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ABSTRACT 

Background: Evidence has indicated a high prevalence of physical inactivity and 
insufficient consumption of fruit and vegetables among Chinese college students. 
As college students are in a crucial transition stage from adolescent to adulthood, 
such unhealthy lifestyle behaviors at this stage can result in nemerous negative 
consequences for both individuals and society. Therefore, it is urgently necessary 
to promote health-enhancing physical activity (HEPA) and fruit-vegetable 
consumption (FVC) among Chinese college students.  

Interventions focused on multiple health behavior change (MHBC) have shown 
advantages over those targeting only a single health behavior, and have therefore 
gained popularity over the last decade. Despite the increasing use of Internet 
technology and apparent promise of web-based MHBC interventions, there have 
been few such interventions for HEPA and FVC among Chinese college students. 
In addition, within the overarching scope of web-based MHBC interventions, 
there are several remaining questions that need to be addressed, including the 
timing of MHBC intervention delivery, the high dropout rate of participants, and 
the psychological mechanisms behind MHBC. 

Purpose: The main purposes of the thesis were to (1) examine the comparative 
effectiveness of sequentially delivered web-based MHBC interventions for HEPA 
and FVC in Chinese college students from both quantitative and qualitative 
perspectives; (2) investigate characteristics of dropouts (using quantitative 
method) and the underlying reasons (using qualitative method); and (3) identify 
the active ingredients (“key mediators”) of successful health interventions for 
changing single health behavior (HEPA or FVC), and examine the psychological 
mechanisms of MHBC (HEPA and FVC) in Chinese college students based on an 
integrated social-cognitive model.  

Method: In Study 1, two web-based MHBC interventions were developed based 
on the health action process approach (HAPA) model. In a randomized controlled 
trial (RCT), 552 eligible college students (M = 19.99 years, SD = 1.04, 58.3% 
female) were randomly assigned to one of three groups: HEPA-first (4 weeks of 
HEPA followed by 4 weeks of FVC intervention), FVC-first (4 weeks of FVC 
followed by 4 weeks of HEPA intervention), and a control group (8 weeks of 
placebo treatment unrelated to HEPA or FVC). All of the participants were asked 
to complete online questionnaires at four time-points: at baseline (T1, the 
beginning of the intervention), after 4 weeks (T2, after the first behavior 
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intervention), after 8 weeks (T3, after the second behavior intervention), and after 
12 weeks (T4, 1-month post-intervention follow-up). The questionnairs addressed 
health behaviors (HEPA and FVC), social-cognitive determinants of behavior 
change (intention, self-efficacy, planning, and social support for each behavior) 
and health outcomes (BMI, depression and perceived quality of life). All of the 
data were analyzed using IBM SPSS 25.0, applying a series of generalized linear 
mixed models (GLMMs) to evaluate the intervention effectiveness. The mediation 
analysis was performed using IBM SPSS Process, with residualized change scores 
and the bias-corrected bootstrap approach (5000 resamples).  

Following the quantitative intervention study, to further evaluate the effects of 
aforementioned web-based MHBC interventions and to address dropout issues 
from a qualitative perspective, 30 students (M = 19.53 years, SD = 0.92, 56.7% 
female) who had participanted in Study 1 (18 completers and 12 dropouts), were 
invited to attend one-to-one and face-to-face semi-structured interviews (Study 2). 
The interviews covered three topics: 1) students’ perceptions about their changes 
after participating in the web-based health program, 2) students’ user experience 
and suggestions related to the design of the intervention content and the website 
layout and functionality, and 3) the reasons for dropping out. The audio-recorded 
interview data was transcribed orthographically and organized using QSR NVivo 
11. Thematic analysis was adopted to analyze the qualitative data. 

In addition, a two-layer integrated social-cognitive model was hypothesized in 
Study 3 based on the HAPA model and Carry-over and Compensatory Action 
Model (CCAM). With a prospective design, 322 college students (M = 19.47 
years, SD = 0.99, 55.6% female) were invited to report their past HEPA and FVC 
behavior, HEPA and FVC intentions, and demographics at baseline. After two 
months, an online questionnaire survey was used to collect data on their 
compensatory cognitions, combined volitional predictors of behavior change 
(self-efficacy + planning), and current HEPA and FVC behavior. All of the data 
were analyzed using Mplus 8.0. The proposed model was examined using 
structural equation modeling (SEM) with path analysis approach. 

Results: (1) Both the quantitative and the qualitative data fully supported the 
effectiveness of the web-based MHBC interventions for HEPA and FVC behavior. 
In addition, the effects on social-cognitive determinants of behavior change were 
partially supported by the quantitative data, and fully supported by the qualitative 
data. For health outcomes, the quantitative data supported the intervention effects 
on body mass index (BMI), and the qualitative data supported the effffects on both 
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BMI and perceived quality of life. Moreover, the two delivery sequences did not 
show significantly different effects on HEPA after either 8 weeks or 12 weeks, 
whereas the FVC-first sequence showed superior effects over the HEPA-first 
sequence for FVC behavior after 12 weeks. 

(2) In terms of dropout, more male than female students withdrew from the 
interventions, and the dropouts showed lower HEPA self-efficacies, lower FVC 
planning, and inferior BMI status than completers. The interview results indicated 
two themes of dropout reasons: internal reasons (e.g., participants perceiving the 
health interventions as less necessary and less important) and external reasons 
(e.g., unfavorable living surroundings and problems with the program’s delivery 
mode, intervention content, and technology). 

(3) In terms of the mediators of successful interventions for changing each single 
health behavior, the RCT results indicated that self-efficacy and intention 
mediated the effectiveness of the intervention on immediate changes (after 8 
weeks) in HEPA and FVC, and that intention had a mediating effect on sustained 
change (after 12 weeks) in both HEPA and FVC. In addition, the prospective 
study found that the two-layer integrated social-cognitive model proposed in this 
thesis successfully explained the psychological mechanisms of MHBC in Chinese 
college students. In particular, the first layer identified the mediating effects of the 
volitional predictors on the intention-behavior relation for each type of health 
behavior. The second layer identified a positive association between volitional 
predictors of HEPA and volitional predictors of FVC, as well as a mediating effect 
of compensatory cognition between FVC intention and HEPA behavior. 

Discussion and Conclusions: To the best of our knowledge, this is the first study 
to examine the comparative effectiveness of sequentially delivered web-based 
MHBC interventions on HEPA and FVC in Chinese college students, and the first 
to identify the psychological mechanisms of MHBC in a Chinese context. The 
findings provide both theoretical and practical implications for future research and 
the application of MHBC. Future studies should more comprehensively compare 
simultaneous vs. sequential designs, more systematically examine dropout and its 
determinants, and further explore the psychological mechanisms of MHBC, 
especially the transfer mechanisms between the volitional predictors of one health 
behavior on another.  
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CHAPTER I: INTRODUCTION 

1.1 Background of study 

Health behaviors, as key determinants of overall health, have been 

demonstrated to have crucial consequences for both the quality and length of life 

by influencing various disease outcomes (Conner & Norman, 2017). Promoting 

health-protective behaviors and preventing risky health behaviors has become 

imperative in contemporary health psychology domain (Revenson & Gurung, 

2018). As common health-protective behaviors, regular health-enhancing physical 

activity (HEPA) and adequate fruit-vegetable consumption (FVC) have been 

proposed as the cornerstones of healthy living. These two health-protective 

behaviors constitute a typical pattern of healthy lifestyles, playing a dominant role 

in furthering individuals’ sound health (de Ridder, Kroese, Evers, Adriaanse, & 

Gillebaart, 2017; Rhodes, Janssen, Bredin, Warburton, & Bauman, 2017; 

Prochaska, & Prochaska, 2011). An overwhelming body of evidence demonstrates 

the potentially tremendous impacts that increasing HEPA and FVC could have not 

only in reducing the morbidity of non-communicable diseases, such as 

cardiovascular disease, certain types of cancer, gastrointestinal disease, obesity, 

and type-II diabetes, but also in improving mental health outcomes (Aune et al., 

2017; Dietz, Douglas, & Brownson, 2016; McMartin et al., 2013). 

To promote HEPA and FVC, widely acknowledged health recommendations 

for HEPA1.1 and FVC have been formulated, recommending that adults aged 18 to 

64 should do at least 150 accumulated minutes of moderate-intensity physical 
                                                             
1.1 The guidelines for HEPA in this thesis are based on the quantity recommendation. However, in 
terms of quality, adults are recommended to do muscle-strengthening or endurance activities on at 
least two days per week. In this research, we only applied the quantitative HEPA recommendation, 
as it is generally the minimum condition for individuals being physical active (Hallal et al., 2012). 
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activity (or 70 minutes of vigorous-intensity activity, or an equivalent 

combination of moderate- and vigorous-intensity activities) per week, and 

consume at least 5 servings of fruit and vegetables on average each day (WHO, 

2004, 2010).  

Notwithstanding the clearly recommended guidelines for HEPA and FVC, 

the prevalence of physical inactivity and insufficient consumption of fruit and 

vegetables in the adult population is exceedingly high, especially among college 

students (de Ridder et al., 2017; Oosterveen, Tzelepis, Ashoton, & Hutchesson, 

2017; Plotnikoff et al., 2015; Rhodes et al., 2017). In Western countries, between 

23% and 60% of college students do not meet the HEPA recommendation 

proposed by WHO, and less than 30% of this population achieve the FVC 

recommendations (Aceijas, Waldhäusl, Lambert, Cassar, & Bello-Corassa, 2017; 

Kyrkou et al., 2018; Pengpid et al., 2015; Teschl, Nössler, Schneider, Carlsohn, & 

Lührmann, 2018). A similar situation exists in China, where about 40% of 

Chinese college students do not reach the HEPA recommendations, and more than 

half of them cannot adhere to the minimum FVC recommendations (Dong & 

Wang, 2018; Li, Yang, & Yang, 2018). Therefore, promoting health among college 

students has become a common problem in all countries and has sparked the 

research interest of health psychologists and behavioral scientists (Fish & Nies, 

1996; Plotnikoff et al., 2015). 

Over the past four decades, a growing body of psychosocial theories have 

been developed to describe, explain and predict changes in health behaviors, such 

as social cognitive theory (SCT; Bandura, 1986, 2001), the health belief model 

(HBM; Rosenstock, Strecher, & Becker, 1974), protection motivation theory 

(PMT; Rogers, 1983), the theory of planned behavior (TPB; Ajzen, 1985), the 
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transtheoretical model (TTM; Prochaska, & DiClemente, 1982; Prochaska, 2013), 

the four steps from inactivity to activity model (FIT; Duan et al., 2013), and the 

health action process approach (HAPA; Schwarzer, 1992, 2008, 2016), followed 

by a series of theory-based interventions that appear promising for single health 

behavior change (SHBC) interventions (e.g., Kim, Ahn, & No, 2012; Lippke & 

Ziegelmann, 2008; Prochaska & Sallis, 2004; Wing Kwan, Bray, & Martin Ginis, 

2009). Especially interventions based on the HAPA model which combines the 

merits of the stage and continuum characteristics of current psychosocial models, 

have exhibited remarkable effects on improving healthy diets (Lin, Scheerman, 

Yaseri, Pakpour, & Webb, 2017; Zhou, 2012), HEPA (Crawford, Terry, Ciro, 

Sisson, & Dionne, 2018; Hattar, & Hagger, 2016), and other health behaviors 

(Clark & Bassett, 2014; Mak, Chan, Cheung, Lin, & Ngai, 2015; Payaprom, 

Bennett, Alabaster, & Tantipong, 2011). 

Despite these research and intervention achievements, most of them focused 

only on a single health behavior and addressed different behaviors as categorically 

separate entities. In doing so, the interrelation between different health behaviors 

has been artificially disconnected. However, in real life, individuals usually tend 

to have multi-dimensional patterns of health behaviors rather than one health 

behavior in isolation (Deforche, VanDyck, Deliens, & DeBourdeaudhuij, 2015; 

Evers & Quintiliani, 2013). A key property of these behaviors is that they 

typically co-exist as behavioral clusters or bundles (Nigg et al., 2009; Sweet & 

Fortier, 2010). For example, one risky health behavior (e.g., sedentary behavior) 

often occurs with other risky behaviors (e.g., excessive intake of fat and sugar, 

smoking, excessive TV screening or alcohol addiction) or one health-protective 

behavior co-exists with other health-protective behaviors (e.g., HEPA and FVC). 
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This high co-occurrence of health behaviors can generate synergistic or additive 

effects, so when promoting multiple health-protective behaviors simultaneously, 

the overall health benefits can be greatly increased (Prochaska, Spring, & Nigg, 

2008). As a result, multiple health behavior change (MHBC) interventions have 

grown in popularity over the past decade, as a potential and practical way to 

enhance overall health outcomes (Geller, Lippke, & Nigg, 2017; Conner & 

Norman, 2017; Prochaska et al., 2008). 

Moreover, with the burgeoning usage of Internet technology, web-based 

interventions have been increasingly applied in different areas and have been 

demonstrated as effective for promoting MHBC in a wide range of populations 

(Biddle, Brehm, Verheijden, & Hopman-Rock, 2012; Geller et al., 2017; 

Ritterband et al., 2009). Compared with traditional face-to-face hand-delivered 

interventions, this new paradigm has been praised for its numerous advantages, 

such as accessibility, scalability, cost-effectiveness, and convenience (Wantland, 

Portillo, Holzemer, Slaughter, & McGhee, 2004).  

Despite the massive efforts in web-based MHBC interventions, several issues 

remain understudied, including 1) the timing of MHBC intervention delivery; 2) 

the high dropout rate of participants in web-based MHBC interventions, and 3) 

the psychological mechanisms behind MHBC (Conner & Norman, 2017; Donkin 

et al., 2011; Evers & Quintiliani, 2013; Geller et al., 2017; Lie, Karlsen, Oord, 

Graue, & Oftedal, 2017). 

One debatable question in MHBC research is how to deliver MHBC 

interventions (i.e., delivery pattern/timing) to achieve the best treatment effects, in 

particular whether it is more effective to change several health behaviors at the 
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same time (simultaneously) or one behavior at a time (sequentially) (Fleig et al., 

2015; Geller et al., 2017).  

Opinions and hypotheses differ considerably and the available evidence is 

limited and inconsistent to date (Prochaska & Prochaska, 2011; Vandelanotte et 

al., 2005, 2007, 2008). In particular, one view posits that multiple health behaviors 

(e.g., HEPA and dietary behavior) are closely interconnected, as a result, their 

additive or synergistic effects can reinforce the treatment effects when changing 

these behaviors at the same time (Lippke, Nigg, & Maddock, 2012; Södergren et 

al., 2012). In addition, the simultaneous approach is shorter and less costly 

(Prochaska & Prochaska, 2011). In contrast, some researchers have pointed out 

that a simultaneous intervention delivery may be overburdened, as it requires 

individuals to make considerable efforts to self-regulate to adopt multiple health 

behaviors (Fleig, Kerschreiter, Schwarzer, Pomp, & Lippke, 2014). In addition, 

this approach may not address any particular behavior in sufficient depth, 

decreasing the potential effects of the intervention (Persky, Spring, VanderWal, 

Pagoto, & Hedeker, 2005). Thus, sequential rather than simultaneous 

interventions may be more suitable (King et al., 2013; Verplanken & Melkevik, 

2008). Nevertheless, a sequential design often requires delivering interventions 

over a longer period, which potentially increases costs, and if there lacks 

motivaton strategies, participation and adherence will suffer (Prochaska et al., 

2008). In addition to the above views, a recent review by James et al. (2016) 

suggested that there is little difference between sequential and simultaneous 

outcomes and that both approaches can be considered equally effective in MHBC 

interventions (e.g., focusing on smorking and alcohol cessation; or focusing on 
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HEPA promotion and fat intake reduction). In other words, there is currently no 

consensus. 

However, when targeting interventions for HEPA and FVC, a sequential 

design seems more plausible. Considering the interrelationship between HEPA 

and FVC, most researchers have proposed that there is a gateway effect between 

HEPA and FVC, so that first addressed HEPA can facilitate the subsequently 

intervened FVC, thereby contributing to a more robust treatment effect (Carraça et 

al., 2013; Fleig et al., 2014; Jayawardene, Torabi, & Lohrmann, 2016). In addition, 

changing behavior sequentially can result in a stronger intention-behavior 

relationship, which can in turn, augment the efficacy of interventions designed to 

change behavior through targeting intentions (Conner et al., 2016). From a 

dropout perspective, evidence has also shown that the sequential delivery 

approach has a higher completion rate than the simultaneous approach (35% vs. 

22.9%) in lifestyle interventions for HEPA and FVC (Schulz et al., 2012). 

In additional to the selection of intervention delivery timing for MHBC, 

another critical question is related to the dropout in web-based MHBC 

interventions (Donkin et al., 2011; Lie et al., 2017; Lustria et al., 2013). 

Consistent evidence has indicated that web-based interventions often face a high 

dropout rate (e.g., 50% dropout rate in the first month of the intervention), which 

substantially diminishes the treatment effects on health promotion (Donkin et al., 

2011; Kuijpers, Groen, Aaronson, & VanHarten, 2013; Lie et al., 2017). A 

meta-analysis study has demonstrated that web-based interventions targeting 

multiple behaviors have only a small effect size (post testing: d = 0.14, k = 40, 

95% CI = 0.11 to 0.17; follow-up: d = 0.16, k = 21, 95% CI = 0.12 to 0.19) on 

behavior change (Lustria et al., 2013; Oosterveen et al., 2017; Wantland et al., 
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2004; Webb, Joseph, Yardley, & Michie, 2010). The dropout has, therefore, 

become a constant issue in web-based MHBC interventions (Donkin et al., 2011; 

Kuijpers et al., 2013; Lie et al., 2017). 

Other than the aforementioned two questions, the third question is about the 

underlying psychological mechanisms of MHBC, including the active ingredients 

(e.g., mediators) of successful MHBC interventions, and changing process of 

multiple health behaviors (e.g., intention-behavior relationship of each single 

behavior, interaction mechanisms between diverse behaviors) (Conner & Norman, 

2017; Fleig et al., 2014, 2015; Geller et al., 2017; Rhodes et al., 2017).  

Regarding the MHBC intervention design, psychosocial theory-based (e.g., 

SCT, HBM, TPB, TTM, FIT and HAPA) intervention has been advocated by 

many researchers (Conner & Norman, 2017; Geller et al., 2017), as theory 

provides a useful framework for addressing the key modifiable determinants (e.g., 

motivation and volition) of health behavior that may consequently increase the 

effectiveness of MHBC interventions (Prestwich, Webb, & Conner, 2015). 

However, many so-called theory-based health interventions are probably better 

categorized as “theory-inspired” rather than “theory-based”, as they may not 

apply the theory properly and extensively (e.g., did not effectively link behavior 

change techniques to the theories) (Conner & Norman, 2017; Michie et al., 2018; 

Prestwich et al., 2014, 2015). As a result, there is a considerable heterogeneity in 

the effect sizes found for theory-based health interventions, and some reviews 

have indicated that the effectivness of interventions is irrelevant to the use of 

theories (Prestwich et al., 2014, 2015). Therefore, it emphasises the importance of 

identifying active ingredients (e.g., mediators) of intervention effectiveness and 
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increasing more understanding of theoretical constructs in terms of the magnitude 

of their impacts in diverse behaviors and populations (Conner & Norman, 2017). 

In terms of the underlying change process of health behavior, the 

psychosocial theories mentioned ealier have provided extensive explanation for 

the mediation mechanisms of SHBC. For example, the HAPA model categorizes 

the behavior change process as two distinct phases, namely the motivational phase 

(the major task is to establish a behavioral intention) and volitional phase (the 

major task is to transfer the specific intention to actual behavior) (Schwarzer, 

2008, 2016). The volitional factors, such as self-efficacies (referring to the 

individuals’ belief in their ability to engage in the health behavior and achieve 

expected outcomes across different challenging situations) and planning (referring 

to the scenarios and preparatory strategies for approaching a challenging task) 

have been identified as critical mediators in the behavior change process 

(Anderson, Winett, Wojcik, & Williams, 2010; Schwarzer, Lippke, & 

Luszczynska, 2011). However, these theoretical models have offered a limited 

understanding of the associations between various behaviors and have not yet 

determined the underlying psychological mechanisms of MHBC (Fleig et al., 

2015; Noar, Chabot, & Zimmerman, 2008). 

To better understand the interaction process of multiple behaviors, Lippke 

(2014) developed the Compensatory Carry-Over Action Model (CCAM) to 

interpret the psychological mechanisms of MHBC. This model integrates 

cutting-edge research outcomes mainly from healthy psychology and behavioral 

medicine, postulating that there are two layers to understand the psychological 

mechanisms of MHBC: the mediation mechanisms of changes in each health 

behavior and the interaction mechanisms between multiple health behaviors.  
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The first layer uses the basic idea of the HAPA model in terms of the 

psychological mechanisms for SHBC that certain social-cognitive variables (e.g., 

self-efficacy and planning) can mediate the effects of behavioral intention on 

behavior initiation and maintenance (e.g., HAPA; Schwarzer, 2008). The second 

layer of the CCAM attempts to explain the interrelation of multiple health 

behaviors, consisting of compensatory cognitions between various behavioral 

intentions and the carry-over mechanisms of the social-cognitive variables of 

multiple health behaviors (Lippke, 2014).  

In particular, compensatory cognition refers to individuals’ belief that one 

health behavior can be complemented or replaced by other correlated behaviors, 

so that changing a certain behavior can crowd out or make room for 

interconnected behaviors. In other words, these health behaviors seem to 

compensate or hinder rather than facilitate each other (e.g., “I can compensate for 

not being very active by eating less and healthily”( Spring, Moller, & Coons, 

2012). The compensatory cognitions are suggested as being associated with 

different behavioral intentions and function in the motivational phases (Lippke, 

2014). Considerable evidence has indicated that most young adults especially 

college students tend to have a compensatory belief about multiple health 

behaviors (e.g., HEPA and alcohol use; dietary behavior and HEPA; recreational 

drugs and other health behaviors such as HEPA and FVC) (Bryant, Darkes, & 

Rahal, 2012; Epton et al., 2014; Nigg et al., 2009). In contrast, the carry-over 

mechanism describes the “carry-over, transfer or gateway effects” between 

multiple behaviors, indicating that interconnected behaviors (e.g., HEPA and 

healthy diet) can be positively related. In other words, these health behaviors seem 

to co-exist and bring along rather than suppress each other (e.g., “When I exercise 
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regularly, it is easier for me to eat healthily”) (Fleig et al., 2015; Södergren, 

McNaughton, Salmon, Ball, & Crawford, 2012). The transfer mechinisms usually 

emerge in the volitional phase working between different volitional factors (e.g., 

self-efficay and planning) (Fleig et al., 2014, 2015; Lippke, 2014). Overall, the 

two layers in CCAM provide a preliminary theoretical framework for explaining 

the complex psychological mechanisms of MHBC. 

1.2 Problem statement 

The presence of physical inactivity and insufficient FVC has resulted in a 

deterioration in the health status of Chinese college students. According to the 

Chinese health report (2017), Chinese college students have continued a 

downward trend in physical fitness with dramatic changes in body shape, although 

the rate of deterioration has decelerated in the past five years. In addition, the 

morbidity of obesity and overweight has increased steadily by 2% to 3% every 

five years (Feng et al., 2018; Yang, 2017). College students are in a transition 

phase from late adolescence to adulthood (Duan et al., 2015). Adopting unhealthy 

lifestyle habits can persist after graduation and lead to not only short-term but also 

long-term negative consequences (Friedman et al., 2008; Nelson, Story, Larson, 

Neumark-Sztainer, & Lytle, 2008). Strategies to foster a healthy lifestyle for 

college students are therefore extremely important. 

MHBC interventions appear to be promising in promoting both HEPA and a 

healthy diet towards college students (Duan, Wienert, Hu, Si, & Lippke, 2017; 

Epton et al., 2014; Plotnikoff et al., 2015). However, MHBC research and the 

application of MHBC interventions in Chinese college population are still in the 
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initial stage, thus there is a need for more comprehensive and in-depth practice in 

the Chinese context (Xie, Ma, Lin, Meng, & Yang, 2016). 

As college students are the major users of the Internet in China (accounting 

for more than 60% of total Internet users), web-based interventions could be more 

attractive and applicable for this population (China Internet, 2016; Sarcona, 

Kovacs, Wright, & Williams, 2017). So far, the use of Internet technology to 

deliver interventions to promote MHBC has been supported by a growing body of 

research demonstrating considerable benefits for a wide variety of populations, 

especially college students (Biddle et al., 2012; Ritterband et al., 2009; Wantland 

et al., 2004; Webb et al., 2010). However, to the best of our knowledge, there has 

been limited research on web-based interventions to promote both HEPA and FVC 

among Chinese college students. In addition, web-based interventions for health 

behavior change have faced a common problem: a high dropout rate (Cotterez, 

Durant, Agne, & Cherrington, 2015; Donkin et al., 2011; Lie et al., 2017). 

Therefore, how to improve the participants’ adherence to a web-based health 

program and the quality of the intervention program also warrant further attention. 

Regarding the timing of intervention delivery, although current assumptions 

mainly support the sequential approach for interventions targeting both HEPA and 

FVC (Jayawardene et al., 2016; Fleig et al., 2014; Schulz et al., 2012), there is 

little evidence, particularly in the Chinese population. Furthermore, in 

sequentially delivered interventions targeting HEPA and FVC among college 

students, the differences in the treatment effects on promoting behavior change 

between two patterns (e.g., targeting HEPA first or FVC first) are still unclear. 

Therefore, comparing the relative effectiveness of treatment between two 
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sequentially delivered HEPA and FVC interventions in Chinese college students 

merits further investigation. 

Moreover, designing an effective intervention for health behavior change 

requires a solid and robust theoretical underpining (Amato et al., 2016; Geller et 

al., 2017). Although the HAPA model has been widely used for guiding 

interventions on different health behaviors across various populations, there is 

limited understanding of active ingredients (i.e., mediators) of intervention 

effectiveness with the use of the HAPA model in promoting HEPA and FVC 

behavior in Chinese samples. In addition, there is a lack of research identifying 

the psychological mechanisms of MHBC in the Chinese population, particularly 

among Chinese college students (Xie et al., 2016). Although the CCAM has 

provided a preliminary framework for explaining the changing process of multiple 

health behaviors, with the consideration of the parsimony principle and of the 

need to explore the direct association between psycholgocial determinants and 

health behaviors, further efforts deserve to be made (e.g., the development and 

examination of a new conceived model) so as to better understand the changing 

process of multiple health behaviors among Chinese college students. 

1.3 Research questions 

To serve the urgent need of providing effective evidence-based approaches to 

promote healthy lifestyle behaviors among Chinese college students, a web-based 

MHBC intervention program was developed. In addition, the current thesis aimed 

to provide new knowledge for the web-based MHBC interventions in terms of the 

following three critical issues:   
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RQ1: How effective are the web-based MHBC interventions among Chinese 

college students? 

In particular, 1a) How are the effects of the two web-based sequential 

interventions on improving HEPA and FVC behavior, increasing the adoption of a 

healthy lifestyle (combining both HEPA and FVC), facilitating social-cognitive 

determinants of behavior change (i.e., self-efficacy, intention, planning and social 

support), and meliorating health outcomes (i.e., BMI, BMI category, depression, 

and perceived quality of life) compared to a control condition? 1b) Are there any 

differences of treatment effects in HEPA and FVC behavior between two 

sequential delivery patterns (HEPA-first or FVC-first)? 1c) What are the students’ 

perceptions about their changes after participating in the web-based health 

program? and 1d) What are the students’ user experience and suggestions for the 

design of the intervention content and the website layout and functionality? 

RQ2: What influences dropout in web-based MHBC interventions? 

In particular, 2a) what is the difference of characteristics between completers 

(i.e., participants who complied with the intervention program) and dropouts? 2b) 

What are the underlying reasons for some participants to drop out from web-based 

MHBC interventions? 

RQ3: What psychological mechanisms are involved in MHBC among 

Chinese college students?  

In particular, 3a) if web-based interventions are effective, what mediators 

(e.g., self-efficacy, intention, planning, and social support) facilitate changes in 

each health behavior (HEPA/FVC)? 3b) How is the efficacy of a two-layer 

integrated social-cognitive model in explaining MHBC in Chinese college 

students? 
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1.4 Structure of the thesis 

The current thesis is divided into six chapters. The research background, 

research questions, and the significance of this thesis are discussed in Chapter I. A 

comprehensive literature review is conducted in Chapter II, including the 

definitions of critical concepts, the theoretical foundations, and the process of 

current research and practice with respect to unanswered questions in web-based 

MHBC interventions. Based on the research questions, three studies were 

conducted and are described respectively in Chapters III to V. Finally, all study 

findings and their implications are discussed in Chapter VI. 

The three proposed studies in this thesis are logically connected and address 

the three research questions from different perspectives (see Table 1.1). In 

particular, in Chapter III the first quantitative intervention study followed the 

rigorous theory-driven hypothesis (i.e., the HAPA model) to address RQ1-3, while 

in Chapter IV the second qualitative interview study can be considered as a 

supplement and extension to the first study to provide an in-depth understanding 

and elaboration of the previous quantitative results on RQ1 and 2. Finally, based 

on the previous findings, an integrated social-cognitive model was developed in 

Chapter V with a prospective study to further address RQ3 from a different 

perspective. 

Table 1.1  
Connection of research questions and studies 

Research Question (RQ) / Study RQ1 RQ2 RQ3 

Study1: RCT (quantitative) RQ1a &1b RQ2a RQ3a 

Study2: Interview study (qualitative) RQ1c &1d RQ2b  

Study3: Prospective study (quantitative)   RQ3b 

Note. RQ = research question; RCT = randomized controlled trial. 
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Study 1 addressed RQ1 and RQ2 from a quantitative perspective, aiming to 

1a) evaluate the effectiveness of two web-based sequential MHBC interventions 

(i.e., HEPA-first, FVC-first) compared to a control condition, 1b) compare the 

difference in baseline characteristics between completers and dropouts, and 2) 

identify the active ingredients (i.e., mediators) of intervention effectiveness. 

Under the theoretical guidance of the HAPA model, two web-based MHBC 

interventions were developed for Chinese college students, using a randomized 

controlled trial (RCT). This quantitative intervention study consisted of two 

phases. In the preliminary stage, we developed an intervention protocol in relation 

to the design and preparation of treatment materials for two sequential MHBC 

intervention groups and one control group. Subsequently, an online platform 

comprising three treatment modules (i.e., HEPA-first, FVC-first, and placebo 

control) was created to deliver weekly intervention sessions and questionnaire 

surveys in Study 1. Two college students and one health psychologist were invited 

to pretest the operational functions of the web-based intervention modules. 

Afterwards, the web-based health intervention program was implemented during 

the main stage of the study, including recruiting and randomizing the participants, 

executing the interventions, collecting data (four waves), and subsequent data 

processing and analysis. 

Addressing RQ1 and 2 from a qualitative perspective, Study 2 aimed to 

further evaluate the effectiveness of web-based MHBC interventions from the 

participants’ perspective. In addition, it aimed to collect feedback from the 

participants on the design, layout, and functionality of the health platform and to 

explore their views on dropping out from the health interventions. In this 

qualitative study, we interviewed the completers who completed the whole 
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web-based health program and pre- and post-tests in Study 1, and the dropouts 

who participated in the intervention study but withdrew from the process 

(attended at least one session in Study 1). One-to-one and face-to-face 

semi-structured interviews were conducted following a standard interview guide, 

and data analysis was conducted with a thematic analytic approach. Afterwards, 

the results of this qualitative study were used to interpret and complement 

previous quantitative results, and both quantitative and qualitative results were 

merged to corroborate each other in the general discussion. 

Following the results of Study 1 regarding the mediators which may facilitate 

the effectiveness of interventions on changing each health behavior), the final 

prospective study aimed to further address RQ3 from a different perspective, 

particularly focusing on both the intention-behavior relationship for each behavior 

change, and the interaction between multiple health behaviors. With this purpose 

and based on the previous findings (e.g., the CCAM), an integrated 

social-cognitive model of MHBC was developed. Structural equation modeling 

(SEM) with a path analysis approach was performed to evaluate the 

appropriateness and efficacy of the proposed model. Finally, the results of the 

three empirical studies were synthesized in the general discussion. The three 

studies were implemented step by step, as shown in Figure 1.1. 
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Figure 1.1 Structure of the thesis 
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1.5 Significance of the study 

The present thesis contributes to the understanding of the difference between 

different delivery patterns of HEPA and FVC interventions in China. In addition, 

it is the first study to model MHBC among Chinese college students. Theoretically, 

the current thesis contributes to the understanding of MHBC in the following four 

aspects:  

1. Using the randomized, placebo-controlled trial, the effectiveness of 

web-based MHBC interventions was examined in depth. The results of this study 

can provide information for future comparison with similar interventions 

implemented in different contexts. 

2. Applying theory-based (e.g., the HAPA model) interventions with Internet 

technology, new perspectives for future scientific health promotion were obtained. 

The research results can also provide additional evidence for the application and 

verification of the HAPA model in research on health behavior change. 

3. By developing an integrated social-cognitive model, the psychological 

mechanisms of MHBC targeting Chinese college students were preliminarily 

identified. This can shed light on the change process of multiple health behaviors 

and add knowledge to understand the interrelationship of multiple health 

behaviors. 

4. By conducting qualitative interviews, the subjective evaluation of the 

effectiveness of web-based interventions on promoting health behaviors was 

acquired. The qualitative component of this thesis enables us to understand the 

knowledge underlying web-based theory-guided interventions and offers a better 

understanding of easily overlooked aspects in Internet-delivered health 

interventions. 
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In practice, based on the prospective results of the comparison of different 

sequential intervention patterns and the in-depth understanding of the theoretical 

basis of MHBC, it will be possible to tailor health interventions to Chinese college 

students. In the long term, the results of this study may provide information on the 

usability of web-based interventions to promote health behaviors in the context of 

college health to improve the health status of college students in their crucial 

transition phase from adolescence to the “emerging adulthood” (Deforche et al., 

2015; Nelson et al., 2008). Through the qualitative interview approach, the user 

experience and the potential reasons for dropping out were also well investigated. 

This is particualarly conducive to the improvement and optimization of future 

Internet-delivered health interventions. Suggestions for theoretical development 

and practical applications are also provided based on the results of this thesis. 
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CHAPTER II: LITERATURE REVIEW 

The previous chapter outlined the fundamentals of this thesis, describing the 

current health problems of college students, providing a brief introduction to the 

front-burner issues in health psychology, stating the research questions, and 

proposing some approaches to address these questions. To further elaborate on 

this thesis’s rationales, the present chapter provides a comprehensive review of the 

literature on health-enhancing physical activity (HEPA) and fruit and vegetable 

consumption (FVC), health theories of behavior change, and relevant web-based 

practices targeting HEPA and FVC. 

In particular, to clarify the concepts and criteria used in this thesis, this 

chapter reviews the definitions of and health recommendations for HEPA and 

FVC. It also reviews the health benefits of HEPA and FVC to demonstrate the 

reasons for promoting these health behaviors in Chinese college students. 

Furthermore, the chapter reviews the psychosocial models of behavior change that 

are the theoretical basis of the subsequent empirical studies, including the study 

design, data analysis and interpretation. Additionally, the chapter reviews the 

psychological mechanisms and timing for delivering interventions aimed at 

multiple health behavior change (MHBC). Finally, the advantages, disadvantages, 

and application contexts of existing web-based interventions for promoting HEPA 

and FVC are reviewed to support the feasibility of conducting such interventions 

in a Chinese college population. 
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2.1 Health-enhancing physical activity and fruit-vegetable 
consumption 

This thesis focuses on an important issue in contemporary health psychology, 

namely health behaviors. Health behaviors have been defined as “overt behavioral 

patterns, actions and habits that relate to health maintenance, to health restoration 

and to health improvements” (Gochman, 1997, p.3). The behaviors that fall within 

this definition can be categorized into health-protective/promoting behaviors (e.g., 

HEPA, healthy eating, medication adherence, vaccination) and risky health 

behaviors (e.g., smoking, binge drinking, alcohol addiction, unhealthy sexual 

behavior). This thesis examined two typical health-protective behaviors: HEPA 

and FVC. The following section clarifies the definitions of HEPA and FVC, as 

well as the associated behavioral recommendations and health benefits. 

2.1.1 Definitions of HEPA and FVC 

Generally, physical activity (PA) refers to any bodily movement produced by 

skeletal muscles that results in an expenditure of energy that exceeds 1.5 

metabolic equivalents (METs) (Caspersen, Powell, & Christenson, 1985). PA can 

be categorized in a variety of ways, such as segmenting PA based on the 

identifiable portions of daily life during which the PA occurs (e.g., sleeping, at 

leisure, and at study or work) (Caspersen, 1989). Alternately, it can be categorized 

on the basis of intensity, i.e., light intensity (1.6-2.9 METs, such as walking slowly, 

washing dishes, or sitting using a computer), moderate intensity (3.0-5.9 METs, 

such as walking very briskly, bicycling with light effort, or vacuuming), and 

vigorous intensity (≥ 6.0 METs, such as hiking, playing basketball, or carrying 

heavy loads) (Powell, Paluch, & Blair, 2011). 
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The terms exercise, physical fitness and sport are closely related to but 

distinct from PA. Exercise is virtually a subcategory of PA referring to those 

planned, structured and repetitive bodily movements done to improve or maintain 

one or more components of physical fitness (Caspersen et al., 1985; Forsyth, 

2003). Physical fitness is defined as “a set of attributes that people have or 

achieve that relates to the ability to perform PA (carry out daily tasks with vigor 

and alertness, without undue fatigue and with ample energy to enjoy leisure-time 

pursuits and to meet unforeseen emergencies)” (WHO, 2007). Sport is also a 

subset of PA referring to “all forms of PA which, through casual or organized 

participation, aim to express or improve physical fitness and mental well-being, 

form social relations or obtain results in competition at all levels” (WHO, 2007). 

The term of health-enhancing physical activity (HEPA) is defined as “…any 

form of physical activity that benefits health and functional capacity without 

undue harm or risk” (Foster, 2000. p. 9; WHO, 2007). This thesis defines HEPA as 

all forms of activity that conform to this definition, including daily life activities 

(e.g., manual labor, gardening, daily housework), physical exercise (e.g., jogging, 

swimming, cycling) and sports (e.g., soccer, tennis, basketball). 

