven hours per week on 18 

computer/internet either for school work or recreation. The results of the Chi-square tests showed 19 

that there were significant gender differences in the use of computer (χ2 (3) = 7.94, p < .05). 20 

Specifically, male students tended to spend more time on a computer and/or internet compared to 21 

female students. Year 8 students spent more time on computer and internet compared to the Year 22 

7 students (χ2 (3) = 8.16, p < .05). In terms of video gaming, about 30% of the students reported 23 
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more than 7 hour/week of play. Male students tended to spend significantly more time in playing 1 

video games compared to their female counterparts (χ2 (3) = 106.53, p < .01). No significant 2 

differences were found between Year 7 and Year 8 students (χ2 (3) = 7.93, p = .05).  3 

Doing homework appeared to be the most prevalent sedentary activity that the students 4 

participated in. More than 40% of the students spent seven hours or more per week doing their 5 

homework, except for Year 7 students. There were no significant differences among the two 6 

genders and year groups. Surprisingly, majority of Taiwanese students in this study did not read 7 

much outside of their textbooks. About 48% of the students do not read books, magazines, and 8 

newspapers at all. Female students tended to read more than their male counterparts (χ2 (3) = 9 

21.66, p < .01). There was no difference between the two year groups.   10 

The majority of Taiwanese students spent at least three hours per week sitting down and 11 

talking to friends. The results of the Chi-square tests showed that female students spent more 12 

time sitting and talking to friends than males, (χ2 (3) = 32.32, p < .01). In addition, Year 8 13 

students spent more time sitting and talking to friends than Year 7 students (χ2 (3) = 10.80, p < 14 

.05). Most students did not spend too much time on the telephone; about 47% do not talk on the 15 

phone at all. The rather low phone talking component is likely due to the fact that modern smart 16 

phone applications are facilitating frequent text messaging in place of actual phone talking. 17 

However, female students tended to spend more time talking on the phone than their male 18 

counterparts (χ2 (3) = 22.68, p < .01). No differences were found between the two year groups.   19 

In terms of TV watching, only about 28% of the students spent 14 hours or more per 20 

week watching TV. Female students tended to watch more TV than male students (χ2 (3) = 11.43, 21 

p < .05). No differences were found between the two year groups.   22 
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In the overall sample, about 70% of the students reported a high amount of physical 1 

activity (> 300 mins/wk of moderate activity or > 120 min/wk of vigorous activity). When 2 

contrasted with Chen et al. (2007), which reported that no more than a third of those aged 15-18 3 

met the recommended activity level, the currently observed amount of physical activity seems 4 

high. However, it must be noted that their research was based on data in the year 2000 and that 5 

the methodologies used by Chen et al. was different, thus direct comparisons may not be 6 

meaningful. Only 3.6% of the students reported low or no physical activity. Boys were more 7 

active than girls (χ2 (3) = 44.91, p < .01). No differences were found between the two year 8 

groups.   9 

Table 3 presents the results of the polychoric correlations. The results show that the use 10 

of a computer/internet had positive relationships with video gaming, sit and talk, and TV 11 

watching. Video gaming was positively associated with television watching and use of the 12 

telephone. Homework and leisure reading were positively related. Sit and talk was related to use 13 

of telephone and television watching. Physical activity participation had positive but weak 14 

relationships with homework but not related to all other sedentary behaviours.  15 

Cluster Analysis of Sedentary Behaviour 16 

The results of the agglomeration schedule and dendrogram suggested a five-cluster 17 

solution to be best suited to describe the sample. Table 4 shows the last few stages of the 18 

agglomeration schedule. Figure 1 shows the graphical cluster profiles for the five-cluster solution 19 

of the k-means cluster analysis and Table 5 contains the means, standard deviations and Z scores 20 

of the main variables. A Z score of +/- .5 was used to determine high/low of an activity level.  21 

