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ABSTRACT 

Introduction  

The dramatic development of information technology has gone through three 

generations, including Web 1.0 – the read-only web, Web 2.0 – the participative social 

web, and Web 3.0 – a reading-writing-executing web. The Web 3.0, which is what we 

are experiencing, is leading to profound transformations in eHealth service, 

substantially orienting the innovations in the way that people interact with eHealth. A 

more diverse range of eHealth skills is subsequently required to properly use nowadays 

health facilities. The mixture of those skills was named as eHealth literacy (EHL). Yet, 

there is insufficient knowledge in nowadays eHealth usage or EHL. Existing EHL 

measurements are also seldomly focused on eHealth skills required by Web 2.0 and 3.0. 

Meanwhile, although eHealth literacy (EHL) was raised on the ground of health literacy 

(HL), few empirical studies were found to explore the association and differentiation 

between them. In addition, physical activity (PA) was identified as an important health 

outcome of HL. It was also reported that young adults were among the most frequently 

users of fitness Apps, which link EHL closely to PA. Yet, few studies about HL or EHL 

in conjunction with PA has been conducted. Based on the gaps mentioned above, three 

research questions were raised, which are: In Web 3.0 context, what is the content of 

EHL? How to measure it? How does it work on individual’s PA? The current project is 

designed to conduct three studies among Chinese college students. Study 1 aimed to 

identify their eHealth usage and correspondingly required abilities, Study 2 aimed to 

develop and validate a tool eHLS-Web 3.0 to measure nowadays EHL, and Study 3 

aimed to test a model exploring the relationship between EHL, HL and PA. 

Methods 

Eighteen Chinese college students (50%female, age = 22.1 ± 1.02 years) were 

deliberately selected in Study 1 for in-depth interviews. Interviewees included three 

males and three females of each sex from sports (SP), medical (MD), and non-health-

related (NH) majors. Conventional content analysis was applied for data analysis. 
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Based on the results of Study 1 and previous literature, items were generated in Study 

2 and the content validity were checked by ten college students (70%female, age = 20.3 

± 0.95 years) and eight experts (87.5%female, age =38.25 ± 5.92 years). Data from 393 

college students (51.4%female, age =20.5 ± 1.36 years) were analyzed by the 

exploratory factor analysis (EFA), and subsequently 741 college students (52.2% 

female, age = 21.3 ± 1.39 years) were recruited to validate the new-developed eHLS-

Web3.0 via confirmatory factor analysis (CFA), and multi-group CFA analysis. In Study 

3, an integrated social-cognitive model based on the social cognitive theory (SCT) and 

the theory of planned behavior (TPB) was proposed. Following a prospective design, 

280 college students (56%female, age=21.2 ± 1.35 years) completed both the baseline 

survey (T1) and the 1.5-month-later follow-up (T2). Correlation analyses and path 

analysis were performed to test the proposed model. 

Results 

Three themes and nine sub-themes were generated from Study 1. Every sub-theme 

respectively represented an aspect of eHealth usage of students from each major. The 

themes and subthemes included 1) Expectance: Stopgap (NH) – providing a general 

solution for urgent or temporary health need; Monitor (SP) – tracking and self-

managing health behaviors; and Database (MD) – searching and obtaining health 

information. 2) Usage pattern: Personal (NH) – targeting on specific problem-solving 

and doing eHealth communication with acquaintance only; Practical (SP) – being active 

tryer, social player and warm-hearted sharer; and Theoretical (MD) – being skilled in 

obtaining in-depth health information, being good filterer, careful evaluator and 

rigorous truth-seeker. 3) Perception: Fear (NH) – feeling upset on being misled, being 

criticized and personal data being leaked; Curious (SP) – caring about feasibility, trying 

before trusting, and being confident in risk control; and Scepticism (MD) – being 

mindful in self-protection, cautious in sharing and felling obligated to be responsible 

for what they said online. Based on the item pool of 374 statements collected from 

Study 1, a 24-item three-factorial eHLS-Web3.0 was developed in Study 2 through 

cognitive testing, content validity examination and EFA, consisting of dimensions as 



 

iv 
 

Acquisition (8 items), Verification (6 items), and Application (10 items). CFAs 

supported the construct validity of the 24-item three-dimensional eHLS-Web3.0 (χ2 = 

903.076, χ2/df =3.701, CFI = 0.924, TLI = 0.914, RMSEA = 0.060, SRMR = 0.051). 

Good convergent validity, concurrent validity and discriminant validity of the eHLS-

Web3.0 were also proven (AVE=0.6, correlation with eHEALS = .725- .880, P < .001, 

correlation with HL screening questionnaire= .435). Results additionally supported 

satisfactory internal consistency reliability (α = .976, ρ = .934 - .956), test-retest 

reliability (r = .858, P < .001) and measurement invariance across gender, major and 

region of the scale. Applied the eHLS-Web3.0 in Study 3, a proposed model exploring 

the relationship between EHL, HL and PA was tested. Self-perceived EHL was found 

to significantly associate with self-perceived HL (β=0.22, p＜ 0.01), but had no 

relationship with HL actual performance. Significant mediation effects of self-efficacy 

(β=0.39, p＜0.001) and social support (β=0.06, p＜0.05) were found on the relations 

from self-perceived EHL to PA intention. Self-efficacy was also found to negatively 

mediate the relation between self-perceived HL and PA intention (β=-0.1, p＜0.01). 

Additionally, stronger PA intention successfully predicted more PA participation one 

and a half month later (β=0.22, p＜0.001). 

Conclusions 

A cutting-edge understanding of eHealth usage and required EHL of Chinese college 

students was emerged in the qualitative research, represented a first look at web 3.0 

related eHealth behaviors. Whereafter, a 24-item three-dimensional eHLS-Web3.0 was 

developed based on that understanding and verified to be a reliable and valid 

measurement of EHL in Web 3.0 context. A model was proposed and tested to explore 

the relationships among EHL, HL and PA. The findings specifically highlighted that 

self-efficacy and social support played different roles in relationships from HL to PA 

and from EHL to PA, suggested a new underlying mechanism for constructing EHL and 

HL interventions in future studies.  

Keywords: eHealth literacy; Health literacy; Physical activity; College students; Web 

3.0. 
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CHAPTER Ⅰ: INTRODUCTION 

Background 

With the rapid development of scientific and technological revolution, greater use of 

health information technology changes people’s life style, which leads to an increased 

research interest in personal eHealth. The term eHealth was firstly raised in 1999 

(Mitchell, 1999) and accepted by the World Health Organization (WHO) in 2003 

(Regional Office for the Eastern Mediterranean - WHO, 2003; Oh et al., 2005), defined 

as the “information and communication technology (ICT) for health” (WHO, 2003; 

WHO, 2015, P5). A broader understanding of the capabilities and skills required was 

accordingly called for individuals to properly use and benefit from eHealth service 

(Bright et al., 2005). In 2006, Norman and Skinner labelled this kind of ability as 

“eHealth literacy”. The importance of eHealth literacy was increasing recognized 

recent years. Individuals with higher eHealth literacy were found to have healthier 

lifestyles (Chong et al., 2020), and adequate eHealth literacy was also found to be a 

crucial predictor of pleasant health outcomes (Choi & DiNitto, 2013; Tennant et al., 

2015). Recently, physical inactivity was found to be widely spread among Chinese 

college students (Yang, 2017), which may increase the risk of chronic diseases and 

mental illness (Warburton et al., 2011; Gregory et al., 2013). Since college students 

were among the most frequently users of internet (Gowin et al., 2015), it is worth to 

explore the relevance of eHealth literacy to physical activity, so that to see if adequate 

eHealth literacy could specifically benefit individual’s physical activity or not. 

 

What is eHealth literacy? 

The definition of eHealth literacy is grounded in health promotion theory, which refers 

to “the ability to seek, find, understand, and appraise health information from electronic 

resource and apply that knowledge to solving a health problem or making a health-
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related decision” (Norman & Skinner, 2006, P2). Six core components of eHealth 

literacy have been specified and categorized into two central themes: analytic-specific 

(traditional literacy, information literacy and media literacy) and context-specific 

(health literacy, computer literacy and scientific literacy (Norman and Skinner, 2006). 

Its conceptual framework has been referred as the Lily Model of eHeaalth literacy (See 

Figure 1.1). 

 

 

Figure 1.1. 1eHealth Literacy Lily Model 

 

This definition provided a theoretical basis for subsequent studies, including the current 

one, and paved the way for scholarly interests on eHealth literacy. However, since the 

electronic products were constantly upgrading, the practical background of Lily model 

had been changed, which had led to some critics for the Lily-model-based eHealth 

literacy definition (Norman & Skinner, 2006). Some scholars indicated that it was 

unclear whether the Lily Model could fit the new development in technology (Xie, 2011; 

van der Vaart, 2011; Eysenbach et al., 2015), while Van der Vaart et al. (2011) also 

found a weak link between perceived eHealth literacy and individual’s real online 

performance. Meanwhile, as a pioneer of eHealth literacy concept, Norman (2011) 

claimed that the Lily Model might not describe the contexts of use and fully fit with 

interactive ICT contents where other competencies might be necessary as well. He 

https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjfven6z4naAhXLw7wKHU-nCqAQjRx6BAgAEAU&url=https://www.researchgate.net/figure/eHealth-literacy-Lily-Model-25_fig1_273786034&psig=AOvVaw2d21rufHvRo5FQSc9yTrv-&ust=1522141170793957
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indicated that eHealth literacy is a dynamic concept, should be applied and understood 

based on the specific context. Norman’s opinion (2011) was supported by Klecun, 

Lichtner and Cornford (2014), who developed a new definition for eHealth literacy. 

Klecun et al. believed that eHealth literacy should be dynamic and context-specific, 

including skills, attitudes and understandings in relation to digital tools and systems. 

Most notably, their definition considered individual’s participation and responses in 

processes of technology-led changes, and studied people’s eHealth performance both 

as an individual and as part of a team (Klecun et al., 2014, p. 847). Moreover, in recent 

years, further development of eHealth has attracted more attention from scholars. 

Several updated versions of eHealth literacy definition have been developed to fit the 

new internet environment (Bodie & Dutta, 2008; Chan & Kaufman, 2011; Gilstad, 2014; 

Klecun et al., 2014; Bautista, 2015; Kayser et al., 2015; Griebel et al., 2017). Those 

definitions are mainly focused on (1) the sub-competencies that eHealth literacy should 

include, and (2) the practical background (context) of eHealth literacy. A table of 

existing definition for eHealth literacy is shown below (see table 1.1).  

 
Table 1.1. 1Definitions of eHealth literacy 

Author(s) Definition 
Norman & Skinner 
(2006) 

The ability to seek, find, understand and appraise health 
information from electronic sources and apply the knowledge 
gained to addressing or solving a health problem 

Bodie & Dutta 
(2008) 

An individual-level variable comprised of health literacy (the 
ability to find, understand, evaluate health information and use 
quality information to make informed health-related decisions) 
and computer literacy (includes the computer literacy, 
information literacy and media literacy defined by Norman and 
Skinner) 

Chan & Kaufman 
(2011) 

A set of skills and knowledge that are essential for productive 
interactions with technology-based health tools 

Gilstad (2014) The ability to identify and define a health problem, to 
communicate, seek, understand, appraise and apply eHealth 
information and welfare technologies in the cultural, social and 
situational frame and to use the knowledge critically in order 
to solve the health problem 

Klecun, Lichtner & 
Cornford (2014) 

A dynamic and context-specific ensemble of the skills, 
attitudes and understandings necessary and appropriate for 
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working with digital tools and systems (including computers, 
smart phones and other devices) in order to perform health care 
related tasks both individually and as part of a team, and to 
participate in processes of (technology-led) change within 
institutional settings 

Bautista (2015) eHealth literacy involves the interplay of individual and social 
factors in the use of digital technologies to search, acquire, 
comprehend, appraise, communicate and apply health 
information in all contexts of healthcare with the goal of 
maintaining or improving the quality of life throughout the 
lifespan. 

Griebel et al. 
(2017) 

eHealth literacy includes a dynamic and context-specific set of 
individual and social factors as well as technology constraints 
(such as the fit of a system to a user) in the use of digital 
technologies to search, acquire, comprehend, appraise, 
communicate, apply and create health information in all 
contexts of healthcare with the goal of maintaining or 
improving the quality of life throughout the lifespan. 

 

By reviewing the existing literature, the current research believed that eHealth literacy 

should be a mixture of capabilities, which including 1) the ability of identifying and 

defining a health problem, 2) the positive attitude and skill to interact with e-tools 

(including computers, smart phones, wearable e-devices, etc.), 3) the ability to seek, 

filter, find, communicate, understand and appraise health information via e-approach, 

4) apply the knowledge gained via e-approach to solve the health problem, and 5) share 

and create health information via e-approach. Adjustments were made after empirical 

studies (Study 1 & 2), the element of ‘attitude’ was excluded. The content of eHealth 

literacy was then found to include the ability of 1) acquisition of eHealth information 

(e.g., identify, define, describe, seek, filter, find, appraise); 2) verification of eHealth 

information (e.g., cross-check, validate); and 3) application of eHealth information (e.g., 

self-record, self-track, plan-make, post, share, communicate, risk-control). 

 

Measurements of eHealth literacy 

The definition of eHealth literacy was firstly introduced by Norman and Skinner and 

based on the concept they developed an 8-item measurement named eHealth Literacy 
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Scale (eHEALS). The eHEALS is the most well-known and widely accepted scale for 

assessing eHealth literacy. Up to 2015, there were 45 studies that used the eHEALS and 

it is the only tool used to measure eHealth literacy in more than one study (Karnoe & 

Kayser, 2015). 

 

Occupying the age of accelerating technology, the context of eHealth literacy has been 

constantly updated. According to the most widely accepted generation division of 

internet evolution, the current internet environment has gone through three stages, 

including Web 1.0 – the read-only web, Web 2.0 – the participative social web, and Web 

3.0 – a reading-writing-executing web, providing digital, personal, and intelligent 

services (Rudman & Bruwer, 2016). The eHEALS was developed 15 years ago for 

measuring the abilities related to page views (Web 1.0 skills), thus with advances in 

technology, it seemed unclear how accurately the eHEALS measured use of new 

generation technologies to find and evaluate health information (Tennant et al., 2015). 

In 2011, the first critique of eHEALS was made, researchers found a weak correlation 

between the eHEALS scale and web 2.0, suggesting the need to revise the measurement 

scale (Van Der Vaart et al., 2011). Moreover, the validity of eHEALS was challenged 

because reporting self-perceived level of eHealth literacy might not reflect the actual 

situation. Some studies found that participants might have an inflated perception of 

their eHealth literacy (Van Der Vaart et al., 2011; Karnoe et al., 2018).  

 

In order to compensate for the limitations of eHEALS, other scales for measuring 

eHealth literacy were developed. Though not as influential as the eHEALS, they made 

up the shortcomings of eHEALS to some degree. For instance, van der Vaart et al. (nine 

practical assignments, 2011; Digital Health Literacy Instrument, 2017) and Karnoe et 

al. (eHealth Literacy Assessment Toolkit, 2018) developed tools to test individuals’ 

eHealth literacy level via the performance-based practical-test approach instead of the 

self-perceived one. However, this approach inevitably led to limited sample size. 

Moreover, those tools were criticized for testing internet skills and familiarity with 
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internet rather than actual eHealth literacy (Kim & Xie, 2017; Chung et al., 2018). A 

tool named as Readiness Self-Assessment-Health Professions version (RRSA-H, Hanik 

& Stellefson, 2011) also measured individual’s actual ability to obtain and evaluate 

eHealth information, while additionally suggested that the readiness to use eHealth 

resources should be seen as a component of eHealth literacy. The ‘readiness’ dimension 

was tested in The Patient Readiness to Engage in Health Internet Technology (PRE-

HIT, Koopman et al., 2014) as well. Whereas, similar with eHEALS, the measurements 

mentioned above only measured the Web 1.0 skills. Two scales for Web 2.0 eHealth 

literacy were found (Electronic Health Literacy Scale, Hsu, Chiang & Yang, 2014; 

eHealth Literacy Questionnaire, Kayser et al., 2018), they expanded the 

conceptualization beyond the traditional document-based measures to include 

interactive and communicative aspects of eHealth literacy. Nevertheless, the current 

researcher has not yet found a tool for measuring the eHealth skills of Web 3.0 

technologies. Except for eHEALS, there is still no well-received scale for evaluating 

individual’s eHealth literacy worldwide.  

 

Internet access among the population of China is among the highest in the world, and 

since eHealth literacy is context-based (Werts & Hutton-Rogers, 2013), it is worthwhile 

to consider Chinese culture. However, according to the Chinese National Knowledge 

Infrastructure (CNKI) database, the research on Chinese eHealth literacy is scarce. 

 

eHealth literacy and health literacy 

Actually, eHealth literacy is an extension of the term health literacy and includes the 

use of modern health information technology (Norman & Skinner, 2006). Compared 

with eHealth literacy, health literacy is more widely known as it was introduced in 

1970s and identified as a public health goal of the 21st century (Simonds, 1974; Norman 

& Skinner, 2006).  

 

According to Norman and Skinner (2006), the early health literacy research did not 



 

7 
 

consider the current contextual factors mediating health information or how they were 

presented. They indicated that health literacy in 2006 could be divided into two 

categories: pre-e-health-literacy (the generally acknowledged health literacy) and the 

newly developed e-related health literacy (eHealth literacy). For clarity, the current 

research uses the terms health literacy as pre-e-health-literacy to distinguish it from e-

Health literacy. 

 

The term health literacy was firstly developed through a convergence of patient 

comprehension and compliance studies generally conducted by physicians in 1970s 

(Zarcadoolas, Pleasant & Greer, 2005). As a clinical term, it mainly referred to the 

abilities “to apply literacy skills to health-related materials such as prescriptions, 

appointment cards, medical labels and directions for home health care” (Parker et al., 

1995). Three key areas related to health-care were found to be influenced by 

individual’s health literacy: 1) access and utilization of health care, 2) patient-provider 

relationship, and 3) self-care (Paasche-Orlow & Wolf, 2007). Very soon, this 

fundamental but somewhat narrow definition of health literacy was criticized for 

missing much of the deeper meaning and purpose of literacy for general people 

(Nutbeam, 2000). With the consideration of the health communication and knowledge 

outside of primary care (Kickbusch, 2001), Nutbeam (2000) provided a broader notions 

of health literacy as “personal, cognitive and social skills which determine the ability 

of individuals to gain access to, understand, and use information to promote and 

maintain good health” (p. 263). The definition included the capacity to understand and 

act on messages that are central to making critical judgements and decisions not only 

in health-related settings, but also about health. This definition was accepted by WHO 

(2000), and subsequently known as the most frequently used health literacy definition 

(Sørensen et al., 2012; Bonaccorsi et al., 2016; Broder et al., 2017). Nutbeam divided 

health literacy into three dimensions: functional health literacy, interactive health 

literacy, and critical health literacy. These are similar to the three typologies of eHealth 

literacy identified by Hsu, Chiang and Yang (2014). An empirical paper also illustrated 
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that eHealth skills have an important impact on the health literacy level (Duplaga, 

Grysztar & Tubek. 2017). This shows a close relationship between health literacy and 

eHealth literacy.  

 

As these two concepts share the same theoretical background, a link between eHealth 

literacy and health literacy can be assumed. However, the strength relationship remains 

uncertain. Only three empirical studies have explicitly focused on the relationship 

between eHealth literacy and health literacy (Quinn et al., 2017; Richtering et al., 2017; 

Duplaga et al, 2017). Beyond these three articles, the difference and relationship of 

eHealth literacy and health literacy were often discussed conceptually. Some suggested 

that eHealth literacy is an electronic-context-based subset of health literacy (Hsu et al., 

2014), however, others believe that these two concepts are overlapping but relatively 

independent (Norman & Skinner, 2006). Others suggested research be conducted to 

determine the relationship between eHealth literacy and health literacy (Knapp et al., 

2011). 

 

As mentioned, health literacy is a relevant issue for global public health and requires 

reliable and comprehensive measurements. Various tools have been developed to meet 

different requirements or fit different contexts with measurement strategies classified 

as objective (task based) and subjective (self-report based). The use of multi-

dimensional scales is increasing, and this includes assessing print literacy, numeracy, 

and in some cases oral literacy. Some existing instruments such as Rapid Estimate of 

Adult Literacy in Medicine (REALM) or Test of Functional Health Literacy in Adults 

(TOFHLA) are being used extensively (Altin et al., 2014). 

