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ABSTRACT
Adults in Hong Kong show relatively low participation in physical activity. In the
wake of technological advancements, it has become necessary to promote physical
activity in an innovative approach. To that end, this study aimed to investigate the effect
of an application of Social Cognitive Theory (SCT) under an eight-week electronic
activity monitor system (EAMS)-based intervention on changes in physical activity (PA)
as well as its associated SCT constructs of self-efficacy, social support and self-regulation
for working adults in Hong Kong. A series of studies were performed:
Study 1: In order to assess the validity of the step count output of two popular
electronic activity monitor system (EAMS) model, Fitbit Charge HR and Xiaomi Mi
Band 2, healthy adult (N=30) worn both EAMS and walked at five predetermined speeds
on a treadmill. Two-factor (step x speed) repeated measures ANOVAs was performed to
compare the output of devices with manual step count. Result: there was no significant
mean difference (p > 0.05) in step count among the Fitbit Charge HR and Mi Band 2
activity monitors and the criterion in all treadmill speeds. Both of them are valid devices
for step count in the laboratory setting.
Study 2: As to assess the validity of step measurement of Mi Band 2 in the freeliving environment, 31 healthy adults were invited for wearing both Mi Band 2 and
ActiGraph GT9X Link on their dominant hand’s wrist for 7 consecutive days. Paired
sample t-tests and Pearson correlation were conducted to compare the average steps per
day between Mi Band 2 and ActiGraph GT9X Link. Result: there was no significant mean
difference (p > 0.05) and high positive correlation in step count between the Mi Band 2
and Actigraph. The Mi Band 2 is a valid device for step count in the free-living
environment.
Study 3: To examine the validity and reliability of the Chinese version of PA
related self-efficacy, self-regulation and social support in Hong Kong Chinese adults.
There were 230 healthy adults aged 19-63 years recruited. The factorial validity of the
scales was assessed by the Confirmatory Factor Analyses (CFA) while criterion validity
was assessed by correlating measured constructs with self-reported PA. The internal
consistency and scales test-retest reliability were evaluated by Cronbach’s alpha and
ii

intraclass correlation coefficient, respectively. Result: indicators of CFA supported the
one-factor structure while all PA correlates were significant (p < 0.01) associated with
self-reported PA. All scales demonstrated acceptable internal consistency and test-retest
reliability. The results provided psychometric support for using the Chinese version of the
scales to measure PA correlates among Hong Kong adults.
Main Study: A two-armed randomised controlled trial took place to investigate the
effect of an EAMS-SCT intervention on changes in PA and its associated SCT constructs
for working adults in Hong Kong.
Sixty-four (26 males, 38 females, mean age = 39.98, SD =7.06) participants were
stratified based on their job nature and randomly assigned to the control, EAMS only
group (n = 33) and the treatment, EAMS-SCT group (n =31) after data screening. Both
groups received an EAMS, whereas the EAMS-SCT group received SCT elements in the
eight-week intervention, which comprised of one physical activity advisory session
conducted by a certified personal trainer and four WhatsApp delivered sessions conducted
by the researcher.
Outcome measures: Measures of PA (by IPAQ MET score) and SCTs constructs
(by the scale of Exercise Self-efficacy, Social Support for Exercise and Physical Activity
Self-regulation) of two groups at three times of measurement. 2 x 3 (Group x Time of
Measurement) mixed ANOVA and mixed MANOVA were conducted respectively for PA
and SCTs constructs for detecting group difference.
Results: The interaction effect between different groups (EAMS only and EAMSSCT) on the participants’ score on IPAQ, across three times of measurement (preintervention, post-intervention and 4-week follow-up) was significant. The mean IPAQ
MET scores of participants in both groups (EAMS only, from 957.64 to 1235.82, EAMSSCT group from 883.49 to 1420.86) increased and statistically significant difference from
its scores than that of the pre-intervention. However, there was no statistically significant
difference in IPAQ MET scores between the groups.
There was a statistically significant multivariate effect of SCT constructs across
the interaction between the groups and time of measurement: F (6, 57) = 7.267, p = .000,
with large effect size. Post-hoc analysis revealed that the score of exercise self-efficacy,
iii

social support for exercise and physical activity self-regulation from pre-intervention to
post-intervention were significantly higher in the EAMS-SCT group. There was no
significant difference in the score of physical activity self-regulation between the EAMS
only group and the EAMS-SCT group. Meanwhile, there was a significant mean
difference in exercise self-efficacy and social support for exercise at Week 8 and social
support for exercise at Week 12 between EAMS only and EAMS-SCT group.
Conclusion: The participants in the EAMS-SCT group show a significant increase
in physical activity level and all three related SCT constructs. Both the EAMS only and
the EAMS-SCT groups have an increase in the IPAQ MET score and the score of the
scale of physical activity self-regulation after the 8-week intervention. Participants in the
EAMS-SCT group exhibit higher scores in the scales of exercise self-efficacy and social
support for exercise than participants in the EAMS only group after the 8-week
intervention.
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CHAPTER ONE
INTRODUCTION
Background of Study
The increasing prevalence of obesity is a health problem, as there are over 650
million are obese worldwide (WHO, 2018). The overweight and obesity rates of men
and women were 48.2% and 30.5%, respectively and the mean duration of sedentary
behaviour on a typical day was about 7 hours among persons aged 15 or above
(Centre for Health Protection, 2017). Physical inactive is estimated to be the principal
cause of breast and colon cancer, and heart disease (WHO, 2018).
Meanwhile, adults in Hong Kong is not physically active, as over 65% of
adults performed less than 10 minutes per day in moderate physical activity
(Department of Health, 2017). It failed to meet the recommended physical activity
level, i.e. 75 minutes of intense exercise per week or 150 minutes of moderate
intensity per week or both (WHO, 2018).
Regular physical activity could reduce the risk of hypertension and improve
functional health (WHO, 2017). Walking, one of the popular physical activity, is a
fundamental part of daily life and an important indicator of public health physical
exercise guidelines (Tudor-Locke et al., 2011). Tudor-Locke and Bassett (2004)
pointed out that for a significant health benefit, sedentary adults should seek to
accumulate 30 minutes of walking time or 10,000 steps per day. However, according
to the graded step index for healthy adults, people in reported that people in Hong
Kong was “low active” as they walked an average of 6,880 steps per day only
(Althoff. et al. 2017). Furthermore, the average daily steps of working adults in Hong
Kong was 8,661 (Lam, Lee, Wong, &Wong, 2012), which was “somewhat active”.
Both findings reflected the potential to improve the number of daily steps further and
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also physical activity of adults in Hong Kong. Saevereid, Schnohr and Prescott (2014)
pointed out that walking is the most popular physical exercise to prevent heart failure.
Therefore, pace-oriented walking recommendations are suitable for adults in Hong
Kong to promote regular physical activity.
Effective strategies were necessary to increase the physical activity level of
adults in Hong Kong. There was also a need to recognise and understand the factors
associated with physical activity to modify this behaviour (Sallis & Owen, 1999).
Social cognitive theory (SCT) had proven to be a useful behavioural theory in the
development of physical activity behaviour change intervention (Ince, 2008; Young,
Plotnikoff, Collins, Callister, & Morgan, 2014). Furthermore, it was recognised as a
valuable framework for understanding and promoting physical activity (USDHHS,
2008; Young et al., 2014).
Workplaces – where most adults spend half of their waking hours – were
appropriate settings for providing different ways to promote healthy lifestyle
behaviour adoption and maintenance (McEachan, Lawton, Jackson, Conner & Lunt,
2008). The World Health Organization (WHO) (2019) recommended that workplace
is one of the priority settings in promoting health as it directly influences the physical,
mental and social well-being of workers and in turn the health of their families and
communities. Providing interventions at workplaces could be an effective approach to
improve both health and important worksite outcomes (Conn, Hafdahl, Cooper,
Brown, & Lusk, 2009).
Furthermore, advancements in technology had provided researchers with
continuous opportunities for developing and testing novel, innovative modalities with
the potentials to deliver effective, low-cost interventions (Wang, 2014). In the
systematic review of Funk and her colleagues (2012), Internet-based interventions
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among the workplaces for promoting physical activity were as useful as traditional
methods.
Recently, commercially available products such as wearable device and
mobile applications software on smartphones and tablet computers have become
increasingly popular among the general public (Chan, Estève, Fourniols, Escriba, &
Campo, 2012; Freedson, Bowles, Troiano, & Haskell, 2012; Fritz, Huang, Murphy, &
Zimmermann, 2014). Wearable activity trackers (WAT) included the electronic
activity monitor system (EAMS) were mostly equipped with self-monitoring and
goal-setting functions congruent with self-regulation approaches. These were
effective strategies for physical activity interventions for different targets (Barwais,
Cuddihy, & Tomson, 2013; Cadmus-Bertram, Marcus, Patterson, Parker & Morey,
2015; Fitzsimons et al., 2013) and matched the recommendations from the SCT
closely (Lyons, Lewis, Mayrsohn, & Rowland, 2014).
Statement of Problem
The physical activity level of people in Hong Kong was relatively low
(Department of Health, 2017). Meanwhile, there were limited activities to promote
healthy living in the workplace for the working population (Department of Health,
2010). The SCT was a useful framework to explain physical activity behaviour (Young
et al., 2014); however, the SCT-based intervention targeted the workers with
intellectual disabilities (Chan, 2014) and children (Liang, 2015) in Hong Kong. There
was a research gap in providing SCT-based physical activity intervention for adults in
the workplace.
In addition, using wearables and smartphone applications in the physical
activity intervention was increasingly popular and brought new opportunities in
delivering tailored interventions to increase physical activity level (Gal, May,
3

VanOvermeeren, Simons, & Monninkhof, 2018). Although EAMS can increase
physical activity significantly, the efficacy compared to other interventions had not
yet been demonstrated (Lewis, Lyons, Jarvis, Baillargeon, 2015). Furthermore,
Henriksen and his team (2018) commented that there were not many well-established
brands used frequently in the research projects, and less were thoroughly validated.
Therefore, further examination in the validation of the EAMS for research purpose
and comparison of physical activity intervention with and without EAMS was
necessary.
Purpose of the Study
The current research aimed to promote physical activity level of adults in a
workplace through SCT intervention with EAMS as a promoting tool. A randomised
controlled trial was adopted to compare the group with EAMS only and the group
with EAMS-SCT elements. The independent variables were the two groups and the
repeated time phases. The dependent variable was the subjective measure of physical
activity level (IPAQ MET score), and the SCT constructs, scores from the scales of
exercise self-efficacy, social support for exercise, and physical activity selfregulation. The number of daily steps recorded objectively by the Mi Band 2 acted as
the process measure. (Figure 1).
Before the implementation of the SCT-based intervention, the popular EAMS
were examined for its validity in step measurement. Furthermore, the validity and
reliability of SCT constructs questionnaires were examined among working adults in
Hong Kong.
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Week 0
Measurement 1
(PreIntervention)

Control Group:
EAMS Only Group
(Wear EAMS Only)

Week 8
Measurement 2
(PostIntervention)

8 Weeks for Intervention

Intervention
Group:
EAMS-SCT
intervention Group
(Wear EAMS and
with elements of
SCT constructs,
Self-efficacy,
Social Support,
Self-regulation
Figure 1. Conceptual framework of the study
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Week 12
Measurement 3
(Follow-up)

4 Weeks

Research Questions
The research questions were established in the present study:
1. Was the EAMS valid in measuring PA, especially in step?
2. Were there any valid and reliable questionnaires in measuring PA and its
correlated SCT constructs among working adults in Hong Kong?
3. Was the EAMS-SCT intervention effectively increase PA in working
adults in Hong Kong?
To address the research question 1 and 2, studies were conducted, and details
were listed in Chapter three. The main study was conducted to respond to question 3
and details were listed in Chapter four.
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Definitions of Terms
Physical activity was defined as “any bodily movement produced by skeletal muscles
that result in energy expenditure. Physical activity in daily life can be categorised into
occupational, sports, conditional, household, or other activities” (Caspersen, Powell,
& Christenson, 1985, p.126).
Sedentary behaviour was defined as any waking behaviour characterized by an
energy expenditure ≤1.5 METs, while in a sitting, reclining, or lying posture (Thivel
et al., 2018).
Electronic activity monitor system was “a wearable device that objectively measures
lifestyle physical activity and can provide feedback, beyond the display of basic
activity count information, via the monitor display or through a partnering application
to elicit continual self-monitoring of activity behaviour” (Lewis 2015, p.2).
Wearable activity tracker (WAT) was “capable of tracking activity, e.g. step count,
and other physiological information, e.g. heartbeat rate in a non-invasive system. The
data is uploaded and stored on a server and is visualised in ways that allow users to
gauge progress and gather incremental feedback. It is also can be shared with other
users in a social media platform” (Shih, Han, Poole, Rosson & Carrol, 2015, p.2).
Behaviour Change Techniques (BCTs) were “observable, replicable, and irreducible
component(S) of an intervention designed to alter or redirect causal processes that
regulate behaviour; that is, a technique is proposed to be an ‘active ingredient”
(Michie et al., 2013, p.82).
Social cognitive theory (SCT) was based on the concept of triadic reciprocal
causation, in which “interpersonal factors in the form of cognitive, affective and
biological events; behavioural patterns, and environmental events all operate as
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interacting determinants that influence one another bidirectionally” (Bandura, 1999b,
p.23).
Self-efficacy was defined as “refers to beliefs in one's capabilities to organise and
execute the courses of action required to manage prospective situations” (Bandura,
1994, p.2).
Self-regulation was defined as “personal regulation of goal-directed behaviour or
performance” (Bandura, 1986, p.98). Self-regulation is theorised to manifest itself in
several different dimensions, including self-monitoring, reinforcement, goal setting,
corrective self-reactions, performance self-guidance, and preparation to reach or avoid
individual outcome expectations associated with a particular behaviour (Bandura,
1986).
Social support was defined as “verbal and nonverbal communication between
recipients and providers that reduces uncertainty about the situation, the self, the
other, or the relationship, and functions to enhance the perception of personal control
in one's life experience” (Albrecht & Adelman, 1987, p.19)
Outcome expectations, both social and self-evaluative, were defined as “beliefs about
the likelihood of various outcomes that might result from the behaviours that a person
might choose to perform, and the perceived value of those outcomes” (Glanz, Rimer
& Viswanath, 2008, p.172).
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Delimitations
The delimitations of the study included the followings:
1.

The participants were confined to the full-time teaching and administrative staff
of the Vocational Training Council (VTC), who had no experience in using an
EAMS before the intervention.

2.

Only the teaching staff and administrative staff in the VTC were invited to this
study. Technical and supporting staff in the VTC were excluded.

3.

Participants’ responses included reflections on the EAMS intervention and were
confined to personal experiences with self-assessment components.

4.

Participants of the study with 10,000 steps per day were excluded.

5.

The participants in the EAMS-SCT group had to enrol in an application of SCT
and EAMS-based physical activity intervention programme – five sessions in 8
weeks and delivered through one Personal Trainer session and four sessions of
WhatsApp with the researcher.

6.

Only the score collected by the International Physical Activity Questionnaire
(IPAQ) – short-form (Chinese version) was used as the physical activity outcome
(Macfarlane et al., 2007)

7.

The testing instruments included questionnaires of exercise self-efficacy, social
support for exercise, and physical activity self-regulation to evaluate
psychological behaviour among the working adults in VTC.

8.

The EAMS Xiaomi Mi Band 2 was a motivational tool for achieving 10,000
steps per day. Declarations of honestly reflecting the number of steps were
administrated to all groups to avoid participants' reactivity. The record of steps
was measured with the Xiaomi Mi Band 2 at three time phases: before the
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intervention (Week 0), right after the intervention (Week 8), and follow-up, 4
weeks after the intervention (Week 12).
Limitations
Several limitations were reflected when interpreting the results:
1.

The results were limited by the validity and reliability of the testing instruments:
the IPAQ, the exercise self-efficacy, social support for exercise, and physical
activity self-regulation questionnaires.

2.

The duration of the intervention was 8 weeks.

3.

The number of steps was subjectively measured by the EAMS Mi Band 2 during
the intervention. The accuracy of the number of steps was therefore limited by
the EAMS.
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Significance of the Study
Concerning the increasing obesity rate in Hong Kong, it was necessary to
motivate people to take part in physical activity. The contribution of the current
research would be discussed from both theoretical and practical perspectives. This
study contributed to theoretical advancement in the field of physical and health
promotion by introducing congruence between social cognitive constructs and
physical activity in the era of technology.
From a practical perspective, the findings of the study explained how adults'
physical activity was influenced by SCT intervention. The results further improved
the corresponding constructs in promoting physical activity for working adults by
using EAMS.
Thus, EAMS provided theoretically based and empirically supported
programming with an SCT approach (Lewis et al., 2015). If this intervention was
shown to be efficacious and effective, the EAMS could be adopted for health
promotion and education on a large scale with consideration for its affordable price.
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CHAPTER 2
LITERATURE REVIEW
In order to generate thoughtful understandings, literature relevant to the issues
of physical activity was reviewed. This chapter consisted of three parts. The first part
examined the issues associated with physical activity. The second part focused on
technology-based physical activity intervention, and the EAMS and its functions in
promoting physical activity (PA) were reviewed. The third part covered the SCT and
its constructs related to PA.
Part 1 reviewed physical activity; the first section presented the benefit of
physical activity while the second section addressed the recommendations. PA level
of people in Hong Kong was discussed in Section 3, and Section 4 introduced the
relationship between physical activity level and step count. In the last section of part
1, different physical activity measurements were included.
In part 2, the physical activity intervention through technology was reviewed.
Workplace physical activity promotion and the introduction of EAMS and its
persuasive interface and BCT were discussed. Furthermore, a review of EAMS-based
physical activity intervention was detailed in this part. Part 3 covered the SCT and its
associated constructs with physical activity. Information on the current review was
groundwork in intervention development.
Benefits of Physical Activity
The risk of hypertension and stroke could be reduced as bone, and functional
health was improved by regular physical activity (WHO, 2018). Physical activity was
a predictor in weight maintenance, and it also assisted in weight loss with diet control
(Jakicic & Otto, 2005; USDHHS, 2008). For the psychological benefits, regular
physical activity participation could prevent depression (Warburton, Nicol, & Bredin,
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2006), increased cognitive functioning (Hillman et al., 2006), and improved quality of
life (Bize, Johnson, & Plotnikoff, 2007).
Beyond the individual benefits, physical activity promotion in workplaces could
improve employee performance, health, and morale in the workplaces (Funk et al.,
2012). Workplaces, where most adults spend half the day’s waking hours, were
appropriate settings for offering different ways to promote healthy lifestyle behaviours
(McEachan, Lawton, Jackson, Conner & Lunt, 2008). Although there were mixed
results in work attendance, job stress and satisfaction, the researcher concluded that the
physical activity programmes among workplaces were effective beyond the direct
health benefits (Conn et al., 2009).
Physical Activity Recommendations
It is better for an adult to move more and sit less throughout the day. The
recommended physical activity is 75 minutes of intense exercise per week or 150
minutes of moderate-intensity per week or both (WHO, 2018). In the physical activity
guidelines for Americans (USDHHS, 2018), it is suggested that adults should move
more and sit less throughout the day and adults should do at least 150 to 300 minutes
a week of moderate-intensity, or 75 to 150 minutes a week of vigorous-intensity
aerobic physical activity or an equivalent combination of moderate- and vigorousintensity aerobic activity spread throughout the week.
In Hong Kong, similar suggestions were made by the Department of Health
under the government of HKSAR. It was recommended that 30 minutes of physical
activity of moderate intensity a day at least 5 days a week was enough to provide
health benefits and reduce the risk of certain chronic diseases for the adults. It might
not even be necessary to exercise that time in one single session (Centre for Health
Protection, 2019).
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Physical Activity Level of Hong Kong Adult
The evidence reflected that the physical activity participation of Hong Kong
people was not enough. In a report from the Department of Health of the HKSAR,
people in Hong Kong showed relatively low physical activity participation (2009).
Among the population of Hong Kong, the middle-aged Hong Kong Chinese
demonstrated the least amount of physical activity (Hui &Morrow, 2001). Over 50%
of adults in Hong Kong even did not meet the WHO’s recommended physical activity
level (Leisure and Cultural Services Department, 2009). Over the decade, the situation
had not improved as 28% of adults had not undertaken any physical activity at
moderate or vigorous intensities for at least 10 minutes at a time (Department of
Health, 2017).
In general, people in Hong Kong mostly adopted a sedentary lifestyle (Centre
for Health Protection, 2019). The overweight and obesity rates of men and women
were 48.2% and 30.5%, respectively and the mean duration of sedentary behaviour on
a typical day was about 7 hours among persons aged 15 or above (Centre for Health
Protection, 2017).
Relationship between Step Count and Physical Activity Level
Physical activity can be used as a means of transportation, like walking and
cycling, at work and at home, like handling daily activities. All forms of physical
activity can provide health benefits if performed on a regular basis and with sufficient
time and intensity. The recommended physical activity is 75 minutes of intense
exercise per week or 150 minutes of moderate-intensity per week or both (WHO,
2018). To receive significant health benefits, sedentary adults could accumulate 30
minutes of walking per day (Tudor-Locke & Bassett, 2004). Walking was a
fundamental part of daily life and an important indicator of public health physical
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activity guidelines (Tudor-Locke et al., 2011). Throughout the daily activities and
functional requirement, steps could be accumulated. As such, the step-oriented
recommendations were more suitable for the general population who did not
participate in any sport or other exercises regularly, apart from walking.
Tudor-Locke and Bassett (2004) suggested that 10,000 steps per day was a
reasonable estimate for adults to attain health benefits. They also classified the
graduated step index for a healthy adult (Table 1). However, in the study of the Hong
Kong working adults (Lam, Lee, Wong, &Wong, 2012), 931 participants from nine
major occupational categories walked an average 8,661 daily steps, and only 26.5% of
participants had more than 10,000 steps per day. Recent research reported that people
in Hong Kong walked an average of 6,880 steps per day (Althoff et al.,2017).
These findings reflected greater room for further increase in physical activity
level in terms of daily steps for adults in Hong Kong. On the other hand, Kang,
Marshall, Barreira, and Lee (2009) found that pedometer-based physical activity
interventions with the strategy of 10,000 steps per day as a goal had the highest effect
size. Usually, goal setting was either a fixed target or incremental increase on the
baseline as a percentage, for example, 5% per week (Croteau, Richeson, Jones,
&Farmer, 2007), 10% biweekly (Prochaska et al., 2008) or by a fixed number of extra
steps. As it was revealed that there was no specific approach to setting the goal
(Bravata et al., 2007), 10,000 steps per day were set as a goal at the end (week 8) in
this main study.
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Table 1
Graduated Step Index for Healthy Adult
Daily Steps

Activity Level

<5,000

Sedentary

5,000 – 7,499

Low Active

7,500-9,999

Somewhat Active

10,000-12,500

Active

>12,500

Highly Active

Physical activity measurement
Measurement of physical activity was essential to policymakers and
practitioners for population surveillance and programme evaluation and research,
respectively. (Bauman, Phongsavan, Schoeppe, & Owen, 2006). It could be in an
objective or subjective way, while the physical activity indicators could be of
different types, as detailed in this section. Furthermore, the fitness measure was also
discussed.
Objective Measures
Objective physical activity measures assessed participants’ physical activity in
real-time when they were physically active – for example, energy expenditure
measurement, fitness measurement, and activity monitors such as pedometer and
accelerometer. The advantages of objective measurement included the avoidance of
reporting error and social desirability bias. Also, the standardisation of minutes of
daily activity performed could be assessed and reported across studies (Janz, 2006).
However, its weaknesses included its insensitivity to upper limb physical activity,
thus being unable to collect all forms of activity performed by using pedometer and
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accelerometer (Janz, 2006). Additionally, the validity of the data was negotiated if the
subjects failed to wear the activity monitor as prescribed.
Several indicators were used to express physical activity, discussed as follows:
Energy expenditure
Energy expenditure was used to assess individuals’ physical activity level in
an alternative manner. Energy expenditure measurement was ‘required to assess
metabolic needs, fuel utilisation, and the relative thermic effect of different food,
drink, drug and emotional components’ (Levine, 2005. p.1123). The energy
expenditure could be assessed by heat, doubly labelled water, or heart-rate monitoring
with indirect and direct calorimetric and non-calorimetric methods.
Activity monitors
There were different activity monitors to measure activity, such as
pedometers, accelerometers, and, relatively new, the EAMS. The pedometer recorded
the number of steps performed by the subjects. There was a small lever arm inside the
pedometer that detected the movement of hips and each step taken. Some pedometers
can record distance walked and calories burnt. The pedometer provided a more
practical monitoring approach used easily by researchers and practitioners (Tudorlocke, Williams, Reis, & Pluto, 2004).
Accelerometers detected movement; when moved, they recorded acceleration.
They could record lateral, longitudinal, and vertical acceleration. An accelerometer
could be worn on the wrist or core of the body. It was equipped with proprietary
software algorithms to analyse subjects’ movement, thus estimating the calories burnt
and the number of steps (Wise & Hongu, 2014).
The relatively new activity monitor, the WAT, contained EAMS and was
lightweight, portable, and equipped with a tri-axial accelerometer. These WATs were
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able to track different activities, and physiological information in a non-invasive way,
with visualized output and the data, could be stored and uploaded to a server and
share with other social media platform users (Shih, Han, Poole, Rosson & Carrol,
2014). Systematic reviews have been carried out to validate the different functions,
including step, distance, sleeping quality, and energy expenditures on these EAMS.
These examinations found that most of these consumer wearable devices showed high
correlations in step measurement (Evenson, Goto, & Furberg, 2015; Lewis et al.,
2015).
Subjective Measures
For health promotion purposes, subjective measures of physical activity were
usually self-reported – for example, questionnaires, interviews, and surveys (Welk,
2002). Other measures included diaries or logs where all forms and duration of
physical activity were recorded each day. As an advantage, this type of assessment
did not require participants to wear a device during measurement. Furthermore, the
subjective physical assessment was able to review the different forms of physical
activity conducted, such as swimming and cycling. (Shephard, 2003). It was also a
usually efficient way to collect data from large sample sizes when compared with
measurements from accelerometers and pedometers. However, its weaknesses
included participants over-reporting, errors in understanding the intensity level of
physical activity, and precisely remembering how much activity they performed
(Sallis & Saelens, 2000; Shephard, 2003)
Self-reported instruments
For the self-reported instruments, the subject needed to recall their physical
activity over a given period of time. Subjects could mark down both quantitative and
qualitative information by themselves, and it was relatively low cost and easy to
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collect data for the researcher. Also, it could assess various forms and dimensions of
physical activity.
One of the popular subjective measures of physical activity was the
International Physical Activity Questionnaire (IPAQ), short-form (Bauman et al.,
2009). There were seven questions to assist the subjects in assessing different types of
physical activities, such as walking, moderate-intensity activities, and vigorousintensity activities in the last 7 days. The total scores were summed from these
physical activities by duration (in minutes) and frequency (days) (International
Physical Activity Questionnaire, 2005). They were computed to form the different
metabolic equivalent of task (MET) scores and total MET scores with the following
values (Table 2).