Fruit and vegetable consumption (FVC) is a cornerstone of healthy dietary 

behavior. The definition of FVC is relatively simple and is a common term used in 

our daily life. Fruit and vegetables comprise a diverse group of plant foods that 

vary greatly in terms of energy and nutrients (Slavin & Lloyd, 2012). Fruit and 

vegetables have a wide variety of colors, shapes and flavors and can be classified 

into diverse biological groups. In this thesis, FVC refers to the total daily intake of 

fruit and vegetables, excluding potatoes and other starchy tubers (Marmot et al., 

2007; WHO, 2004). 
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2.1.2 Health recommendations for HEPA and FVC 

To encourage people to engage in regular HEPA and consume sufficient FVC 

as the basis of a healthy lifestyle, different health organizations, such as the 

American College of Sports Medicine, American Heart Association, Food and 

Agriculture Organization, and World Health Organization (WHO), have 

formulated a series of health guidelines for HEPA and FVC (AHA, 2013; Whaley 

et al., 2005; WHO, 2004, 2010). Most of these organizations make similar 

recommendations, although some have been adjusted to suit populations in 

different regions. The widely used WHO recommendations for HEPA and FVC 

were adopted in this thesis. 

WHO (2017) released recommendations for both the quantity (i.e., intensity, 

frequency, duration) and quality (i.e., type, function) of HEPA. According to these 

recommendations, adults aged 18-64 should engage in HEPA (e.g., walking, 

dancing, hiking, swimming, cycling, household chores, or other planned exercise) 

to improve cardiorespiratory and muscular fitness, enhance bone health and 

reduce the risk of non-communicable diseases and depression. Specifically, they 

should do the following. 

 Adults aged from 18 to 64 years should perform at least 150 minutes of 

moderate-intensity aerobic physical activity throughout the week or 

perform at least 75 minutes of vigorous-intensity aerobic physical 

activity throughout the week or an equivalent combination of moderate- 

and vigorous-intensity activity. 

 For additional health benefits, adults should increase their 

moderate-intensity aerobic physical activity to 300 minutes per week, or 

engage in 150 minutes of vigorous-intensity aerobic physical activity per 
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week, or an equivalent combination of moderate- and vigorous-intensity 

activity. 

 Muscle-strengthening activities should be done involving major muscle 

groups on two or more days each week. 

The first of the above WHO HEPA recommendations, i.e., that adults aged 

18-64 should perform at least 150 minutes of moderate intensity (or 75 minutes of 

vigorous-intensity or an equivalent combination of moderate and vigorous 

intensity) HEPA per week, has been seen as the minimum criteria for adults to be 

considered physically active (Hallal et al., 2012). The same guideline has also 

been endorsed by the General Administration of Sport of China (GASC, 2017). 

Thus, this HEPA recommendation was used in this thesis. 

For FVC, WHO recommends that individual consumption of fruit and 

vegetables (excluding potatoes and other starchy tubers) should be at least 400 g, 

equal to 5 portions, per day, to decrease the prevalence and incidence of chronic 

diseases and reduce micronutrient deficiencies. The minimum amount of 400 g of 

fruit and vegetables should be the ultimate goal for all countries, but each country 

could set intermediate objectives to reach the recommended FVC goal according 

to their own situation. Culturally relevant fruit and vegetable consumption targets 

should be set, but people should be encouraged to increase the amount of fruit and 

vegetables they eat, preferably fresh or lightly processed. 

“Eat five fruit or vegetables a day” (in short: “5 A Day”) has been applied in 

many, mostly developed countries. This recommendation is also consistent with 

the Chinese Dietary Guidelines (2016). Therefore, “5 servings of daily FVC” was 

recommended for college students in this thesis. 
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2.1.3 Health benefits of HEPA and FVC 

There is irrefutable evidence that physical inactivity and unbalanced diet 

(especially inadequate consumption of fruit and vegetables) are the leading causes 

of preventable mortality (responsible for about 25% of all premature deaths) and 

contribute substantially to the high morbidity of non-communicable diseases 

globally (Aune et al., 2017; Dietz et al., 2016; Pronk, Peek, & Goldstein, 2004; 

Slavin & Lloyd, 2012; Warburton, Nicol, & Bredin, 2006; WHO, 2009, 2018; 

Yahia, 2019). Conversely, participating in HEPA on a regular basis and eating 

sufficient fruit and vegetables every day is advantageous to individuals’ health 

status, not only physically but also psychologically. 

2.1.3.1 Physical health benefits of HEPA and FVC 

It is widely acknowledged that regular HEPA enhances individuals’ 

immunity and metabolic capability, strengthens musculoskeletal health, and 

improves body balance and flexibility (Warburton et al., 2006). The synthesized 

findings of studies published in prominent international journals (e.g., The Lancet, 

JAMA, and CMAJ), have shown that the principal benefits of HEPA to physical 

well-being include the primary and secondary prevention of several chronic 

diseases (e.g., cardiovascular disease, certain types of cancer, diabetes mellitus, 

obesity, osteoporosis and osteoarthritis) and reduction in the risk of premature 

death (Dietz et al., 2016; Lee et al., 2012; Warburton, Nicol, & Bredin, 2006).  

A healthy diet, especially a high intake of fruit and vegetables, has been 

widely recommended due to its health-promoting properties. Fruit and vegetables 

offer concentrated vitamins (e.g., vitamins C and A), minerals (e.g., electrolytes), 

and diverse phytochemicals (e.g., ascorbic acid, carotenoids, phenolic compounds 

and antioxidants). They are also a source of dietary fiber (Mcguire, 2018; Percival 
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et al., 2006; Slavin & Lloyd, 2012). The nutrition supplied by fruit and vegetables 

substantially contributes to individuals’ physiological functions and their bodies’ 

protective mechanisms. Studies have also shown the substantial benefits of 

sufficient FVC for the prevention and treatment of some chronic diseases (Aune et 

al., 2017; Slavin & Lloyd, 2012; Yahia, 2009). A brief summary of the physical 

health benefits of HEPA and FVC is displayed in Table 2.1. 

Table 2.1  
Brief summary of the physical health benefits of HEPA and FVC 

HEPA FVC 

Primary prevention and secondary 
prevention for: 
 All-cause and cardiovascular-related 

death, stroke and hypertension (Li & 
Siegrist, 2012; Macera & Powell, 2001) 

Primary prevention and secondary 
prevention for: 
 All-cause, cardiovascular and cancer 

related death, stroke and hypertension 
(Aune et al., 2017; Wang et al., 2014) 

 Type-II diabetes (Aune & Vatten, 2016; 
Avery, Flynn, Van Wersch, Sniehotta, & 
Trenell, 2012; Dempsey, Larsen, Sethi, 
& Sacre, 2016) 

 Type-II diabetes (Carter, Gray, 
Troughton, Khunti, & Davies, 2010 ; 
Villegas et al., 2008) 

 Certain types of cancer (e.g., breast, 
prostate, colorectum, endometrium, and 
lung cancers) (Anzuini, Battistella, & 
Izzotti, 2011; Moore et al., 2016) 

 Certain types of cancer (e.g., non-cardia 
gastric, pancreatic, lung ) (Aune et al., 
2012; Farvid et al., 2019; Reiss et al., 
2012) 

 Osteoporosis and osteoarthritis (Garber 
et al., 2011; Janssen & LeBlanc, 2010; 
Warburton et al., 2006) 

 Osteoporosis and osteoarthritis 
(Brondani et al., 2019; Prynne et al., 
2006; Palacios, Joshipura, & Willett, 
2009) 

 Obesity (Chin et al., 2016; de Lannoy & 
Ross, 2019) 

 Cataracts, chronic obstructive pulmonary 
diseases, diverticulosis, and 
inflammatory symptoms (e.g., arthritis, 
rheumatoid disease) (Vanduyn & 
Pivonka, 2000; Yahia, 2019) 

Note. HEPA = health-enhancing physical activity; FVC = fruit and vegetable consumption. 

2.1.3.2 Mental health benefits of HEPA and FVC 

In addition to the physical benefits of regular HEPA and adequate FVC, 

experimental and epidemiological evidence has demonstrated the critical role of 
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HEPA and FVC in improving the overall level of subjective well-being by 

mitigating stress and anxiety, attenuating non-clinical depression, enhancing 

cognitive functions, and triggering enjoyment (Downward & Rasciute, 2011; 

Jacka et al., 2011; Liu, Yan, Li, & Zhang, 2016; Lovell, Nash, Sharman, & Lane, 

2015; McMartin, Jacka, & Colman, 2013; Medsker, Forno, Simhan, Juan, & 

Sciences, 2016; O’Neil et al., 2014; Ströhle, 2009). 

HEPA not only benefits individuals’ physiological fitness but has also been 

presented as a “panacea” for many emotional ills (Morgan, 2013. p. 3). For 

example, a meta-meta-analysis covering 398 randomized controlled trials with 

15,065 participants, demonstrated that HEPA has a medium effect in mitigating 

(Standard mean difference [SMD] = -.50, 95%CI = -0.93 to -0.06) and a small 

effect in reducing anxiety (SMD = - .38, 95%CI = - 0.66 to - 0.11) in non-clinical 

samples (Rebar et al., 2015). Moreover, empirical evidence has shown a 

consistently positive association between HEPA and perceived quality of life, 

suggesting that sufficient HEPA contributes to improvements in multiple aspects 

of quality of life (Bize, Johnson, & Plotnikoff, 2007; Duan, Liang, Guo, Wienert, 

Si, & Lippke, 2018; Duan, Wienert, Hu, Si, & Lippke, 2017; Gill et al., 2013). 

The potentially contribution of FVC to the development of mental health has 

also been demonstrated in an increasing number of studies (Jacka et al., 2011; Liu 

et al., 2016; McMartin et al., 2013; O’Neil et al., 2014; Strine et al., 2005; Walsh, 

2011). For instance, a meta-analysis of ten studies involving 218,699 participants 

revealed an inverse association between FVC and relative risk of depression, and 

other longitudinal studies presented consistent findings (Johnson, Robertson, 

Towey, Stewart-Brown, & Clarke, 2017; Liu et al., 2016; McMartin et al., 2013). 

In addition, the associations of FVC with anxiety and stress have been identified 
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in numerous studies, as have the links between sufficient FVC and well-being 

(Blanchard et al., 2004; McMartin et al., 2013; Strine et al., 2005; Unusan, 2006; 

Weng et al., 2012). 

2.1.3.3 Why does this thesis focus on both HEPA and FVC? 

Over the past decades, most studies have addressed individual health 

behaviors (e.g., HEPA or FVC) as categorically separated entities. As a result, the 

interrelationships between multiple health behaviors have been artificially 

disconnected. In fact, health behaviors are not completely independent and 

knowledge about the determinants of one behavior may be generalized to other 

similar behaviors (McEachan, Lawton, & Conner, 2010). Studies have shown that 

these similar behaviors usually occur jointly and may generate synergistic or 

additive effects, such that simultaneously changing similar health behaviors can 

lead to unexpected health benefits and outcomes (Prochaska et al., 2005; Lippke 

et al., 2012; Södergren et al., 2012). MHBC interventions have a variety of 

advantages over interventions targeting a single health behavior (Prochaska et al., 

2008). For example, a meta-analysis of MHBC interventions in dietary behavior, 

HEPA, and smoking (Wilson et al, 2015) concluded that interventions targeting a 

moderate number of health recommendations resulted in the highest level of 

behavioral change. Moreover, interventions targeting multiple health behaviors 

have been identified as a practical way to improve overall health due to their 

greater success in maximizing health promotion, increasing health benefits and 

outcomes, and reducing healthcare costs (Amato et al., 2016). 

Generally, both as health-protective behavior, HEPA and FVC constitute a 

typical pattern of healthy lifestyles (WHO, 2009). The close association between 

HEPA and FVC has been supported by a growing body of evidence (Fleig et al., 
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2015; Tan, Whittal, Lippke, 2018). Studies have suggested that the synergistic 

effects of physical activity and diet-related behaviors, including those that affect 

health directly and via their effects on several chronic diseases and mental 

well-being, are much greater than any single pathway (Greaves et al., 2011; 

Grossman et al., 2017; Johnson et al., 2017; Kanera et al., 2017; Popkin, Kim, 

Rusev, Du, & Zizza, 2006). For example, studies of weight management and 

obesity have shown that combining HEPA and FVC has more robust effects than 

HEPA-alone and diet-alone intervention (Chin et al., 2016; Manzoni et al., 2011).  

Given the above, this thesis focused on comprehensive lifestyle promotion, 

including HEPA and FVC. Additionally, given the tremendously beneficial 

consequences of such two behaviors for the overall health, the body mass index 

(BMI) and depression level which respectively represented the physical and 

mental aspects of health outcomes, and an overall indicator of health outcomes 

(i.e., perceived quality of life) were selected as secondary outcome varibales in 

the intervention study discussed in Chapter III. 

2.1.4 HEPA and FVC in college students 

There is a general belief that multiple risky behaviors such as physical 

inactivity and inadequate intake of fruit and vegetables increase individuals’ 

vulnerability or susceptibility to negative health consequences (Deforche et al., 

2015; Dodd, Al-Nakeeb, Nevill, & Forshaw, 2010; Wang, Ou, Chen, & Duan, 

2009). Previous studies have shown that college students have low compliance 

with HEPA and FVC recommendations during their transition period from 

childhood to adulthood (Pengpid et al., 2015; Wengreen & Moncur, 2009; Yahia, 

Wang, Rapley, & Dey, 2016). In Western countries, approximately 23% to 60% of 

college students do not meet the WHO HEPA guidelines, and less than 30% of 
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this population achieves the FVC recommendation (Aceijas et al., 2017; Kyrkou 

et al., 2018; Pengpid et al., 2015; Teschl et al., 2018). In China, studies have 

indicated that about 40% of Chinese college students cannot adhere to the 

recommendation of at least 150 accumulated minutes of moderate physical 

activity per week (Dong & Wang, 2018; Dong & Zhang, 2013; Li, Yang, & Yang, 

2018), and more than half of this population does not achieve the recommended 

consumption of five daily servings of fruit and vegetables (Li, 2014; Li et al., 

2018; Pang et al., 2017) 

It is widely known that college students are in a crucial transition stage from 

late adolescence into adulthood, that is characterized by rapid, interrelated 

changes in physiology, ideology, and social relationships (Wang et al., 2009). 

During this period of “emerging adulthood”, young adults leave their parental 

home and increase their autonomy in decision-making. These changes can include 

the abandonment of routines and habits established during high school and the 

adoption of a new lifestyle that predisposes them to unhealthy lifestyle habits such 

as sedentary behavior and lower fruit and vegetable consumption (Deforche et al., 

2015; Nelson et al., 2008). The adoption of such poor health behaviors during this 

critical period can increase the risk of many chronic diseases (e.g., obesity, type II 

diabetes, some cardiovascular diseases, and bone or joint complications) and 

jeopardize their mental wellbeing (e.g., increase the risk of depression, stress, and 

anxiety) (Adams & Colner, 2008; Lovell et al., 2015; Staiano, Marker, Martin, & 

Katzmarzyk, 2016; Unusan, 2006). Moreover, such a pattern of unhealthy lifestyle 

behaviors, which is reinforced during this phase, can persist into later life and 

result in huge health expenditures and burden for both individuals and society 

(Deforche et al., 2015;Feng et al., 2018; Friedman et al., 2008).  
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Given this, strategies to foster regular HEPA and sufficient FVC in college 

students are particularly warranted. This thesis therefore targeted the HEPA and 

FVC behaviors of Chinese college students. 

2.2 Theoretical Basis of Research 

Over the past four decades, psychologists and behavioral scientists have 

proposed a wide variety of psychosocial theories to describe, explain, and predict 

the health behavior change. These theories and models have contributed to the 

development of effective interventions to change health behaviors. In the 

following sections, the theoretical framework (the HAPA model) that was used to 

guide the health intervention used in this thesis is described in detail. Thereafter, 

the theoretical basis (the CCAM) that was used to explore the psychological 

mechanisms of MHBC is discussed. 

2.2.1 Psychosocial theories of single health behavior change 

Comprehensive reviews of the psychosocial theories that have been widely 

used in the health domain over the past four decades, have identified two major 

categories of psychosocial theories: continuum theories and stage-based models 

(Duan, Brehm, & Wagner, 2006; Schwarzer, 2008). 

2.2.1.1 Continuum theories 

Psychosocial theories of health behavior change postulate that individuals’ 

motivations may be improved by interrelated factors that eventually lead to 

sustained behavior change. Continuum theories (also known as motivational 

theories) assume that each person can be placed along a continuum motivation 

and their relative position reflects the probability of action (Armitage & Conner, 

2000; Weinstein, Rothman, & Sutton, 1998). A variety of predictor variables have 
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been identified and synthesized into a predictive equation that can estimate the 

likelihood of action (or at most, the possibility of behavioral intention and 

motivation) and indicate the possible route of behavior change, which will help 

the individual move towards the desired action. Most of these models were mainly 

based on the assumption that individuals’ behavior is the direct outcome of 

conscious intention (e.g., “I intend to eat at least 5 portions of fruit and vegetables 

each day on average”). A parsimonious set of predictors including critical 

determinants such as attitudes, beliefs, perceived self-efficacy, perceived barriers, 

social norms, and personal vulnerability have been combined into the prediction 

equation and used to explain how intentions are formed and behaviors changed 

(Duan et al., 2006; Schwarzer, 2008). The most prominent of such approaches are 

the health belief model (HBM; Maiman & Becker, 1974), protection motivation 

theory (PMT; Rogers, 1983), social cognitive theory (SCT; Bandura, 1986), 

theory of reasoned action (TRA; Fishbein & Ajzen, 1981), and theory of planned 

behavior (TPB; Ajzen, 1985). 

Although these continuum theories offer a powerful explanation for 

behavioral intentions, they cannot effectively account for behavior variance. 

Studies have demonstrated that although TRA and TPB indicate the important 

predictors of the health behavior change, they cannot significantly explain the 

variance in behavior at most of the time (Hagger, Chatzisarantis & Biddle, 2002; 

Sheeran & Webb, 2016). In a meta-analysis of 72 studies, Hagger et al. (2002) 

found that the constructs of the TPB model (e.g., attitudes, subjective norms and 

perceived behavior control) explained 44.50% of the variance in intentions, 

whereas TRA accounted for only 37.27% of the variance in intention. Both TPB 

and TRA had only slight power in explaining the variance in behavior, accounting 
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for 27.41% and 26.04% respectively. Thus, continuum theories do not account for 

the post-intentional phase in which motivation is translated into action. This black 

box between intentions and behaviors is often called the “intention-behavior gap” 

(Rhodes & Bruijn, 2013; Sheeran & Webb, 2016; Vallerand, Rhodes, Walker, & 

Courneya, 2016). The other theoretical deficiency of continuum theories is that 

they use a single prediction rule to describe complicated behavioral changes. They 

model cognitive and behavioral changes as occurring in a linear fashion, and thus 

posit a “one-size-fits-all” intervention approach for all individuals. As a result, 

qualitative changes over time (e.g., change in mindsets, transitions, or fluctuation 

in behavior) are largely neglected in these models (Duan et al., 2006; Schwarzer, 

2008). 

2.2.1.2 Stage-based models 

To overcome the limitations of continuum theories, stage-based models take 

the process characteristics into consideration and propose a series of qualitative 

stages. In stage-based theories, different factors are assumed to be more or less 

important at different stages, and specific strategies can be used at each stage 

(Prochaska & Velicer, 1997; Schwarzer, 2008). The most popular stage-based 

models used in the contemporary health domain are the transtheoretical model 

(TTM; Prochaska, & DiClemente, 1982), Berlin exercise stage model (BSM; 

Fuchs, 1999, 2001), multi-stage model (MSM; Lippke & Ziegelmann, 2006) and 

four steps from inactivity to activity model (FIT Model; Brehm et al., 2010; Duan 

et al., 2010). 

Studies have shown that stage-based models better account for most 

behavior-related variance than continuum theories. Nevertheless, some 

psychologists have argued that the proposed stages are pseudo-stages derived 
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from the factitious description of the behavior change process, and they have 

questioned the classifications of stages (e.g., they argue that using time-spans to 

define behavioral stages is not valid) (Abraham, Norman, & Conner, 2000; West, 

2005). Researchers argue that the alleged stages are not “genuinely qualitative”, 

but are “arbitrary subdivisions of a certain continuous process” (Weinstein et al., 

1998; Sutton, 2000, 2005). Many studies have provided support for this critique; 

for example, some researchers found that in the smoking population, the 

precontemplators, contemplators, and preparers did not correspond to the criteria 

used to determine the specific qualitative stages, but were at different points along 

an underlying continuum (Kraft, Sutton, & McCreath Reynolds, 1999). Moreover, 

stage-based models have been also criticized for their disappointing 

sustained-efficacy in guiding health promotion interventions. Adams (2003) 

demonstrated that the long-term effect of TTM-based intervention was 

unsatisfactory. Adam and White (2005) suggested that stage-based health 

promotion intervention have failed to appreciate the true complexity of the 

promotion task, thus leading to the unsatisfactory treatment outcomes. 

2.2.1.3 A Hybrid model: HAPA 

The traditional continuum theories of health behavior change have been 

mainly criticized for focusing only on the motivation phase, thereby omitting the 

subsequent action phase, which has a more decisive effect on changes in health 

behaviors. The implicit stage-based models have also been criticized as limited 

because of the abrupt shift between pseudo-stages, the complexity of designing 

interventions, and the weak efficaciousness in obtaining sustained treatment 

effects. In response, Schwarzer (1992, 2008) developed the HAPA model, which 

combines the merits of continuum theories and stage-based models and 
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overcomes their deficiencies. The HAPA model explicitly encompasses 

post-intentional elements to overcome the intention-behavior gap and refines the 

characteristics of stages to make them more applicable to health promotion 

interventions (Lippke, Ziegelmann, & Schwarzer, 2004; Luszczynska & 

Schwarzer, 2003; Schwarzer, 1992, 2008). 

The HAPA model suggests that there are two distinctive phases in the health 

behavior change process: the motivational phase and volitional phase. In the 

motivational phase (pre-intentional motivational process), individuals form their 

intentions to change their health behavior. Subsequently, individuals enter the 

volitional phase (post-intentional volitional process), in which their intentions can 

be translated into action and the health behavior initiates. Therefore, the HAPA 

model is an implicit stage model. Within the two phases (“implicit stages”), 

different patterns of social cognitive factors may emerge for stimulating the 

intention, influencing the process of transforming intention into action, and 

maintaining the establishment of health behavior (see Figure 2). In the initial 

motivation phase, an individual generates an intention to change his or her 

behavior. In this phase, three social-cognitive factors contribute to the forming of 

the intention: risk perception, outcome expectancies and action self-efficacy 

(Schwarzer, Cao, & Lippke, 2010). 

Risk perception is described as a distal antecedent (e.g., “I am at risk for 

overweight or obesity”), which in itself is inadequate for enabling an individual to 

develop an intention. However, it provides a foundation for the contemplation 

process and enables the individual to further elaborate their thoughts about the 

consequence of the health risk and competency of addressing it. 
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Outcome expectancies, which have positive and negative aspects, are equally 

important in the motivation phase. The positive outcome expectancies (e.g., “If I 

perform moderate PA five times each time, I will reduce my overweight risk”) are 

particularly important in forming intentions when an individual is balancing the 

pros and cons of the outcomes of a behavior change. 

Action self-efficacy refers to an individual’s confidence in his/her capability 

to perform a desired behavior (e.g., “I am certain I can adhere to the moderate PA 

in spite of the temptation to play computer games”), which, operating in concert 

with positive outcome expectancies, substantially contributes to developing an 

intention, especially the intention to adopt a difficult behavior, such as regular 

HEPA. 

After the inclination toward a specific health behavior is formed, the critical 

task is to transform the intention into action and then maintain the behavior. 

During this translation and maintenance process, an individual may confront a 

series of obstacles, such as a lack of HEPA partners, or bad weather. In such cases, 

the behavior cannot be initiated and maintained through a single act of will, but 

involves ongoing effective strategies and self-regulation. Therefore, self-efficacy 

(i.e., maintenance self-efficacy and recovery self-efficacy) and planning are 

valuable proximal social-cognitive factors that may fill the intention-behavior gap 

in the volitional phase. Furthermore, social support, which is defined as one’s 

belief that one can receive social support for from family, friends and other 

accessible resources, works throughout the motivational and volitional phases, 

helping an individual inspire the intention, maintain the action, and prevent 

relapses. 
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Maintenance self-efficacy refers to optimistic confidence in one’s capability 

to overcome barriers that arise during the maintenance period, thus it is also called 

as coping self-efficacy. 

Recovery self-efficacy is described as optimistic beliefs in one’s capability to 

tackle with the experience of failure and recover from setbacks. 

Planning is subdivided into action planning and coping planning, which are 

described as the scenarios and preparatory strategies for approaching a 

challenging task. Action planning is more than an extension of the intention, as it 

consists of specific situation parameters (“when” and “where”) and a sequence of 

action (“how”). For example, “I plan to go swimming at the campus pool with my 

friends every Thursday” is an action plan, not an intention. Studies have shown 

that action planning is more likely to lead to actions in a shorter period of time 

than an intention, as it can help individuals escape from “automatic behavior 

patterns.” Individuals are also more likely to remember their intention when the 

behavior is specified in a when, where, and how manner (Gollwitzer & Sheeran, 

2006). Coping planning refers to the anticipation of obstacles and the generation 

of alternative behaviors to overcome them. For example, “If I plan to go 

swimming on Thursday but the facility does not permit it, I will do yoga instead.” 

Coping planning helps an individual generate specific strategies to deal with 

barriers to behavior change that suit their personal context.  

Apart from these two implicit stages (i.e., motivational and volitional), to 

help design interventions, HAPA model turns the implicit stage model into an 

explicit one by identifying individuals as being in either the motivational stage or 

the volitional stage and further subdividing the volitional group into those who 

have only intentions, but have not acted and those who have taken action. This 
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results in three subdivisions (also called three mindsets): non-intender, intender, 

and actor. In particular, “non-intenders” refers to individuals at the motivational 

stage, whereas those who are at the post-intentional stage and have not yet taken 

action are “intenders”. Individuals who are at the action stage are “actors”. 

Interventions can use this classification system to tailor the treatments for 

individuals at different stages. 

Figure 2.1 Health Action Process Approach (HAPA; Schwarzer, 2008) 

To sum up, the HAPA model can be described from two perspectives. As a 

stage model, it divides the process of behavior change into three stages, 

non/preintentional stage (non-intender), postintentional, and preactional stage 

(intender) and action stage (actor). As a continuum model, an individual develops 

the intention to adopt specific health behaviors in the motivational phase: action 

self-efficacy, outcome expectancies, and risk perception serve as distal 

social-cognitive predictors that collectively contribute to the formation of 
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behavioral intentions during this phase. The individual enters the volitional phase 

once the “good intention” is initiated. At this phase, the individual benefits the 

most from planning strategies, which can be the bridge from intention to behavior 

(Reinwand et al., 2016). Self-regulatory skills (e.g., self-monitoring, awareness of 

standards, and investment of efforts) are necessary to maintain progress once 

people have initiated a healthy behavior. Positive behavior change will be guided 

by self-efficacy (maintenance and recovery), as this regulates how much effort is 

invested in goal achievement and how much persistence is maintained if obstacles 

and setbacks occur. Additionally, perceived social support is equally important in 

preventing relapses, and can also serve as a predictor of the behavior change. 

Thus, the intention, planning and behavior initiation establish a continuum process 

of behavior change, which involves an intention as the motivational predictor and 

other social-cognitive variables (e.g., self-efficacy and planning) as the volitional 

predictors that determine the behavior change process. In this thesis, the 

continuum feature of HAPA model was used to guide the interventions to improve 

the HEPA and FVC in Chinese college students, while the stage feature of HAPA 

model was used to guide the exploration of underlying psychological mechanisms 

of behavior change. 

2.2.1.4 Application of HAPA model 

As a well-established social cognitive model, the HAPA model has been 

widely applied to various health areas, such as to promote HEPA adherence in 

cardiac rehabilitation (Scholz et al., 2005), breast self-examination (Luszczynska 

& Schwarzer, 2003), seat belt use, dental flossing (Schwarzer et al., 2007), 

condom use (Teng & Mak, 2011), dietary behavior (Renner et al., 2009), smoking 

cessation (Schwarzer, Lippke, & Luszczynska, 2011), and alcohol reduction 
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(Schwarzer et al., 2011; Wilson et al., 2017). Moreover, the HAPA model has been 

extensively verified across population samples from different countries, age spans, 

genders, and non-clinical and patient samples. 

In Western countries, the stage and continuum features of the HAPA model 

have been used to implement a series of health interventions. For instance, Lippke 

et al. (2004) designed a HAPA-based planning intervention for 560 orthopedics 

rehabilitation patients and found that patients who had formed intentions and 

actions plans were more likely to adhere to the recommended HEPA guidelines. 

This finding suggested that matching treatment to patients in a particular stage is a 

promising procedure. Similarly, an intervention to increase the use of dental 

flossing used a sample of 151 university students to show the effectiveness of 

action planning and action control in improving the frequency of dental flossing, 

further demonstrating the merits of HAPA-based interventions (Schüz, Sniehotta, 

& Schwarzer, 2007). Other clinical longitudinal intervention studies of cardiac 

patients and the elderly (Evers, Klusmann, Schwarzer, & Heuser, 2012; Sniehotta, 

Scholz, & Schwarzer, 2006) have also produced supporting evidence for the 

effectiveness of HAPA-based interventions. The effects of HAPA-based 

interventions on promoting healthy diet have also been thoroughly supported 

(Alexander et al., 2010; Pakpour & Soleimani, 2017; Rohani, Eslami, & Ghaderi, 

2016; Stadler, Oettingen, & Gollwitzer, 2010). With the burgeoning research 

interest in multiple health behaviors, HAPA model has been used to design the 

interventions for multi-health behavior change. For example, an 8-week 

web-based intervention program to promote HEPA and FVC in population with 

lower cardiovascular risk was developed by German and Dutch researchers 
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(Reinwand, Kuhlmann, Wienert, de Vries & Lippke, 2013). The intervention was 

found to be effective (Storm et al., 2016; Reinwand et al., 2016). 

In China, the HAPA model has been widely used most in the clinical fields, 

including special childcare (He, 2017), dietary behavior of patients with 

polycystic ovarian syndrome (Du et al., 2014), rehabilitation of knee arthroplasty 

(Ling, 2015), pregnancy care (Du et al., 2014), self-efficacy for patients with 

intestinal colostomy (Lu et al., 2016) and fall prevention (Xie et al., 2014). For 

non-clinical populations, HAPA model-based interventions have been used to 

promote HEPA intention and exercise behavior in different samples (college 

students, adults, adolescents, and university staff) (Cao & Xie, 2011; Chang, 

2013; Duan, Liu, & Wei, 2010; Shen, Liu, & Mao, 2012; Wang, 2016). 

Additionally, studies have shown that such theory-based interventions are 

effective in improving healthy dietary behavior (Zhang et al., 2017; Zhou, 2012). 

Despite the overwhelming body of evidence for the efficaciousness of the HAPA 

model in guiding interventions to promote single health behavior in the Chinese 

population, there have been only limited number of HAPA-based interventions 

targeting MHBC, especially interventions that promote both HEPA and FVC 

behaviors in college students. To fill this gap, in 2014, Duan et al. collaborated 

with Lippke et al. to design an 8-week HAPA-based Web-delivered intervention 

programs tailored to a Chinese sample (Duan et al., 2017). Their study of 

university students found that the improvement in the psychosocial variables of 

HEPA and FVC were significant after the HAPA-based e-health intervention (all P 

< .05, Eta2 = 0.08-0.20), and the stages of HEPA and FVC progressed significantly 

compared with the control group (P < .05). This RCT study provided convincing 

evidence for the effectiveness of the HAPA-based intervention in changing 
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multiple health behaviors; it also established a foundation for MHBC 

interventions designed for Chinese college students. 

Given these findings, in the current thesis, the HAPA model was used to 

develop web-based interventions for promoting multiple health behaviors, 

specifically HEPA and FVC, in a sample of college students. Moreover, based on 

the findings that intention, self-efficacy, planning, and social support are 

mediators of change in health behavior interventions (Anderson et al., 2010; 

Lippke et al., 2015; Luszczynska et al., 2010; Schwarzer et al., 2011), this thesis 

further identified the role of these variables in mediating the effectiveness of 

interventions for changes in a single health behavior (HEPA or FVC).  

2.2.2 Psychosocial theories of multiple health behavior change 

Historically, the psychosocial theories discussed in the previous section (e.g., 

HBM, PMT, SCT, TPB, TTM, and HAPA) have been widely applied in research 

on single health behavior change (SHBC), giving insights into a specific behavior 

but providing scanty understanding of the associations between diverse behaviors 

and the psychological mechanisms of MHBC (Fleig et al., 2015; Noar et al., 

2008). To explain the complex changing process of multiple health behaviors, it is 

first necessary to disentangle the link between at least two health behaviors and 

the association between specific social-cognitive constructs (e.g., self-efficacy and 

planning) (Noar et al., 2008). 

2.2.2.1 Interrelationship between multiple health behaviors 

Previous studies have identified two major functional interrelationships 

between multiple health behaviors. One line of research has suggested that the 

interconnected behaviors (e.g., HEPA and healthy dietary behavior) may be 

positively related to each other, which means that changing one behavior may 
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facilitate or bring along changes in the same direction in the linked behavior (e.g., 

“When I exercise regularly, it is easier for me to eat healthily”) (Fleig et al., 2015; 

Södergren et al., 2012; Spring et al., 2012). Thus, there may be a putative 

“carry-over,” “transfer,” “gateway,” or “spillover” effect between diverse health 

behaviors. Some empirical studies have provided support for this assumption. For 

example, a RCT study of middle-aged women with overweight or mild obesity, 

found that more autonomous exercise motivation predicted eating self-regulation, 

which implied that exercise motivation facilitated improvements in eating 

self-regulation for weight control in women (Mata et al., 2009). Three studies with 

a total of 4794 individuals that examined the relationship between the stages of 

change in different health behaviors found consistently strong associations 

between dietary behavior and physical activity (r = .16 to .26, P < .01), which 

suggested that success in HEPA (or dietary behavior) can be used to facilitate 

changes in dietary behavior (or HEPA), with the aim of improving a healthy 

lifestyle (Lippke et al., 2012). Fleig et al. (2015) examined the interrelationship 

between HEPA and FVC in a sample of 2693 adults (Mean age = 37.2 years, SD = 

11.4 years) and demonstrated that changes in HEPA and FVC facilitated each 

other.  

However, some behavioral scientists have posited that in contrast to the 

carry-over effect, there is a “compensatory,” “complementary,” “suppress,” or 

“substitute” effect between closely correlated behaviors (Geller et al., 2017; 

Spring et al., 2012). They have argued that changing one behavior may crowd out 

or make room for interconnected behaviors, suggesting that a change in one 

behavior may hinder rather than facilitate change in other behaviors (e.g., “I can 

compensate for not being very active by eating less and healthily”) (Bryant et al., 
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2012; Hagger, Wood, Stiff, & Chatzisarantis, 2009; Nigg et al., 2009). Most of 

these studies have been conducted in young adult populations. For instance, Nigg 

et al. (2009) investigated the compensatory effects between multiple health 

behaviors in 973 college students and found a compensatory effect between HEPA 

and alcohol behavior. Bryant et al. (2012) found that young college students 

exhibited a range of compensatory behaviors associated with alcohol drinking 

behavior. Moreover, a theory-based online health behavior intervention found that 

the new students in the intervention group had a higher intake of recreational 

drugs after eating more fruit and vegetables, in addition to increased HEPA, and 

reduced alcohol consumption, which implied that the students believed that their 

attempts to adopt health behaviors compensated for their unhealthy behavior (i.e., 

drug addiction) (Epton et al., 2014).  

The underlying assumption of these studies of functional interrelationships 

between multiple behaviors is that many lifestyle behaviors share the same neural 

circuitry, and thus people have limited self-regulatory resources and aims (e.g., to 

achieve positive reinforcement) (Baumeister & Vohs, 2007). Accordingly, 

intervening in one behavior can lead to corollary changes in other health 

behaviors (Spring, Schncider, & McFadden, 2010). Psychologists have suggested 

that the transfer mechanism and compensatory health beliefs are important factors 

underlying the relationship between multiple health behaviors (e.g., HEPA and 

dietary changes) (Fleig et al., 2014; Lippke, 2014).  

The transfer mechanism concept is drawn from the SCT, which postulates 

that success in experiences, skills, knowledge and self-efficacy can be transferred 

to different behaviors and domains (Bandura, 2001). Barnett and Ceci (2002) and 

Hammer et al. (2005) described the transfer construct as the process through 
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which knowledge or competencies acquired in one context (i.e., a training 

situation or behavior) facilitate future learning in another context (i.e., a transfer 

situation or behavior) by activating cognitive strategies that have previously been 

generated. Building on this, Fleig et al. (2014, 2015) developed a theoretical 

framework of cross-behavior regulation (CBR framework) to explain the transfer 

mechanism between multiple health behaviors. This framework suggested that 

previous habit strength and transfer cognitions were crucial in the transfer process 

between different behaviors. Although there has been a substantial amount of 

research on the transfer mechanism in educational and occupational areas, there 

have been comparatively few studies in the health behavior domain. 

The concept of compensatory health beliefs, stems from the compensatory 

health beliefs model (CHBM) (Knäuper, Rabiau, Cohen, & Patriciu, 2004). The 

CHBM posits that individuals justify unhealthy behavior choices by believing that 

engaging in healthy behaviors will neutralize indulgent behaviors (Knäuper et al., 

2004). Compensatory health beliefs can exist in any individuals and can be 

activated to explain why an intention failed to be transformed into behavior or as a 

justification for unhealthy behaviors. This activation can appear either prior to 

time in which the behavior should be performed (as a reason for not doing it) or 

subsequently (as a justification for unfulfilled goals, also known as dissonance) 

(Berli, Loretini, Radtke, Hornung, & Scholz, 2014; Lippke, 2014; Werle, 

Wansink, & Payne, 2011). To date, few studies have explicitly test the role of 

compensatory beliefs in the multiple health behavior domain. 