 

In mainland China, the most widely used instrument is the Chinese Citizens' Health 

Literacy Questionnaire which was developed by Ministry of Public Health and has been 

used with different populations with good reliability and validity (Chinese Ministry of 

Health, 2008; Chinese Ministry of Health, 2009; Chinese Ministry of Health, 2013; 
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Peng et al., 2016; Hu, 2016; Feng, 2016; Zhang et al., 2018; Li, 2018). A shorter 11-

item validated Chinese health literacy scale had been recently developed in Taiwan and 

is used often. (Lee et al., 2012) 

 

eHealth literacy and Internet accessing 

With the growth of the Internet mobile technology, information is available for instantly 

almost anywhere. Nonetheless, individuals still need essential skills to critically analyze 

the information. In previous studies, eHealth literacy was positively associated with 

access of the Internet (Steinfield et al., 2008; Choi & Dinitto, 2013; Vâjâean et al., 2015; 

Stonbraker et al., 2017; Richtering et al., 2017), however, distinguishing between cause 

and effect is challenging. 

 

Neter and Brainin (2012) indicated that digital access aids information search and 

digital literacy, which, is conceptually a facet of eHealth literacy. Similarly, some 

scholars suggested that young adults with greater Internet-use demonstrate increased 

confidence in their ability to access and evaluate health information (Paige et al., 2017). 

Promoting the use and uptake of available eHealth information have been suggested 

(Manafò & Wong, 2013), as are efforts for increased use of the digital devices by people 

with lower eHealth literacy (Neter & Brainin, 2012). 

 

In contrast, a study pointed out that while current college students have access to a 

multitude of health information via Internet, access alone does not ensure they are 

skilled at conducting searches for health information (Stellefson et al., 2011). Some 

other studies also indicated that college students might lack the fundamental eHealth 

literacy skills of finding and evaluating health information they need (Fox & Duggan, 

2013). It was also found that experienced Internet-users could not always locate the 

appropriate eHealth resources (Escoffery, Miner & Adame, 2005). As well, sometimes 

rather unsophisticated eHealth information seekers (Holman, 2011) may struggle with 

search terms and syntax (Robb et al., 2014). A discrepancy has also been found between 
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college students’ perceived ability and their actual skill in evaluating eHealth 

information (Van Der Vaart et al., 2011).  

 

eHealth literacy, health literacy and physical activity 

Studies increasingly explore health literacy issues in daily life, linking health literacy 

closely to lifestyle behaviors (Canadian council on learning, 2008). As an important 

component of lifestyle behaviors, regular physical activity is a population health issue 

(Riecken, 2012) with lots of well documented benefits (Warburton et al., 2011; Gregory 

et al., 2013; Geboers et al., 2014). In 2000, Nutbeam identified physical activity (PA) 

as an intermediate health outcome of health literacy. Yet few studies about health 

literacy in conjunction with physical activity have been conducted. Only three cross-

sectional studies have explored the relationship between eHealth literacy and health 

behaviors including physical exercise (Hsu et al., 2014; Xesfingi & Vozikis, 2016; 

Mitsutake et al., 2016). 

 

Inconsistent relationship between health literacy and physical activity has been found. 

Most researchers found that lower health literacy was significantly associated with less 

physical activity (Osborn et al., 2011; Geboers et al., 2014; Mitsutake et al., 2016), 

however, one study (Gregory et al., 2013) reported that no significant relationship was 

found between health literacy and physical activity. That may be because most health 

literacy studies have been clinical or medically-oriented (Rootman & Ronson, 2005), 

yet regular physical activity is more of a public health endeavour (Nutbeam, 2000; 

Rootman & Ronson, 2005) and research is lacking on younger and non-clinical 

populations (Riecken, 2012).  

 

To understand the mechanism of eHealth literacy influencing physical activity, the 

process through which eHealth literacy affecting physical activity should be explored. 

As mentioned, there was limited literature about the relationship between eHealth 

literacy and physical activity, whereas some studies focused on the mediators between 
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health literacy and health behaviors (Ståhl et al., 2001; Osborn et al., 2011; Geboers et 

al., 2014; Beets et al., 2007; Yun & Park, 2010). Therefore, the current study 

hypothesized that the factors mediating the relationship between HL and PA could also 

play roles in the indirect path from EHL to PA.  

 

The concept of eHealth literacy was developed on the theoretical background of Social 

Cognitive theory (Norman & Skinner, 2006). Rooted in Social Cognitive Theory, 

potential mediators include attitude, self-efficacy, and perception of the risk (Osborn et 

al., 2011; Squiers et al., 2012; Adams et al., 2013; Morris et al., 2013; Geboers et al., 

2014). Of those potential mediators, self-efficacy has been found to explain a 

substantial part of the association between health literacy and health behavior (Osborn 

et al., 2011; Geboers et al., 2014). Specifically, Geboers et al. (2014) demonstrated that 

adjusting for self-efficacy strongly decreased the association between health literacy 

and physical activity. And Osborn et al. (2011) suggested a pathway from health literacy 

to physical activity via self-efficacy. Additionally, self-efficacy has been found to be an 

important predictor of health behaviors (Clark & Dodge, 1999; Trost et al., 2002; 

Ievers-Landis et al., 2003; Norman & Hoyle, 2004), including physical activity 

(Paasche-Orlow & Wolf, 2007). Significant association also was found in the 

relationship between self-efficacy and physical activity (Wolf et al., 2007; Dominick et 

al., 2013; Ayotte, Margrett, & Patrick, 2013), and health literacy and self-efficacy (Wolf 

et al., 2007; Ussher et al., 2010). Aside from the literature, by intuitive reasoning, 

adequate health literacy might increase people’s confidence in health management, 

while people with higher self-efficacy on health are more likely to participate in health 

activities. Therefore, the current study assumes self-efficacy to be a mediator in the 

pathway between eHealth literacy and physical activity.  

 

Moreover, social support has long been linked with better health. A substantial number 

of studies demonstrated significant associations between social network and various 

types of health behavior (Lindström, Hanson & Östergren, 2001; Lindström et al., 2003; 
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Ståhl et al., 2001; Yun & Park, 2010), a paper (Beets et al., 2007) specially highlighted 

the effect of peer social support on promoting physical activity. In China, college is a 

time for most young adults to leave home and live independently. Peer social support 

might be a direct predictor of their health behavior. Besides, the relationship between 

Health literacy and social support was proved by previous studies (Kawachi et al., 1997; 

Sonnenwald, 1999; Cattell, 2001; Basu & Dutta, 2008; Ishikawa, Takeuchi, & Yano, 

2008; Almgren, Magarati & Mogford, 2009; Yun & Park, 2010; Fry-Bowers et al., 2014; 

Geboers et al., 2016; Chen et al., 2018). Scholars also indicated a mediating effect of 

social support on the influence of health literacy on health outcomes (Yang et al., 2019), 

or suggested an indirect path from health literacy to health behavior/status via social 

support (Lee, Gazmararian & Arozullah, 2006; Yang et al., 2019; Lee & Oh, 2020). It 

is reasonable to claim social support as a mediator from health literacy to physical 

activity because adequate health literacy was associated with high-quality information 

and formal education (Mirowsky & Ross, 2003), which may promote interpersonal 

skills and friendship (Cutler et al., 2008). Subsequently, resources and caring from 

social relationships could subsequently promote healthier behaviors by enhancing 

people’s motivation and providing friendly or even beneficial environment 

(Chatzisarantis, Hagger & Brickell, 2008; Gillison et al., 2017). The link between 

eHealth literacy and social support cannot be neglected as well. It was reported that 

young adults were among the most frequently users of fitness Apps (Gowin et al., 2015). 

Most of those Apps are with social features, allow users to build a network and conduct 

or join a supporting group (Barkley et al., 2020). According to our daily experience, 

those supporting group could subsequently increase the chance for individuals to 

participate in physical activities. Therefore, the current study assumes social support to 

be a mediator in the pathway between eHealth literacy and physical activity. 

 

eHealth literacy in college students 

Young adults frequently turn to the Internet for eHealth information (Robb et al., 2014). 

As mobile technology develops, more college students gain knowledge via Internet or 
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mobile Internet. College is an important of transition time in people’s lives (Mackert, 

Champlin & Mabry-Flynn, 2017) and they may be making health decisions on their 

own for the first time and these could impact both immediate and long-term outcomes 

(Mullan et al., 2017) including lifetime behavior patterns (Schweizer et al., 2018). Thus, 

it is especially important college students develop eHealth literacy. Nonetheless, 

undergraduate students may have an inflated perception of their ability to dealing with 

online health information (Hanik & Stellefson, 2005). For example, they would need to 

distinguish between primary and secondary online sources, determine specific sources 

(i.e., academic article, opinion pieces, commercial sites, etc.; Ivanitskaya et al., 2006), 

and refine general online searches to identify specific health topics.  

 

Research on health literacy is largely focused on specific populations, for example the 

elderly, nonnative English speakers, and those of lower socioeconomic status (Nielsen-

Bohlman, Panzer, & Kindig, 2004; Tiller et al., 2015; Levy et al., 2015; Bonaccorsi et 

al., 2016; Fabbri et al., 2018). Meanwhile, relatively little is known about how eHealth 

literacy might uniquely affect college students. 

 

eHealth Literacy in Mainland China 

The concept of health literacy was firstly introduced to Chinese people in 2005 by 

Chinese government, including three domains: conceptual knowledge and attitudes; 

behavior and lifestyle; and health-related skills. Since then, the importance of health 

literacy was highlighted and the related works were strongly supported on the policy 

level (Zhong, 2018).  

 

In order to clarify the concept, a related manual was developed in 2008, entitled as 

“Basic Knowledge and Skills of People’s Health Literacy” (Chinese Ministry of Health, 

2008; Li, 2008), specifically illustrated the content of health literacy. Based on that 

manual, the Chinese Citizens’ Health Literacy Questionnaire was developed by Chinese 

Ministry of Health in 2009, and then has been applied in several nationwide surveys to 
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investigate health literacy in Chinese general population (Chinese Ministry of Health, 

2009; Chinese Ministry of Health, 2013; Mantwill & Schulz, 2016). A national survey 

conducted in 2009 showed that out of 79,542 participants only 6.48% had adequate 

health literacy.  

 

Up to now, the Chinese Citizens’ Health Literacy Questionnaire is the most widely used 

tool for measuring health literacy in Mainland China, for not only government projects 

but also academic studies. According to the CNKI NET database, up to February 20, 

2019, there were totally 93 health literacy studies used that 66-item questionnaire, 72 

of which was published in recent five years. Most of these studies are status survey, 

including 55 studies surveyed citizen’s health literacy status in different Chinese 

regions and specially 8 investigated college students’ health literacy level. According 

to those eight studies on Chinese college student, it was found that 6.85-32.41% 

participants was with adequate health literacy. Most college students were inadequate 

in basic medical literacy (Gu, 2015; Wang, 2017) and knowledge of chronic (Peng et 

al., 2016; Hu, 2016; Feng, 2016) and infectious disease (Zhang et al., 2018; Li, 2018). 

Those studies also investigated the relationship between health literacy and 

demographic factors (including gender, major, only-child-or-not, and parents’ 

education background), health education and ethnic disparities (Gu, 2015; Peng et al., 

2016; Hu, 2016; Feng, 2016; Wang, 2017; Li, 2018). Specially, four of these research 

paid attention to the students in health-related major (Peng et al., 2016; Feng, 2016; 

Zhou, 2017; Li, 2018), indicated that the self-perceived health status and the ability of 

health-related self-management also would influence health literacy.  

 

Recent years, Chinese people are undergoing a drastic media communication revolution. 

By the end of 2015, 688 million of them were internet users, while of these, more than 

two-thirds used mobile phones (Lee, 2016). With the consideration of technology 

development, it is essential for researchers and policy makers to pay more attention to 

eHealth literacy promotion in China. It could not only benefit the health status of 
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Chinese people, but also represent an important case of how to facilitate health service 

and communication in the context of rapid media and technological development. 

However, according to the CNKI NET database, the research on Chinese eHealth 

literacy is scarce. Most of those papers focused on the usage of eHealth information 

(Wang & Liu, 2012; Sun et al., 2014; Chen et al., 2015; He et al., 2016). Among those 

papers, the Chinese version of eHEALS is mostly used, while as discussed before, the 

validity of eHEALS had been long criticized. Moreover, there is a lack of national-wide 

survey on eHealth Literacy level.  

 

Statement of Problem 

In the internet age, higher eHealth literacy was found to be linked with better health 

outcomes (Xie, 2011; Milne et al., 2015; Mitsutake et al., 2016; Han et al., 2018). Since 

College is an important time for people to individually manage their own life and build 

their lifetime behavior patterns (Mullan et al., 2017; Schweitzer et al., 2016), it is 

essential to promote eHealth literacy among college students. Currently, the 

development of information technology asks for a more diverse range of Health-related 

e-skills rather than retrieving health information alone. Because about ten years ago, 

people would more likely to be already health literate before they got access to the 

internet (Norman & Skinner, 2006). But now, an individual may gain his/her health 

knowledge mainly via the Internet. Therefore, new definition of eHealth literacy should 

be made in response to this development, since new digital solutions and the increased 

use of mobile eHealth service may challenge the existing conceptual model (the Lily 

Model, Norman & Skinner, 2006; Norman, 2011; Van Der Vaart et al., 2011; Seckin & 

Yeatts, 2016). Yet, there is insufficient knowledge in the newly required competencies 

of eHealth literacy, for instance, the capacity of dealing with mobile service, the sense 

of information safety, and the ability of screening, communicating and sharing, etc. 

 

In addition, although eHEALS is the most widely used tool for measuring eHealth 
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literacy, people have long doubted the validity and efficiency of it (Norman & Skinner, 

2006; Van Der Vaart et al., 2011). Scales other than eHEALS have not yet been used in 

practice or other authors’ studies (Griebel et al., 2018). Moreover, most measuring 

approach of these eHealth literacy scales was to test individual’s self-perceived eHealth 

literacy level, while health literacy was found to be measured by both self-perceived 

level and knowledge/skill-based performance (McCray, 2011; Sørensen et al., 2012; 

Mackert et al., 2017; Neter & Brainin, 2012). Although some scholars tried to design 

performance-based assignments for eHealth literacy (Van Der Vaart et al., 2011; Neter 

& Brainin, 2012), a major limitation of the lab observation approach was a limited 

sample size, and those tools had been criticized that they were testing internet skills, 

rather than health-related capabilities. Another study also found a gap between self-

perceived eHealth literacy and its actual performance (Van Der Vaart et al., 2011). The 

same gap had been detected in between self-perceived health literacy and its actual 

performance as well (Wu et al., 2010; Begoray & Kwan, 2011; Sørensen, 2015). 

Researchers believed that those two HL-measuring approaches tested different 

constructs of HL (Begoray and Kwan, 2011) and a gap naturally existed between 

knowing (the personal interpretation of knowledge) and applying (the performance). 

Extended it to eHealth literacy, would self-perceived eHealth literacy and its actual 

performance be two closely related yet distinct variables? Is it possible that the self-

perceived level cannot fully reflect individuals’ eHealth literacy? What should be 

contained in the actual performance test of eHealth literacy? Those questions remained 

unknown. 

 

Furthermore, the current knowledge of eHealth literacy in Chinese people is limited. 

And few studies focused on Chinese measurements of eHealth literacy (Guo et al., 2013; 

Ma & Wu, 2019). Moreover, limited comparison had been done between eHealth 

literacy and health literacy. The role that health literacy and eHealth literacy played in 

people’s daily health-care would be different (Manganello et al., 2016). The importance 

to study on the association between health literacy and eHealth literacy was advocated 
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by researchers (Efthymiou et al., 2017). Therefore, there is a need in exploring their 

relationship as well as the difference.  

 

Although recently there are increasing number of studies exploring the association 

between health literacy and health behaviors (Wolf, Gazmararian & Baker, 2007; 

Osborn et al., 2011; Adams et al., 2013; Dominick et al., 2013), research findings are 

inconsistent specifically those focusing on the relationship of health literacy and 

physical activity. A significant association was found between health literacy and 

physical activity (Geboers et al., 2014), while a study from Gregory and his colleagues 

(2013) claimed it as non-significant. Moreover, evidence on the relationship between 

eHealth literacy and physical activity is sparse, only three cross-sectional studies are 

available, among which, two studies (Vâjâean & Baban, 2015; Xesfingi & Vozikis, 

2016) found a significant correlation between high eHealth literacy and good health 

behavior (including physical exercise), and the other one did not fully support that 

finding (Hsu, Chiang & Yang, 2014).  

 

According to Chinese health report (Yang, 2017), college students continued the 

downward trend of physical fitness during the past five years (Yang, 2017). To promote 

physical activity in college students is therefore extremely essential. Since college 

students are among the major internet users, more insight is necessitated in the 

association between eHealth literacy and physical activity. Insight into the mediators of 

this association would also be of great value and benefit for further empirical research. 

 

Research questions, purpose and the structure of the study 

Based on the problems mentioned above, three research questions were raised: 

 

RQ1: With the consideration of new information technologies, what would be the 

content of eHealth literacy?  
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In particular, 1(a) How would nowadays college students make use of eHealth devices? 

1(b)What kind of element or dimension should be included in the conceptual 

framework of eHealth literacy required by nowadays eHealth usage? 

 

RQ2: With the consideration of new information technologies, how to measure eHealth 

literacy? 

In particular, 2(a) How to develop a new measurement (eHLS-Web3.0) for evaluating 

eHealth literacy? And 2(b) Would the newly developed tool eHealth literacy scale – 

Web 3.0 (eHLS-Web3.0) reliable and valid? 

 

RQ3: Compared with health literacy, how would eHealth literacy work on individual’s 

physical activity? 

In particular, 3(a) Would there be any differences and significant correlations between 

eHealth literacy and health literacy? 3(b) Could internet-usage variables (e.g., Internet 

access and Willingness on eHealth usage) influence college students’ eHealth literacy? 

And 3(c) what psychological mechanisms would be involved in the relationship from 

eHealth literacy to physical activity, and from health literacy to physical activity? With 

regard to the RQ 3(c), a model was proposed on the basis of literature review (detail 

was illustrated in Chapter 4), subsequently a more specific question was raised as: how 

would the efficacy of the proposed model explain the underlying mechanism for 

eHealth literacy or health literacy impacting physical activity. 

 

To address the research questions mentioned above, the purposes of the current project 

were to: 

1) Identify the eHealth usage and correspondingly required abilities with the 

consideration of new information technology; 

2) Develop and initial validate a measurement (eHLS-Web3.0) for evaluating 

eHealth literacy; and 

3) Propose a model and test (1) the relationships between health literacy and eHealth 
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literacy (2) the factors influencing eHealth literacy, and (3) the factors mediating 

the relationship between health literacy/eHealth literacy and physical activity. 

 

To fulfill these purposes, three studies were conducted accordingly. Study 1 provided 

an overview on eHealth usage among college students via qualitative approach, derived 

a conceptual framework for eHealth literacy (RQ1), which represented a first look at 

eHealth literacy required by Web 3.0 environment. On the conceptual basis obtained 

from Study 1, in Study 2 we, including the author and the principal supervisors, 

developed and validated a new measurement eHLS-Web 3.0 (RQ2), so as to provide a 

reliable and valid tool for Study 3 to test the relations demonstrated in the proposed 

model (RQ3). The three studies were implemented step by step. The whole structure of 

this thesis and the connection between research questions and studies were shown in 

Figure 1.2. As shown, the elements of eHealth literacy were found in Study 1 

(conceptual framework). Items related to eHealth literacy generated from Study 1 

subsequently formed an item pool (candidate items), so that the measurement 

development techniques could be performed to achieve the research aim of Study 2, 

scale development. Study 3 proposed a model to explain the underlying mechanism of 

eHealth literacy influencing physical activity (model proposing). The scale developed 

in Study 2 was used in Study 3 to further test the proposed model. 
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Figure 1.2. 2Structure of the thesis. 

 

Significance 

Along with the rapid development of digital technologies, eHealth literacy has become 

an important determinant of public and individual health. This study aims to develop 

an eHealth literacy scale and test the relationships of eHealth literacy, health literacy 

and physical activity among Chinese college students. The whole dissertation was 
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expected to make theoretical contributions on eHealth literacy in the following aspects: 

 

1) A comprehensive understanding of eHealth literacy would be achieved in the 

context of new information technology and Chinese culture.  