Table 2
MET Scoring in IPAQ, short-form
Categories

MET Scoring

Walking

3.3 * walking minutes * walking days/week

Moderate Physical

4.0 * moderate-intensity activity minutes * moderate

Activity

days/week

Vigorous Physical

8.0 * vigorous-intensity activity minutes * vigorous-

Activity

intensity days/week

Total MET Score

Walking + Moderate + Vigorous MET minutes/week
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The IPAQ demonstrated reasonable test-retest reliability and inter-method
validity, with intra-class correlations range 0.7–0.8 and median rho = 0.67. While
comparing the accelerometer data, the IPAQ also fulfilled with criterion validity
(Craig et al., 2003). The IPAQ, short-form, was also an acceptable surveillance
instrument within 20 countries (Bauman et al., 2009). It was also suggested to use the
IPAQ, short-form, consistently over time to gain better understanding and
comparisons in encouraging physical activity. A study of 224 Chinese revealed that
the Chinese version of IPAQ, short-form, was also ‘adequately reliable and valid for
the measurement of total physical activity level among Hong Kong Chinese
population’ (Deng et al., 2008, p.303).
Fitness measure
Although the validity of fitness measures devices was questionable because of
its weak relationship with physical activity (Melanson, Freedson, & Blair, 1996),
several fitness measures were discussed in this part.
The maximal oxygen uptake (VO2 max) test was perceived as the best measure
the cardiovascular system functions and understood as an index of cardiorespiratory
fitness (Howley, Bassett, & Welch, 1995). The subject’s consumption of body oxygen
was assessed when the subject was running on a calibrated treadmill. The amount of
oxygen consumption was taken as one’s fitness level. However, the measurement was
time-consuming, as it could only accommodate one subject in the laboratory setting
with a treadmill at a time.
Body composition, the other fitness measure, was the ratio between body fat
and muscle distribution. Skinfold thickness measurement, underwater weighing, and
electrical impedance can measure the fatness of the body. It was assumed that the
percentage of body fat was related to fitness level directly, such that those with excess
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fat were not physically active. However, the dimensions of physical activity
performed could not be measured directly (Brooks, Fahey, & White, 1996).
Body Mass Index (BMI) was the ratio between weight and height computed
by dividing weight (km) by height squared (m2). It was also a common type of fitness
measure. It was direct, easy to administer, and could be adopted efficiently for a large
group, but it could not reflect the dimensions of physical activity.
Summary of physical activity measurement
Both subjective and objective measure of physical activity were adopted in
this study after considering the literature reviewed. An objective measure of PA, the
IPAQ MET score from the IPAQ, short-form, the Chinese version was adopted as the
primary outcome measure and the step measured subjectively by the EAMS, Mi Band
2 was adopted for process measure.

Workplace Physical Activity Promotion
According to the WHO, the workplace has been established as one of the
priority settings for health, including physical activity promotion into the 21st century
(2019). As the workplace directly influences the physical, mental and social wellbeing of workers and in turn, the health of their families and communities. In Hong
Kong, there are more than three million working population, and workplace offers an
ideal setting to promote healthy lifestyles for a large audience (Department of Health,
2010). However, there were limited activities to promote healthy living in the
workplace for the working population (Department of Health, 2010).
In the recent systematic review of workplace physical activity interventions, it
was found that used pedometers, applied Internet-based approaches, and included
activities at social and environmental levels were more likely to report being effective
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among working adults (To, Chen, Magnussen & To 2013). Moreover, there was an
increase in moderate-to-vigorous physical activity level for workplace interventions
among working-age women in developed countries (Reed et al., 2017). In this study,
EAMS was used to replace pedometer to promote physical activity level among adults
in a workplace. Further elaboration was in the coming sections.
Promotion of Physical Activity through Technology
There are various strategies for intervention and promotion of physical activity
been used over the decades. Different media – such as face-to-face, small group
counselling, and mailed print-materials – have been used in the early development of
physical activity promotion. These strategies showed a moderate to strong effect in
physical activity promotion (Marcus, Owen, Forsyth, Cavill, & Fridinger, 1998;
Dunn, Andersen, & Jakicic, 1998). How computer technology influenced human work
and activities was studied as to change health behaviours (Klasnja, Consolvo, & Pratt,
2011). Advancements in computer technology in recent years have led scholars to
discover new delivery methods to encourage physical activity, such as emails, short
message services (SMS), and the Internet (Hurling et al., 2007).
Web-based technology holds promise for physical activity promotion and
delivery, as many people in Hong Kong already use technology daily. Statistics have
shown that approximately 74.3% of people in Hong Kong have household Internet
access, while mobile broadband subscribers reached 259.9% in Hong Kong (Office of
the Communications Authority, 2019).
Smartphones had the potential to generate new Internet use habits as
smartphones were equipped with network connectivity and supporting the installation
of new applications (Oulasvirta, Rattenbury, Ma, & Raita, 2012). Researchers have
investigated the influence of smartphone technology on physical activity in different
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settings. For example, Fukuoka, Vittinghoff, Jong, and Haskell (2010) assessed the
use of the pedometer and app-based physical activity diary among physically inactive
women, and their average daily total steps increased statistically significantly by
approximately 800 or 15% over three weeks.
Furthermore, an 8-week exercise intervention supported by mobile health
technology had been tested in a population with metabolic syndrome risk factors
(Stuckey, Kiviniemi, & Petrella, 2013), and the intervention improved participants’
metabolic syndrome risk factors and HRV parameters. There was significant weight
loss for the groups in a 9-month diet- and physical activity-based lifestyle intervention
delivered through electronic methods (Shuger et al., 2011).
The EAMS with special functions was thought as a useful tool in enhancing
the sedentary lifestyle. Five functions of the wearable activity tracker (WAT) were
identified as useful strategies to promote and influence physical activity. They were
goal setting, real-time feedback, physical activity profiles, social support networking,
and online expert consultation (Bort-Roig, Gilson, Puig-Ribera, Contreras, & Trost,
2014). It was also consistent with the review of Khaylis, Yiaslas, Bergstrom and
Gore-Felton (2010) which repeated that self-monitoring, counsellor feedback, social
support, structure and principles of behaviour change, and individually tailored
program were the vital components in technology-based interventions.
Internet-based technology had been used to encourage physical activity among
different adult populations, such as the sedentary individuals (Dunton & Robertson,
2008), the overweight and obese adults (Harvey-Berino et al., 2010), and the
university students (Grim, Hortz, & Petosa, 2011). The meta-analysis supported
Internet-delivered interventions in producing positive change in physical activity
(Davies, Spence, Vandelanotte, Caperchione, & Mummery, 2012). Workplace,
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Internet-based physical activity interventions were utilised as well. There was a
significant improvement in the weekly number of steps and level of physical activity
after a 10-week web-based intervention in the quasi-experiment of two worksites
(Faghri et al., 2008). Significant improvement in physical activity level, motivation,
intention, and self-efficacy were found in the group over that of the control group for
a website developed for encouraging sedentary workers' physical activity participation
(Irvine et al., 2011). In the recent meta-analysis, the effect of physical activity
interventions comprising wearables and smartphone applications was found (Gal,
May, VanOvermeeren, Simons, & Monninkhof, 2018).
Electronic Activity Monitor System (EAMS) and Its Persuasive Interfaces
An EAMS was defined as ‘a wearable device that objectively measures
lifestyle physical activity and can provide feedback, beyond the display of basic
activity count information, via the monitor display or through a partnering application
to elicit continual self-monitoring of activity behaviour’ (Lewis et al., 2015, p.2). This
definition excluded pedometers, which only count feedback, and accelerometers,
which do not give automated feedback to the wearer. An EAMS equipped with
functions of encouragement, social comparison through a mobile device or personal
computer, with visualized activity progress.
Persuasive technology intended changing users' attitudes and behaviours
through persuasion and social influence, but not through coercion (Fogg, 2003).
Persuasive technology had been adopted into many domains. One such example has
focused on behaviour change in health domains. With big data collection and process
unobtrusive, the cloud computing infrastructure had generated popularity for
recording personal life events (Calvo & Peters, 2013). It had become popular to use
WAT to record data on personal activity to improve one‘s life (Wolf, 2010).
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Self-regulation strategies, including self-monitoring, goal setting,
reinforcements, and self-corrective actions, were evident for promoting physical
activity participation in different populations (Bandura, 1991). WAT has emerged in
recent year with the function of collecting data automatically, which could assist in
self-regulation and, thus, physical activity participation (Shih, Han, Poole, Rosson, &
Carrol, 2015). Different options like Fitbit, Nike+ fuel band, and Misfit could monitor
activity data, including the step, distance, calories, heart rate, sleep quality.
Goal setting and feedback
The EAMS had several persuasive interfaces with the potential for changing
people's behaviour in a healthier way. Researchers have investigated the design
concepts that include a goal setting and feedback mechanism. The resulting display
varied in different formats, such as bar chart (Consolvo, Everitt, Smith, & Landay,
2006) or gamification concepts with ‘levels’, ‘scores’, or ‘badges’ (Deterding, Dixon,
Khaled, & Nacke, 2011) to motivate users’ sense of achievement. In short, there was a
positive effect on self-efficacy and providing feedback to enhance user self-awareness
(Shih, Han, Poole, Rosson, & Carrol, 2015).
According to Consolvo, Klasnja, McDonald, and Landay (2009), there were
several considerations in goal setting, such as the sources of goal and timeframe for
the goal in persuasive technology. Participants in the study mostly preferred to set the
exercise goal by themselves or work with a fitness expert to establish an ongoing
relationship. Moreover, participants preferred a 7-day goal starting on Monday or
Sunday. This preferred, rolling seven-day report gave participants a clear deadline and
a fresh start each week. Participants also tended to prefer positive feedback to
negative feedback (Consolvo et al., 2008; Lin, Mamykina, Lindtner, Delajoux, &
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Strub, 2006). Therefore, most persuasive technologies used positive representations of
physical activity data with their users.
Reminder notifications
Researchers have studied how to engage people in healthy behaviour through
health message delivery (Latimer, Brawley, & Bassett, 2010). It was found that
tailored messages were more effective than non-tailored materials or control
conditions (Fogg, 2003). Furthermore,it was more successful to use individualised or
decreasing the frequency of messages than the fixed message frequency in the
intervention (Head, Noar, Iannarino, & Grant Harrington, 2013). In a meta-analytic
review (Noar, Benac, & Harris 2007) of tailored print health behaviour change
interventions, messages that emphasised positive attitude towards healthy behaviour
and one's self-efficacy were found more motivating than those focusing on health
threats and risks.
Social comparison strategies
The social comparison provided “users with a way to compare their
performance that provides stimulating challenges, encouraging teamwork, and
supporting complement group goals and accountability” (Shih, Han, Poole, Rosson &
Carrol, 2014, p.2). Thus, the sense of social support could be achieved through this
mechanism.
The functions of WAT allowed users to share their activity, performance, and
experience with peers. The competitive and cooperative aspects of sharing group data
were popular in social comparison strategies. For competitive group mechanism,
some studies attempted to integrate social networking platforms to motivate physical
exercises (Benford et al., 2006; Maitland et al., 2006). The competitive nature of the
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design was perceived as enjoyable by some users (Maitland et al., 2006), but some
found it was discouraging and felt it was unnecessary (Lin et al., 2006).
In short, EAMS contained a wide range of behaviour change techniques
(BCTs). Therefore, these monitors could be acted as a tool in physical activity
intervention for widespread use (Lyons et al., 2014).
EAMS for Promoting Physical Activity
This section was divided into three parts. Behavioural change techniques
(BCTs) in the EAMS were discussed in the first part while the second part covered
the recent overview of device applicability in physical activity research projects by
Henriksen and his team (Henriksen et al., 2018). The literature review of EAMSbased physical activity interventions targeting adult populations was discussed in the
last part.
Behavioural Change Techniques (BCTs) in the EAMS
One approach to measuring how well WATs motivates people to do more
physical activity is to align with evidence-based techniques. Researchers identified
the BCTs adopted in the EAMS by the Coventry, Aberdeen, and London-Refined
(CALO-RE) taxonomy. This refined version with 40 techniques, developed by
Michie, derived from behaviour change theories like SCT and Health Belief Model
and was based on Abraham and Michie’s 26-item taxonomy (2008) table. It was
designed especially for the researchers of new physical activity and healthy eating
interventions to identify and apply evidence-based techniques. By using this refined
version of the taxonomy, Mercer, Li, Giangergorio, Burns and Grindrod (2016)
performed a critical analysis to examine the BCTs present in EAMs, finding that there
were 16.3/40 on average for the number of BCTs among the seven models of EAMs,
while the self-monitoring and self-regulation were the most techniques centred.
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Similar results from the study of Duncan and his team (2017) were found in
the popular WATs, i.e. Fitbit Charge HR, Garmin Vivosmart, and Jawbone UP3. The
average number of BCTs implemented was greatest for activity (n=26) compared with
the BCTs implemented for sleep (n=14) and sedentary behaviour (n=6) in the study.
The increase in the number of BCTs from 2016 to 2017 implied the rapid
improvement and advancement of the EAMS. There were 10 BCTs identified in all
the EAMS and WATs, including. ‘provide information about others approval’,
‘provide normative information about others’, ‘goal setting (behaviour)’, ‘prompt
review of behavioural goal’, ‘provide rewards contingent on successful behaviour’,
‘prompting self-monitoring of behaviour’, ‘promoting focus on past success’,
‘provide feedback on performance’, ‘facilitate social comparison’ and ‘plan social
support or social change’ (Duncan et al., 2017; Mercer et al., 2016). The BCTs
techniques, in CALO-RE taxonomy, included in the EAMS were listed in Table 3.
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Table 3
Coventry, Aberdeen, and London-Refined (CALO-RE) taxonomy on Behaviour Change Techniques (BCTs)
BCTs
1

Provide information on consequences

2

of behaviour in general

Provide information on consequences

3

of behaviour to the individual

Provide information about others’

4

approval*

5

Goal setting (behaviour) *

6

Goal setting (outcome)

7

9

Set graded tasks

10 Prompt review of behavioural goals*

Provide normative information about
others’ behaviour*

Action planning

8

11 Prompt review of outcome goals

Barrier identification/problem solving

12 Prompt rewards contingent on effort or
progress towards behaviour

13 Provide

rewards

contingent

on

14 Shaping

15 Promoting

successful behaviour*
17 Prompt self-monitoring of behavioural

generalisation

of

a

target behaviour
18 Prompting focus on past success*

19 Provide feedback on performance*

outcome*
21 Provide instruction on how to perform

16 Prompt self-monitoring of behaviour *

20 Provide information on where and when
to perform the behaviour

22 Model/Demonstrate the behaviour

23 Teach to use prompts/cues

24 Environmental restructuring

25 Agree behavioural contract

26 Prompt practice

27 Use of follow-up prompts

28 Facilitate social comparison*

29 Plan social support/social change*

30 Prompt

31 Prompt anticipated regret

32 Fear arousal

35 Relapse

36 Stress management/emotional control

the behaviour

identification

as

role

model/position advocate
33 Prompt self-talk

34 Prompt use of imagery

prevention/coping

planning
37 Motivational interviewing

38 Time management

39 General communication skills training

*Identified BCTs in all WATs
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training
40 Stimulate anticipation of future rewards

Moreover, Lyons et al. (2014) conducted a systematic content analysis to
examine the BCTs implemented in electronic lifestyle activity monitors by using a 93item Behaviour Change Technique Taxonomy (BCTT) developed by Michie and her
team (2013). The result echoed the other studies that the EAMS as the tools for
providing self-monitoring and feedback, with most of the examined EAMS, including
goal-setting, self-monitoring, and feedback content that matched recommendations
from SCT. Researchers also predicted that interventions, including evidence-based
BCTs, would be more effective than those without (Moller et al., 2017).
Use of EAMS in physical activity measurement
The latest analysis of using fitness trackers and smartwatches to measure
physical activity in research was performed by Henriksen and his team.(Henriksen et
al., 2018). In the study, smartwatches were defined as ‘a device if it supported mobile
phone notification, and the vendor described it as a smartwatch or if it had a touch
screen and was not explicitly described as a fitness tracker by the vendor’ (Henriksen
et al., 2018, p.4). Fitness trackers were classified as such if their primary purpose was
to track physical activity, if the vendor called it a fitness tracker, or if the device “did
not support notification from connected mobile phone (e.g. incoming calls or texts)”
(Henriksen et al., 2018, p.4).
For the year of release, with the limitation of wrist-worn consumer devices
utilising an accelerometer, 423 unique devices from 132 different brands were
recognised. There was an increasing trend in the number of devices from 2011 to
2017. Only 3 devices were released in 2011, 7 in 2012, 30 in 2013, 87 in 2014, and
121 in 2015. After the record-high in 2015, there were 120 new devices in 2016 and
only 38 new devices in the first 6 months in 2017 (Henriksen et al., 2018). They also
revealed that the 81 studies, identified by MEDLINE search, mainly divided into two
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types: 1) validation and reliability studies (61 out of 81) and 2) data collection studies
(20 out of 81) related to the research, which used EAMS as a tool for intervention or
observation. Among the validation and reliability studies of the EAMS, 31 studies
focused on step counts or distance, 15 studies measured energy expenditure, 15
studies researched heart rate, 10 studies measured sleep, and 7 studies collected other
metrics.
Henriksen and his team commented that the wearable landscape was in
constant flux with promises of improved measurements and user experience. In
addition, improvements in device quality offered new chances for research. However,
there were not many well-established brands used frequently in the research projects,
and less were thoroughly validated (Henriksen et al., 2018). Thus, the EAMS used in
this study would be thoroughly validated in study 1 and 2.
EAMS-based physical activity intervention
There were two recent systematic reviews on the use of EAMS in physical
activity interventions. The first was performed by Lewis and his fellows (Lewis et al.,
2015) to review the use of the EAMS as a physical activity intervention modality. The
second was performed by Gal and her team (Gal, May, VanOvermeeren, Simons, &
Monninkhof, 2018) to investigate the effect of physical interventions comprising
wearables and smartphone applications on physical activity. In order to match the
purpose of the current study, all articles mentioned in Lewis and Gal’s systematic
review and three more pieces of research were examined by using the following
inclusion criteria:
1.

The subjects were healthy adults but not children, teenagers, or patients.

2.

Activity monitor devices were given but not mobile applications.

3.

The experimental design was adopted.
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4.

Articles published in English 2011-2017

After exclusion, 12 studies with 1,314 participants with ages of 19-79 years
using the EAMS in the physical activity intervention were reviewed for this study.
The results were reorganised and summarized in Table 4 for further interpretation.
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Table 4
Summary of EAMS-based physical activity studies
Study
Barwais,
Cuddihy,
&
Tomson,
2013

Characteristics of
Subjects
N=33 sedentary
adults; mean age
27 years old +/- 4
years; 66.7% men;
33.3% female; race
not reported

Design
Randomised
controlled trial;
Groups: a) interact
with an online
personal activity
monitor (Gruve
Solution), b) control
group

Targeted
Duration
Behaviours
Total wellness 4 weeks
Wellness
Evaluation of
Lifestyle
(WEL)
inventory by
measuring
sedentary time,
walking,
moderate and
vigorousintensity
physical
activity
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EAMS
Gruve

Theoretical
Framework
Not
reported

Measure

Major Findings

7-day
Sedentary and
Light Intensity
Physical
Activity Log
and
International
Physical
Activity
Questionnaire
(IPAQ)

Intervention group
significantly increases in
pre-post wellness scores,
walking and moderate
and vigorous-intensity
and a decrease in
sedentary time

Study

Characteristics of
Subjects
N=51 inactive,
postmenopausal
women; mean age
60 years old +/-7
years

CadmusBertram,
Marcus,
Patterson,
Parker and
Morey,
2015
Fitzsimons N=24 aged 60 or
et al.,
above adults; mean
2013
age 68 years; 58%
mean; 42% female;
race not reported

Design
Randomised
controlled trial;
Groups: a) webbased tracking group
with Fitbit One, b)
control group
Pre-experimental
(one group pretestposttest) design

Targeted
Behaviours
Moderate and
vigorousintensity
physical
activity

Duration

EAMS

16 weeks

Sedentary
Behaviour

24 days
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Measure

Major Findings

Fitbit

Theoretical
Framework
Behavioural
Change
Techniques

ActiGraph
GT3X+ for 7
days

The Fitbit was associated
with increased physical
activity right after the
intervention

activP
AL

Ecological
model

Sedentary
Behaviour
Questionnaire
(SBQ) and
activPAL
monitor

The intervention
significantly increase total
time spent stepping by 13
min/day in activPAL
monitor and 9 minutes
decrease in sedentary
behaviour

Study
Lyons,
Swartz,
Lewis,
Martinez,
&
Jennings,
2017

Pellegrini
et al.,
2012

Characteristics of
Subjects
N= 40 mid-aged
and older healthy
adult

N=51 sedentary
adults; mean age
44.2 years; 13.7%
men; 86.3%
female; race not
reported

Design

Targeted
Behaviours
Randomised
Daily and
controlled trial
Weekly Steps
Groups: a) EAMS,
Physical
tablets for the EAMS activity
apps and weekly
telephone
counselling
b) control group in a
waiting list
Randomised
Weight loss
controlled trial;
Physical
Groups: a) control
activity
group with standard
behavioural weight
loss (SBWL), b)
SBWL plus
technology-based
system (SBWL +
TECH), c)
technology-based
system only (TECH)

Duration

EAMS

12 weeks

Jawbo
ne
Up24
monito
r

6 months

Sense
Wear
Armba
nd
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Theoretical
Framework
Not
reported

Measure

Major Findings

Body
composition
Fitness by a 6min walk test
Physical
activity and
sedentary by
ActivPAL

There were significant
but small changes in the
total physical activity
time and weight in the
intervention group.

Not
reported

Body
composition
Physical
activity by
Paffenbarger
Physical
Activity
Questionnaire

All three groups show a
significant increase in
physical activity but no
difference between the
treatment group

Study
Reijonsaar
i et al.,
2012

Characteristics of
Subjects
N=521 adults in an
insurance
company; mean
age 43 years; 26%
men; 64% female;
race not reported

Rote, 2017 N=56 healthy
college students;

Design

Targeted
Behaviours
Physical
activity
Work
productivity

Randomised
controlled trial;
Groups: a) assess to
wearable monitor
and receive feedback
from it with distance
counselling (PAM),
b) control group
Randomised
Number of
controlled trial;
daily steps
Groups: a) Students
enrolled in a health
course with Fitbit, b)
Students enrolled in
health course, c)
students enrolled in a
humanities course

Duration

EAMS

12 months

PAM

3 months

Fitbit

36

Theoretical
Framework
Not
reported

Measure

Major Findings

A selfadministrated
questionnaire
based in IPAQ

The intervention group
did not show a
significant difference
with the control group

Not
reported

Pedometer
readings
before and
after the
intervention

The intervention group
showed a significant
increase in the number of
steps than that of the
other groups

Study
Shin et al.,
2017

Characteristics of
Subjects
N=104 male
university healthy
student

Design

Targeted
Behaviours
Randomised controlled Physical
trial; Groups: a)
activity
traditional education
Energy
(guidelines and
consumption
recommendations on
Weight loss

Duration
12 weeks

diet, exercise, and
physical activities)
b) traditional
education and
Smartcare (EAMS and
its mobile application)
c)traditional education
and Smartcare with
financial incentives
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EAMS

Measure

Major Findings

eter

BMI
IPAQ-shortform
Cholesterol

Smartcare with incentive
group showed a
significantly greater
weight loss, and the
levels of physical activity
were significantly higher

Theoretical
Framework
Fitmeter
Not
accelerom reported

Study

Characteristics
of Subjects

Design

Shuger et
al., 2011

N=197 overweight
or obese adults;
mean age 46.8
years; 19% men;
81% female; 32%
African American

Thompson
, Kuhle,
Koepp,
McCradySpitzer, &
Levine,
2014

N=49 age over 65
older adults; mean
age 79; 18.3 %
men; 81.6 %
female; race not
reported

Randomised controlled trial;
Groups: a) group-based
behavioural weight loss
(GBW) education group, b)
Armband alone group with
real-time and individualised
feedback (SWA), c) GBW+
Armband, d) standard care
control group
Randomised crossover trial;
Groups: a) assess Fitbit with
feedback and face-to-face
counselling every 2 months in
the first 6 months (Go4Life
educational material); last 6
month, wear Fitbit with
feedback without counselling,
b) First 6 month wear Fitbit
without feedback or
counselling; last 6 month wear
Fitbit with feedback and
counselling

Targeted
Behaviours
Weight loss

Duration

EAMS

9 months

Sense
Wear
Armba
nd

Physical
activity

48 weeks

Fitbit
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Theoretical
Framework
Transtheore
tical Model
and Social
Cognitive
Theory

Measure

Major Findings

Bodyweight
Physical
activity level

All intervention groups
significantly decrease in
weight. Only the GWL +
SWA group achieved
significant weight loss at
month 9 compared to the
standard care group

Not
reported

Accelerometer

The intervention was not
associated with a
significant change in
activity

Study

Characteristics of
Subjects
Thorndike, N=104 medical
2012
residents; mean age
29 years; 46%
men; 54% female;
66% White

Wang
(2014)

N=67 overweight
or obese adults;
mean age 49.3;
8.9% men, 91.1%
female; 67%
White, 16$
Hispanic

Design
Randomised
controlled trial;
Groups: a) assess the
activity monitor with
visible data b)
control group assess
the activity monitor
without data display
Randomised
controlled trial;
Groups: a) assess
both the activity
monitor with visible
data and receive a
daily text message,
b) control group
assess the activity
monitor with visible
data only

Targeted
Behaviours
Physical
activity

Duration

EAMS

12 weeks

Fitbit

Physical
activity

6 weeks

Fitbit
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Theoretical
Framework
Not
reported

Measure

Major Findings

Mean steps per
day and
accelerometer

Intervention and control
groups had similar
physical activity and
compliance with wearing
the monitor

SCT

Steps per day
and
accelerometer

The control group with
Fitbit only demonstrated
a small but significant
increase in moderate-tovigorous physical
activity level

Out of the 12 novel interventions reviewed, all measured physical activity behaviour.
However, the study of Thorndike et al. (2014) did not report physical activity
changes. It reported only baseline values and follow-up values, respectively. There
were nine significant reported differences between pre-post intervention, and three
reported a significant increase compared to the control group from these nine
measured changes in physical activity. Behavioural outcomes included the following:
sedentary behaviour (hours per day), light physical activity (MET-min per week),
moderate physical activity (MET-min per week), vigorous physical activity (METmin per week), leisure-time physical activity (MET-min per week), overall physical
activity (MET-min per week), energy expenditure (kcal per week), walking (METmin per week), and steps (steps per day). Seven studies reported change in weight
and two studies reported a change in BMI.
Study design
In these 12 studies, 11 had a randomised controlled trial design, while one was
a pre-experimental study (Fitzsimons et al., 2013). Furthermore, the randomised
controlled trial design was widely used in different physical activity interventions
(Marshall, Miller, Graves, Barnett, & Fjeldsoe, 2013; Sloan et al., 2018; Tudor-Locke
et al., 2014). Therefore, the randomised controlled trial study design was adopted in
this study.
Duration of intervention
The duration of the interventions ranged from 4 weeks to 12 months. Four
studies had an intervention period longer than 6 months, one study had an intervention
period of 3–6 months, and seven studies had an intervention period of 3 months or
shorter. It also indicated that 85.7% (n=6/7) of the studies with intervention period of
3 months or shorter reported positive physical activity outcomes, 100% (n=1/1) of
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studies with an intervention period of 3–6 months stated positive physical activity
outcomes and 50% (n=2/4) of studies with intervention periods of 6 months or longer
stated positive physical activity outcomes. Therefore, the current research adopted an
8-week intervention.
Lewis et al. (2015) also hypothesised possible reasons for the studies with
significant results: (1) studies should be grounded in behavioural theory and (2)
EAMS may be more appropriate for implementation as a component within a more
substantial behavioural intervention. As it was important to have the intervention
grounded in behavioural theory, the most frequently used behavioural theory – SCT –
was used in the 8-week intervention with the randomised controlled trial design.
Use of EAMS in physical activity intervention
Using EAMS in the physical activity intervention was increasingly popular.
From the literature review, the step count of the EAMS was usually used as an objective
measure for PA. Therefore, the number of walking steps measured by the EAMS would
be adopted in this study as the process measure. The EAMS would be used as one of
the components in this physical activity intervention.
Social Cognitive Theory
There were advantages to advocate the use of theory in designing intervention
– for example, theory could be tested and developed by evaluations of interventions,
and theory-based interventions facilitated the understanding of what worked and
provided basis for further bettering theory across different contexts and populations
(Michie, Johnston, Francis, Hardeman, & Eccles, 2008). However, there was little
information about how to develop a theory-based intervention. The exception was
SCT (Michie et al., 2008).
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This section was comprised of the SCT and the constructs of self-efficacy,
social support, and self-regulation.
The Social Cognitive Theory was developed by Bandura in 1996. It offered
principles on how to predict and change health behaviour (Bandura, 2004). It began as
the Social Learning Theory in the 1960s by Albert Bandura. The basic premise of SCT
is that people learn from their own experiences and by observing the actions of others,
including the results of those actions. The uniqueness of SCT was in its emphasis on
social influence and both external and internal social reinforcement (LaMorte, 2018).
Thus, SCT posited that learning could occur in a social context with a dynamic and
reciprocal interaction of the person, environment, and behaviour, triadic reciprocal
causation in which ‘interpersonal factors in the form of cognitive, affective and
biological events; behavioural patterns, and environmental events all operate as
interacting determinants that influence one another bidirectionally’ (Bandura, 1999,
p.23) (Figure 2).