In Cluster 1, there were 75 students with 58.7% boys and 41.3% girls. The characteristics 22 

of this cluster were high in use of computer and video gaming, as well as very high in sitting and 23 
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talking, and use of the telephone. They reported low level of study time. This cluster was 1 

labelled as “high socializers” cluster.  2 

In Cluster 2, there were 156 students with 56.4% boys and 43.6% girls. Similar to the 3 

first cluster, they spent much of their sedentary time in technology-based entertainment (e.g., 4 

computer/internet, video games, TV watching). However, they also spent a high amount of time 5 

in study and reading. The unique characteristic of this cluster was “high techno” cluster.  6 

Cluster 3 was dominated by 81.4% boys and only 18.6% girls (N = 86). The students in 7 

this cluster tended to spend their time in computer and playing video games, as well as watching 8 

TV. They reported very low levels of time on school work, reading, or socializing. This cluster 9 

was labelled as “very high techno/screen” cluster.  10 

Cluster 4 consists of 175 students with 42.9% boys and 57.1% girls.  The students in this 11 

cluster reported spending low amount of time in use of computer, video gaming, studying, 12 

reading, socializing with friends, compared to their peers. In general, the students in this cluster 13 

reported low amount of time in almost all sedentary behaviours and physical activity. This 14 

cluster was labelled as “low techno” cluster. 15 

The last cluster, Cluster 5, spent highest amount of time studying compared to the other 16 

four groups and was lowest for time spent on the computer/internet, playing video games, and 17 

television watching. There were 265 students on this cluster with 36.6% boys and 63.4% girls. 18 

This cluster can be labelled as the “very low techno” cluster. 19 

The results of the chi-square tests showed that there were significant gender differences 20 

among the clusters, χ2 (4) = 57.27, p < .01, but not year group differences. It appeared that 21 

Clusters 1, 2, and 3 had more boys and the last two clusters had more girls.  22 
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The results of the ANOVA showed that the five clusters did not differ significantly in 1 

physical activity participation. None of the Tukey’s honestly significant difference (HSD) tests 2 

indicated any significant differences among each pairwise comparison.  3 

Discussion 4 

The main purpose of the present study was to examine the sedentary behaviour and 5 

physical activity patterns among Taiwanese secondary school students given the lack of 6 

empirical data on this issue (Chen et al., 2007), with the following three research goals in mind: 7 

(a) to compare gender and ages differences in sedentary behaviour patterns, (b) to examine 8 

correlations of forms of sedentary behaviour (and with physical activity), and (c) to compare 9 

whether cluster groups of students with distinct sedentary activity patterns differ in physical 10 

activity pattern. It is intended that this research would add on to the extant literature on the issue 11 

on links between sedentary behaviour pattern and physical activity, particularly by adopting the 12 

cluster analytic approach. In essence, the main finding is that the link between sedentary 13 

behaviour and physical activity is weak, concurring with previous findings by Biddle et al. 14 

(2004) and Wang et al. (2006).  15 

In comparing the gender and age differences, we found four noteworthy results. First, 16 

students in Year 8 showed higher computer/internet usage compared to those in Year 7. It 17 

appears that computer/internet usage increases as age advances, concurring with previous 18 

findings (e.g., Mark, Boyce, & Janssen, 2006; National Center for Education Statistics, 2003). 19 

For example, prevalence of internet addiction was reported to be higher amongst senior high 20 

school students than for junior high school students, according to a study of adolescents in China 21 

(Wang et al., 2013). Secondly, males tend to spend more time on video games compared to 22 

females. This is perhaps reflective of the greater motivation states among the males during 23 
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computer video games, as suggested by fMRI evidence associated with gender difference at the 1 

cortical level (Hoeft, Watson, Kesler, Bettinger, & Reiss, 2008). To this end, Hoeft et al. 2 

suggests gender difference in reward prediction, learning reward values and cognitive state when 3 

it comes to computer gaming. Thirdly, females reported higher greater TV watching hours than 4 

males. This coupled with the finding that males spend more time playing video games, suggests 5 

that the preferred choice of recreational sedentary activity differ across genders. Lastly, it was 6 

also found that boys were more active than girls. This corroborated with previous findings which 7 

suggest that activity levels of females are generally lower than males (e.g., Baranowski, 8 