 

2) Since the comparison of health literacy and eHealth literacy is not yet well 

established, this study would provide useful information of this area to the current 

literature. 

 

3) By developing a reliable and valid measurement, the level of eHealth literacy 

among Chinese college students could be measured; further experimental eHealth 

literacy studies could have a new tool to evaluate the efficacy of intervention; and 

the relationships among eHealth literacy and other health-related variables could be 

explored. 

 

4) The role of eHealth literacy in PA promotion has not been well explored yet. This 

study may shed light on this area and provide more in-depth and comprehensive 

information for future health behavior research. 

 

5) By adding insight into the mediators between eHealth literacy and physical activity, 

contribution would be made for better understanding the psychological mechanisms 

of promoting college student’s physical activity. 

 

Apart from the previously stated theoretical values, the proposed dissertation may also 

contribute to eHealth-related practical area. Specifically, the result may provide new 

and valuable information for constructing eHealth literacy training. The exploration on 

the relationships among eHealth literacy, health literacy and physical activity might 

help practitioners to understand eHealth literacy better and make it more possible to 

tailor eHealth interventions towards Chinese college students. In the long term, the 
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findings may also be useful for practitioners who are planning to develop strategies to 

promote both physical activity and eHealth literacy in China.  
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CHAPTER Ⅱ: EHEALTH USAGE AMONG CHINESE COLLEGE 

STUDENTS: QUALITATIVE FINDINGS 

 

Abstract 

Background 

The dramatic development of information technology is leading to profound 

transformations in eHealth service, substantially orienting the innovations in the way 

that people interact with eHealth. A more diverse range of eHealth skills is also required, 

which, named as eHealth literacy. Yet, there is insufficient knowledge in nowadays 

eHealth usage or eHealth literacy. Research on eHealth among Chinese is also limited. 

 

Objectives 

This study aimed to investigate how Chinese college students engage with eHealth tools, 

and what should be included in the nowadays eHealth literacy. 

 

Methods 

Eighteen Chinese college students were deliberately selected for in-depth interviews. 

Interviewees included three males and three females of each sex from sports, medical, 

and non-health-related majors. Conventional content analysis was applied for data 

analysis. 

 

Results 

Three themes were identified. The eHealth usage of different-major-students were 

compared and profiled as below: 

1) Expectance  

Non-health-related students: Stopgap (providing a general picture to their urgent or 

temporary health need);  
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Sport major students: Monitor (helping track and manage their health, especially 

fitness);  

Medical major students: Database (obtaining information). 

2) Usage pattern 

Non-health-related students: Personal (targeting on specific problem-solving and do 

eHealth communication in people that they are familiar with);  

Sport major students: Practical (being active tryer, social player and warm-hearted 

sharer);  

Medical major students: Theoretical (being skilled in obtaining in-depth health 

information, good filterer, careful evaluator and rigorous truth-seeker). 

3) Perception:  

Non-health-related students: Fear (feeling upset on being misled, being criticized and 

personal data being leaked);  

Sport major students: Curious (caring about feasibility, trying before trusting, and being 

confident in risk control);  

Medical major students: Scepticism (being mindful in self-protection, cautious in 

sharing and felling obligated to be responsible for what they said online). 

 

Conclusions 

A cutting-edge understanding of the eHealth usage among Chinese college students was 

obtained, new competencies for current IT environment were concluded such as self-

tracking, self-health-managing and personal information protection. Those findings 

would contribute to the scale development of nowadays eHealth literacy, and might 

provide comprehensive information for practitioners who construct eHealth 

intervention or education in the future. 

 

Keywords: eHealth; eHealth literacy; College students; Health promotion; Web 3.0. 
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Introduction 

 

With the rapid development of scientific and technological revolution, greater use of 

health information technology changes people’s life style, which leads to an increased 

research interest in eHealth. Usage of eHealth has been shown to be a cost-effective 

way for most people to access health information (Waldman et al., 2018) and support 

health behaviors (United Nations Global Pulse, 2013), defined as “the use of 

information and communication technology (ICT) for health” (WHO, 2015). The 

content of eHealth keeps changing with the innovations in ICTs, thus a broader 

understanding of individuals’ eHealth usage and the related capabilities are needed to 

allow researchers better plan for health promotion intervention based on strategy to 

improving eHealth usage. 

 

Current research on eHealth usage mainly focuses on online health information 

searching, which is also the major behavior of internet access (Fox & Duggan, 2013; 

Cyberspace Administration of China, 2019). Generally, customers’ frequency 

(Steinfield et al., 2008; Choi & DiNitto, 2013; Vâjâean & Bãban, 2015; Stonbraker et 

al., 2017; Richtering et al., 2017; Athanasopoulou et al., 2017), duration (Richtering et 

al., 2017) and the device and website people exposure to (Neter & Brainin, 2012; 

Ghaddar et al., 2012; Jacobs et al., 2014; Tennant et al., 2015; Kobayashi et al., 2015; 

Guendelman et al., 2017) are more likely to be discussed. However, a previous study 

suggested that general internet use is not effective to improve online health information 

searching (Mesch, Mano & Tsamir, 2012). Other researchers have noted that social 

media can provide additional sources of health information, and encourage internet 

users to have some participatory eHealth behaviors (Stellefson et al., 2011). Yet, few 

studies have focused on the individuals’ health usage on social media (Stellefson et al., 

2011; Van Der Vaart et al., 2011), and even fewer on the interactivities on social 

networking sites (SNSs). With the fast-changing IT environment in recent years, newly 

developed e-tools are more integrated (one single device for multiple tasks) and 
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immersive (link the real world with the virtual one) (Rauschnabel et al., 2017). Smart 

phone, as a new device to get access to the internet, has also brought a huge revolution 

to people’s daily life and has increased the availability of health information (Tennant 

et al., 2015). However, the academic research on the customers’ mobile health using 

with the exception of health information searching is also scarce. Hence, there is limited 

knowledge on the usage patterns of eHealth, for example, managing life and tracking 

behavior daily. Additionally, previous research showed that adults’ performance on 

using eHealth tools diverse by education and culture (Jacobs et al., 2014), however, 

when it came to the college students, comparison between students from health and 

non-health majors are limited. Only two articles compared the eHealth-related abilities 

between health and non-health major students (Park & Kim, 2017; Nam & Lee, 2018), 

suggesting that education program could benefit students’ eHealth-related abilities. Yet 

both these articles did not provide information about college students’ eHealth usage 

behaviors. Moreover, with the popularity of fitness trackers and wearables, sport major 

students may have different eHealth behavior compare to other major students, but it 

seems not yet been investigated how sport major students interact with eHealth tools. 

 

Similarly, a knowledge gap exists on eHealth-related capabilities. In 2006, Norman and 

Skinner labelled this kind of abilities as “eHealth literacy” (Norman & Skinner, 2006), 

with abilities being specified as to “seek, find, understand, and appraise health 

information from electronic resource and apply that knowledge to solving a health 

problem or making a health-related decision” (Norman & Skinner, 2006). However, 

with the advances in technology, a more diverse range of eHealth skills are required to 

fit in the more-than-read-only environment (Van Der Vaart et al., 2011; Norman, 2011; 

Seckin et al., 2016). Yet, there is insufficient knowledge in the newly required 

competencies of eHealth literacy, for instance, the capacity of dealing with mobile 

service, the sense of information safety, and the ability of tracking and managing 

personal health data, etc. 
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In recent years, Chinese people have undergone a drastic media communication 

revolution. By the end of 2018, 854 million people in China were internet users, and 

more than two-thirds used mobile phones (Cyberspace Administration of China, 2019). 

It is essential for researchers and policy makers to obtain more information on eHealth 

promotion in China. It could not only benefit the health status of Chinese people, but 

also know how to facilitate health service and communication in the context of rapid 

media and technological development. With overall app use, younger and more 

educated users, like college students, are more likely to gain knowledge via Internet or 

mobile Internet (Robb & Shellenbarger, 2014). College is an important of transition 

time in people’s lives (Mackert et al., 2017). They may be making health decisions on 

their own for the first time and these could impact both immediate and long-term 

outcomes (Mullan et al., 2017) including lifetime behavior patterns (Schweizer et al., 

2018). While there are numerous studies describing college students’ smartphone 

ownership, a paucity of literature focuses on college student usage of different e-tools 

(including website, SNSs and mobile apps) and eHealth tools. 

 

Address to those critical knowledge gaps, the primary purpose of this study was to 

profile how Chinese college students engage with eHealth tools, which including their 

expectance, experience and perception on different e-tools. Medical, sport and non-

health major students’ eHealth usage would be compared, for education might influence 

students’ eHealth performance. A secondary purpose was to identify the perceived 

related capabilities that is needed on eHealth usage, and to gain more in-depth 

understanding of college students’ eHealth literacy. This exploration could provide 

information of eHealth and eHealth literacy in the information technology era in China. 

Furthermore, this study results have the potential for practical application in the 

construction of eHealth literacy training for future studies. 
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Research Methods 

 

This study was approved by the Research Ethics Committee of Hong Kong Baptist 

University. A qualitative approach was embraced in 2019 to explore the perspective and 

experience of Chinese college students on eHealth.  

 

To be selected as an interviewee, participants had to 1) have the experience of using 

eHealth websites and tools; 2) have sufficient Chinese language proficiency to complete 

the interview; 3) have informed their willingness and consent of participating in the 

interview. Since disparities exist in China’s regional economic developments and 

cultural contexts, and the contextual uniqueness is improved to have an influence on 

individuals’ literacy (Gilstad, 2014), three Chinese cities, Beijing, Wuhan and Putian, 

were chosen for deliberately getting in touch with potential interviewees. They are 

representative of the Chinese cities: Beijing is the capital of the country, located in the 

north of China with the 2nd highest GDP amount in the country; Wuhan is a provincial 

capital, known as the center of finance and education in the central areas of the country; 

and Putian is a prefecture-level southeast Chinese city, whose GDP ranking lower than 

the top 100th while it is well-known as its electronic commerce (National Bureau of 

Statistics of China, 2019) and the bad reputation on its overpriced private clinical 

service1  (Koetse, 2016). It would be interesting to see if negative case of eHealth 

information using (related to poor health literacy) could influence people’s usage on 

eHealth services and people’s attitude towards eHealth information. Furthermore, the 

choice of those three cities was also made with the issues of “convenience and 

feasibility” (Denscombe, 2014; Zheng et al., 2019). After making the decision of the 

target cities, the author contacted with lecturers or students who came from specific 

majors (sport-related major; medical-related major; and non-health-related major) of 
 

1 It refers to a piece of news in 2014, that a dying Chinese student’s family accused 
Baidu, the top search engine in China, to promoting false medical information and 
unqualified overpriced Chinese private hospital – the Putian Hospital. This news had 
led to a trend of distrust on online eHealth information. 
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universities in these cities. Then, a snowball sampling (Goodman, 1961) approach was 

applied. Suggested by Burmeister and Aitken (2012), data saturation is not about the 

numbers per se, but about the depth of the data. Regarding the sample size, although 

there is no definite criterion for the qualitative research, the number of participants 

should be in accordance with the creed of theoretical saturation which means no new 

or relevant data seen to be emerging (Bryman, 2016). To achieve the theoretical 

saturation, based on the “rule of thumb”, the suggested number of participants for the 

interview studies is around twelve to fifteen (Guest et al., 2006). In addition, including 

the interviewing of people that one would not normally consider could be a method to 

further enhance data saturation (Bernard, 2012), while in previous studies, few scholars 

focused on including students in different major. Considering these two rules, in total, 

eighteen Chinese college students were recruited for in-depth individual semi-

structured interviews over the phone. Interviewees included three males and three 

females in each of the three major groupings (See table 2.1). Therefore, the interviewees 

are “typical/representative” (Zheng et al., 2019; Bryman, 2016) with significant 

comparability.  

 
Table 2.1. 1Codes and Demographics of Interviewees 

Code Date Length Gender Major Region Age 
Current Year of 

Study 

1 20190102 28’40’’ Female Medical Putian 21 Year 2 

2 20190102 35’02’’ Male Medical Putian 23 Year 2 

3 20190102 24’59’’ Male Non-health-related Putian 22 Year 2 

4 20190102 30’15’’ Female Non-health-related Putian 21 Year 2 

5 20190108 43’50’’ Male Sport Putian 21 Year 1 

6 20190109 36’25’’ Female Sport Putian 21 Year 1 

7 20190315 30’21’’ Male Non-health-related Beijing 23 Year 4 

8 20190315 31’26’’ Male Medical Beijing 22 Year 2 

9 20190319 35’54’’ Female Non-health-related Beijing 22 Year 3 
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10 20190321 52’21’’ Female Sport Beijing 23 Year 4 

11 20190325 45’59’’ Male Sport Beijing 23 Year 4 

12 20190521 39’10’’ Female Medical Beijing 21 Year 2 

13 20190512 63’33’’ Male Medical Wuhan 22 Year 3 

14 20190512 29’21’’ Female Medical Wu7han 25 Year 5 

15 20190406 47’27’’ Female Sport Wuhan 22 Year 2 

16 20190405 41’48’’ Male Sport Wuhan 22 Year 2 

17 20190511 30’59’’ Female Non-health-related Wuhan 22 Year 2 

18 20190510 31’13’’ Male Non-health-related Wuhan 22 Year 2 

 

In order to achieve data saturation, interview questions were also structured with 

detailed elaboration questions to facilitate asking informants the same questions to 

guarantee a constant target (Guest et al., 2006). The phone interview guide was 

designed based on the suggestions by Bryman (2016) and Flick (2014), as well as Hsieh 

and Shannon (2005), in which the interview procedure starts with the establishment of 

rapport, introduction to the interview purpose and statement for the matters of process, 

followed by the main content of interview. The questions were open-ended and specific 

to the participants’ comments rather than to a preexisting theory. This is because that 

the existing theory and research literature on eHealth is limited, by avoid using 

preconceived categories, those open-ended questions could allow the current study to 

inductively develop categories from the data. The interview guide included elements 

about individuals’ 1) previous experiences of interacting with eHealth tools; 2) reasons 

to use specific eHealth information and eHealth tools; 3) preference on eHealth 

information and eHealth tools; 4) common approach to interact with eHealth tools; 5) 

skills and strategies to obtain and apply eHealth information and eHealth tools; 6) 

attitude and perceptions on eHealth information and eHealth tools; 7) influence of 

eHealth usage on daily life; 8) outcomes of eHealth usage. Since the development of 

information technology was summarized into three phases (Web 1.0, Web 2.0 and Web 

3.0), the interviews were structured following those three phases, for each phase 
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questions were conducted around the eight main elements mentioned above. The 

interviews were audio recorded and transcribed verbatim. The transcribed scripts were 

returned to informants for verification. Each phone interview was conducted in Chinese 

(Mandarin) language and were recorded digitally with interviewee’s consent. 

Interviews ranged from 24 min to more than one hour. The detailed interview guide was 

listed below (see table 2.2). 



 

32 
 

Table 2.2. 2Interview Guide 
Question Elaboration questions (belong to which one of the elements) Theory, study or 

construct 
Web 1.0 
Did you search the Internet for health-

related questions? 
-How often? (1) 
-Do you remember the last time you searched for a health issue? (1) 
-What kind of information are you usually searching for, medicine, nutrition, fitness 

or daily care? (3) 

Description of use; 
Perceived 

susceptibility 

Could you describe a specific medical 
information that you had ever searched for? 

-Why did you want to search it? (2) 
-How did you search it? (Which website/searching engine did you use? What 

keyword did you use? How to filter the information? How to find the answer? Could you 
understand it? Is the explanation clear on the Internet?) (4) (5) 

-Whether there is any communication with a third party (online doctor, online 
customer service) in the process? How is it? (Is it understandable or not? did your problem 
be solved?) (4) (8) 

-In this specific case, do you think the health information on the Internet can help 
you? (6) 

-Did your problem be solved at the end? (8) 

Motive; 
Experience; 
Perceived behavior 

control; 
Ease of use; 
Outcome expectation; 
 
 

Could you describe a specific daily-care 
information that you had ever searched for? 

Similar to those of medical information Similar to those of 
medical information 

How do you evaluate the health 
information online? 

-How do you determine if the information on the Internet is useful to you? (5) 
-How do you verify which information on the Internet is trustworthy? (5) 

Perceived usefulness; 
Self-efficacy 
 

How do you feel about online health 
information? 

-How does it differ from offline health information? (6) 
-Do you trust online health information? Why? (6) 
-Under what circumstances would you search the Internet for health information? (2) 

Perceived benefit; 
Perceived barriers 
Self-efficacy 
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Web 2.0 
Did you have conversation of health 

issues online with someone you know 
(family/friends)? 

-Did you ask them for help or suggestion on health issue? (1) 
-Did they ask you for help or suggestion on health issue? (1) 
-If someone you know has a health problem and you happen to know how to solve it, 

would you volunteer the information? (4) 
-Did you take the initiative to share health information with your friends and family? 
(why, how, perception & view) (4) (2) (1) (6) 

Subjective norms; 
Social support 

Did you have conversation of health 
issues online with other netizens (strangers)? 

-Did you post online to seek help or suggestions on health issue? (1) 
-which channel would you prefer, WeChat moments, Weibo, professional forums or 

popular forums? (3) 
-Did you reply to any help-seeking post online? (4) 
-Did you post online to share health related experiences, knowledge or opinions? (1) 

Self-efficacy; 
Visibility; 
Social support 

Did you take use of e-consulting services? -What is it? How is it going? (1)(4) 
-How do you determine if it is trustworthy? (5) 
-Did it fulfill your need? Why or why not? (8) 
-Do you find it an invasion of privacy? (6) 

Perceived severity; 
Perceived usefulness; 
Credibility 

Did you follow any health-related official 
account, key opinion leader or cyber celebrity 
on line? 

-Who? From when? For how long? (1) 
-Did you actively browse the information posted by them? (4) 
-Did it impact your health? (7) 

Uses and gratification; 
Intention 

Web 3.0 
Do you use health apps? -what is it about? (medical/daily-care/fitness/nutrition) (3) 

-which one is most frequently used? (1) 
-which one would you like to talk about today? (1) 

Self-observation; 
Self-regulation 

Why do you use this health app? -How did you find it? (peer recommendation or self-search) (2) 
-Why you choose it? (compare with similar other ones) (3) 
-What is the original goal? Which function did you make use of? Which function you 

Motives; 
Cues to action; 
Social influence; 
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do not pay attention to? Why and why not? (4) (5) (3) 
- What is the using perception? Easy-handling? User-friendly? Reliable or not? (6) 
- How often did you use it? For how long? Would you continuously use it? Why or 

why not? (if uninstalled, why?) (1) (4) (7) (8) 

Goal setting; 
Uses and gratification; 
Perceived ease of use; 
Perceived usefulness 

Would you use health app to interact with 
others (social impact)? 

-Are your offline friends using this app? Do you think their usage will affect yours? 
What do you think of this kind of social function? Did it motive your usage? Did you pay 
attention to your friends’ post on the app? (7) (4) (6) 

-Did the APP hold online activities? If so, do you think it is attractive? Did you take 
part in it? (4) (6) 

- Did you make new friends by using health apps? (7) 
- Did you post on the APP? Did you forward your post to other social platforms (such 

as WeChat)? Did you share comments, experiences or photos on the APP? (1) (4) 
-Do you find it an invasion of privacy? (6) 

Social support; 
Social influence; 
Visibility; 

Do you use intelligent health devices? 
Why do you use it? Would you use it to 
interact with others? 

Similar to those of health apps Similar to those of 
health apps 

Do you use the health function in instant 
messaging (specially WeRun)? 

-Did you pay attention to the step-ranking and other users’ “thumb up”? (7) (4) (3) 
-What do you think of this kind of function? Does it impact your health behavior? (6) 

(7) 
-Did you go out of your way to do health behavior for your place on the ranking list? 

(4) 
-Did you use this function for health or for social interactions? (2) 

Uses and gratification; 
Subjective norms; 
Perceived social 

support 

In general, 
In order to better make use of the online 

health information, what kind of ability and 
knowledge should be obtained? 