Person

Environment

Behaviour

Figure 2. Reciprocal relationship in Social Cognitive Theory
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Accompanying the reciprocal determinism, SCT emphasised that the nature of
people were characterised within the perspective in terms of several basic capabilities,
such as symbolising capability, vicarious capability, forethought capability, selfregulatory capability and self-reflective capability. According to Bandura (1989),
human uses a powerful tool – symbols – to understand and manage their environment.
With the ability to symbolise, people could generate action and make a decision on
the behaviour to be engaged without suffering the cost of mistakes by assessing the
outcome before action; they do not need to experience the mistake by themselves
before deciding the potential outcomes. This capability of rehearsal allows people to
create ideas and create behaviour in different environments (Bandura, 1986).
People could anticipate the likely consequences of their prospective actions.
This forethought capability enabled people not only to react to environment or
experience from their past but also to regulate by forethought purposively. Based on
the anticipation of the future, people could motivate their behaviour (Bandura, 1986).
People with vicarious capability were able to learn through observing others’
behaviour and its consequences. This capability allows people to generate and
regulate behaviour without a long and tiresome trial and error (Bandura, 1986).
Through the capability of self-regulation, people can motivate and regulate
behaviour by their internal standard and self-evaluative actions. Based on the
adaptation and measurement of standard personal desires, people adjusted their
actions. This behaviour is called self-directedness. People’s behaviour can be changed
and shaped to be better through external environment influence.
Lastly, people with self-reflective capability were able to use reflective selfconsciousness. People thus analyse experience by their own thought processes and
generate specific knowledge about themselves and the world around them. Through
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reflection, people could evaluate and change their thoughts, such that “they monitor
their ideas, act on them or predict occurrences from them, judge the adequacy of their
thoughts from the results, and change them accordingly” (Bandura, 1986, pp.21).
Component of Social Cognitive Theory
The most influential writer, in terms of SCT application to health promotion,
has been Albert Bandura (Nutbeam, Harris, & Wise, 2010). Bandura developed
psychological theories, such as social learning theory and SCT. SCT posited that
human behaviour was the product of the dynamic interplay of personal, behavioural,
and environmental influences. This triadic relationship between the individual,
environment, and behaviour was known as reciprocal determinism (Bandura, 1986).
Bandura (1997) stated that planned protection and promotion of public health could
be viewed as illustrations of this kind of reciprocal determinism, as societies seek to
control the environmental and social factors that influence health behaviours and
health outcomes. The personal, behavioural and environment factors were discussed
here.
Personal Factors
It was essential to review the psychological components in obtaining new
behaviour. Self-efficacy was the key to learning new behaviour (Bandura, 1986).
Findings demonstrated that self-regulation and social support were also crucial in
behavioural change. Outcome expectation was also covered in this section. This
section defined psychological constructs: self-efficacy, self-regulation, social support,
and outcome expectation.
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Self-efficacy
Self-efficacy ‘referred to beliefs in one's capabilities to organise and execute
the courses of action required to manage prospective situations’ (Bandura, 1995, p.2).
Researchers suggested that self-efficacy was the most frequently assessed construct
and demonstrated a robust association with performance of the physical activity
(Anderson, Winett, Wojcik, & Williams, 2010; Winnett et al., 2011). It has been
consistently shown to be a predictor for the adoption and maintenance of physical
activity behaviour in healthy adults (Rovniak, Anderson, Winett, & Stephens, 2002;
Sharma, Sargent, & Stacy, 2005). Kaewthummanukul and Brown (2006) also found
that self-efficacy is the best predictor of physical activity among employees. A recent
systematic review and meta-analysis identified three BCTs; ‘action planning’,
‘reinforcing effort or progress towards behaviours’, and ‘provide instruction’ were
associated with an increase in self-efficacy for physical activity and physical activity
behaviour (Williams & French, 2011). Therefore, the construct of self-efficacy and
the corresponding BCTs would be integrated and measured in this study.
Self-regulation
Self-regulation was defined as the ‘personal regulation of goal-directed
behaviour or performance’ (Bandura, 1986, p.98). It is achieved from the human
capacity to endure short-term negative outcomes in anticipation of the critical longterm positive outcome. According to this construct, to effectively change behaviour,
individuals must be able to control their actions and self-monitor their behaviour.
Bandura (1997) identified six ways to achieve self-regulation: (1) self-monitoring - a
person's systematic observation of her own behaviour; (2) goal setting - the
identification of incremental and long-term changes that can be obtained; (3) feedback
- the information about the quality of performance and how it might be improved; (4)
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self-reward - a person's provision of tangible or intangible rewards for herself; (5)
self-instruction – when people talk to themselves before and during the performance
of a complex behaviours; and (6) enlistment of social support - achieved when a
person finds people who encourage his or her efforts to exert self-control.
Researchers found positive results for self-regulation associated with the
performance of physical activity (Anderson et al., 2010; Anderson, Smith, Winett &
Wojcik, 2011; Rovniak, Anderson, Winett, & Stephens, 2002). Some studies have
even found self-regulation to be as robust of a predictor as or better than self-efficacy
(Anderson, Smith, Winett & Wojcik, 2011) for influencing performance physical
activity in web-based setting (Anderson et al., 2006). In a meta-regression for
effective techniques in healthy eating and physical activity intervention, selfmonitoring explained the most significant amount of among-study heterogeneity
(Michie, Abraham, Whittington, McAteer, & Gupta, 2009). This important construct,
which was also the EAMS primary function (Patel, Asch, & Volpp, 2015), would be
integrated into this study.
Outcome expectations
Outcome expectations were defined as ‘beliefs about the likelihood of various
outcomes that might result from the behaviours that a person might choose to
perform, and the perceived value of those outcomes.’ (Glanz, Rimer & Viswanath,
2008, p.172). Outcome expectations for physical activity had a small, albeit
statistically significant, relationship with the performance of physical activity among
young adult populations (Williams et al., 2005).
However, in the review of the outcome expectancy construct, and its
application to research on physical activity, the preliminary empirical investigation of
the role of outcome expectancy in understanding physical activity has yield mixed
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results (Williams et al., 2005). Moreover, some studies have shown a non-significant
relationship between outcome expectations and performance of the physical activity
(Grim et al., 2011; Rovniak et al., 2002; Winnett et al., 2011). In the 12-week
intervention for increasing postnatal woman physical activity level, the result showed
that outcome expectations do not mediate the relationship between intervention and
control group (Fjeldsoe, Miller, & Marshall, 2013). Similar result found that outcome
expectations were not significantly associated with the changes in physical activity
(Joseph et al., 2013). Thus, outcome expectations were not included in the present
study.
Environmental Factors
All external physical structures that modify behaviour were defined as the
environment. (Bandura, 1986). Physical structures – such as worksite, homes, etc.–
could also be treated as environmental factors. Bandura (1986) stated that the
acquisitions of behaviour relied heavily on the environment. Bandura also theorised
that environments, such as social support systems, would shape behaviours and vice
versa (Bandura, 1997). The findings indicated that social support system and levels of
self-efficacy might be the greatest predictors of physical activity behaviours (Bean,
Miller, Mazzeo, & Fries, 2012; Martin, McCaughtry, Flory, Murphy, & Wisdom,
2011). Moreover, the relationships with family and friends were included in a social
dimension to the environment. Social support systems in physical activity research
tended to include coaches, trainers, parents, peer support, while also utilising a
multitude of support types (Duncan, Duncan, & Strycker, 2005; Scanlan, Carpenter,
Lobel, & Simons, 2016).
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Social support
Social support was defined as ‘verbal and nonverbal communication between
recipients and providers that reduces uncertainty about the situation, the self, the
other, or the relationship, and functions to enhance the perception of personal control
in one's life experience’ (Albrecht & Adelman, 1987, p.19). Social support for
physical activity included both tangible and intangible behaviours – for example,
providing rewards and verbal encouragement for the performance of physical activity
(Beets, Cardinal, & Alderman, 2010). Researchers have recognised positive
associations between emotional support, social support, and physical activity in
Internet-based intervention with the elements of social networking sites (Oh,
Lauckner, Boehmer, Fewins-Bliss, & Li, 2013). Meanwhile, Anderson, Winett and
Wojcik (2011) found that perceived social support and the use of self-regulatory
behaviours were strong predictors of physical activity and nutrition behaviour among
the web-health users enrolling in an online intervention. Self-monitoring, counsellor
feedback, structure and principles of behaviour change, and an individually tailored
programme, social support were the five vital components incorporated in
technology-based interventions (Khaylis et al., 2010). Therefore, the construct of
social support would be integrated and measured in this study.
Behaviour
Human behaviour was explained by triadic, reciprocally with the influences
and interaction of personal factors, and environmental factors in the SCT (Bandura,
1986). In acquiring new behaviour in physical activity, the modifiable determinants
included personal and environmental factors. Therefore, there were many studies
focused on physical activity intervention and physical activity behaviours by
researching their relationships with these factors. In terms of psychological
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components, self-efficacy has shown a positive association with the physical activity
of healthy adult (Rovniak, Anderson, Winett, & Stephens, 2002; Sharma, Sargent, &
Stacy, 2005). Furthermore, in a meta-regression for effective techniques in healthy
eating and physical activity intervention, self-regulation explained the most
significant amount of among-study heterogeneity (Michie, Abraham, Whittington,
McAteer, & Gupta, 2009). Regarding the perception towards the environmental
factors – social support in physical activity – there was evidence of positive
associations between emotional support, social support, and physical activity in the
Internet-based intervention (Oh, Lauckner, Boehmer, Fewins-Bliss, & Li, 2013).
Summary of the components of SCT
After reviewing the literature of SCT, three psychological components – selfefficacy, self-regulation, and social support – were selected as the secondary outcome
measures in the present study. Meanwhile, these constructs of SCT as related to
physical activity underwent questionnaire validation in study 3.
Summary of literature review
There was a need to promote physical activity for working adults in Hong
Kong. The EAMS could be utilized with some of its persuasive functions, such as
goal-setting and reminder notification. Also, intervention would be grounded on SCT
with BCTs with a randomised controlled trial design, 8-week EAMS-based physical
activity intervention was performed.
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CHAPTER 3
METHODOLOGY
Several studies were conducted and presented in journal paper format to
address the research questions. This section consisted of three studies. Study 1 was to
examine the validity and reliability of the two popular EAMS, Mi Band 2 and Fitbit
Charge HR during treadmill walking and it was published in the Telemedicine and eHealth (Tam & Cheung, 2018).
Study 2 aimed to assess the validity of the EAMS, Mi Band 2 in a free-living
environment. It was published in the Finnish Journal of eHealth and eWelfare (Tam &
Cheung, 2019).
In study 3, the validation of the Chinese version of physical activity related to
Social Cognitive Theory constructs, i.e. self-efficacy, self-regulation and social
support for Hong Kong working adults were examined.
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Study 1: Validation of Electronic Activity Monitor Devices during Treadmill
Walking
Introduction
The ancient physician Hippocrates believes that walking is one of the best
medicines for the human being. Significant health benefit could be obtained for the
sedentary adults who accumulate 30 minutes of brisk walking daily (Pate, Pratt, &
Blair, 1995). Walking was a part of daily life fundamentally and also an important
indicator of public health physical activity guidelines (Tudor-Locke et al., 2011).
Steps could be accumulated throughout the day during chores and functional
requirements such as childcare and transportation (Tudor-Locke &Bassett, 2004).
Therefore, the step-oriented recommendations were more suitable for the general
population who did not participate in any sport or other exercises regularly apart from
walking (Bravata et al., 2007).
Technology facilitated our healthy practices (Chaudhry et al., 2006; Starfield,
1998). Commercially available electronic activity monitor system (EAMS) was
growing in popularity recently. The EAMS was equipped with some behaviour
change techniques (BCTs) like goal setting, review of behavioural goals, and social
support (Lyons et al., 2014) and these BCTs were related to physical activity
behaviour (Michie et al., 2009). These lightweights, wearable EAMS contained triaxial accelerometer able to track different physical activity measures such as step
count and distance travelled. Systematic reviews had been carried out to check the
validation of different functions, including step, distance, sleeping quality and energy
expenditures on these EAMS (Evenson et al., 2015; Lewis et al., 2015). Regarding the
step measurement, previous studies revealed that models of Fitbit were high in
correlations with different criteria, namely manually step counting and pedometers or
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accelerometers (Paul et al., 2015; Tully, McBride, Heron, & Hunter, 2014). However,
there were mixed results in evaluating the accuracy of different Fitbit models; Fitbit
Zip and Fitbit Flex over-estimated the number of steps during free-living physical
activity (Alharbi, Bauman, Neubeck, & Gallagher, 2016; Leininger, Cook, & Adams,
2016) and Fitbit One was proved as an accurate device for measuring steps in
treadmill walking (Diaz et al., 2016) and 2-minutes walking test (Paul et al., 2015).
To our knowledge, the validation of popular new devices, Fitbit Charge HR
(Fitbit Inc. San Francisco, CA) and Mi Band 2 (Xiaomi Corp. China) have not yet
been studied in a laboratory-based study. Therefore, the purpose of this study was to
assess the validity and reliability of these two popular models of EAMS during
treadmill walking at five pre-determined speeds of a population of healthy adults.
Methods
One session of treadmill walking was used for assessing the validity of the
Fitbit Charge HR and Mi Band 2 step counter in August 2016. The EAMS, Fitbit
Charge HR (launched in 2015) and Mi Band 2 (launched in 2016) were small lightweighted devices. The Fitbit Charge HR had a micro-electromechanical tri-axial
accelerometer, and Mi Band 2 had a military-grade accelerometer. By using
proprietary algorithms, the acceleration was converted to step counts in these two
EAMS. The designs of Fitbit Charge HR and Mi Band 2 were fit for wearing as a
wristband.
The testing protocol was based on previous EAMS validation study (Takacs
et al., 2013). Based on Takacs’s study with a correlation of 0.5, α = 0.05, and a power
of 0.80, a priori sample size was determined as 28 participants. In the current study,
30 subjects who could walk continuously on a treadmill for 30 minutes without aid
were recruited from the university. Participants walked at five predetermined speeds,
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i.e. 0.90, 1.12, 1.33, 1.54, 1.78m/s on a calibrated treadmill. Step count, measured by
trained observers by using tally, was taken as the criterion for step measurement.
A calibrated treadmill in the laboratory was utilised in the test. Potential risks
and benefits of the experiment were explained to the subjects before collecting the
Informed consent. The data of participants, such as age, height, mass, gender, and
dominant hand, were measured during the single testing session. Data were then
entered into the accounts of Fitbit Charge HR, and Mi Band 2 for each participant
before the treadmill walking.
The researcher delivered instruction on how to use the treadmill to all
participants before the start of the treadmill walking. Participants practised for 5
minutes to familiarise the treadmill walking. Fitbit Charge HR and Mi Band 2 were
then placed on the participant's dominant wrist. Participants were given 5 seconds
reminder before the end of each trial and rested for 5 minutes. The step counts on
each Fitbit Charge HR and Mi Band 2 was recorded during the rest. The steps were
counted manually by the two independent observers with the aid of videotaping. Step
count was reanalysed if readings were not matched between the observers.
In order to evaluate the speed-specific mean difference in steps counts
between the Fitbit Charge HR, Mi Band 2 and the criterion measures, paired sample ttests were performed. As to assess the agreement between these two devices, BlandAltman plots were used for visually and statistically interpretation. Means differences
in the step count of the two devices were plotted. Moreover, Pearson’s correlation
coefficients and the corresponding p-values were calculated to indicate the
relationship between the recorded step counts from the Fitbit Charge HR and Mi Band
2. Finally, the per cent relative error of the Fitbit Charge HR and Mi Band 2 were also
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calculated to facilitate the comparison with previous activity monitors studies. Per
cent relative error was calculated by:
Percent relative error = (Devices Output - Observer Count)/ Observer Count × 100 %
All statistical analyses were conducted using SPSSv23.
Results
Thirty (15 males and 15 females) volunteers, with mean age 32.1 (SD=8.66)
years, participated. All were right-hand dominant. Table 5 summarised the mean
(SD) of step count measured by the Fitbit Charge HR and Mi Band 2 activity monitor,
together with the step count measured by the observer at five predetermined speeds in
the 5-minutes treadmill walking. The paired sample t-test revealed that there were no
significant differences in step counts between the Fitbit Charge HR, Mi Band 2 and
the criterion measures. Table 6 showed the figures of the pair sample t-tests of Fitbit
Charge HR. There was no significant difference between step counts measured by
Fitbit Charge HR at all five predetermined speeds. At the slowest speed, 0.90 m/s,
there was no significant difference in the step measurement for Fitbit Charge HR and
observer (criterion) counted; t (29)=-1.362, p =.184. While at the fastest speed, i.e.
1.78 m/s, there was also no significant difference in the step measurement for Fitbit
Charge HR and observer counted; t (29)=0.166, p =.076.
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Table 5
Mean and Standard Deviation of Step Count Measurements Using the Fitbit Charge
HR and Mi Band 2 activity monitor in 5-mins. Treadmill Walking
Speed (m/s)

Fitbit Charge HR

Mi Band 2

Observer Count

0.90

500 (34)

500 (34)

501 (34)

1.12

535 (32)

536 (31)

537 (31)

1.33

567 (33)

569 (34)

570 (35)

1.54

597 (34)

598 (34)

598 (34)

1.78

634 (37)

634 (37)

636 (37)

Table 6
Pair Sample t-tests on Step Measurements of Fitbit Charge HR and the Criterion
Measure in Different Speed
Speed (m/s)

Mean Bias

t

Sig. (2 tailed)

0.90

-1.433

-1.362

.184

1.12

-1.633

-1.601

.120

1.33

-0.567

-0.488

.630

1.54

-1.500

-1.934

.063

1.78

-1.500

0.166

.076
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Regarding Mi Band 2, Table 7 displayed the figures of the paired sample ttests. There were no significant differences between step counts measured by Mi
Band 2 at all five predetermined speeds. At the slowest speed, 0.90 m/s, there was no
significant difference in the step measurement for Mi Band 2 and observer (criterion)
counted; t(29)=-1.697, p =.100. While at the fastest speed, that is 1.78 m/s, there was
no significant difference in the step measurement for Mi Band 2 and observer counted
either; t(29)=1.602, p =.120. Therefore, both the step count function of Fitbit Charge
HR and Mi Band 2 were valid.

Table 7
Pair Sample t-tests on step measurements of Mi Band 2 and the criterion measure in
different speed
Speed (m/s)

Mean Bias

t

Sig. (2 tailed)

0.90

-1.233

-1.697

.100

1.12

-1.30

-1.875

.071

1.33

-0.900

-1.865

.072

1.54

-0.200

-0.270

.789

1.78

1.467

1.602

.120

For visually and statistically interpretation, Bland-Altman plots were used to
illustrate the differences between step count measurement by Fitbit Charge HR and
Mi Band 2 at five predetermined speeds. (Figure 3)
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Figure 3. Bland and Altman plots representing comparisons between the criterion measure (observer counts) with Fitbit
Charge HR & Mi Band 2 step count outputs for the 5 different predetermined speeds: (a) 0.9m/s; (b) 1.20m/s; (c) 1.33
m/s; (d) 1.54 m/s; (e) 1.78 m/s. Solid line indicated the mean difference between observer count and device(s), and the
dashed lines indicated limits of agreements (±1.96 SD)
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Also, there was a strong correlation between step count measured by the observer and
corresponding step count measurement using the Fitbit Charge HR and also between step
count measured by the observer and corresponding step count measurement using the Mi
Band 2. Table 8 reports the Pearson’s correlation coefficient at different speeds. The
Pearson’s correlation coefficients of Fitbit Charge HR and Mi Band 2 ranged from 0.985 to
0.993 and 0.991 to 0.997 correspondingly. The limits of agreement (± 1.96SD) reflect where
95% of all differences between measurements are expected to lie. Regarding the Fitbit
Charge HR, the mean bias at speed 0.9m/s and 1.78m/s were -1.43 ± 5.763 and -1.50 ± 4.46
with the 95% limits of agreement from 9.87 to -12.73 and 7.25 to -10.25 respectively.
Concerning the Mi Band 2, the mean bias at speed 0.9m/s and 1.78m/s were -1.23 ± 3.98 and
1.46 ± 5.01, respectively, with the 95% limits of agreement from 6.57 to -9.03 and 11.30 to 8.36 correspondingly. In both cases, most of the data fell within the 95% limit of agreement.
It reflected that there was no systematic bias based on the step count number.
Besides, the per cent relative error of Fitbit Charge HR (Figure 4A) and Mi Band 2
(Figure 4B) were less than 0.5% for all treadmill speeds.
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Table 8
Comparison of Step Count Measurements Using the Fitbit Charge HR and Mi Band 2 activity
monitor
Fitbit Charge HR

Mi Band 2

Speed (m/s)

a

Mean bias (step ± SD)

r

Mean bias (step ± SD)

r

0.90

-1.43 ± 5.763

0.986a

-1.23 ± 3.98

0.993a

1.12

-1.63 ± 5.59

0.985a

-1.30 ± 3.80

0.993a

1.33

-2.33 ± 4.88

0.991a

-0.90 ± 2.64

0.997a

1.54

-1.50 ± 4.25

0.992a

0.20 ± 4.06

0.993a

1.78

-1.50 ± 4.46

0.993a

1.46 ± 5.01

0.991a

indicated significance at p < 0.001.

Figure 4.
a) Mean (SD) Percent relative error of step counts during treadmill walking for
Fitbit Charge HR at 5 different speed;
b) Mean (SD) Percent relative error of step counts during treadmill walking for Mi
Band 2 at 5 different speed.
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There was a significant (p < 0.001) and very strong correlation between step count
measured by the observer and corresponding step count measurement using the Fitbit Charge
HR (r =0.99) and also between step count measured by the observer and corresponding step
count measurement using the Mi Band 2 (r =0.99) at all five predetermined speeds. The
correlation plots for the Fitbit Charge HR and Mi Band 2 for step count measurements taken
at different speed were shown in Figure 5.
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Figure 5. Scatter plots with regression function comparing the step measurement between the
criterion (Observer Counts) with Fitbit Charge HR & Mi Band 2 step count outputs for the 5
different predetermined speed: (a) 0.9m/s; (b) 1.20m/s; (c) 1.33 m/s; (d) 1.54 m/s; (e) 1.78 m/s.
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Discussion
The adoption of pedometer was associated with a significant increase in the
number of steps and significant decreases in body mass index and blood pressure
(Bravata, 2007). Therefore, it was crucial to have accurate step measurement of these
electronic activity monitor devices for health benefits. In the current study, the step
count output of the Fitbit Charge HR and Mi Band 2 were valid and reliable at all
speeds. This result was consistent with other research that Fitbit tracker was a reliable
and valid device for step counts (Tully et al., 2014).
The primary aim of this study was to examine the validity of step count output
from the EAMS, Fitbit Charge HR and Mi Band 2 in the treadmill walking. This
study showed that both EAMS were the valid and reliable device for monitoring step
counts in the laboratory setting, with relative per cent errors of less than 0.5%. The
findings echoed the previous study that the Fitbit One also had a low per cent errors
(< 1.3%) (Takacs et al., 2013). In a meanwhile, the Mi Band 2 also had low per cent
relative error in treadmill walking test. It also showed significant improvement with
its preceding model, Mi Band, in the author’s previous study (Tam, 2016).
Although some studies found that old models of Fitbit have overestimated step
counts (Reid et al., 2017). This study examined the new model; Fitbit Charge HR if it
is accurate in measuring steps. The difference might occur due to the wearing
positions of these devices. As both Fitbit Charge HR and Mi Band 2 were designed to
fit for wearing as a wristband, it was suggested that to use the electronic activity
devices as prescribed for accurate measurement. Recently, researchers found that
Fitbit Charge HR was also accurate in heart rate measurement (Wallen, Gomersall,
Keating, Wisløff, & Coombes, 2016); thus its readings would be further utilised in the
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aspect of e-health and physical activity promotion. Furthermore, it was expected that
people using the EAMS were increasing while the cost of EAMS were decreasing.
Further investigation was necessary for these two EAMS in measuring step
count in daily use, not only in the laboratory setting. Different functions of the
EAMS, e.g. heart rate function during exercise, sleeping quality could also be
validated for further use in the e-health aspect.