Thompson, DuRant, Baranowski, & Puhl, 1993). Specifically, in Chen et al. (2007)’s earlier 9 

study on a Taiwanese sample, fewer girls aged 15 to 18 met the recommended physical activity 10 

requirements compared to the boys of the same age.  More girls that age reported sedentary 11 

hours exceeding 12 hours compared to that of the boys.  12 

The second objective of the research was to examine correlations of forms of sedentary 13 

behaviour, and particularly their relations with physical activity. To this end, we found that the 14 

performance of these sedentary activities appears to be independent of whether the students 15 

participate in physical activity. This result corroborate with research findings based on Biddle et 16 

al. (2004) and Wang et al. (2006). Biddle et al., in particular, noted that sedentary activity such 17 

as TV viewing and video-game playing is largely uncorrelated with physical activity because 18 

time can be allocated for both types of activities. Indeed, physical activity and sedentary 19 

behaviours may co-exist, because they happen at different parts of the day. Nevertheless, two 20 

activities that are substantially related are between computer/internet usage and video games 21 

playing (r = .52). It could be that both activities share similar characteristics, underpinned by 22 
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interactivity and stimulation from screen monitors. Further, the correlation between reading and 1 

homework is also moderate (r = .35), explain perhaps by the similarity in the nature of tasks.  2 

The third objective was to compare whether cluster groups of students with distinct 3 

sedentary activity patterns differed in physical activity pattern. The results of cluster analysis 4 

revealed five clusters, suggesting that Taiwanese students surveyed can be grouped as “high 5 

socializers”, “high techno”, “very high techno/screen”, “low techno” and “very low techno” 6 

clusters. There was no difference in terms of physical activity participation across these five 7 

clusters. The lack of cluster differences in physical activity participation serves to reaffirm the 8 

notion of physical activity not being negatively related to any of the sedentary behaviour. In 9 

short, the type of sedentary activity students partake in has little bearing on whether they engage 10 

in physical activity.  The present findings indeed corroborate with Marshall et al. (2002), 11 

Omorou et al. (in press) and Trilket et al. (2012) in that nuances in the physical activity and 12 

sedentary behaviour profiles are present amongst individuals; and physical activity and sedentary 13 

behaviour can be unrelated.   14 

Nonetheless, our characterizations of groups of individuals based on sedentary behaviour 15 

can be relevant for future research and intervention work. After all, one advantage of cluster 16 

analytic approach is the potential for more targeted programmes to be developed based on such 17 

findings (e.g., Rundie-Thiele et al., 2015). For example, those with characteristics described in 18 

Cluster 1 and 2 can perhaps be enticed to exercise through computer or video gaming based 19 

exercise activities (e.g., Trost, Sundal, Foster, Lent, & Vojta, 2014). The remaining three clusters 20 

also feature nuances of sedentary behaviour that will be of interest to fellow researchers. Cluster 21 

2 individuals are actively engaged in technology-based entertainment but yet spend a high 22 

amount of time studying and reading; while those in Cluster 5 focus more on studying and 23 
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reading with lower engagement of technology-based entertainment. The difference between 1 

Cluster 2 and 5 may be a case of differences in parental control in their respective families, with 2 

those in Cluster 5 experiencing stricter control at home when it comes to computer use and game 3 

play. It appears that the commonality of these two clusters is their interest for mental stimulation 4 

of academic nature. The question of whether individuals who are inclined towards intellectual-5 

type activities can be better persuaded to be active through the presentation of rational and 6 

scientific basis of benefits for physical activity is worth researching. To this end, making avail to 7 

them physical education as an academic subject may perhaps pave the way for greater physical 8 

activity involvement for these students (e.g., Department of Education, 2015). Finally, those in 9 