-For website searching (Web 1.0) (5) 
-For online inter-person communication (Web 2.0) (5) 
-For public forums posting and reply (Web 2.0) (5) 

Health literacy; 
Self-efficacy; 
Competence feedback 
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-For apps and intelligent health devices usage (Web 3.0) (5) 
What do you think of the different 

eHealth tools? (Web, social media, apps and 
intelligent devices) 

-The most frequently used one? The most fruitful one? (6) 
-What kind of role they are playing in people’s daily health maintaining? (7) 

Perceived usefulness; 
Uses and gratification 

How much you care about your health? -Would you actively access health information in daily life? (4) (6) 
-If a friend of yours has been diagnosed with a serious illness, how will it affect you? 

(2) (6) 

Perceived 
susceptibility; 

Perceived Severity 
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Data analysis was conducted by the conventional content analysis procedure (Bryman, 

2016; Hsieh & Shannon, 2005). The dataset was read word by word and coded 

separately by two PhD students with their research focusing in the health promotion 

field. One of the PhD students was specialized in applied psychology, while the other 

one (the current author) had an educational background in mass communication. With 

such backgrounds, the coders could apply rigorous social science techniques and be 

sensitive to the influence of media or internet as well, so that to provide a multi-

disciplinary prospective during the coding procedure. Codes then were sorted into 

categories based on how different codes were related and linked. According to Hsieh 

and Shannon (2005)’s suggestion of inductive category development, knowledge 

generated from the procedure of content analysis should be based on participants’ 

unique perspectives and grounded in the actual data. Thus, during the category 

identification process of this research, the coders avoided using preconceived 

categories (Kondracki et al., 2002), instead allowing the categories flow from the data. 

When the two coders finished their own category-identification, those two sets of 

categories were compared and contrasted, and consequently grouped into possible 

themes. Then a back-checking between the themes against the data was constantly 

conducted. The consensus on the final themes and constructs was reached through 

discussion among two coders. According to Brod et al. (2009)’s suggestion, having a 

second party (coder) to conduct the coding of transcripts could ensure reaching data 

saturation. 

 

Those two coders involved in the current study are both Chinese ethnicities. The coding 

and analysis were conducted in Chinese to be in accordance with the cultural 

circumstances, while back translation was adopted to the themes, categories and some 

original quotations. The lead author who had been in English language major in 

undergraduate studies was responsible in translating Chinese scripts into English 

language. 
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A number of techniques were relied to maximize trustworthiness of the data (Guba & 

Lincoln, 1994). The verbatim transcribed version (Chinese) had been sent to the 

interviewees for their information and for verification. The scripts were reviewed to see 

if there were any inconsistencies in an interviewee’s responses, and categories were 

supported by quoting participants’ original words. Moreover, during the data analysis, 

the two coders agreed with each other 92% of the time (256/278) before reconciliation 

and 100% after reconciliation, which, referred to a good level of intercoder reliability 

(O’Connor & Joffe, 2020). Additionally, a triangulation between the findings (results 

related to Web 1.0 and 2.0) and related previous theories (see the chapter below figure 

2.1) was applied to verify the reliability of results and the attainment of data saturation 

by ensuring that data is rich in depth (Fusch & Ness, 2015). When the data analysis was 

finished, it was found that in the current study, there is enough information to replicate 

the study (which means randomly select the data from 9 of the informants, the selected 

content could be consistent with the current results), the ability to obtain additional new 

information has been attained, and further coding is no longer feasible. In that case the 

current author determined that the data saturation was reached and no further recruiting 

for informants were needed (Fusch & Ness, 2015). 

 

Results 

 

During the analysis of the interview data, three themes were identified to provide 

insight into college students’ eHealth: the expectance, the usage pattern, and the 

perception on eHealth usage. Themes were not based just on the number of responses, 

but how they related to the research questions. The eHealth usage of different-major-

students were compared and discussed separately. 

 

Expectance - Stopgap vs Monitor vs Database 
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The eHealth tools used widely at present were generated through interview data. In 

general, they could be categorized into three main segments: 1) the traditional web-

based read-only (or mainly for reading and receiving information) tools (we named it 

as web 1.0 tools), 2) the ones with social networking function to enable users’ 

interpersonal communication (web 2.0 tools), and 3) the ones based on mobile internet 

technology, collecting personal health data and provide personalized services (web 3.0) 

(see table 2.3). This sorting is following the most widely accepted generation division 

of internet. Web 1.0 refers to the read-only web, while Web 2.0 refers to a read-write 

mode, providing a “social web” with greater collaboration and interactivity between 

consumers, programmers, service providers and organizations. Web 3.0 is the so-called 

“semantic web”, accessible as “read-write-execute” mode, providing digital, personal, 

and intelligent services (Zeldman, 2003; Rudman & Bruwer, 2016; Delgado, 2019).  

 
Table 2.3. 3The most widely used eHealth tools 

Most widely used eHealth tools 

Web 1.0  

Search engine 

Academic database 

Key opinion leaders & official accounts 

Web 2.0 

eHealth consulting platform 

Forums 

Instant messaging 

Web 3.0 

Sport function in instant messaging (specially WeRun) 

eHealth APP 

Intelligent eHealth devices 

 

According to the sorting rule mentioned above, usually the key opinion leaders (KOL) 

and official accounts (OA) should be considered as a function carried by web 2.0 sites, 

but for eHealth users, the way they interact with health-related KOL and OA would be 

reading and accepting, which, the pattern would be more like web 1.0-oriented. 
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Therefore, the current research classified them as the web 1.0 tools. Similarly, the 

pattern of using WeRun (a step-counting function carried by WeChat) would be more 

likely to record personal data rather than use it for communication, although WeChat is 

an instant messaging app. An interviewee pointed out that it felt more like a light 

version of step-counting application, thus it was categorized to the web 3.0 group. 

 

Although all the interviewees reported that they had used most of those eHealth tools, 

students in different majors have different preferences on choosing them. The 

laypersons (non-health major students) were found to rely more on search engine to 

solve their health problem, compared to which, the health-related-major students would 

prefer to go for other searching channels, showing an “advanced searching” intention, 

especially those medical-major ones. Four of the six medical-major students expressed 

that they would search more in-depth health information through academic databases, 

medical forums, disclosed online doctor-consulting when encountering a health issue. 

Two sport-major students and a medical-major female student said they would use 

specialized eHealth apps as an advanced searching engine to obtain information. 

Nevertheless, interviewees indicated that they would firstly turn to the internet 

whenever they meet health problems. 

 

“On Dingxiangyuan (a Chinese professional forum only accessible for medical 

practitioners) there would be detail descriptions and cases, and doctors would explain 

how they diagnose the patients. Those are very helpful, and hard to get through 

searching engine.” 

(Interviewee 9) 

 

This kind of preference was found not only due to participants’ knowledge gap, but also 

their intention to be healthier. Five of the six non-health-major students admitted that 

they care less on health for did not perceive it severe. For those laypersons, daily-care 

behaviors such as skincare or dieting were not counted as “health managing”. Most of 
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the time, they held a primitive acknowledge on the definition of health, which is, equal 

it to “not getting sick”. 

 

“I won’t pay attention to health issues until I am troubled by it.” 

(Interviewee 3) 

“I would say I am in a sub-health situation now. As you know, I sleep late… but being 

unhealthy seems very far away from me, I am so young and seldomly get sick.”  

(Interviewee 18) 

 

Laypersons admitted that they may engage health behaviors for body-shape-building, 

entertainment, or social purpose, but obviously health is not the primary concern for 

nowadays’ college students. Among those non-health-major students, females showed 

stronger concern on health than males. However, even care about the health, they were 

not sure what and how to do. Most of the time, they just ignored. 

 

“Just maintaining healthy behavior cannot directly link to healthy, right?” 

(Interviewee 4) 

 

Because of that attitude on health caring, half of the non-health-major students seldomly 

interacted with eHealth tools until they had health issue. Interviewee 4 and 9 told the 

interviewer that sometimes they would get fragmented daily-care information from 

influencers they followed, but both of those two interviewees were passive recipients, 

not yet actively seeking opportunities to access health information. Meanwhile, since 

the general major students were aware of the complex internet environment, and not 

confident in evaluating the reliability of health information, they did not fully believe 

in what they obtained online, instead of which, they would take eHealth tools as a 

stopgap – a tool to meet their urgent or temporary health need, provide an extent of 

security, but participants felt they could not completely dependent on it. Usually, 

laypersons expected the internet to provide a “general picture” rather than the exact 
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answer. 

 

Things went quite differently on those sport major students. All the six interviewees 

indicated that they have been conditioned strongly to their very physical active life and 

got used to pay attention to manage their health. They perceived that the requirement 

of their major and the environment of their school did impact their attitude and 

behaviors on health maintenance, especially physical activity. Specifically, two of them 

reported that they perceived being sub-health those days (interviewee 11 perceived 

overweight and 15 perceived sleeping-late), and they were actively adjusting their daily 

routine.  

 

Corresponding to their attitude in keeping health, half of sport major students had 

browsed through the posts of fitfluencers at their leisure actively. Every one of them 

was found to consciously make use of health apps. Four of them admitted that they 

would love to try novel devices related to health. This is because the web 3.0 tools, such 

as health apps and intelligent devices, provide the service for users to “real-timely” 

track and quantify their own health behavior and body data. Along with affording 

knowledge beyond users’ own discipline as web 1.0 and 2.0 tools, web 3.0 ones allowed 

the players to create their personal health data and generate their own health file. 

Therefore, students usually used those tools as the monitor of their own health behavior, 

by which students perceived more convenience in self-health-management and gained 

greater insight into their own fitness indexes. Although some index or information 

might be inaccurate, the sport major students still found those apps helpful.  

 

“I use it to improve my posture via doing full stretch suggested by those Apps. I can 

record my posture and see my change day by day.” 

(Interviewee 10) 

“I want to know my heart rate and pace, although it may not be accurate, the data 

provides me the sense of security and control.” 
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(Interviewee 16) 

“When WeRun/APP shows the number of steps in the day is too low, I will consciously 

do more exercise”. 

(Interviewee 17) 

 

The development of information technology made knowledge obtainment, even 

personal-data creation no longer a hard task, however, respondents (3/6) thought that 

how to analyze and make full use of it becomes the main issue recently. 

 

“I love to monitor my health status and feelings, so that I could adjust my exercise plan 

and the usage of eHealth tools on time.” 

(Interviewee 6) 

 

For better satisfying the health need, some sport major interviewees (2/6) would use 

several apps of the same type to fit their needs (i.e., use JoyRun and NikeRun at the 

same time), while some would expect the e-tools to play a supplementary role. 

 

“It is fine enough as an assistant…But I won’t fully rely on it to help me do my specialist 

training.” 

(Interviewee 10) 

 

Similar expectation was found among those medical major students. The eHealth tools 

were treated as the databases for them. Four of them claimed that they often took the 

medical information online as references when solving health problem. Three of them 

said they had browsed the eHealth consulting platform for studying the actual cases. 

 

“Being able to get access to online health information provided me a sese of security.” 

(Interviewee 13) 
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But that is not because of the good quality of the online eHealth information. In fact, 

none of medical-major students perceived the eHealth information met their standard – 

they were either inadequate in time effectiveness, or lack of specificity or 

professionalism. But they believed that they could organize the right answer through 

those “references” via rigorous verification. 

 

“I feel like that people with certain knowledge of health will have their own judgment 

and be less affected by varies information, for example, the news of Putian Hospital1 

did little impact on me.” 

(Interviewee 12) 

 

Compared with sport major students, medical major students interacted with Web 1.0 

tools more, but seldomly used the Web 3.0 ones. Five of them declared that they rarely 

pay attention to other users’ record on health apps or WeRun, and their own exercise 

routine had never been impacted by those record. Meanwhile, two of them used health 

apps to record their exercise and period, and both took the records as references to 

managing their health. 

 

“Record cannot motivate me change my health behavior.” 

(Interviewee 2) 

 

Similar to sport major students, those medical major students showed high intention in 

keeping health, but in a medical way. They all had tried to self-treat some minor 

ailments. Interviewee 13 perceived sub-health because of being hectic those days, but 

he did not mention how to adjust. Moreover, they all reported active access to health 

information, interviewee 1 and 14 said it was driven by requirement of the major, while 

interviewee 13 also mentioned about the responsibility of being a future medical doctor 

in practice. 
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Usage pattern - Personal vs Practical vs Theoretical 

 

Students in different majors had different level of expertise on health, which, lead to 

different ways of them to interact with eHealth tools. Through the analysis of interview 

data, why and how college students deal with the eHealth tools was profiled. Although 

there are different tools, users’ related behaviors were found to have a structure and 

flow. This part of results clarified the routine of individuals’ e-information gaining, 

which including how different major students get access to eHealth information, how 

they evaluate them, and how they make use of them. The comparison was also made 

across different major groups. 

 

As mentioned previously, non-health-related major students mainly use eHealth tools 

to solve an exact health problem, their usage pattern thus worked in a personal way, 

trying to find the information target to their specific health issue. In that case, they 

usually interacted more frequently with searching engine than other eHealth tools. 

When searching health issue online, some of them (interviewee 4, interviewee 17) 

perceived difficulty in identifying keywords. 

 

“In the health field that I don’t know much about, it is difficult to determine the proper 

keyword.” 

(Interviewee 4) 

 

Compared to the other two major groups, the non-health-related students rarely (2/6) 

knew any worth-trusted web sites for searching in-depth health information. Since the 

reliability of online health information is uncertain, they showed preference on the 

information whose providers are more famous or with better reputation, which included 

some influencers. For the doubtful information, most laypersons chose to skip them. 

The writing style of information would also affect their choice. 
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“I would preferentially view the highly matching information identified by the 

searching engine.” 

(Interviewee 18) 

“I would skip the information whose authority cannot be confirmed.” 

(Interviewee 17) 

“I would skip professional information that is difficult to understand.” 

(Interviewee 3) 

“If the headline (web title) is too dramatic or cliche, I would definitely not click in.” 

(Interviewee 4) 

 

After narrow the scope down, the credibility and feasibility of health information were 

subsequently judged. The judgement was made based on the common sense (3/6), 

experience (3/6), and sometimes intuition (interviewee 4). Only interviewee 7 and 18 

mentioned about checking different websites to verify the information. It seems that 

students from non-health-related major had inadequate abilities on evaluating eHealth 

information. Four of them mentioned that they perceived barriers in finding the “exact 

answer”. 

 

When finish all the finding and evaluating, subsequently, how to apply the obtained 

information becomes the task at hand. As mentioned before, nowadays the application 

of information becomes much more complicated than before – other than apply the 

information to make health decision or solve problems, individuals could also create 

their own health data, use the information to communicate, respond (i.e., giving 

suggestions and advices, response to help-seeking), socialize with others, share and post 

(i.e., forward helpful information, post own health/fitness data). For the non-health-

related major students, most of them (except interviewee 7 and 9) said they never used 

eHealth tools to socialize with strangers or make new friends. They usually used them 

to interact with closer relationships, for instance, close friends or family.  
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“When using the APP, I will only follow the friends I know in the real world.” 

(Interviewee 4) 

 

As new users, students from non-health-related major preferred to transfer their existing 

relationships to the eHealth tools rather than build up a new network from scratch. Even 

for those who were willing to build the new eHealth-based network, the relationship 

was usually very fragile unless being transferred to some popular instant messaging 

sites (i.e., WeChat or QQ). It was found that in eHealth-based communication, 

laypersons also preferred doing the interaction in a small scope, kept it in a personal 

way. 

 

“I know someone on a forum who is very knowledgeable in body-building. After we 

became friends, most of the time we contact each other through WeChat. All in all, 

instant massaging is not the core function of the forum.” 

(Interviewee 7) 

 

Unlike the non-health-related major students, the sport major ones performed a 

practical pattern in eHealth usage. They were the only group that showed the 

willingness to pay for better information (3/6). Meanwhile, they also demonstrated the 

strongest intention to try eHealth tasks with reward provision (i.e., subsidy or 

opportunity of doing charity).  

 

“I bought a critical illness insurance, the insurance company promise that if I can keep 

10000 steps per day, I could have a discount on the insurance fee. And I am working 

on it to save money and keep healthy.” 

(Interviewee 16) 

 

Although not persisted, the perception of novelty also motivated them to try new 

eHealth tools. Two participants in sport group bought new intelligent devices because 
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of that. Their passion on trying new tools or obtaining new information were impressive. 

 

That passion was consistent with their attention on self-health-data. As mentioned, 

those sport players were consciously making use of health apps to self-tracking, 

creating behavior routines, doing exercise, and making plan. All of them reported being 

literate at their self-health-data collected by the apps, and perceived being able to make 

use of the personal data or exercise record.  

 

Compared with the other two groups, sport major students’ usage of eHealth tools was 

not only more active, but also more sociable. All of them reported that they had used 

web 2.0 eHealth tools to socialize with others. Besides, they were much more willing 

than the other groups to post personal record to eHealth apps or the WeChat moments. 

Interviewee 15 admitted that the motivation for posting her personal records was 

intended for social interaction rather than self-recording because it made her visible. 

Some of the sport major students also perceived that the online interpersonal eHealth 

communication could provide novel ways for social interaction. Specifically, with the 

help of web 2.0 tools, relationships were created and strengthened, or getting healthier. 

The following two quotes are examples for how people make use of eHealth 

information to benefit their offline relationships. 

 

“One of my friends has a feeling on a girl but he is too shy to express it, and every time 

when this girl posting her jogging map tracking, my friend would give a thumb up to 

kind of give a signal.” 

(Interviewee 5) 

“My girlfriend and I are suffering long distance relationship, by doing the same 

exercise and sharing our own data, it seems that our relationship is strengthened.” 

(Interviewee 11) 

 

Sometimes, students from sport major perceived more comfortable in communicating 
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health behavior with strangers than with their family or peers. 

 

“My APP usage records will be posted on Weibo because most of my followers on Weibo 

are strangers…I feel a little uncomfortable to post my physical activities to my friend 

in real world.” 

(Interviewee 10) 

 

Beyond the eHealth-based socializing, sport major students’ usage of eHealth tools was 

more likely to be influenced by their social network. The interview data showed that 

the eHealth-based relationship (i.e., offline relations who have the similar health 

concern, or new friendship made via eHealth tools) deeply influenced sport major 

students’ choice on eHealth tools, and the health decision-making as well.  

 

“I know that the app ‘go ski’ is more professional and could track my movement better, 

but most of my ski-friends are using ‘Huabei’. In order to have more fun to go ski with 

them, I am using ‘Huabei’ instead of ‘go ski’.” 

(Interviewee 11) 

“My peers’ exercise record could influence mine. For example, if I am aware that my 

friends did way more exercise than me on that day, I would consciously do more 

exercise.” 

(Interviewee 6) 

 

Even the comments or recommendation from other user (who the interviewees may 

never have been in contact with) would have a strong impact.  

 

“When purchasing new eHealth tools, I would visit some fans-forum and check other 

buyers’ comments and perceptions. The software data is difficult to understand, but 

users’ comments not.” 

(Interviewee 16) 
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“Other users’ comments and experience have more flesh and blood than official report 

provided by eHealth service provider.” 

(Interviewee 6) 

 

Beside of the fruitful contents created by strangers, the number of strange users, which 

means the popularity was also an important indicator for sport major students to use 

eHealth tools. All the six sport major students reported the willingness to reply another 

netizen/stranger’s post on health forums, and said they were not hesitated to seeking 

help online if needed. Two of them had posted their health issues on apps and forums 

for seeking help. Four of them had made tries of online health suggestion. 

 

“I prefer to choose the platform with more users, so there would be more information 

in that platform.” 

(Interviewee 10) 

 

In short, compared with the other two groups, the sport major students could be filed as 

active tryers and social players. In contrast, the medical major ones were inactive in 

eHealth-based communication. They showed strong awareness on self-protection and 

mostly had a state of alert when giving advice or posting personal data. Most medical 

major students (4/6) indicated that they rarely shared or posted their own data online, 

for they perceived it is meaningless. Two of them (Interviewee 12, 13) thought it might 

cause potential safety risk, for example, provide location information for possible 

stalkers. All of them were very mindful when sharing health information or suggestion 

online and admitted that they would not volunteer health information to other strangers. 

 

“The schedule of our clinical major students is very hectic. I don’t think I have enough 

time to do the sharing…it’s time-consuming to figure out and volunteer the right answer, 

and if make mistakes, then trouble comes.” 
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(Interviewee 1) 

“I rarely post or share information online for the purpose of protecting myself…most 

of the medical-related issues is serious, I don’t want to make mistakes or get into 

trouble.” 