63

Study 2: Validation of Electronic Activity Monitor Tracker as Step
Measurement in Free-living Conditions
Introduction
Healthy practices could be supported by different technological means
(Chaudhry et al., 2006; Starfield, 1998). The increasing popularity of electronic
activity monitor system (EAMS) brought researchers’ interests in using it as one of
the tools in physical activity (Ayala et al., 2015; Thorndike et al., 2014) and walking
(Cadmus-Bertram, Marcus, Patterson, Parker, & Morey, 2015) interventions. As the
EAMS provided feedback and offered interactive behaviour change tools via a mobile
device, or computer for long-term tracking and data storage, there were concerns in
the validation of these devices (Fokkema, Kooiman, Krijnen, Van DerSchans, &
DeGroot, 2017).
Steps were used as a metric for assessing physical activity and the number of
steps per day was usually used for quantifying ambulatory physical activity as they
were intuitive and easy to measure (Bassett et al., 2016). The validity for steps
measurement of consumer wearable activity trackers were usually examined by
comparing its counted steps against different criterion measures, such as manual step
counting (Case, Burwick, Volpp, & Patel, 2015) and video-aid counting (Diaz et al.,
2015), or steps recorded by pedometer (Huang, Xu, Yu, & Shull, 2016) or
accelerometer (Noah, Spierer, Gu, & Bronner, 2015). Different brands and models of
wrist-worn consumer wearable devices were examined for its accuracy in step
measurement in a laboratory setting, e.g. treadmill walking (Sears et al., 2017), level
walking (Takacs et al., 2013) and stair walking (Huang et al., 2016). Most of these
consumer wearable devices showed high in correlations in step measurement with the
reference criteria in the systematic review (Evenson et al., 2015). However, there
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were mixed results of different brands and models in evaluating its step accuracy in
free-living conditions (Ferguson, Rowlands, Olds, &Maher, 2015). For example,
Garmin Vivofit showed higher validity than Polar Loop in measuring daily step
counts in free-living conditions (Simunek et al., 2016) while Fitbit One and Fitbit
Flex showed no difference in step measurement with the criterion measures in freeliving conditions (Reid et al., 2017).
To our knowledge, the validation of popular new device, Mi Band 2 (Xiaomi
Corp. China) had not yet been covered in free-living conditions. Therefore, the
purpose of this study was to assess the validity of the step count of this popular model
of the EAMS in a population of healthy adults during the free-living environment.
Methods
Study population
A convenience sample of 40 healthy volunteers was recruited for this study.
The sample size was comparable to the sample size used in other EAMS studies of
step measurement in free-living conditions (Farina & Lowry, 2018; Noah et al.,
2015). It was suggested that the step count of consumer-level activity monitors in
free-living conditions correlated with reference devices above r =.80 (Ayala et al.,
2015). To detect whether a correlation of 0.80 differs from zero, with α =.05 and β
=0.20, researchers identified the needed sample size of 9 participants (Hulley,
Cummings, Browner, Grady, & Newman, 2007). Participants were eligible for
inclusion if they were aged 18 years or above, willing to monitor their activity for a
seven day period, worked or studied in the University and could walking freely
without restrictions and aids. Participants were excluded if they were in injured or
being affected by illness for mobility. In this study, 40 volunteers with the ability to
walk without aid were recruited from the university community. Participants’ step
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count, measured by the accelerometer, ActiGraph GT9X Link, was taken as the
criterion measure for steps.
Research ethics
The study was approved by the Research Ethics Committee, of the Hong Kong
Baptist University. The participants were asked to consent to the research and were
informed about the use of the data.
Procedure
After explaining the potential risks and benefits associated with the
experiment, the informed consent was collected from the subjects. The data of
participants, such as age, height, mass, gender, and dominant hand, were asked before
the seven-day experiment. The data were then entered into the accounts of Mi Band 2
for each participant while the corresponding devices were also set up with unique user
accounts.
Instruments
The Mi Band 2 had a military-grade accelerometer that converted acceleration
to step counts using proprietary algorithms. Both designs of Mi Band 2 and ActiGraph
GT9X Link were fit for wearing as a wristband.
All individuals were invited to wear a Mi Band 2 (Xiaomi Corp., China) and
ActiGraph GT9X Link accelerometer (Actigraph Inc., USA) as a wristband at their
dominant hands. Participants have to wear both devices during waking hours, except
swimming and bathing. They were also suggested to remove the devices during
sleeping. Participants completed an online daily diary to record the number of steps.
After seven days, participants were invited to return the devices and provide
their written feedback on Mi Band 2, using a utility questionnaire adapted from
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previous research of Tully (Tully et al., 2014) in order to further investigate
participants’ acceptability to use Mi Band 2 as step measurement in the future.
Data treatment
An average daily step was collected and calculated for each participant. The
daily step was averaged by the total number of steps taken between testing and
dividing by the number of valid whole days. A valid day was defined as a 24-hour
duration in which at least 10 hours of data wear time as notified in the Actigraph data
by using Actilife version 6.13.3 (Actigraph Inc., USA).Non-wear time analysed as a
run of zero counts lasting more than 150 minutes was removed after cleaning the data.
Subjects failed to provide at least five valid days were excluded from the analysis.
Data from the EAMS, i.e. steps per day recorded by the Mi Band 2 was synced to the
mobile apps by the researcher at the end of the 7-day wear period to calculate average
step per day.
Data analysis
Statistical analysis was performed using Statistical Package for the Social
Science (SPSS) (Version 23). Descriptive statistics were calculated for each variable.
Normality was assessed by the Shapiro-Wilk test on the step count data to determine
the use of nonparametric or parametric techniques.
The validity of Mi Band 2 as step measurement of free-living physical activity
was assessed by comparing its output (steps/day) with that of the Actigraph
accelerometer (steps/day). The testing protocol was based on the recommendations
from the previous studies (Welk, Mcclain, & Ainsworth, 2012; Tully et al., 2014). In
order to test the validity of electronic wearable activity tracker, Welk and his research
team suggested that three aspects are needed to demonstrate the following agreement.
First, the two measure being compared must yield equivalent group estimates
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(evidenced by mean difference). Besides, the measures must be associated with each
other (evidenced by correlation coefficients). Moreover, the measures must be free
from bias (as evidenced by Bland-Altman plots).
As normality showed on data, it was analysed into three aspects: (1) Paired sample ttests were used to evaluate the mean difference in step counts between the Mi Band 2
and the ActiGraph accelerometer. (2) Pearson’s correlation coefficients and the pvalues were calculated to indicate the relationship between the recorded step counts
from the Mi Band 2 and ActiGraph accelerometer. In order to assess the agreement
between the measurement of these two devices, the Bland-Altman plot was used as
the standard method (Bland & Altman, 1986), both visually and statistically
interpretation. The difference in the step count measured by the two devices was
plotted against the averages.
Results
There were 40 volunteers for the study at the beginning of the study. Three
individuals failed to participate in the test and six individuals recorded with less than
five valid days. At the end of the one week recording period, valid data were
available for 78% (n=31/40) of those who participated. There were 31 subjects, mean
(SD) age 32.5 (7.15) years, completed the experiment, and 53% of (n=16) of the
participants were female. The mean and interquartile range of the participants'
characteristics were provided in Table 9.
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Table 9
Descriptive Characteristics of the Participants (n=31, Male=15, Female =16)
Measure

Mean (IQR)

Age

32.5 (10)

BMI

22.3(4.5)

Mi Band 2 measured steps per day

10951 (2630)

Actigraph measured steps per day

11098 (2726)

*IQR = Interquartile range

There was no statistically significant difference observed in steps between the
Mi Band 2 and Actigraph accelerometer. Comparing the Mi Band 2 with the reference
device demonstrated a high correlation with steps/day measured (r = 0.97). Table 10
showed the figures of the pair sample t-test of Mi Band 2 and Actigraph
accelerometer.
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Table 10
Pair Sample t-test on Step Measurements of Mi Band 2 and the Actigraph (n=31)
Mean bias

t

Sig. (2 tailed)

146

1.67

.105

Mi Band 2 vs Actigraph
(steps/day)

Table 11
Comparison of the Mi Band 2 with the Actigraph Accelerometer (n=31)
Pearson correlation

ICC(95% Confidence Intervals)

Mi Band 2 vs
Actigraph

0.97**

0.98(0.97-0.99)

(steps/day)
**indicates significance at p < 0.001.

Pearson's correlation coefficients of Actigraph and Mi Band 2 were 0.97 (p
<0.001) (Table 11). According to the rule of thumb for interpreting the size of the
correlation coefficient (Hinkle, Jurs, & Wiersma, 2011), it was a very high
correlation. The limits of agreement (± 1.96SD) reflect where 95% of all differences
between measurements are expected to lie. There was a significant (p < 0.001) and a
very strong correlation between step count measured by the Mi Band 2 and
corresponding step count measurement using the Actigraph accelerometer.
For visually and statistically interpretation, Bland-Altman plot was used to
illustrate the differences between step count measurement by Actigraph accelerometer
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and Mi Band 2. It revealed no systematic differences between the Mi Band 2 and
Actigraph measured steps/day (Figure 5).
Overall speaking, there was high acceptability of the Mi Band 2 among the
respondents. All of the participants commented that it was easy to use the Mi Band 2
in measuring step every day. The majority of respondents rated the Mi Band 2 as
acceptable to use and easy to integrate into their daily routine. All of the participants
commented that it was not annoying to use Mi Band 2 (Table 12).

Figure 6. Bland and Altman plot representing comparison between the criterion
measure (Actigraph Accelerometer) and the Mi Band 2 step count output. Solid
line indicated the mean difference between Actigraph accelerometer and Mi Band
2, and the dashed lines indicated limits of agreements (1.96 SD)
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Table 12
Participants’ Responses towards the Utility of the Mi Band 2
Question
Response
Was using the Mi Band 2 every day for 7 days an Not acceptable (n=0)
acceptable method to measure your daily step?
Neither 32% (n=10)
Very acceptable 68% (n=21)
Was there any problem to use the Mi Band 2 every Difficult to remember (n=0)
day?
Neither 32% (n=10)
No problem 68% (n=21)
Did using the Mi Band 2 interfere with your daily Interfered greatly 6% (n=2)
routine?
Neither 35% (n=11)
Did not interfere at all 58% (n=18)
Was the Mi Band 2 annoying to use?

Extremely annoying (n=0)
Neither 42% (n=12)
Not annoying 58% (n=18)
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Discussion
The use of EAMS was associated with modest changes in steps, blood
pressure and HDL cholesterol (Thorndike et al., 2014). As the number of steps per
day was usually used for quantifying ambulatory physical activity (Bassett et al.,
2016), it was vital to have accurate step counting of these trackers for health benefits.
In this study, Mi Band 2 was a valid device for monitoring step counts in freeliving conditions. First, there was no significant difference between Mi Band 2
measured steps/day with that of the criterion measure, Actigraph accelerometer.
Besides, the high level of Pearson’s correlation coefficients (0.97, p<0.001) of Mi
Band 2 and the accelerometer reflected that their number of measured steps were
highly associated. In this experiment, most data collected by Mi Band 2 fell within the
95% limits of agreement with that of the accelerometer.
In addition, from the Bland-Altman plot, there was no apparent systematic
bias found. The use of Mi Band 2 as a measure of step in a free-living environment
was thus recommended. The result was echoed with the previous research that Mi
Band 2 was a reliable and valid device for step counts in the laboratory setting (Tam
& Cheung, 2018). The result was also consistent with the systematic review that
consumer wearable activity trackers were high in the validity in step measurement in
different circumstances (Ayala et al., 2015).
Besides, as consumer wearable activity devices have become more and more
popular, it was essential that these devices to be user-friendly for health status
monitoring, recording and exercise promotion. User perceptions and experiences in
using these devices are, therefore, crucial. In the cross-sectional study of users’
experiences of a wearable activity tracker (Henriksen et al., 2018), it was clearly
stated that users find activity trackers appealing and useful tools for increasing
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perceived physical activity levels over a sustained period. The survey from this study
reinforced that most of the participants favourably rated the utility of the Mi Band 2,
and it was easy to use for step recording daily. EAMS were one of the useful
intervention tools for increasing physical activity among different populations
(Cadmus-Bertram, Marcus, Patterson, Parker, & Morey, 2015; Rote, 2017; Wang,
2014). This implied that Mi Band 2 could be further used as one of the interventional
tools in promoting daily step and physical activity level.
There were some limitations to this study. First, convenience sampling may
limit the generalizability of the study. The participants in this study were university
students or employees. Further investigation may be necessary for validation in other
population, e.g. different age groups. However, the included participants undertook a
wide range of physical activity levels (ranged from 6712 to 14901 steps/day),
suggesting they are representative of the population. Besides, validation of other new
models and brands could also be included in further study in order to have a
comprehensive comparison among these consumer wearable devices in measuring
steps in free-living conditions.
In conclusion, Xiaomi Mi Band 2 provided valid step count measurement in
the free-living conditions. Furthermore, the relatively low cost of Mi Band 2 (USD
$30) might attract more and more people willing to take the lead to use electronic
activity devices to facilitate their health status monitoring, recording and physical
activity participation.
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Study 3: Validation of the Chinese version of physical activity related to selfefficacy, self-regulation, social support questionnaire for adults
Introduction
According to the physical activity guidelines for Americans (U.S. Department
of Health and Human Services, 2018), adults were recommended to engage in
moderate-intensity aerobic activity for at least 150 minutes a week, vigorous-intensity
aerobic activity for at least 75 minutes, or an equivalent combination of moderate and
vigorous-intensity aerobic activity to reduce the risk of chronic diseases and other
adverse health outcomes. Similar recommendation from the WHO also indicated that
regular physical activity helped prevent noncommunicable diseases (WHO, 2018).
However, there were over a quarter of the adults in Hong Kong had not done any
physical activity at a moderate or vigorous intensity for at least 10 minutes at a time
(Department of Health, 2017). Therefore, it was necessary to increase the physical
activity level among people in Hong Kong. In order to modify the behaviour, factors
associated with physical activity should be recognised and understood. Social
cognitive theory (SCT) was the proven useful behavioural theory in the development
of physical activity behaviour-change intervention (Ince, 2008; Young et al., 2014).
In SCT, Banduras identified personal, behavioural and environmental factors
that influence people’s behaviours. Perceived self-efficacy, knowledge, and outcome
expectations related to behaviour adoption were classified as personal factors. It
consisted of “beliefs of personal efficacy play a central role in personal change. This
focal belief was the foundation of human motivation and action” (Bandura, 2004,
p.3). Proximal and distal goals influencing change in healthy behaviour practices were
identified as a behavioural factor. This construct reflected the plans or goals and the
individual developed to carry out the behaviour at a future point (Bandura, 2004).
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Environmental factors included barriers and support which influence behaviour
adoption. In other words, social support from others could help to facilitate change.
Each of the constructs played a vital role in facilitating behaviour change. The
literature review for this research discovered that the SCT constructs commonly used
in physical activity study were self-efficacy, self-regulation and social support. The
social cognitive model of physical activity suggested that health practitioner could be
the ‘change agent’ to facilitate behavioural changes through modification of the social
environment and development of self-efficacy in ways that enabled individuals to act
to improve their health (Nutbeam et al., 2010).
Self-efficacy, “refers to beliefs in one's capabilities to organise and execute the
courses of action required to manage prospective situations” (Bandura, 1995, p.2). It
was the frequently assessed construct which demonstrated the most robust association
with the performance of the physical activity (Anderson, Winett, Wojcik, & Williams,
2010; Winnett et al., 2011). Self-efficacy had been consistently evident to be a
predictor for the adoption and maintenance of physical activity behaviour in healthy
adults (Rovniak, Anderson, Winett, & Stephens, 2002; Sharma, Sargent, & Stacy,
2005). Kaewthummanukul and Brown (2006) also found that self-efficacy was the
best predictor of physical activity among employees.
A recent systematic review and meta-analysis identified which behaviour
change techniques (BCTs) were associated with an increase in self-efficacy for
physical activity and physical activity behaviour (Williams & French, 2011). This
review identified three BCTs were associated with significant increases in both selfefficacy and physical activity behaviours; ‘action planning’, ‘reinforcing effort or
progress towards behaviours’ and ‘provide instruction’. These findings were possible
to improve the intervention efficacy for researchers further. The construct of self-
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efficacy is going to be integrated and measured in this study.
Self-regulation was defined as “personal regulation of goal-directed behaviour
or performance” (Bandura, 1986, p.98). According to the construct, individuals were
able to take control of their actions and monitor their own behaviour so as to change
their behaviour effectively. It was achieved while the human capacity to endure shortterm negative outcomes in anticipation of an important long-term positive outcome.
There were six ways in achieving self-regulation, i.e. self-monitoring, goal-setting,
feedback, self-reward, self-instruction and enlistment of social support (Bandura,
1997). Researchers found positive results for the self-regulation associated with the
performance of the physical activity (Anderson et al., 2010; Anderson, Smith, Winett
& Wojcik, 2011; Rovniak, Anderson, Winett, & Stephens, 2002). Some studies have
even found self-regulation to be as robust of a predictor as self-efficacy (Anderson,
Smith, Winett & Wojcik, 2011) or a better predictor than self-efficacy for influencing
performance physical activity in web-based setting (Anderson et al., 2006). In a metaregression for effective techniques in healthy eating and physical activity intervention,
self-monitoring explained the most significant amount of among-study heterogeneity
(Michie, Abraham, Whittington, McAteer, & Gupta, 2009). This important construct,
which was also the EAMS elementary function (Patel et al., 2015), was going to be
integrated and measured in this study.
Social support was defined as “verbal and nonverbal communication between
recipients and providers that reduces uncertainty about the situation, the self, the
other, or the relationship, and functions to enhance the perception of personal control
in one’s life experience” (Albrecht & Adelman, 1987, p.19). Social support for
physical activity includes both tangible and intangible behaviours, for example
providing rewards and encouragement for the performance of physical activity (Beets
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et al., 2010). Oh, Lauckner, Boehmer, Fewins-Bliss, and Li (2013) have identified
positive associations between emotional, social support and physical activity in the
internet-based intervention with the elements of social networking sites. At the
meanwhile, research of Anderson, Winett and Wojcik (2011) found that perceived
social support and use of self-regulatory behaviours were strong predictors of physical
activity and nutrition behaviour among the web-health users enrolling in an online
intervention. Therefore, the construct of social support was integrated and measured
in this study.
In this study, three physical activity related to SCT constructs were measured.
They were 1) self-efficacy, one’s situation-specific confidence to perform a physical
activity behaviour; 2) self-regulation, personal regulation of goal-directed physical
activity behaviour or performance; and 3) social support, help or care received in
personal relations and interpersonal exchanges in physical activity.
The scale used to access SCT determinants in PA was frequently used for
adults of English-speaking countries. There were not many validation studies for these
three constructs tailored to Hong Kong working adults. For the questionnaire of social
support for exercise, the Chinese version has been validated for children in Hong
Kong (Liang et al., 2014). The questionnaire of exercise self-efficacy and physical
self-regulation questionnaire had not been validated for Hong Kong working adults.
Therefore, this study filled the gap and investigated the validity and reliability of
Chinese version of instruments to measure physical activity self-efficacy, physical
activity self-regulation, and social support for physical activity among Hong Kong
working adults.
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Method
According to the suggestion for the sample size and power estimates for a
confirmatory factor analytic model in exercise and sport, it was recommended to have
200 or more participants for a theoretical model (Myers, Ahn, & Jin, 2011).
Therefore, a sample of 230 Hong Kong working adults (93 female and 137 male,
mean age 36.5, SD = 9.49) from 19 to 63 years old were recruited from convenience
sampling by filling the Google online form. All participants have to free from
restrictions, both physically or psychologically, to take part in physical activity.
Informed consent forms were collected from the participants prior to the study. The
study was approved by the Committee on the Use of Human and Animal Subjects in
Teaching and Research, Hong Kong Baptist University.
Testing instruments
Exercise Self-efficacy
A 5-item self-reported instrument used to measure exercise self-efficacy
(Marcus et al., 1992). It was designed to measure how confident an individual would
perform the exercise when encountering barriers and adverse conditions, such as
tiredness and adverse weather. Three important areas, negative affect, resisting
relapse, and making time for exercise, were identified in promoting exercise and
written into the items. Participants responded to each item on a five-point Likert type
scale (1= ‘not at all confident’ to 5 - ‘very confident’). In a previous study (Marcus,
Shelby, et al., 1992c) test-retest reliability for the self-efficacy scale over a two week
period was .90 (N=20) while the internal consistency for the five-item measure
was .80-.85 (N=388) in another study (Marcus et al., 1992). (Appendix 2)
Physical activity self-regulation
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A 12-item self-reported instrument (Appendix 2) was used to measure
physical activity self-regulation in the aspect of 6 factors, i.e. self-monitoring, goal
setting, eliciting social support, reinforcements, time management and relapse
prevention (Umstattd et al., 2009). Participants rated each item on a five-point Likert
type scale regarding the frequency (1= ‘never’ to 5 - ‘very often’). It was a modified
version of a 43-item PA self-regulation scale developed by Petosa (1993). The
Cronbach’s alpha coefficients of the total score and all 6 factors ranged from 0.79 to
0.95 in the previous study (Watanabe, Kawakami, Adachi, Inoue, & Meyer, 2017).
(Appendix 3)
Social Support for Exercise Scale
The Social Support for Exercise Scale (SSES) (Appendix 3) which consisted
of 10 items used to measure social support, from both family and friends for physical
activity (Sallis, Grossman, Pinski, Patterson, & Nader, 1987). In this study, the word
‘physical activity’ was added along with ‘exercise’. The questionnaires had been
used in different populations, such as college students with high internal consistency
estimates ranging from 0.84 to 0.95 (Joseph et al., 2013). A Chinese version of SSES
was also validated for the children population with good internal consistency
estimates ranging from 0.86-0.90 (Liang et al., 2014). (Appendix 4)
Physical Activity Level
To test scale criterion validity, a previously validated questionnaire,
International Physical Activity Questionnaire (IPAQ) – short-form, Chinese version
(Macfarlane et al., 2007) was completed by participants. It consisted of 7 questions,
accessing all types of physical activity, namely walking, moderate-intensity activities,
vigorous-intensity activities and also sitting lying awake subjectively in participants’
last 7 days. Computation of the total score for the short-form required ‘summation of
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the duration (in minutes) and frequency (days) of walking, moderate-intensity and
vigorous-intensity activities without specifying the domains’ (International Physical
Activity Questionnaire, 2005, p.2). They were computed to form different metabolic
equivalent of task (MET) scores and total MET score with different weights in MET
scores, such as 1 MET for sitting, 3.3 METs for walking, 4 METs for moderate
activity, and 8 METs for vigorous activity (Craig et al., 2003).
Procedures
The study was performed from November 2017 to January 2018. An expert
committee was established for the translation process. The committee was composed
of two authors, two researchers in exercise science, and a translator. First, the authors
examined the questionnaires to find out culture-specific items in English. Two
bilingual Chinese researchers performed forward translation, i.e. from English to
Chinese. Then, the independent translator conducted a back translation, i.e. from
Chinese to English. A final satisfactory version was reached by discussion among
committee members. With a separate sample (n=15) of Hong Kong working adults
whose age from 18-65, participants were questioned if they fully understood each
item in the translated scales, and if there were any substitutes expressed more
understandable.
Participants were invited for the survey by a convenient sample. Participants
completed the Informed consent. Participants were eligible for inclusion if they were
aged 18 years or above, willing to monitor their activity for a seven day period, with a
full-time job at the moment of the survey and could walking freely without
restrictions and aids. Participants were excluded if they were in injured or being
affected by illness for mobility. Demographic data of the participants such as age,
height, mass and gender were reported at the beginning of the test. The questionnaires
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were administered on two occasions, 7 days apart to assess test-retest reliability. It
took approximately 15-20 minutes to accomplish all three scales.
Data analysis
The content validity and criterion validity were assessed in this study. Factorial
validity was used as an empirical extension of content validity. Confirmatory factor
analyses (CFA) with maximum likelihood model were used for scale factorial validity
test. The software Amos 25.0 (IBM Inc. Armonk, NY) was utilized to analyses the
data. According to the ratio of the sample size to the number of freely estimated
parameters greater than 10:1 (Bentler & Chou, 1987), it was adequate to conduct the
CFA. The one-factor model was adapted for each scale as they were supposed to be
unidimensional. To assess model fit, the chi-square statistics (χ2/ df <5) (Wheaton,
Muthen, Alwin, & Summers, 1977), the Comparative Fit Index (CFI. >0.9) (Browne
&Cudeck, 1993), and the Standardized Root Mean Square Residual (SRMR) <0.08
(Schreiber, Stage, King, Nora, & Barlow, 2006) and the Root Mean Square Error of
Approximation (RMSEA) <0.08 (Hu &Bentler, 1999) were used in this study (Table
13).
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Table 13
Standards Adopted for the Confirmatory Factor Analysis
Indicator

Loose

Moderate

χ2/ df

5 (Wheaton et al., 1977)

SRMR

<0.08 (Schreiber et al., 2006)

CFI

>0.9 (Browne & Cudeck, 1993)

RMSEA

<0.08 (Hu & Bentler, 1999)

As to assess the internal consistency, Cronbach’s alpha was computed for each
scale, with 0.7 considered as acceptable (Nunnally, 1994). Ratings of each scale were
averaged, and scale test-retest reliability was assessed by an intraclass correlation
coefficient (ICC) with acceptable level > 0.7 (Baumgartner, Jackson, Mahar, & Rowe,
2007). Criterion validity was examined by Pearson correlations among these three
constructs and PA score.

Results
There were 230 (137 males and 93 females) participants, with mean aged
36.59 (SD=9.49) participated. Demographic data of the participants were presented in
Table 14.
Table 14
Descriptive Characteristics of the Participants (N=230)
Male

Female

All

Age

36.0 ± 8.63

37.5 ± 10.62

36.59 ± 9.49

BMI

22.3 ± 6.75

23.3 ± 3.68

23.13 ± 5.70
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Table 15 displayed the initial model fit criteria with no correlations across the
items in each scales for a one-factor model. The CFI of each scale was higher than
0.90. Besides, an acceptable model fit was suggested in SRMR. However, the scales
did not show acceptable RMSEA.

Table 15
CFA results for the Scale of Exercise Self-efficacy, Social Support and Self-regulation
Scales

χ2

df

χ2/df

p

CFI

RMSEA

SRMR

Self-efficacy

21.63

5

4.32

<0.001

.94

.126

0.05

Social Support

92.17

31

2.97

<0.001

.97

.093

0.04

Self-regulation

183.19

51

3.60

<0.001

.93

.107

0.05

Exercise Self-efficacy
There were error covariance detected between item 1 and item 4 in the
exercise self-efficacy scale. The model was then modified by setting these two items
free to vary from their previously fixed values of zero. The final model had acceptable
module fit indices (Chi-square = 7.46, df =4, χ2/df = 1.86, RMSEA =0.06, SRMR
=0.03).

Social Support for Exercise
Error covariances were detected between item 1 and item 2, item 3 and item 4,
item 9 and item 10 in the scale of social support for exercise. The final model with
parameters set free to vary had acceptable model fit indices (Chi-square = 68.19, df
=29, χ2/df =2.35, RMSEA =0.07, SRMR =0.03).
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Physical Activity Self-regulation
In the physical activity self-regulation scale, error covariances were detected
between item 3 and item 4, item 5 and item 6, item 7 and item 8, item 9 and item 10,
item 11 and item 12. As the items are similar but not redundant, the final model was
modified by setting the mentioned parameters free to vary. The final model with
parameters had acceptable model fit indices (χ2 = 141.2, df =49, χ2 /df =2.02, RMSEA
=0.07, SRMR =0.05).
The confirmatory factor analysis of the scales was tabulated in Table 16.

Table 16
Confirmatory Factor Analysis for the Three Scales
Self-efficacy
Index

Social Support

Initial

Final

Initial

Analysis

Analysis

Analysis

χ2

21.63

7.46

92.17

68.19

183.19

141.2

df

5

4

31

29

51

49

χ2 /df

4.32

1.86

2.97

2.35

3.60

2.02

p

<0.001

<0.001

<0.001

<0.001

<0.001

SRMR

0.05

0.03

0.04

0.03

0.05

0.05

GFI

.94

.98

.93

.95

.887

.93

AGFI

.89

.95

.87

.90

.828

.88

CFI

.94

.98

.97

.98

.93

.97

RMSEA

.126

0.06

.093

0.07

.107

0.07
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Final

Self-regulation
Initial

Final

Analysis Analysis Analysis

The Cronbach’s alpha values of the scales demonstrated acceptable internal
consistency reliability (> 0.7) considered as acceptable (Table 17). The test-retest
reliability of the three scales were from 0.88 to 0.91, also acceptable. Pearson
correlation coefficients between scales and self-reported PA were from 0.21 to 0.31
and significant in the expected directions, also supported the criterion validity of the
three scales.

Table 17
Internal Consistency, Test-retest Reliability of the Scales, and Correlations between
the Measured PA correlates and Self-reported PA
(N= 230)

Cronbach’s alpha

ICC(95%CI)

r

Self-efficacy

.79

0.88(0.84-0.91)

0.31**

Social Support

.95

0.91(0.88-0.93)

0.21**

Self-regulation

.93

0.89(0.86-0.92)

0.23**

**p<0.01
Discussion
This purpose of the study was to investigate the validity and reliability of three
translated scales to measure PA correlates (self-efficacy, self-regulation, and social
support) for healthy Hong Kong working adults. All three scales were previously
developed in English and derived from published instruments for adults. The scale of
social support for exercise and exercise self-efficacy, the Chinese version was
validated among children of Hong Kong while the exercise self-efficacy and physical
activity self-regulation scales have not been validated in Chinese versions. Therefore,
this study aimed to fill the gap for the development of valid Chinese versions of the
three scales for adults in Hong Kong.
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For the factorial validity, the model fit index of the CFA showed that all three
scales had model fit scores. The validation study of the original exercise self-efficacy
(Marcus et al., 1992) conducted in the US government and hospital employees,
supported the unidimensionality of the English scale. The social support scale (Sallis
et al.,1987) validation originally used exploratory factor analyses suggested the
present 10 items loaded on one factor. Although the physical activity self-regulation
has a six-factor model, it also provided a total good fit of model loaded on one factor,
i.e. self-regulation (Watanabe et al., 2017). Therefore, the results of the Chinese
version were consistent with the previous studies and suggested a comparable
structure for adults.
For the criterion validity, the significant correlations, i.e. p < 0.01 of all scales
with self-reported physical activity reinforced the validity of the scales for adults in
Hong Kong. In this study, the exercise self-efficacy scale demonstrated a moderate
correlation with self-reported physical activity, and the correlation was stronger (0.31
> 0.25) than the previous study (Huang, Wong, Salmon, & Hui, 2011). This also
echoed with the findings in other countries that self-efficacy was an important
correlate of PA. (Mendoza-Vasconez et al., 2018).
The reliability of the scales was reflected by the acceptable level of internal
consistency. All the items were correlated with the corresponding scale with a
minimum value of 0.40 (Blunch, 2013). For the self-efficacy scale, test-retest
reliability was .90 in the previous study (Marcus et al., 1992). The test-retest
reliability of social support ranging from 0.84 to 0.95 in the previous studies (Joseph
et al., 2013; Liang et al., 2014). However, the test-retest reliability of self-regulation
in the English version had not been mentioned. In this study, the test-retest reliability
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of all three scales were from 0.88 to 0.91, which showed an acceptable test-retest
reliability, i.e. > 0.7 (Baumgartner et al., 2007).
There were recommendations for future studies. Firstly, the samples are
convenience samples, which may limit the generalization of the study. Secondly, the
study was conducted through an Internet-based questionnaire. It might cause a
selection bias. Participants who had a considerable amount of physical activity might
not have the habit to use the Internet or online form may be reluctant to take part in
this survey and this limited the study to those who equip with technological
knowledge only.
Thirdly, only subjective measured PA, was examined in this study. In the
future study, objective measured PA should also be included. Furthermore, there are
no items in the current study specifically developed for Hong Kong working adults.
Therefore, a further culture-specific measure could be adopted for Hong Kong
working adults.
In short, the Chinese version of physical activity-related self-efficacy, selfregulation, social support questionnaire for adults is developed and validated.