Cluster 4 appears to be relatively passive compared to the rest when it comes to the amount of 10 

time spent in computer use, video gaming, studying, reading and socializing with friends. It is 11 

not known why these students reported lower involvement with these activities, one speculation 12 

could be that they spent their time partaking in activities that are beyond the scope of what the 13 

current research investigates, such as engaging in part-time employment. Alternatively, it could 14 

be that this group of individuals had lower needs for stimulation and were not interested in those 15 

activities in general. 16 

There are several limitations related to this study that must be noted. First, this study is 17 

cross-sectional in nature, and therefore limited for inferring any cause and effect relations 18 

regarding physical activity and sedentary behaviours. Secondly, the data is largely based on 19 

retrospective recall on the participant’s part. The extent of accuracy of the derived findings could 20 

be threatened by individuals’ ability to recall. Thirdly, the range of sedentary behaviour may not 21 

have been exhaustively covered using the present methodological approach. For example, 22 
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watching videos while exercising on the treadmill could be recorded as a screen time activity, as 1 

well as a form of physical activity.     2 

In conclusion, although this research is correlational in nature and inference of any 3 

causation of the links is not warranted, there is substantial value arising from the study. 4 

Importantly, it further establishes that the link between sedentary behaviour and physical activity 5 

is weak. As the sample was drawn from an Asian society (i.e. Taiwan) where scholastic 6 

achievement is highly valued, it is likely that Taiwanese parents would expect their children to 7 

spend more time studying rather than partaking in physical activities. This coupled with the fact 8 

that Taiwan is known to have one of the highest internet penetration rates in the world (ranked 9 

34th with 80% penetration rate (Top 50 Countries with Highest Internet Penetration Rates - 10 

Country Literacy Rates, n.d.); frequent computer use and thus affordance for sedentary episodes 11 

are expectedly higher (James et al., 2005). It is noteworthy that despite these two underlying 12 

factors that predispose sedentary activities, partake in these specific types of activities did not 13 

seem to negatively undermine physical activity participation. The present findings leave future 14 

researchers with some points of reference for further work to combat physical inactivity issues 15 

confronted by societies worldwide. In particular, the cluster analytic approach, as shown in 16 

previous studies (Marshall et al, 2002; Omorou et al., in press; Rundle-Thiele et al., 2015; Trilk 17 

et al., 2012), is again shown to be a viable method for uncovering the complexity of the physical 18 

activity-sedentary behaviour links; further demonstrating the lack of association between 19 

physical activity and sedentary behaviour. 20 

21 
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Table 1. Percentage of Students with Different Prevalence of Sedentary Activity Behaviours for 1 

the Overall Sample and by Gender and Year Group. 2 

 

Engaged Activity 

None 

(0 hr/wk) 

Low 

(0.1-2.9 hr/wk) 

Moderate 

(3-6.9 hr/wk) 

High 

(≥ 7 hr/wk) 

Computer/internet     

Overall 10.6 24.4 24.6 40.4 

Boys 11.9 20.9 23.3 43.9 

Girls   9.2 28.0 25.9 36.9 

Year 7 13.0 28.4 20.3 38.3 

Year 8   9.3 22.4 26.8 41.5 

Video Games     

Overall 38.0 17.0 14.5 30.4 

Boys 22.0 15.3 19.3 43.4 

Girls 54.1  18.7   9.8 17.4 

Year 7 38.3 20.7 10.3 30.7 

Year 8 37.9 15.1 16.7 30.2 

Homework     

Overall  23.8 16.9 18.8  40.6 

Boys 26.7 15.6 16.9 40.7 

Girls 20.8 18.2 20.6 40.4 

Year 7 20.7 19.5 22.2 37.5 

Year 8 25.4 15.5 16.9 42.1 

Reading     
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Overall 47.7 21.5 15.3 15.5 

Boys 55.3 17.5 11.6 15.6 

Girls 40.1 25.6 19.0 15.3 

Year 7 48.7 23.4 14.6 13.4 

Year 8 47.2 20.6 15.7 16.5 

Sit & Talk     

Overall 18.4 29.1 21.9 30.6 

Boys 25.9 28.0 17.2 28.8 

Girls 10.8 30.1 26.6 32.5 

Year 7 24.1 29.9 19.9 26.1 

Year 8 15.3 28.6 23.0 33.1 

Telephone     

Overall 46.8 39.9   7.7   5.7 

Boys 54.5 33.9   5.3   6.3 

Girls 39.1 45.9 10.0   5.0 

Year 7 49.4 38.7   6.9   5.0 

Year 8 45.4 40.5   8.1   6.0 

TV Watching None 

(0 

hr/wk) 