(Interviewee 2) 

“I’m aware of my responsibilities thus I am careful about what I say online.” 

(Interviewee 14) 

“I won’t actively share health information, because experiences obtained from 

individual case cannot fit the situation of everyone and I don’t want to make mistakes.” 

(Interviewee 8) 

 

Two respondents (Interviewee 8, 13) explained deeper about the reasons why medical 

students expressed cautious on sharing health information. The first one was that most 

people could not describe their symptom correctly and in detail, which probably might 

cause misdiagnose. 

 

“It is very hard to give suggestion if the help seeker online doesn’t know how to describe 

his/her symptom, for example, how is the pain feels like? Is it sharp or dull? Is it 

persistent or intermittent? But most people cannot tell it like this.” 

(Interviewee 13) 

 

The second reason is that, in recent years, doctors in China have been abused, injured, 

and even murdered by patients or relatives of patients in hospitals and clinics across the 

country (Lancet, 2012), which led the new generation of Chinese doctors feels lost. The 

fear of the potential violence was believed by participants to have a negative impact of 

clinical information sharing from “professionals”, and result as a lack of high-quality 

medical information online. In that case, all the medical major students had never done 

the online help-seeking, for they perceived waiting for strangers’ response was a waste 

of time, and the quality of the answer was uncertain. 
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Even so, the eHealth-based communication still happened among those medical major 

students. Four of them admitted that they often shared health information within 

acquaintances that they trusted via internet. They felt good when using their knowledge 

to help people they care without considering the limitation of time and space. 

Interviewee 13 told the interviewer that, when sharing the health information, he 

preferred to forward the link directly to others rather than explain it in his own words, 

so that the information could be transferred more accurate and avoid the 

misunderstanding. Also, interviewee 2 instructed that he would avoid any 

recommendation for specific drugs or tools when sharing. All the six respondents 

reported that their focus of health information could be influenced by acquaintances, 

for example, if acquaintances come to them for seeking health-related help, they would 

pay extra attention on the related field and rigorously help find the related information. 

 

Being inactive in eHealth socializing did not mean that they were not literate on eHealth 

usage, on the contrary, the medical major students performed a theoretical pattern to 

make use of eHealth tools. As mentioned before, those medical major students obtained 

eHealth information actively because of their major requirement. In addition to that, it 

was reported that the smart push technology in different apps, forums, and websites had 

pushed related health information to them based on their reading tendency. Moreover, 

all of them knew several worth-trusted web sites or apps for checking health 

information, and they all claimed that they had ever double-check uncertain health 

knowledge via the internet. They were also very picky on the e-source of the health 

information. Two participants (Interviewee 12, 13) mentioned that the interactive 

among users may also influence the quality and future development of the health 

information sources. Interviewee 18 specifically explained that he often checked 

qualification of the information providers, even he was browsing a qualified e-source. 

 

“I think the threshold of the public forum can protect the quality of its information. In 
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that case, high-quality information could also be easier to be found.” 

(Interviewee 13) 

 

With adequate health knowledge, the medical major students expressed skillful filtering 

strategies during interview, which including to directly skip the information with 

advertising tag, to browse the page excerpts first to exclude the irrelevant ones, and to 

preferentially view the information provided by qualified sources (i.e., Baidu Dataset 

and Doctor consulting platforms). Those strategies helped them improve the efficiency 

of information searching, while not miss the helpful ones. Interviewee 8 also perceived 

that assessment report published online were more trustworthy than other netizen’s 

comments and experience, even if it is provided by the eHealth service provider, which, 

contrasted with some sport major students’ opinion. 

 

Except as being the skillful information obtainers and filters, the medical major students 

were also rigorous in evaluating the eHealth information. They were the only group that 

specifically mentioned lots of triangulation ways to verify the reliability of 

information– they not only cross-checked the information among different eHealth 

websites and tools (Online-to-online checking) (6/6), but also validated online 

information from offline professionals (Online-to-offline checking) (mainly discussed 

the online clinical cases with classmates) (4/6). Moreover, they all had sought online 

information to validate offline ones (Offline-to-online checking). 

 

“If I am not sure of any health information I learnt, I would check it out online.” 

(Interviewee 2) 

“I once had helped my family to check doctors’ advice online because I want to make 

sure the doctor had told us every side effect.” 

(Interviewee 1) 

“Once I was sick and the advice from the doctor didn’t work. I was worried and check 

my symptoms and the doctor’s advice online.” 
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(Interviewee 14) 

 

It was found that those medical major students were more experienced in obtaining in-

depth health information. Although they revealed a very careful attitude in verifying 

online health information, by doing the right procedure based on their knowledge and 

experience, half of them perceived that the exact answer could be filtrated and figured 

out any way. 

 

Perception - Fear vs Curiousness vs Scepticism 

 

When asked about the perception on eHealth tools, all the non-health-related major 

students had expressed their concern about the credibility of eHealth information. 

Those participants seemed to have limited confident in evaluating eHealth information, 

and all of them showed a degree of distrust on online health resources. All of them 

admitted that negative news on information credibility would influence their attitude 

toward online health information. 

 

“I always have uncertainty in evaluating the credibility of health information, thus I 

often with low sense of security when applying eHealth information.” 

(Interviewee 17) 

“It is very difficult for me to avoid or identify information provided by stakeholders…I 

bought some meal replacement powder before, but now I feels like I was tricked by the 

advertorial.” 

(Interviewee 9) 

 

Nevertheless, laypersons took online searching as a first choice whenever they are 

facing health issues. As mentioned before, they were expecting the internet to provide 

a “general picture” rather than the exact answer. In that case, most of them (4/6) 

perceived the existing eHealth tools were fit to their expectation and helpful enough, 
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while the other two (Interviewee2, 7) agreed that the eHealth tools were playing a 

supplementary role in daily life for it usually cannot fully fit their health need, and 

sometimes troublesome to use. 

 

“Mobile phone is a boundary for me when doing exercise. With it I cannot move 

comfortably, I may worry about drop and break it.” 

(Interviewee 7) 

 

Considering the risk of misled by online health information, those non-health-related 

major participants indicated that they tend to trust and have a try on the daily-care 

information or fitness ones because of having low risk to try them, while dare not to 

trust the clinical-related ones -- being perceived as the high risk makes it unworthy for 

the respondents to have a try.  

 

“I think knowledge of health maintenance has no risk. Even if we mis-used it, or it is a 

fake one, this kind of try would do no harm to health. Thus, I feel it is fine to try or share 

it.” 

(Interviewee 18) 

 

When it comes to the clinical issues, students from non-health-related major perceived 

that the offline information was more trustworthy than the online ones. Most of them 

(5/6) expressed that they are more likely to obtain medical information in real life rather 

than online. That sometimes led to the online-to-offline cross-checking behaviors. Half 

of those six interviewees had consulted offline professionals for uncertainty online 

health information. It is worthwhile to mention that none of the laypersons had ever 

done the online verification for health information provided by offline professionals. 

 

Two non-health-related interviewees (Interviewee 1, 9) mentioned about the perception 

when facing the online critic and even trolls, which, the author had not yet found in 
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previous academic articles.  

 

“I won’t actively share health information, because my friends and family may doubt 

my ability and show distrust, I am a little scared of being denied…I guess the ability of 

handling online critics should be acquired for every internet user”. 

(Interviewee 1) 

 

The concern about data security were also mentioned. To make use of the eHealth 

service, internet users must provide some personal data, which may lead to personal 

data disclosure. All the laypersons were aware of this risk, but unlike the expectation, 

only interviewee 17 held the idea that users should be extra careful when providing 

personal data, all the others showed a “let-it-go” attitude, felt that the leakage of 

personal data was inevitable. 

 

“If you choose to accept the service, you must provide your personal data, otherwise 

the app cannot be used. For example, if I order a meal online, I have to enter my phone 

number and my address, and then, my important personal data leaked. I think I may 

just accept it and stop worry about it.”  

(Interviewee 7) 

 

When talking about the perception on using eHealth tools, students of non-health-

related major expressed their upset on being misled, being criticized and personal data 

being leaked. Compared with the other two groups, the current research profiled their 

perception on eHealth tools as fear, while the sport major students perceived it in a 

more curious way. 

 

As mentioned before, students in sport major loved to try new eHealth tools because of 

novelty. Half of them also reported that they had taken several times of tries on health 

suggestions online. Interviewee 16 expressed that his trust on eHealth tools sometimes 
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were built on the basis of previous effective trials on using them. 

 

“Some of my peers had searched online for better weight-control, then did not even 

have a try. It is meaningless. People cannot lose weight by just reading.” 

(Interviewee 10) 

“If you had never tried it, you would never know whether the information is true or 

not…I had taken an e-consultant on my clinical issue, and it worked pretty good. That’s 

why I was willing to try it again.” 

(Interviewee 16) 

 

Although they were suggesting the bravery of taking action, the ability of controlling 

the risk when trying was specially mentioned. They explained that the reason their dare 

to undertake the risk of trying something new was because they had the confident in 

controlling their muscles to avoid injury and recognizing the fake health information, 

but it may not work for most people.  

 

“I felt that some beginners would follow the online suggestions blindly and easily trust 

some cybercelebrities, that may lead to some potential health risk.” 

(Interviewee 15) 

 

In that case, sport major students specially mentioned the importance of feasibility 

when using eHealth tools/information. To ensure the effective usage, interviewees 

indicated that it is very important to recognize their own ability, health status, demands 

and targets. It is based on the awareness of initial condition that people can make proper 

choice on information and tools and making health plan.   

 

“Only if people know themselves well, they could tell which kind of information is 

feasible for them.”  

(Interviewee 5) 
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“Some fitness Apps would provide a physical test to obtain users’ ability level. If you 

don’t treat it seriously, then the course recommended to you would be improper and 

may cause injury. To follow a video is easy, but does it match your need? Many people 

do not think of that.” 

(Interviewee 10) 

 

What’s more, the self-cognition on health and ability was suggested to be continued 

through the beginning of information access to the very end (Interviewee 6), so that 

users could adjust the application on time according to the changes of physical 

condition. 

 

For the credibility of eHealth information, it seems not a problem for sport major 

students. Five of them reported that they had the proper e-channels or persons to consult 

for the health issue. They trusted the health information from several specific persons 

they know, who was usually a practitioner of health industry (i.e., clinic, pharmacy, a 

medical major student, coach in a gym or their teachers). When discussed about the 

accuracy of eHealth tools/devices, they perceived it was acceptable to fit general 

public’s need. In general, sport major students held an attitude of “just do it” when it 

came to eHealth usage, while having a positive perception on their eHealth literacy, felt 

that they knew how to make use of eHealth tools, and had the confidence to evaluate 

the credibility of health information. Half of them thought that even the negative news 

on information credibility could not influence that confidence.  

 

Most of the sport major students perceived that they were satisfied with the existing 

eHealth tools being a part of their health need that could make their lives convenient 

and their behavior being under control. They said those tools helped them overcome 

the limitation of time and space to develop their health and enabled them to efficiently 

retrieve the desired information. It is worth to mention that Interviewee 16 admired the 

anonymity of eHealth tools, which, did not share the same feeling with students from 
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other groups. 

 

“When I was doing counselling for some privacy issues, being anonymous reduced the 

embarrassment. I dared to ask deeper about it, felt convenient and safe.” 

(Interviewee 16) 

 

Students of sport major were not troubled by the personal data security issue. Some of 

them felt that those data exposed to the eHealth tools were nothing serious even if it 

was leaked. Some thought posting personal information should be individuals’ choice 

and they had the right to do so.  

 

“Sometimes you just want to post some of your personal data, for example, your 

running record. Although that may cause threat, I guess we should respect this kind of 

behavior”. 

(Interviewee 6) 

 

In addition, more eHealth-based communication was suggested, the sport major was 

the most warm-hearted group in responding to help-seeking requests online. They 

perceived that a fruitful interaction between online “hobby friends” could raise a higher 

demand toward the professionalism of health information, which promotes the 

development of knowledgeable forums for health and sport.  

 

“When I was firstly fond of doing gym in 2012, there was little channels for me to know 

more about it, but now there are thousands of fitness apps and fans forums to self-learn 

and discuss it.” 

(Interviewee 11) 

 

Meanwhile, further development of eHealth tools is expected, for example, better 

market monitoring, more powerful information protection, and smarter design for 
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eHealth tools to lower the gaps for users with inadequate health literacy. Interviewee 

11 sometimes posted his training plan online, but was bothered by plagiarism, and he 

specially insisted on the originality of ideas and information, expecting a no plagiarism 

and misappropriate environment could be built in the near future. Meanwhile, 

Interviewee 10 were expecting the technique could be developed for more sports, for 

example, basketball or table tennis, and the relevant index such as reflex and movement 

speed could be collected. 

 

For students from medical major, they had a cautious view on eHealth usage. The 

current research outlined it as scepticism. The other two groups had expressed their 

satisfaction on nowadays eHealth tools in varying degrees, in contrasts, none of medical 

major students perceived that health information on websites had meet their needs. 

They felt that the online health information was mostly inadequate in time effectiveness. 

Interviewee 2 pointed out that it was usually hard to find the newly updated cases or 

the earliest ones online when it came to a not-general-recognized disease. Also, the 

eHealth tools were accused of being lack of specificity or professionalism. 

 

In addition, the credibility of health information on web or collected by devices was 

questioned. Interviewee 12 specially mentioned that health information from qualified 

sources might also be misunderstood and led to some adverse impact on health. In that 

case, medical major students suggested every eHealth user to obtain some common 

knowledge on health, find the trustworthy resources which was fitted to the users’ 

knowledge level, and build the ability of cross-checking. Half of them believed that the 

truth or the right answer can be organized through rigorous verification, while the other 

ones suggested people with lower health literacy to keep contact with one or two experts 

in health. 

 

Although medical major students were suspicious on the eHealth literacy of other 

laypersons, their self-efficacy in evaluating online health information was persistent. 
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All of them expressed that negative news on information credibility would hardly affect 

their attitude toward online health information. No matter what the news was saying, 

they still followed their own pattern to make the judgement on the eHealth information. 

 

For the gap of eHealth literacy between them and the laypersons, the medical major 

students admitted that the boundary of professionals and the public was blurred by the 

internet environment. Through plenty of health information channels, the experts’ 

might be more accessible for the public. However, half of them did not hold an 

optimistic attitude for the gap being narrowed. Interviewee 13 thought that receiving 

the information selected by smart push technology could restrict users to a knowledge 

field that their networks preferred, which, kind of setting up a new barrier to the 

qualified information beyond their knowledge scope. Interviewee 12 also mentioned 

about the possibility that individuals with inadequate health literacy may misunderstand 

some clinical information online and led to potential health risk. Interviewee 8 indicated 

that users who were more knowledgeable on health usually were more willing to use 

eHealth tools, while the laypersons the opposite.  

 

Along with the attitude on information evaluation, the medical major students were also 

sceptical about responding netizen’s questions online. Interviewee 8 explained that it 

was because he did not want to make erroneous judgement online. He said different 

diseases may cause similar symptom, and experiences obtained from individual case 

could not fit in the situation of everyone. Interviewee 13 perceived that not most people 

knew how to describe their health issue accurately, thus it was hard to give suggestion 

online. Another opinion that suggesting medical practitioners to be cautious to answer 

netizen’s question was based on the attitude of protecting both sides, and this point was 

agreed by most interviewees in medical major -- the sharers could avoid the online critic 

as much as possible, and the help-seekers might get more qualified information if 

sharers could take responsibility for what they were saying. 
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Different with the casual attitude on personal data protection, all the interviewees of 

medical major agreed that people should try their best to protect the privacy personal 

information and choose those tools ran by responsible companies. Although it was hard, 

those medical practitioners insisted that avoiding information leakage should be treated 

seriously, with smart strategies such as posting as little personal information as possible 

on strangers’ network, setting a blocked list for those untrustworthy netizens or even 

friends, setting the viewable scope of the posts, and selecting quality eHealth servicers 

to avoid information leakage. Moreover, the medical major group strongly believed that 

the government should make effort to better manage the internet environment and 

should require companies to take the responsibility of information protection. Guidance 

was also suggested to be provided by school or the society for overcoming online scams 

and online stalking. 

 

Discussion 

 

eHealth had long been seen as a cost-effective way to support health behaviors (United 

Nations Global Pulse, 2013). Since college students are among the most frequency 

internet users (Robb & Shelenbarger, 2014), it is worthwhile to investigate how they 

promote and maintain their health via e-approach. The current research explored the 

expectance, experience and perception of college students on different e-tools, found 

that different education background orienting students interacted with eHealth 

information in different patterns, which led to their different expectation and perception 

on the eHealth tools. Specifically, students’ responses were analyzed based on their 

majors: the non-health-related major group (the laypersons), the sport major group and 

the medical major one. 

1) Students from non-health related major group. 

Usually, those students cared about their health issue in an unconscious and 

disorganized way, rarely took the initiative to get access to eHealth information until 
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meet health problem. eHealth tools were treated as the stopgap for providing general 

reference to solve some specific health problem. A certain pattern of dealing with 

eHealth tools was built based on the experience of eHealth usage, with lack of abilities 

and confidence on evaluating and applying eHealth information. That lacking together 

with the complex information environment resulted students’ low sense of security and 

their fear on dealing with eHealth tools. Seeking an external help such as offline 

expertise’s suggestion was expected.   

2) Students from sport major group. 

Students from sport major paid more attention to their health than the laypersons, 

frequently used eHealth tools to monitor their health behavior for better management 

on their physical fitness, and all knew how to fully make use of personal health data 

obtained via e-tools. Being curious on eHealth tools, sport major students interacted 

with eHealth tools in a practical way: willing to try new tools and online suggestions 

posted by netizens. They had a positive perception on their eHealth literacy, perceived 

confident in evaluating information and controlling the risk of trying novel eHealth 

tools. They were literate at their self-data, willing to apply or even post it. Sharing their 

experience or knowledge online was also highly accepted in this group. Most of them 

were active tool-users, aggressive tryers, and social players who tend to be visible 

online.  

3) Students from medical major group.  

Students in medical major had expertise in dealing with eHealth information. Most of 

them were skillful information accessor and filterer, frequently obtained in-depth health 

information online. As practitioners in health service, they showed their eagerness and 

reliability when providing suggestion for close friends or families, with reasonable 

strategies in collecting and evaluating information. However, those medical major 

students seldomly socialized online, expressed the motive of self-protection from 

potential criticism or abuse, and strong sense of responsibility to what they post online. 

Most of the time, they were careful observer and single player, treat eHealth tools as 

database to obtain health information. 
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The findings of the current research were consistent with several behavior change 

theories. For the students from non-health-related major, their attitude and behavior 

could be mapped to Health Belief Model (HBM) (Glanz et al., 2008). It is a model 

focused on individual beliefs about health conditions, which predict individual health-

related behaviors. Those beliefs including perceived susceptibility (perceived threat to 

sickness or disease), perceived severity (belief of consequence), perceived benefits, 

perceived barriers to action, cues to action (exposure to factors that prompt action, and 

perceived self-efficacy (confidence in ability to succeed). Specifically,  

a) Laypersons cared less on health and rarely took action to prevent sub-health, which 

was related to the perceived susceptibility constructed in HBM. Individuals are likely 

to take action to reduce their health risks if they have the beliefs about the chances of 

experiencing a risk or getting a condition or disease.  

b) Although laypersons had made use of online health information, the fear on risks 

caused by misbelieving and misusing of information stopped them from using eHealth 

tools more frequently and deeply, which was linked to the perceived barriers 

constructed in HBM. The perceived potential negative aspects of a particular health 

action, such as the health risk or the tangible and psychological costs may act as 

impediments to undertaking recommended behaviors.  

c) Laypersons made use of eHealth tools mainly because of encountering a health 

problem, that was tied to the cues to action constructed in HBM. The readiness to take 

action could only be potentiated by other factors, particularly by cues to instigate action, 

such as bodily events, or by environmental events, such as media publicity.  

 

For the health-related major students, which including the sport major and clinical 

major ones, their attitude and behavior could be explained by the Theory of Planned 

Behavior (TPB) (Ajzen, 1987; Ajzen, 1991). This theory suggested that an individual’s 

behavior is determined by their intention to engage in the behavior, which is a result of 

the individuals’ attitude, subjective norms and perceived behavioral control. 