88

Summary of Chapter 3
Study 1 confirmed that the EAMS, Mi band 2 and Fitbit Charge HR were
valid in measuring steps in the laboratory setting. As Mi band 2 had lower cost, it was
chosen in study 2 for further validation. The results from study 2 proved that Mi band
2 was a valid step measurement in the free-living environment. Therefore, Mi band 2
would be chosen in the main study.
The findings in study 3, the result revealed that the Chinese versions of the
questionnaire on exercise self-efficacy, physical activity self-regulation and social
support for exercise were in good validity and reliability for adults in Hong Kong.
Thus, these testing instruments would be used in the main study.
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CHAPTER 4
Main Study: An Application of the Social Cognitive Theory to An Electronic
Activity Monitor System-based Physical Activity Intervention for Working
Adults in Hong Kong
Introduction
Workplaces – where most adults spent half of their waking hours – were
appropriate settings for exploring different ways to promote healthy lifestyle
behaviour adoption and maintenance (McEachan, Lawton, Jackson, Conner & Lunt,
2008). The WHO recommended that workplace is one of the priority settings in
promoting health as it directly influences the physical, mental and social well-being of
workers and in turn the health of their families and communities (2017). Promoting
physical activity in workplaces was an efficient strategy in promoting health and
important worksite functions (Conn et al., 2009).
As steps were an intuitive and easy-to-measure metric for assessing physical
activity, daily step counts were the best way to quantify ambulatory physical activity
(Bassett et al., 2016). Working adults in Hong Kong failed to achieve 10,000 steps per
day; however, as a study found that they walked only 8,661 steps daily (Lam, Lee,
Wong, & Wong, 2012). Advancements in technology provided researchers with
innovative ways to deliver effective and low-cost physical activity interventions
(Wang, 2014).
Electronic activity monitor systems (EAMS) became increasingly popular
among the general public for health monitoring (Fogg, 2002; Chan, Estève, Fourniols,
Escriba, & Campo, 2012; Freedson, Bowles, Troiano, & Haskell, 2012; Fritz, Huang,
Murphy, & Zimmermann, 2014). Most EAMS were equipped with self-monitoring
and goal-setting functions, supporting self-regulation approaches, which were
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effective strategies for physical activity interventions with different targets (Bandura,
1991; Stadler et al., 2009; Umstattd et al., 2009). Furthermore, these functions of the
EAMS have matched recommendations from the social cognitive theory (SCT)
closely (Lyons et al., 2014).
Although using EAMS in physical activity interventions was relatively new,
preliminary evidence suggested that they could increase physical activity significantly
(Lewis, Lyons, Jarvis, & Baillargeon, 2015). Additionally, researchers widely
recommended that interventions be designed grounded on theories and behaviour
change techniques (BCTs) (Abraham & Michie, 2008; Michie et al., 2011; Rossen et
al., 2015).
Social Cognitive Theory, developed by Bandura in 1996, offered principles on
how to predict and change health behaviour (Bandura, 2004). Bandura (1997) stated
that planned protection and promotion of public health could be viewed as
illustrations of this kind of reciprocal determinism, as societies seek to control the
environmental and social factors that influence health behaviours and health
outcomes. Physical activity related SCT constructs, self-efficacy, social support and
self-regulation were recognized as important factors in promoting physical activity
level. The social cognitive model of physical activity suggested that health
practitioner could be the ‘change agent’ to facilitate behavioural changes through
modification of the social environment and development of self-efficacy in ways that
enabled individuals to act to improve their health (Nutbeam et al., 2010).
However, there were not many physical activity interventions in Hong Kong,
especially for working adults. The aim of the current research was to promote
physical activity level of adults in a workplace through SCT-based intervention with
EAMS as a promoting tool. A study focussing on a tertiary education provider in
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Hong Kong was conducted from September 2018 to February 2019. The
corresponding research question was investigated:


Was the EAMS-SCT intervention effectively increase PA in working adults in
Hong Kong?
Hypotheses
There was one primary outcome measure: the physical activity level

(subjectively measured IPAQ MET score). Additionally, three SCT constructs
(exercise self-efficacy, social support for exercise and physical activity selfregulation) were the secondary outcome measures in the study. The number of daily
steps was measured via the EAMS Mi Band 2 (Xiaomi, China) and was used as the
process measure (objectively measure of PA). The following null hypotheses were
postulated for the aforementioned research questions:
1.

Interaction effect (group × time of measurement) on the IPAQ metabolic
equivalent (MET) score and the combined SCT constructs
a.

There would be no significant interaction effect between the intervention
and time of measurement on the IPAQ MET score.

b.

There would be no significant interaction effect between the intervention
and time of measurement on the group mean vectors of the subject’s
combined scores from the scales of SCT constructs.

2.

Effect of time of measurement on the IPAQ MET score and the SCT constructs
a.

There would be no significant mean difference in IPAQ MET scores
based on the time of measurement (i.e., pre-intervention, postintervention, and post-intervention follow-up).
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b.

There would be no significant mean vector differences on the following
variables: the score of exercise self-efficacy, the score of social support
for exercise and the score of physical activity self-regulation

3.

Effect of group on the IPAQ MET scores and the SCT constructs
a.

There would be no significant mean difference in IPAQ scores between
the EAMS only and EAMS-SCT group.

b.

There would be no significant mean vector differences on the following
variables: the score of exercise self-efficacy, the score of social support
for exercise and the score of physical activity self-regulation.
Procedures

Participants
A tertiary education provider in Hong Kong, the Vocational Training Council
(VTC), was selected for this study as the convenience sampling. At the time of the
study, the VTC had 5,880 full-time staff, comprising 3,740 teaching and
administrative staff and 2,140 technical and supporting staff (Vocational Training
Council, 2019). The VTC was the leading educational service provider regarding
vocational training in Hong Kong.
Criteria for selecting the participants included the following:
1.

Aged 18–60 years old and employed full-time as part of the VTC’s teaching or
administrative staff

2.

No experience in using EAMS before this study

3.

Not meeting the recommended 10,000 steps per day after the baseline measure

4.

Passing a self-report physical activity assessment using the Physical Activity
Readiness Questionnaire (PAR-Q)
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5.

Ability and willingness to use a mobile phone to access an EAMS that met
specific EAMS-compatible operation system requirements and had WhatsApp
installed

Sample Size
A priori test of G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) was
conducted to estimate the sample size. Information such as the desired level of power,
α level, and the effect size was necessary for the sample size calculation. With
reference to Wang’s study (2014), it was assumed that the EAMS-SCT intervention
effect on the standardised mean difference in IPAQ MET scores of the EAMS-SCT
group would be at least 17% higher than in the EAMS only group. The desired power
was set as .80, while the α level was set at 0.05 for the analysis of variance (ANOVA)
tests (i.e., repeated measures, within-between). After the calculation, the total sample
size was 58, which meant 29 participants were needed for each group. Based on the
study 2 outcomes, the attrition rate was set at 25%; 36 participants were then recruited
for each group to ensure enough participants in this study.

Recruitment Procedures and Randomization
For recruiting participants, the conceptual framework of Foster and his
research team (2011) was adopted. This framework divided participant recruitment
into two phases, a planning phase and an implementation phase, and four stages,
including discrete actions by both researchers and recruiters (Figure 7).
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Researcher Actions

Participant Actions

Stage 1:
Identified target group
within VTC
Planning

Implementing

Stage 2: Invited (n=180) Offered
invitation and monitored response
rates

Received Invitation:
Accepted or Declined

Stage 3: Responded (n=103)
Facilitated attendance,
Established eligibility,
screened and collected
Informed consent

Attended info
session, assessment
or screening
Provided consent

Assigned participant to
programme & offered starting date
(n=73)

Agreed to participate,
commits to attend

Stage 4: Started
Intervention begins

Delivery

Figure 7. Recruiting procedures of this study
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From the perspective of the researcher, several steps were taken to recruit
participants. In the first stage, identification of participant pools, the researcher used
the snowball method to contact the VTC staff via mobile phone to ensure the
participants had access to WhatsApp and were able to use the Internet to assess
Google forms provided by the researcher.
At the beginning of the second stage, 180 VTC teaching and administrative
staff mobile phone numbers representing candidates who met the above criteria had
been collected. A Google form was then used to invite these 180 individuals to
participate. The response and uptake rates were then monitored from mid-June 2018
to mid-August 2018. In total, there were 103 respondents willing to take part in the
programme with the consent form filled (Appendix 1).
Before the enrolment of participants, baseline measures were collected on two
visits scheduled precisely seven days apart. The PAR-Q was administrated to all
participants to screen for any diseases or health problems at the first visit. Meanwhile,
informed consent and demographic data were collected. The participants were also
given the EAMS, the Mi Band 2 (Xiaomi, China), and were instructed to wear the
device during all waking hours, except during swimming and bathing, for the next
seven days. Oral and written instructions on how to wear the EAMS were provided.
At the second visit, the number of daily steps of the participants was collected
and calculated through the Mi Band 2 mobile app. At this point, 30 respondents were
screened out of the programme due to not meeting the inclusion criteria, such as
already over 10,000 steps per day (n = 8), being unable to use the EAMS functions on
their mobile phones (n = 6), already using a wearable activity tracker (n = 12), or
declining participation after further consideration (n = 4).
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In the final stage, the researcher randomly assigned 73 participants to one of
two groups. After all participants completed the baseline assessment, the researcher
used closed envelopes for randomisation to the two groups while stratified the nature
of the job. Stratified randomisation was used to address the need to control and
balance the influence of participants’ baseline characteristics (i.e., covariates in this
study) (Suresh, 2011). The nature of one’s work (teaching versus administrative staff)
was identified as a potential influence at the beginning of the study. Randomisation
was hence performed separately within each sub-group.
Design
A two-arm randomised controlled trial took place from September 2018 to
February 2019 among VTC working adults who met the inclusion criteria for the
control group, EAMS only and the treatment group, EAMS plus SCT elements. It
consisted of an eight-week intervention and a four-week follow-up phase with three
measurement points, namely, prior to the intervention (pre-intervention, Week 0),
right after the intervention (post-intervention, Week 8), and one month after the
intervention (follow-up, Week 12). The procedures of the intervention were shown in
Figure 8.
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Assessed for eligibility (n= 103)
(Consent / PAR-Q / Baseline Step
Count/ Demographic data)

Excluded (n= 30)
 Not meeting inclusion criteria
(n=20)
 Declined to participate (n=8)
 Other reasons (n=2)

Enrolment

Randomised (n=73)

Pre-Intervention
Measurement (Week 0)

Allocation
nterventMeasur
The Control Group
Allocated to EAMS only group (n=36)
 Received allocated intervention (n= 35)
 Did not receive allocated intervention
(failed to use EAMS app) (n=1)

Post-Intervention
Measurement (Week 8)

The Treatment Group
Allocated to EAMS-SCT group (n= 37)
 Received allocated intervention (n= 34)
 Did not receive allocated intervention
(failed to use the EAMS apps) (n=3)

Follow-Up

Discontinued intervention
(Resigned from VTC) (n=2)

Discontinued intervention
(Resigned, n=2, Got leg injuries,
n=1)

Follow-up Measurement
(Week 12)

Analysis
Analysed (n= 33)

Analysed (n= 31)

Figure 8. Procedures of the intervention study
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Goal-Setting
Participants in both EAMS only (control group) and EAMS-SCT group
(intervention group) were instructed to wear the EAMS at all waking hours, except
while bathing and swimming, during the eight-week period. Participants in both
groups were monitored by the researcher (with permission) via a Google form with
daily summary data and the EAMS mobile app. The participants were requested to
input the daily step count by themselves or to sync their EAMS with their mobile app
so that the data could be uploaded and accessed by the researcher.
The daily goal was set at 10,000 steps. However, only the participants in the
EAMS-SCT group were encouraged to reach the recommended 10,000 steps per day
gradually throughout the eight weeks as a process measure, and they were required to
attend a personal trainer session at the beginning of the intervention and to review the
short-term goal biweekly. An individualised goal was also set for each participant in
the EAMS-SCT group according to the individual’s initial daily step total before the
intervention (Table 18).
Table 18
Individualised goal based on steps per day
Steps per day at baseline

Goal

<8,000

Increase 10% every 2 weeks to 10,000 steps in Week 8

8,000–9,999

Increase 5% every 2 weeks to 10,000 steps in Week 8

>10,000

N/A; excluded from the study
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Research ethics
The study was approved by the Research Ethics Committee of Hong Kong
Baptist University. The participants were asked to consent to the research and were
informed about the use of the data.
Process measure
The steps measured by the Xiaomi Mi Band 2 and goal-setting were used as
the process measures for the participants in the EAMS-SCT group. It was treated as
the objective measure of physical activity in this study.
According to the graduated step-index, there were several classifications for a
healthy adult (Table 1), and 10,000 steps per day appeared to be a reasonable estimate
of daily activity for apparently healthy adults to attain health benefits (Tudor-Locke &
Bassett, 2004).
The aim of the process measures was to ensure the participants in the EAMSSCT group could reach 10,000 steps per day gradually until the end of the
intervention (Week 8). The participants in the EAMS-SCT group were also required
to attend one physical activity advisory session with a certified personal trainer and to
use WhatsApp to engage in four educational sessions with the researcher.
Use of the Mi Band 2 was checked for validity in step measurements in both
laboratory settings (Tam & Cheung, 2018) and free-living conditions (Tam &
Cheung, 2019). It reliably measured the number of steps and represented an effective
health evaluation indicator (Xie et al., 2018).
Furthermore, step count goals led to more effective interventions (Bravata et
al., 2007). Usually, goal-setting entailed either a fixed target or an incremental
increase over the baseline as a percentage, such as a 5% increase per week (Croteau,
Richeson, Jones, & Farmer, 2007) or a 10% increase biweekly (Prochaska et al.,
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2008), or as a fixed number of extra steps. A step goal of 10,000 daily steps was thus
set for the participants in both groups at the end of the eight-week intervention. All
participants were requested to wear the EAMS for the whole intervention period
during waking time.
Participants in the EAMS-SCT group were given an individualised goal.
Participants with fewer than 8,000 daily steps at baseline strived for a 10% increase
over baseline every two weeks until they attained over 10,000 steps per day.
Participants with 8,000–9,999 daily steps attempted to increase their step count by 5%
every two weeks until reaching over 10,000 steps per day. If the baseline
measurement was over 10,000 daily steps, the individual was excluded from the
study. All participants in the EAMS-SCT group were verbally encouraged to achieve
the set goals.
Intervention fidelity
During the data collection period, participants in both groups were requested
to report their daily step totals by Google form or synced their EAMS with the mobile
app. The Google form included the number of daily steps according to the Mi Band 2.
If they did not use the device for seven consecutive days, participants were considered
as discontinued from the intervention and were not included in the follow-up
measurement for the analysis.
Physical activity adherence
Both groups’ participants kept the EAMS as a souvenir after the intervention.
To understand the participants' adherence to the use of the EAMS for physical activity
measure after the intervention, the researcher asked a simple question ‘What are the
frequency of using EAMS as daily step measurement after 4-week of the
intervention?’ using a five-point Likert-type scale (1= ‘never after the intervention’ to
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5 = ‘almost every day after the intervention’) on the frequency EAMS use in Week
12.
Intervention content and process
The aim of the current research was to promote physical activity level of
adults in a workplace through SCT-based intervention with EAMS as a promoting
tool. A two-armed randomised controlled trial was adopted to compare the control
group with EAMS only and the intervention group with EAMS-SCT elements. The
available functions and applications of the EAMS were congruent with the SCT
constructs, especially the self-regulation construct (Wang, 2014). During the humancomputer interaction, the EAMS allowed the users to set their own goals and access
information regarding physical activity for self-monitoring (Lewis et al., 2015). In
addition, EAMS contain a wide range of BCTs typically used in clinical behavioural
interventions. Thus, the monitors potentially represent a medium through which these
interventions could be translated for widespread use (Lyons et al., 2014). The
identified BCTs in EAMS and the implementation of BCTs in both the EAMS only
and EAMS-SCT groups (Duncan et al., 2017; Mercer et al., 2016) were stated in
Table 19.
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Table 19
BCTs in EAMS and the Implementation in This Study
BCTs in EAMS

Implementation in the intervention

3. Provided normative

 The Mi Band 2 provided normative information

information about others’

about what other people were doing (e.g., the

behaviour

physical activity level of others in the same age
range).

5. Goal-setting (behaviour)

 One of the initial goals regarded the number of
daily steps according to the Mi Band 2.

10. Prompt review of
behavioural goals

 The Mi Band 2 involved a review and analysis of
the extent to which previously set behavioural
goals (e.g., number of daily steps) were achieved.

13. Provided rewards

 The participants received a reward, praise, and

contingent on successful

encouragement automatically from the Mi Band 2

behaviour

if they achieved 10,000 steps a day, but not if they
did not perform this behaviour.

16. Prompt selfmonitoring of behaviour

 The participants were asked to keep a record of
their number of daily steps as a method for
changing their behaviour.

18. Prompt focus on past
success

 The participants were required to list previous
successes in performing the target goal (e.g.,
10,000 steps per day).

19. Provided feedback on
performance

 The Mi Band 2 provided participants with data
about their own recorded step counts.
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Participants in both the EAMS only and EAMS-SCT groups received the Mi
Band 2 (Xiaomi, China) and were requested to install the mobile app Xiaomi Exercise
(Version 3.4.7). The participants had to input personal data, such as their gender, year
and month of birth, height (cm), and weight (kg), in their individual account for
further tracking of daily steps during the intervention. The participants were instructed
to enter 10,000 steps per day in setting up the EAMS account. The participants’
mobile phones and the Mi Band 2 were synched with the help of researcher. The
Bluetooth function on the participants’ phones had to be switched on for the Mi Band
2 data to be automatically updated in the user’s account. The Mi Band 2 was set to
display information such as the time, date, number of daily steps, and remaining
battery. Participants in both groups were reminded to charge the devices every seven
days during the intervention through a mobile WhatsApp message.

The EAMS-SCT Group
The design of the EAMS-SCT group was guided by SCT and the
implementation of several BCTs to reinforce the intervention. Participants in the
EAMS-SCT group received both the EAMS and eight weekly WhatsApp-delivered
lessons and one face-to-face session with a personal trainer, including advice aimed at
increasing one’s physical activity level. Individualised goals were also set at this
introductory session (Table 1). Elements aimed at enhancing the participants’ selfefficacy, self-regulation, and social support through BCTs were included in the
EAMS-SCT group (Tables 20 and 21).
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Table 20
Overview of the Application of the Social Cognitive Theory to EAMS-SCT Components
SCT
Construct
Selfefficacy

Selfregulation

Socialsupport

Related BCTs

Implementation in the intervention

7 Action planning

 The personal trainer provided the
participants with detailed plans regarding
types and frequencies of physical activity.

21 Provided instruction on how
to perform the behaviour

 The personal trainer instructed the
participants on correctly performing the
physical activity, (e.g., jogging gesture and
weight training).

5 Goal-setting (behaviour)

 The final goal of all participants was
10,000 steps per day.

9 Set graded tasks

 Researcher set an individualised goal
(steps per day) and reviewed it with
participants biweekly.

23 Taught to use prompts/cues

 The researcher taught the participants to
use the EAMS to remind them to walk
during bouts of prolonged sitting.

28 Facilitated social
comparison

 The researcher explicitly drew the
participants’ attention to others’
performance to elicit comparisons.
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Table 21
EAMS-SCT Group Physical Activity Consultation and BCTs Involved
Week

Session

Guide to Session Content

Related BCTs

1

Session 1:
Fact-to Face
PA
consultation

Review participants’ health status, current activity
level and health benefits of PA

#1 Provide information on consequences of behaviour in Researcher
general ; #2 Provide information on consequences of
and Certified
Personal
behaviour to the individual
Trainer

The personal trainer provided the participants with
instruction and suggestion on frequency, types and
duration of the physical activity

#21 Provide instruction on how to perform the
behaviour

3

Session 2:
WhatsApp
delivered
Information
on PA

Review step count & encourage progress in archiving #10 Prompt review of behavioural goals; #19 Provide
feedback on performance & #12 Prompt rewards
step-count goals
contingent on effort or progress towards behaviour
Provide the information of moderate intensity PA and #4 Provide normative information about others’
its relationship to the number of steps
behaviour
Review target and agree on goals for the next stage
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#7 Action planning; 9 Set graded tasks and #16 Prompt
self-monitoring of behaviour

Conducted by

Researcher

Week

Session

Guide to Session Content

Related BCTs

5

Session 3:
WhatsApp
delivered
Information
on Barrier
identification

Review step count & encourage progress in archiving
step-count goals

#10 Prompt review of behavioural goals; #19 Provide
feedback on performance and #12 Prompt rewards
contingent on effort or progress towards behaviour

Assist the participants in identifying key barriers in
increasing PA and develop strategies for overcoming
them
Review target and agree on goals for the next stage

#8 Barrier identification and #35 Relapse
prevention/coping planning

Review step count & encourage progress in archiving
step-count goals

#10 Prompt review of behavioural goals; #19 Provide
feedback on performance and #12 Prompt rewards
contingent on effort or progress towards behaviour

Provide information on suitable places and time for
increasing walking or other PA

#20 Provide information on when and where to perform
the behaviour and #35 Relapse prevention/coping
planning

Review target and agree on goals for the next stage

#7 Action planning; # 9 Set graded tasks and #16
Prompt self-monitoring of behaviour

7

Session 4:
WhatsApp
delivered
Information
on
Overcoming
barriers
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Conducted by
Researcher

#7 Action planning; #9 Set graded tasks and #16
Prompt self-monitoring of behaviour
Researcher

Week

Session

Guide to Session Content

Related BCTs

Conducted
by

8

Session 5:
WhatsApp
delivered
Information
on
Maintaining
PA

Review step count & target goal

#10 Prompt review of behavioural goals; # 19 Provide
feedback on performance and #12 Prompt rewards
contingent on effort or progress towards behaviour

Researcher

Assist participants in developing methods for
maintaining long-lasting physical activity behaviour
changes

#23 Teach to use prompts/cues, and #29 Plan social
support/social change
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Outcome measures
Primary outcome measures
The IPAQ MET score
The subjective physical activity level was measured by using the IPAQ shortform as the outcome measure, while the objective physical activity level was
measured by the number of daily steps recorded by the Mi Band 2 as a process
measure.
A previously validated questionnaire, the IPAQ (short-form, Chinese version)
(Macfarlane et al., 2007) was completed by the participants. The participants
subjectively reported the frequency and duration for all types of PA, such as walking,
vigorous and moderate activities which lasted for at least 10 minutes, and time spent
sitting and lying awake over the last seven days. These data were then converted to
metabolic equivalent scores (MET-min-wk.) for each type of activity, such as 1 MET
for sitting, 3.3 METs for walking, 4 METs for moderate activity, and 8 METs for
vigorous activity (Craig et al., 2003). The MET values were then summed to compute
the total physical activity score.
Secondary Outcome Measures
The secondary outcome measures for this study were the SCT constructs of
physical activity, namely, self-efficacy, social support, and self-regulation. These
variables were identified through the analysis of the related literature and theories of
behaviour change. They were measured via a continuous five-point Likert-type scale
in the questionnaire.
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Exercise self-efficacy
A 5-item self-report instrument was used to measure exercise self-efficacy
(Marcus et al., 1992). It was designed to measure how confidently an individual
performed an exercise when encountering barriers and adverse conditions, such as
tiredness or adverse weather. Three important areas, negative affect, resisting relapse,
and making time for exercise, were identified in promoting exercise and integrated
into the items by the authors. The participants responded to each item on a five-point
Likert-type scale (1= ‘not at all confident’ to 5 = ‘very confident’). In a previous
study (Marcus et al. 1992), the test-retest reliability for the self-efficacy scale over a
two-week period was .90 (N = 20), while the internal consistency for the five-item
measure was .80–.85 (N = 388) in another study (Marcus et al., 1992).
Physical activity self-regulation
A 12-item self-report instrument (Umstattd et al., 2009) was used to measure
physical activity self-regulation in terms of six factors: self-monitoring, goal-setting,
eliciting social support, reinforcements, time management, and relapse prevention
(Appendices). The participants rated each item on a five-point Likert-type scale
regarding the frequency (1= ‘never’ to 5 = ‘very often’). The scale of physical activity
self-regulation was a modified version of a 43-item PA self-regulation scale
developed by Petosa (1993). The Cronbach’s alpha coefficients of the total scale and
all six factors ranged from 0.79 to 0.95 in a previous study (Watanabe et al., 2017).
Social Support for Exercise Scale
The Social Support for Exercise Scale (Sallis, Grossman, Pinski, Patterson, &
Nader, 1987) consisted of 10 items to measure social support for physical activity
from both family and friends. In this study, the terms ‘physical activity’ and ‘exercise’
were both used. The questionnaire had been used in different populations, such as
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college students, with high internal consistency estimates ranging from 0.84–0.95
(Joseph et al., 2013). The Chinese version of the Social Support for Exercise Scale
had also been validated for children, producing high internal consistency estimates
ranging from 0.86–0.90 (Liang et al., 2014). The items were summed to yield the
score for family and friend participation, with higher scores indicating more support
from family and friends.
Assessment of intervention effects
The aim of this study was to evaluate the intervention’s effects on physical
activity levels among working adults in Hong Kong. An implementation evaluation
assessed the degree to which the intervention was delivered to the participants and the
degree to which the participants participated in the intervention.
Implementation evaluation
Assessments of the implementation were performed on the self-reported
online walking diaries throughout the 8-week period for both EAMS only group and
EAMS-SCT group. The degrees of step goal (i.e., 10,000 daily steps) being met were
also assessed. During the intervention, a list of objectives was included for all five
sessions and was checked by the researcher. Monitoring the implementation of
interventions improved the interpretability of data collected and helped researchers to
avoid committing Type III errors (i.e., evaluating an intervention that had not been
adequately implemented) (Dobson & Cook, 1980). Furthermore, the number of daily
steps of the participants in each group were tabulated for comparison.
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Data analysis
Parametric statistical test assumptions
There were different assumptions while using parametric techniques and nonparametric techniques for statistical purposes (Pallant, 2016). For the parametric
technique, normally distributed data and interval-level scaling of data were expected.
For data which were not normally distributed and measured only at the ordinal
(ranked) level, the non-parametric technique was used (Pallant, 2016). The data in this
study were checked for normality before further analysis, and corresponding
parametric or non-parametric techniques were adopted. The significance level was
0.05 unless specifically stated. When group comparisons were made, the effect size
was interpreted using the suggestion proposed by Cohen (1988) (Table 22).
To investigate the effectiveness of the EAMS-SCT intervention, the researcher
examined the primary outcome in terms of the IPAQ MET score and the secondary
outcome in terms of the SCT constructs. Figure 9 showed the statistical procedures for
this study.
Table 22
Strength of the Different Effect Size Statistics
Size