2.2.2.2 Compensatory Carry-over Action Model (CCAM) 

Integrating the state-of-the-science research mentioned above, Lippke (2014) 

developed a novel psychological model, the compensatory carry-over action 
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model (CCAM), to comprehensively explain the underlying psychological 

mechanisms of MHBC. Based on the HAPA model, which suggests that 

social-cognitive factors facilitate different behaviors, the CCAM adds the 

assumption about the interrelationships between multiple health behaviors into the 

HAPA model and thus considers the role of life goals (Heckhausen, Wrosch, & 

Schulz, 2010; Riediger, Freund, & Baltes, 2005), carry-over mechanisms, and 

compensatory cognitions in changes in multiple health behaviors. 

The CCAM proposes two layers in the changing process of multiple health 

behaviors: 1) social-cognitive variables mediate the association between intention 

and behavior, and 2) multiple health behaviors interact with each other (see Figure 

3). In the first layer targeting single health behavior, the CCAM predicts that 

behavior change starts with forming an intention (e.g., “I intend to eat at least five 

servings of fruit and vegetables every day”). The intention then has to be 

translated into plans (e.g., “I have precisely planned, when, where and how I will 

consume fruit and vegetables”), which are also known as implementation 

intentions; Gollwitzer & Sheeran, 2006). If the plans specify how to overcome 

barriers or obstacles, the strategies can be executed automatically. This also 

improves goal pursuit and increases the likelihood of action (behavior 

performance) (Adriaanse, Vinkers, De Ridder, Hox, & De Wit, 2011). 

Self-efficacy is another important factor that determines the goal pursuit and 

behavior performance. However, the CCAM recognizes that many individuals 

implementing these plans will confront problems that can arise from other health 

behaviors. Thus, it is necessary to pay attention to inter-behavior effects such as 

compensatory cognitions and the carry-over mechanism (i.e., transfer 

mechanism).  
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In the second layer targeting multiple health behaviors, the CCAM models 

the compensatory cognitions between diverse behavioral intentions and the 

carry-over mechanisms between different social-cognitive determinants of 

behavior change (e.g., self-efficacy, planning) (see Figure 2.2). 

Figure 2.2 Compensatory Carry-over Action Model (CCAM; Lippke, 2014) 

Compensatory cognitions (CCs), which are identified in the CHBM 

(Knäuper et al., 2004), emerge when individuals perceive a discrepancy between 

their intentions (e.g., perform PA three times a week) and their actual behavior 

performance (engaging in PA only one time each week). Individuals try to reduce 

the dissonance (perception) through cognitive or behavioral actions. An example 

of an action to reduce cognitive dissonance is adjusting the intention from “three 

times each week” to “one time every week.” CCs can influence the performance 

of subsequent complex behavior. For instance, a student who is overweight is 

given the recommendation to perform regular HEPA and eat a healthier diet, but 

has huge difficulties with both behaviors. In this case, the CC “If I have engaged 

in HEPA at least three times this week, I can eat a piece of fried chicken” might 
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help him or her adopt the HEPA behavior. Over time, if he/she experiences the 

positive results of (e.g., feelings of relaxation, happiness or more energy), the 

piece of fried chicken will not be needed any more to trigger the HEPA behavior. 

Thus, CCs can function as intentions, post-hoc explanations or subjective 

beliefs, and can determine whether individuals act in accordance with their 

intentions, and what the possible psychological consequences are. For instance, 

the individual in the previous example had originally developed the intention to 

eat no fried chicken and to perform regular HEPA at least three times per week. 

During the first two weeks, the person could only manage to engage in HEPA by 

rewarding him/herself with a piece of fried chicken, which is contrary to the 

intention to not eat fried food, but in line with his/her CCs that performing HEPA 

will compensate for eating unhealthy food. However, maintaining the intention to 

not eat fried food helps the individual change the reward stimuli from fried 

chicken, to the rewards of regular HEPA, such as feeling happier or more 

energetic. Previous studies have indicated that CCs were influential factors in 

self-regulation failure and lower goal-attainment, and they were negatively 

correlated with the intention to adopt health behaviors when self-efficacy was low 

(Storm et al., 2017) and positively correlated with risk behaviors and symptoms 

(Kronick & Knäuper, 2010; Poelman, Vermeer, Vyth, & Steenhuis, 2013; Radtke, 

Scholz, Keller, & Hornung, 2012). Moreover, CCs were found to be associated 

with fewer health behaviors and less movement between motivational stages 

(Kronick & Knäuper, 2010; Radtke et al., 2012).  

The CCAM suggests that only medium levels of CCs have a positive effect 

on the enactment of health behaviors (in the example stated above, eating a piece 

of fried chicken as motivation could be given up after two weeks). According to 
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the CCAM, high levels of CCs will exert negative influences on behavior change, 

and CCs can be harmful if they cause individuals to give up an intention. 

However, theoretically, CCs can also set the stage for a new intention and the 

related behavior (dotted lines in Figure 1). When the interventions aim to promote 

multiple health behaviors, it is imperative to 1) prevent CCs from suppressing or 

hindering the formed intention (e.g., FVC), and to (2) foster medium CCs that are 

related a second behavior (e.g., HEPA) that could actually facilitate both 

behaviors. Therefore, it is valuable to examine how individuals translate their CCs 

into compensatory behavior via intentions and plans. This can be theoretically 

achieved by forming a new intention (dotted lines in Figure 1). 

Carry-over mechanisms (COMs) are also known as transfer mechanism 

(Barnett & Ceci, 2002; Fleig et al., 2014, 2015; Hammer et al., 2005). The CCAM 

suggests that one can define a COM as a mechanism that transfers resources from 

one domain to another, or allow one behavior serve as a gateway to another 

(Dutton et al., 2008; Fleig et al., 2011, 2014, 2015). Take the example of an 

individual who has formed the intention to perform regular HEPA at least three 

times per week and adopted some plans to help initiate or maintain the behavior 

performance. During this volitional process, the individual’s self-efficacy in 

behavior A (e.g., “I am certain I can perform HEPA in accordance with my 

intention though I will confront some barriers”) could transfer to behavior B (e.g., 

“I am also confident that I will eat a healthy diet). Similarly, other social-cognitive 

factors (e.g., planning) can be transferred during the volitional phase of behavior 

change (e.g., “I have learned how to manage performing PA every day even if 

something comes up, and I can make similar plans for eating a healthy diet even if 

my friends and acquaintances eat fast food”). 
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Furthermore, the CCAM includes life goals or higher-level goals drawn from 

various theories (Diener, Lucas, & Scollon, 2006; Heckhausen et al., 2010). For 

example, “Currently, my main goal in life is...” a) “changing my body figure,” b) 

“enjoying doing things,” or c) “do as much as possible for my health”. If the goals 

are emotionally relevant (e.g., “When I do something in accordance with these 

goals I feel content and happy”; see Figure 3, upper part), they determine to what 

extent different behaviors are intended and performed. In that sense, higher-level 

goals are similar to outcome expectancies, which are regarded in many theories as 

an important factor in intention formation and goal pursuit (Lippke & 

Ziegelmann, 2008; Williams, Anderson, & Winett, 2005). Thus, different 

intentions to perform health behaviors (see Figure 3, lower part) are influenced by 

higher-level goals, which are rather generic.  

In addition, drawing on the previous theories (Karasek & Theorell, 1990; 

Seigrist, 1996), the CCAM explicitly includes stress management in the model of 

health behavior change; it incorporates stressors (e.g., tempting situations, daily 

hassles, and chronic stressors) that most people may experience in the daily life, 

and considers how people cope with them through health behaviors. If individuals 

fail to reach the earlier formed health goal due to CCs or stressors that interfere 

with the adoption and maintenance of health behaviors, their well-being is 

affected (Koestner et al., 2002). Moreover, the role of a healthy lifestyle (i.e., 

HEPA and healthy dietary behavior) in preventing stress has been demonstrated 

(Mouchacca, Abbott, & Ball, 2013). The two-ended solid arrows and one-way 

dotted arrows indicate these effects in the CCAM, respectively (see Figure 2.2). 

The compensatory/carry-over relationship between social-cognitive variables 

of multiple health behaviors posited in the CCAM has been verified in a number 
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of recent studies (e.g., Tan et al., 2018; Cihlar, & Lippke, 2017). However, the 

majority of these studies were implemented in a Western context. To the best of 

our knowledge, the assumptions of the CCAM have not been examined in 

Chinese populations, specifically among Chinese college students. 

In addition, previous evidence has demonstrated the direct aasociation 

between compensatory cognitions and health behaviors (Knäuper et al., 2004; 

Kronick & Knäuper, 2010; Poelman et al., 2013; Radtke et al., 2012), such 

relationships, however, have not been explicitly modelled in the CCAM. 

Therefore, based on the fundamental assumptions of the CCAM, a parsimonious 

two-layer integrated social-cognitive model was developed in the current thesis, 

aiming to comprehensively explain the psychological mechanims of MHBC in 

Chinese college students. 

In conclusion, the HAPA model was used as the theoretical underpinning for  

the MHBC intervention study in Chapter III. In addition, the assumption of the 

HAPA model i.e. the association between motivational and volitional variables, 

and the basic framework of the CCAM i.e. the interaction process between 

different behaviors, collectively contributed to the development of the 

hypothesized social-cognitive model in Chapter V. 

2.3 Timing for delivering MHBC interventions 

Over the last decade, interest in promoting MHBC has proliferated (Elliot & 

Hamlin, 2018; Geller et al., 2017; Plotnikoff et al., 2015). MHBC interventions 

have been applied to a wide variety of populations, and these studies have 

demonstrated the considerable potential and efficacy of these interventions. 

However, it is unclear which delivery modes can achieve the most robust 
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improvements in behavior change and maximize the health outcomes. Questions 

about the timing of intervention delivery include whether it is more effective to 

promote sequential behavior changes (sequential) or to promote interventions in 

two behaviors at the same time (simultaneous) (Fleig et al., 2015; Geller et al., 

2017). 

Theoretical support for sequential design can be found in the SCT, which 

emphasizes the importance of dividing complex behavior patterns into smaller, 

more realistic steps to enhance initial success and promote mastery and 

self-efficacy for progressive behavior change (Bandura, 2001). Moreover, the 

sequential approach may be more in tune with motivational readiness for the 

behaviors being addressed and may better accommodate differences in the drivers 

of diverse health behaviors (King et al., 2013; Wansink & Sobal, 2007). Changing 

one behavior at a time may result in a stronger intention-behavior relationship, 

which in turn may augment the efficacy of interventions designed to change 

behaviors through targeting intentions (Conner et al., 2016). Changing a more 

complex behavior in isolation of other behavior changes may generate greater 

self-efficacy and habit formation. Nevertheless, excessive efforts exerted to 

change a more complex behavior could exact a “toll” on individuals’ volition and 

self-control (i.e., depletion), potentially increasing the difficulty of adding a 

second behavior change (Bumeister, Vohs, & Tice, 2007; Hagger, Wood, & Stiff, 

2010). Additionally, a sequential approach often requires longer intervention 

periods, which potentially increases costs and reduces participant adherence if the 

intervention content is not well organized and lacks strategies to motivate 

long-term engagement (Prochaska et al., 2008). 
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In contrast, a simultaneous design suggests changing more than one health 

behavior at the same time. This design is based on epidemiological research, 

which has found that health behaviors used to predict disease outcomes co-occur 

or cluster in groups (Kremers, Bruijin, Schaalma, & Brug, 2004).Considering the 

high correlation of health behaviors, the synergistic or additive effects of these 

behaviors may be maximized by simultaneous interventions, thereby increasing 

the health outcomes (Atkins & Clancy, 2004; Lippke et al., 2012; Södergren et al., 

2012. Additionally, the simultaneous design assumes that certain health behaviors 

may share putative social-cognitive factors and other contextual determinants (e.g., 

community environment, and social influences) (Kremers et al., 2004; Mata et al., 

2009). Therefore, a simultaneous design may encompass more general “healthy 

living” schemas or values that could help a variety of participants, even those who 

have to quit the intervention early (Kendzierski, 2007; King et al., 2013). 

However, it is often difficult for individuals suffering from chronic stress and 

similar circumstances to initiate and maintain changes in one health behavior, let 

alone several at once (Oman & King, 2000). Furthermore, the simultaneous 

approach may overburden participants, requiring individuals to apply considerable 

effort to self-regulate their performance of multiple health behaviors (Fleig et al., 

2014; Prochaska & Sallis, 2004). In addition, the simultaneous approach may not 

be able to address any certain behavior in sufficient depth, thereby decreasing the 

intervention effect (Persky et al., 2005). Delivering sequential interventions may 

overcome many of these limitations (Verplanken & Melkevik, 2008). However, 

the studies that have directly compared simultanoues versus sequential behavior 

change interventions have produced inconclusive findings. 
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A recent review of MHBC interventions in adults (6 trials reported in 12 

papers) provided an explicit comparison between these two approaches and 

suggested that there was minimal variance between the outcomes of sequential 

and simultaneous programs. In this review, three of the six trials indicated that the 

approaches are equally efficacious (i.e., the sustained treatment effect) for 

changing multiple health behaviors (e.g., alcohol reduction), while two trials on 

smoking cessation favored a sequential approach, and only one trial, on reducing 

fat intake favored a simultaneous approach (James et al., 2016). 

Only two of the six trials targeted both HEPA and FVC behaviors. King et al. 

(2013) compared the behavioral impacts of simultaneously versus sequentially 

delivered HEPA and dietary (FVC and saturated fat intake) interventions in adults 

and found that only the HEPA-first group significantly improved HEPA (F(3, 196) = 

5.0, P = .002) after 4 months relative to the other three groups (i.e., diet-first, 

simultaneous, and control groups). After 12 months, both the HEPA-first and 

simultaneous groups had significantly greater increases in HEPA than the control 

group (d = 0.56, P < .01; d = 0.53, P < .05), but there was no significant 

difference in HEPA change between the diet-first and control groups (d = 0.29, 

P > .05). Although the improvement in HEPA after 12 months did not differ 

significantly between the HEPA-first and simultaneous groups, the HEPA-first 

group had a larger proportion of participants meeting HEPA recommendations 

than the simultaneous design group (48% vs. 40%). Regarding FVC behavior, 

after 4 months, both the diet-first and simultaneous groups significantly increased 

their FVC behavior compared with the HEPA-first and control groups (F(3, 196) = 

13.0, P < .001), but after 12 months, all three intervention groups significantly 

improved FVC relative to the control group (F(3, 196) = 10.6, P < .001). The 



 

55 

 

descriptive statistics showed that the diet-first group had a greater percentage of 

participants achieving the FVC recommendation (78%) than the HEPA-first 

(54%), simultaneous (59%), or control groups (33%).  

These findings demonstrated the superiority of a sequential approach for 

promoting each health behavior in the short term. However, positive sustained 

outcomes in HEPA and FVC were only found in the HEPA-first and simultaneous 

groups and not in the diet-first group. The researcher assumed that the 

inconspicuous change in HEPA in the diet-first group was due to the suppression 

effect of dietary behavior on HEPA. However, the compound sequential and 

simultaneous design of this study did not support this supposition. In particular, 

participants in the sequential groups did not focus only on a second behavior after 

the 4-month treatment of the first behavior, instead, in the remaining 8-month 

period, they were provided with treatment on both behaviors. Thus, the so-called 

sequential design was actually a combination of sequential (first 4 months) and 

simultaneous designs (followed 8 months). Therefore, the participants in the 

diet-first group who had to simultaneously address both FVC and saturated fat 

intake may have experienced a depletion of motivation and self-control when one 

more behavior (HEPA) was added (Baumeister & Vohs, 2007). This did not occur 

in the simultaneous group, as they received treatments targeting three behaviors 

from the beginning of the intervention, which may have resulted in initial 

motivational readiness that helped participants subconsciously assign proper 

cognitive resources to each component. Similarly, the participants in the 

HEPA-first group were not confronted with this problem, because the demands 

exerted by HEPA change were not the same as the demands on the dietary-first 

group, who were asked to adopt two opposite sub-types of dietary behavior. Given 
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this, the assumption that the effort of changing dietary behavior suppressed HEPA 

requires further study. Accordingly, the review has generally indicated that a 

sequential design is more robust for promoting health behavior change over the 

short term and may be more robust over the long term. 

Further support for the sequential approach can be found in a web-based 

tailored lifestyle intervention that targeted HEPA, FVC, alcohol intake and 

smoking in 2167 adults (Schulz et al., 2012). The study found that both 

sequentially and simultaneously delivered interventions had a high dropout rate, 

but there were more completers in the sequential interventions (35%) than in the 

simultaneous intervention (22.9%). This study also hinted that the higher dropout 

rate in the simultaneous interventions was attributable to the amount of time 

required in the simultaneous intervention and information overload. Therefore, a 

sequential design for MHBC interventions comprising HEPA and FVC may 

reduce the dropout rate. 

Additionally, most studies have demonstrated a gateway/carry-over effect 

between HEPA and FVC such that changing one behavior may bring about 

increased self-efficacy to undertake a second behavior in a sequential design, 

thereby contributing to successful changes in both behaviors (Carraça et al., 2013; 

Fleig et al., 2014; Jayawardene et al., 2016; Lippke, 2014). Therefore, given the 

interrelationships between HEPA and FVC, we used a sequential design to 

conduct our combined HEPA and FVC intervention. 

Overall, we favored the use of a sequential approach to deliver the combined 

HEPA and FVC interventions to a non-clinical population. However, this review 

indicates a need to understand the sub-patterns within the timing of sequential 
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intervention delivery (i.e., HEPA-first or FVC-first) in a combined HEPA and 

FVC intervention for college students. This question was addressed in this thesis. 

2.4 Web-based interventions 

2.4.1 Definition of web-based interventions 

The growth in computer and Internet technologies, has led to a proliferation 

of web-based interventions, which have shown considerable promise for 

increasing health-promoting behaviors and improving health outcomes across a 

variety of different populations (Goode, Lawler, Brakenridge, Reeves, & Eakin, 

2015; Lustria et al., 2013; O’Brien & Palfai, 2016). 

 The term “web-based interventions” is defined as: “a primarily self-guided 

intervention programme that is executed by means of a prescriptive online 

programme operated through a website and used by consumers seeking health- 

and mental-health related assistance. The intervention programme itself attempts 

to create positive change and or improve/enhance knowledge, awareness, and 

understanding via the provision of sound health-related material and use of 

interactive web-based components” (Barak, Klein, & Proudfoot, 2009).  

The critical components of such interventions are program content, use of 

multimedia, interactive online activities, and guidance or supportive feedback 

(Barak et al., 2009; Ritterband et al., 2009). In the following section, the strengths 

and limitations of web-based interventions for health promotion are briefly 

reviewed.  

2.4.2 Application of web-based interventions for health promotion 

Over the past decade, web-based interventions have been increasingly 

applied in health promotion (e.g., HEPA, healthy diet, smoking cessation, sexual 
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health and alcohol reduction), self-management of long-term conditions (e.g., 

cardiovascular disease, diabetes, arthritis and cancer), and mental health (e.g., 

depression and anxiety) (Bennett & Glasgow, 2009; Murray, 2012). 

In Western countries, web-based interventions have been widely used in 

clinical settings, such as for prevention of multiple health risk behaviors, primary 

care and rehabilitation of non-communicable diseases (e.g., cardiovascular 

disease, specific cancers, and type-2 diabetes), prevention of obesity, management 

of stress and prevention of mental illness and other diseases (e.g., rheumatoid 

arthritis, pediatric encopresis, headache, sexually transmitted diseases, and 

tinnitus distress) (Bennett & Glasgow, 2009; Bond et al., 2007; Hale, 

Fitzgerald-Yau, & Viner, 2014; Heber et al., 2017; Pfaeffli Dale, Dobson, 

Whittaker, & Maddison, 2015; Sorgente et al., 2017). They have also been used in 

a multitude of applications focused on the promotion of lifestyle behaviors (e.g., 

smoking cessation, physical activity, healthy dietary behavior, and alcohol 

reduction) (Goode et al., 2015; Kelders, VanGemert-Pijnen, Werkman, Nijland, & 

Seydel, 2011; Krebs, Prochaska, & Rossi, 2010; Maher et al., 2014; McIntosh et 

al., 2017; Müller et al., 2016; Schoeppe et al., 2016). Among college students, 

web-based interventions have been extensively used to address mental illness 

(e.g., depression and anxiety), improve well-being (Davies et al., 2014), promote 

HEPA and healthy diets (McIntosh et al., 2017; O’Brien & Palfai, 2016), reduce 

alcohol consumption (Leeman, Perez, Nogueira, & DeMartini, 2015), and prevent 

multiple risky behaviors (Witkiewitz et al., 2014). 

In China, the majority of web-based interventions have been applied in 

clinical settings and have been used for the primary prevention and continuing 

rehabilitation of various diseases, such as the prevention or rehabilitation of 
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coronary disease, hypertension, type II diabetes, hepatitis, lung cancer, and 

peritoneal dialysis, dental care, women’s healthcare, orthopedic care, and child 

nursing (e.g., Li, Gao, & Lang, 2017; Liu, 2016; Wang, Shen, & Qian, 2014; Tian, 

2016; Zhang, Yu, & Zhang, 2017; Chen, Xing, & Zhai, 2014). Most of the 

Internet-based interventions for health behaviors promotion, health management, 

and education are provided for the rehabilitation of clinical patients after they 

have been discharged (Li & Shao, 2017).  

However, there have been few web-based interventions promoting multiple 

health behaviors that target a non-clinical population, especially college students 

(Duan et al., 2017; Zhu, Liang, & Huang, 2014). One study used a web-based 

intervention to improve the mental health of college students and demonstrated 

promising outcomes (Zhu et al., 2014). In the RCT study by Duan et al. (2017) 

mentioned in the previous section, the web-based strategies were tailored for 

college students, and the results demonstrated the effectiveness of the web-based 

intervention for promoting FVC behavior and increasing positive mental health 

outcomes (quality of life) among Chinese college students. However, the study 

revealed weak effects in promoting HEPA and reported a high dropout rate 

(31.6% for post-test and 71.2% for the follow-up test), perhaps due to 

unsatisfactory website technology. These results indicated the need to develop 

more effective and optimal interventions for helping college students adopt 

healthy behaviors and form a healthy lifestyle. 

2.4.3 Advantages of web-based interventions for health promotion 

Using Internet technology to deliver interventions that promote multiple 

health behavior has a number of advantages (Davies et al., 2014; Kanera et al., 

2017; Lustria et al., 2013; Webb et al., 2010).  
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(1) Web-based interventions can be delivered to large numbers of people at a 

low cost. Compared to traditional health interventions that requir face-to-face 

contact with a healthcare provider, tailored web-based interventions may facilitate 

wider access and encourage self-care, which may improve efficacy and long term 

maintenance. This can benefit some individuals, especially those who live in the 

rural areas, are economically disadvantaged, or have significant mobility 

impairments (Lustria et al., 2013). Furthermore, the Internet platform allows 

researchers to select and toggle the modalities and formats to suite different 

learning styles and literacy levels, making the health interventions applicable to a 

wider population (Lustria et al., 2009; Portnoy et al., 2008). In addition, 

web-based interventions have the potential to combine the tailored approach of 

face-to-face interventions with the scalability of public health interventions that 

have low marginal costs per additional user. From a research perspective, it is 

cost-effective to conduct interventions through the Internet, which may maximally 

reduce the costs of time, manpower, and transportation (Murray, 2012; Tate, 

Finkelstein, Khavjou, & Gustafson, 2009). 

(2) Web-based interventions are highly attractive because they are 

convenient, easily accessible, and can maintain anonymity/privacy. Using this 

type of intervention to promote health behaviors can reduce the barriers that occur 

in some traditional face-to-face programs, such as the inconvenience of 

scheduling appointments, missing work/courses, and traveling to and from a 

designated site (Ritterban et al., 2009). Moreover, web-based interventions 

provide researchers with the option of communicating asynchronously or 

synchronously, thereby enabling convenient scheduling of interactions and 

delivery of reminders and messages (Lustria et al., 2009). In addition, the 
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technologies enable the participants to protect their privacy by using anonymous 

accounts without providing any personal information that they want to keep 

confidential (Murray, 2012). 

(3) Web-based interventions can provide more tailored treatments, 

follow-ups, and feedback because they allow personalized methods. Computing 

and Internet technologies have significantly increased the level of tailoring 

possible, allowing the interventions to tailoring of a number of key personal 

characteristics. Furthermore, such systems provide wider access to expert care and 

personalized feedback. Web-based interventions enable both researchers and 

participants to follow up the medical records and health changes over time. Also, 

it is convenient for the participants to post their queries and receive specific 

feedback in a timely manner (Lustria et al., 2013; Webb et al., 2010).  

(4) Using web-based interventions to promote health behaviors can increase 

participants’ interest in engaging in health intervention programs. Compared with 

traditional single-mode tailored interventions, web-based tailored interventions 

may include various modalities such as online video, audio, discussion forums 

and chat, which provide greater interactivity and different knowledge, skill 

building and self-management tools (e.g., electronic journaling). The multimodal 

and interactive nature of web-based interventions may improve their effectiveness 

by enhancing participants’ engagement (Lustria et al., 2013; Ritterband et al., 

2009). Especially for young adults, who are the major users of the Internet (China 

Internet, 2016), such multimodal health intervention programs can be applicable 

and attractive (McIntosh et al., 2017; Sarcona et al., 2017). 

In addition, many studies have identified the effectiveness of web-based 

interventions in different health domains (Bennett & Glasgow, 2009; Davies et al., 
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2014; Müller et al. 2016). Meta-analyses have indicated that web-based 

interventions targeting multiple behaviors have a small but significant effect size 

(post testing: d = 0.14, k = 40, 95% CI = 0.11 to 0.17; follow-up: d = 0.16, k = 21, 

95% CI = 0.12 to 0.19) on behaviors change (Oosterveen et al., 2017; Wantland et 

al., 2004; Webb et al., 2010). Even small positive effects, if maintained, have the 

potential to influence long-term health outcomes. Lustria et al. (2013) conducted a 

meta-analysis of Web-delivered tailored health behavior change interventions and 

found convincing evidence for the overall efficacy of web-based tailored 

approaches for both short- and long-term behavior change interventions. 

2.4.4 Limitations of web-based interventions for health promotion 

Notwithstanding the tremendous benefits of web-based interventions, there 

are some limitations to such approaches. First, although web-based interventions 

can be delivered to a large number of different samples, generational and cultural 

differences might influence the acceptance of such approaches (Davis, 2008). 

Some studies have found that web-based interventions that target the general 

population have been more successful than those targeting specific clinical groups 

(e.g., chronically ill patients or minors) (Hawkins et al., 2008; Noar, Harrington, 

& Aldrich, 2009). Second, studies have produced compelling evidence that 

tailored web-based interventions are more effective than non-tailored programs in 

achieving behavioral outcomes (d = 0.19) (Krebs et al., 2010; Noar, Benac, & 

Harris, 2007), which means that web-based interventions are not the best 

approach for some health promotion programs. This indicates the importance of 

developing tailored and theory-based strategies for interventions for promoting 

health behavior change. Additionally, although the multimodal and interactive 

nature of web-based interventions has numerous benefits, the confluence of 
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modalities and features may make it difficult to tease out the differential effects of 

these components on intervention efficacy. This may generate a misestimate of the 

actual effectiveness of the health treatment (Lustria et al., 2013). Moreover, 

although some studies have indicated that web-based interventions can increase 

participants’ adherence and participation due to the attractive multimodal and 

interactive nature, this superiority is heavily dependent on the available 

computing technologies (e.g., function of website, layout of Web-platform, and 

fluency of Internet). Furthermore, compared to traditional face-to-face treatment, 

which can be more robust in promoting health behavior change, the web-based 

interventions lack a clear method for supervising the participants and guaranteeing 

the authenticity of their participation and completion (Bennett & Glasgow, 2009). 

A major challenge for all web-based interventions, not only thoese for 

promoting health behaviors, is how to address the high dropout rate (Donkin et al., 

2011; Lie et al., 2017). Some web-based interventions have had dropout rates of 

up to 80% (Donkin et al., 2011). A systematic review of web-based interventions 

designed to support and promote diabetes education and health behavior change 

found that intervention-engagement and usage declined over time (Cotterez et al., 

2015). A systematic review of web-based interventions for patient empowerment 

and physical activity in chronic diseases indicated that the overall percentage of 

dropouts varied between 0.0% and 52.3% (median 17.5%; Kuijpers, Groen, 

Aaronson, & VanHarten, 2013). Moreover, some experts have suggested that 

web-based trials should plan for a 50% dropout rate in the first month of the 

intervention (Kuijpers et al., 2013; Lustria et al., 2013).  

In study of a web-based intervention for HEPA and FVC among university 

students, only one third of the 493 subjects completed the program in the 
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follow-up test (about a 71.2% dropout rate) (Duan et al., 2017). Although many 

studies have demonstrated high dropout rates in web-based interventions for the 

promotion of health behavior, to our knowledge, few studies have explored the 

underlying reasons for this problem (Lie et al., 2017), especially in web-based 

interventions on MHBC targeting college students. Hence, it is imperative to 

explore the experiences of college students who drop out of web-based MHBC 

interventions.  

Accordingly, the study in this thesis can be regarded as an extension and 

development of a pilot study (Duan et al., 2017), aiming to 1) develop effective 

web-based MHBC interventions for promoting HEPA and FVC in Chinese college 

students and evaluate the effectiveness of the health interventions from both 

quantitative and qualitative perspectives; 2) compare the difference in baseline 

characteristics between completers and dropouts and explore the underlying 

reasons for dropping out; and 3) explore the psychological mechanisms of MHBC 

in Chinese college students.
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CHAPTER III: EFFECTIVENESS AND MEDIATION 

MACHINISMS OF WEB-BASED MHBC INTERVENTIONS 

FOR CHINESE COLLEGE STUDENTS: A RANDOMIZED 

CONTROLLED TRIAL 

3.1 Study purpose and hypotheses 

Given the urgent need to promote healthy lifestyle behaviors in Chinese 

college students, a web-based health program with two sequentially delivered 

HEPA and FVC interventions was implemented. The Health Action Process 

Approach (HAPA) model was used as the theoretical backdrop for the MHBC 

interventions (Schwarzer, 2008), which suggests promoting behavior change by 

improving a series of social-cognitive variables, such as behavioral intention, 

self-efficacy, planning, and social support (see Chapter II, pp.38). This study used 

quantitative methods to address research questions (RQ) 1 and 2. Accordingly, the 

study was divided into three parts with seven hypotheses. 

First, this study aimed to examine the effectiveness of web-based MHBC 

interventions on promoting HEPA and FVC behavior, enhancing the adoption of a 

combined healthy lifestyle, improving the social-cognitive determinants of 

behavior change, and augmenting health outcomes (RQ1a), and to compare the 

differences in the treatment effects of the two sequential delivery patterns (RQ1b). 

This part of the study generated five concrete hypotheses. 

Hypothesis 1a: The participants in the intervention groups (HEPA-first and 

FVC-first groups) would make more behavioral changes in HEPA and FVC 

compared to those in the control group. 
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Hypothesis 1b: The HEPA and FVC behavior of the participants in the 

HEPA-first group would differ significantly from those in the FVC-first group 

after 8 and 12 weeks. 

Hypothesis 2: The participants in the intervention groups would have a 

higher adoption of a combined healthy lifestyle (i.e., adhering to both HEPA and 

FVC recommendations) compared to those in the control group. 

Hypothesis 3: The participants in the intervention groups would have a 

greater increase in the social-cognitive determinants of behavior change (i.e., 

intention, self-efficacy, planning, and social support) compared to those in the 

control group. 

Hypothesis 4: The participants in the intervention groups would have better 

health outcomes (i.e., BMI, BMI category, depression, and perceived quality of 

life) compared to those in the control group. 

Second, this study aimed to compare the differences in the baseline 

characteristics of the dropouts and completers (RQ2a). This leads to the following 

hypotheis. 

Hypothesis 5: The participants who dropped out at the T2 measurement 

(after 4 weeks), T3 measurement (after 8 weeks), or T4 measurement (after 12 

weeks) would exhibit significant differences in baseline characteristics compared 

to those adhering to the interventions and all measurements at T2, T3 and T4 

correspondingly. 

Finally, the study aimed to identify the social-cognitive determinants 

(mediators) that may account for the immediate and sustained changes in each 

health behavior (RQ3a). Therefore, the following study hypothesis was proposed. 
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Hypothesis 6: The participants in the intervention groups who had 

successfully increased intention, self-efficacy, planning, and social support would 

be more likely to change HEPA and FVC behavior after 8 and 12 weeks compared 

to those in the control group. 

3.2 Methods 

3.2.1 Study design 

A randomized controlled trial (RCT) was adopted, with a standard three-arm 

parallel, double-blinded design. The study consisted of two intervention groups 

and one placebo control group: HEPA-first group (first 4-week intervention 

addressing HEPA, followed by 4-week intervention addressing FVC); FVC-first 

group (first 4-week intervention addressing FVC, followed by 4-week 

intervention addressing HEPA); and control group (8-week placebo treatments, 

which were not relevant to changing actual HEPA and FVC behavior).  

Participant recruitment and online registration were conducted one month 

before the intervention started (T0), and only sociodemographic information was 

collected during this stage. During the main study, all of the participants were 

asked to complete electronic questionnaires at four time points, including baseline 

(T1, at the beginning of the intervention), after 4 weeks (T2, after the completion 

of the 4-week intervention on the first behavior), after 8 weeks (T3, after the 

completion of the 4-week intervention on the second behavior), and after 12 

weeks (T4, 1-month follow-up after the intervention completion) (see Figure 3.1). 
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Figure 3.1 Study process 

Note. HEPA = health-enhancing physical activity; FVC = fruit and vegetable consumption; PE = 

physical education; T0-T4 = Time 0 – Time 4. 

3.2.2 Participants 

3.2.2.1 Sample size estimation 

The sample size was calculated using G*Power 3.1 software. The hypothese 

proposed that the intervention groups would significantly increase HEPA and 

FVC relative to the control group at T2, T3, and T4. Based on previous findings 

(Schulz et al., 2014), a small effect size of 0.45 on HEPA (Cohen’s d) was 

anticipated. Therefore, to provide a power of 0.8 (1-β) with an alpha of 0.05 to test 

the hypotheses, 79 participants were required for each group. Assuming a 

retention rate of 60% to the post-test (dropout rates ranged from around 30% to 
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50% in previous studies; Duan et al., 2017; Lustria et al., 2013), a total of 396 

participants (132 per group) were needed. 

3.2.2.2 Participant recruitment and randomization 

The recruitment information was verbally advertised in the college students’ 

first physical education (PE) class by the PE lecturers. In China, it is government 

policy that all college students need to take PE courses (Ministry of Education of 

China, 2002). Therefore, it was feasible to recruit students from different 

departments through their PE classes. The students were informed by the PE 

lectures that they were invited to join a health learning program that would teach 

them some health-related knowledge. Once students expressed interest, they were 

provided with the study consent form and were invited to complete the online 

registration via quick response cord (QR).  

Six hundred and thirty-four college students were recruited from one 

university in the central region of China. The participant flow and retention is 

displayed in Figure 3.2. Of the 634 participants enrolled in the study, 565 (88.6%) 

college students (≥ 18 years old) met the following eligibility criteria: (1) were not 

collegiate athletes or majoring in any sport-related subjects; 2) were not 

vegetarians; (3) had no restrictions on physical mobility (e.g., heart diseases, 

stroke, disability) or fruit-vegetable consumption (e.g., fruit allergies or diabetes); 

and (4) were able to use a computer/laptop and mobile phone and had access to 

the Internet.  

After qualification screening, all of the eligible students were randomly 

allocated to one of the three groups. The assignment to the three conditions was 

conducted with a simple randomization design. The randomization was applied on 

the first page of the online health session, and was based on a random number list 
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that was generated at the backend management system of the website platform. 

Moreover, only the website system could record the participants’ identity and 

group allocation. When students logged into the website, the system automatically 

linked them to the specific modules for their assigned group at baseline. With this 

technology, both the participants and PE lecturers were blined to group allocation. 

All of the participants were asked to complete the health sessions independently 

and not to discuss the content of the health sessions with their classmates, 

roommates and friends. 

Finally, 187 participants were assigned to the HEPA-first group, 195 to the 

FVC-first group, and 170 to the control group. After excluding the participants 

who did not complete the baseline assessment, the final sample consisted of 552 

participants that were used in the analysis procedure (see Figure 3.2). 
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Figure 3.2 Study flow CONSORT diagram 

3.2.3 Procedures 

The intervention procedure consisted of two phases, the preparation phase 

and main study phase. The preparation phase was launched in June 2018, and the 

principal tasks were (1) to develop an intervention protocol for the three groups 

(HEPA-first, FVC-first, and CG), and (2) to establish a website platform for 

delivering the health intervention sessions. 
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3.2.3.1 Developing the intervention protocol 

 Intervention components 

The duration of the web-based MHBC interventions was 8 weeks, consisting 

of a 4-week treatment addressing HEPA and a 4-week treatment addressing FVC. 

The two sequentially delivered health interventions were designed to target the 

HAPA-based social-cognitive determinants of behavior change. Considering more 

than 90% of the Chinese college students are intenders and actors for HEPA and 

FVC behavior in previous pilot study (Duan et al., 2017), The current study 

focused more on the enhancement of intention, self-efficacy, planning and social 

support, aiming to facilitate the crucial transition from intention to actual behavior 

initiation and maintenance (i.e., volitional phase). Accordingly, in the HEPA-first 

group, the intervention content of the first 4-week period focused on the following 

social-cognitive determinants of HEPA change, including Week 1: Risk perception, 

outcome expectancies, and goal setting (these antecedent variables contribute to 

the formation and enhancement of HEPA intention); Week 2: Development of 

action planning; Week 3: Revision and adjustment of previous action planning, 

and development of coping planning; and Week 4: Revision and adjustment of 

previous coping planning, and development of perceived social support. The same 

intervention materials were then implemented to target the social-cognitive 

determinants of FVC change in the second 4-week period. For the FVC-first 

group, the sequence of intervention delivery was the reverse of the HEPA-first 

module (i.e., the first 4-week treatment included the social-cognitive determinants 

of FVC change and the second 4-week period targeted HEPA change). 

Self-efficacy was involved as a settled factor throughout the intervention period. 



 

73 

 

Table 3.1 shows the weekly intervention variables, intervention goals and detailed 

intervention content. 