 

64 
 

Specifically,  

a) Both of those two groups perceived confidence in evaluating an applying eHealth 

information, which could keep them away from the fear on using eHealth tools, and 

both of them reported persistently obtaining Health information via e-tools. That was 

related to the perceived behavior control constructed in TPB. Individuals would have 

stronger intention to perform the behavior if they perceive being able to overcome 

various events or conditions that may act as barrier to this behavior. It is worth to 

mention that, majority of the sport major students had a positive perception on their 

ability of evaluating information, while did not provide many strategies, which, as 

suggested by Van Der Vaart and his co-authors (Van Der Vaart et al., 2011), their 

perception might be inflated. Future studies are expected to consider expanding on these 

findings to create measurement items that are more applicable to evaluate college 

students’ eHealth literacy.  

b) Both of those two groups had mentioned that their major required them to keep self-

tracking or obtaining new health information. Students from sport major also admitted 

that their interaction with eHealth tools were influenced by peers. That linked to the 

subjective norm constructed in TPB. The perceived social pressure would influence 

individuals’ intention to perform or not to perform the behavior. However, it is worth 

noting that, the peer environment and requirement of major may orient students to 

mostly get news on subjects they are interested in, and with the perspective they identify 

with. Subsequently, the pre-selected personalized data-push technology would limit the 

diversity of information content people are exposed to and build up an information 

cocoon (Zuiderveen et al., 2016). That would have an adverse effect on the open-

mindedness and a healthy public sphere, then broaden the health behavior disparities 

among people with different education background. That filter bubble was shown in the 

current research that students from medical major cared more on information about 

medicine and disease prevention, and sport major ones cared more about exercise and 

fitness. An article from Manganello et al. (2016) also told that people with low eHealth 

literacy were more hesitate about using the internet for obtaining information, indicated 
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that new information technology may broaden the knowledge gap between expertise 

and the general public.  

c) Students from sport major mostly tended to be visible online and were willing to 

interact with both close friends and strangers, while the medical major ones were 

cautious on e-socializing, because they believed it might cause some trouble for both 

the expressing and receiving sides. Different attitude toward eHealth-based 

communication led to different frequency of use on Web 2.0 tools. That could be tied 

to the attitude constructed in TPB. Attitude refers to the degree to which a person has a 

favorable or unfavorable evaluation or appraisal of the behavior. The more positive the 

attitude are, the stronger the individual’s intention will be to perform the behavior. 

 

Both HBM and TPB are frequently used theories in the context of health behavior 

change but are rarely applied in technology-related behavior. The current research 

found the link between them, demonstrated that the usage of eHealth tools could also 

be considered as a kind of health behavior. Further quantitative research is expected to 

investigate the effect of those predictors on eHealth usage. Contribution would be made 

for better understanding the psychological mechanisms of eHealth usage. By 

connecting the study results to those theories, the current research also expected to 

provide theoretical guidance for research that may focus on constructing or tailoring 

eHealth interventions towards college students. 

 

The secondary purpose of the current research was to identify the eHealth literacy 

(required capabilities on eHealth usage) in the content of nowadays internet 

environment. The development of information technology in recent years requires a 

more diverse range of eHealth literacy (Van Der Vaart et al., 2011; Norman, 2011; 

Seckin et al., 2016). By reviewing the existing literature, it is believed that eHealth 

literacy should be a mixture of capabilities, which including 1) the ability of identify 

and define a health problem, 2) the positive attitude and skill to interact with eHealth 

tools (including computers, smart phones, wearable e-devices, etc.), 3) the ability to 
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seek, filter, find, communicate, understand and appraise eHealth information, 4) apply 

the eHealth knowledge to solve the health problem, and 5) share and create eHealth 

information (Norman & Skinner, 2006; Gilstad, 2014; Chan & Kaufman, 2011; Klecun 

et al., 2014; Bautista & Wee, 2015; Griebel et al., 2018). However, those abilities are 

mostly related to the web-based read-only environment, which are the Web 1.0-related 

skills. The current study found that new competencies of eHealth literacy are requiring, 

especially on skills of dealing with Web 2.0 and 3.0 tools. 

 

In order to construct the required eHealth skills on college students’ eHealth usage, 

qualitative data were organized through interviews and analyzed by conventional 

content analysis method among the identified themes. At the very first stage, data of 

students from different majors were mixed up to be coded, through which the whole 

picture of eHealth usage across college students from different majors was obtained. 

Afterwards, we looked into the obtained information (i.e., the eHealth usages) and 

found the diversity of different major students, then decided to profile and compare 

them. For the whole picture of eHealth usage, it included information obtaining (i.e., 

problem identifying, choosing, searching, self-data recording, etc.), information 

evaluating (i.e., filtering, cross-checking, distinguishing, appraising, etc.), online 

socializing (i.e., problem descripting, responding, information communicating, peer 

competing, posting, sharing, etc.), information applying (i.e., self-tracking, self-

managing, decision-making, etc.), and risk-handling (i.e., evaluating potential risks, 

dealing with the online critics, avoiding being misled or injured, protecting personal 

information, maintaining orders of internet environment, etc.). With regard to the three 

themes we drew previously, the theme Expectance was about information obtaining 

behaviors, for under different expectances interviewees identified their health needs 

differently (identifying), had different preference for eHealth tools (choosing), and used 

different tools to access to the information (searching, self-data recording); the Usage 

pattern linked closely to the information evaluating and socializing behaviors, focused 

on how interviewees interact with the eHealth tools, including how to find the specific 
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health information they need on line (filtering, cross-checking, distinguishing, 

appraising) and how to do eHealth-based interpersonal communication (the online 

socializing behaviors); and the Perception referred to behaviors of information applying 

and risk-handling, for this theme demonstrated how different major students felt coping 

with the information they obtained (self-tracking, self-managing, decision-making) as 

well as the potential risks they might meet (risk-handling behaviors), and students with 

different perceptions on eHealth information applied eHealth information in different 

degree, had different focus and worries towards the potential risks. 

 

The eHealth usage behaviors were generated above, and “being able to achieve these 

behaviors” could be considered as the “adequate eHealth literacy” today. 

Correspondingly, the required abilities of eHealth usage (eHealth literacy) could be 

assumed in a format as “the abilities of achieving eHealth usage behaviors”. In such 

format, a conceptual framework of eHealth literacy was accordingly derived as the 

following (see figure 2.1). The abilities were sort into Web 1.0, 2.0 and 3.0-related ones 

to make the construction of nowadays eHealth literacy comparable with previous 

studies.   
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Health 1.0

(Web 1.0 related)

The abilities of:

Identifying, Targeting, Choosing, Searching, 
Obtaining, Filtering, Understanding, 

Appraising, Verifying, Decision-making

Health 2.0

(Web 2.0 related) 

The abilities of:

Describing, Communicating, Sharing, 
Posting, Responding

Health 3.0

(Web 3.0 related)

The abilities of:

Recording, Self-tracking, Self-managing, 
Applying, Adjusting
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Figure 2.1.3The conceptual framework of eHealth literacy 

 

The skills involved in web 1.0 related part is consistent with the existing research 

(Norman & Skinner, 2006; Gilstad, 2014; Bodie & Dutta., 2008; Chan & Kaufman, 

2011; Klecun et al., 2014; Bautista & Wee, 2015; Griebel et al., 2018), some web 2.0 

related skills (describing, communicating, sharing) had also been mentioned by other 

researchers (Gilstad, 2014; Bodie & Dutta., 2008; Bautista & Wee, 2015; Griebel et al., 

2018). This study stated with a first look at web 3.0 related skills, and went deeper in 

the eHealth use of social network services. From this figure, it was found that, in 

addition to the capability of web-site information obtaining, new competencies such as 

the ability of online socializing and posting (Web 2.0 related eHealth literacy), self-

tracking, self-health-managing and personal information protection (Web 3.0 related 

eHealth literacy) were also required. Compared to eHealth information searching and 

evaluation, how to make use of them nowadays seems to become a more important 

issue. This finding is consistent with the interview data as well as our daily-life 

experience. New technology has provided more personalized eHealth services than 

before and has changed the context of internet. People have perceived more convenient 

to obtain health information or create their own health data online, but there are certain 

thresholds for individuals to dig deeper and make full use of those information. 

Therefore, the content of eHealth literacy should be updated and go beyond of ‘web-

based’ ‘literature-review-like’ skills. This framework has suggested some new 

competencies to be included in eHealth literacy, which may provide ideas for future 

research on web 2.0 and 3.0 usage and eHealth literacy. In addition, since the content 

of eHealth literacy is changed, the measurement of eHealth literacy should also be 

updated to fit the development of IT environment. Further study is expected to develop 

a new scale for nowadays eHealth literacy, and the result of the current research could 

provide important information for scale development. 

 

Meanwhile, novel patterns of eHealth-based communications were found, reflected that 

the e-culture today is more interactive and complicate. eHealth communities (consist of 
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acquaintances and health-oriented e-friends) may benefit individuals’ eHealth literacy 

but at the same time create a filter bubble to limit it. Interviewees hold different opinions 

on self-data exposing and information sharing. Being active might lead to information 

leakage, while for experts, being prudent might decrease the amount of high-quality 

eHealth information and broaden the gap between them and the laypersons. How to 

solve these dilemmas and reach an appropriate “sharing code” should be discussed 

further. Besides, the flamers and the trolls appeared on the eHealth forums or 

applications, gave a negative influence to the e-culture, but not many internet users 

knew how to disarm them. Future research on this issue is warranted. 

 

Furthermore, Chinese eHealth industry has already become a rapidly growing sector in 

2014 with a year-on-year growth rate of 29% (Hsu, Chiang & Yang, 2014). Similar 

boom of this industry happened all over the world. Thus, it is essential to determine 

how to effectively making use of eHealth tools. The current research compared the 

eHealth usage of students in different majors, but it is currently unclear that what kind 

of eHealth usage is more effective for promoting and maintaining health. Further study 

is needed to come up with the answer. 

 

Conclusion 

 

This paper provided an overview on nowadays eHealth usage among Chinese college 

student, then profiled and compared the expectation, the usage pattern and the 

perception of eHealth among students from different majors. A cutting-edge 

understanding of the eHealth literacy in nowadays IT environment was also obtained 

on the basis of the investigation on students’ eHealth usage.  

 

The limitations of this paper were that, even though a purposive sample was sought, the 

results were only based on the interviews among Chinese college students, therefore its 
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application in other groups or from other geographical areas is needed to be examined. 

 

In spite of these limitations, the current study has recruited participants from different 

Chinese cities and different majors to avoid the influence of health disparity and 

improve the sample’s representation. An understanding of eHealth usage was also 

achieved in the context of Web 3.0 and Chinese culture. Moreover, the finding that 

students from different majors used eHealth in different ways may provide new and 

valuable information for researchers and educators to construct eHealth literacy training 

in the future. In addition, the online eHealth interpersonal interactivities nowadays had 

not been well explored yet. This study may shed light on this area and provide more in-

depth and comprehensive information for further eHealth communication and behavior 

research. In the long term, the findings may also benefit eHealth service providers to 

develop the existing eHealth literacy tools, and for practitioners who are planning to 

develop strategies to promote eHealth in China. 
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CHAPTER Ⅲ: DEVELOPMENT AND VALIDATION OF AN EHEALTH 

LITERACY SCALE: MEASURING A BROAD SPECTRUM OF EHEALTH 

SKILLS IN WEB 3.0 CONTEXT 

 
Abstract 

 

Background 

eHealth literacy (EHL) refers to a mixture of capabilities that enable individuals to deal 

with health information via e-approach, and apply it to solve health problems. With the 

digitization of health care and the wide availability of health applications, a more 

diverse range of eHealth skills is required to properly use such health facilities. Existing 

EHL measurements focus mainly on the health skill of information obtaining (Web 1.0), 

yet skills of online interactivities (Web 2.0) and self-data managing and applying (Web 

3.0) have not been well measured. 

 

Objective 

This study aimed to (1) develop a measurement of EHL comprising a comprehensive 

spectrum of Web 1.0, 2.0, and 3.0 skills (eHLS-Web3.0) and (2) evaluate its validity and 

reliability along with the measurement invariance among college students. 

 

Methods 

First, 421 Chinese college students (51.8%female, age = 20.5 ± 1.38 years) and 8 health 

experts (87.5%female, age =38.25 ± 5.92 years) were involved in Stage 1 to develop 

the eHLS-Web3.0. The scale development included three steps: item pool generation, 

content validation, and exploratory factor analysis (EFA). In Stage 2 741 college 

students (age = 21.3 ± 1.39 years; 52.2% female) were recruited from four Chinese 

cities to validate the new-developed eHLS-Web3.0. The construct validity, convergent 
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validity, concurrent validity, discriminant validity, internal consistency reliability, test-

retest reliability, and measurement invariance across gender, major, and region were 

examined by a series of statistical analyses, including confirmatory factor analysis 

(CFA), and multi-group CFA analysis via SPSS 25.0 and Mplus 7. 

 

Results 

Based on the item pool of 374 statements collected during the conceptual developments, 

24 items (4~10 items per subscale) were generated and adjusted after cognitive testing 

and content validity examination. Through the EFA, we finally developed a three-

factorial eHLS-Web3.0, consisting of Acquisition (8 items), Verification (6 items), and 

Application (10 items). In Stage 2, CFAs supported the construct validity of the 24-item 

three-dimensional eHLS-Web3.0 (χ2 = 903.076, χ2/df =3.701, CFI = 0.924, TLI = 0.914, 

RMSEA = 0.060, SRMR = 0.051). The average variance extracted (AVE) of 0.6, high 

correlation between eHLS-Web3.0 subscales and eHEALS (r = .725- .880, P < .001) and 

medium correlation between eHLS-Web 3.0 and HL screening questionnaire (r=.435) 

supported good convergent validity, concurrent validity and discriminant validity of the 

eHLS-Web3.0. Results also supported satisfactory internal consistency reliability (α 

= .976, ρ = .934 - .956) and test-retest reliability (r = .858, P < .001) of the scale. Multi-

group CFAs demonstrated that the 24-item eHLS-Web3.0 to be invariant at all 

configural, metric, strong, and structural levels across gender (female/male), major 

(sport-related/medical/general), and region (Yinchuan/Kunming/Xiamen/Beijing). 

Conclusions 

The 24-item three-dimensional eHLS-Web3.0 is developed and verified to be a reliable 

and valid measurement of EHL in Web 3.0 context among Chinese college students. 

 

Keywords: eHealth literacy; Scale development; Validation; College students 
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Introduction 

 

With the digitization of health care and the wide availability of health applications, 

personal eHealth has become important for health management. The World Health 

Organization (WHO) defined eHealth as ‘information and communication technology 

for health’ (WHO, 2015) and researches called for a broader understanding of the 

capabilities and skills required for individuals to use and benefit from eHealth service 

(Norgaard et al., 2015). In 2006, Norman and Skinner labeled this kind of ability as 

“eHealth literacy” (EHL) (Norman & Skinner, 2006).  

 

The definition of EHL was grounded in health promotion theory, which referred to “the 

ability to seek, find, understand, and appraise health information from electronic 

resources and apply that knowledge to solving a health problem or making a health-

related decision” (Norman & Skinner, 2006). Based on this concept, an 8-item 

measurement named eHealth Literacy Scale (eHEALS) was developed. The eHEALS 

is the most well-known and widely accepted tool for measuring EHL. Up to 2015, there 

have been 45 studies that used the eHEALS and it is the only tool used to scale EHL in 

more than one study (Karnoe & Kayser, 2015).  

 

However, with advances in technology, some people identified the need for updating 

the content of EHL to better fit the new internet environment. They also doubted that it 

was unclear how accurately the eHEALS measured the use of new generation 

technologies to find and evaluate health information (Tennant et al., 2015). In 2011, the 

first critique of eHEALS was made finding a weak correlation between the scale and 

eHealth behaviors beyond web-information research skills, suggesting the need to 

revise the tool (Van Der Vaart et al., 2011). Those comments were reasonable. 

According to the most widely accepted generation division of internet evolution, our 
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internet environment had gone through three stages. The first one, Web 1.0, refers to 

the read-only web, while Web 2.0 refers to a read-write mode, providing a 

“participative social web” with greater collaboration and interactivity between 

consumers, programmers, service providers, and organizations. Web 3.0 is the current 

environment, the so-called ‘semantic web’, accessible as a “reading-writing-executing” 

mode, providing digital, personal, and intelligent services (Zeldman, 2003; Rudman & 

Bruwer, 2016; Delgado, 2019). Specifically, the key elements of Web 3.0 include “1) 

The introduction of new programming languages with the ability to categorize and 

manipulate data in order to enable machines to understand data and the phrases 

describing data; 2) The capability of obtaining contextual information from a web 

search and storing it in a hierarchical manner, according to similar characteristics, for 

easy and specific retrieval; 3) The ability to obtain information from a bigger and wider 

variety of sources, including previously walled applications; and 4) The ability to create 

and share all types of data over all types of networks by all types of devices and 

machines” (Rudman & Bruwer, 2016). In short, Web 3.0 is an integrated web where the 

machine will be able to understand and catalogue data in a manner similar to a human, 

which means the previous way human interact with machine (one-way tool-like 

approach) should be totally changed. The eHEALS were developed fifteen years ago, 

measuring the abilities related to page views, which, is essential to be enriched and 

updated for better scaling current users’ eHealth usage (Van Der Vaart et al., 2011). 

 

To fill this gap, other measuring tools for EHL have been developed in recent years. 

For example, Van Der Vaart et al. (2011) designed nine assignments to test the “actual 

performance of eHealth literacy”. However, those assignments were more like testing 

health-related internet skills rather than actual EHL. Also, the practical-test approach 

would limit the number of participants. In 2017, another tool Digital health literacy 

instrument (DHLI) was developed (Van Der Vaart, 2017), which included 21 self-

assessed items supplemented with seven performance tasks that focused on handling 

digital information. They were mainly related to navigating the internet and messaging 
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health professionals. The assignments of Van Der Vaart et al. (2011; 2017) were not the 

only two cases to assess individuals’ performance of EHL. The Readiness Self-

Assessment-Health Professions version (RRSA-H) (Hanik & Stellefson, 2005) also 

measured participants’ perceived ability and their actual ability to obtain and evaluate 

eHealth information. It is worthy to mention that, the developers of RRSA-H believed 

that the readiness to use internet resources should be seen as a component of EHL. The 

Patient Readiness to Engage in Health Internet Technology (PRE-HIT) (Koopman et 

al., 2014) tested the readiness as well. It was developed based upon the groundwork of 

eHEALS but expanded with the understanding of EHL to two meta-factors: facilitators 

and barriers. Beyond performance task and readiness evaluation, several other 

measurements focused on evaluating people’s web 2.0 skills, which, specifically, the 

literacy on online social activities. One of them was the 19-item electronic Health 

Literacy Scale (e-HLS) (Seckin et al., 2016). It examined the behavioral, 

communicational, and attitudinal components of health literacy among eHealth 

information seekers, which, expanded the conceptualization beyond the traditional 

document-based measures to include interactive and communicative aspects of literacy. 

Another scale for Web 2.0 is the eHealth Literacy Scale (eHLS) (Hsu, Chiang & Yang, 

2014), suggesting that the underlying social structure affects an individual’s health 

status, computer literacy, intrinsic interest in health, and perceived ability to use the 

internet for health purposes. In addition, there were another two measurements that 

provided a different understanding of EHL. The eHealth Literacy Questionnaire 

(eHLQ) (Kayser et al., 2018) comprehending EHL under a user-need-perspective with 

eHealth user characterizing, paid attention to eHealth users’ understanding, attitude and 

motives. The Health Literacy Assessment Toolkit (eHLA) (Karnoe et al., 2018) was a 

mix of existing and newly developed scales, that viewed EHL as a combination of 

health literacy, computer, and digital literacy and information literacy. A recent study 

translated the eHEALS (Norman & Skinner, 2006) into Chinese and examined its 

psychometric properties among the Chinese population (Ma & Wu., 2019). However, 

the referenced study has not measured individuals’ EHL in Web 2.0 and 3.0 context, 
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and the stability (e.g., test-retest reliability and measurement invariance) of the EHL 

scale has not been examined. 

 

Although previous studies have provided new ways to assess EHL and some of them 

scaling online communication abilities, all the tools mentioned above have not yet 

measured the skills of web 3.0. Insufficient knowledge existed in the newly required 

competencies of EHL, e.g., the capacities of dealing with mobile service, the sense of 

information safety, and the abilities of screening, communicating and sharing, etc. 