ŋ2 (% of variance explained)

Cohen’s d
(standard deviation units)

Small

.01

.2

Medium

.06

.5

Large

.138

.8
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Effect of 8-week physical activity
intervention programme between the
EAMS only and the EAMS-SCT groups

Secondary Outcome: SCT Constructs, i.e.
Scores in Exercise Self-efficacy, Social
Support for Exercise & Physical Activity
Self-regulation

Primary Outcome:
IPAQ MET Score

Assumption Testing

Assumptions Testing

Mixed ANOVA

Significant

Separate ANOVAs
were calculated for 1)
between-subjects
factor (Groups) and 2)
within-subjects factor
(Pre-intervention,
Post-intervention,
Follow-up)

Two-Factor Mixed MANOVA

NonSignificant

NonSignificant

Checked for Main
effect for each of
the independent
variables, i.e.
Groups and Time

Checked for
Main effect
of Groups
and Time

Figure 9. Statistical procedures for the study

113

Significant

Checked for Simple
effect by ANOVAs for
1) repeated measure
ANOVAs for each SCT
variables and 2)
independent one-way
ANOVAs for Groups
(between-subjects
factor)

The independent variables were the two groups and the three times of
measurement. The dependent variable was the physical activity level (IPAQ MET
score). The SCT correlates, self-efficacy, social support, and self-regulation acted as
secondary outcome measures, while the number of daily steps recorded by the Mi
Band 2 acted as the process measure.
Statistical analyses were completed using SPSS Version 23. Before the
statistical analysis of the quantitative survey results, the data were screened. Data
screening included computing descriptive statistics for all the variables and collecting
information about missing data. The descriptive statistics for the survey items were
summarised in the text and reported in tabular form.
Mixed models were used to inspect the hypotheses. The participants' selfreported IPAQ MET scores, a continuous response measure, were summated and
analysed. Group differences were examined by mixed ANOVA tests. Post-hoc
analyses were performed using the Bonferroni adjustment.
Regarding the primary outcome, to investigate the effect of the two groups
(EAMS only and EAMS-SCT) on the participants’ IPAQ scores across three time
periods—pre-intervention (Week 0), post-intervention (Week 8), and follow-up
(Week 12)—the researcher used a 2 x 3 mixed ANOVA. The between-subjects factor
was the group (EAMS only and EAMS-SCT), while the within-subjects factor was
the time of measurement (pre-intervention, post-intervention, or follow-up).
Regarding the secondary outcome, to examine the difference of the mean
vectors (i.e., SCT constructs across the time periods), the researcher performed a twofactor mixed multivariate ANOVA (mixed MANOVA). The core survey items
consisted of 4 five-point Likert-type scales to measure three SCT constructs related to
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change in physical activity participation. The scores from the corresponding
questionnaires were summed and averaged for analysis.
Changes in the SCT constructs were assessed via MANOVA tests. The
analysis examined and compared the group mean differences in the combination of
dependent variables. (Pallant, 2016). Separate ANOVA analyses were also performed
for each SCT construct to investigate how differences in each SCT construct were
associated with changes in physical activity.
Level of significance
The level of significance was 0.05. According to Verma (2015), the pair-wise
comparison of group means between two groups (between-subjects factor) had to be
conducted using a post-hoc test when the F-value was significant. For the time of
measurement (within-subjects factor), a Bonferroni correction was adopted to correct
the level of significance when the F-value for the within-subjects factor was significant.
If the interaction effect was significant, both within-subjects and betweensubjects simple effects were evaluated by applying 3 one-way repeated measures
ANOVAs for within-subjects factors and two independent measures ANOVAs for
between-subject factors. Therefore, the significance of F for the intervention type had
to be tested at 0.025 (= 0.05/2), while the significance of F for the time of
measurement had to be tested at 0.017 (= 0.05/3).
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Results
The primary purpose of the study was to evaluate the effectiveness of the 8week EAMS-SCT intervention among the working adults in Hong Kong. The
participants were assigned into EAMS only (control group) or EAMS-SCT
(intervention group) and were measured their scores of International Physical Activity
Questionnaire, short-form (IPAQ), exercise self-efficacy, social support for exercise
and physical activity self-regulation at three times of measurement, i.e. preintervention, 8-week post-intervention and 4-week after the invention as a follow-up.
The dependent variables were physical activity level (in terms of the number of daily
steps and IPAQ MET score), and scores in SCT correlates; exercise self-efficacy,
social support for exercise and physical activity self-regulation while the independent
variable was 8-week EAMS interventions.
The following sections described the 1) characteristics of the participants, 2)
statistical findings of IPAQ MET score, 3) statistical findings of the Social Cognitive
Theory constructs, 4) Intervention Fidelity and 5) Adherence to the use of EAMS
Characteristics of the Participants
A total of 73 participants from the Vocational Training Council (VTC), fulltime teaching and administrative staff whose aged 18-60 years were recruited to
participate in this study. Data were collected from September 2018 to February 2019.
By using the stratified randomization, the participants were classified by their job
nature, i.e. teaching staff or non-teaching staff at the beginning of the study.
Participants were randomly assigned to the control EAMS only group (n = 36) and the
treatment EAMS-SCT group (n = 37). In the EAMS only group, one participant did
not receive the allocation due to the failure using the EAMS app on his mobile, and
two participants did not accomplish the intervention due to resignation. In the EAMS-
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SCT group, three participants did not receive the allocation as they failed to use the
EAMS apps, and three participants did not complete the intervention due to leg
injured and resignation.
After handling the missing data, 64 (26 males, 48 females) participants with
full-set of data (EAMS only group, n = 33 and EAMS-SCT group, n = 31) were
analysed. The final data set consisted of participants whose age ranged from 23 to 59
(M = 39.98, SD = 7.96), and BMI ranged from 17.19 to 30.12 (M = 22.59, SD = 3.07).
Further details of demographic data was shown in Table 23. Participants were
stratified by their job nature and randomly divided into EAMS only group (n = 33)
and EAMS-SCT group (n=31). In the EAMS only group (n =33, teaching staff = 13,
non-teaching staff = 20 and male =15, female = 18), descriptive statistics of
participants were: age ranged from 25 to 59 (M = 41.55, SD = 8.55), BMI ranged
from 17.19 to 30.12 (M =22.59, SD = 3.07). In the EAMS-SCT group (n =31,
teaching staff = 13, non-teaching staff = 18 and male =11, female = 20), participants
aged from 23 to 57 (M = 28.32, SD = 7.07), BMI ranged from 18.61 to 30.12 (M =
22.69, SD = 2.98) (Table 24). Independent-samples t-tests were conducted to compare
the anthropometric measures, i.e. age, height, weight and BMI for two groups. There
were no significant differences in these anthropometric measures for EAMS only and
EAMS-SCT groups.
The mean scores on the IPAQ, exercise self-efficacy, social support for
exercise and physical activity self-regulation between participants of EAMS Only and
EAMS-SCT Group before the intervention were tabulated in Table 25. There were no
significant differences in these four measures for EAMS only and EAMS-SCT groups
after conducting the independent-samples t-tests.
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Table 23
Demographic Characteristics of the Participants (N = 64)
Characteristic

n

%

20-29

4

6.25

30-39

24

37.5

40-49

28

24.75

50-59

8

12.5

Teaching

38

59.38

Administrative

26

40.63

Headquarters

7

10.94

Institute of Vocational Institutes

39

60.94

Youth Colleges

18

28.13

Age at time of intervention (years)

Job nature

Working site

Note. Totals of percentages were not 100 for every characteristic because of rounding
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Table 24
Participant Characteristic in EAMS Only and EAMS-SCT Group (N = 64)
EAMS Only

EAMS-SCT Group

Male

Female

All

Male

Female

All

n=15

n=18

n=33

n=11

n=20

n=31

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

Age

45.80

7.93

38.00

7.49

41.54

8.54

39.27

7.61

37.80

6.90

38.32

7.07

Height

1.69

0.05

1.60

0.06

1.64

0.07

1.82

0.07

1.61

0.07

1.65

0.09

Weight

68.37

11.33

55.25

6.16

61.21

10.97

71.00

12.88

57.13

6.50

62.05

11.29

BMI

23.87

3.30

21.52

2.46

22.59

3.07

24.06

4.07

21.93

1.92

22.69

2.99
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Table 25
Mean Scores of IPAQ, Exercise Self-efficacy, Social Support for Exercise and Physical
Activity Self-regulation between EAMS Only and EAMS-SCT Group before the
Intervention
Male

Female

EAMS Only

EAMS-SCT

n=26

n=38

n=33

n=31

881.3 (546.6)

949.4 (643.4)

957.6 (595.0)

883.5 (617.6)

Self-efficacy

2.8 (0.58)

2.77 (0.58)

2.49 (0.58)

2.36 (0.48)

Social Support

2.23 (0.65)

2.11 (0.54)

2.02 (0.63)

2.30 (0.51)

Self-regulation

2.45 (0.61)

2.37 (0.61)

2.42 (0.62)

2.39 (0.61)

IPAQ
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Statistical Findings of IPAQ MET Score
As there was a statistically significant interaction term (p = .030, <.05), the
assumption of homogeneity of regression slope was violated. It was not able to
undertake an analysis of covariance (ANCOVA) analysis. The difference of IPAQ
MET score for EAMS only, and EAMS-SCT groups were examined by mixed
analysis of variance (ANOVA) (2 x 3, group by time). Post hoc analyses were
performed using the Bonferroni adjustment.
Mixed design was used to analyse the effect of two independent factors (one
between-subjects and one within-subjects) on some dependent variable (Laerd
Statistics, 2016). It purposed to test the differences between two or more independent
groups, while subjects were repeated measured on some dependent variable in each
level of the within-subject factors (Verma, 2015). In order to investigate the effect of
two different interventions (EAMS only and EAMS-SCT) on participant’s score on
IPAQ, across three time periods, i.e. pre-intervention (Week 0), post-intervention
(Week 8) and follow-up (Week 12), 2 x 3 Mixed ANOVA was used. The betweensubjects factor was groups while the within-subjects factor was the time of
measurement of IPAQ (pre-intervention, post-intervention & follow-up). The
dependent variable was the IPAQ score.
If the interaction effect was significant, the simple effects of within-subjects
and between-subjects should be investigated (Verma, 2015).
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Assumptions of mixed ANOVA
According to Verma (2015), there were several assumptions to perform Mixed
ANOVA:


The two independent variables (between-subjects and within-subjects)
must be categorical and should have at least two categories, while the
dependent variable should be measured on an interval or ratio scale.



Distribution of data obtained on a dependent variable must be normally
distributed in each cell and no outliers.



Participants’ response must be independent of each other.



Homogeneity of variance: The error variance of the dependent variable is
equal across the levels of a between-subjects factor in each level of the
within-subjects factor. It could be tested by using the Leven’s test in
SPSS.



The sample size in each cell should be preferable 20 or more.



Sphericity: the variance of the differences between all combinations of
within-subjects factor should be equal, i.e. correlations among the
repeated measures are all equal. This assumption could be tested by
Mauchly’s test, and if this test is significant, the sphericity assumption is
violated. A Greenhouse-Geisser correction could be used.



Homogeneity of variance-covariance matrices: The pattern of intercorrelations among the various levels of the within-subject factor should
be similar in different level of the between-subjects factor. It could be
tested by using the Box’s M test in SPSS. It is suggested to use 0.001 as
the level of significance as this statistic is very sensitive.
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Hypothesis
1a. Interaction effect (Groups x Time of Measurement)
H0: There would be no significant interaction effect between the
intervention and time of measurement on the IPAQ MET score.
2a. Effect of time
H0: There would be no significant mean difference of IPAQ score
across the three times of measurement, i.e. pre-intervention, post-intervention
and follow-up after the intervention
3a. Effect of Intervention
H0: There would be no significant mean difference of IPAQ score
between EAMS only and EAMS-SCT intervention

Testing assumption for IPAQ MET score
The assumptions of the mixed design with mixed ANOVA were tested and
reported as follows: In this study, the three dependent variables (IPAQ MET score)
was numeric and the independent variables (group and time of measurement) were
categorical. The normality was verified by the Shapiro-Wilk statistic. Since the
statistics were significant (p <.05), the assumptions of normality were violated. As
there was no non-parametric alternative for the two-way mixed ANOVA, the
positively skewed data of IPAQ score were transformed by using inverse, i.e. the
IPAQ score was divided into 1 (Pallant, 2016). After data transformation, the ShapiroWilk statistics were not significant. Also, there were no outliers in the data, as
assessed by examination of studentized residuals for values greater than ±3 (Laerd
Statistics, 2015). The transformed IPAQ score was normally distributed, as assessed
by Normal Q-Q Plot.
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There was homogeneity of covariances, as assessed by Box’s test of quality of
covariance matrices (p = .037, > .001) and there was homogeneity of variances, as
assessed by Levene’s test of homogeneity of variance (p >.05).
As the Mauchly's test of sphericity indicated that the assumption of sphericity
was violated for the two-way interaction, χ2(2) = 11.393, p = .003, a GreenhouseGeisser correction was used in this study (Verma, 2015).
Interaction effect (groups x time of Measurement)
Both participants in EAMS only and EAMS-SCT groups had higher IPAQ
MET score right after the intervention (Week 8), but lower IPAQ MET score at the 4week after the intervention. The mean IPAQ MET score for participants in EAMS
only group before the intervention was 957.64 compared to 1235.82 right after the
intervention and 1103.59, 4-week after the intervention. The mean IPAQ MET score
for participants in EAMS-SCT group before the intervention was 883.48 compared to
1420.76 right after the intervention and 1213.37, 4-week after the intervention (Table
26).
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Table 26
Mean Score and Standard Deviation for Group and Time of Measurement
EAMS Only

EAMS-SCT

n = 33

n =31

M

957.64

883.49

SD

594.97

617.55

M

1235.81

1420.76

SD

1097.43

823.58

M

1103.59

1213.71

SD

925.13

733.57

IPAQ
Pre-intervention (Week 0)

Post-intervention (Week 8)

Follow-up (Week 12)

A 2 x 3 mixed ANOVA revealed that the interaction between different groups
(EAMS only and EAMS-SCT) on participant’s score on IPAQ, across three periods
(pre-intervention, post-intervention and 4-week follow-up) was significant, F (1.709,
0.000001) = 7.873, p <.001, Wilks Lambda =.835. The Global Effect size using partial
eta squared was 0.113, which was a medium effect (Cohen, 1988). Therefore, the null
hypothesis of no interaction between intervention types and time of measurement was
rejected at 5% level.
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Table 27
Analysis of Variance Results for Groups and Time of Measurement
Source

df

SS

MS

F

p

ŋ2

.738

.394

.012

Between subjects
Group

1

6.8918E-7

6.8918E-7

Error 1

62

0.000058

9.3423E-7

Within subjects
Time

1.709

0.000008

0.000004

56.077*

<.001

.475

Group x Time

1.709

0.000001

6.726E-7

7.873*

<.001

.113

Error 2

105.95

0.000009

8.5431E-8

*The mean difference was significant at the 0.05 level

EAMS only
EAMS-SCT

Figure 10. Interaction plot for time of measurement X group
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Simple effect of time of measurement (within-subjects)
Repeated measures ANOVA for testing the simple effect of time of
measurement were conducted. Mauchly’s test of sphericity indicated that the
sphericity assumptions of the EAMS only group were violated (p <0.05), GreenhouseGeisser correction was used while the sphericity assumption of the EAMS-SCT
group was not violated (p = .110), the value of F and its associated significance value
(p) for ‘Sphericity Assumed’ case should be used in EAMS-SCT group.
Table 28 indicated that the F values for IPAQ MET score in EAMS only and
EAMS-SCT group were significant as their associated p-value were less than 0.017.
Therefore, the null hypothesis of no difference in mean IPAQ MET score across the
time of measurement was rejected in each group.

Table 28
F-Table for Testing Significance of Time of Measurement in Each Group Category
(IPAQ MET Score)

Measure: IPAQ MET Score
Source

SS

Group: EAMS Only 0.000002

df

MS

F

p

ŋ2

1.566

0.000001

13.414*

.000

.295

47.166*

.000

.611

Error

0.000004

50.11

8.7677E-8

Group: EAMS-SCT

0.000007

2

0.000004

Error

0.000005

60

7.7632E-8

*The mean difference was significant at the 0.017 level
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Since the effect of time of measurement was significant in each group, it was
essential to conduct the pair-wise comparison of means across three times of
measurement in each group (Table 29).
In the EAMS only group, there was a significant mean difference in IPAQ
MET score (p <0.017) between pre-intervention (Week 0) and post-intervention
(Week 8) and also between post-intervention to follow-up measurement (p <0.017).
However, there was no significant mean difference in IPAQ MET score from preintervention to follow-up (Week 12) measurement.
In the EAMS-SCT group, there was a significant mean difference in IPAQ
MET score (p <0.017) between pre-intervention (Week 0) and post-intervention
(Week 8) and also between post-intervention to follow-up measurement (p <0.017).
Also, there was a significant mean difference in IPAQ MET score (p <0.017) between
pre-intervention and follow-up measurement.
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Table 29
Pair-wise Comparisons of Marginal Means in Each Group Category (IPAQ MET
score)
Measure: IPAQ MET score
95% CI for Differencea

Mean Difference
Time (I)

Time (J)

(I-J)

SE

Sig.

Lower Bound

Upper Bound

Post-Intervention

.000*

.000

.001

.000

.001

Follow-up

.000

.000

.038

0.000007

.00

Pre-intervention

.000*

.000

.001

-.001

.000

Follow-up

.000*

.000

.005

.000

-0.000047

Pre-intervention

.000

.000

.038

.000

-0.000007

Post-Intervention

.000*

.000

.005

0.000047

.000

Post-Intervention

.001*

.000

.000

.000

.001

Follow-up

.000*

.000

.000

.000

.001

Pre-intervention

-.001*

.000

.000

-.001

.000

Follow-up

.000*

.000

.004

.000

-0.000055

Pre-intervention

.000*

.000

.000

-.001

.000

Post-Intervention

.000*

.000

.004

.000055

.000

Group: EAMS Only
Pre-intervention

Post-Intervention

Follow-up

Group: EAMS-SCT
Pre-intervention

Post-Intervention

Follow-up

*The mean difference was significant at the 0.017 level
a

Adjustment for multiple comparisons: Bonferroni
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Simple effect of group (between-subjects)
Independent measures ANOVA for testing the simple effect of the group
(between-subjects) were performed. Since homogeneity of variance assumption was
not violated in time of measurement as shown in Table 30, ANOVA for independence
measure could be applied for testing the null hypothesis of equal mean IPAQ MET
score in each group.

Table 30
Test of Homogeneity of Variance

Levene Statistic

df1

df2

Sig.

Pre-Intervention (Week 0)

.175

1

62

.677

Post-Intervention (Week 8)

3.701

1

62

.059

Follow-up (Week 12)

2.033

1

62

.159
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Table 31 indicated that the value of F for the IPAQ MET score across the time
of measurement were not significant as the p-value > 0.017. Therefore, the null
hypothesis of no difference in mean IPAQ MET score between two groups was not
rejected, i.e. there was no significant difference in IPAQ MET score between the
EAMS only and EAMS-SCT group across the time of measurement.

Table 31
ANOVA Table for Testing Significance of Group (Between-Subjects) Effects in Each
Time of Measurement (IPAQ MET score)
IPAQ MET

SS

df

MS

F

p

Between groups

.000

1

.000

.281

.598

Within groups

.000

62

.000

Total

.000

63

Between groups

.000

1

.000

4.926

.030

Within groups

.000

62

.000

(Week 8)

Total

.000

63

Follow-up

Between groups

.000

1

.000

2.303

.134

(Week 12)

Within groups

.000

62

.000

Total

.000

63

Pre-Intervention
(Week 0)

PostIntervention
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Summary for the primary outcome measure
The mean IPAQ MET score for participants in the EAMS only group before
the intervention was 957.64 compared to 1235.82 right after the intervention and
1103.59, 4-week after the intervention; the mean IPAQ MET score for participants in
EAMS-SCT group before the intervention was 883.48 compared to 1420.76 right
after the intervention and 1213.37, 4-week after the intervention. In other words, both
groups’ participants showed a higher IPAQ MET scores from pre-intervention to
post-intervention.
There was a significant interaction between the group and time of
measurement and therefore, simple effects of time of measurement and groups were
investigated respectively.
For the effect of time of measurement, the F values for IPAQ MET score in
both EAMS only and EAMS-SCT group across the time of measurement were
significant (p < 0.017). The pair-wise analysis suggested the following:


In the EAMS only group, there was a significant increase in the score of
IPAQ MET (p <0.017) from pre-intervention (Week 0) to postintervention (Week 8) and also between post-intervention to follow-up
measurement (p <0.017). However, there was no significant mean
difference in IPAQ MET score from pre-intervention to follow-up (Week
12) measurement.



In the EAMS-SCT group, there was a significant mean difference in
IPAQ MET score (p <0.017) between pre-intervention (Week 0) and
post-intervention (Week 8) and also between post-intervention to followup measurement (p <0.017). Also, there was a significant mean
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difference in IPAQ MET score (p <0.017) between pre-intervention and
follow-up measurement.
For the effect of the group, the F values for EAMS only and EAMS-SCT
group were not significant (p > 0.025). Therefore, there was no significant mean
difference in the score of IPAQ MET between two groups.
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Statistical Findings of Social Cognitive Theory Constructs
In order to examine the difference of the mean vectors, i.e. SCT constructs
across the time periods, two-factor mixed multivariate analysis of variance (mixed
MANOVA) was performed. The primary objective of the two-factor mixed
MANOVA is to investigate the effect of two factors, i.e. between-subjects and withinsubject on a group of dependent variables. It could be used when group difference on
a latent variable is required to be compared across different levels of the betweensubjects and within-subject factors (Verma, 2015). If it is significant in the
multivariate effect of interaction, then the univariate analysis should be carried out for
analyzing the interaction effect by using two-way ANOVA for each dependent
variable separately.
In this study, the dependent variables, SCT-related construct, were assessed
through the three parameters, the score of exercise self-efficacy, social support for
exercise and physical activity self-regulation. The purpose of this study was to
investigate the response pattern of the participants on a group of dependent variables,
SCT constructs, in different durations of the within-subjects factor during EAMSSCT
intervention. Participants were divided into two groups: EAMS only group and EAMSSCT group. The between-subjects factor was the groups while the within-subjects were
the three times of measurement of SCT-related constructs. MANOVA experiment helps
to avoid Type-I error as the univariate analysis was only carried out when the
multivariate effect is significant. According to the Verma (2015), there are two phases
in conducting the mixed MANOVA, (1) examine the effect of independent variables
on the combined group of dependent variables and (2) investigate the effects of
independent variables in each of the dependent variables separately. If the interaction
is significant, the simple effect of between-subjects and within-subjects factors for each
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dependent variable should be found. Otherwise, if the interaction effect in the
MANOVA was not significant, the repeated mixed ANOVA for each dependent
variable should be conducted to investigate the main effect.
Assumptions of mixed MANOVA
According to Verma (2015), there were several assumptions to perform mixed
MANOVA:
Multivariate Analysis
1. There should be two categorical independent variables, one between-subjects
and the other within-subject. Also, there should be two or more coherent
dependent variables which were measured at a continuous level.
2. Independence of observation: The observations obtained on each subject must
be independent
3. There should be no missing data, i.e. complete data of all participants
4. There should be no univariate of multivariate outliers
5. There should be a linear relationship between the dependent variables for each
group of the independent variable.
6. The data should be multivariate normality. It could be tested by using the
Shapiro-Wilk test (p >.05).
7. There should be no multicollinearity, i.e. correlation among dependent
variables should not exceed 0.9.
8. There should be homogeneity of variance-covariance matrices. It could be
tested by using Box’s M test of equality of covariance at the level of 0.001 as
this assumption very sensitive
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Univariate Analysis
9. There should be no sphericity in the data. It could be tested by using
Mauchly’s W test. If the sphericity assumption is violated, the appropriate
correction would be applied to compensate the type I error.
10. There should be homogeneity of variance. It could be tested by using Levene’s
test of equality of variances, i.e. p >.05
Hypothesis
1b.Ho There would be no significant interaction between group and time of
measurement on group mean vectors of the subject’s SCT constructs.
2b. Ho There would be no significant mean vector differences on the following
variables: the score of exercise self-efficacy, the score of social support for exercise
and the score of physical activity self-regulation
3b. Ho There would be no significant mean vector differences on the following
variables: the score of exercise self-efficacy, the score of social support for exercise
and the score of physical activity self-regulation.
Testing assumption
The assumptions of the mixed design with two-way MANOVA were tested
and reported as follows:


The assumption for the data type was valid as the independent variables,
(Group of intervention and time of measurement) were categorical, and the
three dependent variables (exercise self-efficacy, social support for exercise
and physical activity self-regulation) were continuous



As assessed by the Shapiro-Wilk test (p >.05), all data were normally
distributed



There were no univariate or multivariate outliers, as evaluated by Mahalanobis
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distance (p >.001); there were linear relationships, as assessed by scatterplot.


All the correlations indicated that the correlations among the dependent
variables were not exceeding .90. Therefore, no multicollinearity existed.



Assumption of equality of variance was satisfied for comparing the betweensubjects factor.

137

Multivariate outcome
Table 32 showed that mean scores and standard deviation for measures of SCT
constructs (scores in exercise self-efficacy, social support for exercise and physical
activity self-regulation) while the correlation coefficients for relations between three
SCT constructs in three times of measurement, i.e. pre-intervention, post-intervention
& follow-up were shown in Table 33, 34 & 35 respectively. The three SCT constructs
were related because they were all mediators of physical activity.
Table 36 revealed the multivariate and univariate analyses of variance for
SCT constructs. The null hypothesis was rejected as the multivariate effect across the
interaction between the group and time of measurement was significant and the partial
eta squared = 0.433 was considered to be high (Cohen, 1988), i.e. there was a
significant interaction between groups and time of measurement on group mean
vectors of the subject’s SCT constructs.
There was a significant multivariate effect of within-subjects factor (Time of
Measurement) on the combined SCT constructs irrespective of the group: Wilk’s
Lambda = .192, F (6, 57) = 40.080, p = .000, with large effect size (partial eta squared
=.433) (Cohen, 1988); hence the null hypothesis was rejected.
The multivariate effect of between-subjects factor (Group) on the combined
SCT constructs, (scores in exercise self-efficacy, social support for exercise and
physical activity self-regulation) was significant irrespective of the time of
measurement: Wilk’s Lambda = .844, F (3, 60) = 3.709, p = .016, with large effect
size (partial eta squared =.156) (Cohen, 1988), therefore, the null hypothesis was
rejected.
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Table 32
Mean Score and Standard Deviation for Measures of SCT Constructs of Group and
Time of Measurement
Exercise Self-efficacy

Group

Social Support for

Physical Activity Self-

Exercise

regulation

M

SD

M

SD

M

SD

Pre-intervention

2.50

.58

2.03

.63

2.42

.62

Post-intervention

2.63

.58

2.19

.69

2.91

.64

Follow-up

2.40

.60

2.18

.73

2.68

.66

Pre-intervention

2.36

.48

2.30

.51

2.89

.61

Post-intervention

2.95

.52

2.90

.42

3.23

.49

Follow-up

2.67

.48

2.58

.47

2.93

.50

EAMS Only

EAMS-SCT
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Table 33
Correlation Coefficients for Relations between Three Social Cognitive Theory
Constructs and IPAQ MET Score(Pre-intervention)
Measure

1

1. Exercise Self-efficacy
2. Social Support for Exercise
3. Physical Activity Self-regulation
4. IPAQ MET

2

3

4

.14

-

.41**

.37**

-

.19

.31*

.30*

-

*p <.05, ** p<.01, ***p<.001
Table 34
Correlation Coefficients for Relations Between Three Social Cognitive Theory
Constructs and IPAQ (Post-intervention)
Measure

1

1. Exercise Self-efficacy

2

3

4

-

2. Social Support for Exercise

.46**

-

3. Physical Activity Self-regulation

.53**

.39**

-

.10

.25*

.50*

4. IPAQ MET

-

*p <.05, ** p<.01, ***p<.001
Table 35
Correlation Coefficients for Relations between Three Social Cognitive Theory
Constructs and IPAQ (Follow-up)
Measure

1

1. Exercise Self-efficacy

2

3

-

2. Social Support for Exercise

.32*

-

3. Physical Activity Self-regulation

.51**

.32**

-

.07

.19

.35*

4. IPAQ MET
*p <.05, ** p<.01, ***p<.001
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Table 36
Multivariate and Univariate Analyses of Variance for SCT Constructs
Univariate
Multivariate
Source

F

Exercise Self-efficacy

p

ŋ2

Social Support for Exercise

Physical Activity Self-regulation

F

p

ŋ2

F

p

ŋ2

F

p

ŋ2

Group (G)

3.709*

.016

.156

1.57

.215

.025

11.477

.001*

.156

1.634

.206

.026

Time of

40.080*

.000

.808

25.595

.000*

.292

31.563

.000*

.337

129.379

.000*

.676

7.267*

.000

.433

11.634

.000

.158

10.686

.000*

.147

10.315

.000*

.143

Measurement (T)
GxT

*Statistically significant difference: p <0.05
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In this design, it was usually to conduct a detailed analysis to investigate the
simple effect for each of the dependent variables separately only if the interaction effect
was significant (Verma, 2015). Therefore, simple effects for dependent variables were
investigated in the following section. The level of significance for the MANOVA
analysis was fixed at 0.05, but now the three mixed repeated-measures ANOVA for
each dependent variable as the follow-up, the level of significance was, therefore, be
taken as 0.017 (0.05/3) (Verma, 2015).