For the control group (CG), to avoid the social desirability and 

expectation/Hawthorne effect (Michie & Abraham, 2004), all of the participants 

received active control treatments that appeared in all respects to be identical to 

the health treatments of the intervention groups (e.g., intervention duration, 

intervention procedure, delivery ways and reminders) but lacked the critical 

psychosocial ingredients for changing HEPA and FVC. Specifically, the content as 

as follows, Weeks 1-2: Leisure tourism recommendation (Hong Kong tour); 

Weeks 3-4: Health tips for keeping warm in winter; Weeks 5-6: Emotion 

regulation tips; and Weeks 7-8: Recommendations of relaxing music and 

inspirational movies. All of these modules contained general health information 

that was unrelated to changing actual HEPA and FVC behaviors (see Table 3.1). 

The HEPA-first module was designed for a previous project conducted by 

our research team (Duan et al., 2017). The earlier project only addressed one 

sequence of intervention delivery (HEPA-first) among Chinese university students 

(Duan et al., 2017). This study extended the intervention delivery modules by 

adding a FVC-first module and a placebo control module. 
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Table 3.1  
Intervention variables and content for three groups 
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 Behavior change techniques 

Additionally, a series of behavior change techniques (BCT) were used in the 

intervention sessions to facilitate the implementation and maintenance of HEPA 

and FVC (Michie et al., 2013; see Table 3.2). For example, the participants were 

provided with two types of feedback in the weekly web-based health session, 

including individualized feedback on their behavior performance 4 weeks ago, 3 

weeks ago, 2 weeks ago and 1 week ago respectively, and criterion-based 

feedback (e.g., behavioral recommendations: accumulated at least 150 minutes 

with moderate intensity of PA per week, and 5 portions of FVC per day) (see 

example in Figure 3.3). 

Table 3.2  
Behavior change techniques (retrieved from Michie et al., 2013) 
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Figure 3.3 Example of individualized and criterion-based feedback on HEPA 

(translated from Mandarin) 

 Multiple reminder strategies 

Furthermore, multiple reminder strategies were implemented. For example, 

the PE lecturers reminded all of the students independently of their group 

allocation to click on the weekly hyperlink to the health sessions and to follow the 

online instructions. In addition, short messaging service (SMS) and WeChat (a 

prevalent mobile social media application in China) group messages were 

distributed weekly to the participants who were allocated in the same group prior 

to each intervention session to remind them to attend the health program (e.g., 

“Dear student, the new health session will start tomorrow. We kindly remind you 

to engage in the 4th health session by clicking the hyperlink on your computer or 

laptop. The hyperlink will be sent to you via email and WeChat Group message 

tomorrow morning. Have a nice day!”). Follow-up email and WeChat group 
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messages were sent to the participants on the next day to ensure they had accessed 

the intervention website. For example,  

“Dear students, here is the hyperlink for the health session of Week 4. Please 

click on it. www.ehealthlearningchina.com/...” 

3.2.3.2 Establishment and refinement of the website platform 

By cooperating with an Internet technology (IT) company, three modules 

were established on a website platform. Given the high dropout rate (31.6% for 

post-test and 71.2% for the follow-up test) in our previous study (Duan et al., 

2017), a series of new strategies and approaches were carried out to increase the 

attractiveness of the health program and maximize participant retention. 

 The website page was restructured to match the preferences of young 

adults (e.g., supplementing the test with vivid pictures and simplifying the 

layout). 

 Pop-up messages were added to prevent participants from missing a unit 

or a single-item. The message asked the participants to fill out the 

uncompleted health session or fill in the unanswered questions, and did not let 

them proceed until they did. 

 The backend management system recorded the time of each log-in and 

the duration of each health intervention session and data collection period. 

 WeChat, a popular social media platform in China, was used to contact 

the participants and deliver the reminder messages.  

The weekly hyperlinks to the health intervention sessions and four waves of 

questionnaire surveys were disseminated via both email and the WeChat groups. 

The SMS reminders and WeChat group notifications were distributed to each 
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participant one day before the new content via the backend management system of 

the website platform. 

To refine the operational function and optimize the stability of the health 

webisite platform, two college students and one health psychologist were invited 

to pretest the web-based health intervention program. The IT staff modified the 

functions timely once errors occurred (e.g., invalid hyperlinks, broken web pages, 

and inflexible sliders). The intervention materials were double checked to amend 

the illogical and repetitive characters and to make the context more 

understandable. In addition, a pilot run of the backend management system was 

conducted to guarantee the successful delivery of SMS texts and reminder emails. 

The IT staff provided technical support throughout the whole study. 

After the preparation stage, students were recruited in their first PE class in 

September 2018. The recruitment and online registration phase lasted for one 

month. Subsequently, all of the eligible students were invited to complete the first 

online questionnaire survey and were randomly assigned to one of the three 

groups. All of the students were asked to attend the corresponding intervention 

session once a week; each session lasted about 20 minutes. The intervention and 

follow-up took place from November 2018 to Feburary 2019. 

3.2.4 Measures 

In this study, the primary outcomes were the health behaviors (HEPA and 

FVC) and the secondary outcomes were the combined lifestyle indicator, 

social-cognitive determinants of behavior change (i.e., intention, self-efficacy, 

planning, and social-support for each behavior) and health outcomes (i.e., BMI, 

BMI category, depression and perceived quality of life). All of the electronic 
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questionnaires were delivered on the health intervention website, and each 

consisted of the following five parts. 

3.2.4.1 Health behaviors 

Health-enhancing physical activity (HEPA): HEPA was measured by using 

the Chinese short version of the International Physical Activity Questionnaire 

(IPAQ-C; International Physical Activity Questionnaire, 2005; Macfarlane, Lee, 

Ho, Chan, & Chan, 2007). IPAQ-C consisted of 6 items, which asked participants 

to report their HEPA level with three intensities (vigorous, moderate and light). 

Corresponding to each intensity, participants were asked to indicate how often per 

week and how long each time for performing these activities in the past seven 

days. This questionnaire included items such as “During the last 7 days, on how 

many days did you engage in moderate physical activities like carrying light 

loads, bicycling at a regular pace, or doubles tennis? (Do not include easy 

walking) ”, and “how much time did you usually spend doing moderate physical 

activities on one of those days?” Based on these indications, the weekly 

MET-minutes of total HEPA were calculated using the equation “HEPA 

(MET-minutes/week) = 8.0 METs × vigorous intensity of HEPA (minutes/week) + 

4.0 METs × moderate intensity of HEPA (minutes/week) + 3.3 METs × light 

intensity of HEPA (minutes/week)” (Macfarlane et al., 2007). 

Fruit and vegetable consumption (FVC): To assess the daily consumption of 

fruit and vegetables during the past 7 days, respondents were asked to count the 

number of servings of fruit and vegetables they consumed on average during a 

typical day. The questions were asked with the stem as “Please think about the last 

week, how many portions of fruit and vegetable you ate per day? (do not include 

potatoes)”, followed by 4 category items, including “raw vegetables”, “fruit”, 
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“cooked or steamed vegetables”, and “fruit or vegetable juice” (Rafferty, 

Anderson, McGee, & Miller, 2002). Each item had 11 options for the number of 

portions such as 0, 0.5, 1, 1.5, 2, 2.5……, and 5 or above, followed by a pictorial 

guide for how to calculate the servings of different types of fruit and vegetables. 

The total portions of fruit and vegetable consumption were the sum of each item 

(Duan et al., 2017, 2018). 

3.2.4.2 Combined lifestyle indicator 

In order to generate a combined lifestyle indicator, HEPA and FVC 

behavioral performance were categorized in accordance to whether or not the 

participants met both behavioral recommendations of HEPA and FVC (Duan et al., 

2018; Lippke et al. 2015). Based on the WHO formulated health 

recommendations for adult population, the thresholds of 150 minutes moderate 

HEPA per week and 5 daily portions of fruit and vegetables were chosen (WHO, 

2004, 2010). In this case, there were three categories as follows (see Table 3.3). 

Table 3.3  
Criteria for the recommendations of HEPA and FVC 

Criteria HEPA: < 150minutes/week HEPA: ≥150minutes/week 

FVC: <5 portions/day Coded by 1 Coded by 2 

FVC: ≥ 5 portions/day Coded by 2 Coded by 3 

3.2.4.3 Social-cognitive determinants of behavior change 

Self-efficacy: Self-efficacy was assessed with the stem “I am certain that…” 

followed by 5 items for HEPA such as “… I can be physically active permanently 

at a minimum of 5 days a week for 30 minutes”, or followed by 5 items for FVC 

such as “I can eat 5 portions of fruit and vegetable a day even if it is sometimes 

difficult” (Cronbach’s α for HEPA = .88; Cronbach’s α for FVC = .92). The 
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answers were indicated on a VAS-scale, ranging from don’t agree at all “1” to 

agree completely “5” (Duan et al., 2017, 2018; Luszczynska & Sutton, 2006). 

Intention: Intentions for HEPA was assessed with the stem “I intend to do for 

at least 30 minutes a day on minimum 5 days a week for at least 150 minutes per 

week with…” followed by 3 items such as “…vigorous HEPA”, “moderate 

HEPA”, and “…mild HEPA.” Intentions for FVC was measured by the stem “I 

seriously intend to…” followed by 3 items such as “…eat at least 5 servings of 

fruit and vegetables every day” and “…drink at least one glass of fruit or 

vegetable juice each day” (Cronbach’s α for HEPA = .64; Cronbach’s α for FVC = 

.63). The answers were indicated on a VAS-scale scale ranging from not true “1” 

to exactly true “4” (Duan et al., 2017, 2018; Lippke at al., 2009). 

Planning: Variable of Planning was divided into action planning and coping 

planning. Action planning was assessed by the stem “For the next month I already 

planned in detail…” followed by 3 items for HEPA such as “…which concrete 

HEPA I will pursue”, or followed by 3 items for FVC such as “…how I will 

prepare the food” (Cronbach's α for HEPA = .86; Cronbach's α for FVC = .91). 

Coping planning was assessed by the stem “For the next month I already planned 

in detail …” followed by 3 items for HEPA such as “…how I can stay active, even 

if something happened”, or followed by 3 items for FVC such as “…what I can do 

in difficult situations, in order to remain true to my own resolutions” (Cronbach's 

α for PA= .87; Cronbach's α for FVC= .93). Answers were given on a VAS-scale 

ranging from disagree “1” to totally agree “5” (Duan et al., 2017, 2018; 

Schwarzer, 2008). 

Social support: Perceived social support was assessed with the stem as 

“How do you perceive your environment?” followed by 3 items for HEPA such as 
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“….People like my classmates and friends help me to stay physically active”, or 

followed by 3 items for FVC such as “…People like my classmates and friends 

help me to eat healthily” (Cronbach's α for HEPA= .72; Cronbach's α for FVC= 

.69). Answers were be given on a VAS-scale from “1” disagree to “4” agree (Duan 

et al., 2017, 2018; Jackson, Lippke & Gray, 2011). 

3.2.4.4 Health outcomes 

Body mass index (BMI): The participants were invited to report their body 

weight (kilogram; kg) and body height (meter; m) to calculate their BMI, using 

the formula “BMI = weight (kg) / height squared (m2)”. Subsequently, the BMI 

indicator was categorized into 3 categories based on the General Administration 

of Sport of China (GASC) recommended cutoff-points of BMI for Chinese adults 

(see Table 3.4; GASC, 2015).  

Table 3.4  
Cutoff-points and coding method for BMI (Chinese population) 

Cutoff-point BMI (kg/m2) Coding 

Underweight < 18.5 1 

Healthy weight 18.5 ≤ BMI < 24.0 3 

Overweight 24.0 ≤ BMI < 28 2 

Obesity ≥ 28 2 

Depression: The depression level was measured with the use of the Center 

for Epidemiologic Studies Short Depression Scale (CES-D 10) (Rankin, 

Galbraith, & Johnson, 1993). Participants were asked with the stem as “In the past 

week how often I feel” followed by 10 items such as “… I was bothered by things 

that usually don’t bother me” (Cronbach’s α = .78). Answers were given on a 

VAS-scale from rarely or none of the time (less than 1day) “0” to most or all of 
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the time (5-7 days) “3”. The total score ≥ 16 indicated the likelihood of a 

clinically significant depression (Duan et al., 2017, 2018). 

Perceived quality of life: Perceived quality of life was assessed using the 

short version of WHO Quality of Life-BREF (WHOQOL-BREF; WHO, 1993). 

Respondents were first asked about their general quality of life as "How would 

you rate your quality of life?" with two items (VAS-scale: from very poor to very 

good). The physical health subdomain with seven items was also measured 

(Cronbach’s α = .71), such as “How much do you need any medical treatment to 

function in your daily life?” and “How well are you able to get around?" 

(VAS-scale: from very dissatisfied to very satisfied; Duan et al., 2017, 2018). 

3.2.4.5 Sociodemographic information 

Items addressing sociodemographic characteristics included gender (male or 

female), age, relationship status (single or have a close boy/girlfriend), grade 

(freshman, sophomore, junior, or senior), and major. The sociodemographic 

information was only collected at registration (T0). Other than the demographics, 

all the aforementioned behavioral indicators, social-cognitive determinants of 

behavior change, and health outcomes were measured at T1, T2, T3 and T4. 

All of the measurement instruments have been translated into a Chinese 

version and validated in previous studies with Chinese college students and 

cardiac patients (Duan et al., 2017, 2018). Additionally, visual analogue scales 

(VAS) were used for the majority of the questionnaire items (example, see Figure 

3.4). It has been suggested VAS are more appropriate than Likert-type scales in 

web-based studies because of their more user friendly appearance and design, 

more accurate responses, and potentially higher completion rates. The validity of 
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this kind of questionnaire has been supported by both empirical and theoretical 

studies (Kuhlmann, Reips, Wienert, & Lippke, 2016). 

Figure 3.4 Example of the VAS of intention for HEPA (translated from Mandarin) 

3.2.5 Statistical analyses 

The data were analyzed using IBM SPSS version 25.0 (IBM Corp, Armonk, 

NY, USA). As both continuous and discrete variables were included in this study, 

the analysis of variances (ANOVAs), independent t-tests, and Chi-square tests 

were executed to first examine whether the randomization was successful. In case 

where there were significant differences across groups at baseline, the variables 

were treated as covariates (potential confounders) in the subsequent analyses. The 

5% level (2-tailed) was taken as the statistical significance cutoff point (Rosnow 

& Rosenthal, 1989). 

Descriptive statistics (e.g., mean, percentage, standard deviation) were used 

to describe the baseline characteristics of the samples and the dropout rate within 

each group. After data distribution was examined, skewed variables were 

log-transformed or replaced with median values (interquartile range).  
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Intention-to-treat (ITT) principles were used in the primary analyses to 

evaluate the intervention effects. Missing data for the dependent variables was 

imputed using the multiple imputation approach with chained equations, except 

for data missing from dropouts, which were imputed with the last observed values 

(Rubin, 2004; White, Royston, & Wood, 2011; Wood, White, & Hillsdon, 2005). 

Subsequently, a series of generalized linear mixed models (GLMMs) were 

conducted to assess the intervention effects, with time (T1-T4), group (HEPA-first, 

FVC-first and CG), and the interaction of time and group as fixed effects, and 

with individuals as random effects (Hypotheses 1-4). Based on the -2 log 

likelihood and Akaike and Bayesian information criteria (AIC and BIC), an 

unstructured covariance structure was selected for the continuous variables in the 

model estimation. Following the evaluation of the intervention effects, post-hoc 

tests were performed using the least significant difference (LSD) method, 

Mann-Whitney U tests, and Chi-square tests (Hypotheses 1-4). For the combined 

lifestyle indicator (Hypothesis 2), an in-depth analysis of the intervention effect 

was performed using generalized linear models (determining odds ratio, OR). 

Given the drawbacks of ITT (e.g., increases in Type II errors that 

underestimate actual treatment effect), a sensitivity analysis was conducted to 

determine the robustness of the primary assessment of the intervention effects 

(Thabane et al., 2013). Based on the tutorial, we reevaluated the intervention 

effects in the sample of fully complete cases (i.e., participants who completed the 

whole intervention and all four-wave measurements) using the same statistical 

models, i.e., the per-protocol analysis (PP) (Thabane et al., 2013). The consistent 

results between ITT and PP analysis (on significant interaction effect or on 

non-significant interaction effect) demonstrated the robustness of the primary 
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assessment, and strengthened the conclusions and credibility of the study’s 

findings. 

For the dropout analysis, the following multiple comparisons of the 

differences in the baseline characteristics of the dropouts and completers were 

performed: 1) T2 dropouts (i.e., participants who completed the baseline 

measurement but withdrew from T2 measurement) vs. T1-T2 completers; 2) T3 

dropouts (i.e., participants who dropped out at the T3 measurement) vs. T1-T3 

completers; and 3) T4 dropouts (i.e., participants who withdrew from the 1-month 

follow-up measurement) vs. T1-T4 completers (i.e., full completers). Independent 

samples t-tests and Chi-square tests were used to perform these comparisons 

(Hypotheses 5). 

The multiple mediation analyses were performed using IBM SPSS Process 

(Hypotheses 6). To control the influence of baseline values, residualized change 

scores were used, and the 95% CIs of the standardized effects for intervention (i.e., 

direct, indirect and total effects) were estimated using the bias-corrected bootstrap 

approach (5000 resamples). Accordingly, the changes in intention, self-efficacy, 

planning and social support were hypothesed as four mediators for the association 

between intervention settings (IGs vs. CG) and each behavior change 

(HEPA/FVC). Before the mediation analysis, the diagnostics of the 

multicollinearity of predictors were performed using the following criteria: low 

correlation (r ≤ .70), high tolerance (> 0.01), low variance inflation factor (VIF ≤ 

10), high eigenvalue (not approaching zero), and small condition index (≤ 30) 

indicating an ignorable multicollinearity of predictors. 
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3.3 Results 

3.3.1 Randomization-check and sample characteristics 

Randomization check indicated that there were no significant differences in 

baseline characteristics across three groups in relation to the gender, age, study 

year, and relationship status (P = .37 to .83). Moreover, three groups did not differ 

significantly in all continuous and categorical variables with respect to the HEPA, 

FVC, combined lifestyle indicator, social-cognitive determinants of behavior 

change, and health outcomes at baseline (P = .098 to .93). Therefore, the 

randomization was successful. 

A description of the study sample is displayed in Table 3.5. A total of 552 

valid respondents were recruited from 28 different departments (the total number 

of the university department is 34), including 322 (58.3%) female and 230 (41.7%) 

male, with the age ranging from 18 to 24 years (Mean = 19.99 ± 1.04). The 

majority of the participants were freshmen and sophomore, with 47.8% and 41.5% 

of the total sample respectively. Among these participants, only 46 (8.3%) 

responded being in a close relationship (having a girlfriend or boyfriend). 

Moreover, the descriptive information indicated that 27.9% (154/552) of 

participants did not comply with the HEPA recommendations, while 80.4% 

(444/552) of participants did not consume at least five servings of fruit-vegetables 

on average per day (i.e., the nutrition recommendation). Integrating two behaviors, 

22.3% (123/552) of participants adhered to neither the HEPA nor the FVC 

recommendations, compared with 63.8% (352/552) who met only one behavioral 

recommendation either for HEPA or for FVC. In total, only 77 participants 

responded a healthy lifestyle complying with both behavioral recommendations of 

HEPA and FVC, accounting for the smallest proportion (13.9%). The average 
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BMI was 20.41 ± 2.45 (kg/m2), ranging from 15.62 to 32.88 (kg/m2). Most 

participants (67.8%) had a healthy weight, while 23.0% of participants were 

underweight and 9.2% were overweight. 

Table 3.5  
Sociodemographic information, primary outcomes and secondary outcomes of the 

study sample at baseline 

Variable Total 
N = 552 

HEPA-first 
n = 187 

FVC-first 
n = 195 

Control 
n = 170 

Sociodemographic information 
Age (range 18-24 years), 
Mean (SD) 19.99 (1.04) 20.07 (1.07) 19.96 (0.99) 19.93 (1.06) 

Gender, n (%) 
Male 230 (41.7) 79 (42.2) 78 (40) 73 (42.9) 
Female 322 (58.3) 108 (57.8) 117 (60) 97 (57.1) 

Grade, n (%) 
     Freshman 264 (47.8) 86 (46.0) 90 (46.2) 88 (51.8) 
     Sophomore 229 (41.5) 77 (41.2) 84 (43.1) 68 (40) 
     Junior 46 (8.3) 18 (9.6) 16 (8.2) 12 (7.1) 
     Senior 13 (2.4) 6 (3.2) 5 (2.6) 2 (1.2) 
Marital status, n (%) 
     Single 506 (91.7) 170 (90.9) 183 (93.8) 153(90.0) 
     Have close relationship 46 (8.3) 17 (9.1) 12 (6.2) 17 (10.0) 
Primary outcomes (HEPA and FVC behaviors), Mean (SD) 
HEPA (MET-min/week) 2124.23 

(1244.42) 
2180.22 
(1314.89) 

2074.45 
(1191.03) 

2119.73 
(1229.34) 

FVC (serving/day) 3.81 (1.75) 3.84 (1.70) 3.82 (1.87) 3.76 (1.68) 
Secondary outcomes (combined lifestyle indicator), n (%) 
    Unhealthy1 123 (22.3) 50 (26.7) 45 (23.1) 28 (16.5) 
    Unhealthy2 352 (63.8) 111 (59.4) 121 (62.0) 120 (70.6) 
    Healthy3 77 (13.9) 26 (13.9) 29 (14.9) 22 (12.9) 
Secondary outcomes (social-cognitive determinants of behavior change), Mean (SD) 
 HEPA intention 2.22 (0.71) 2.26 (0.74) 2.22 (0.72) 2.17 (0.69) 
 HEPA self-efficacy 2.96 (1.19) 3.08 (1.22) 2.87 (1.16) 2.92 (1.20) 
 HEPA planning 3.03 (1.05) 3.10 (0.98) 2.97 (1.04) 3.04 (1.12) 
 HEPA social-support 2.23 (0.91) 2.25 (0.90) 2.24 (0.94) 2.19 (0.90) 
 FVC intention 1.96 (0.79) 1.93 (0.76) 1.97 (0.81) 1.99 (0.81) 
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 FVC self-efficacy 3.08 (1.37) 3.07 (1.34) 3.06 (1.36) 3.11 (1.42) 
 FVC planning 2.86 (1.16) 2.83 (1.16) 2.83 (1.14) 2.94 (1.18) 
 FVC social-support 2.37 (0.86) 2.40 (0.83) 2.38 (0.89) 2.32 (0.86) 
Secondary outcomes (health outcomes) 
BMI (range 15.62-32.88 
kg/m2), Mean (SD) 

20.41 (2.45) 20.32 (2.34) 20.52 (2.62) 20.40 (2.39) 

BMI category, n (%) 
    Underweight 127 (23.0) 42 (22.5) 48 (24.6) 37 (21.8) 

Healthy weight 374 (67.8) 129 (69.0) 125 (64.1) 120 (70.6) 
    Overweight 51 (9.2) 16 (8.6) 22 (11.3) 13 (7.6) 
Depression, Mean (SD) 0.92 (0.69) 0.85 (0.63)  0.93 (0.73) 0.98 (0.72)  
Quality of life, Mean (SD) 3.15 (0.67) 3.23 (0.63) 3.14 (0.67) 3.08 (0.71) 

Note. HEPA = health-enhancing physical activity; FVC = fruit-vegetable consumption;  

BMI = body mass index; SD = standard deviation; 
1 Participants met none of behavioral recommendations for HEPA and FVC; 
2 Participants met only one of behavioral recommendations for HEPA and FVC; 
3 Participants met both behavioral recommendations for HEPA and FVC; 

Underweight: BMI < 18.5 kg/m2; Healthy weight: 18.5 kg/m2 ≤ BMI < 24 kg/m2; Overweight: 

BMI ≥ 24 kg/m2. 

3.3.2 Intervention effects on HEPA and FVC behavior 

Table 3.6 presents the results of the evaluation of the intervention effects on 

the weekly amount of HEPA and daily servings of FVC. Figures 3.5a and 3.5b 

show the descriptive information of the two behaviors from T1 to T4. The results 

revealed that both health behaviors changed favorably and significantly over time 

(all P ≤ .001) and that there were statistically significant differences in the time 

and treatment effects between the intervention groups and the control group in 

both HEPA (P = .015) and FVC (P < .001) behaviors (Hypothesis 1a). 

For the HEPA behavior, after 4 weeks (T2), the participants in the HEPA-first 

group performed significantly higher HEPA (P = .041) than those in the control 

condition. It is noteworthy that the participants in the control group witnessed a 

sharp decrease in the weekly amount of HEPA, whereas those in the FVC-first 
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group who did not receive the HEPA instruction during this period also mitigated 

the download trend, showing a large but non-significant effect (P = .33) relative to 

the control. After 8 weeks (T3), both the HEPA-first (P = .018) and FVC-first 

groups (P = .007) exhibited better performance in HEPA than the control group, 

with a small effect size (Cohen’s d from 0.25 to 0.29). After 12 weeks (T4), the 

significant treatment effect was sustained for both the intervention groups relative 

to the control group (all P < .05), with a small effect size of 0.24.  

For FVC behavior, after 4 weeks (T2), the participants in the FVC-first group 

showed remarkably significant improvement in their daily consumption of fruit 

and vegetables compared to the HEPA-first and control groups (all P < .001). 

After 8 weeks (T3), both intervention groups consumed significantly higher 

servings of fruit and vegetables than the control group (all P < .001), with a small 

to medium effect size from 0.44 to 0.59. After 12 weeks (T4), the two intervention 

groups were both superior to the control group in terms of FVC behavior (all P 

< .01). The details can be found in Table 3.6. 

The sensitivity analysis exhibited similar results: both intervention groups 

showed a statistically significant time and treatment effect on the weekly amount 

of HEPA and daily servings of FVC compared to the control group (Appendix 2). 

To identify which intervention delivery schedule would be more effective in 

promoting health behavior change after 8 and 12 weeks, we compared the 

differences in each health behavior in the HEPA-first and FVC-first groups at T3 

and T4. The results indicated that the two intervention groups did not differ 

significantly from each other in the weekly amount of HEPA at either time points, 

but there was a significant difference in FVC behavior in the two intervention 
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groups (P = .014). The group receiving FVC instruction first had much higher 

FVC after 12 weeks (T4) (Hypothesis 1b). 

Table 3.6  

Results of the GLMMs with HEPA and FVC after 4, 8, and 12 weeks as outcome 

measures (n = 552) 

Time and Group 
HEPA FVC 
 P ES  P ES 

Type III tests 
Time × Group F = 2.66 .015 - F = 12.17 < .001 - 
Time F = 5.24 .001 - F = 36.40 < .001 - 
Group F = 2.05 .13 - F = 13.64 < .001 - 
After 4 weeks (T2)a 
HEPA-first vs. Control MD = 231.58 .041 0.22 MD = 0.19 .47 0.08 
FVC-first vs. Control MD = 109.70 .33 0.10 MD = 1.42 < .001 0.58 
After 8 weeks (T3)a 
HEPA-first vs. Control MD = 282.36 .018 0.25 MD = 1.13 < .001 0.44 
FVC-first vs. Control MD = 321.19 .007 0.29 MD = 1.35 < .001 0.52 
HEPA-first vs. FVC-first MD = -38.83 .74 0.03 MD = -0.22 .41 0.08 
After 12 weeks (T4)a 
HEPA-first vs. Control MD = 253.21 .026 0.24 MD = 0.81 0.02 0.34 
FVC-first vs. Control MD = 252.39 .025 0.24 MD = 1.41 < .001 0.59 
HEPA-first vs. FVC-first MD = 0.83 .99 < 0.01 MD = -0.60 .014 0.25 

Note. HEPA = health-enhancing physical activity (MET-min/week); FVC = fruit and vegetable 

consumption (portion/day); a Post-hoc test: least significant difference (LSD); MD = mean 

difference which is significant at the .05 level; ES = effect size of Cohen’s d. 
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Figure 3.5a Mean values of HEPA from T1 to T4 

 

 

Figure 3.5b Mean values of FVC from T1 to T4 
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3.3.3 Intervention effects on combined lifestyle indicator 

As the purpose of the intervention was not only to change single behaviors 

but also to encourage students to adopt a healthy lifestyle pattern that included 

both HEPA and FVC behavior, the effects of the intervention on the adoption of a 

combined lifestyle indicator were evaluated (Table 3.7). As shown in Table 3.7, 

both intervention groups exhibited a prominent improvement in this indicator 

compared to the control group, revealing statistically significant differences with 

the control group with respect to the time (P < .001), group (P < .001), and 

interaction effects (P =.002) from T1 to T4. Both of the intervention groups 

significantly outperformed the control group in adopting a combined lifestyle at 

all three measurement points (i.e., T2, T3 and T4; all P < .05) (Hypothesis 2). 

Between the two intervention groups, the only significant difference was found 

after 4 weeks (P < .001), but the two groups did not differ significantly on the 

combined lifestyle indicator after 8 (P = .20) and 12 weeks (P = .40). 

The descriptive statistics show that, after 4 weeks (T2), the FVC-first group 

had the greatest percentage of participants (48.2%) who had adopted a combined 

healthy lifestyle (i.e., complied with both behavioral recommendations of HEPA 

and FVC) than the HEPA-first (26.2%) and control (18.2%) groups. After 8 weeks 

(T3), the two intervention groups, especially the HEPA-first group (39.0%), 

increased the proportion of participants adhering to both behavioral 

recommendations relative to the control group (18.2%). After 12 weeks (T4), the 

superiority was sustained for both intervention groups: 39.0% (73/187) of the 

participants in HEPA-first group and 46.2% (90/195) of those in FVC-first group 

adopted a healthy lifestyle, whereas only 22.9% (39/170) of the participants in the 

control condition did. The details can be found in Figure 3.6. 



 

94 

 

The result of the sensitivity analysis was consistent with the primary 

evaluation of the ITT approach, showing a statistically significant time, treatment, 

and interaction effect on the combined lifestyle indicator (all P < .001; Appendix 

2). 

GLMMs were used to further explore the extent to which the intervention 

predicted the adoption of a combined healthy lifestyle at T2, T3, and T4 (Table 

3.8). When controlling for age, gender, and baseline lifestyle, the intervention was 

found to be a significant predictor of the adoption of a healthy lifestyle at all three 

time points (all P < .01). In particular, students who receiving the HEPA-first 

intervention were about three times more likely to initiate or maintain a healthy 

lifestyle at T3 and T4 than those in the control group. Students in the FVC-first 

group, were about four times and three times more likely to comply with both 

HEPA and FVC recommendations at T3 and T4, respectively, relative to the 

participants in a control condition.
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Table 3.7  
Results of the GLMMs with stages of HEPA and FVC and combined lifestyle 

indicator after 4, 8, and 12 weeks as outcome measures (n = 552) 

Time and Group 
Combined lifestyle indicator 
 P ES 

Type III tests 
Time × Group F = 7.94 .002 - 
Time F = 30.20 < .001 - 
Group F = 32.68 < .001 - 
After 4 weeks (T2)a 
HEPA-first vs. Control Z = 2.27 .023 0.24 
FVC-first vs. Control Z = 5.26 < .001 0.57 
After 8 weeks (T3)a 
HEPA-first vs. Control Z = 4.89 < .001 0.54 
FVC-first vs. Control Z = 5.69 < .001 0.62 
After 12 weeks (T4)a 
HEPA-first vs. Control Z = 4.19 < .001 0.45 
FVC-first vs. Control Z = 4.70 < .001 0.51 

Note. a Post-hoc test: Mann-Whitney U test; ES = effect size of Cohen’s d. 

Figure 3.6 Descriptive information of the lifestyle indicator from T1 to T4 

Note. Healthy lifestyle = met both behavioral recommendations of HEPA and FVC; Unhealthy 

lifestyle 2 = met one behavioral recommendation either for HEPA or for FVC; Unhealthy lifestyle 

1 = met neither the HEPA nor the FVC recommendations. 
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Table 3.8  
Predicting lifestyle after 4, 8, and 12 weeks (n = 522) 

Variable 
Lifestyle at T2 a Lifestyle at T3 a Lifestyle at T4 a 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Gender 1.07 (0.75, 1.53) .69 1.19 (0.85, 1.67) .30 1.08 (0.77, 1.51) .65 
Age 1.02 (0.86, 1.20) .85 1.00 (0.85, 1.17) .99 1.07 (0.91, 1.25) .40 
Baseline lifestyle = 1a 0.03 (0.01, 0.05) < .001 0.06 (0.03, 0.13) < .001 0.06 (0.03, 0.11) < .001 
Baseline lifestyle = 2 a 0.10 (0.06, 0.18) < .001 0.17 (0.10, 0.30) < .001 0.17 (0.10, 0.30) < .001 
HEPA-first group b 1.87 (1.21, 2.88) .005 3.06 (2.01, 4.64) <.001 2.77 (1.82, 4.22) < .001 
FVC-first group b 4.07 (2.60, 6.38) < .001 3.92 (2.56, 5.99) < .001 3.12 (2.05, 4.76) < .001 

Note. T2 = mid-test (after 4-week); T3 = post-test (after 8-week); T4 = follow-up test (after 12-week); a Lifestyle: 3 = met both behavioral recommendations of HEPA and 

FVC, 2 = met one behavioral recommendation either for HEPA or for FVC, 1 = met neither the HEPA nor the FVC recommendations; b the control group was set as 

reference. 
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3.3.4 Intervention effects on social-cognitive determinants of behavior change 

The results of the GLMMs showed that five of the eight time and treatment 

effects were statistically significant (Tables 3.9 and 3.10) (Hypothesis 3). It is 

noteworthy that the effects were not statistically significant for perceived social 

support for both behaviors at all three time points (P = .60 to .72). Figures 3.7a-d 

and 3.8a-d present the mean values of the social-cognitive determinants of HEPA 

and FVC change, descriptively revealing that both health interventions enhanced 

the intention, self-efficacy, planning, and perceived social support for both 

behaviors over time. 

Regarding the social-cognitive determinants of HEPA change, the interaction 

effect of time and treatment was found to be significant on self-efficacy (P = .001) 

and planning (P = .008) for both intervention groups compared to the control 

group. After 4 weeks (T2), the participants in the HEPA-first group showed 

significantly higher self-efficacy (P = .034) and planning (P = .003) for HEPA 

than those in the control group. After 8 weeks (T3), a significant effect was found 

on all four social-cognitive indicators for both intervention groups (all P < .05), 

except for the perceived social support, for which there was no significant 

difference between the FVC-first and control group (P = .78). After 12 weeks (T4), 

the superiority in these social-cognitive variables was sustained for the two 

intervention groups compared to the control group (all P < .05). 
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Table 3.9  
Results of the GLMMs with social-cognitive determinants of HEPA change (i.e., intention, self-efficacy, planning, and perceived social-support) 

after 4, 8, and 12 weeks as outcome measures (n = 552) 

Time and Group 
HEPA intention HEPA self-efficacy HEPA planning HEPA social support 
 P  P  P  P 

Type-III Tests 
Time × Group F = 1.40 .21 F = 3.80 .001 F = 2.92 .008 F = 0.62 .72 
Time F = 2.77 .041 F = 1.03 .38 F = 1.52 .21 F = 4.65 .003 
Group F = 3.30 .038 F = 4.62 .001 F = 4.08 .017 F = 1.98 .14 
After 4 weeks (T2) a 
HEPA-first vs. Control MD = 0.14 .07 MD = 0.25 .034 MD = 0.31 .003 MD = 0.13 .17 
FVC-first vs. Control MD = 0.04 .55 MD = 0.18 .13 MD = 0.11 .27 MD = 0.13 .16 
After 8 weeks (T3) a 
HEPA-first vs. Control MD = 0.21 .012 MD = 0.31 .012 MD = 0.34 .003 MD = 0.19 .042 
FVC-first vs. Control MD = 0.21 .012 MD = 0.29 .016 MD = 0.30 .009 MD = 0.17 .08 
After 12 weeks (T4) a 
HEPA-first vs. Control MD = 0.23 .007 MD = 0.50 < .001 MD = 0.37 .001 MD = 0.22 .023 
FVC-first vs. Control MD = 0.17 .047 MD = 0.51 < .001 MD = 0.34 .003 MD = 0.13 .17 

Note. HEPA = health-enhancing physical activity (MET-min/week); a Post-hoc test: least significant difference (LSD); MD = mean difference which is significant at the .05 

level. 
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Figure 3.7a Mean values of HEPA intention from T1 to T4 

 

 

Figure 3.7b Mean values of HEPA self-efficacy from T1 to T4 
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Figure 3.7c Mean values of HEPA planning from T1 to T4 

 

 

Figure 3.7d Mean values of HEPA social support from T1 to T4 
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In terms of the social-cognitive determinants of FVC change, a significant 

interaction of time and treatment was yielded for the two intervention groups on 

intention (P < .001), self-efficacy (P = .011), and planning (P < .001) compared to 

the control group. After 4 weeks (T2), the participants in the FVC-first group 

exhibited a remarkably higher intention, self-efficacy, and planning for FVC 

relative to those in the HEPA-first and control groups (all P < .05). After 8 weeks 

(T3), a significant effect was found on intention (all P < .001) for the two 

intervention groups relative to the control group. The FVC-first and control 

groups differed significantly on FVC planning (P = .035), but there were no 

significant differences in the other variables. After 12 weeks (T4), the participants 

in the two intervention groups showed a prominently higher level of intention and 

planning for FVC (all P < .05) compared to those in the control group. 

Additionally, a significant difference was found in self-efficacy (P = .016) 

between the FVC-first and control groups, whereas the HEPA-first and control 

groups differed significantly (P = .047) on perceived social support for FVC 

during the follow-up period. 

The sensitivity analysis showed similar results: there was a statisitcally 

significant improvement in self-efficacy and planning for both behaviors in the 

intervention groups, but the time and treatment effect on intention was only 

significant for FVC behavior relative to the control group. Similarly, there was no 

significant difference in the interaction effect on perceived social-support for both 

behaviors (See Appendix 2). 