Furthermore, except for eHEALS, those scales had not been used by other researchers, 

which means there is still no well-developed scale for evaluating individuals’ EHL 

worldwide. 

 

The COVID-19 pandemic led to a decrease in interpersonal social activities, but 

increased individuals’ EHL (Liang et al., 2021; Lv et al., 2021). According to the annual 

report provided by DXY.COM (a famous clinical web in China) (Lv et al., 2021), the 

visitor volume had ever reached 4.6 times as large as before. Predictably, the greater 

use of health information technology would change people’s health-care style, shift a 

part of it from offline to online. In such an environment, it is essential to develop a new 

instrument and provide a valid tool to measure current EHL. Since college students are 

the major users of the internet and frequently turn to the Internet for eHealth 

information (Robb & Shellenbarger, 2014), the current research aimed to develop a 

scale to measure EHL in Web 3.0 context (eHLS-Web3.0) and examine its reliability 

and validity among Chinese college students. Hypotheses for eHLS-Web3.0 were 

addressed as below: 

 

Hypothesis 1: The eHealth Literacy Scale in Web 3.0 Context (eHLS-Web3.0) would 

have satisfactory structure. 

 

Hypothesis 2: The eHealth Literacy Scale in Web 3.0 Context (eHLS-Web3.0) would 
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have satisfactory validity. 

 

Hypothesis 3: The eHealth Literacy Scale in Web 3.0 Context (eHLS-Web3.0) would 

have satisfactory reliability. 

 

Hypothesis 4: The eHealth Literacy Scale in Web 3.0 Context (eHLS-Web3.0) would be 

invariant across gender, major and region. 

 

Accordingly, two stages were implemented, where the first stage aimed to develop an 

eHealth literacy scale (eHLS-Web3.0), including three steps: item pool generation, 

content validation, and exploratory factor analysis, and the second stage aimed to 

examine the structure (construct validity), validity (convergent, concurrent and 

discriminant), reliability (internal consistency, test-retest) and measurement invariance 

across gender (female/male), major (sport-related/medical/general), and region 

(Yinchuan/Kunming/Xiamen/Beijing) in Chinese college students. The current 

research was approved by the Research Ethics Committee of Hong Kong Baptist 

University. 

 

Stage 1 

 

Methods 

Participants 

Step 1: item pool generation 

28 college students were involved in this step, including 18 interviewees for item pool 

generation (reported in Study 1), and 10 students for readability and cultural sensitivity 

examination (see table 3.1). A snowball sampling (Goodman, 1961) was applied in 

2019 (before the COVID-19) to recruit interviewees as well as the 10 text reviewers.  
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All the 28 eligible participants met the inclusion criteria: 1) have the experience of using 

eHealth websites and tools; 2) have sufficient Chinese language skills; 3) have informed 

their willingness and consent of participating in the interview. Regarding the sample 

size, although there is no definite criterion for the qualitative research, the number of 

participants should be in accordance with the creed of theoretical saturation which 

means no new or relevant data seen to be emerging (Bryman, 2016). To achieve the 

theoretical saturation, based on the “rule of thumb”, the suggested number of 

participants for the interview studies is around twelve to fifteen (Guest et al., 2006). As 

mentioned in Study 1, 18 Chinese college students were participated in the semi-

structured interviews via telephone. An initial item pool was built based on the 

interview data and the existing literature. Afterwards, 10 college students recommended 

by some interviewees were conveniently recruited to examine accessibility (e.g., 

readability) and cultural sensitivity of those candidate items, and participants’ ability to 

complete the self-administered survey. Since reviewing the text of the items was not a 

part of the main study, while it was highly desirable to make sure such a research 

instrument being understandable before using it in an investigation, the calculation of 

sample size thus becomes irrelevant (Bryman, 2016). Following the daily experience, 

the suggested reviewer for an article is around two to five. The current study invited 10 

college students as the test-reviewer to better check the understandability of the items. 

 

Step 2: Content validation 

Based on the guideline proposed by Lynn (1986), eight Chinese health experts were 

invited to validate the content of the selected items. The selection of the health experts 

was based on the criteria: 1) have published at least one paper related to health literacy 

or eHealth; 2) have sufficient Chinese language proficiency; and 3) have informed their 

willingness and consent of participating in the interview.  

Step 3: Exploratory factor analysis (EFA) 

The participants involved in this step were an independent sample with the recruitment 
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criteria similar to the interviewees of step 1, except the target cities of participant 

recruiting in step 3 was adjusted. This is because the step 3 performed after the outbreak 

of COVID-19. The previous target city Wuhan was avoided to enhance the 

generalizability of the new scale. In step 3, four different representative Chinese Cities 

were chosen, included Beijing, Xiamen, Kunming and Yinchuan. These four cities were 

selected based on the consideration of geographic location (i.e., north, southeast, 

southwest and northwest), political status (i.e., country capital, provincial capital and 

prefecture-level city) and economic status (i.e., high, medium, and low) of Chinese 

cities (Gilstad, 2014; National Bureau of Statistics of China, 2018; Koetse, 2016). 

Furthermore, the choice of those four cities was also made with the issues of 

“convenience and feasibility” (Denscombe, 2014).  

The questionnaire was distributed online. University lecturers from the target cities 

helped us distribute the link of the questionnaire in the classes they taught. Based on 

the suggestion of Bryman (Bryman, 2016; Schwab, 1980; Guadagnoli & Velicer, 1988), 

at least 240 observations were required for EFA (1:10 item-to-response ratio) in our 

study. Finally, 393 students responded the current research, provided information 

regarding their age, sex, major, experience of using health-related e-tools or websites, 

which, made the sample size being adequate. 

A summary of the participants in Stage 1 has presented in Table 3.1. 

 
 

 
Table 3.1. 4 Sample characteristics for Stage 1. 

Demographic information 

Interviewees (N=18)  

  Age in years, M (SD) 22.1(1.02) 

  Age range 21-25 

  Gender (Female), n (%) 9 (50) 

Readability examiners (N=10) 
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  Age in years, M (SD) 20.3 (0.95) 

  Age range 19-22 

  Gender (Female), n (%) 7 (70) 

Experts for content validation (N=8) 

  Age in years, M (SD) 38.3 (5.92) 

  Age range 30-46 

  Gender (Female), n (%) 7 (87.5) 

Sample in EFA (N=393) 

  Age in years, M (SD) 20.5 (1.36) 

  Age range 18-25 

  Gender (Female), n (%) 202 (51.4) 

 

Procedure 

Step 1: Item pool generation 

There were three kinds of sources to form the item pool. The first kind was well-known 

EHL instruments (e.g., eHEALS, eHLQ, e-HLS, etc.). The feasible items were selected 

and adapted to form the initial item pool as the candidate items. Secondly, items from 

widely applied health or computer literacy scales were deliberately selected for they 

were measuring important elements of EHL. Thirdly, candidate items were also 

generated from the interview results reported in Study 1. For the items generated from 

the tools developed by western scholars, the translation was done by two PhD students 

who specified in health promotion area, and the back-translation by a senior English 

teacher who is a Chinese and had never seen the eHealth-literacy-related index before. 

Subsequently, 10 college students helped assess the comprehensibility, clarity and 

length of items via a dichotomous scale (applicable versus inapplicable). Inapplicable 

items were deleted or refined.  

 

Step 2: Content validation 

The generated item pool was sent to the panel of experts. The experts assessed the 
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relevance of each item to the understanding of EHL, using a 4-point Likert scale from 

1(irrelevant) to 4 (extremely relevant). They were asked to make ratings and 

suggestions for alternative items. The ratings were utilized to calculate the Content 

Validity Index (Lynn, 1986) of each item (I-CVI). The I-CVI was calculated by dividing 

the number of judges who gave a rating above 3 by the total number of judges. The 

acceptable score of I-CVI should be above .83 (Lynn, 1986; Polit et al., 2007). The 

invalid items were either be eliminated or be revised based on experts’ suggestions. 

 

Step 3: EFA 

The items generated in the step 2 were placed in a format of 5-point Likert scale, 

ranging from 1 (strongly disagree) to 5 (strongly agree). The distribution pattern of the 

items was examined. Non-normal distributed ones were eliminated. EFA was 

performed for the remaining items. Principal component factoring with direct oblimin 

rotation was used. Factor extraction was based on an eigenvalue greater than 1.0 and 

confirmatory inspection of the scree plot. Items with primary factor loadings of .40 and 

above were considered interpretable (Park et al., 2002; Henson & Roberts, 2006). Items 

with cross-loading were deleted, which refers to those having a second highest factor 

loading of .30 or higher or having a small gap (less than .20 apart) between the primary 

and secondary loading (Park et al., 2002; Henson & Roberts, 2006). Bivariate 

correlations between the subscales were also tested. 

 

Results 

Step 1: Item pool generation 

As illustrated in Study 1, coding towards the qualitative dataset was performed. 

Specifically, the text was divided into multiple meaning units and coded with an 

occasional name that described the core of the text segment, which, those names were 

called as tags. In total, 374 tags and a conceptual framework for eHealth literacy (EHL) 
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were derived from previous interviews. Based on those tags and existing well-

established scales, 266 items were developed taking the form of eHEALS (e.g., I know 

how to find helpful health resources on the internet) in the language of Chinese. 

Specifically, there were 114 items for health 1.0 skills, 39 for health 2.0 ones, 55 for 

health 3.0 ones, 42 for readiness related ones (mostly retrieved from (Hanik & 

Stellefson, 2005; Koopman et al., 2014)), and 16 for health literacy ones (as per the 

suggestion from (Van Der Vaart, 2017)). To ensure the relevance, readability, 

comprehensibility and clarity of the scale to the targeted Chinese population, it was 

assessed by ten college students who were conveniently selected. Suggestions were 

made by the participants to improve the comprehensibility of the preliminary pool. 

Seven duplicated items were discussed, three of them were deleted and four of them 

were merged into two items. Five items were removed due to unclear text. 56 Items 

were excluded for they were thought to be inapplicable for testing EHL by more than 3 

students. After that, 200 candidate items were kept for the next step. 

Step 2: Content validation 

Following the abovementioned adjustments of the item pool, the candidate items were 

forwarded to eight specialists in health literacy and eHealth area to review the content 

and assess its content validity. Specifically, the specialists included three associate 

professors specialized in health promotion, one associate professor specialized in health 

literacy, two postdoc fellows in psychological behavior health, one postdoc in eHealth 

intervention and one postdoc in health literacy. Based on their quantitative ratings, the 

I-CVI was calculated for individual items. Items rated as “1” or “2” indicating 

inapplicability according to two reviewers (I-CVI value < .83), were subsequently 

deleted. Additionally, suggestions regarding refinement of the scenario/item pool were 

elicited.  

Based on the specialists’ quantitative feedback, 128 items were judged to be irrelevant 

and were excluded. For the rest of 72 items, a discussion among specialists was 

arranged for more detailed suggestions. Some merging and adjustments were made to 
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make the scale clearest and easiest for understanding. For instance, in initial version, 

the ability of choosing proper forums and apps were measured separately, by following 

the suggestion from experts, those items were merged into a single item by using the 

term “eHealth tools”. The questions about online celebrity and official accounts were 

also conflated. Some items testing attitude for eHealth, especially the readiness-related 

ones, were considered not related to ‘ability’, and were eliminated. After going through 

serial steps of creation and refinement, the final number of items for field testing was 

50. 

Step 3: EFA 

The refined 50 items were randomized and administered to 393 college students via 

internet. Descriptive statistical analysis was performed with SPSS examining the 

distribution pattern of each item. Item 2, 10, 37, 50 were non-normally distributed (their 

kurtosis range beyond -1 and 1). For the 46 remaining items, EFA was performed. By 

doing the KMO and Bartlett’s test, it showed that for those items, KMO = 0.966 > 0.6 

showed that factor analysis model was appropriate and useful to analyze current dataset. 

Principal component factoring with direct oblimin rotation was used. Factor extraction 

was based on an eigenvalue greater than 1.0 and confirmatory inspection of the scree 

plot (see Figure 3.1). Items with primary factor loadings of .40 and above was 

considered interpretable. Five items (# 1, # 11, # 27, # 28, # 36) with inadequate factor 

loading were excluded. Subsequently, another 13 items were found to have a second 

highest factor loading of .30 or higher, and four other items (# 22, # 29, # 33, # 41) had 

a small gap (less than .20 apart) between the primary and secondary loading. They were 

identified as items with cross-loading and were deleted as well. Therefore, five factors 

were extracted from initial factoring, three strong factors were finally identified with 

24 items in total being retained (see Table 3.2). 
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Figure 3.1. 4 Confirmatory inspection of the scree plot 

 
Table 3.2. 5 Principal component analysis on eHLS-Web3.0 

Items Component 

1 2 3 

#3: I know which kind of eHealth tool I should choose 

to fit my health needs (i.e., checking drug description, 

seeking health advice or making weight loss plan). 

  
-.817 

#4: I can judge whether the eHealth tool is credible or 

not. 

  
-.659 

#5: I will prefer to obtain the health information (i.e., 

information about medical, sport or daily care) via 

offline channel. 

  
.880 

#6: I know where to find useful health resources on the 

Internet. 

  
-.424 

#26: When communicating with others online, I can 

articulate my health-related concerns clearly. 

  
-.530 

#30: When replying to others’ health-related help-seeking 

online, I can provide responsible response (which means 

my answer can neither mislead others, nor compromise 

  
-.547 
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my own information security). 

#31: I can judge whether the health information online 

has a commercial interest (i.e., the person providing the 

information is for the sale of a product). 

  
-.557 

#35: When using the eHealth tools, I will protect the 

originality of the information (i.e., never plagiarize 

others’ original content, report an offence to those 

infringing ones). 

  
-.550 

#14: When searching the health information online, I 

will check the credentials and affiliations of author. 

 
-.979 

 

#15: When searching the health information online, I 

will check who owns the website. 

 
-.938 

 

#16: When searching the health information online, I 

will check the date of its last update. 

 
-.864 

 

#17: When searching the health information online, I 

will check whether other print or web resources had 

confirmed this information. 

 
-.903 

 

#18: I know how to verify the eHealth information from 

multiple sources. 

 
-.510 

 

#20: Even if the health information I obtained is from 

someone I trust, I will still check it online. 

 
-.444 

 

#38: I know how to use the eHealth tools to record my 

health behaviors. 

.873 
  

#39: I know how to make use of the records on the 

eHealth tools to provide reference for my daily health 

management. 

.852 
  

#40: I know how to use the eHealth tools to track my 

health behaviors (i.e., acquainting my exercise 

frequency or the change curve of body fat rate). 

.869 
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#42: I can continuously use a certain eHealth tool (i.e., 

APP, intelligent body fat scale, fitness bracelet) for a 

long time. 

.919 
  

#43: I can use the eHealth tools with a clear plan. .863 
  

#44: I can adjust my frequency, strength and usage 

pattern timely when using the eHealth tool according to 

the actual condition. 

.879 
  

#45: I know how to use the eHealth tools to post and 

share my eHealth behaviors (i.e., post my motion trails 

on health Apps or Moments on WeChat).  

.922 
  

#46. I know how to use the sports functions on social 

network services (such as WeRun on WeChat) to interact 

with others (e.g., thumb up, forward, etc.). 

.688 
  

#47: I will target the advanced players I follow on the 

eHealth tools, learn from them and catch up with them. 

.793 
  

#48: I will try out some health-related suggestions 

online and control the risks (i.e., get injured or mistake 

medicine). 

.811 
  

Eigenvalue 14.439 1.658 1.114 

% of variance 60.163 6.909 4.643 

Cumulative % 60.163 67.072 71.715 

 

So far, the current instrument had 24 items that were sorted into three factors: 

Acquisition (8 items), verification (6 items) and application (10 items). Total variance 

of this scale explained by those three factors was 71.715%. The internal consistency of 

each factor was also tested using Cronbach’s alpha (see Table 3.3). The result was 

satisfactory. 
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Table 3.3. 6 Reliability statistics 

Scale Score, M(SD) Cronbach’s α 

Scale in total 86.27 (14.5) .971 

Subscale of Factor 1 36.25 (7.5) .962 

Subscale of Factor 2 21.96 (7.5) .934 

Subscale of Factor 3 28.06 (4.0) .913 

 

Bivariate correlations between the subscales were tested (see Table 3.4). The 

relationship of moderate strength indicated that the subscales were measuring related 

but distinct constructs. 

 
Table 3.4. 7 Correlations between the subscales  

Subscale 1 Subscale 2 Subscale 3 

Subscale 1 1 
  

Subscale 2 .774** 1 
 

Subscale 3 .783** .726** 1 

(Note. ** P < .01, * P < .05.)  

 

It was awkward that both positive and negative factor loadings existed in the principal 

component analysis. By reviewed the scale, it was found that only item 5 was asked in 

a reversed way, which might confuse participants and led to such a case. After 

discussion, authors of the current research decided to refine item 5 as “I will obtain the 

health information (i.e., information about medical, sport or daily care) online”. In 

addition, a conditional statement was added to item 42 and 43 as “if needed, I can…” 

in case some participants did not use eHealth tools frequently. As a result, the adjusted 

24 items in 3 dimensions comprising 6, 8 or 10 items in each were developed and come 

up as the new instrument eHLS-Web3.0 (see attachment in the Appendix).  
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Stage 2 

 

Methods 

Participant 

The participants were independent samples with the recruitment criteria similar to those 

of EFA step. Considering the item-to-response ratios of at least 1: 10 (Schwab, 1980) 

and the recommendation for a minimum sample size of 200 in confirmatory factor 

analysis (Hoelter, 1983), 741 college students were invited to participate in the current 

study. It took around 10 days to finish the data recruitment. One and a half month later, 

a follow-up retest was distributed to the same group of people, 306 of them responded. 

A summary of the participants in CFA has presented in Table 3.5. 

Table 3.5. 8 Sample characteristics for CFA (n=741). 

Demographic Information  

Age in years, M (SD) 21.3 (1.39) 

Age range 17-25 

Gender (Female), n (%) 387 (52.2) 

Major 

Medical, n (%) 41 (5.5) 

  Sport, n (%) 128 (17.3) 

Non-health-related, n (%) 572 (77.2) 

Region 

  Beijing, n (%) 124 (16.7) 

  Xiamen, n (%) 287 (38.7) 

 Kunming, n (%) 216 (29.1) 

Yinchuan, n (%) 114 (15.4) 
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Measures 

eHealth literacy scale in Web 3.0 context (eHLS-Web3.0) was the instrument developed 

in the stage 1, consisting of 24 items that sorted into three factors: Acquisition (8 items), 

verification (6 items) and application (10 items). The answers were indicated on a 5-

point scale ranging from 1 (strongly disagree) to 5 (strongly agree). The internal 

consistency (Cronbach’s α) for the total scale was .971 and for the sub-scales were .913 

- .962 in Chinese college students. 

eHealth literacy scale (eHEALS) was initially developed by Norman and Skinner as the 

first and most widely-used tool for measuring EHL. It is an 8-item unidimensional scale 

whose validation was performed in a population of adolescents (aged 13-21 years) from 

14 secondary schools in a large Canadian city. The Chinese version of eHEALS was 

tested in 110 senior high school students in Guo et al. (2013)’s research. The internal 

consistency (Cronbach’s α) for the total scale was .913 and factor load coefficients were 

between .692 and .869 (Guo et al., 2013) in Chinese senior high school students. 

Three-item health literacy screening questionnaire (HL screening questionnaire) was a 

widely-used tool for screening individual’s HL level (Chew et al., 2004; Chew et al., 

2008). It has only 3 items in a 5-point Likert format: How often do you have someone 

to read hospital materials? How often do you have problems learning about your 

medical condition because of difficulty reading hospital materials? How confident are 

you filling out medical forms by yourself? The validity and reliability of it had been 

tested in different groups of people (Mayberry et al., 2011; Reininger et al., 2013; Lin 

et al., 2014). Two PhD students who specified in health promotion area helped translate 

the original questionnaire to Chinese, and the back-translation was done by a senior 

English teacher who is a Chinese. Examination of its Chinese version showed good 

internal consistency among college students (Cronbach’s α=0.90). 