Simple effect on exercise self-efficacy
Simple effect on exercise self-efficacy gave a clear picture of the response of
the participants in the three-time of measurement on its exercise self-efficacy in
different groups. The simple effect of time of measurement facilitated the comparison
of participants’ response on exercise self-efficacy among three times of measurement
in each group. A one-way repeated measure ANOVA was conducted to determine
whether there were statistically significant differences in the score of exercise selfefficacy over the course of the intervention. There were no outliers, and the data were
normally distributed, as assessed by boxplot and Shapiro-Wilk test (p >.05),
respectively. However, there was a violation in Mauchly’s Test of Sphericity for the
EAMS-SCT group; the Greenhouse-Geisser was adopted (Pallant, 2016).
Effect of time of measurement (within-subjects)
By using the p-value associated with F should be less than 0.017, the result
indicated that the F values associated with time of measurement (Sphericity assumed)
in EAMS only group (p = 0.045) was not significant while the F value associated with
time of measurement (Sphericity not assumed, using correction of Greenhouse-
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Geisser) in EAMS-SCT group (p = 0.000) was significant (Table 37). Table 38
showed the pair-wise comparison of these marginal means.
By comparing the contents of these two tables, marginal means plot of Group
X Time of Measurement for the data on exercise self-efficacy as shown in Figure 11.

Table 37
F-Table for Testing Significance of Time of Measurement Effects in Each Group
Category
Measure: Self-efficacy
SS

df

MS

F

p

ŋ2

Group: EAMS Only

.858

2

.429

2.532

.045

.092

Error

8.428

64

.132

Group:EAMS-SCT

5.345

1.36

3.936

75.082*

.000

.715

Error

2.135

40.73

.052

Source

*The mean difference was significant at the 0.017 level
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Table 38
Pair-wise Comparisons of Marginal Means in Each Group Category (Exercise Selfefficacy)
Measure: Exercise Self-efficacy
95% CI for Differencea

Mean Difference
Time (I)

Time (J)

(I-J)

SE

Sig.

Lower Bound

Upper Bound

Post-Intervention

-.130

.091

.479

-.359

.098

Follow-up

.097

.098

.993

-.151

.345

Pre-intervention

.130

.091

.479

-.098

.359

Follow-up

.227

.078

.020

.030

.425

Pre-intervention

-.097

.098

.993

-.345

.151

Post-Intervention

-.227

.078

.020

.425

-.030

Post-Intervention -.587*

.062

.000

.-754

-.429

Follow-up

-.303*

.041

.000

-.407

-.200

Pre-intervention

.587*

.062

.000

.429

.745

Follow-up

.284*

.037

.000

.190

.377

Pre-intervention

.303*

.041

.000

.200

.407

Post-Intervention -.284*

.037

.000

-.377

-.190

Group: EAMS Only
Pre-intervention

Post-Intervention

Follow-up

Group: EAMS-SCT
Pre-intervention

Post-Intervention

Follow-up

*The mean difference was significant at the 0.017 level
a
Adjustment for multiple comparisons: Bonferroni
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p < 0.017

p < 0.017

Means plots (Group X Time of Measurement)

Figure 11. Marginal Means Plot of Group X Time of Measurement for the data on
Exercise Self-efficacy

Effect of group (between-subjects)
As to find the simple effect of the Groups, it was required to compare the
score of Exercise Self-efficacy of EAMS only and EAMS-SCT group in each time of
measurement separately. Three separate one-way independent measures ANOVA
were conducted.
Table 39 indicated that the values of F were significant as its associated p
values < 0.025. Hence, it could be concluded that the null hypothesis was rejected, i.e.
there was a significant mean difference in score of exercise self-efficacy between
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EAMS only and EAMS-SCT group. Since F values for the pre-intervention and
follow-up were not significant, it should be inferred that the EAMS only and EAMSSCT group did not differ in their response on exercise self-efficacy in the preintervention and follow-up measurement.
The means plot of Time of Measurement X Group for the data on Exercise
Self-efficacy as shown in Figure 12.

Table 39
ANOVA Table for Testing Significance of Group (Between-Subjects) Effects in Each
Time of Measurement
Time

of

SS

df

MS

F

p

.280

1

.280

.988

.324

.284

5.498*

.022

3.851

.054

Measurement
Pre-Intervention

Between groups

(Week 0)

Within groups

17.601

62

Total

17.881

63

Post-

Between groups

1.682

1

1.682

Intervention

Within groups

18.963

62

.306

(Week 8)

Total

20.644

63

Follow-up

Between groups

1.146

1

1.146

(Week 12)

Within groups

18.448

62

.298

Total

19.594

63

*The mean difference was significant at the 0.025 level
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EAMS only
EAMS-SCT

Figure 12. Marginal Means Plot of Time of Measurement X Group for the data on
Exercise Self-efficacy
Summary
The score of Exercise Self-efficacy of participants in the EAMS-SCT group
has significantly increased from pre-intervention to both post-intervention and followup. There was also significantly decreased in the score of exercise self-efficacy for
EAMS-SCT group from post-intervention to follow-up.
There were no significant differences in the score of Exercise Self-efficacy of
participants in the EAMS only group across the time of measurement. However, there
was a significant mean difference in the score of exercise self-efficacy between
EAMS only and EAMS-SCT group.
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Simple effect on social support for exercise
The simple effect of time of measurement facilitated the comparison of
participants’ response on social support for exercise among three times of
measurement in each group. A one-way repeated measure ANOVA was conducted to
determine whether there were statistically significant differences in the score of social
support exercise over the course of the intervention. There were no outliers, and the
data were normally distributed, as assessed by boxplot and Shapiro-Wilk test (p >.05),
respectively. The sphericity was assumed as the Mauchly’s Test of Sphericity > 0.05
in both EAMS only and EAMS-SCT group (Pallant, 2016).
Effect of time of measurement (within-subjects)
By using the p-value associated with F should be less than 0.017, the result
indicated that the F values associated with time of measurement (Sphericity assumed)
in EAMS only group (p = 0.109) was not significant while the F value associated with
time of measurement (Sphericity assumed) in EAMS-SCT group (p = 0.000) was
significant (Table 40). Table 41 showed the pair-wise comparison of these marginal
means.
By comparing the contents of these two tables, the marginal means plot of
Group X Time of Measurement for the data on Social Support for Exercise, as shown
in Figure 13.
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Table 40
F-Table for Testing Significance of Time of Measurement (Within-Subjects) Effects in
Each Group Category (Social Support for Exercise)

Measure: Social Support for Exercise
Source

SS

df

MS

F

p

ŋ2

Group: EAMS Only

.537

2

.269

2.293

.109

.067

Error

7.497

64

.117

Group: EAMS-SCT

5.645

2

2.822

93.617

.000

.757

Error (Time)

1.809

60

.030

*The mean difference was significant at the 0.017 level
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Table 41
Pair-wise Comparisons of Marginal Means in Each Group Category (Social Support
for Exercise)
Measure: Social Support for Exercise
95% CI for Differencea

Mean Difference
Time (I)

Time (J)

(I-J)

SE

Sig.

Lower Bound

Upper Bound

Post-Intervention

-.165

.084

.175

-.376

.047

Follow-up

-.146

.094

.384

-.383

.090

Pre-intervention

.165

.041

.175

-.047

.376

Follow-up

.018

.074

1.00

-.169

.206

Pre-intervention
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.094

.384

-.090

.383

Post-Intervention

-.018

.074

1.00

-.206

.169

Post-Intervention -.603*

.044

.000

.-715

-.491

Group: EAMS Only
Pre-intervention

Post-Intervention

Follow-up

Group: EAMS-SCT
Pre-intervention

Post-Intervention

Follow-up

Follow-up

-.287*

.048

.000

-.410

-.164

Pre-intervention

.603*

.044

.000

.491

.715

Follow-up

.316*

.039

.000

.216

.416

Pre-intervention

.287*

.048

.000

.164

.410

Post-Intervention -.316*

.039

.000

-.416

-.216

*The mean difference was significant at the 0.017 level
a
Adjustment for multiple comparisons: Bonferroni
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P < 0.017

P < 0.017

P < 0.017

Means Plots (Group X Time of Measurement)

Figure 13. Marginal Means Plot of Group X Time of Measurement for the data on
Social Support for Exercise
Effect of group (between-subjects)
As to find the simple effect of the group, it was required to compare the score
of Social Support for Exercise of the EAMS only and the EAMS-SCT group in each
time of measurement separately. Three separate one-way independent measures
ANOVA were conducted.
Table 42 indicated that the value of F for the post-intervention and follow-up
were significant as its associated p-value > 0.017. Hence, it could be concluded that
the null hypothesis was rejected, i.e. there was a significant mean difference in score
of exercise self-efficacy between EAMS only and EAMS-SCT group. Since F values
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for the pre-intervention were not significant, it should be inferred that the EAMS only
and EAMS-SCT group did not differ in their response on exercise self-efficacy in the
pre-intervention measurement. The means plot of Time of Measurement X Group for
the data on Exercise Self-efficacy as shown in Figure 14.
Table 42
ANOVA Table for Testing Significance of Group (Between-Subjects) Effects in Each
Time of Measurement (Social Support for Exercise)
Time of

SS

df

MS

F

p

Between groups

1.143

1

1.143

3.466

.067

Within groups

20.440

62

.330

Total

21.583

63

Between groups

7.969

1

7.969

24.387*

.000

Within groups

20.259

62

.327

(Week 8)

Total

28.205

63

Follow-up

Between groups

2.662

1

2.662

7.011*

.010

(Week 12)

Within groups

23.543

62

.380

Total

26.205

63

Measurement
Pre-Intervention
(Week 0)

PostIntervention

*The mean difference was significant at the 0.025 level
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EAMS only
EAMS-SCT

Figure 14. Marginal means plot of time of measurement X group for the data on
social support for exercise
Summary
The score of Social Support for Exercise of participants in the EAMS-SCT
group has significantly increased from pre-intervention to both post-intervention and
follow-up. There was also a significant decrease in the score of Social Support for
Exercise of participants in the EAMS-SCT group from post-intervention to follow-up.
There were no significant differences in the score of Social Support for Exercise
of subjects in the EAMS only group across the time of measurement.
Participants in the EAMS-SCT group responded higher in the score of Social
Support for Exercise than that of the EAMS only group at both post-intervention and
follow-up.
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Simple effect on physical activity self-regulation
The simple effect of time of measurement facilitated the comparison of
participants’ response on physical activity self-regulation across three times of
measurement in each group. A one-way repeated measure ANOVA was conducted to
determine whether there were statistically significant differences in the score of
physical activity self-regulation over the course of the intervention. There were no
outliers, and the data were normally distributed, as assessed by boxplot and ShapiroWilk test (p >.05), respectively. However, there was a violation in Mauchly’s Test of
Sphericity for the EAMS-SCT group; the Greenhouse-Geisser was adopted (Pallant,
2016).
Effect of time of measurement (within-subjects)
By using the p-value associated with F should be less than 0.017, the result
indicated that the F values associated with time of measurement (Sphericity assumed)
in EAMS only group (p = 0.000) was significant while the F value associated with
time of measurement (Sphericity not assumed, using correction of GreenhouseGeisser) in EAMS-SCT group (p = 0.000) was also significant (Table 43). Table 44
showed the pair-wise comparison of these marginal means.
By comparing the contents of these two tables, marginal means plot of Group
X Time of Measurement for the data on physical activity self-regulation as shown in
Figure 15.

154

Table 43
F-Table for Testing Significance of Time of Measurement (Within-Subjects) Effects in
Each Group Category (Physical Activity Self-regulation)
Measure: Physical Activity Self-regulation
SS

df

MS

F

p

ŋ2

Group: EAMS Only

3.849

2

1.925

54.305*

.000

.629

Error

2.268

64

.035

Group: EAMS-SCT

11.221

1.49

7.543

74.433*

.000

.713

Error

4.522

44.63

.101

Source

*The mean difference was significant at the 0.017 level
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Table 44
Pair-wise Comparisons of Marginal Means in Each Group Category (Physical
Activity Self-regulation)

Measure: Physical Activity Self-regulation
95% CI for Differencea

Mean Difference
Time (I)

Time (J)

(I-J)

SE

Sig. Lower Bound

Upper Bound

Group: EAMS Only
Pre-intervention

Post-Intervention

Follow-up

Post-Intervention -.482*

.048

.000

-.625

-.330

Follow-up

-.261*

.043

.000

-.388

-.135

Pre-intervention

.482*

.048

.000

.339

.625

Follow-up

.221*

.048

.000

.079

.363

Pre-intervention

.261*

.043

.000

.135

.388

Post-Intervention -.221*

.048

.000

-.363

-.079

Post-Intervention -.839*

.083

.000

-1.086

-.591

Follow-up

-.544*

.075

.000

-.766

-.321

Pre-intervention

.839*

.083

.000

.591

1.086

Follow-up

.295*

.046

.000

.158

.432

Pre-intervention

.544*

.075

.000

.321

.766

Post-Intervention -.295*

.046

.000

-.432

-.158

Group: EAMS-SCT
Pre-intervention

Post-Intervention

Follow-up

*The mean difference was significant at the 0.017 level
a
Adjustment for multiple comparisons: Bonferroni
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P < 0.017

P < 0.017

P < 0.017
P < 0.017

P < 0.017

P < 0.017

Means Plots (Group X Time of Measurement)

Figure 15. Marginal means plot of group X time of measurement for the data on
physical activity self-regulation
Effect of group (between-subjects)
To find the simple effect of the group was required to compare the score of
Physical Activity Self-regulation of EAMS only and EAMS-SCT group in each time
of measurement separately. Three separate one-way independent measures ANOVA
were conducted.
Table 45 indicated that the values of F were not significant because its
associated p values > 0.017. Hence, it could be concluded that the null hypothesis was
not rejected, i.e. there was no significant mean difference in score of physical activity
self-regulation between EAMS only and EAMS-SCT group. Since F values for all
times of measurement (pre-intervention, post-intervention and follow-up) were not
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significant, it should be inferred that the EAMS only and EAMS-SCT group did not
differ in their response on physical activity self-regulation in the pre-intervention,
post-intervention and follow-up measurement. The means plot of Time of
Measurement X Group for the data on Exercise Self-efficacy as shown in Figure 16.

Table 45
ANOVA Table for Testing Significance of Group (Between-Subjects) Effects in Each
Time of Measurement (Physical Activity Self-regulation)

Time of

SS

df

MS

F

p

.019

1

.019

.050

.824

Within groups

23.252

62

.375

Total

23.271

63

Between groups

1.657

1

1.657

5.982

.028

Within groups

20.212

62

.326

(Week 8)

Total

21.868

63

Follow-up

Between groups

.984

1

.984

2.857

.096

(Week 12)

Within groups

21.359

62

.345

Total

22.343

63

Measurement
Pre-Intervention
(Week 0)

PostIntervention

Between groups
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EAMS only
EAMS-SCT

Figure 16. Marginal Means Plot of Time of Measurement X Group for the data on
Physical Activity Self-regulation
Summary
The score of physical activity self-regulation of participants in both EAMS
only and EAMS-SCT group has significantly increased from pre-intervention to postintervention and follow-up. There was also a significant decrease in the score of
Physical Activity Self-regulation for both EAMS only and EAMS-SCT group from
post-intervention to follow-up.
There was no significant mean difference in the score of physical activity selfregulation between the EAMS only and the EAMS-SCT group.
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Summary for the Secondary Outcome
Multivariate effect: There was a significant interaction between groups and
time of measurement on mean group vectors of the subject’s SCT constructs. Also,
there was a significant difference between group mean vectors of the subject’s SCT
constructs in three times of measurement irrespective of the group. There was a
significant difference for the multivariate effect of between-subjects factor (Group) on
the combined SCT constructs irrespective of the time of measurement.
The interaction effect (Intervention X Time of measurement) was significant in
each of the three dependent variables: self-efficacy (p = 0.000), social support for
exercise (p = 0.000), and physical activity self-regulation (p = 0.000).
Univariate Simple Effects:
Simple effect on Exercise Self-efficacy


The response of the EAMS-SCT group at the post-intervention was
significantly higher than that of the pre-intervention and lower than that
of the follow-up measurement



The response of EAMS only group at the post-intervention was no
different than that of the pre-intervention and follow-up measurement



There was a significant difference in the score of exercise self-efficacy
between the EAMS only group and the EAMS-SCT group.

Simple effect on Social Support for Exercise


The response of the EAMS-SCT group at the post-intervention was
significantly higher than that of the pre-intervention and lower than that
of the follow-up measurement



The response of EAMS only group at the post-intervention was no
different than that of the pre-intervention and follow-up measurement
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The response of EAMS-SCT group on social support for exercise was
significantly higher than that of the EAMS only group at postintervention and follow-up measurement

Simple effect on Physical Activity Self-regulation


The response of the EAMS-SCT group at the post-intervention was
significantly higher than that of the pre-intervention and lower than that
of the follow-up measurement



The response of EAMS only group at the post-intervention was
significantly higher than that of the pre-intervention and lower than that
of the follow-up measurement



There was no significant difference in the score of physical activity selfregulation between the EAMS only group and the EAMS-SCT group
Intervention Fidelity

An assessment sheet was accomplished by the present researcher during the
five sessions of intervention in order to ensure the SCT constructs were implemented
properly. With the targeted 6 components of the SCTs constructs and BCTs, 100 %
were delivered to the participants. For the personal trainer sessions, all participants in
the EAMS-SCT group attended the session.
Participants in both groups were requested to fill in the online self-reported
number of steps daily with the monitor of the present researcher. If the researcher
found the participants failed to fill in the report, a WhatsApp message would send to
the participants to remind them.
Besides, the degree of step goal, i.e. 10,000 being met was assessed at the end
of the intervention. There was a total of 32 participants reached the 10,000 steps per
day at the end of the intervention.
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In the EAMS only group, there were 8 out of 33 participants (24%) in the
EAMS only group achieved the target daily step-goal at the end of the intervention.
Among the 8 participants in the EAMS only group, there were 5 men, and 3 women, 6
of them were teaching staff while 2 were the administrative staff.
In the EAMS-SCT group, there were 24 out of 31 (77%) participants achieved
10,000 daily steps at the end of the intervention. Among the 24 participants, 10 men
and 14 women while 11 of them were teaching staff and 13 of them were the
administrative staff.
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Physical Activity Adherence after Intervention
A simple question, ‘What are the frequencies of using EAMS as daily step
measurement?’ was used to check participants physical activity adherence at week 12,
i.e. 4-week after the intervention. It was in 5-point Likert type scale (1= ‘never used
after the intervention’ to 5 - ‘used almost every day after the intervention’) on the
frequency. (Table 46)
Table 46
Participants’ Responses towards the Adherence to the Use of EAMS for step
measurement at Week 12
Response

EAMS Only

EAMS-SCT

n = 33

n = 31

1 (Never Used after Intervention)

13 (39.4%)

11 (35.5%)

2

8 (24.3%)

7 (22.5%)

3

5 (15.2%)

4 (12.9%)

4

3 (9%)

3 (9.7%)

5 (Almost Every day)

4 (12.1%)