 

102 

 

Table 3.10  
Results of the GLMMs with social-cognitive determinants of FVC change (i.e., intention, self-efficacy, planning and perceived social support) 

after 4, 8 and 12 weeks as outcome measures (n = 552) 

Time and Group 
FVC intention FVC self-efficacy FVC planning FVC social support 
 P  P  P  P 

Type-III Tests 
Time × Group F = 6.33 < .001 F = 2.81 .011 F = 4.53 < .001 F = 0.76 .60 
Time F = 26.20 < .001 F = 4.71 .003 F = 11.32 < .001 F = 3.82 .01 
Group F = 6.09 .002 F = 1.30 .27 F = 1.95 .14 F = 1.55 .21 
After 4 weeks (T2) a 
HEPA-first vs. Control MD = 0.07 .43 MD = -0.02 .89 MD < 0.01 .99 MD = 0.04 .66 
FVC-first vs. Control MD = 0.32 < .001 MD = 0.26 .049 MD = 0.29 .015 MD = 0.08 .37 
After 8 weeks (T3) a 
HEPA-first vs. Control MD = 0.32 < .001 MD = 0.14 .30 MD = 0.18 .13 MD = 0.17 .06 
FVC-first vs. Control MD = 0.38 < .001 MD = 0.22 .09 MD = 0.25 .035 MD = 0.17 .07 
After 12 weeks (T4) a 
HEPA-first vs. Control MD = 0.31 .001 MD = 0.22 .10 MD = 0.24 .048 MD = 0.18 .047 
FVC-first vs. Control MD = 0.36 < .001 MD = 0.32 .016 MD = 0.37 .002 MD = 0.15 .10 

Note. FVC = fruit-vegetable consumption (portion/day); a Post-hoc test: least significant difference (LSD); MD = mean difference which is significant at the .05 level. 
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Figure 3.8a Mean values of FVC intention from T1 to T4 

 

 

Figure 3.8b Mean values of FVC self-efficacy from T1 to T4 
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Figure 3.8c Mean values of FVC planning from T1 to T4 

 

 

Figure 3.8c Mean values of FVC social support from T1 to T4 
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3.3.5 Intervention effects on health outcomes 

The descriptive results revealed that the intervention groups had a favorable 

time effect on these health outcomes compared to the control condition (all P 

< .01; Table 3.11). For the time and treatment interaction, the difference was only 

significant on BMI (P = .031), and there were no statistically significant 

differences between the intervention groups and the control group in BMI 

category (P = .98), depression (P = .60), or perceived quality of life (P = .07) 

(Hypothesis 4). 

After 4 weeks (T2), the participants in the HEPA-first group exhibited  

significantly lower scores for depression (P = .012) and a higher quality of life (P 

= .011) than those in the control group. After 8 weeks (T3), the HEPA-first group 

maintained superiority in both of these two indicators (all P < .05), and the 

FVC-first group showed a significant effect on perceived quality of life (P = .009) 

compared to the control group. After 12 weeks (T4), both of the intervention 

groups exhibited superiority in depression and quality of life relative to the control 

group (all P < .05). The descriptive information is presented in Figures 3.9a-d. 

The sensitivity analysis revealed similar results, except for one difference 

that the time and treatment effect for perceived quality of life was found to be 

statistically significant (P = .029) for both intervention groups compared to the 

control group (See Appendix 2). This indicated that our intervention significantly 

improved the perceived quality of life only for the participants who adherent to 

the entire intervention. However, as non-compliance is inevitable in the real world, 

the results of the sensitivity test did not alter the findings of the primary analyses 

of the non-significant effect of time and treatment on perceived quality of life (this 

was also consistent with the results of the likelihood-based estimation). 
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Table 3.11  
Results of the GLMMs with health outcomes (i.e., BMI, BMI interval, depression and perceived quality of life) after 4, 8, and 12 weeks as 

outcome measure (n = 552) 

Time and Group 
BMI BMI category a Depression Quality of life 

 P  P  P  P 
Type-III Tests 
Time × Group F = 2.34 .031 F = 0.36 .98 F = 0.76 .60 F = 1.95 .07 
Time F = 18.29 < .001 F = 3.07 .005 F = 8.21 < .001 F = 6.69 < .001 
Group F = 0.15 .86 F = 1.82 .12 F = 3.61 .028 F = 6.69 .001 
After 4 weeks (T2)b 
HEPA-first vs. Control MD = -0.08 .76 2 = 2.77 .25 MD = -0.17 .012 MD = 0.16 .011 
FVC-first vs. Control MD = 0.09 .71 2 = 2.05 .36 MD = -0.07 .28 MD = 0.12 .07 
After 8 weeks (T3)b 
HEPA-first vs. Control MD = -0.11 .641 2 = 1.81 .40 MD = -0.16 .018 MD = 0.27 < .001 
FVC-first vs. Control MD = -0.02 .92 2 = 0.48 .79 MD = -0.10 .13 MD = 0.18 .009 
After 12 weeks (T4)b 
HEPA-first vs. Control MD = -0.14 .56 2 = 0.14 .93 MD = -0.19 .003 MD = 0.30 < .001 
FVC-first vs. Control MD = -0.10 .66 2 = 0.08 .96 MD = -0.15 .024 MD = 0.18 .01 

Note. BMI = body mass index; a 1 = underweight (BMI < 18.5 kg/m2), 2 = overweight (BMI ≥ 24 kg/m2), 3 = healthy weight (18.5 kg/m2 ≤ BMI < 24 kg/m2, reference 

category); b Post-hoc test: least significant difference (LSD) and chi-square test; MD = mean difference which is significant at the .05 level. 
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Figure 3.9a Mean values of BMI from T1 to T4 

 

 

Figure 3.9b Descriptive information of BMI category from T1 to T4
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Figure 3.9c Mean values of depression from T1 to T4 

 

 

Figure 3.9d Mean values of perceived quality of life from T1 to T4 
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3.3.6 Dropout analyses 

The dropout rate of participants was 14.3% (79/552) from T1 to T2, 14.0% 

(66/473) from T2 to T3, and 15.7% (64/407) from T3 to T4. The aggregated 

dropout pencentage was 26.3% (145/552) from T1 to T3, and 37.9% (209/552) 

from T1 to T4. There was no between-group difference in the percent of 

participants with incomplete data at T2, T3, and T4 (see Table 3.12). 

Table 3.12  
Dropout rate of participants at T2, T3 and T4 

Time 
point 

HEPA-first (n = 187) 
(cumulative n, %) 

FVC-first (n = 195) 
(cumulative n, %) 

Control (n = 170) 
(cumulative n, %) Chi-Square Test 

T2 20 (10.1%) 32 (16.4%) 27 (15.9%) 2 = 3.04, P = .22 
T3 41 (21.9%) 59 (30.3%) 45 (26.5%) 2 = 3.43, P = .18 
T4 65 (34.8%) 75 (38.5%) 69 (40.6%) 2 = 1.33, P = .51 

Table 3.13 compares the baseline characteristics of completers and dropouts 

at three time points (Hypothesis 5). They differed significantly in gender at 

baseline. Obviously, more women than men participated in the intervention and 

data collection at T2 (2 = 3.97, P = .046) and T3 (2 = 5.46, P = .019). In 

addition, the dropout was associated with some social-cognitive determinants and 

baseline health status. The participants who dropped out at T2 had a significantly 

higher BMI (t = 3.91, P < .001) than those who completed the T2 measurement. 

The proportions of participants who were underweight or overweight were 

significantly higher among the dropouts at T2 (2 = 11.34, P = .003). The 

participants who withdrew at T3 measurement had significantly lower HEPA 

self-efficacies (t = -2.06, P = .039) than the T3 completers. The comparison of 

dropouts and completers at T4, indicated that the dropouts had a significantly 

lower FVC planning (t = -2.14, P = .033) than the fully complete cases. 
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Table 3.13  
Differences in the baseline characteristics of the completers and dropouts at 

different time points 

Variable 
(Baseline values)a 

Differences 

T2C vs. T2NC b 

(n = 552) 

Differences 

T3C vs. T3NC b 

(n = 473) 

Differences 

T4C vs. T4NC b 

(n = 407) 
Social-demographics 
Gender 

Male (%) T2C < NC* T3C < NC*  
Female (%) T2C > NC* T3C > NC*  

Social-cognitive determinants 
HEPA self-efficacy  T3C > NC*  
FVC planning   T4C > NC* 
Baseline health status 
BMI (kg/m2) T2C < NC***   
BMI category 
    Underweight (%) T2C < NC**   

Healthy weight (%) T2C > NC**   
    Overweight (%) T2C < NC**   

Note. HEPA = health-enhancing physical activity; FVC = fruit-vegetable consumption; BMI = 

body mass index; a The differences were not statistically significant in relation to age, grade, 

marital status, weekly amount of HEPA, daily portions of FVC, combined lifestyle indicator, 

intention for HEPA and FVC, self-efficacy for FVC, planning for HEPA, perceived social support 

for HEPA and FVC, depression, and perceived quality of life; b T2C = participants who completed 

the T1 and T2-measurement; T3C = participants who completed the T1, T2 and T3-measurement; 

T4C= participants who completed the four time-point measurements; NC = participants who 

dropped out at T2, T3 or T4;  

* P < .05; ** P < .01; *** P < .001. 
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3.3.7 Mediation mechaniams of changes in each health behavior 

The multiple mediator analyses determined whether the effects of the 

interventions on changing each type of health behavior (HEPA/FVC) could be 

explained by changes in the social-cognitive determinants of behavior change (i.e., 

intention, self-efficacy, planning, and social support; Figures 3.10 and 3.13) 

(Hypothesis 6). The multicollinearity diagnostics revealed that there were no 

serious collinearity problems among these mediators (correlation r = 0.33-0.59, 

tolerance = 0.45-0.72, VIF = 1.40-2.25, eigenvalue = 0.30-2.67, and condition 

index = 1.00-2.93). Residualized change scores obtained from the linear 

regression of T3 scores on T1 scores (i.e., indicating the change from T1 to T3; 

Figures 3.10 and 3.11) and the linear regression of T4 scores on T1 scores (i.e., 

indicating the change from T1 to T4; Figures 3.12 and 3.13) were chosen for the 

proposed mediators. 

After 8 weeks (T3), both the intervention assignments predicted the changes 

in HEPA (βHEPA-first = .29, 95%CI = 0.09-0.50, P = .005; βFVC-first = .42, 95%CI = 

0.21-0.62, P < .001) and all of the social-cognitive determinants of HEPA change, 

except for perceived social support (all P > .05). In particular, both intervention 

groups predicted changes in intention (βHEPA-first = .24, 95%CI = 0.03-0.45, P 

= .024; βFVC-first = .26, 95%CI = 0.05-0.46, P = .014), self-efficacy (βHEPA-first = .23, 

95%CI = 0.02-0.43, P = .032; βFVC-first = .31, 95%CI = 0.11-0.52, P = .003) and 

planning (βHEPA-first = .32, 95%CI = 0.12-0.53, P = .002; βFVC-first = .35, 95%CI = 

0.15-0.55, P < .001) for HEPA compared to the control group. The change in 

HEPA from T1 to T3 was predicted only by changes in HEPA self-efficacy (β 

= .20, 95%CI = 0.09-0.31, P < .001). After controlling for changes in these 

social-cognitive predictors, the association between intervention assignment and 
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behavior change was still significant  (βHEPA-first = .22, 95%CI = 0.02-0.42, P 

= .031; βFVC-first = .32, 95%CI = 0.13-0.52, P = .001), indicating that HEPA 

self-efficacy was a partial mediator of the intervention’s effectiveness on HEPA 

change in both intervention groups (shown in bold in Figure 3.10). The total 

mediation model could explain 10% of the variance (R2
adj = .09, P < .001) in 

HEPA change after 8 weeks. 

In terms of FVC behavior, both intervention assignments predicted the 

changes in FVC (βHEPA-first = .46, 95%CI = 0.26-0.66, P < .001; βFVC-first = .56, 

95%CI = 0.36-0.76, P < .001) after 8 weeks. Moreover, both interventions 

predicted the changes in intention (βHEPA-first = .45, 95%CI = 0.25-0.66, P < .001; 

βFVC-first = .50, 95%CI = 0.05-0.46, P < .001) and planning (βHEPA-first = .25, 95%CI 

= 0.04-0.46, P = .018; βFVC-first = .32, 95%CI = 0.12-0.53, P = .002) for FVC, and 

the FVC-first group also predicted the changes in FVC self-efficacy (β = .23, 

95%CI = 0.03-0.44, P = .025) . Among these social-cognitive predictors, only the 

change in FVC intention predicted the change in daily consumption of fruit and 

vegetables after 8 weeks (β = .30, 95%CI = 0.20-0.10, P < .001). After adding 

these mediators to the model analysis, the association between the intervention 

assignments and the FVC change was still significant (βHEPA-first = .31, 95%CI = 

0.12-0.51, P = .002; βFVC-first = .39, 95%CI = 0.20-0.59, P < .001), indicating that 

the FVC intention partially mediated the intervention’s effectiveness for both 

intervention groups (shown in bold in Figure 3.11). The total mediation model 

accounted for 16% of the variance (R2
adj = .15, P < .001) in FVC change after 8 

weeks. 
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Figure 3.10 Mediation effects of the social-cognitive predictors on HEPA change 
after 8 weeks (Significant changes are indicated by asterisks) 

Figure 3.11 Mediation effects of the social-cognitive predictors on FVC change 
after 8 weeks (Significant changes are indicated by asterisks) 



 

114 

After 12 weeks (T4), the intervention assignments continuously predicted the 

changes in the weekly amount of HEPA (βHEPA-first = .26, 95%CI = 0.06-0.47, P 

= .012; βFVC-first = .33, 95%CI = 0.13-0.54, P = .002). Among the HEPA-related 

social-cognitive determinants, only the change in HEPA intention predicted the 

HEPA change after 12 weeks (β = .19, 95%CI = 0.09-0.29, P < .001). The results 

of the mediation analyses indicated that the change in HEPA intention fully 

mediated the effects of the intervention on HEPA change only for the HEPA-first 

group (β = 17, 95%CI = -0.04-0.37, P = .11; shown in bold in Figure 3.12). The 

total mediation model accounted for 9% of the variance (R2
adj = .08, P < .001) in 

HEPA change, but the HEPA-first group particularly accounted for 8% of the 

variance (R2
adj = .06, P = .001) in HEPA change after 12 weeks. 

The intervention assignments also predicted the changes in FVC after 12 

weeks (βHEPA-first = .34, 95%CI = 0.14-0.54, P < .001; βFVC-first = .62, 95%CI = 

0.42-0.82, P < .001). The results revealed that the change in FVC intention (β 

= .25, 95%CI = 0.15-0.35, P < .001) partially mediated the effects of both 

intervention groups on changing daily consumption of fruit and vegetables 

(βHEPA-first = .20, 95%CI = 0.01-0.39, P = .043; βFVC-first = .45, 95%CI = 0.26-0.65, 

P < .001) after 12 weeks. The total mediation model could account for 17% of the 

variance (R2
adj = .14, P < .001) in FVC change at T4. 
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Figure 3.12 Mediation effects of the social-cognitive predictors on HEPA change 
after 12 weeks (Significant changes are indicated by asterisks) 

Figure 3.13 Mediation effects of the social-cognitive predictors on FVC change 
after 12 weeks (Significant changes are indicated by asterisks) 
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3.4 Discussion 

The findings of the intervention study are summarized and interpreted in this 

section. A more comprehensive discussion of the study’s limitations and 

implications for the future research can be found in the general discussion in 

Chapter VI. This study developed an 8-week web-based MHBC intervention 

program for promoting HEPA and FVC behavior in Chinese college students. The 

concrete purposes of the study were to examine the intervention effectiveness, to 

compare the treatment effects on each single behavior in two sequences of 

intervention delivery, to compare the baseline differences between the dropouts 

and the completers, and to identify the mediation mechanisms for the 

presumptively effective changes in HEPA and FVC. The majority of the research 

hypotheses were supported. 

The principal expected intervention effects on the behavioral indicators of 

HEPA and FVC (as primary outcomes) were identified. Compared to students in 

the placebo control condition, students in both intervention groups reported 

significant and favorable changes in the weekly amount of HEPA and daily 

consumption of fruit and vegetables after participating in the web-based MHBC 

interventions (Hypothesis 1a). The findings were more positive than those of our 

previous study, in which the significant treatment effect was only supported for 

FVC change in Chinese college students (Duan et al., 2017). The superior 

treatment effects for the intervention groups were consistent with another previous 

study, which was conducted in Germany and Netherlands that aimed to improve 

the HEPA and FVC in adults who intended to reduce the cardiovascular risk 

(Storm et al., 2016). As the intervention materials were similar to those used in 

previous studies, the intervention effects on HEPA and FVC found in this study 

might be suitable for use in other Asian and European countries.  
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Hypothesis 1b (i.e., HEPA-first and FVC-first groups would differ 

significantly in terms of treatment effects in HEPA and FVC change after 8 and 12 

weeks), was partially supported. There was no significant difference in HEPA 

between the two intervention groups. However, the FVC-first group had 

significantly higher consumption of daily fruit and vegetables after 12 weeks than 

the HEPA-first group. This finding is inconsistent with previous study of 

middle-aged adults, suggesting that dietary behavior interventions have a 

suppression effect on HEPA (King et al., 2013). The discrepancies between the 

two studies may be attributed to the different research subjects and different 

intervention content. In particular, the young adults in out study may be more able 

to address MHBC than the middle-aged subjects (Deforche et al., 2015). In 

addition, the dietary intervention in the referenced study consisted of multiple 

components (HEPA, FVC, and fat control), requiring more self-regulation 

strategies for the behavior initiation and maintenance (Conner et al., 2016). This 

may increase the difficulty of the intervention, making it hard for middle-aged and 

older adults to adhere to the behavior change targets, and therefore lead to 

suppression effects. The superiority of the FVC-first group in the maintenance of 

FVC, may be the result of by the compensatory effect (Knäuper et al., 2004; 

Lippke, 2014). Unlike the downward trend in the weekly amount of HEPA, the 

FVC-first participants maintained the FVC improvements, which compensated for 

the lessened HEPA. This mechanism has been proposed in previous study, 

suggesting that when the MHBC interventions are aimed at optimizing two 

healthy behaviors (e.g., nutrition and physical activity), appropriate compensatory 

cognitions usually foster both behaviors (Lippke, 2014). The existence of a 

compensatory effect between the social-cognitive determinants of behavior 

change was implied this study (Hypothesis 6). Nevertheless, this assumption was 
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only verified descriptively in our study, and needs to be systematically tested in 

future research. 

The findings on the effects of the interventions on the combined lifestyle 

indicator fully supported our assumption (Hypothesis 2). Studens in both 

intervention groups reported a significant improvement in adherence to both 

health behavioral recommendations; in particular, they performed at least 150 

minutes of moderate HEPA per week and consuming at least five servings of fruit 

and vegetables per day. This finding was consistent with a previous 

computer-based intervention study of German employees (Lippke et al., 2015). 

The results were also in line with a pilot study that aimed to enhance the physical 

activity and fruit and vegetable intake of Chinese cardiac patients during their 

home-based rehabilitation (Duan et al., 2018). 

In terms of the treatment effects on the social-cognitive determinants of 

behavior change, five out of eight were found to be significant. Hypothesis 3 was 

partially supported. Although the intervention effects were detected at the 

descriptive level, we could not find a significant time and treatment interaction on 

intention for HEPA and on perceived social support for both HEPA and FVC 

behavior. This finding was inconsistent with previous studies of college students 

and other populations (Duan et al., 2017, 2018; Lippke et al., 2015; Storm et al., 

2016) perhaps because of the ceiling effect (Garin, 2014). In other words, the 

participants in this study had a comparatively higher level of intention for HEPA 

(Mean = 2.22 ± 0.71, scale range from 1 to 4) and higher perceived social support 

for both behaviors (MeanHEPA= 2.23 ± 0.91; MeanFVC= 2.37 ± 0.86; scale range 

from 1 to 4) at baseline. This hints that how to tailor components to the 

participants who have high levels of intention and perceived social support is 

required to be taken into account in the future studies. 
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The fourth hypothesis, which postulated a significant improvement in health 

outcomes (i.e., BMI, BMI category, depression and perceived quality of life) for 

the two intervention groups was partially supported. As the majority of the 

participants were freshmen and sophomores and the data collection (i.e., T3 and 

T4) was conducted near the beginning of the winter holidays, most of the 

participants increased their body weight due to the time the study was conducted 

(special transition stage of life, and seasonal variation; Lloyd-Richardson et al., 

2009; Stok et al., 2018). However, the students in the two intervention groups had 

statistically significant reductions in the upward trend in BMI compared to the 

students in the control condition. This was consistent with findings from other 

MHBC studies, which suggested that combined HEPA and diet interventions had 

a more robust effect on weight management than interventions on either HEPA or 

diet alone in adults (Johns et al., 2014). As the majority of the students (around 

70%) were in a healthy interval of BMI (18.5 kg/m2 ≤ BMI < 24 kg/m2), there was 

no significant interaction of time and treatment on changes in BMI category. The 

intervention did not have a significant effect on depression, probably because of 

the floor effect (Garin, 2014), i.e., the college students in the study reported a low 

incidence of depression (Mean = 0.92 ± 0.69; scale range from 0 to 3) at the 

beginning of the intervention. However, to prevent depression over the long term, 

more components that include stress management techniques and explicitly 

address mental health problems need to be developed and examined in future 

studies. The average score for quality of life was relatively high (Mean = 3.15 ± 

0.67, scale range from 1 to 5), which validated the baseline assessment of a high 

level of HEPA and a low level of depression among the participants. The ceiling 

effect might lead to the non-significance of the time and treatment effect on the 
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perceived quality of life, coupled with the depression indicator, indicating the 

healthy mental states of these participants.  

For Hypothesis 5, the findings partially supported our assumption that the 

dropouts and completers differed significantly in gender, HEPA self-efficacy, FVC 

planning, and BMI status. The dropout rate was much lower in this study than in 

the previous study with college students (37.9% vs. 71.2%) (Duan et al., 2017), 

perhaps due to the refinement of website platform and the upgrades in the 

promotion strategies (e.g., the use of VAS scales and multiple reminders). The 

gender differences between dropouts and completers was consistent with other 

behavior change studies, and suggested that males were more likely to drop out 

from lifestyle interventions than females (Schulz et al., 2012). To increase the 

retention of male participants, more enjoyment and gamification components 

could be added to future Internet-delivered health interventions. In addition, 

further studies of the underlying reasons for the higher drop out rates could 

contribute to improving the participant adherence in future interventions. 

In terms of Hypothesis 6, the presupposed changes in social-cognitive 

determinants (i.e., intention, self-efficacy, planning, and social support) were 

partially identified in the majority of the tested variables in the mediation analyses. 

Regarding the medication effects of social-cognitive determinants (Hypothesis 6), 

participants in the intervention groups who gained more self-efficacy on HEPA 

were more likely to change HEPA, whereas the participants in the intervention 

groups who gained more intention on FVC were more likely to improve FVC 

after 8 weeks compared to those in the control condition (Figures 3.10 and 3.11). 

These findings were consistent with previous studies of adults, that indicated the 

importance of empowering the intention and self-efficacy for adopting a healthy 

lifestyle (Duan et al., 2018; Lippke et al., 2015). Regarding sustained 
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improvement in HEPA and FVC (from T1 to T4), the participants in the 

HEPA-first group who gained more intention on HEPA were more likely to 

maintain HEPA, whereas the participants in both intervention groups who gained 

more intention on FVC were more likely to persistently increase FVC after 12 

weeks compared to those in the control group (Figures 3.12 and 3.13). These 

findings indicated the importance of enhancing intention in health behavior 

initiation and supplement the evidence for emphasizing the role of intention in 

maintaining the long-term change of health behaviors (Brug, Oenema, & Ferreira, 

2005; Wyse, Wolfenden, & Bisquera, 2015). The role of planning and social 

support in facilitating the health behavior change requires further study. Also, as 

our mediators only accounted for less than 20% of the variance in behavior 

change among Chinese college students, further investigation of the factors that 

influenced the behavior change are warranted. 

The sequential design of intervention delivery (HEPA-first and FVC-first 

groups), comfirmed the role of both carry-over and suppression effects between 

HEPA-related and FVC-related social-cognitive determinants.  

In particular, for the HEPA-first group (4 weeks targeting HEPA followed by 

4 weeks targeting FVC), the carry-over effect of the HEPA mechanism on FVC 

was revealed, with an increasingly strong association from HEPA intention to 

FVC intention after 8 weeks (R2 from .24 to .45) and after 12 weeks (R2 from .26 

to .42). In addition, a compensatory effect of the HEPA mechanism on FVC was 

identified, with a diminishing association from HEPA to FVC on planning after 8 

weeks (R2 from .32 to .25), and on self-efficacy (R2 from .40 to .23) and planning 

(R2 from .35 to .30) after 12 weeks.  

For the FVC-first group (first 4 weeks target FVC, followed by 4 weeks 

targeting HEPA), a carry-over effect of the FVC mechanism on HEPA was found 
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on self-efficacy (R2 from .23 to .31) and planning (R2 from .32 to .35) after 8 

weeks. This carry-over effect remained on self-efficacy after 12 weeks (R2 

from .33 to .51), whereas the carry-over effect on plannings was replaced by a 

compensatory effect after 12 weeks (R2 from .44 to .39). Moreover, unlike the 

HEPA-first group, a compensatory effect was found on intention in the FVC-first 

group, with a decreasing flow from FVC intention to HEPA intention after 8 

weeks (R2 from .50 to .26). Similar findings of carry-over and compensatory 

effects between HEPA and dietary behavior have been found in previous studies 

(Fleig et al., 2015; Väth, Amato, & Nigg, 2012). The current study focused on the 

mediation mechanisms for each single health behavior, and the interaction 

processes of changes between two behaviors (HEPA and FVC) have not been 

identified explicitly in Chinese college students. Therefore, further exploration of 

the interaction mechanisms of the two health behaviors is needed. 

To sum up, among the seven study hypotheses, two were fully supported 

(Hypotheses 1a and 2) and five were partially supported (Hypotheses 1b and 3-6). 

In particular, the effects of web-based MHBC interventions were fully supported 

for two health behaviors as well as for the adoption of a combined healthy 

lifestyle, and partially supported for social-cognitive determinants of behavior 

change and health outcomes. Moreover, difference of treatment effects in FVC 

maintenance was yielded between two sequential delivery patterns which favored 

a FVC-first design. In addition, completers and dropouts differ in gender, several 

social-cognitive variables, and BMI status. Finally, intention and self-efficacy 

were identified as prominent mediators of intervention effectiveness on Chinse 

college students’ HEPA and FVC behavior. From a quantitative perspective, 

RQ1-3 were well addressed in this Chapter. 
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CHAPTER IV: STUDENTS’ EXPERIENCES OF 

PARTICIPATING IN THE PREVIOUS WEB-BASED HEALTH 

PROGRAM AND REASONS FOR DROPPING OUT FROM 

THE MHBC INTERVENTIONS: A QUALITATIVE STUDY 

4.1 Study purpose 

For RQ1 (i.e., effects of MHBC interventions in Chinese college students) 

and RQ2 (i.e., dropout issue), Chapter III has given responses from a quantitative 

perspective. In this chapter, a series of one-to-one and face-to-face semi-structured 

interviews were conducted, to address these two research questions from a 

qualitative perspective. The purpose of this study included three main aspects:  

(1) To explore the students’ perceptions about their changes after 

participating in the previous web-based health program (both intervention and 

control groups), with the aim of further qualitatively evaluating the intervention 

effectiveness of previous web-based MHBC interventions on HEPA and FVC 

behavior, social-cognitive determinants of behavior change, and health outcomes 

among Chinese college students (RQ1c);  

(2) To understand the students’ user experience and their suggestions (only 

intervention groups) for the design of the intervention content and the website 

layout and functionality, aiming to supplement information for the refinement of 

future web-based MHBC interventions in Chinese college samples (RQ1d); 

(3) To explore the underlying reasons for some students to drop out of the 

web-based MHBC interventions (RQ2b). 
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4.2 Methods 

To guarantee that the present study complied with qualitative reporting 

standards, the 32-item consolidated criteria for reporting qualitative studies 

(COREQ) checklist was used (Booth et al., 2014; Tong et al., 2007; Appendix 4). 

4.2.1 Study design 

This study used a qualitative research design: descriptive phenomenology 

(Husserl, 1962). Descriptive phenomenology is both a philosophy and a 

methodological approach in qualitative research, which allows the researcher to 

investigate and understand the experience of the individuals in a specific 

phenomenon based on detailed concrete descriptions from others, without 

considering its psychological genesis or causal explanations (Giorgi, 1997; 

Martins, 2008; Mihas, 2019). In this case, it allowed the researcher to describe the 

subjective experience of participating in the previous web-based health program 

(Study 1) from the perspective of the participants. Interpretive and critical 

epistemology guided data collection and analysis (Giacomini, 2010). 

Based on the purpose of the study, a series of individual and face-to-face 

semi-structured interviews were conducted. These interviews involved three types 

of questions (Cohen & Crabtree, 2006; Flick, 2014):  

(1) Open-ended questions allowing the respondents to freely express their 

ideas (e.g., what type of HEPA did you engage in the most, to what extent?);  

(2) Closed-ended questions, which are usually theory-driven or directed by 

the interests of interviewers (e.g., did you achieve the behavioral recommendation 

to consume at least five servings of fruit and vegetables per day?);  

(3) Conformational/confrontational questions to force the interviewees to 

critically re-address their answers (e.g., you said that you feel more confident to 
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eat sufficient fruit and vegetables, so you improved your confidence after 

participating in the web-based health program, right?). 

4.2.2 Participant recruitment 

In terms of the sample size, although there is no definite criterion for 

qualitative interview research, the number of participants recruited for interviews 

should be in accordance with the creed of theoretical saturation, which means that 

no new or relevant data emerge (Bryman, 2016). To reach theoretical saturation, 

based on the “rule of thumb” and “calculating the mean of selected qualitative 

studies,” the suggested number of participants for interview studies is between 12 

and 15 in homogeneous groups (Guest, Bunce, & Jahnson, 2016). 

According to the principles mentioned above, 30 Chinese college students 

(18 completing the entire study and 12 dropping out of the health interventions) 

were purposively selected from Study 1 for interviews, aged from 18 to 22 (Mean 

age = 19.53, SD = 0.92; 17 female and 13 male). These students came from 22 

departments (the total number of university departments is 34). 

In particular, 18 participants (10 female and 8 male) were randomly recruited 

from two intervention groups and one control group (6 participants for each 

group). All participants had completed either the 8-week web-based health 

interventions in one of the two intervention groups or the 8-week placebo 

treatment in the control group. In addition, they had completed data collection at 

the measurement points of pretest and post-test. Moreover, 61.1% of the 18 

completers reported a medium level of health status, while the other 38.9% 

indicated a good level of health status.  

The other 12 participants (7 female and 5 male) were randomly recruited 

from two intervention groups, in which the students had attended at least one 

health session but had dropped out of the process in Study 1. As there were two 
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types of dropouts (withdrew from the HEPA treatment period or from the FVC 

treatment period) in Study 1, six students were selected from each type of dropout. 

In addition, 58.3% of the 12 dropouts self-reported a good level of health status. 

All 30 participants participating in this qualitative study had sufficient 

command of Mandarin to communicate during the interviews and had expressed 

their willingness and consent to participate in the interviews in the questionnaire 

survey of Study 1. The details about study sample are provided in Table 4.1. 

Table 4.1  
Demographic information of interviewees 

Participants Group Gender Age Marital status Health status a 

#1 IG1-A Female 19 Single Medium 

#2 IG1-A Male 20 Single Medium 

#3 IG1-A Male 19 Single Medium 

#4 IG1-A Male 19 Single Medium 

#5 IG1-A Female 20 Single Good 

#6 IG1-A Female 19 Single Medium 

#7 IG2-A Male 18 Single Good 

#8 IG2-A Male 19 Single Medium 

#9 IG2-A Male 18 Single Good 

#10 IG2-A Female 20 Single Medium 

#11 IG2-A Female 19 Single Medium 

#12 IG2-A Female 21 In relationship Medium 

#13 CG-B Female 21 Single Good 

#14 CG-B Female 20 Single Good 

#15 CG-B Female 19 Single Medium 

#16 CG-B Male 20 Single Good 

#17 CG-B Female 22 Single Good 

#18 CG-B Male 19 In relationship Medium 

#19 IG1-C Female 21 Single Good 

#20 IG1-C Male 19 Single Good 

#21 IG1-C Female 19 Single Good 

#22 IG1-C Female 20 Single Medium 

#23 IG1-C Female 20 Single Good 

#24 IG1-C Female 20 Single Medium 

#25 IG2-C Female 18 Single Medium 
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#26 IG2-C Male 20 In relationship Medium 

#27 IG2-C Male 19 Single Good 

#28 IG2-C Male 19 Single Good 

#29 IG2-C Male 20 Single Medium 

#30 IG2-C Female 19 Single Good 

Note. IG1 = HEPA-first group; IG2 = FVC-first group; CG = control group; A = completers in IGs; 

B = completers in CG; C = dropouts in IGs; a self-reported health status. 

4.2.3 Data collection 

All qualitative data were collected during one-to-one face-to-face 

semi-structured interviews. The interviews were conducted during the one-month 

follow-up period of the previous intervention study (see Chapter III 3.2.1). 

4.2.3.1 Semi-structured interview guide 

An interview guide was jointly developed by the research team (four experts 

in health psychology domain), including questions, prompts, and guides, based on 

suggestions from Bryman (2016) and Flick (2014), providing clear instructions on 

what to ask, in what order, by what way to elicit the questions. The interview 

procedure started with building rapport, presenting the purpose of the interview, 

and explaining the process, followed by the main content of the interview, based 

on three topics compatible with the research questions (see Table 4.2). 

In this study, the interviewees were divided into three types: A (completers in 

intervention groups), the students who completed the entire health interventions 

and the pretest and post-test; B (completers in the control group), the students who 

completed the 8-week placebo control session and the pretest and post-test; and C 

(dropouts in intervention groups), the students who attended at least one health 

session but withdrew from the process. These three groups were involved in the 

different topics. In particular, type A and type B respondents (n = 18) were invited 

to answer the questions of Topic 1 (students’ perceptions about their changes after 

participating in the web-based health program). Subsequently, type A and type C 
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respondents (n = 24) who were in the intervention groups of Study 1 were invited 

to further discuss their user experience and to provide suggestions for the design 

of the intervention content and the layout and function of the health website 

platform (Topic 2). For Topic 3 (reasons for dropping out), only type C 

respondents (n = 12) were involved (see Table 4.2). 

4.2.3.2 Data collection procedure 

Prior to the formal interviews, the interviewer (LW) conducted several pilot 

interviews with four college students to familiarize himself with the interview 

guide and procedure.  

For the main interviews, all eligible participants were first informed of the 

purpose of the interview with a participant information form and an informed 

consent form. Then, the semi-structured interviews were implemented using the 

aforementioned interview guide on the three designated topics. The main question 

was used to invited the participants to talk freely, such as “What is your 

experience with the 8-week web-based health program?” Additional questions 

were asked during the conversation for clarification and elaboration, such as 

“What changes have you made in your intention to initiate or maintain HEPA after 

participating in the web-based health program (in the past eight weeks)? Could 

you give some examples or explain in more detail? ” The interviews took place in 

quiet places in or near the university (e.g., library chat room, cafe) according to 

the interviewees’ convenience and preference. Each interview was audio-recorded 

and lasted approximately 30 minutes. Only the researcher was present during data 

collection with the participants. 
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Table 4.2  
Interview Outline (used by interviewer) 

Opening 

Build Rapport; 

Purpose of the 

interview; Ethical 

Issues; Informed 

Consent; Timeline 

1. Thank you for coming and participating in this interview. 
2. I would like to ask you some questions about your feelings as a user of our web platform and your experience of 
participating in our web-based health program. 
3. I would like to record the interview as this helps us capture exactly what you say, but all private information will 
remain confidential. The interview data will only be used for academic research purposes and destroyed after 12 months. 
4. Sign the informed consent form 
5. This interview will last approximately 30 minutes, the monetary incentive (interviewee fee, RMB40) will be provided 
immediately after completing the interview. Feel free to ask questions at any stage during the interview. 
6. Are you available to answer some questions at this stage? (Do you have any questions?) 

Transition 

A-Completers in IGs: Thank you for completing the 8-week web-based health intervention and the 2-time survey. Let’s think about the 

web-based health learning content you received in the past eight weeks. 
B-Completers in CG: Thank you for reading the 8-week recommended life tips and for completing the 2-time surveys. Let’s start with some 
questions about your experience with HEPA and FVC in the past eight weeks. 
C-Dropouts in IGs: We know that you attended some of our health sessions but withdrew from the process. Let’s think about the web-based 
health learning content you received before dropping out of the program. 

Topic 1 

Students’ perceptions 

about their changes 

after participating in 

the web-based health 

program 

A+B: What is your experience of participating in the web-based health program (two intervention groups and one 
placebo-control group)? 
1. Direct the subjects to talk about their current status and changes in HEPA and FVC by asking the following questions: 
1.1 - What is your current HEPA situation, such as what type of HEPA do you engage in the most, with what intensity 
and frequency per week? Do you achieve the recommendation to perform at least 150 accumulated moderate HEPA per 
week? How long have you maintained this behavior?  
  - What is your current FVC situation, such as what type of fruit and vegetables do you consume the most, what 
portions and in what ways (e.g., raw fruit and vegetables, cooked or steamed vegetables or fruit-vegetable juice) per day? 
Do you achieve the recommendation to consume at least five servings of fruit and vegetables every day? How long have 
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you maintained this behavior? 

1.2 With the web-based health program, what changes have you made in your HEPA and FVC behaviors? (can you 
explain in more detail?) 

2. Direct the subjects to talk about their current status and changes in social-cognitive and other determinants of HEPA 
and FVC by asking the following questions: 

2.1. Self-efficacy for HEPA and FVC: 

2.1.1 What is your current confidence to perform HEPA and FVC behaviors?  
Do you feel confident that you can be physically active at least 5 days a week for 30 minutes and that you can eat at least 
5 servings of fruit and vegetables every day? Do you feel confident that you can maintain these behaviors even if you 
face difficulties? Do you feel confident that you can resume these behaviors even if you change you mind several times 
or skip a few times? (If not, tell me why). 
2.1.2 What changes have you made in your confidence for performing these two behaviors before and after participating 
in the web-based health program (during the past 8 weeks)? (can you tell in more details?) 