Low 

(0.1-6.9 

hr/wk) 

Moderate  

(7-13.9 

hr/wk) 

High 

(≥ 14 hr/wk) 

Overall 13.3 41.3 17.6 27.7 

Boys 17.2 37.8 16.4 28.6 

Girls   9.5 44.9 18.7 26.9 
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Year 7 13.8 44.4 18.4 23.4 

Year 8 13.1 39.7 17.1 30.0 
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Table 2. Prevalence of Physical Activity among Taiwanese Sample (in percentages) 

Physical 

Activity 

Inactive 

(0 hr/wk) 

Low 

(≤ 150 mins/wk of moderate 

or ≤ 60 mins/wk of vigorous 

activity) 

Moderate  

(> 150 and ≤ 300 mins/wk of 

moderate activity or > 60 and ≤ 120 

mins/wk of vigorous activity) 

High 

(> 300 mins/wk of moderate 

activity or > 120 mins/wk of 

vigorous activity) 

Overall  3.6 11.8 15.1 69.6 

Boys  2.6   5.8 11.1 80.4 

Girls  4.5 17.7 19.0 58.8 

Year 7  3.4 11.1 15.3 70.1 

Year 8  3.6 12.1 14.9 69.4 
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Table 3. Polychoric Correlation Matrix for the Sedentary Behaviours and Physical Activity 1 

Variables 1 2 3 4 5 6 7 8 

1. Computer / internet 1.00        

2. Video Games  .52** 1.00       

3. Homework -.12** -.11** 1.00      

4. Reading -.06 -.05 .35** 1.00     

5. Sit & Talk  .25**  .10** .06 .14** 1.00    

6. Telephone  .14**  .14** -.06 .03 .22** 1.00   

7. TV Watching  .22**  .21** .04 .05 .23** .11** 1.00  

8. Physical Activity  .07*  .05 .13** .07 .08* .03 .06 1.00 

Note. * p < .05, ** p < .01. 2 

3 
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Table 4. Analysis of Agglomeration Coefficients for Hierarchical Cluster Analysis 1 

Number of Clusters Agglomeration Coefficient % Change in Coefficient to 

Next Level 

7 3158.56 5.60% 

6 3335.30 6.57% 

5 3554.40 7.02% 

4 3803.90 8.13% 

3 4113.04 7.78% 

2 4433.21 19.4% 

1 5292.00  

 2 

 3 

 4 

 5 
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Table 5. Cluster Profiles of Sedentary Behaviours with Physical Activity  1 

 2 

 Cluster 1 (n = 75) Cluster 2 (n = 156) Cluster 3 (n = 86) Cluster 4 (n = 175) Cluster 5 (n = 265) 

 Mean SD Z Mean SD Z Mean SD Z Mean SD Z Mean SD Z 

Computer/internet 3.72 .51  .75 3.59 .54  .62 3.81 .42    .84 2.47 1.00 -.46 2.38 .99 -.54 

Video Games 3.36 1.05  .78 3.54 .65  .93 3.84 .37  1.16 1.75 .91 -.49 1.34 .58 -.82 

Homework 2.21 1.27 -.45 3.51 .74  .61 1.45 .84 -1.08 1.86 .97 -.74 3.49 .74  .60 

Leisure Reading 2.03 1.21  .04 2.31 1.20  .29 1.24 .57 - .66 1.37 .69 -.55 2.43 1.10  .39 

Sit & Talk 3.24 .93  .54 3.06 1.05  .38 2.24 1.12 -.37 2.31 1.00 -.31 2.59 1.09 -.05 

Telephone 3.35 .74 1.95 1.53 .63 -.24 1.35 .48 -.45 1.57 .64 -.19 1.60 .64 -.14 

TV Watching 2.71 1.02  .11 2.84 1.06  .24 2.98 1.12  .37 2.56 1.03 -.04 2.32 .91 -.26 

Physical Activity 3.52 .96  .02 3.57 .78  .08 3.50 .88 -.01 3.47 .82 -.05 3.49 .83 -.02 
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Figure 1. The cluster profiles of sedentary and physical activity patterns.1 
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