6 (19.4%)
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CHAPTER 5
DISCUSSION AND CONCLUSIONS
The promotion of physical activity among adults is essential to both physical
and psychological benefits. According to the World Health Organization, regular
physical activity helps prevent non-communicable diseases (2011). As for
psychological benefits, participation in regular physical activity could prevent
depression (Warburton et al., 2006), increased cognitive functioning (Hillman et al.,
2006) and improved quality of life (Bize et al., 2007).
The evidence reflected that the physical activity participation of Hong Kong
people was not enough. In a report from the Department of Health of the HKSAR,
people in Hong Kong showed relatively low physical activity participation (2009).
There were over 50% of adults in Hong Kong even did not meet the WHO’s
recommended physical activity level (Leisure and Cultural Services Department,
2009). Over the decade, the situation had not improved as 28% of adults had not
undertaken any physical activity at moderate or vigorous intensities for at least 10
minutes at a time (Department of Health, 2017). In general, people in Hong Kong
mostly adopted a sedentary lifestyle (Centre for Health Protection, 2019).
Working adults in Hong Kong walked 8,661 steps per day on average, which
was regarded as ‘somewhat active’ (Lam, Lee, Wong, & Wong, 2012). This was
behind the suggested 10,000 steps per day necessary to attain health benefits (TudorLocke & Bassett, 2004). In the present study, an SCT application of the EAMS-based
intervention programme was conducted in the Vocational Training Council, which
might promote physical activity among working adults.
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The purpose of the present study was to evaluate the effectiveness of an
application of Social Cognitive Theory to an eight-week EAMS intervention on
physical activity and SCT constructs among working adults in Hong Kong. Mixed
ANOVA (group by time) and mixed MANOVA procedures were conducted for this
study. The working adults of the Vocational Training Council were chosen as the
target population for this study, as it was one of the tertiary education providers in
Hong Kong, with 5,880 full-time staff members. It was also the leading educationalservices provider in vocational training in Hong Kong. If the intervention can
successfully promote physical activity among working adults, other tertiary education
in Hong Kong and even large companies would try to use a similar intervention to
promote physical activity among working adults.
The following sections included discussions and offered conclusions about the
effect of the EAMS-based intervention on (1) intervention effect on the physical
activity of working adults, (2) change in SCT constructs and its implications, (3) the
strength and significance of the study, (4) the limitations, (5) recommendations for
future research and (6) the conclusion.
Intervention Effects on Physical Activity Levels and their Implications
The eight-week physical activity intervention included participants wearing
the electronic activity monitor system (EAMS) only or wearing the EAMS with SCT
element in the intervention. The results of this study revealed that, right after the
intervention, the physical activity level of the participants of both groups increased
significantly in terms of the IPAQ MET score compared with the score before the
intervention. At baseline, before the intervention measurement, participants of the
EAMS only group and the EAMS-SCT group had an average IPAQ MET score of
957.64 (SD = 594.97) and 883.48 (SD = 617.55), respectively. After the eight-week
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intervention, the average IPAQ MET score of participants in the EAMS only group
increased to 1235.82 while that of participants in the EAMS-SCT group rose to
1420.86.
EAMS were used in both the control group and the intervention group.
Participants in both groups have an increase in the physical activity level after the 8week intervention while comparing with its pre-intervention measurement. The
findings echoed other studies which found that the EAMS was effective as a
facilitator of short-term physical activity intervention (Gualtieri, Rosenbluth, &
Phillips, 2016; Thorndike, 2012; Wang, 2014). Meta-analysis indicated that wearable
and smartphone applications could create new opportunities for delivering tailored
interventions with which to promote physical activity (Gal, May, VanOvermeeren,
Simons & Monninkhof, 2018).
The use of EAMS was becoming popular for health empowerment (Nelson,
Verhagen, & Noordzij, 2016). Although EAMS proved effective when used as an
element of intervention for promoting physical activity in different populations—e.g.,
overweight women (Cadmus-Bertram et al., 2015), breast-cancer survivors (Hartman,
Nelson, & Weiner, 2018) and healthy young adults (DiFrancisco-Donoghue et al.,
2018) - different results were reported in various studies.
For studies using both EAMS and other intervention elements, there was
evidence that EAMS-based intervention with monthly telephone calls produced
changes in physical activity similar to that provided by the standard in-person
behavioural program (Pellegrini et al., 2012). Also, participants in the group who
received both EAMS and continuous feedback for awareness and motivation showed
significantly higher physical activity levels than the control group (Tabak, op den
Akker, & Hermens, 2014). On the other hand, another study had revealed that
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participants with EAMS achieved only a small increase in moderate-to-vigorous
physical activity at follow-up while SMS-based physical activity prompts were not
sufficient for increasing physical activity beyond one week (Ayala et al., 2015).
For studies which used only the EAMS and its built-in functions as
interventions, the mixed result were obtained. A four-week, online personal activity
monitor intervention reflected the fact that there was an increase in the level of
physical activity (Barwais et al., 2013). From the exploratory study, people with
serious mental illnesses were highly satisfied with the Fitbit, as it was useful in
encouraging physically active and self-monitoring people to reach their daily step
goals. On the contrary, a study using Misfit Flash to promote physical activity failed
to prove its effects among college students in the USA (Kim, Lumpkin, Lochbaum,
Stegemeier, & Kitten, 2018).
The current study used EAMS to promote physical activity level in adults of
Hong Kong. Participants in both the control group and the intervention group showed
a statistically significant difference in physical activity level in terms of IPAQ MET
score. This finding was consistent with the recent systematic review and metaanalysis (Gal et al., 2018) that there was a moderate to small effect on physical
activity for intervention which comprising wearables and smartphone applications. As
there was no related study being conducted in Hong Kong at the moment, this study
provided the first randomised control trial of an EAMS-based physical activity
intervention for working adults in Hong Kong.
A follow-up test conducted after four weeks of the completion of the
intervention was conducted to determine the sustainability of the EAMS-based
physical activity intervention program acting upon participants’ IPAQ MET score. It
was noted that the IPAQ MET scores decreased in both groups in comparison with the
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score right after the intervention. This implied that the EAMS had a short-term effect
on participants’ physical activity level. It might relate to the participants’ relatively
low adherence to the EAMS after the intervention. Only 10 out of 64 (15.6%)
participants used the EAMS daily for four weeks after the intervention.
The result showed that the eight-week, both EAMS only and EAMS-SCT
groups, had a positive short-term effect on physical activity level. The findings also
matched recent studies which showed that the physical activity level of participants
decreased again within a few weeks after people stop playing the augmented reality
game, Pokémon GO (Howe et al., 2016; Rasche, Schlomann, & Mertens, 2017).
Although the change of the IPAQ MET score was not statistically significant
for two groups, participants in both groups exhibited an increase in physical activity
from pre-intervention to follow-up measurement; the EAMS only group increased
from 957.64 to 1103.59, while the EAMS-SCT group increased from 883.48 to
1213.37. Both control and treatment groups have positive changes in physical activity
level for working adults.
Change of SCT Constructs and Implications
The Social Cognitive Theory developed by Bandura (1986) offered principles
regarding how to predict and change health behaviour. SCT also explained behaviour
in a reciprocal model in which personal factors and the environment interact to
influence behaviour. This reciprocal determinism suggested that changes in one of the
elements would affect and elicit changes in its other elements. In this study, there was
a significant difference between the group mean vectors of the subject’s SCT
constructs accompanying the physical activity level in both EAMS only and EAMSSCT group before and after the intervention. In other words, there were intervention
effects on psychosocial variables.
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It was found that the face-to-face intervention which used BCTs included
shaping knowledge, social support, goal setting and self-monitoring, thereby resulting
in an increase in physical activity of approximately 81 to 982.4 kcal per week;
however, these interventions were costly and required professional expertise for
delivering BCTs (Lewis et al., 2015). This study utilised both EAMS and face-to-face
intervention to change participants’ physical activity levels to maximize the benefits
of both EAMS and face-to-face intervention. The study used similar SCT-based
behaviour change techniques (BCTs) to promote walking, and MVPA achieved
success in the group and in the group with nurse support when compared with the
control group (Harris et al., 2017). The findings in this study further supported the
positive effects of intervention with SCT-based BCTs in physical activity promotion.
Moreover, further investigation of each SCT construct also revealed positive effects
of the intervention.
Exercise Self-efficacy
Self-efficacy has been consistently shown to be a predictor of the adoption and
maintenance of physical activity behaviour in healthy adults (McAuley & Blissmer,
2000; Rovniak, Anderson, Winett, & Stephens, 2002; Sharma, Sargent, & Stacy,
2005). There was evidence that the EAMS could increase self-efficacy and thus, the
number of steps taken among the older adults with chronic medical conditions
(Gualtieri et al., 2016). The current study reflected a similar result: self-efficacy had a
positive effect on physical activity.
For the participant who wore only the EAMS, there was no significant
difference in the mean score of exercise self-efficacy across three periods of
measurement. Similar findings showed that an increase in physical activity did not
accompany the physical activity self-efficacy of the Pokemon gamers (Kim, Lee, Cho,
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Kim, & Hwang, 2018) and older adults using Nike FuelBand (O’Brien, TroutmanJordan, Hathaway, Armstrong, & Moore, 2015).
For the participants who wore both EAMS and who underwent SCT-related
intervention, the mean score of exercise self-efficacy increased significantly from preintervention to post-intervention. This reflected that the SCT-based BCTs were
successfully implemented and influenced the participants during the intervention.
Two BCTs related to self-efficacy were implemented in this study: i.e.,
‘provide instruction on how to perform the behaviour’ and ‘provide information on
where and when to perform’. During the first session, the certified personal trainer
was asked to instruct the participants on the correct way to engage in physical activity
and to provide the participants with a detailed plan of types, frequencies and duration
of physical activity. Through the intervention session presented by the personal
trainer, the participants could actively master the experience and thus act as primary
sources of influence on their self-efficacy.
Bandura (1994) claimed that ‘the most effective way of creating a strong sense
of efficacy is through mastery experiences’ (p.72). There was evidence that ‘provide
instruction’ was associated with an increase in self-efficacy for physical activity and
physical activity behaviour (Williams & French, 2011). The findings of the study
further reinforced the impression that self-efficacy plays an important role in physical
activity promotion.
Physical activity Self-regulation
Researchers reported positive results for self-regulation associated with the
performance of physical activity (Anderson et al., 2010; Anderson, Smith, Winett &
Wojcik, 2011; Rovniak, Anderson, Winett, & Stephens, 2002). Some studies have
even found self-regulation to be a predictor that was as robust as or better than self-
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efficacy (Anderson, Smith, Winett & Wojcik, 2011) for influencing performance
physical activity in a web-based setting (Anderson et al., 2006).
Self-regulation strategies—including self-monitoring, goal setting,
reinforcements and self-corrective actions— were evident for promoting physical
activity participation in different populations (Bandura, 1991). The core function of
EAMS, self-monitoring and goal setting matched the concept of self-regulation (Patel
et al., 2015). The EAMS is equipped with self-regulation-related BCTs such as
prompt review of behavioural goals, goal-setting (behaviour) and prompt selfmonitoring of behaviour (Mercer et al., 2016).
The findings of this study further supported the conclusion that self-regulation
has a positive effect on physical activity. Both participants in the EAMS only and the
EAMS-SCT groups showed a statistically significant increase after the intervention
compared to its pre-intervention measurement. Similar results were obtained in a
study which used Fitbit-promoting self-monitoring and thus physical activity
(Cadmus-Bertram et al., 2015).
Furthermore, two BCTs related to self-regulation were emphasized in the
EAMS-SCT group, e.g., goal setting (behaviour) and set-graded tasks. The researcher
set the individualized and graduated goal based on the pre-intervention measurement
for each of the participants in the EAMS group. This specific, measurable and
attainable goal was the key to success in changing behaviours. According to the metaanalysis (Gal et al., 2018), goal setting was one of the most critical behaviour-change
techniques available to increase physical activity by using wearables and smartphone
applications; the individualized goal was more effective in promoting physical
activity than general activity goals.
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The behavioural goal was a significant mediator of increased step counts three
months after the intervention (Stacey, James, Chapman, & Lubans, 2016). The
findings of the current study further proved that the behavioural goal-setting function
of EAMS was an effective construct for promoting physical activity.
Social Support for Exercise
Social support for exercise was one of the vital components incorporated in
the technology-based intervention (Khaylis et al., 2010). The study recognized
positive associations among emotional, social support and physical activity in the
Internet-based intervention with the elements of social networking sites (Oh et al.,
2013). In addition, Anderson, Winett and Wojcik (2011) reported that perceived
social support for exercise was one of the strong predictors of physical activity and
nutrition behaviour among the web-health users enrolling in an online intervention.
This study found that participants in the EAMS-SCT group reported significantly
higher social support for exercise score after the intervention.
The social support-related BCTs, ‘teach to use prompts/cues’ and ‘facilitate
social comparison’, were integrated only into the EAMS-SCT group. In the four
sessions of WhatsApp communication, the researcher taught the participants to use
EAMS to remind themselves to walk to break the prolonged sitting and drew
participants’ concerns to others’ performance to elicit comparisons. The score of
social support for exercise in the EAMS-SCT group right after the intervention was
significantly higher than that found in pre-intervention and lower than that of the
follow-up measurement. This result reflected the finding that engaging social support
could increase the effectiveness of physical activity intervention (Greaves et al.,
2011).
The social support function of the EAMS was excluded from this study.
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Therefore, there was no significant mean difference in score of social support for
exercise in the EAMS only group across the three measurements.
A follow-up test was conducted four weeks after the completion of the
intervention to assess the sustainability of the EAMS-based physical activity
intervention program acting upon participants’ SCT constructs. All three variables
had decreased significantly in the EAMS-SCT group in the fourth week after the
intervention. This implied that the EAMS had a short-term effect on the participants’
SCT constructs.
Strength and Significance of the Study
There were several strengths of the current study. This study was one of the
few which has investigated the effect of an EAMS-based approach to encouraging
physical activity for working adults. As identified in the literature review, from 2011
to 2017, there had been only 20 studies related to physical activity measurement
which have used EAMS as an intervention tool (Henriksen et al., 2018), and no
similar study had been conducted in Hong Kong. Using the electronic activity monitor
system as a promotion tool in physical activity intervention for working adults was
one of the pioneer studies in Hong Kong. Findings from this study enhance the
knowledge towards EAMS-based approaches in promoting physical activity for Hong
Kong working adults. Meanwhile, further promotion of the intervention in different
organizations could be adopted as to increase physical activity participation of people
in Hong Kong. It would thus echo the target in reducing physical inactive, i.e. 10%
relative reduction in the prevalence of insufficient physical activity among adults in
Hong Kong (Department of Health, 2019).
The current study was grounded in behavioural theory. It was a sound and
measurable way to facilitate behavioural changes by using behavioural theory as a
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framework with which to develop and implement physical activity intervention
(Lippke & Ziegelmann, 2008). Moreover, behavioural-theory-based physical activity
intervention tends to be more effective in promoting physical activity than nontheoretical interventions (Hamel, Robbins, & Wilbur, 2011). In this study, the several
BCTs were adopted, provide instruction on how to perform the behaviour, provide
information on where and when to perform, goal setting (behaviour), set-graded tasks,
teach to use prompts/cues and facilitate social comparison.
These findings would provide useful information to researchers and
practitioner to develop physical activity programmes for various populations.
The third strength of this study was the use of the daily step, an objective
measure of physical activity level as a process measure, measured by the EAMS, Mi
Band 2. The EAMS would be further utilized to promote physical activity, as the
number of steps is an intuitive way for all users to understand their progress in
physical activity. Thus it would enhance participation motivation of the users
(Consolvo et al., 2006).
Lastly, there were 58% (7 out of 12) of the EAMS-based interventions
reviewed in the literature investigate the effect of EAMS intervention before and after
the testing period. In this study, the physical activity adherence of the participants was
also measured in the follow-up. Therefore, it was also the strength of this study.
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Limitations
This study had several limitations. First, technical difficulties were
encountered by some of the participants. At the beginning of the intervention, four
participants failed to use the EAMS applications on their mobiles. The EAMS
applications usually have requirements on the operation system of mobiles for
connecting and syncing the data. The intervention could not be conducted if such
connection and syndication failed.
The issue of updating the applications of the EAMS was another limitation of
this study. There was usually with an updated version of the application. Some of the
participants might not bother updating the applications frequently and thus could not
use the syncing function for the EAMS.
In addition, the privacy of the EAMS and its applications were also concerns
encountered in recruiting participants. Eight participants initially showed interests in
the intervention but refused to enrol, as they worried about the leakage of personal
data while using the EAMS and its applications
The duration of this study which adopted an eight-week intervention with a
four-week follow-up. It might be another limitation. It was not easy to determine
whether the positive influence on physical activity can be sustained for a longer
period.
Lastly, the focus of this study was the application of SCT on the EAMS, and
the control group was the EAMS only. Thus, there was no group without the EAMS.
The use of the convenience sample and limited sample size on recruiting the staff of
the Vocational Training Council as participants of this study might affect the
representative of general working adults in Hong Kong.
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Recommendations
Based on the findings, this study proved that the application of SCT, EAMSbased intervention has a positive effect on physical activity and its SCT constructs for
working adults in Hong Kong. The recommendations for future studies are as follows:


Comparison studies on the EAMS for participants from different regions
and countries should be conducted.



The EAMS would be used for large-scale physical activity promotion in
different populations, such as older adults and people with special needs.
As the price of the EAMS is affordable compared with other physical
activity measurement devices (for example, an Actigraph accelerometer).



It is practical to use the EAMS as an intervention tool to promote
physical activity. Further investigation should include other working
adults in different organizations in Hong Kong.



Further studies should take contextual factors, such as seasons, gender,
marital status, social-economic status into consideration in order to have
further understanding of factors affecting physical activity participation.



Future studies which could fully utilize the functions of the EAMS; for
example, using the GPS data for the comparison for the distance travelled
by the participant; using the social function of the EAMS for physical
activity competitions among the participants; conducting individual or
team competitions on daily steps should be conducted in the workplace
for the promotion of active physical lifestyle.



Future studies should directly adopt the step count of the EAMS to
compare the physical activity level, as the readings from the EAMS are
intuitive and easy for users to understand.
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Other models of the EAMS should be validated in future studies so that
more people could use it to measure and compare their PA levels. The
reading of the EAMS is easy for people to understand the PA level and
this would enhance participation motives of PA.



There were several objective measurements of physical activity in the
EAMS: e.g., energy expenditure, calorie intake, etc. Further studies using
these PA measurements should be conducted.
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Conclusion
The participants in the EAMS-SCT group show a significant increase in
physical activity level and all three related SCT constructs. Both the EAMS only and
the EAMS-SCT groups have an increase in the IPAQ MET score and the score of the
physical activity self-regulation scale after the 8-week intervention. Participants in the
EAMS-SCT group exhibit higher scores in the scales of exercise self-efficacy and
social support for exercise than that of the participants in the EAMS only group after
the 8-week intervention.
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APPENDIX 1 Consent Letter
香港浸會大學 同意聲明書
香港在職人士運動手環體能活動調查
Hong Kong Baptist University
Informed Consent Statement
Survey on Wearable Device Physical Activity Programme among Hong Kong Working
Adults
本人為香港浸會大學體育學系博士研究生，現正進行一項有關香港在職人士運
動手環步行計劃的調查。是次對象為職業訓練局全職之教學及行政員工，此計劃目的
是鼓勵同事能以運動手環提醒及檢視自己每天的步行數目，步驟如下:
填寫問卷;
整份問卷需時約15分鐘，參加者需於第一次完成問卷後第8及12星期，再一次填寫
下載運動手環程式於智能電話內，並於開始計劃之後連續8星期每天佩帶運動手環及於
網上如實填寫步行數目
與研究員保持溝通，以方便計劃順利完成
部分參加者需出席一節約一小時由專業運動教練的運動建議課堂
你可自由選擇是否參與問卷調查，所得資料只作學術用途，並將予以保密，以及
於完成研究後一年銷毀。

As being the PhD candidate in the Physical Education of Hong Kong Baptist
University, I am now conducting a survey regarding wearable devices walking
programme among Hong Kong working adults. The target participants are the fulltime teaching and administrative staff of the Vocational Training Council. The aims
of this survey are to encourage colleagues to be physically active and review the daily
number of steps with the use of the wearable device. The survey consists of the
following:
 Fill in the questionnaire which takes around 15 minutes questionnaire. You
are going to complete the questionnaires right after the programme and 4
weeks after the programme.
 Download the apps for the wearing devices in your smartphone, wear the
Mi Band 2 and reflect your number of steps daily during the 8-week
programme.
 Communicate and response with the researcher by using Whatsapp
 Part of the participants have to attend the 1-hour Physical Activity Advice
performed by the Certified Personal Trainer
Your decision as to whether or not to take part in this study is completely
voluntary. If you decide not to take part in this study, it will not result in any loss of
benefits. All information collected will only be used for academic purpose and kept
strictly confidential. It will be destroyed 1 year after the research is done.
Winnie Tam

您已被邀請參加是次研究。本研究旨在調查香港在職人士運動手環體能活動計劃的成
效
風險
此研究透過網上平台進行，我們會竭力防止資料外泄，但我們不能完全保證資料的保
密性。
利益
您的付出對於我們研究’香港在職人士運動手體能活動計劃’有莫大幫助。
保密性
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所得資料只作學術用途，並將予以保密，以及於完成研究後一年銷毀。
補償及保險
完成所有調查後，你將會獲取至少$50超市禮卷。如你未能完成所有調查，你將不能獲
取超市禮卷。
協議
如果您在填寫問卷期間對於此項研究或其過程有任何疑問(或您在參與此研究期間經歷
任何不良反應)，您可以與研究人員 Ms. Winnie Tam
聯絡，電郵:13479970@hkbu.edu.hk； 電話: 6610
3186。如果您覺得您接受的對待與本同意書的描述不符，或您在參與研究期間感受到
您作為研究參與者的權利受到侵犯，您可以透過電郵 hasc@hkbu.edu.hk 聯絡’the Use of
Human and Animal Subjects in Teaching and Research’
委員會或郵寄至香港九龍塘香港浸會大學研究院。
參與
您參與這項研究屬於自願性質。您可以退出是項研究而不會遭受任何懲罰。若你選擇
參與，您可以隨時退出是項研究而不會遭受任何懲罰或導致任何利益受損。若您在完
成資料收集前退出是項研究，所得的資料將會被銷毀。

HONG KONG BAPTIST UNIVERSITY
INFORMED CONSENT STATEMENT
You are invited to participate in a research study. The purpose of this study is to
investigate the effectiveness of wearable devices walking programme.
RISKS
This research is conducted over the Internet; we are going to try our best to prevent
data leakage. However, there is possibility that we cannot guarantee confidentiality
while data is on the internet.
BENEFITS
Your contribution is valuable to our investigation and understandings in the physical
activity level of working adult in Hong Kong.
CONFIDENTIALITY
All information collected will only be used for academic purpose and kept strictly
confidential. It will be destroyed 1 year after the research done.
COMPENSATION AND INSURANCE
For participating in this study, you will receive at least $50 coupon of the
supermarket. If you withdraw from the study prior to its completion, you will
receive not receive the coupon.
CONTACT
If you have questions at any time about the study or the procedures, (or you
experience adverse effects as a result of participating in this study), you may contact
the researcher, Ms Winnie Tam, at 13479970@hkbu.edu.hk, and 6610 3186. If you
feel that you have not been treated according to the descriptions in this form, or your
rights as a participant in this research have been violated during the course of this
project, you may contact the Committee on the Use of Human and Animal Subjects in
Teaching and Research by email at hasc@hkbu.edu.hk or by mail to Graduate School,
Hong Kong Baptist University, Kowloon Tong, Hong Kong.
PARTICIPATION
Your participation in this study is voluntary; you may decline to participate without
penalty. If you decide to participate, you may withdraw from the study at any time
without penalty and without loss of benefits to which you are otherwise entitled. If
you withdraw from the study before data collection is completed your data will be
returned to you or destroyed.
CONSENT 同意書
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I have read and understand the above information. I have received a copy of this form.
I agree to participate in this study.
□我已閱讀及明白上述資訊,確認收到一份同意聲明書的副本我同意參與此研究
，並如實回答步數及所有問題。（請繼續填寫問卷）I have read and understood
the above information. I have received a copy of this form. I agree to participate in
this study and reflect the daily steps and other responses honestly. (Please proceed the
questionnaire)
□我已閱讀及明白上述資訊。我不同意參與此研究。（問卷已結束，謝謝）I
have read and understood the above information. I disagree to participate in this
study. (The questionnaire is ended. Thank you.)
Name 姓名:
Contact No.聯絡電話:
Height 身高:
(m/米)
Weight 體重:
(kg/公斤)
Worksite 工作地點:
Rank 職系:
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APPENDIX 2 Questionnaire of Exercise Self-efficacy
第㇐部份 Section I: 體能運動信心(自我功效)量表 Self-efficacy for Exercise/ Physical
Activity
請指出您在以下處境中有多大信心能繼續積極參與運動/體育鍛煉，由 1 至 5 分，1 分代表
完全沒有信心，5 分代表極其有信心。
Please indicate your level of confidence of continuously participating in exercise / physical
exercise under the following circumstances, on a scale from 1 to 5, where 1 means not at all
confident, 5 means extremely confident.
處境
Circumstances

Q1.

Q2.
Q3.
Q4.
Q5.

程度 Scale
1

2

3

4

5

完全沒

㇐點點

信心㇐

很有信

極其有

有信心
Not at
all
confiden
t

信心
Slightly
confiden
t

般
Moderat
ely
confiden
t

心
Very
confiden
t

信心
Extreme
ly
confiden
t

當我疲倦的時候
When I am tired

1

2

3

4

5

當我心情不好的時候
When I am in a bad mood

1

2

3

4

5

當我覺得沒有時間的時候
When I feel I don’t have time

1

2

3

4

5

當我在度假的時候
When I am on vacation

1

2

3

4

5

1

2

3

4

5

下雨的時候
When it is raining
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APPENDIX 3 Questionnaire of Physical Activity Self-regulation
第二部份 Section II : 社交支持量表(體能運動) Social Support for Exercise/Physical Activity
你的家人或朋友會影響到你堅持運動嗎?
Will your family and friends affect you to stick with your exercise programme?
請指出在過去七天您的家人和朋友在多大程度上影響到你堅持運動，由 1 至 5 分，1 分代表
從未，5 分代表總是。
Please indicate to what extent your family and friends affected you to stick with your exercise
programme in the past seven days, on a scale from 1 to 5, where 1 means not at all confident, 5
means extremely confident.
描述
Description

1

2

從未
None

很少
Rarel
y

頻率 Frequency
3
4

5

9
不適

Q1 和我㇐起做運動
.
Exercised with me

家人

1

2

有時
A
few
times
3

朋友

1

2

3

4

5

9

Q2 提議和我㇐起做運動
.
Offered to exercise with me

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

Q3 善意提醒我做運動
.
Gave me helpful reminders to
exercise

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

Q4 鼓勵我堅持做運動
.
Encourage me to stick with my
exercise program

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

Q6 與我㇐起討論做運動
.
Discussed exercise with me

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

Q7 外出休閒時，安排我做運動
.
Planned for exercise on recreational
outings

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

家人

1

2

3

4

5

9

Q5 更改他們的日程，使我們可以㇐
.
起做運動
Changed their schedule so we could
exercise together

幫我安排我的運動內容
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經常
Often

總是
Very
often

4

5

9

用
(NA)

Q8 Helped plan activities around my
.
exercise
Q9 詢問我關於他們怎樣可以變得更
.
積極地去做運動的意見
Asked me for ideas on how they can
get more exercise
Q1 和我討論他們有多喜歡運動
0.
Talked about how much they like to
exercise

朋友

1

2

3

4

5

9

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9

家人

1

2

3

4

5

9

朋友

1

2

3

4

5

9
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APPENDIX 4 Questionnaire of Social Support for Exercise Scale
第三部份 Section V：自我調節量表(體能運動) Self-regulation for Exercise
以下是㇐些有關對運動的自我調節程度的調查。請指出您出現下列情況的頻密程度，由 1
至 5 分，1 分代表完全不同意，5 分代表極其同意。
The following descriptions are about self-regulation towards exercise. Please indicate the
frequency of the appearance of the following situations, from 1 to 5, where 1 means never, 5 means
very often.
述句
Statement

Q1 我會在精神上檢視自己的運動情況
.
I mentally kept track of my PA
Q2 我會在精神上注意能令我更主動做運動的
.
特定原因
I mentally noted specific things that helped me
be active
Q3 我會定下短期目標從而令自己更熱衷運動
.
I set short term goals for how often I am active
Q4 我會定下集中關於自己身體健康的運動目
.
標
I set PA goals that focused on my health
Q5 我會詢問其他人有關運動的建議或示範
.
I asked someone for PA advice or demo
Q6 我會詢問運動專家或健康專家有關運動的
.
建議或示範
I asked a PA expert or health professional for
PA advice or demon
Q7 運動後我會專注於它帶來的愉悅感覺
.
After PA I focused on how good it felt
Q8 我會提醒自己運動能帶來健康上的好處
.
I reminded myself of PA health benefits
Q9 我在心裡定下特定的時間去做運動
.
I mentally scheduled specific times for PA
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頻率
Frequency
3

1

2

4

從不
Never

很少
Rarely

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

有時
經常
Someti Often
mes

5
總是
Very
Often

Q1 我會重新編排日程以確保我有時間運動
0.
I rearranged my schedule to ensure I had time
for PA
Q1 我會於出外旅遊或公幹時仍刻意計劃去做運動
1. I purposely planned ways to do PA when on
trips away from home
Q1 我會於天氣欠佳時仍刻意計劃去做運動
2.
I purposely planned ways to do PA in bad
weather
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1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

APPENDIX 5 International Physical Activity Questionnaire – short-form,
Chinese Version
以下問題是關於在過去七天你用在體力活動的時間。但是請你只計算每次持續十
分鐘或十分鐘以上的活動。就算你覺得自己平時很少活動都不要緊，只要你儘量
回答所有的問題。你可以想一下你在家裡、公園、工作時的體力活動，又或者從
一個地方去另一個地方，和你業餘時間消遣或者鍛煉身體所進行的活動。
請你先想一想在過去的七天做過些什麼消耗大量體力的劇烈活動。劇烈活動 是
指令你覺得呼吸很吃力的活動，例如打籃球，游泳，跑步等。
G1 在過去的七天裡面，你有多少天做了一些每次持續十分鐘或十分鐘以上劇烈
的體力活動？
0/1/2/3/4/5/6/7 天
G1b 在過去七天裡面，平均每日你做了多少小時和多少分鐘的劇烈體力活動？
平均每天 分鐘 或者
過去7天總共 分鐘
現在請你想想在過去7天做了的中等強度的體力活動。中等強度 的體力活動指令
你呼吸稍為比正常吃力的活動，例如：緩步跑，打乒乓球，交誼舞，耍太極等，
但不包括步行。
G2. 在過去的七天裡面，有多少天你做了一些每次持續十分鐘或十分鐘以上中等
強度的體力活動？
0/1/2/3/4/5/6/7 天
G2b 在過去七天裡面，平均每日你做了多少小時和多少分鐘的中等強度的體力活
動？
平均每天 分鐘 或者
過去7天總共 分鐘
現在請你想想在過去七天用於步行的時間，包括工作時步行、在家裡步行以及由
一個地方步行到另一個地方這樣，也包括消遣或鍛煉身體所進行的步行。
G3. 在過去七天裡面，有多少天你持續步行了十分鐘或以上？請包括任何形式的
步行。
0/1/2/3/4/5/6/7 天
G3b 在過去七天裡面，平均每日你用了多少時間步行？
平均每天 分鐘 或者
過去7天總共 分鐘
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現在請您仔細回想您過去7天裡（除週六、日外）用於坐的時間，包括您工作
時、在家裡、做作業時以及您休閒時用於坐的時間，還包括您坐在桌子上、去看
朋友時坐著的時間、閱讀時和坐著（躺著）看電視的時間，也包括您躺著（不是
因為睡覺而躺下）但清醒的時間。
G4 在過去7天裡，除星期六、日外，平均每天您用於坐的時間是多少？
平均每天 分鐘 或者
過去7天總共 分鐘
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APPENDIX 6 Physical Activity Readiness Questionnaire
體能活動適應能力問卷與你 （一份適用於 15 至 69 歲人士的問卷）
經常進行體能活動不但有益身心，而且樂趣無窮，因此，愈來愈多人開始每天多做運動。對大部分人來說，多做運動是
很安全的。不過，有些人則應在增加運動量前，先行徵詢醫生的意見。
如果你計劃增加運動量，請先回答下列 7 條問題。如果你介乎 15 至 69 歲之間，這份體能活動適應能力問卷會告訴你應
否在開始前諮詢醫生。如果你超過 69 歲及沒有經常運動，請徵詢醫生的意見。
普通常識是回答這些問題的最佳指引。請仔細閱讀下列問題，然後誠實回答：請答「是」或「否」
是
否
  1. 醫生曾否說過你的心臟有問題，以及只可進行醫生建議的體能活動？







如果
你的
答案
是：








2. 你進行體能活動時會否感到胸口痛？
3. 過去一個月內，你曾否在沒有進行體能活動時也感到胸口痛？
4. 你曾否因感到暈眩而失去平衡，或曾否失去知覺？
5. 你的骨骼或關節(例如脊骨、膝蓋或髖關節)是否有毛病，且會因改變體能活動而惡化？
6. 醫生現時是否有開血壓或心臟藥物（例如 water pills）給你服用？
7. 是否有其他理由令你不應進行體能活動？

一條或以上答「是」
在開始增加運動量或進行體能評估前，請先致電或親身與醫生商談，告知醫生這份問卷，以及你回答
「是」的問題。

你可以進行任何活動，但須在開始時慢慢進行，然後逐漸增加活動量；又或你只可進行一些安全的活
動。告訴醫生你希望參加的活動及聽從他的意見。

找出一些安全及有益健康的社區活動。


全部答「否」

延遲增加運動量：


如果你對這份問卷的全部問題誠實地答「否」，你有理由確
信你可以：開始增加運動量──開始時慢慢進行，然後逐漸
增加，這是最安全和最容易的方法。



如果你因傷風或發燒等暫時性疾病而感到不適──請
在康復後才增加運動量；或
如果你懷孕或可能懷孕──請先徵詢醫生的意見，然
後才決定是否增加運動量。

參加體能評估── 這是一種確定你基本體能的好方法，
以便你擬定最佳的運動計劃。此外，亦主張你量度血壓；如
果讀數超過 144/94，請先徵詢醫生的意見，然後才逐漸增加
運動量。

請注意：如因健康狀況轉變，致使你隨後須回答「是」的
話，便應告知醫生或健身教練，看看應否更改你的體能活
動計劃。
體能活動適應能力問卷來源：The Canadian Society for Exercise Physiology

本人已閱悉、明白並填妥本問卷。本人的問題亦已得到圓滿解答。
姓名:
簽署:

身分證明文件號碼:
日期:
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