2.2 HEPA and FVC intention:  

2.2.1 Do you intend to perform HEPA every week, to what extent? Do you intend to eat fruit and vegetables every day, to 
what extent? (If not, tell me why). 
2.2.2 What changes have you made in your intention to initiate or maintain HEPA and FVC behaviors after participating 
in the web-based health program (in the past eight weeks)? (can you explain in more detail?) 

2. 3. Planning for HEPA and FVC 

2.3.1. For the action plan, the following questions will be asked. 
- Do you have plans to perform HEPA and FVC? If so, when do you start making plans for these behaviors and tell me in 
more detail about your plans, such as when and where do you plan to perform HEPA and FVC, what type of HEPA do 
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you plan to perform, what type of fruit and vegetables do you plant to eat? How do you plan to implement these plans, 
such as with whom and in what ways? 
2.3.2. For plan implementation and coping plans: 
- Can you smoothly execute your plans? Did you encounter some obstacles when implementing the plans? What were 
these obstacles? Did you make coping plans to deal with these difficulties and obstacles? 
2.3.3 For planning changes, the following questions will be asked. 
- What changes have you made in your planning after participating in the web-based health program (in the past eight 
weeks)? (can you explain in more detail?) 

2.4. Perceived social-support for HEPA and FVC 

2.4.1 Do you perceive social support from other people to help you stay physically active or eat enough fruit and 
vegetables? How do they support your initiation or maintenance of these health behaviors?  
2.4.2 What changes have you made in your perceived social support after participating in the web-based health program 
(in the past eight weeks)? (can you explain in more detail?) 

2.5 Other determinants of change in HEPA and FVC. 

2.4.1 In addition to the above-mentioned aspects, what other factors influenced your initiation and maintenance of HEPA 
and FVC? Can you explain in more detail? 

3. Direct the subjects to talk about their current status and changes in health outcomes by asking the following questions: 
3.1. How is your current body weight? What changes have you experienced in your body weight in the past eight weeks? 
(If there is any change, what caused this change?)  
3.2 Did you feel depressed last week? Do you feel hopeful about the future? Do you have trouble focusing on what you 
are doing? (If so, how often do you have these feelings?) What changes have you experienced in your level of depression 
after participating in the web-based health program? (can you explain in more detail?) 
3.3. How would you rate your quality of life? Do you have enough energy for everyday life? How satisfied are you with 
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your sleep and with your ability to study? What changes have you experienced in your perceived quality of life after 
participating in the web-based health program? (can you explain in more detail?) 

4. To identify contamination between intervention and control groups: 
- Where did you complete the questionnaire survey and health program (e.g., in the dormitory or at home)?  
- Did you complete it independently? Did you discuss the content of the program with your classmates in the same PE 
class?  
- Did you discuss the content of the program with your classmates who participated in this program but were enrolled in 
a different PE class?  
- Did you discuss the content of the program with other friends, roommates or family members? 

Topic 2 
User experience and 

suggestions 

A+C: Direct the subjects to talk about their user experience and provide suggestions for intervention content design and 
layout and function of the health website platform by asking the following questions: 
- What is your overall evaluation of the web-based health intervention? Was the health intervention beneficial to you? 
Can you explain in more detail? 
- What do you think about the intervention content design? Do you have any suggestions? 
- As a user of our website, how would you rate this platform? What do you think of the navigation/ layout 
design/browsing stability/operational function/navigation time? Do you have any suggestions for improving the quality 
of the web-based health program? 

Topic 3 
Reasons for 

dropping out 

C: Why did you drop out of our web-based health intervention program? What were the reasons? 
What measures can be taken or what aspects can be improved to increase your participation and ensure your completion 
of such a web-based health intervention program? 

Closing 
I appreciate the time you took for this interview. Here is your interviewee fee. 
Is there anything else you would like to add to the questions? Thank you. 
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4.2.4 Data analysis 

The audio-recorded interview data were transcribed orthographically and 

organized using QSR NVivo 11.0. Based on the suggestion of Braun and Clarke 

(2006), the audio data were edited for brevity, thus all spoken words and sounds 

(e.g., hesitation, false starts, laugher, giggles, long pauses and strong emphasis) 

not essential for understanding the overall meaning of the data were removed in 

the transcription process. This level of detail was more than sufficient for the 

subsequent data analysis and interpretation (Braun & Clarke, 2006; Edwards & 

Lampert, 2014). 

Considering the merits of accessibility and flexibility, the thematic analysis 

(TA) was used in the current study. As an independent qualitative descriptive 

approach, TA is mainly defined as “a method for identifying, analyzing and 

reporting patterns (themes) within the data” (Braun & Clarke, 2006). The TA 

process has six phases (Braun & Clarke, 2006): (1) familiarization with the data, 

becoming closely familiar with the data by reading and re-reading the interview 

transcripts; (2) generation of the initial codes, examining the data in relation to the 

research questions (not the interview prompts) until the initial codes are generated; 

(3) searching for themes, clustering the codes into relevant ideas and extracting 

the initial themes; (4) reviewing the potential themes, ensuring that all related data 

are associated first with individual codes and then with the themes; (5) defining 

and naming the themes, refining the themes in relation to the overall meaning 

captured and defining each theme; and (6) producing the report, illustrating the 

themes with reference to the transcripts by using abstracts or quotes that capture 

the essence of the theme. Two members of the research team independently 

conducted the first five steps. All discrepancies in any aspect of the analysis 
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process were discussed by three members of the research team (i.e., LW, DYP and 

YM) until consensus was reached.  

Both inductive and deductive processes were involved in the TA process 

(Braun, Clarke, & Weate, 2016). Specificallly, the inductive process (bottom-up) 

referred to the initial coding and primary analysis based on the original data 

regarding the experiences and perspectives of the participants, therefore the 

analytic lens did not completely override their stories. The deductive process 

(top-down) embodied in the theme generation and interpretation process, 

indicating that all data in this study were broadly interpreted within the theoretical 

framework (e.g., psychosocial theories of health behavior change).  

Finally, to gurantee the credibility and trustworthiness of the qualitative study, 

the entire procedure followed a set of principles, such as: sensitivity, commitment, 

rigor, transparency, coherence, impact and importance (Yardley, 2017). 

4.3 Results 
4.3.1 Topic 1: Students’ perceptions of their changes after participating in the 
web-based health program 

For Topic 1, 18 Chinese college students were invited to talk about their 

experiences of participating in the web-based health program in terms of changes 

in their health behaviors and mindset over the last eight weeks. TA identified four 

major themes: (1) HEPA and FVC behavior; (2) Determinants of behavior change; 

(3) Health outcomes; and (4) Contamination detection (Figure 4.1).  

4.3.1.1 Theme 1: HEPA and FVC behavior 

The first theme focused on how the students self-assessed their current status 

of and changes in HEPA and FVC behavior over the previous eight weeks. This 

theme contained four subthemes: 1) Behavior recommendations; 2) Improving 
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health behaviors; 3) No change in health behaviors; and 4) Decrease in health 

behaviors. 

1) Behavior recommendations. The participants discussed whether they 

achieved the behavioral recommendations for HEPA and FVC after participating 

in the health program. Eight of the 12 (66.7%) students (except Subjects #1 #3 #6 

#12) in the intervention groups reported that they met the HEPA recommendation 

to perform at least 150 accumulated minutes of moderate HEPA per week, while 2 

of the 6 (33.3%) students (Subjects #17 #18) in the control group described their 

adherence to the HEPA recommendation. For dietary behavior, only 5 of the 12 

(41.7%) students (Subjects #5 #7 #8 #9 #11) in the intervention groups consumed 

at least 5 servings of fruit and vegetables per day (FVC recommendation), while 

no student in the control group achieved this recommendation.  

In addition, although seven students did not reached the FVC 

recommendation after participating in the health interventions, three described 

their efforts and determination to achieve the recommended criteria in the long 

term (Subjects #2 #10 #12). For instance: 

“Yes, I intend to eat more fruit and vegetables after participating in the 

online health learning sessions … It’s easy to buy fruit in retail stores, such as 

apples, oranges, and grapefruits … I deliberately order vegetables when having 

lunch in the canteens … I usually consume three to four servings of fruit and 

vegetables everyday, but I know that I do not meet the criteria suggested on your 

website … Your program is a good reminder for me, I believe I can get it in the 

future ...”  

[Subject #12] 
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2) Improving health behaviors. Four of the 12 (33.3%) students in the 

intervention groups reported improving their HEPA in the last eight weeks 

(Subjects #1 #2 #4 #6), while no student in the control group indicated an increase 

in this behavior. In addition, two students with improved HEPA stated that they 

understood the importance of performing sufficient HEPA through the web-based 

health program (Subjects #2 #6). They noted some improvements, even after 

encountering some obstacles at the start of implementation. For example:  

“I think the health program is quite helpful … I had not paid much attention 

to the health issue, especially since the last year of high school, you know, I was 

busy with my studies … But recently, thanks to the health learning sessions, I 

started to worry about my health status and I really improved this behavior these 

days, I feel that doing some physical activity makes all of my day… ”  

[Subject #6] 

For FVC, the feedback was more positive in the intervention groups, as 10 of 

the 12 (83.3%) students (except Subjects #1 #4) described their improvement in 

the consumption of fruit and vegetables per day after receiving the health 

interventions. In comparison, only one student (Subject #18) in the control group 

reported an increase in this behavior. 

“I eat more fruit and vegetables every day after participating in the health 

learning program … I pay more attention to this health issue now…” 

[Subject #9] 

3) No change in health behaviors. The results revealed that 5 of the 12 

(41.7%) students (Subjects #3 #5 #7 #8 #10) in the intervention groups reported 

maintaining their HEPA behavior, while 2 of the 6 (33.3%) students in the control 
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group reported no change in their HEPA (Subjects #17 #18). The participants 

explained the following:  

“In the last two months, there has been no prominent change in this 

behavior… I maintain the same intensity and the same amount of weekly physical 

activity…”  

[Subject #3] 

For FVC, two students (Subjects #1 #4) in the intervention groups reported 

no change in their daily consumption of fruit and vegetables compared with four 

students in the control condition group (Subjects #13 #14 #16 #17). 

4) Decrease in health behaviors. Three of the 12 (25.0%) students in the 

intervention groups reported reducing the amount of weekly HEPA for diverse 

reasons, such as the weather and study-related activities (Subjects #9 #11). Four of 

the six (66.7%) students in the control group also witnessed a decrease in HEPA in 

the last eight weeks (Subjects #13 to #16). For FVC, only one student in the 

control group reported reducing her daily consumption of fruit and vegetables 

(Subject #15), “I used to eat apples or grapes every day, but now I do not because 

of the freezing weather and other reasons.” 

4.3.1.2 Theme 2: Determinants of behavior change 

The second theme focused on the students’ perceptions of the determinants of 

change in HEPA and FVC. This theme had two subthemes: 1) Social-cognitive 

determinants, including Intention, Planning, Self-efficacy, and Perceived social 

support; and 2) Other determinants, including University policy for HEPA and 

Barriers to HEPA and FVC. 

The first subtheme reflected the participants’ narrative of the social-cognitive 

determinants of change in HEPA and FVC behavior. 
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1) Intention. Ten of the 18 (55.6%) students from all groups stated that they 

intended to engage in regular HEPA before participating in the web-based health 

program, while more than 80% of the students (15/18) reported their previous 

neglect and low intention for FVC.  

Eight of the 12 (66.7%) students in the intervention groups described their 

increase in intention for HEPA after participating in the health interventions, while 

no student in the control group indicated an increase in this indicator. Regarding 

their dietary behavior, only one student (Subject #18) in the control group 

described an increase in intention for FVC, “I just had a gastrointestinal illness… 

the doctor encouraged me to eat heathier, so I intend to consume more fruit and 

vegetables … ”. In comparison, 10 of the 12 (83.3%) students in the intervention 

groups acknowledged the benefits of the health interventions and explained that 

with the help of the health sessions, they intended to consume more fruit and 

vegetables every day. For example: 

“By participating in the health program, I changed my mindset … Now I 

usually urge myself to worry about my health behavior, especially my fruit and 

vegetable intake … When I find that I do not meet the standard, I remind myself to 

consume more fruit and vegetables … I feel that my intention has increased these 

days and I often tell myself that I need to eat healthier food …”  

[Subject #7] 

2) Self-efficacy. Five of the 18 students (27.8%) described their confidence in 

performing sufficient HEPA and the same percentage of students explained their 

confidence in consuming an adequate amount of fruit and vegetables before 

participating in the health program. The results revealed that only the students 

who received the health interventions, improved their self-efficacy for 
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implementing both health behaviors (HEPA: 11 of the 12 students, 91.7%; FVC: 

10 of the 12 students, 83.3% ). In addition, most students indicated that they were 

encouraged by the successful role models provided by the health sessions, which 

improved their confidence. For example:  

“I think they are spankers … it is sort of difficult for me to do this … but I am 

doing better than before … like doing exercise and eating healthy food, I am more 

confident …” 

[Subject #2] 

3) Planning. The results showed that the majority of the students (15 out of 

18) did not know how to make appropriate plans for health behaviors in the past. 

Only 5 of the 12 (41.7%) students in the intervention groups reported enhancing 

their cognition and learning the method for making reasonable plans for HEPA. In 

addition, only eight students (66.7%) in the intervention groups described their 

improvement in FVC planning compared with those in the control group. Even for 

those who had stable plans before, the health interventions allowed them to 

evaluate, elaborate, and refine their plans. For example: 

“I actually did not have this in mind before and the learning program offered 

me new perspectives … like, I know how to make individualized plans now, such 

as when and where to do exercise…it also taught me how to tackle unexpected 

situations … Regarding my eating behavior, now I know clearly how many 

servings of vegetables I have to consume for each meal …” 

[Subject #3] 

4) Perceived social support. Eleven of the 18 students (61.1%) felt that they 

had sufficient social support from their friends, classmates, or family in terms of 

engagement in HEPA and FVC at the start of the health program. By participating 
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in the health program, three students in the intervention groups indicated that they 

took the initiative to invite their friends to do exercise or eat healthy food together 

(Subjects #4 #6 #7), while no student in the control group reported an 

improvement in their perceived social support.  

“I feel that I can get more social support from others, and now I always ask 

my roommate to join me for a run … it makes me more motivated…”  

[Subject #4] 

The second subtheme reflected the participants’ narrative of other 

determinants of change in HEPA and FVC behaviors in addition to the four 

social-cognitive factors described above. 

1) University policy for HEPA. The respondents mentioned that to encourage 

students to engage in physical activity, their university had a policy in place, 

named Ham Run, which was used as one of the assignments in PE class. The 

university declared that all undergraduates had to run 2,000 meters 28 times, 

accounting for 20% of the PE credit. The students also indicated that they had to 

complete the Ham Run task before November, as the PE final usually takes place 

in mid November.   

“The Ham Run task was okay for me, I completed it at the end of October … 

I feel that I was less active after completing this task …” 

[Subject #5] 

2) Barriers to HEPA and FVC. The students reported several barriers to their 

motivation and implementation of health behaviors. For HEPA, students 

mentioned the weather and the facilities inhibiting their engagement in HEPA. For 

example: 
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“The weather is freezing and the playground is quite far from my dormitory, 

so I rarely go outside to exercise … ”  

[Subject #9] 

“Sometimes I want to exercise indoors, but the venues are always 

unavailable …it is really difficult ...”  

[Subject #3] 

For FVC, the barriers included the weather, the supply of university canteens, 

and financial issues. For instance, some students explained the following:  

“I do not want to eat vegetables because the weather is freezing and my teeth 

need hot food …”  

[Subject #15] 

“I cannot choose what I want to eat … it is decided by the university 

canteens … I hope they can improve their supply of vegetables…”  

[Subject #4] 

“The fruit sold nearby is quite expensive … I can only afford one serving of 

fruit per day … I do not want to ask my family for more money …”  

[Subject #1] 

4.3.1.3 Theme 3: Health outcomes 

The third theme focused on how the students self-assessed their physical and 

mental health outcomes. This theme was related to commitment with three 

subthemes: Body Weight, Depression, and Perceived quality of life. 

1) Body weight. Four of the 12 students (33.3%) in the intervention groups 

indicated an increase in body weight, and 3 of the 6 students (50.0%) in the 

control group described a similar trend. Two students in the intervention groups 

explained that their body weight increased because they were fitter and had more 
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muscles these days (Subjects #2 #4), but no further elaboration and explanation 

was obtained from the students in the control group. For example:  

“My body weight has increased a bit, but I think it is due to my 

muscles…there is no obvious change in my body fat …” 

[Subject #2] 

2) Depression. The majority of the students experienced no symptom of 

depression in the previous eight weeks (12 out of 18). Although no student 

described the change in their level of depression, most students recognized the 

positive effects of HEPA and FVC in lessening depression. In particular, six 

students mentioned that HEPA can help fight depression (Subjects #2 #3 #5 #10 

#17 #18). Two students (Subjects #2 #13) described the positive effect of FVC on 

reducing depression and felt that this influence was weaker than that of HEPA. 

For instance: 

“Doing exercise is useful for coping with depression and eating fruit and 

vegetables can put me in a good mood … But, I think that dietary behavior is not 

as effective as exercise in dealing with this problem …” 

[Subject #13] 

3) Perceived quality of life. The results revealed that 10 of the 18 (55.6%) 

students felt that their quality of life was good before participating in the health 

program. Eight respondents (two in the IGs, six in the CG) indicated no change in 

their quality of life, while six respondents in the intervention groups (Subjects #2 

#3 #5 #6 #8 #12) felt that they were more energetic and their perceived well-being 

improved after participating in the web-based health program. Nine of the 18 

(50.0%) students highlighted that consuming enough fruit and vegetables could 
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help, while 6 students indicated the positive influence of regular physical activity 

on improving their perceived quality of life. For instance: 

“After participating in the health learning program, I exercised more, it 

brought me a good spiritual outlook … I felt that I slept better… Greasy food 

made me uncomfortable and fresh fruit and vegetables improved my 

well-being …” 

[Subject #12] 

4.3.1.4 Theme 4: Contamination detection 

To determine possible contamination between groups, all interviewees were 

asked the following question, “Did you discuss the content of the health learning 

program with others?” Eventually, one theme was extracted with three subthemes: 

1) Communication with classmates in the same PE class; 2) Communication with 

classmates in a different PE class; and 3) Communication with friends, roommates, 

and family. 

1) Communication with classmates in the same PE class. All students in the 

intervention and control groups indicated that they did not discuss the content of 

the health program with other classmates in the same PE class. The students 

provided additional information, emphasizing that there was a low possibility for 

students from the same department to enroll the same PE class to discuss the 

content due to the university’s curriculum selection system. Some students 

explained the following: 

“…I did not discuss the content with others, as I am not familiar with my 

classmates and we come from different departments… it is impossible for us 

(students in my department or roommates) to select the same PE class….”  

[Subject #5] 
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2) Communication with students in a different PE class. All students 

explained that they did not discuss the content with other students participating in 

the health program but enrolled in a different PE class. For instance: 

“…I do not know if the students enrolled in other PE classes were also 

invited to join the health program … I will not communicate with others, even if 

I find some acquaintances participating in this program…” 

[Subject #7] 

3) Communication with friends, roommates, and family. Seventeen of the 18 

students (94.4%) reported that they did not discuss the health program with their 

friends, roommates, and family. Only one student told her parents about her 

participation in the health program but did not discuss the content of the 

intervention:  

“I told my mother that I participated in a health learning program and she 

encouraged me to adhere to it…but I did not give details …”  

[Subject #2] 
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Figure 4.1 Main themes and subthemes of Topic 1: Students’ experiences of 

participating in the web-based health program 
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4.3.2 Topic 2: Students’ user experience and suggestions for the web-based 
MHBC interventions 

To further understand the students’ user experience and their suggestions for 

the intervention program, the 24 students in the intervention groups, including 

both completers and dropouts, were invited to share their overall user experience 

and provide suggestions for the web-based health interventions. As a result, 83.3% 

of the students reported a positive user experience with the health website. Based 

on their feedback, Five main themes were generated eventually: 1) delivery mode; 

(2) function of the website; (3) layout of the website; (4) organization of the 

content; and (5) incentive strategies. Table 4.3 presents the details of the main 

themes and subthemes. 

For delivery mode (theme 1), eight of the 24 students (33.3%) described their 

satisfaction with using a computer or laptop to participate in the health program, 

while 17 (70.8%) suggested delivering the health sessions via a smartphone. For 

function of the website (theme 2), 19 students commended the stability, flexibility, 

and diversity of the health platform, although additional modifications were 

necessary to further improve the health program, such as adding a tracking 

function for the completion process and improving the flexibility of the planning 

setting. For layout of the website (theme 3), positive and negative comments were 

raised. In addition, the students provided several suggestions on the treatment 

content, such as enriching the role models and improving the enjoyment (theme 4). 

Finally, the students suggested adding more incentive strategies to the health 

program, which could significantly increase participation and adherence (theme 5). 
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Table 4.3  
Respondent examples of major themes 1-5 in Topic 2 

Main themes Subthemes Number 
(Percentage)* Examples 

1. Delivery mode 1.1 Satisfaction with the 
computer-delivered program 

8 (33.3%) Subject #2: Every college student has a computer or laptop, so it 

is okay for us to complete the health sessions by computer. If we 

use a mobile phone, we may not always take it seriously… 

1.2 Suggestion to deliver the 
program via smartphone 

17 (70.8%) Subject #12: It is particularly inconvenient to use a computer… if 

we can participate in the health learning course with a  

smartphone, I believe that we will all be more motivated… 

Anyway, I think using a smartphone is better… 

2. Function of the website 2.1 Satisfaction with the website 
function 

19 (79.2%) Subject #24: I think that the function and the platform are perfect, 

especially using the slider to select the answers is quite 

innovative…and certain settings are user-friendly, flexible, and 

humanized… 

2.2 Suggestions for the website 
function  

    21 (87.5%)  

2.2.1 Refining the slider control 10 (41.7%) Subject #7: I think that the slider control needs to be changed… 

sometimes it is sluggish…it is easier for me to select items by 

clicking on the button rather than moving it …. 

2..2.2 Adding a process tracking 9 (37.5%) Subject #1: I think that it would be useful if the platform had 

provide a reminder to get an overview of the participation process  

to see our progress and review what we have learnt … 



 

148 

2.2.3 Refining the planning setting 7 (29.2%) Subject #18: I feel that it is not practical to copy and paste the 

plans… I hope that we will not need to repeat this action if there is 

no change in the planning setting… 

3. Layout of the website 3.1 Satisfaction with the website 
layout 

16 (66.7%) Subject #11: Generally, the design is good and looks 

professional… The layout does not disgust me… 

3.2 Suggestions for the website layout 11 (45.8%)  

3.2.1 Adding more aesthetic 

components 

9 (37.5%) Subject # 10: The layout is acceptable but some web pages are too 

simple…It is sort of boring and I hope that there will be more 

vivid pictures or to make the content more attractive… 

3.2.2 Supplementing the diversity of 

modes 

7 (29.2%) Subject # 1: The presentation of the content is a bit monotonous 

and outdated… It would be fascinating if there were other modes, 

such as adding online quizes and interaction or discussion 

modules… 

4. Organization of the 
content 

4.1 Satisfaction with content 
organization 

16 (66.7%) Subject # 8: I think that the program is great and I gained new 

perspectives and knowledge from the course… 

4.2 Suggestions for content organization 14 (58.3%)  

4.2.1 Improving the enjoyment 10 (41.7%) Subject #3: Some parts are boring and I do not just want to read 

the content …if there were some games like, “Bingo,” I would be 

more interested… 
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4.2.2 Enriching the role models 7 (29.2%) Subject #25: I think that some stories and role models are tedious 

and…it would be better to restructure the wording and add 

pictures and videos as a reference… 

4.2.3 Involving more behaviors 5 (20.8%) Subject #5: I would suggest adding more content, like how to fight 

the internet addiction or improve sleep quality…  

5. Incentive strategies 5.1 Adding additional course tips 11 (45.8%) Subject #2: If the program was compulsory, as part of the PE 

credit, everyone would be more than happy to participate … You 

know high course scores are important to us… 

5.2 Adding immediate rewards 8 (33.3%) Subject # 22: It would be more attractive if you offered immediate 

incentives, like getting some WeChat red packets after completing 

a certain number of sessions… 

5.3 Adding a punch-in function  6 (25.0%) Subject # 12: I would suggest adding a punch-in system. In doing 

so, we will not forget to learn the health sessions if we intend to 

participate… We can also monitor ourselves and the function can 

serve as a reminder… 

5.4 Adding social competition 6 (25.0%) Subject # 11: I would be more motivated if I could do it with my 

friends and compete with my them… Like, I hope that there will be 

a ranking refelcting our performance… 

Note. * Nnumber and percentage of participants who mentioned the related subtheme. 
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4.3.3 Topic 3: Reasons for dropping out 

To identify the underlying reasons for the students to withdraw from the 

previous health interventions, 12 students who completed at least one health 

session but dropped out of the rest of the intervention, were invited to explain 

their reasons for dropping out. The analysis identified two themes: (1) Internal 

reasons; and (2) External reasons (Figure 4.2). 

4.3.3.1 Theme 1: Internal reasons 

This theme reflected the students’ initial negative attitude toward the health 

program before participating in the health interventions, which indicated a low 

intention to particiate, leading to their subsequent non-adherence. The subthemes 

included: 1) perceiving the health program as less necessary, and 2) perceiving 

the health program as less important. 

1) Perceiving the health program as less necessary. Three students described 

their satisfaction with their perceived health status and felt that there was no need 

for them to participate in the health interventions (Subjects #27 #28 #29). As a 

result, they did not intend to participate and adhere to the health program. For 

example: 

“I think that I am healthy and meet the recommendation presented on the 

website, so I think that there is no need to attend the health session…” 

[Subject #27] 

2) Perceiving the health program as less important. Three students 

explained that they prioritized other activities in their daily life rather than 

participating in the health program (Subjects #19 #24 #25). The students 

emphasized that their personal and study-related responsibilities and their 

university activities required more attention and attendance. As a result, they 
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dropped out of the health program because they were busy with other activities. 

For example: 

“I am quite busy. I have to deal with so many assignments and prepare for 

exams…I know that the program does not take too much time, but it is not as 

important as my studies… Moreover, I have to participate in some campus 

activities which require my concerns and time…” 

[Subject #24] 

4.3.3.2 Theme 2: External reasons 

In addition to internal reasons, the students provided some external reasons 

for dropping out. This theme had four subthemes: 1) technical problems with the 

website; 2) delivery mode problem, 3) treatment content problem, and 4) 

unfavorable surroundings 

1) Technical problems with the website. Four students described the impacts 

of technology on their participation and adherence, highlighting the difficulties in 

navigating the web page due to errors with the log-in and submission functions 

(Subjects #19 #20 #21 #28). They complained about their tedious attempts to 

change their browser to successfully connect to the website or to submit their 

learning completion. The students pointed out that they were irritated and 

frustrated with these technical problems, implicitly leading them to drop out. For 

example: 

 “There were just too many problems with the log-in function… I could not 

do anything as it always said ‘web error’ … In the end, I just stopped trying, it’ 

was tiring …” 

[Subject #19] 
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In addition, one student explained that her reason for dropping out was her 

broken laptop: “I intended to adhere to the entire health program, but my laptop 

stopped working… So I missed some health sessions… I would have continued the 

program if my computer had been repaired…”  

[Subject #30] 

2) Delivery mode problem. Five students mentioned that the inconvenience 

and disadvantages of using a computer to participate in the health interventions 

minimized their intention to participate and adhere to the program (Subjects #19 

#21 #22 #26 #27). These students strongly recommended smartphone-based 

health interventions, as they believed that a smartphone-delivered intervention 

would be more feasible, accessible, and convenient. The students explained that if 

the program was delivered by smartphone, they could complete the health 

sessions immediately after receiving the notification and reminder from the 

WeChat Group. For them, a computer was not portable and too time-consuming 

because sometimes they had to go to the library to complete the program using 

public computers. For instance: 

“Why not do it via a mobile phone? This considerably hampered my 

participation and adherence…sometimes it was not convenient for me to use a 

computer and I always forgot to finish it… If I can participate in the health 

program by mobile phone, I believe that I will adhere to it longer… ”  

[Subject #21] 

3) Intervention content problem. Three students mentioned that the 

intervention content was not fun, limiting their intention to participate and adhere 

to the program (Subjects #22 #23 #24). They found the design monotonous and 

suggested adding some gamification components. For instance:  
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“Some sessions were sort of repetitive and tiresome… I weary of this type of 

program as I participated in so many similar programs… I would suggest adding 

enjoyable online games and making the content more interesting…”  

[Subject #22] 

4) Unfavorable surroundings. Two students explained that their ambience 

had a negative influence on their particiption and adherence to the health program 

(Subjects #23 #26). They indicated that the atmosphere in their dormitory or 

family was unfavorable, as their roommates and family members were physically 

inactive or had unhealthy dietary behavior, which in turn inhibited their 

enthusiasm to participate and adhere to the health program. For instance: 

“I intended to… but it was difficult to stick to the program alone… All of my 

friends are quite lazy and physically inactive… They do not care about a healthy 

lifestyle… I was influenced by this unhealthy environment to some extent…” 

 [Subject #26] 

In addition, one student indicated that the external conditions, such as the 

limited supply of vegetables in university canteens and the high price of fruit 

sold off campus, made it difficult to complywith the FVC recommendation, 

which in turn reduced her confidence and implicitly led her to drop out. For 

example: 

“The FVC recommendations is particularly difficult for me… I intended to 

eat more vegetables in the university canteens, but the dishes are quite limited… 

The off-campus fruit stand is far and it is expensive… So I am not confident that I 

can meet the recommendation and adhere to the health program…” 

 [Subject #25]
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Figure 4.2 Main themes and subthemes of Topic 3: Reasons for dropping out 

4.4 Discussion 

The results of the interview study are summarized and interpreted in this 

section, addressing RQ1 and 2 from a qualitative perspective. The present section 

explains how the qualitative and quantitative results corroborated and 

complemented each other. A more comprehensive discussion of the limitations of 

this study and its implications for future research is conducted in the general 

discussion section in Chapter VI. 

The purpose of this study had three aspects: to 1) provide an exploratory 

overview of the students’ perceptions of the effectiveness of the previous 

web-based MHBC interventions on HEPA and FVC behavior; 2) understand the 

students’ user experience and their suggestions for the intervention program in 

terms of the design of the intervention content and the website layout and 

functionality; and 3) enrich knowledge from the perspective of students who 
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received at least one health session but dropped out of the intervention process 

and identify the potential reasons for dropping out.  

All interviews in the present study were implemented using qualitative 

methods. Therefore, the results should be considered in the context of qualitative 

research (Greenhalgh & Taylor, 1997) and should not be considered as 

representative of all individuals who receive web-based health interventions for 

HEPA and FVC changes. Using TA, the main themes were generated under three 

topics, with a couple of subthemes related to each main theme. 

4.4.1 Findings for Topic 1 

Under Topic 1, four main themes were generated from the qualitative 

analysis. Two main themes and one subtheme were consistent with the framework 

of our previous intervention study, including changes in HEPA and FVC behavior, 

changes in the social-cognitive determinants of behavior change, and changes in 

health outcomes. The results provided clear evidence that the overall intervention 

was effective in improving the aforementioned aspects for the students who 

participated in the health interventions compared with those in the placebo control 

condition.  

In particular, 75.0 % (9/12) of the students in the intervention groups 

reported an improvement or maintenance of their HEPA behavior, and 83.3% (10 

out of 12) of the students in the intervention groups indicated an increase in their 

daily consumption of fruit and vegetables. In contrast, most students in the control 

group indicated a decrease in HEPA and no improvement in FVC behavior, 

representing respectively 66.7% (4 out of 6) and 83.3% (5 out of 6) of the total 

number of students in the control group. In addition, the results suggested that a 

larger proportion of students in the intervention groups adhered to the behavioral 

recommendations compared with the control group (HEPA: 66.7% vs. 33.3%; 
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FVC: 41.7% vs. 0.0%). The overall qualitative results on health behavior change 

are consistent with the quantitative results of the previous RCT (see Chapter III 

3.3).  

Regarding the determinants of behavior change, the expected results were 

obtained for the social-cognitive factors in the analysis. Through the health 

treatment, the majority of the students improved their intention, self-efficacy, and 

planning of targeted behaviors compared with those in the control condition. It 

should be noted that approximately 56% (10 out of 18) of the total number of 

respondents had a high intention for HEPA before participating in the health 

program and about 61% (11 out of 18) of the students described the perceived 

adequacy of social support for both behaviors in their environment before 

participating in the health program. These results are consistent with the previous 

quantitative data, explicitly corroborating our assumption of the ceiling effects. In 

addition, the potentially positive effects of the web-based health interventions on 

these two elements were described by the students during the qualitative 

interviews. This hinted that health interventions can be effective for at least some 

students in improving their HEPA intention and their perceived social support, 

although this positive effect was not statistically supported in the previous 

quantitative study (Study 1).  

In addition to the social-cognitive determinants mentioned above, an 

unanticipated subtheme emerged frequently in the narratives, revealing the 

existence of other crucial determinants of change in students’ HEPA and FVC 

behavior. These additional determinants had two aspects: the university policy for 

HEPA and the barriers to HEPA and FVC. The students described the university 

settings and the relevant policy that motivated their engagement in HEPA. To 

some extent, this can explain the situation in the previous RCT of participants 
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reporting a relatively high amount of weekly HEPA. These results also echoed the 

suggestions from other studies, emphasizing the importance of including “sports 

time” in curricula and suggesting that supportive school policies and provisions 

should be considered when promoting the health of college students (Deliens et al., 

2015; Hills et al., 2015). Furthermore, in this study, the students highlighted the 

extrinsic environmental factors obstructing the execution of HEPA and FVC, such 

as the weather, facilities, and financial support. Especially for FVC, the students 

mentioned the financial problems leading to difficulties in achieving the FVC 

recommendation. This elearly explains why the proportion of students adhering to 

the FVC recommendation (41.7%) was comparatively lower than that of the 

HEPA recommendation (66.7%), as FVC behavior appeared to be more dependent 

on financial support. Overall, the barriers identified in the present study are 

consistent with a previous qualitative study conducted with university students in 

the UK, emphasizing the university environment and finance as barriers to 

students’ HEPA and dietary behavior (Aceijas et al., 2017). 

In terms of health outcomes, an upward trend in body weight was mentioned 

by most students, consistent with the results of the previous intervention study 

(Study 1). The overall effect of the health treatment on weight control was evident 

among students in the intervention groups, with only 33.3% reporting a slight 

increase in body weight and mainly caused by an increase in muscle. In 

comparison, half of the students in the control group indicated a slight increase in 

body weight without any further explanation and justification. In terms of 

depression and perceived quality of life, the results are also in line with those of 

the previous interpretation in Study 1, as the college students participating in the 

health program had no symptoms of depression and their perceived quality of life 

was satisfactory. In addition, the students indicated that they perceived both HEPA 
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and FVC as beneficial for improving their mental health outcomes. Despite no 

explicitly positive comments about the change in the level of depression, half of 

the students in the intervention groups indicated that they became more 

invigorated and had a better perceived quality of life after participating in the 

web-based health interventions. 

Finally, the results showed that the possibility of contamination within and 

between groups was low, as no student reported having explicitly discuss the 

details of the intervention with the people around them. 

This qualitative information, especially the results of the first three themes, 

provides an additional interpretation for the previous intervention study. 

Reciprocally, the previous quantitative data validate the credibility and quality of 

the results of this qualitative interview study. 

4.4.2 Findings for Topic 2 

Topic 2 was expected to add information on how the students in the 

intervention groups perceived their user experience and their suggestions for the 

health program in terms of intervention content design and layout and function of 

the health website platform. Based on students’ feedback, five main themes 

emerged from the qualitative analysis, with several subthemes related to each 

main theme.  

The results indicated that, overall, the students had a positive experience of 

participating in the web-based health interventions. This is comparable with the 

results of previous qualitative research on Internet-based health interventions 

(Bendelin et al., 2011; Khan, Bower, & Rogers, 2007; Ly et al., 2014). One unique 

perspective of this study’s participants was that they considered the web-based 

interventions as more accessible and more frequent in their daily life. In addition, 

both computer-delivered and smartphone-based intervention modes were 
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mentioned by the participants. For comparison, a smartphone-based delivery 

mode was more attractive to this young population because of its advantageous 

features, such as more convenient, time-saving, and portable. 

Moreover, most of the students indicated their satisfaction with the layout 

and function of the website. The results also showed that using more diverse and 

aesthetic components in the layout design and improving the functions to be more 

flexible and user friendly would be beneficial for students’ participation. Positive 

assessments of the content of the intervention were also collected from the 

participants. One perspective not yet mentioned in previous qualitative studies 

was that web-based health interventions can be more attractive when adding more 

enjoyable components, such as gamification elements (de Visser et al., 2015; Peng 

et al., 2016; Pludwinski et al., 2016). This is consistent with suggestions from a 

recent systematic review that including gamification in web-based health 

interventions is a new and valuable trend that deserves further attention (Sardi & 

Fernández-Alemán, 2017). 

In addition to the above findings, some incentive strategies were highlighted 

by the students. Some points identified in the subthemes are consistent with a 

previous qualitative study exploring the perceptions of users of mobile health apps 

(Peng et al., 2016). Coherent with the results of Peng et al. (2016), social 

competition and intangible rewards (e.g., course tips) would help increase 

participation in the program. Moreover, immediate rewards and a self-monitoring 

setting (e.g., punch-in function) seemed to appeal to the students, as additional 

motivators to participate in the program. 

4.4.3 Findings for Topic 3 

Under Topic 3, the students reported several factors leading to dropping out 

of the health interventions. Two main themes were generated based on the 
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theoretical framework of psychosocial theories of behavior change (e.g., HAPA). 

The first theme (internal reasons) revealed that students with a low intention to 

engaging in the web-based health program, had some negative perceptions of this 

program before participating, leading them to drop out. The second theme 

(external reasons) reflected that students who have exhibited their greater 

willingness and interest to the health program before participation, reduced their 

intention and motivation in the process of engagement for several external reasons, 

leading to their eventual non-adherence behavior. 

In terms of internal reasons, three students perceived the health interventions 

as less necessary. On the one hand, it revealed the fact that some students had a 

low risk perception of the health, which in turn, inhibited their intention to 

participate and adhere to the health-related program. On the other hand, it 

reflected the limitation of the previous intervention study, emphasizing the need to 

supplement more components to prompt the risk perception and concerns of the 

participants, especially those who perceived themselves fairly healthy. Moreover, 

the results indicated that the participants viewed the web-based health program as 

less mandatory and important than other personal and study-related activities. One 

explanation for the lack of perceived value in the health interventions may be that 

most of the students in our study were had a good health status, thus they 

perceived no need for the health interventions and preferred to focus on their 

university life. These results underlined that complex lives and competing 

priorities are important factors that researchers mut take into account when 

designing web-based health interventions in the “real world,” to create successful 

engagement strategies and approaches (e.g., population-tailored design) that can 

reach and engage the target population (Lie et al., 2017). 
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In addition to internal reasons, a couple of external determinants were 

mentioned by the students. Consistent with previous studies, technical problems 

were mentioned as a continuous challenge in Internet-delivered interventions 

leading to high dropout rates (Lie et al., 2017; Verhoeven et al., 2007). Intelligible 

and user-friendly technology is imperative to maintain participation and realize 

the benefits of web-based health interventions (Lee & Coughlin, 2015). Our 

results on technical problems leading to dropping out, is therefore not surprising. 

However, it is important to tackle this issue, as most participants, especially young 

adults, have a high demand for this type of health interventions. Moreover, the 

computer-based delivery mode seemed to be too complex and unsatisfactory for 

the participants, limiting their intention to engage in and adhere to the program. 

This point is consistent with the results of Topic 2, with a smartphone-delivered 

health program highly recommended by the students. In addition, the results 

underscored the need to add more enjoyment and gamification elements to the 

health sessions, which was also highlighted in a recent systematic review (Sardi et 

al., 2017). 

Other than the factors related to the health program itself, three students 

linked dropping out of the program with their unfavorable surroundings, such as a 

physically inactive dormitory and the insufficient university supply of fruit and 

vegetables. To some extent, it is difficult to change students’ social networks. 

However, this highlights the importance of using more effective components or 

adding social interaction to the program to enhance the perceived social support of 

the participants. In addition, these results provide information for the future 

university policy, suggesting better allocation and financial support for the supply 

of fruit and vegetables on campus. 
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In summary, the overall results of this study answered RQ1 and 2 from a 

qualitative perspective. Particularly, the effects of web-based MHBC interventions 

were fully supported for HEPA and FVC behavior as well as for the 

social-cognitive determinants, and partially supported for the health outcomes. 

Moreover, constructive suggestions were obtained from participants. This will 

contribute to the further refinement of web-based MHBC interventions in Chinese 

college students. In addition, the dropout of previous intervention studies can be 

attributable to both internal and external reasons. All in all, the findings about the 

effects of web-based MHBC intervention from a qualitative study and quantitative 

study can cross-validate with each other. The additional qualitative insights about 

the refinemet of the webpage as well as the dropout reason explanation will 

advance web-based MHBC interventions in the future.  

4.4.4 Trustworthiness of the findings 

Efforts were made to ensure the credibility and trustworthiness of the 

qualitative results, according to the principles of : sensitivity, commitment, rigor, 

transparency, coherence, impact and importance (Yardley, 2017).  

Sensitivity: both inductive and deductive processes were used for data 

analysis, in which the codes and themes were extracted and defined based on a 

careful examination of the meanings generated by the participants. 

Commitment and rigor: the researchers showed an in-depth engagement with 

the topics, conducted a thorough data collection, had expertise and experience in 

the methods used, and undertook a detailed and in-depth analysis of the 

qualitative data. 

Transparency and coherence: as triangulation approaches for data validation 

(Carter, Bryant-Lukosius, DiCenso, Blythe, & Neville, 2014), peer review and 
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comparison with previous quantitative results enabled transparency and coherence, 

confirming the results and offering different perspectives. 

Impact and importance: the results of this study provided additional 

information to the previous quantitative study and contributed to the future design 

and refinement of web-based MHBC interventions for college students. 
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CHAPTER V: EXAMINING THE PSYCHOLOGICAL 

MECHANISMS OF MULTIPLE HEALTH BEHAVIOR 

CHANGE IN CHINESE COLLEGE STUDENTS: A 

PROSPECTIVE STUDY 

5.1 Study background 

To further address RQ3b i.e. the psychological mechanisms of MHBC in 

Chinese college students, a prospective study was conducted, particularly 

targeting the intention-behavior relationship of each single behavior and the 

interaction mechanisms between different behaviors (i.e., HEPA and FVC). 

A two-layer integrated social cognitive model was developed to describe the 

psychological mechanisms of MHBC. The first layer of the proposed model 

identified the change process of each health behavior. Based on the HAPA model 

(Schwarzer, 2008, 2016), health behavior can be explained and predicted by 

social-cognitive variables, distinguishing between individuals who are in the 

motivational phase of behavior change and those who have reached the volitional 

phase of the change process. In the motivational phase, an intention to change a 

current health behavior must first to be generated (Abraham et al., 2000). Once 

the behavioral intention to engage in regular HEPA or to consume a healthy diet is 

established, the motivational phase is completed and the individual enters the 

volitional phase. In the volitional phase, the intended behavior must be planned, 

initiated and maintained. Therefore, certain volitional variables, such as 

self-efficacy and planning play a key role (Schwarzer et al., 2008, 2016). Based on 

previous empirical results that volitional variables can mediate the relationship 

between intention and behavior (Paech et al., 2016; Scholz et al., 2008; Sniehotta 

et al., 2005), a combined volitional predictor (i.e., self-efficacy + planning) was 
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assumed to be a mediator between the motivational variable (intention) and actual 

behavior in this study. 

In addition to the first layer, the second layer of the integrated 

social-cognitive model detected the interaction process of different health 

behaviors. The CCAM (Lippke, 2014) and previous evidence (e.g., Fleig et al., 

2014, 2015) have shown that many people face barriers to initiating or 

maintaining one health behavior that may result from other health behaviors. 

Some studies have postulated that health behaviors (e.g., HEPA and dietary 

behavior) are interrelated and that there are both compensatory and transfer 

mechanisms in the change process of multiple health behaviors (Lippke, 2014; 

Geller et al., 2017). In particular, compensatory cognitions (CCs) which play a 

crucial role in the compensatory process of MHBC, were proposed as mediators 

linking one behavioral intention (e.g., HEPA intention) and another behavior (e.g., 

FVC). In addition, the volitional predictor of one behavior (e.g., HEPA) was 

assumed to be positively related to the volitional predictor of another behavior 

(e.g., FVC), which might reflect the carry-over process of MHBC (Lippke et al., 

2014). Together with the first layer, the two-layer integrated model revealed the 

psychological mechanisms of MHBC in Chinese college students (see Figure 5.1) 

Given the tenets of previous theories and empirical evidence, we 

hypothesized that: 

1) The combined volitional predictor (self-efficacy + planning) of HEPA 

would mediate the association between HEPA intention and behavior (1a), and the 

combined volitional predictor of FVC would mediate the relationship between 

FVC intention and behavior (1b). 

2) The combined volitional predictor of HEPA would be positively related to 

the combined volitional predictor of FVC; 
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3) Compensatory cognition from FVC to HEPA (CC-1)5.1 would mediate the 

relationship between HEPA intention and FVC behavior; 

4) Compensatory cognition from HEPA to FVC (CC-2)5.2 would mediate the 

relationship between FVC intention and HEPA behavior. 

Figure 5.1 Integrated social-cognitive model of HEPA and FVC change 

Note. HEPA = health-enhancing physical activity; FVC = fruit and vegetable consumption; CC = 

compensatory cognitions. 

5.2 Methods 

5.2.1 Participants and procedures 

The sample size was estimated according to a rule of thumb (N: q ≥ 10; q 

refers to the free parameters in model evaluation; q = 24 in the present study; 

Bentler & Chou, 1987; Hoogland & Boomsma, 1998), considering an 

approximate attrition rate of 20% (Lustria et al., 2013; Lee, Yung, Mok, Hagger, 
                                                             
5.1Compensatory cognition from FVC to HEPA (CC-1) refers to the belief that consuming more 
servings of fruit and vegetables can compensate for insufficient HEPA. 
5.2Compensatory cognition from HEPA to FVC (CC-2) refers to the belief that engaging in more 
HEPA can compensate for insufficient FVC. 
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& Chan, 2019), a total of 300 participants were recruited to guarantee a robust 

statistical estimation for the free parameters. 

The participants were recruited from one university in the central region of 

China. With the help of PE lecturers, the recruitment information was disseminated 

to the college students in their general PE course. The college students were invited 

to complete the online informed consent form and investigation questionnaires after 

agreeing and expressing interest. In the end, 322 college students (Mean age = 19.47, 

SD = 0.99, range = 18 to 24; Female = 55.6%) participated in this prospective study.  

All these students met the inclusion eligibility, including 1) age above 18 years; 

2) were not collegiate athletes or vegetarians; and 3) had no restrictions to physical 

mobility (e.g., heart diseases) or fruit-vegetable consumption (e.g., fruit and 

vegetable allergies or diabetes). Participants were invited to complete a series of 

online questionnaires at the time of recruitment (baseline, T1) and two months after 

the baseline (T2).  

5.2.2 Measures 

The questionnaires consisted of three parts: 

1) Social-cognitive predictors of behavior change 

  HEPA intention (Cronbach’s alpha = .64) and FVC intention 

(Cronbach’s alpha = .63) have been presented in Chapter III (p.80) 

  The combined volitional predictor was calculated by taking the mean of 

the total score of self-efficacy (Cronbach’s alpha for HEPA = .92, 

Cronbach’s alpha for FVC = .96) and planning (Cronbach’s alpha for HEPA 

= .89, Cronbach’s alpha for FVC = .91) targeting each behavior (for more 

details, see p.79-80) 

  Compensatory cognitions (CC). A 4-item scale was used to measure CC 

for HEPA and FVC (Knäuper et al., 2004; Reinwand et al., 2013). The 



 

168 

scale included two dimensions: a) Compensatory cognition from FVC to 

HEPA (CC-1), referring to the participants’ compensatory beliefs that 

healthy dietary behavior (e.g., sufficient FVC) can compensate for 

insufficient HEPA, such as the item “Too little physical activity can be 

compensated by eating healthier, like consuming more fruit and 

vegetables” (Cronbach’s alpha = .75); b) Compensatory cognition from 

HEPA to FVC (CC-2), referring to the participants’ compensatory beliefs 

that regular HEPA can compensate for unhealthy eating behavior (e.g., 

consuming insufficient fruit and vegetables), such as the item “…an 

unhealthy diet such as inadequate consumption of fruit and vegetables 

can be balanced by regular physical activity” (Cronbach’s alpha = .85). 

Each dimension had two items and all answers were indicated on a 

5-point Likert scale ranging from totally disagree “1” to totally agree “5” 

(Reinwand et al., 2013).  

2) Health behaviors. The Chinese version of the IPAQ (Macfarlane et al., 2007) 

was used to measure the weekly amount of HEPA (minutes/week). The Chinese 

version of the 4-item FVC questionnaire (Rafferty et al., 2002; Duan et al., 2017, 

2018) was used to calculate the students’ daily consumption of fruit and vegetables 

(portions/day). Details can be found in Chapter III (p.79). 

3) Demographic information: Age and gender. 

All measurement instruments used in the current study have been translated 

into Chinese and validated for online use in previous studies (Hu et al., 2016; Duan 

et al., 2017, 2018). In terms of measurement time point for the variables, past 

HEPA and FVC behaviors, HEPA intention and FVC intention, and demographic 

information were collected at baseline (T1), while the volitional predictors of 



 

169 

HEPA and FVC, compensatory cognitions (CC-1 & CC-2), and current HEPA and 

FVC behavior were collected at T2 (two months after the baseline). 

5.2.3 Statistical analysis 

Mplus 8.0 was used for this study (Los Angeles, CA, USA; Muthén & 

Muthén, 1998-2017). The proposed social cognition model was examined using 

SEM. The hypothesized relationships in the integrated model were tested using 

path analysis. The analyses allowed to test the overall fit of the model, and 

standardized parameter estimates provided the effect size and statistically 

significant values for each path. All paths were adjusted for the effects of age, 

gender, and behaviors at baseline.  

To evaluate the fit of the model, conventional fit indices were used, including 

Chi-square, Chi-square/deviation freedom (χ2/df), comparative-fit index (CFI), 

Tucker-Lewis fit index (TLI), root mean square error of approximation (RMSEA), 

and standardized root mean square residual (SRMR). The general rule of thumb for 

an acceptable model fit using these indices is < 5 for χ2/df, > 0.90 for CFI and TLI, 

and < 0.08 for RMSEA and SRMR (Hu & Bentler, 1999). 

With respect to missing data, 9 of the 322 (2.8%) participants withdrew from 

the study and did not complete the second wave of data collection. Missing values 

analysis using Little’s test indicated that the missing data were missing completely 

at random, χ2 = 5.52, df = 4, P = .24 (Little & Rubin, 2019). As a result, the missing 

data were imputed using the expectation maximization approach. As all variables 

were normally distributed and the absolute values of skewness and kurtosis were 

< 1, the path analyses were employed with the maximum likelihood estimation 

method and the parameters were estimated using the bias-corrected bootstrapped 

approach (5000 replications) (Hesterberg, 2011). 
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5.3 Results 

5.3.1 Preliminary results 

Table 5.1 presents the descriptive statistics for all measured variables. Most 

social-cognitive variables and behavioral indicators showed a significant 

inter-correlation (all P < .05). However, age was not significantly correlated with 

the other study variables (all P > .05). In addition, the gender was only 

significantly associated with CC-1 (r = -.18, P < .01), indicating that female 

students had a higher compensatory belief that consuming more servings of fruit 

and vegetables could compensate for insufficient HEPA compared with male 

students. 

In addition, regarding for HEPA and FVC behavior at baseline, it was found 

that 68% of the students (219/322) performed at least 150 accumulated minutes of 

moderate HEPA per week (i.e., HEPA recommendation), while only 16% of the 

students (52/322) ate at least 5 servings of fruit and vegetables every day (i.e., FVC 

recommendation).  

5.3.2 Path analysis 

The full path model suggested acceptable fit of the model with the data, χ2 = 

59.588, df = 21, χ2/df = 2.838, CFI = .969, TLI = .943, RMSEA = .076 [90% CI 

= .053 to .098], and SRMR = .060. 

Focusing on the model paths, for Hypothesis 1a, the combined volitional 

predictor of HEPA mediated the association between HEPA intention and behavior 

(Indirect effect = .25, 95%CI = .19 to .32, P < .001). In particular, HEPA intention 

significantly predicted the combined volitional predictor of HEPA change (β = .64, 

95%CI = .57 to .69, P < .001), which in turn significantly predicted the weekly 

amount of HEPA (β = .39, 95%CI = .30 to .48, P < .001). After controlling for the 

combined volitional predictor, the direct effect of HEPA intention on HEPA 
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behavior was still significant (β = .14, 95%CI = .05 to .23, P = .012). Therefore, 

the mediating effect of the combined volitional predictor of HEPA was supported. 

For Hypothesis 1b, the combined volitional predictor of FVC partially 

mediated the association between FVC intention and behavior (Indirect effect 

= .11, 95%CI = .08 to .14, P < .001). Specifically, FVC intention significantly 

predicted the combined volitional predictor of FVC change (β = .20, 95%CI = .14 

to .25, P < .001), which in turn significantly predicted the daily servings of FVC 

(β = .55, 95%CI = .47 to .61, P < .001). After controlling for the combined 

volitional predictor, the direct effect of FVC intention on FVC behavior was still 

significant (β = .29, 95%CI = .21 to .37, P < .001). Therefore, the mediating role 

of the combined volitional predictor on FVC was supported. 

For Hypothesis 2, the combined volitional predictor of HEPA was positively 

and significantly related to the combined volitional predictor of FVC (β = .71, 

95%CI = .66 to .76, P < .001). 

For Hypothesis 3, CC-1 was positively and significantly related to HEPA 

intention (β = .26, 95%CI = .17 to .35, P < .001). However, CC-1 could not 

significantly predict FVC behavior (β = -.07, 95%CI = -.13 to -.01, P = .09). The 

mediating effect of CC-1 on the association between FVC intention and behavior 

was therefore not supported. 

For hypothesis 4, CC-2 was positively and significantly related to both FVC 

intention (β = .37, 95%CI = .29 to .45, P < .001) and HEPA behavior (β = .16, 

95%CI = .08 to .24, P = .001). After adding CC-2 to the model, the direct effect of 

FVC intention on HEPA behavior was not significant (β = .04, 95%CI = -.04 

to .12, P = .38), indicating a full mediating effect of CC-2 on the association 

between FVC intention and HEPA behavior (Indirect effect = .06, 95%CI = .02 

to .10, P = .003). 
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Figure 5.2 presents the final structural model with the standardized path 

coefficients. Regarding the percentage of variance explained by the model, after 

controlling for the age, gender and past behaviors, the hypothesized relationships 

in the model explained 50% of the variance in the weekly amount of HEPA of 

Chinese college students (R2 = .50, P < .001), and 62% of the variance in their 

daily servings of FVC (R2 = .62, P < .001). 

Figure 5.2 Final structural model with standardized path coefficients (n = 322) 

Note. All paths have been adjusted for age, gender and past HEPA and FVC behaviors. Solid lines 

denote to the significant path estimates, and dotted lines refer to the non-significant path estimates; 

HEPA = health-enhancing physical activity; FVC = fruit and vegetable consumption; CC = 

compensatory cognitions; T1 = baseline; T2 = two month follow-up; Digit in bracket stands for the 

total effect after controlling the mediators. 

* P < .05; **P < .01; *** P < .001.
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Table 5.1  
Means, standard deviations, ranges and inter-correlations of study variables (n = 322) 

Variables 1 2 3 4 5 6 7 8 9 10 11 12 
1. Gender1 1            
2. Age -.01 1           
3. HEPA intention (T1) -.03 .04 1          
4. FVC intention (T1) .03 -.09 .35** 1         
5. HEPA CVP (T2) -.09 -.08 .64** .45** 1        
6. FVC CVP (T2) -.02 -.10 .52** .52** .79** 1       
7. CC-1 (T2) -.18** -.02 .24** .41** .34** .36** 1      
8. CC-2 (T2) -.05 .03 .30** .19** .17** .16** .40** 1     
9. HEPA behavior2 (T1) -.05 -.03 .31** .23** .30** .25** .21** .16** 1    
10. FVC behavior3 (T1) .01 .01 .27** .53** .28** .36** .17** .09 .17** 1   
11. HEPA behavior2 (T2) -.06 -.05 .52** .39** .63** .48** .40** .14* .50** .19** 1  
12. FVC behavior3 (T2) .02 -.05 .45** .61** .61** .74** .30** .10 .26** .42** .44** 1 
Mean (SD) NA 19.47 

(0.99) 
2.49 
(0.74) 

2.33 
(0.80) 

3.18 
(0.92) 

2.98 
(0.70) 

2.28 
(0.87) 

2.33 
(0.92) 

455.03 
(255.99) 

3.27 
(1.42) 

429.46 
(242.45) 

3.93 
(1.80) 

Range NA 18-24 1-4 1-4 1-5 1.5-5 1-5 1-5 0-1240 0-8.5 0-1120 0-8.5 
Note. HEPA = health-enhancing physical activity; FVC = fruit and vegetable consumption; CVP = combined volitional predictor; CC-1: compensatory cognition that 

insufficient HEPA can be compensated by FVC; CC-2: compensatory cognition that insufficient FVC can be compensated by HEPA; SD = standard deviation; 

1 Gender: 1 = male, 0 = female; 2 minutes/week; 3 portions/day; NA = not applicable. 

T1 = baseline; T2 = two month follow-up. 

* P < .05; **P < .01.
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5.4 Discussion 

The results of this prospective study are summarized and interpreted in this 

section. A more comprehensive discussion of the limitations of this study and its 

implications for future research is presented in the general discussion section in 

Chapter VI. 

 The purpose of this study was to identify the psychological mechanisms of 

MHBC in Chinese college students. The proposed model included the mediation 

mechanisms of each behavior change (i.e., first layer) and the interaction 

mechanisms of multiple health behaviors (i.e., compensatory and carry-over 

process; second layer). Three of the four hypotheses were supported.  

Hypothesis 1 is fully supported. For HEPA, the combined volitional predictor 

of HEPA prominently mediated the effect of HEPA intention on HEPA behavior 

(Hypothesis 1a). As expected, the combined volitional predictor of FVC was also 

supported as a mediator between FVC intention and behavior (Hypothesis 1b). 

The results of this study are consistent with those of previous research, indicating 

that the predictive effect of intentions on behavior is weakened when 

post-intentional volitional processes are taken into account and that using 

volitional variables leads to a notable increase in the variance explained (Hagger 

& Luszczynska, 2014; Sniehotta et al., 2005).  

The mediation effects of self-efficacy and planning on the relationship 

between intention and behavior have been examined in previous studies with 

young adults (Hamilton et al., 2017; Zhang et al., 2018; Zhou et al., 2015). 

Unique to this study, self-efficacy and planning were combined to represent the 

conceptualized volitional process of behavior change, based on the following 

two-fold considerations.  
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First, as self-efficacy and planning were conceptualized as proximal 

volitional variables of health behavior change (Reuter et al., 2010; Sniehotta et al., 

2005; Zhou et al., 2015), it was reasonable to combine them to interpret the 

change process of health behavior from a macroscopic perspective. This means 

that the change in behavior of individuals can be fully considered as a 

combination of changes in the initial motivational phase, subsequent changes in 

the volitional phase and eventual changes in behavior (Schwarzer, 2016). Indeed, 

different volitional variables, such as self-efficacy and planning, differ 

conceptually. Nevertheless, they both function in the volitional phase and share 

similarities in their role in bridging the gap between intention and behavior 

(Hamilton et al., 2017; Koring et al., 2012; Kreausukon et al., 2012; Schwarzer et 

al., 2008; Duan et al., 2017). Therefore, based on the purpose of this research, 

self-efficacy and planning were combined to theoretically represent the 

characteristic of the volitional process.  

Second, simplifying the paths in the first layer of the integrated model could 

contribute to a more sensitive and easier detection of the interaction between two 

behaviors (i.e., the second layer) in the path analysis. Indeed, volitional variables 

have been shown to be more proximal predictors accounting for a higher 

percentage of variance explained in behavior change, and the interrelation 

between these volitional variables is usually intricate. With a small sample size, 

adding complex relationships to the model may increase the instability of 

parameter estimation (Streiner, 2005). So that, a significant interaction between 

different behaviors could remain statistically hidden (e.g., treated as no significant 

in the statistical analysis; type II error), as it hypothetically contributes less to the 

interpretation of the variance in behavior change than those volitional predictors 
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do. Therefore, for a statistical consideration, combined volitional predictors and 

more concise relationship paths were selected. 

For Hypothesis 2, the results fully supported the hypothesis that the 

combined volitional predictor of HEPA was positively and significantly associated 

with that of FVC. These results are consistent with those of a previous 

longitudinal study conducted in Chinese adult employees (age = 29.5 ± 7.4 years) 

(Miao et al., 2016). In previous longitudinal study, self-efficacy for HEPA was 

shown to be positively and significantly correlated with self-efficacy for healthy 

eating (r = .31, P < .05). These coherent results can also be found in a 

cross-sectional study with German adults (age = 37.2 ± 11.4 years), in which the 

cross-behavior associations between HEPA and FVC was positive and significant 

(self-efficacies: r = .27, P < .01; planning: r = .25, P < .01) (Fleig et al., 2015). 

However, it should be noted that the complex mediation mechanism in the 

carry-over process was not examined explicitly in this study. The inclusion of 

some crucial factors (e.g., transfer cognition and habit strength) of the carry-over 

process and the systematic exploration of their interrelations are therefore 

warranted in future research. 

Finally, both Hypothesis 3 and Hypothesis 4 focused on examining the 

compensatory process of MHBC. The results of this study only supported 

Hypothesis 4. It showed that the effect of FVC intention on HEPA behavior was 

mediated by compensatory cognition from HEPA to FVC (e.g., “performing more 

physical activity can compensate for insufficient FVC”). This provides evidence 

for the previous suggestion that medium compensatory cognitions between two 

healthy behaviors (Mean = 2.33, SD = 0.93, scale range: 1-5) have a positive 

effect on the adoption of both behaviors (Lippke, 2014). 
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For Hypothesis 3, the postulated medicating effect of compensatory 

cognition from FVC to HEPA on the association between HEPA intention and 

FVC behavior was not supported in this study. However, HEPA intention was 

found to be positively correlated with CC-1 (β = .26, 95%CI = .17 to .35, P 

< .001), which is consistent with the results of a previous study with Swiss 

adolescents (Age = 14.6 ± 1.0 years) (Berli et al., 2014). The rejection of the 

mediation hypothesis may be explained by the fact that the effect of compensatory 

cognitions on health behaviors is usually determined by past behavior. As 

suggested in the CCAM, if the participants had previous HEPA behavior when 

they intended to improve the FVC behavior, which was not established in the past, 

compensatory cognitions could facilitate the maintenance of HEPA but could not 

help implement FVC behavior (Lippke, 2014). Based on the baseline 

characteristics of the participants in this study, the high proportion of students 

achieving the HEPA recommendations (68%) and the low proportion of students 

meeting the FVC recommendations (16%), support this interpretation. In addition, 

as past behaviors were only involved as covariates in the path analysis in this 

study, to obtain a more comprehensive and in-depth understanding of the 

compensatory mechanisms, the explicit effect of previous behaviors should to be 

further examined in the future. 

Overall, RQ3 in terms of the changing process of multiple health behaviors in 

Chinese college students was addressed in detail in this prospective study. Of the 

four study hypotheses, three were fully supported. The results preliminarily 

confirmed the usefulness of the two-layer integrated social-cognitive model for 

explaining the psychological mechanisms of MHBC in Chinese college students.
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CHAPTER VI: GENERAL DISCUSSION AND CONCLUSION 

This chapter summarizes the main findings of the research questions posited 

in Chapter I. In addition, it discusses the theoretical and practical implications, 

methodological merits and limitations, and the suggestions for future research. 

6.1 Summary 

The present thesis applied a multi-method design comprising a quantitative 

RCT, a qualitative interview study, and a quantitative prospective study, to address 

three major questions relevant to web-based MHBC interventions in Chinese 

college students. In this section, all of the findings obtained in Chapters III-V are 

summarized to address the research questions proposed in Chapter I. 

RQ 1: How effective are the web-based MHBC interventions among Chinese 

college students? 

The question of how effective web-based health interventions are in 

promoting MHBC in Chinese college students was reduced to four concrete 

sub-questions. First, RQ1a addressed this question from a quantitative perspective, 

as described in Chapter III (Study 1). The findings of the RCT study fully 

supported the effectiveness of web-based interventions in promoting HEPA and 

FVC behavior and increasing the adoption of a combined healthy lifestyle, and 

partially supported their role in improving the social-cognitive determinants of 

behavior change and subsequent health outcomes.  

RQ1b examined the effects of different intervention delivery sequences 

(HEPA-first and FVC-first) on behavior change, and was also addressed in 

Chapter III (Study 1). Both sequences were found to be equally effective in 

improving both HEPA and FVC behavior at the end of the intervention, and in a 

sustained improvement in HEPA behavior at the 1-month follow-up. In addition, 
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the FVC-first group was better than the HEPA-first group in promoting 

maintenance of the improved FVC behavior at the 1-month follow-up.  

RQ1c explored students’ qualitative perceptions about their changes after 

participating in the web-based health program, which was addressed in Chapter 

IV (Topic 1 of Study 2). The qualitative findings of the Study 2 corresponded to 

the quantitative findings of Study 1, providing further evidence of the 

effectiveness of web-based health interventions in promoting MHBC in Chinese 

college students. The connection and differences in the findings of the two studies 

are presented in Table 6.1.  

Finally, RQ1d explored the student’s user experience and suggestions 

regarding the design of the intervention content and the layout and functioning of 

the website platform, which was addressed in Chapter IV (Topic 2 of Study 2). 

The findings offered insights into students’ satisfaction with and suggestions for 

the web-based health program, in terms of delivery mode (computer- and 

smartphone-based delivery), website functionality and layout, content 

organization, and incentive strategies. 
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Table 6.1  
Comparison between Studies 1 and 2 addressing RQ1a and RQ1c 

 Study 1 Study 2 (Topic 1) 

Study aims: Evaluating the effectiveness of the web-based MHBC interventions 

Research questions: RQ1a RQ1c 

Participants: 552 Chinese college students 18 students in Study 1 

Study design: Quantitative intervention 
(RCT) 

Descriptive phenomenology 
(qualitative interviews) 

Intervention effectiveness: 

On HEPA and FVC Yes for both Yes for both 

On four social-cognitive 
determinants of changes 
in HEPA 

Yes for self-efficacy and 
planning 

Yes for all 

On four social-cognitive 
determinants of changes 
in FVC 

Yes for intention, self-efficacy 
and planning 

Yes for all 

On health outcomes Yes for BMI Yes for BMI and perceived 
quality of life 

Other determinants of 
behavior change 

Nil University policy for HEPA, 
Barriers to HEPA and FVC 

Note. RQ = research question; RCT = randomized controlled trial; HEPA = health-enhancing 

physical activity; FVC = fruit-vegetable consumption; BMI = body mass index. 

 

 

RQ 2: What influences dropout in web-based MHBC interventions? 

The ongoing challenge for web-based health interventions is how to reduce 

the dropout rate. The current thesis addressed this issue both quantitatively (RQ2a) 

and qualitatively (RQ2b).  

RQ2a examined the difference of characteristics between completers and 

dropouts in terms of demographics, social-cognitive determinants of behavior 
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change, and health status in Chapter III (Study 1). The findings indicated that 

males were more likely than females to drop out and that the dropouts exhibited 

lower HEPA self-efficacies, lower FVC planning, or inferior BMI status compared 

with completers.  

In addition, RQ2b focused on the underlying reasons for dropping out in 

Chapter IV (Topic 3 of Study 2). The findings indicated two major themes: 

internal reasons and external reasons. The internal reasons reflected participants’ 

perceptions of the web-based MHBC interventions as less necessary and 

important, and their comparatively low intention and motivation to participate in 

the program, resulting in non-adherence and dropout. In contrast, students who 

showed a greater willingness and intention to engage in the health interventions 

encountered external barriers caused by the program itself (i.e., intervention 

content, delivery mode and technical problems) or living surroundings that 

reduced their intention and motivation to engage in and adherence to the program, 

leading to dropout. 

RQ 3: What psychological mechanisms are involved in multiple health 

behavior change in Chinese college students? 

The present thesis addressed this question from two perspectives (Chapter III 

and V). First, RQ3a regarding the identification of the active ingredients (i.e., 

critical mediators) of intervention effectiveness on each health behavior 

(HEPA/FVC) was addressed in Chapter III (Study 1). The findings indicated that 

in the short term, changes in self-efficacy and intention mediated the effectiveness 

of the intervention in promoting HEPA and FVC, and changing intention 

facilitated the long-term maintenance of these effects for both behaviors. 
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Second, RQ3b considered whether an integrated social-cognitive model 

proposed in this thesis could effectively explain the comprehensive psychological 

mechanisms behind MHBC in Chinese college students, as discussed in Chapter 

V ( Study 3). Both the intention-behavior relation for each behavior change and 

the interaction between multiple health behaviors were examined. The findings of 

the prospective study supported the explanatory power of the hypothesized 

two-layer model for changes in multiple health behaviors in Chinese college 

students (i.e., explaining 50% of the variance in HEPA and 62% of the variance in 

FVC). In particular, the first layer explained how the combined volitional 

predictor (self-efficacy + planning) mediated the intention-behavior relation for 

each behavior independently (HEPA or FVC), while the second layer revealed a 

positive association between the volitional predictors of HEPA and FVC, and also 

the role of CC-2 (i.e., the belief that performing more HEPA can compensate for 

insufficient FVC) as a mediator between FVC intention and HEPA behavior. 

6.2 Implications of the research findings 

The findings of this thesis bear both theoretical and practical implications for 

the future development and application of Internet-delivered interventions and 

MHBC research and practice.  

6.2.1 Theoretical implications 

This thesis has several theoretical implications. 

First, as suggested by Ritterland and Tate (2009), the field of 

Internet-delivered interventions may flounder without a scientific underpinning. 

This thesis found that theory-guided web-based MHBC interventions were 

effective, which suggests the importance and usefulness of theory in designing 

Internet-delivered MHBC interventions. 
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Furthermore, the HAPA model provided an effective theoretical 

underpinning for the web-based MHBC interventions in this thesis. The findings 

of the intervention study verified the HAPA model’s function and generalizability 

in promoting HEPA and FVC behavior, as well as advanced the application of the 

HAPA model for Chinese populations. 

In addition, the current thesis identified critical social-cognitive mediators of 

MHBC interventions on HEPA and FVC behavior among Chinese college 

students. This provides a key ingredient for the future design of MHBC 

interventions tailored to Chinese college students. The findings will also add 

knowledge to the literatures about the understanding of intervention effectiveness 

on MHBC and contribute to the science of behavior change. 

This thesis also developed an integrated social-cognitive model of MHBC. It 

provides additional supporting evidence for previous theoretical assumptions 

about health behavior change, particularly among a Chinese college population, 

notably the mediating role of volitional variables in the intention-behavior relation 

for specific health behavior proposed by the HAPA model (Paech et al., 2016; 

Scholz et al., 2008; Sniehotta et al., 2005). In addition, the integrated model 

combined volitional predictors as a whole instead of using separate predictors, 

demonstrating parsimony in explaining the psychological mechanisms of health 

behavior change. 

The basic framework of the CCAM were also partially verified in this thesis. 

Specifically, the path between intention and CCs, and the relationship between the 

volitional predictors of two health behaviors were confirmed. In addition to the 

path relations proposed in CCAM, the integrated social-cognitive model extended 

the paths between CCs and health behaviors and provided verification for these 

paths with empirical evidence, contributing to the development of theories to 
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explain the psychological mechanisms of MHBC. Furthermore, based on the 

above path relations, the mediating roles of CCs between the intention towards 

one behavior and another were supported in a young Chinese population. To the 

best of our knowledge, this thesis is the first to identify compensatory 

mechanisms between HEPA and FVC in a Chinese context.  

6.2.2 Practical implications 

In addition to the theoretical implications, the current thesis provides 

numerous practical implications for health practitioners, health researchers, and 

university administrators.  

First, a web-based MHBC intervention program developed in this thesis 

provides scientific strategies for health practitioners to promote the adoption of 

healthy lifestyles among Chinese young people. Furthermore, the quantitative 

findings emphasize the potential and feasibility of Internet-delivered interventions 

for MHBC, coupled with the qualitative findings (e.g., participant experience and 

feedback), providing valuable reference and suggestions for health practitioners to 

deliver MHBC interventions efficiently among young adults in future.  

In addition, this thesis is the first to examine the comparative effects of two 

sequentially delivered interventions on HEPA and FVC among Chinese samples. 

The findings suggest that two different delivery sequences (i.e., HEPA-first and 

FVC-first) are equally effective in promoting HEPA, while the FVC-first delivery 

sequence shows a more robust effect in maintaining FVC behavior. Moreover, the 

mediation analysis identified the existence of transfer and compensatory effects 

between different behavioral components. These findings offer implications for 

the future application of MHBC interventions for health researchers designing 

tailored interventions that combine both HEPA and FVC behaviors, which might 

suggest the consideration for delivery timing and inter-behavioral relationships. 
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Furthermore, this thesis identifies several internal and external reasons for 

students dropping out of web-based MHBC interventions, underlining the 

necessity of addressing the causes of dropout to improve participant engagement 

and adherence. The findings suggest that health researchers should consider 

making the intervention rationale and content more appealing and enjoyable in 

future, while also refining the website and making the delivery mode more user 

friendly. 

Finally, the findings serve as a call to action for university administrators. To 

promote the adoption of healthy lifestyles among college students, universities 

should introduce measures including both policy-related software and 

infrastructure-related hardware. For example, a health education course should be 

set up as a general course within the university to deliver the knowledge about 

healthy living (Deliens et al., 2015; Hills et al., 2015), while more sports 

facilitates could be built to support college students’ engagement in regular HEPA 

during their leisure time. In addition, the findings of this thesis indicate that FVC 

portions among Chinese college students fall far below recommended levels. As a 

result, universities should make a major effort to encourage and support FVC 

among college students, such as by improving the provision and diversity of fruit 

and vegetables available in university canteens, and by lowering their price. 

6.3 Methodological merits and limitations 

The present thesis possesses numerous methodological merits. First, all of 

the studies reported in this thesis followed strict scientific guidelines (e.g., the 

guide to conducting RCT, and the guide to phenomenological research), 

guaranteeing the quality of the study implementation (Nardi, 2018; Nezu & Nezu, 

2007; Wilson, 2015; Savin-Baden, & Major, 2013).  
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Furthermore, in addressing the research questions, both quantitative and 

qualitative methods were applied to a high standard. This increased the external 

validity of the quantitative data for factor-outcome relationships (totally 874 

participants) and thus generalizability to a larger college student population 

(Groleau, Pluye, &Nadeau, 2007), and also ensured the strong internal validity of 

the in-depth descriptive qualitative data (30 participants) regarding complex 

context-specific issues and phenomena (e.g., participation in a web-based health 

program) (Creswell et al., 2011). 

In addition, scientific and appropriate approaches were used during the data 

analysis and interpretation, ensuring the quality of the study findings. Specifically, 

per-protocol analysis was used as a sensitivity test to validate the findings of the 

intention-to-treat analysis in Study 1, collectively demonstrating the robustness 

and credibility of the quantitative findings (Thabane et al., 2013). Furthermore, 

the use of advanced statistical analysis (e.g., GLMMs and SEM) allow accurate 

evaluation of the quantitative data with minimal bias (Foster et al., 2005). For the 

qualitative study, thematic analysis was implemented by different researchers 

independently, and the use of series validation strategies (e.g., triangulation) 

further increase the trustworthiness of the findings. 

Finally, the scientific guidelines for quantitative and qualitative studies (e.g., 

CONSORT 2010 Statement, and COREQ) were applied to ensure standardization 

and comprehensiveness in reporting the research outcomes (Begg et al., 1996; 

Booth et al., 2014; Tong et al., 2007). 

Nevertheless, this thesis has several limitations. First, all of the research data 

were obtained via self-report measures, which may lead to recall bias and social 

desirability effects (Chan et al., 2019; Duan et al., 2018). Although the self-report 

measures used in this thesis have previously shown adequate reliability and 
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validity (Duan et al., 2017, 2018; Lippke et al., 2015; Macfarlane et al., 2007; 

Rafferty et al., 2002), future studies should provide more accurate and reliable 

assessments of behavioral indicators and health outcomes by applying direct 

objective measures (e.g., accelerometers, pedometers, wearable cameras, and 

weight and height measurements). 

Furthermore, although a PE course at a Chinese university provided a 

convenient setting for the study design (Study 1), spill-over or contamination 

between students could have been further controlled (Nezu & Nezu, 2007). 

Although the participants were asked not to discuss the intervention content with 

others and follow-up interviews indicated a low possibility of contamination 

within and between groups in the samples for Study 1, these measures could not 

fully ensure the nonoccurrence of this problem in practice. A cluster or stratified 

design is therefore desirable in future studies. 

Additionally, as with all qualitative research, the findings generated in Study 

2 cannot be regarded as representative of all student samples who receive a 

web-based health intervention for HEPA and FVC, and caution is needed when 

generalizing from the interview sample to wider populations (Mueller, Jay, Harper, 

& Todd, 2017). 

Finally, while the prospective design in Study 3 of this thesis allows for 

conclusions about the predictive validity of the social-cognitive model for future 

behavior, it does not permit conclusions regarding causal relations between the 

social-cognitive constructs and health behavior (Lee et al., 2019). A longitudinal 

(e.g., cross-lagged panel design) or experimental (e.g., RCT) design is desirable to 

help identify temporal and causal relationships between the model variables (Chan 

et al., 2015; Sheeran & Silverman, 2003). 
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6.4 Suggestions for future research 

The present thesis provides only preliminary findings regarding the timing of 

MHBC intervention delivery, the dropout, and the psychological mechanisms of 

MHBC. To advance the research and practice of web-based MHBC interventions, 

the following suggestions are proposed. 

1. Adding a simultaneous sequence of intervention delivery 

As previous evidence has suggested that a sequential design is more effective 

for intervention delivery and has higher retention rate than a simultaneous design, 

particularly for targeting HEPA and FVC behavior (Carraça et al., 2013; Conner et 

al., 2016; Schulz et al., 2012), the current thesis focused only on a sequential 

delivery mode, comparing HEPA-first with FVC-first delivery. However, to more 

comprehensively address the timing of the intervention delivery, further studies 

should add a simultaneous design to compare the advantages of the two delivery 

sequences of MHBC interventions and take participants’ preference in to account 

(James et al., 2016; Geller et al., 2017). 

2. Refining the design and delivery mode of MHBC interventions 

This thesis developed a web-based MHBC intervention program based on the 

HAPA model. To make the program more tailored and effective for promoting 

healthy lifestyles in a specific population, several refinements are suggested for 

further consideration: a) adding more self-regulation strategies to facilitate 

self-monitoring (e.g., using activity trackers such as Fitbit and Gamin, adding 

punch-in function, or writing daily diary) (Reyes Fernández et al., 2015; 

Schwarzer, 2016); b) making the intervention content more enjoyable to enhance 

participant engagement and adherence (e.g., gamification) (Baumeister et al., 

2019; Sardi et al., 2017); c) redesigning the social support components (e.g., 

adding social competition or ranking; building a forum discussion board on the 
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website platform); d) extending the follow-up period to examine the effects over a 

longer term (Conner et al., 2016; Duan et al., 2017); e) conducting smartphone- or 

app-based MHBC interventions to facilitate the participation and adherence; and f) 

involving more health behaviors (e.g., fat intake, smoking, and sleeping) into the 

intervention package to contribute to the more comprehensive promotion of 

healthy lifestyles. 

3. Adding individualized health prescriptions 

While this thesis adopted a population-based approach, individualized health 

prescriptions could be applied in future MHBC e-interventions. For example, with 

the increasing development and application of artificial intelligence and deep 

learning, exercise prescriptions and dietary recommendations could be 

individualized via virtual assistants based on the person’s fitness status and dietary 

patterns (Alley, Jennings, Plotnikoff, & Vandelanotte, 2016).   

4. Dropout modeling 

The present thesis provided a preliminary examination of the difference in 

baseline characteristics between dropouts and completers via quantitative 

investigation, and identified several reasons for dropping out via qualitative 

interviews. However, the specific determinants of dropout and how they affect 

dropout behavior were not addressed, which should be explored in future research 

(Lee et al., 2019; Short et al., 2015). 

5. Comprehensively examining the psychological mechanisms of MHBC 

This thesis preliminarily identified the key mediators of effective 

interventions for HEPA and FVC, and examined the interaction mechanisms of 

MHBC using a relatively concise model. However, the effects of other 

theoretically related confounders were not examined in this thesis, such as action 

control and habit strength (Schwarzer, 2016). Furthermore, these findings only 
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disclosed the positive association between different volitional predictors, without 

explicitly examining their particular mediation mechanisms (e.g., cognition 

transfer) (Fleig et al., 2014, 2015). Therefore, it deserves to implement a more 

comprehensive examination of the psychological mechanisms of MHBC with 

these confounders to be controlled. Additionally, the integrated social-cognitive 

model of MHBC proposed in this thesis needs to be further verified across 

different samples (e.g., employees in a work setting) and in different cultural 

contexts (e.g., a culture-specific approach: individualism vs. collectivism) 

(Gerganov, Dilova, Petkova, & Paspalanova, 1996). 

6.5 Conclusion 

This thesis designed a web-based MHBC intervention program based on the 

HAPA model to examine the comparative effects on HEPA and FVC of two 

sequentially delivered intervention modules and a placebo-control module. In 

addition, this thesis developed a two-layer integrated social-cognitive model to 

explain the psychological mechanisms of MHBC in Chinese college students 

preliminarily. Both the quantitative and the qualitative findings fully supported the 

effectiveness of interventions in promoting HEPA and FVC behavior. Moreover, 

differences in the treatment effects of the two delivery sequences were found in 

FVC behavior after 12 weeks, favoring a FVC-first design. Furthermore, the 

findings revealed that male participants with lower HEPA self-efficacies, lower 

FVC planning, or inferior BMI are more likely to drop out of web-based MHBC 

interventions for both internal and external reasons. In addition, self-efficacy and 

intention were found to be active ingredients of successful behavior interventions, 

mediating the intervention effects of immediate or sustained changes in HEPA and 

FVC behavior. Moreover, qualitative interviews identified HEPA policy and 
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external barriers as other determinants of change in HEPA and FVC. Finally, the 

findings support the usefulness of a two-layer integrated social-cognitive model in 

explaining the psychological mechanisms of MHBC in Chinese college students, 

in which combined volitional predictors of a single behavior mediate the relation 

between intention and each behavior, and compensatory cognition (where HEPA 

compensate for insufficient FVC) mediate the association between FVC intention 

and HEPA behavior. To the best of our knowledge, this is the first study to 

examine the comparative effects of two sequentially delivered interventions for 

HEPA and FVC in China, and the first to identify the psychological mechanisms 

of MHBC in a Chinese context. The overall findings add new knowledge on the 

three remaining questions of web-based MHBC interventions, including the 

timing of MHBC intervention delivery, the high dropout rate of participants, and 

the psychological mechanisms behind MHBC. This thesis provides substantial 

theoretical and practical implications for future research and the application of 

MHBC.
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APPENDICES 

Appendix 1: Questionnaire package in Chapter III and V 

 

Questionnaire Package (English version) 

Dear participants: 

Hello！ 

The purpose of our questionnaire investigation is to learn about your health status 

and some influential factors related to health-enhancing physical activity and 

fruit-vegetable consumption behaviors. There are no right or wrong in your 

answers, so please answer truthfully! 

The following questionnaires consist of four parts. (1) Health-enhancing physical 

activity behavior and fruit-vegetable consumption behaviors; (2) Social-cognitive 

determinants of behavior change; (3) Physical and mental health outcomes; (4) 

Sociodemographic information. 

Please read items carefully before answering. 

Your personal information and data will be used only for study purpose. However, 

as the data will be collected on the Internet, we cannot fully guarantee 

confidentiality. 

Thank you for your cooperation! 
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Part I: Health-enhancing physical activity (HEPA) and Fruit-vegetable 
consumption behaviors 

1.1 Health-enhancing physical activity behavior 

We are interested in finding out about the types of health-enhancing physical activities 
that people do as part of their everyday lives. The questions will ask you about the time 
you spent being physically active in the past 7 days. Please answer each question even if 
you do not consider yourself to be an active person. Please think about the activities you 
do on campus, such as, to get from place to place, and in your spare time for recreation, 
exercise or sport. 

Think about all the vigorous activities that you did in the past 7 days. Vigorous 
physical activities refer to activities that take hard physical effort and make you 
breathe much harder than normal. Think only about those physical activities that 
you did for at least 10 minutes at a time. 

(1) During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, aerobics, or fast bicycling? 

        Days     No vigorous physical activities 

(2) How much time did you usually spend doing vigorous physical activities on one of 
those days? 

            hours  __________ minutes / per day 

Think about all the moderate activities that you did in the past 7 days. Moderate 
activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal. Think only about those physical activities that you 
did for at least 10 minutes at a time. 

(1) During the last 7 days, on how many days did you do moderate physical activities like 
carrying light loads, bicycling at a regular pace, or doubles tennis?  (Do not include 
walking). 

        Days     No moderate physical activities 

(2) How much time did you usually spend doing moderate physical activities on one of 
those days? 

            hours  __________ minutes / per day 

Think about the time you spent walking in the past 7 days. This includes at work 
and at home, walking to travel from place to place, and any other walking that you 
have done solely for recreation, sport, exercise, or leisure. 

(1) During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time? 

        Days     No walking  

(2) How much time did you usually spend walking on one of those days? 

            hours  __________ minutes / per day 
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1.2 Fruit-vegetable consumption behavior 

During the past 7 days, how many portions of fruit and vegetables have you eaten in 
average per day? 

(1) Raw vegetables: ____ portion(s) 

(0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 or above) 

Example for one portion of raw vegetables 

 

 

(2) Fruit: ____ portion(s) 

(0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 or above) 

"One portion of fruit" is equal to: 

 Two small size fruits (e.g., actinidia, plum) 
 One medium size fruit (e.g., orange, apple, banana) 
 Half of big size fruit (e.g., Pomelo) 
 A handful of other kinds of fruits (e.g., grape, strawberry). See the picture 

below. 

 

 

 

(3) Fruit/Vegetable Juice: ____ portion(s) 

(0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 or above) 

Examples for one cup/portion of juice 
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(4) Cooked or steamed vegetables 

(0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 or above) 

Examples for one portion of cooked or steamed vegetable 

 

 

 

 

 

Part II: Social cognitive determinants of behavior change 

2.1 HEPA intention 

Which intentions do you have for the near future? 

I intent to do for at least 30 minutes a day on minimum 5 days a week (or at least 
150 minutes a week)… 

 Not true   Exactly true 

1.   … perform strenuous physical activity 
(heartbeats faster, sweating). 1 2 3 4 

2.   … be moderately physically active (not 

fatiguing, mild sweating). 1 2 3 4 

3.   … be mildly physically active (hardly 

strenuous, no sweating). 1 2 3 4 

2.2 FVC intention 

Which intentions do you have for the near future? I seriously intent to … 

 Not true   Exactly true 

1.  … eat at least 5 portions of fruit and 

vegetables daily. 1 2 3 4 

2.  … eat fruit and vegetables at every meal. 1 2 3 4 

3.  … drinking each day at least one glass of 
fruit- or vegetable juice. 1 2 3 4 
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2.3 HEPA self-efficacy 

The followed questions will ask about your confidence in HEPA 

I feel certain that I can again be physically 
active a minimum of 5 days a week for 30 
minutes: 

Totally 
disagree 

   Totally 
agree 

1.  … even if it is difficult. 1 2 3 4 5 

I feel certain that I can be physically active 
permanently a minimum of 5 days a week 
for 30 minutes: 

Totally 
disagree    Totally 

agree 

2.  … even if it takes a lot of time until I am 
used to it. 

1 2 3 4 5 

3.  … even if I have worries and problems 

(e.g. schedule difficulties). 
1 2 3 4 5 

I feel certain that I can again be physically 
active a minimum of 5 days a week for 30 
minutes: 

Totally 
disagree    Totally 

agree 

5.  … even if I changed my concrete plans 

several times. 
1 2 3 4 5 

6.  … even if I skipped a few times. 1 2 3 4 5 

2.4 FVC self-efficacy 

The followed questions will ask about your confidence in FVC 

I feel certain that I can eat at least 5 
portions of fruit and vegetable a day: 

Totally 
disagree 

   Totally 
agree 

1.  … even if it is difficult. 1 2 3 4 5 

I feel certain that I can permanently eat 5 
portions of fruit and vegetable a day: 

Totally 
disagree    Totally 

agree 

2.  … even if it takes a lot of time until I am 
used to it. 

1 2 3 4 5 

3.  … even if I have worries and problems 

(e.g. schedule difficulties). 
1 2 3 4 5 

I feel certain that I can again eat 5 portions 
of fruit and vegetable a day: 

Totally 
disagree    Totally 

agree 

5.  … even if I changed my concrete plans 

several times. 
1 2 3 4 5 

6.  … even if I skipped a few times. 1 2 3 4 5 
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2.5 HEPA planning 

For the next several weeks I already planned in detail … 

 

2.6 FVC planning 

For the next several weeks I already planned in detail … 

 Totally 
disagree    Totally 

agree 

1.  … what I will eat (e.g. cereals, fruits).  1 2 3 4 5 

2.  … at which meals I will eat fruits and 

vegetables (e.g. additional salad).  1 2 3 4 5 

3.  … how I will prepare the food.  1 2 3 4 5 

4.  …when I have to pay attention not to 

fall into old eating habits. 1 2 3 4 5 

5.  …what I can do in difficult situations, in 

order to remain true to my own 
resolutions. 

1 2 3 4 5 

6. …how I can eat healthy, even if 
something happened. 1 2 3 4 5 

 

 

 Totally 
disagree 

   Totally 
agree 

1.  … which concrete physical activity I will 

pursue (e.g. walking).  
1 2 3 4 5 

2.   … where I will be physically active (e.g. 

in the park).  
1 2 3 4 5 

3. … on which days I will be physically active 

(e.g. every Tuesday and Friday).  
1 2 3 4 5 

4. … when I have to be especially cautious 

not to stop being active.  
1 2 3 4 5 

5. …what I can do in difficult situations, in 

order to remain true to my own 
resolutions.  

1 2 3 4 5 

6. …how I can stay active, even if something 

happened.  
1 2 3 4 5 
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2.7 Perceived Social Support for HEPA (only used in Chapter III) 

How do you perceive your environment? 

 Not true   Exactly true 

1.  My partner supports me to stay 
physically active.  1 2 3 4 

2.  People from my family support me 
to stay physically active.  1 2 3 4 

3.  People like my friends help me to 
stay physically active. 1 2 3 4 

2.8 Perceived Social Support for FVC (only used in Chapter III) 

How do you perceive your environment? 

2.9 Compensatory cognition between HEPA and FVC  

(only used in Chapter V) 

How do you think about the relationship of physical activity and fruit and vegetable 
intake according to your experience in daily life? 

 Totally 
disagree    Totally 

agree 

1.  I can compensate for not being very 
active by eating less or healthily.  1 2 3 4 5 

2.  An unhealthy diet can be balanced by 
physical activity. 1 2 3 4 5 

3.  If you are eating healthy it is not as 
important to be physically active. 1 2 3 4 5 

4.  When you are physically active you can 
eat without many restraints. 1 2 3 4 5 

 Not true   Exactly true 

1.  My partner supports me to eat 
healthy.  1 2 3 4 

2.  People from my family support me to 
eat healthy. 1 2 3 4 

3.  People like my friends help me to eat 
healthy.  1 2 3 4 
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Part III: Physical and mental health outcomes (only used in Chapter III) 

3.1 WHOQOL-BREF (general quality of life + physical domain) 

 

 Very poor    Very 
good 

1.  How would you rate your quality of life?  1 2 3 4 5 

2.  How would you rate your health status? 1 2 3 4 5 

The following questions ask about how much 
you have experienced certain things in the 
last four weeks.  

Not at all    
An 

extreme 
amount 

3.  To what extent do you fell that physical 
pain prevents you from doing what you 
need to do?  

1 2 3 4 5 

4.  How much do you need any medical 
treatment to function in you daily life?  1 2 3 4 5 

The following question asks about how 
completely you experience or were able to do 
certain things in the last four weeks.  

Not at all    
An 

extreme 
amount 

5.   Do you have enough energy for everyday 
life?  1 2 3 4 5 

 Very poor    Very 
good 

6.   How well are you able to get around?  1 2 3 4 5 

 Very 
dissatisfied     Very 

satisfied  

7.   How satisfied are you with your sleep?  1 2 3 4 5 

8.   How satisfied are you with your ability to 
perform your daily living activities? 1 2 3 4 5 

9.   How satisfied are you with your capacity 
to work?  1 2 3 4 5 
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3.2 Depression CES-D 10 (only used in Chapter III) 

For each of the following statements, please check the box that best describes 
how often you felt or behaved this way during the past week? 

 
Rarely or 

none of the 
time(less than 

one day)  

Some or a 
little of the 

time (1-2days)  

Occasionally 
or moderate 

amount of the 
time (3-4days)  

Most or all of 
the time(5-7 

days)  

1.   I was bothering by things 
that usually don’t bother 

me 
0 1 2 3 

2.   I had trouble keeping my 
mind on what I was doing 0 1 2 3 

3.   I felt depressed 0 1 2 3 

4.   I felt that everything I did 
was an effort 0 1 2 3 

5.   I felt hopeful about the 
future 0 1 2 3 

6.   I felt fearful 0 1 2 3 

7.   My sleep was restless 0 1 2 3 

8.   I felt happy 0 1 2 3 

9.   I felt lonely 0 1 2 3 

10.  I could not get “going” 0 1 2 3 

 
Part IV: Sociodemographic information 
 
1. Name: ______ 
2. Please indicate your sex: male/female 
3. What is your data of birth? __________ 
4. Your mobile phone No: _____________ 
5. What grade are you studying in?  1       2       3       4 
6. What department are you from? ___________ 
7. Please indicate your marital status: Single/Have a close boy or girl friend/Married 
8. How do you self-assess your health status? Good/Medium/Bad 
9. Your body height is: ______ cm, your body weight is _______ kg. 
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Questionnaire Package (Chinese version) 

 

亲爱的参与者: 

您好！ 

我们本次调查旨在了解您的健康状况和一些与身体活动、果蔬饮食行为相关

的影响因素。您对以下的调查所作的答案，并无正确和错误之分，我们只需

要您的真诚回答。 

下面呈现的问卷包含了四个方面的内容（1）身体活动和果蔬饮食行为；（2）

健康行为改变的社会认知因子；（3）身体和心理方面的健康状况指标；（4）

人口统计学信息。请仔细阅读每份问卷，并按要求回答。 

您所有的个人信息以及问卷调查数据都将只用于学术研究。然而，由于所有

数据都通过互联网收集，我们将无法完全保障您的隐私。 

感谢您的合作！ 
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第一部分：身体活动以及果蔬饮食行为 

1.1 身体活动行为 
 
我们想了解您在日常生活中会进行哪些身体活动。下面的问题旨在获悉您在过去 7
天所进行的身体活动情况。即使您认为自己不是一位积极参加运动锻炼的人，也请

认真回答下面的每道题目。您所参加的可以是与学习工作有关的一些活动，也可以

是在闲暇时从事的体育娱乐活动，可以是在家或室外空地上进行的，也可以是在两

地往返的过程中进行的（例如步行或者骑自行车往返）。 

请您回想一下在刚刚过去的 7 天里，您所进行的每次持续时间至少为 10 分钟的剧

烈的身体活动（心跳加速并大量出汗）。 

(1) 在这 7天里，您有几天进行过剧烈的身体活动？（例如：负担重物、快速跑步、

快速骑自行车等）？ 

————— 天           我没有进行过大强度的身体活动 

(2) 每次剧烈的身体活动，通常持续多长时间？ 

————— 小时 —————— 分钟/每天 

请您回想一下在刚刚过去的 7 天里，您所进行的每次持续时间至少 10 分钟的中等

强度的身体活动（轻微流汗但不会疲劳) 。 

(1) 在这 7 天里，您有几天进行过中等强度的身体活动（例如，搬运较轻的物品、

骑自行车、快步走，但不包括散步）？ 

————— 天           我没有进行过中等强度的身体活动 

(2) 每次中等强度的身体活动，通常持续多长时间？ 

————— 小时 —————— 分钟/每天 

请您回想一下在刚刚过去的 7 天里，您所进行的散步活动（轻松且不出汗）。例如，

步行往返于两地，在公园里慢走等。 

 (1) 在这 7 天里，您有几天进行过每次持续至少 10 分钟的散步？ 

————— 天           我没有进行过散步活动 

(2) 每次散步，通常持续多长时间？ 

————— 小时 —————— 分钟/每天 
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2. 果蔬饮食行为 
 

下面请您回想一下在刚刚过去的 7 天里, 下面的食物中, 您平均一天吃几份？（土

豆不属于蔬菜和水果类） 

(1) 凉拌菜：_______ 份 

（0，0.5，1，1.5，2，2.5，3，3.5，4，4.5，≥5）份 

“一份凉拌菜”约等于一碗生菜。大小如图所示。 

 

 

 

 

(2) 水果：_______ 份 

（0，0.5，1，1.5，2，2.5，3，3.5，4，4.5，≥5）份 

“一份水果”约等于： 

 两个小型水果（如：猕猴桃，杏子） 
 一个中型水果（如：橙，苹果，芒果，香蕉） 
 半个大型水果（如：柚子，火龙果，菠萝） 
 一把其他种类的水果（如：葡萄，草莓，提子）。一把的份量如图所示。 
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(3) 果汁或蔬菜汁：_______ 份 

（0，0.5，1，1.5，2，2.5，3，3.5，4，4.5，≥5）份 

 “一份果汁或蔬菜汁”约等于： 
一杯橙汁或一杯番茄汁（大小如图所示） 

 
 
 
 
 
 

 

 

(4) 炒的或蒸的蔬菜：_______ 份 

（0，0.5，1，1.5，2，2.5，3，3.5，4，4.5，≥5）份 

“一份炒的或蒸的蔬菜”约等于:  
一小碗煮熟的蔬菜、芽菜、瓜类、菇类或豆类 
大小如图所示： 
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第二部分：健康行为相关的社会认知因子 

2.1 身体活动的意向 

在不久的将来，那种身体活动意向与您自身情况相符？ 

我想要进行一下不同强度的身体活动，即每周 5 次，每次 30 分钟（或者每周累积

时间至少 150 分钟） 

 
2.2 果蔬饮食的意向 

在不久的将来，那种果蔬饮食的意向与您自身情况相符？ 

我想要… 

 完全不符合   完全符合 

1.      …每天吃至少5份水果和蔬菜  1 2 3 4 

2.     …每顿饭都吃水果或蔬菜  1 2 3 4 

3.      …每天都喝至少一杯果汁或蔬菜汁  1 2 3 4 

 

2.3 身体活动的自我效能 

下面问题是有关您进行身体活动的信心。 

我确信自己能够进行，每周至少 5 天，每

天至少 30 分钟（或者每周累积运动时间至

少 150 分钟）的身体活动 

完全 

不同意 
   

完全 

同意 

1.   即使很难，我仍相信自己可以做到 1 2 3 4 5 

我确信自己能够长期坚持进行，每周至少

5 天，每天至少 30 分钟（或者每周累积运

动时间至少 150 分钟）身体活动 

完全 

不同意 
   

完全 

同意 

2. 即使我需要花很长时间适应这样的运

动，我仍相信自己能够坚持 1 2 3 4 5 

 完全不符合   完全符合 

1.      …大强度的运动 （心跳加速并且大量的汗）  1 2 3 4 

2.     …中等强度的运动（轻微流汗但不致疲劳）  1 2 3 4 

3.      …低强度的运动 （轻松且不出汗）  1 2 3 4 
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3.  即使我在过程中遇到了一些困难（例

如：时间不够或者天气不好），我仍相

信自己能够坚持 
1 2 3 4 5 

我确信自己能够在中断一段时间的运动锻

炼后，能够再次继续，进行每周至少 5 天，

每天至少 30 分钟（或者每周累积运动时间

至少 150 分钟）的身体活动 

完全 

不同意 
   

完全 

同意 

4. 即使我有几次改变了运动锻炼的计划，

我仍相信自己可以再次开始 1 2 3 4 5 

5. 即使有几次我没能参加运动锻炼，或进

行的活动时间不够，我仍相信自己可以

重新做到 
1 2 3 4 5 

 

2.4 果蔬饮食的自我效能 

下面问题是有关您食用果蔬的信心。 

我确信自己能够每天至少吃 5 份的水果和蔬菜 
完全 

不同意 
   

完全 

同意 

1.  即使很难，我仍相信自己可以做到 1 2 3 4 5 

我确信自己能够长期坚持每天至少吃 5 份的水果

蔬菜 
完全 

不同意 
   

完全 

同意 

2.  即使我需要花很长时间适应这样的饮食习

惯，我仍相信自己能够坚持 1 2 3 4 5 

3.  即使我在过程中遇到了一些困难（例如：没

有时间去购买，没有时间烹饪），我仍相信

自己能够坚持 
1 2 3 4 5 

我确信自己能够在中断后，重新开始每天至少吃

5 份水果蔬菜 
完全 

不同意 
   

完全 

同意 

4.  即使我有几次改变了饮食计划，我仍相信自

己可以再次开始 1 2 3 4 5 

5.  即使有几天没有这样吃，或者吃的份量不够，

我仍相信自己可以重新做到 1 2 3 4 5 
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2.5 身体活动的计划 

我已经为后面几周进行身体活动制定了详细计划… 

 

2.6 果蔬饮食的计划 

我已经为后面几周食用水果蔬菜制定了详细计划… 

 完全不同意    完全同意 

1.    …在哪里进行身体活动 1 2 3 4 5 

2.    …进行哪种类型的身体活动 1 2 3 4 5 

3.    …在哪几天进行身体活动 1 2 3 4 5 

4.    …在特殊情况下，怎样坚持身

体活动（如，旅游度假时，定计

划做运动）  
1 2 3 4 5 

5.    …在困难情况下，怎样坚持身

体活动 1 2 3 4 5 

6.    …在进行身体活动时，遇到一

些突然状况，怎样能继续坚持运

动（例如，在户外跑步时，如果

突然下雨，就可以回到家里继续

做一些伸展运动）  

1 2 3 4 5 

 完全不同意    完全同意 

1.   …在哪一顿饭吃水果和蔬菜  1 2 3 4 5 

2.   …吃什么类型的水果和蔬菜  1 2 3 4 5 

3.   …用什么方法准备水果和蔬菜（例

如，榨果汁，蒸煮或炒蔬菜）  1 2 3 4 5 

4.   …特殊情况下怎样避免不良饮食

习惯（例如，旅游度假期间，尽量

多吃蔬菜和水果）  
1 2 3 4 5 

5.   …在困难情况下，怎样能坚持健康

饮食的意向  1 2 3 4 5 

6.   …在健康饮食过程中，当遇到一些

突然状况，怎样能吃得健康（例如，

与朋友在外聚餐时，尽量多吃蔬菜

和水果）  

1 2 3 4 5 
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2.7 身体活动的社会支持 (only used in Chapter III) 

下列问题关于您在运动锻炼方面得到怎样的社会支持。 

 

2.8 果蔬饮食的社会支持 (only used in Chapter III) 

下列问题关于您在食用果蔬行为上获得怎样的社会支持。 

 

2.9 身体活动和果蔬饮食的代偿认知 (only used in Chapter V) 

您如何看待身体活动和食用水果蔬菜行为两者之间的关系，请根据您的平日经验进

行回答。 

 
完全 

不同意 
   完全同意 

1.  我会用少进食和多吃水果蔬菜来弥补身

体活动的不足 1 2 3 4 5 

2.  身体活动可以平衡不健康的饮食习惯 1 2 3 4 5 

3.  只要饮食健康，积极参加运动锻炼也不是

那么重要 1 2 3 4 5 

4.  当运动量足够时，在饮食方面可以无需太

多顾虑 1 2 3 4 5 

 

 完全不符合   完全符合 

1.  我的伴侣（如：配偶或关系亲密的男朋友/女
朋友）帮助我坚持进行身体活动 1 2 3 4 

2.  我的家人（如：兄弟姐妹，父母子女）帮助

我坚持进行身体活动 1 2 3 4 

3.  我的朋友或熟人，帮助我坚持进行身体活动 1 2 3 4 

 完全不符合   完全符合 

1.  我的伴侣（如：配偶或关系亲密的男朋友/女
朋友）帮助我坚持吃水果蔬菜 1 2 3 4 

2.  我的家人（如：兄弟姐妹，父母子女）帮助

我坚持吃水果蔬菜 1 2 3 4 

3.  我的朋友或熟人，帮助我坚持吃水果蔬菜 1 2 3 4 
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第三部分：健康状况指标 (only used in Chapter III) 

3.1 生活质量 

下面问题是关于您自我评价的生活质量状况： 

 

 非常差    非常好 

1. 整体上，您如何评价自己的生活质量?  1 2 3 4 5 

2. 整体上，您如何评价自己的健康状况? 1 2 3 4 5 

在刚过去的四周内，你在多大程度

上经历了下述情况  
很小程度    很大程度 

3. 身体疼痛在多大程度上影响到您?  1 2 3 4 5 

4. 您生活中多大程度上依赖于药物治疗?  1 2 3 4 5 

在刚过去的四周内，你在多大程度

上经历了（或能够做到）下述情况  
一点也不    非常肯定 

5. 您在生活中充满活力吗?   1 2 3 4 5 

 一点也不    非常肯定 

6. 您是否能够灵活的进行运动锻炼? 1 2 3 4 5 

 
非常 

不满意 
   

非常 

满意 

7. 您对自己的睡眠质量满意吗? 1 2 3 4 5 

8. 您对自己处理日常生活事情的能力满

意吗? 1 2 3 4 5 

9. 您对自己的学习或工作能力满意吗? 1 2 3 4 5 
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3.2 抑郁量表 (only used in Chapter III) 

请您根据上周自己情绪/行为发生下述情况的频繁程度进行选择。 

 

第四部分：社会人口统计学信息 
 
1. 姓名： 
2. 性别：男/女 
3. 出生日期： 
4. 联络电话： 
5. 年级：1/2/3/4 
6. 专业院系： 
7. 婚姻关系：单身/有亲密男女朋友/已婚 
8. 请自我评价您的健康状况如何：好/中/差 
9. 身高____ 厘米，体重___ 公斤

 
几乎没有  

（不到 1 天）  

很少  

（1-2 天）  

适中  

（3-4 天）   

非常普遍  

（5-7 天）  

1.    我为一些小事而烦恼 0 1 2 3 

2.    我没法专心做事  0 1 2 3 

3.    我感觉心情很不好  0 1 2 3 

4.    我感到做任何事情都很费力 0 1 2 3 

5.    我觉得未来充满希望  0 1 2 3 

6.    我感到担心、害怕 0 1 2 3 

7.    睡眠质量不好  0 1 2 3 

8.    我觉得很快乐  0 1 2 3 

9.    我觉得寂寞、孤单 0 1 2 3 

10.   我做事提不起劲 0 1 2 3 
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Appendix 2: Results of sensitivity analyses in Chapter III 

Sensitivity analyses for the intervention effects with per-protocol approach (n = 343) 

Variable 
Time × Group Time Group 

Estimate P Estimate P Estimate P 

HEPA F = 2.25 .038 F = 2.98 .031 F = 1.10 .34 
FVC F = 12.35 < .001 F = 41.26 < .001 F = 16.96 < .001 
Combined lifestyle F = 3.00 < .001 F = 12.36 < .001 F = 13.82 < .001 
HEPA intention F = 1.03 .41 F = 5.06 .002 F = 2.66 .07 
HEPA self-efficacy F = 4.59 < .001 F = 1.74 .16 F = 1.10 .33 
HEPA planning F = 2.92 .009 F = 1.95 .12 F = 0.22 .81 
HEPA social support F = 1.01 .42 F = 6.95 < .001 F = 0.31 .73 
FVC intention F = 7.84 < .001 F = 31.98 < .001 F = 5.41 .005 
FVC self-efficacy F = 2.77 .012 F = 4.71 .003 F = 1.00 .37 
FVC planning F = 4.67 < .001 F =10.07 < .001 F = 1.67 .19 
FVC social support F = 0.65 .69 F = 4.77 .003 F = 0.73 .48 
BMI F = 2.78 .012 F = 16.34 < .001 F = 0.33 .72 
BMI category F = 0.51 .91 F = 3.68 .001 F = 0.89 .47 
Depression F = 0.74 .62 F = 8.15 < .001 F = 3.24 .041 
Quality of life F = 2.38 .029 F = 5.57 .001 F = 2.86 .059 
Note. HEPA = weekly amount of health-enhancing physical activity (MET-minute/week); FVC = daily servings of fruit-vegetable consumption (portion/day); BMI = body 

mass index (kg/m2). 
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Appendix 3: CONSORT 2010 checklist for Study 1
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Appendix 4: 32-item COREQ checklist for Study 2 

Consolidated criteria for reporting qualitative studies (COREQ) 

No.  Item Guide questions/description Reported on Manuscript 
Domain 1: Research 
team and reflexivity  

  

Personal Characteristics    
1. Interviewer/facilitator Which author/s conducted the interview 

or focus group?  
Prior to the formal 
interview, the interviewer 
(LW) has conducted pilot 
interviews with three 
college students in order 
to familiarize with the 
interview guide and 
procedure.  

2. Credentials What were the researcher’s credentials? 

E.g. PhD, MD  
The moderator and 
interviewer held PhD 
candidature.  

3. Occupation What was their occupation at the time of 
the study?  

The interviewer and the 
moderator were PhD 
students.  

4. Gender Was the researcher male or female?  The moderator and 
interviewer was male.  

5. Experience and training What experience or training did the 
researcher have?  

Academic training and 
past experience in 
qualitative research 
methods, as well as a 
series of pilot interviews 

Relationship with 

participants  

  

6. Relationship 
established 

Was a relationship established prior to 
study commencement?  

No prior relationship.  

7. Participant knowledge 
of the interviewer  

What did the participants know about the 
researcher? E.g., personal goals, reasons 
for doing the research  

No prior knowledge of the 
interviewer. 
 

8. Interviewer 
characteristics 

What characteristics were reported about 
the interviewer/facilitator? E.g., Bias, 
assumptions, reasons and interests in the 
research topic  

All the authors had a 
neutral attitude towards 
health program, and 
strived to remain neutral 
in the conversations with 
participants. 

Domain 2: study design    
Theoretical framework    
9. Methodological 
orientation and Theory  

What methodological orientation was 
stated to underpin the study? e.g. 
grounded theory, discourse analysis, 
ethnography, phenomenology, content 
analysis  

Thematic Analysis.  
 

Participant selection    
10. Sampling How were participants selected? e.g. 

purposive, convenience, consecutive, 
snowball  

Purposive sampling. 
 

11. Method of approach How were participants approached? e.g. Participants were 
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face-to-face, telephone, mail, email  recruited from previous 
intervention study via 
email and telephone 
message.  

12. Sample size How many participants were in the study?  30 participants.  
 

13. Non-participation How many people refused to participate 
or dropped out? Reasons?  

For the main interviews, 
all eligible participants 
were firstly informed 
about the purpose of the 
interview with a 
participant information 
form and an informed 
consent form. 

Setting   
14. Setting of data 
collection 

Where was the data collected? e.g. home, 
clinic, workplace  

The venues of interviews 
were arranged in quiet 
places within or nearby 
university (e.g., 
discussion room of 
library, cafe) according to 
the interviewees’ 

convenience and 
preference. 

15. Presence of 
non-participants 

Was anyone else present besides the 
participants and researchers?  

Only the researchers were 
present during data 
collection with the 
participants.  

16. Description of sample What are the important characteristics of 
the sample? e.g. demographic data, date  

The details about study 
sample are provided in 
Table 4.1 

Data collection    
17. Interview guide Were questions, prompts, guides provided 

by the authors? Was it pilot tested?  
An interview guide was 
developed by the research 
team jointly, including the 
questions, prompts and 
guides, based on the 
suggestions from Bryman 
(2016) and Flick (2009), 

18. Repeat interviews Were repeat interviews carried out? If yes, 
how many?  

No. 

19. Audio/visual 
recording 

Did the research use audio or visual 
recording to collect the data?  

Each interview was 
audio-recorded and lasted 
for around 30 minutes. 

20. Field notes Were field notes made during and/or after 

the interview or focus group? 
No. 
 

21. Duration What was the duration of the inter views 
or focus group?  

Each interview was 
audio-recorded and lasted 
for around 30 minutes. 

22. Data saturation Was data saturation discussed?  In order to achieve the 
theoretical saturation, 
based on the “rule of 

thumb” and “calculating 

the mean of selected 
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qualitative studies”, the 

suggested number of 
participants for the 
interview studies is 
around 12-15 in 
homogeneous groups 

23. Transcripts returned Were transcripts returned to participants 
for comment and/or correction?  

No. 

Domain 3: analysis and 
findings  

  

Data analysis    
24. Number of data 
coders 

How many data coders coded the data?  Two research members 
conducted the analysis 
procedure independently. 

25. Description of the 
coding tree 

Did authors provide a description of the 
coding tree?  

No. 

26. Derivation of themes Were themes identified in advance or 

derived from the data?  
Themes were derived 
from the data.  

27. Software What software, if applicable, was used to 
manage the data?  

QSR NVivo 11. 

28. Participant checking Did participants provide feedback on the 
findings?  

No. 

Reporting    
29. Quotations presented Were participant quotations presented to 

illustrate the themes/findings? Was each 

quotation identified? e.g. participant 

number  

Yes.  

30. Data and findings 

consistent 
Was there consistency between the data 
presented and the findings?  

Yes. 
 

31. Clarity of major 
themes 

Were major themes clearly presented in 
the findings?  

Major themes are 
summarized in the 
Appendix.  

32. Clarity of minor 
themes 

Is there a description of diverse cases or 
discussion of minor themes?       

Yes.  

Reference: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research 

(COREQ): a 32-item checklist for interviews and focus groups. International Journal for Quality 

in Health Care. 2007. Volume 19, Number 6: pp. 349 – 357. 
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