 

Procedure 
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The procedures of data collection were identical to those of EFA step. Participants were 

selected from four target cities: Beijing, Xiamen, Kunming and Yinchuan using 

convenience sampling. The eHLS-Web3.0 was distributed to independent samples to 

those participate the EFA step via internet. University lecturers from the target cities 

independent from those ones in Step 1 helped us distribute the link of the questionnaire 

in the classes they taught, which, they consciously avoided the classes which had 

participated the EFA step. Informed consent forms were delivered to the participants 

before the survey. It took about 9 min for participants to finish the questionnaire. A 

retest was delivered to them one and a half month later. 

Data Analysis 

To test the construct validity of the current scale, items were analyzed through 

Confirmatory Factor Analysis (CFA) by Mplus 7, using structural equation modeling 

(Byrne & Clore, 1967). After testing the distribution of the items of the measurement 

model, the maximum likelihood robust estimator was employed (Byrne, 2013). The 

chi-square statistic (χ2) was used to test the model’s overall goodness of fit (Jöreskog 

& Sörbom, 1993). Multiple model fit indices then were examined further, including the 

comparative fit index (CFI) (Bentler, 1990), the Tucker-Lewis index (TLI) (Bollen, 

1989) with a cutoff value of around .90 and above recommended to indicate a 

satisfactory fit for the CFI and TLI (Hu & Bentler, 1999); the standardized root mean 

residual (SRMR)( (Bentler, 1990; Hu & Bentler, 1999), whose values near .08 indicate 

adequate model fit; and the root mean square error of approximation (RMSEA) and its 

90% confidence interval (Steiger, 1990), for which values less than .08 are indicative 

of good fit. The standardized factor loadings and standardized residuals were examined. 

Items with factor loadings below .40 and large standardized residuals (≥ 2.00) were 

removed. The concurrent validity was examined by calculating the bivariate 

correlations between the subscale of the eHLS-Web3.0 and eHEALS through the SPSS 

24.0 (SPSS Inc., Chicago, IL). The convergent validity was tested by examine the 

average variance extracted (AVE), for which values above .5 indicated an acceptable 
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measurement. The discriminant validity was examined by estimating the correlation 

between the eHLS-Web3.0 and the three-item health literacy screening questionnaire. 

A two-factor CFA model was presumed, in which eHealth literacy (tested by eHLS-

Web3.0) and Health literacy (tested by the HL screening questionnaire) were set as two 

latent factors. Discriminant validity could be supported if the value of their correlation 

was below .5 and lower than the square root of each latent factor’s AVE (Hair et al., 

2014). Internal consistency reliability was examined by analyzing he Cronbach’s Alpha 

and the composite reliability coefficient, for which the CR values above .7 (Raykov, 

1997) was seen as acceptable. The test-retest reliability was measured by examining the 

bivariate correlation between the score of eHLS-Web 3.0 collected in CFA stage and the 

1.5-month-later follow-up stage. A multiple-groups covariance structure analysis 

approach was employed to examine whether the measurement was invariant across 

gender, major and region (Steenkamp & Baumgartner, 1998). A value of ΔCFI smaller 

than or equal to .01 between incrementally constrained models should be accepted as 

evidence of adequate fit (Cheung & Rensvold, 2002). 

 

Result 

Construct validity of eHLS-Web3.0 

From the primary CFA, we found that the model did not fit the data very well, with fit 

indices as χ2 = 1351.230, χ2 /df =5.427, CFI = .873, TLI = .860, RMSEA = .077, SRMR 

= .056. According to the model modification indices, the residual errors of five items 

(#1, #15, #19, #21, and #23) were corrected. After modification, the eHLS-Web3.0 

achieved the criteria for good model fit indices, with χ2 =903.076, χ2 /df =3.701, CFI = 

0.924, TLI = 0.914, RMSEA = 0.060, SRMR = 0.051. Regarding the factor loadings 

(see Appendix), the three-factor model were found to fit well. Standardized loadings 

were all above .6, most of which were greater than .8. Correlations between three 

factors were moderate to high. Thus, consistent with Hypothesis 1, the eHLS-Web3.0 

was found to have satisfactory structure. 
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Convergent, concurrent and discriminant validities of eHLS-Web3.0 

The Average Variance Extracted (AVE) was calculated using the data collected in EFA 

stage, AVE=0.60, showed an acceptable convergent validity. For the concurrent validity, 

the bivariate correlations between the subscale of the eHLS-Web3.0 and eHEALS were 

significant (see table 3.6), showed a satisfactory result. 

 
Table 3.6.9 Correlations between subscales of the eHLS-Web3.0 and eHEALS  

eHLS-Web3.0 Subscale 1 Subscale 2 Subscale 3 

eHEALS .893** .880** .725** .853** 

(Note. ** P < .01) 

 

The latent factor correlation in a presumptive two-factor CFA model was calculated to 

measure the discriminant validity of the eHLS-Web3.0 and HL screening questionnaire. 

Table 3.7 indicated the statistical results of the discriminant validity analysis. The factor 

loadings obtained using the presumptive model (see Appendix) was used to calculate 

the AVE of each latent construct. AVEehl=0.63, AVEhl=0.81. The latent factor 

correlation of the eHLS-Web3.0 and the HL screening questionnaire was statistically 

significant while below .5, and below the square root of each latent factor’s AVE as 

well, which, the discriminant validity of the eHLS-Web3.0 was supported. 

 
Table 3.7.10 Square root of AVE and the Correlations of eHLS-Web3.0 and HL screening 
questionnaire  

eHLS-Web3.0 HL screening questionnaire 

Square root of AVE √. 63=.8 √. 81=.9 

eHLS-Web3.0 - .435** 

HL screening questionnaire .435** - 

(Note. ** P < .01) 
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Hence, the eHLS-Web3.0 was proved to have satisfactory validity, which supported the 

Hypothesis 2. 

 

Internal consistency and test-retest reliabilities of eHLS-Web3.0 

Cronbach’s Alpha, composite reliability coefficient and the item-total correlations were 

calculated to examine the internal consistency reliability of the new instrument. The 

specific results were demonstrated in Table 3.7, supported satisfactory internal 

consistency reliability.  

Table 3.7. 11 Internal consistency reliability statistics. 

Subscale 1 

Range of inter-item correlations 0.549-0.832 

Minimum corrected item-total correlation 0.726 

Composite reliability coefficient 0.937 

Cronbach’s Alpha 0.95 

Subscale 2 

Range of inter-item correlations 0.726-0.807 

Minimum corrected item-total correlation 0.828 

Composite reliability coefficient 0.934 

Cronbach’s Alpha 0.935 

Subscale 3 

Range of inter-item correlations 0.511-0.898 

Minimum corrected item-total correlation 0.673 

Composite reliability coefficient 0.956 

Cronbach’s Alpha 0.958 

eHLS-Web3.0 

Range of inter-item correlations 0.470-0.898 

Minimum corrected item-total correlation 0.858 

Composite reliability coefficient 0.981 

Cronbach’s Alpha 0.976 
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An acceptable test-retest reliability was supported, showed that the eHLS-Web3.0 was 

relatively stable over time (see table 3.8).  

 
Table 3.8. 12 Correlations between T1-test and T2-retest  

Mean SD Correlation 

T1-test 83.97 14.67 - 

T2-retest 86.37 15.35 .858** 

(Note. ** P < .01) 

 

Therefore, the reliability of eHLS-Web3.0 was verified, addressed the Hypothesis 3. 

 

Measurement invariance of eHLS-Web3.0  

Multi-group CFAs were employed to examine whether the measurement was invariant 

across gender, major and region. Results of the invariance analyses are provided in table 

3.9-3.11.  

 

For the gender invariance analysis (see table 3.9), it was found that the configural model 

(M0) showed satisfactory fit to the data. Both the matric model (M1) and strong model 

(M2) displayed satisfactory fit to the data, and their △CFI was less than 0.010, the △

RMSEA was less than 0.010 and the △SRMR was less than 0.025. Those indexes 

indicated a support for the invariance of factor-loadings and intercepts across gender. 

The strict model (M3) reflected acceptable fit to the data. Although the △SRMR in 

M3 was poor fit, other indexes showed a satisfactory goodness of fit (the △CFI was 

less than 0.010, the △RMSEA was less than 0.010), supported that the residual errors 

were equivalent invariant across gender. 

 
Table 3.9. 13Invariance analysis of the eHLS-Web3.0 across gender 

Model χ2 df CFI △CFI RMSEA △RMSEA SRMR △SRMR 

M0 1215.588 488 0.918 - 0.063 - 0.057 - 
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M1 1264.312 509 0.915 -0.003 0.063 0 0.064 0.007 

M2 1328.711 533 0.91 -0.005 0.063 0 0.067 0.003 

M3 1368.771 539 0.906 -0.004 0.064 0.001 0.205 0.138 

(Note: χ2 = Chi-squared ratio statistic; df = Degree of freedom; CFI = The comparative-fit index; 

△CFI = Change in the comparative-fit index; RMSEA = The root mean square effort of 

approximation; △RMSEA = Change in the root mean square effort of approximation; SRMR 

= The standardized root mean residual; △SRMR = Change in the standardized root mean 

residual; M0 = Baseline configural invariance model; M1= Metric invariance model; M2 = 

Strong invariance model; M3 = Strict invariance model. Nmale=354, Nfemale=387.) 

 

For the major invariance analysis (see table 3.10), the model fitness test and comparison 

were established across all three samples –non-health-related major students, sport 

major students and medical major students. The configural model (M0) showed 

satisfactory and acceptable fit to the data across general – sport, and general – medical, 

while the configural model across sport-medical reflected the marginal to acceptable fit 

(CFI=0.849). This is most likely due to the medical group had much less sample size 

than sport group. For the goodness of model fit, all of the matric model (M1), the strong 

model (M2) and the strict model (M3) displayed satisfactory and acceptable fit to the 

data across general – sport, and general – medical, and marginal to acceptable fit to the 

data across sport – medical. Among those models, all of their △CFI was less than 

0.010, the △RMSEA was less than 0.010 and the △SRMR was less than 0.025. Those 

indexes indicated a support for the invariance of factor-loadings, intercepts and residual 

errors across major.  

 
Table 3.10. 14 Invariance analysis of the eHLS-Web3.0 across major 

Model χ2 df CFI △CFI RMSEA △RMSEA SRMR △SRMR 

General major – Sport-related major 

M0 1240.042 488 0.922 - 0.066 - 0.05 - 

M1 1272.243 509 0.92 -0.002 0.065 -0.001 0.053 0.003 
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M2 1320.117 533 0.918 -0.002 0.065 0 0.061 0.008 

M3 1326.536 539 0.918 0 0.065 0 0.059 -0.002 

General major – Medical major 

M0 1354.433 488 0.912  0.076  0.056  

M1 1394.817 509 0.91 -0.002 0.075 -0.001 0.064 0.008 

M2 1448.693 533 0.907 -0.003 0.075 0 0.066 0.002 

M3 1451.485 539 0.907 0 0.074 -0.001 0.067 0.001 

Medical major – Sport-related major 

M0 952.825 488 0.849 - 0.106 - 0.068 - 

M1 991.739 509 0.843 -0.006 0.106 0 0.092 0.024 

M2 1031.023 533 0.838 -0.005 0.105 -0.001 0.095 0.003 

M3 1035.032 539 0.839 0.001 0.104 -0.001 0.099 0.004 

(Note: Same as Table 6. Ngeneral=572, Nmedical=41, Nsport=128.) 

 

For the region invariance analysis (See table 3.11), the model test and comparison were 

established across all the four group of samples – students from Kunming, Yinchuan, 

Xiamen and Beijing. The configural model (M0) showed acceptable fit to the data 

across all four regional samples. For the goodness of model fit, both the matric model 

(M1) and strong model (M2) for every group displayed acceptable fit to the data. 

Among the M0-M3 for every group, their △CFI was less than 0.010, the △RMSEA 

was less than 0.010 and the △SRMR was less than 0.025. Those indexes indicated a 

support for the invariance of factor-loadings and intercepts across region. The strict 

model (M3) for each group also reflected acceptable fit to the data. However, in the 

group of Kunming – Yinchuan, Kunming – Xiamen, Yinchuan – Xiamen, and Xiamen 

– Beijing, the △SRMR in strict model (M3) reflected a poor fit. In spite of this, in M3 

of those groups, other indexes showed a satisfactory goodness of fit (the △CFI was 

less than 0.010, the △RMSEA was less than 0.010), supported that the residual errors 

were equivalent invariant across the region.  
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Table 3.11. 15 Invariance analysis of the eHLS-Web3.0 across region  

Model χ2 df CFI △CFI RMSEA △RMSEA SRMR △SRMR 

Kunming – Yinchuan 

M0 1045.16 488 0.875 - 0.083 - 0.068 - 

M1 1074.43 509 0.873 -0.002 0.082 -0.001 0.076 0.008 

M2 1126.886 533 0.867 -0.006 0.082 0 0.082 0.006 

M3 1137.122 539 0.866 -0.001 0.082 0 0.107 0.025 

Kunming – Xiamen 

M0 1127.636 488 0.908 - 0.072 - 0.058 - 

M1 1172.651 509 0.904 -0.004 0.072 0 0.071 0.013 

M2 1228.577 533 0.899 -0.005 0.072 0 0.079 0.008 

M3 1249.567 539 0.897 -0.002 0.072 0 0.182 0.103 

Kunming – Beijing 

M0 1023.786 488 0.879 - 0.08 - 0.074 - 

M1 1038.028 509 0.88 0.001 0.078 -0.002 0.078 0.004 

M2 1095.957 533 0.872 -0.008 0.079 0.001 0.083 0.005 

M3 1102.118 539 0.872 0 0.078 -0.001 0.098 0.015 

Yinchuan – Xiamen 

M0 1043.404 488 0.908 - 0.075 - 0.047 - 

M1 1078.271 509 0.906 -0.002 0.075 0 0.054 0.007 

M2 1118.863 533 0.903 -0.003 0.074 -0.001 0.055 0.001 

M3 1128.242 539 0.903 0 0.074 0 0.109 0.054 

Yinchuan – Beijing 

M0 917.12 488 0.874 - 0.086 - 0.067 - 

M1 936.311 509 0.875 0.001 0.084 -0.002 0.076 0.009 

M2 1008.445 533 0.861 -0.014 0.087 0.003 0.085 0.009 

M3 1024.654 539 0.858 -0.003 0.087 0 0.094 0.009 

Xiamen – Beijing 

M0 1026.47 488 0.913 - 0.073 - 0.054 - 
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M1 1058.117 509 0.912 -0.001 0.072 -0.001 0.063 0.009 

M2 1126.022 533 0.904 -0.008 0.074 0.002 0.069 0.006 

M3 1137.64 539 0.904 0 0.074 0 0.117 0.048 

(Note: Same as Table 6. NKunming=216, NYinchuan=114, NXiamen=287, NBeijing=124.) 

 

To sum up, these findings provided support for the measurement invariance of the 

eHLS-Web3.0 model (factor-loadings, intercepts and residual errors) across gender, 

major and region, thus the Hypothesis 4 was verified. 

 

 

Discussion 

Principle findings 

The current research developed and tested a new measurement for EHL in Chinese 

context, named as the eHealth literacy scale in Web 3.0 context (eHLS-Web3.0). A 

multi-stage program was applied, generated 24 items which represent the updated 

content of EHL in nowadays internet environment. In comparison with other eHealth 

models (Norman & Skinner, 2006; Tennant et al., 2015), the new instrument measured 

not only the skills about searching for eHealth information (Health 1.0 skills), or 

communicating with service provider (Health 2.0 skills), but also the skills of building 

personal health dataset, self-tracking, privacy protecting, etc. (Health 3.0 skills). 

Although the items were built upon groundwork laid by the eHEALS (Norman & 

Skinner, 2006), with the insight of the participants’ usage of the web 3.0 technology, 

eHLS-Web3.0 went beyond the computer skills and media literacy components of the 

eHEALS. It provided a much richer understanding of people’s interaction with different 

kinds of eHealth tools and the application of the information they obtained or created. 

Construction and validity testing in a broad range of target groups generated clear 

evidence of construct/convergent/concurrent/discriminant validity, and 

composite/internal consistency/test-retest reliability. Measurement invariance was also 
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found across gender, major and region. This initial validity testing indicated that the 

eHLS-Web3.0 was likely to be valuable for the characterization and understanding of 

EHL. 

 

Discussion for Stage 1 

An eHealth literacy scale (eHLS-Web3.0) was well developed in this study. When 

generating the item pool, we hypothesized that the eHLS-Web3.0 would cluster into 

three dimensions as health 1.0, health 2.0 and health 3.0, for the items were generated 

based on the use experience of eHealth tools in different IT generation. But the result 

was different than what was hypothesized. Each item was applicable for evaluating the 

usage on tools of all the IT generation. The result revealed that nowadays EHL is a 

comprehensive constellation of abilities, which, the three factors were correlated, 

distinguished, and worked together, jointly acting on people’s usage of eHealth tools, 

no matter which generation the tools belong to. Moreover, during the development, we 

explored the features of EHL by exploratory factor analysis, which revealed that the 

data supported a three-factor structure. Compared with previous literature, the three-

factor structure differed from those in other concept-based EHL scales. For instance, 

the most widely used one, eHEALS, is a uni-dimensional tool which only focused on 

individuals’ health 1.0 ability (Norman & Skinner, 2006). As an updated measurement, 

it is reasonable for eHLS-Web3.0 to cluster into more factors. Both the 8-subscale PRE-

HIT (Koopman et al., 2014) and 7-subscale eHLQ (Kayser et al., 2018) considered the 

internal perceptions (i.e., need, motivation, sense of safety, anxiety, etc.) and external 

environment (relationship with service provider, access to the tools) along with the 

skills and abilities. In accordance with Norman and Skinner (2006), this study defined 

EHL as a set of capacity for people to properly deal with all kinds of online health 

information and maintain their health, and did not take other internal and external 

factors into item-generating consideration, so that the eHLS-Web3.0 could have a 

concise and targeted structure. It is worth to mention that the factor structure of eHLS-

Web3.0 is similar with the three-dimension-scale eHLS (Hsu, Chiang & Yang, 2014). 
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The eHLS was developed following a thorough literature review, included dimensions 

as functional, interactive and critical EHL. In eHLS, the functional dimension is about 

understanding and calculating, the interactive one is about filtering, and the critical one 

is about cross-checking and applicability evaluating. No web 2.0 or 3.0-related item 

was mentioned in eHLS. After comparing the eHLS and eHLS-Web3.0, it was found 

that the acquisition subscale in eHLS-Web3.0 was similar with the first and second 

dimension in eHLS (functional and interactive), while the verification part of eHLS-

Web3.0 was close to the critical subscale in eHLS. The application part is a newly 

developed dimension in nowadays EHL, which is consistent with our daily experience 

-- nowadays the application of information becomes much more complicated than 

before. Other than apply the information to make health decision or solve problems, 

individuals could also create their own health data, use the information to communicate, 

respond (i.e., giving suggestions and advices, response to help-seeking), socialize with 

others, share and post (i.e., forward helpful information, post own health/fitness data). 

Therefore, it is essential to enrich and include the abilities of information application 

into EHL. It was confirmed that the factorial structure of the eHLS-Web3.0 was reliable 

and valid on statistics and theories, and in line with the actual situation.  

 

Discussion for Stage 2 

The aim of this study was to examine the validity (concurrent, convergent, discriminant, 

construct), reliability (composite, internal consistency and test-retest) and measurement 

invariance (gender, major, region) of eHLS-Web3.0. Construct validity was determined 

through CFA, the goodness-of-fit indices supported the three-dimensional model 

structured in stage 1, confirmed the factorial composition of the eHLS-Web3.0. The 

concurrent validity was supported by its high correlation with other, well-established 

and validated measures of EHL (eHEALS) (Norman & Skinner, 2006). The convergent 

validity was confirmed by Average Variance Extracted (AVE) values, which showed an 

acceptable value above 0.5. The discriminant validity was verified by putting both EHL 

(eHLS-Web3.0) and HL ((HL screening questionnaire) (Chew et al., 2004; Chew et al., 
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2008) into an assumed two-factor CFA model, found that the latent correlation of eHLS-

Web3.0 and HL screening questionnaire was below 0.5 and lower than the square root 

of their AVE. Regarding the reliability, Cronbach’s alpha estimation showed adequate 

internal-consistency reliability for the eHLS-Web3.0 and its subscales. The item-total 

correlations were also tested and came up with relatively high positive values, indicated 

that the items in eHLS-Web3.0 were discriminating well between high- and low-

performing participants. Given the limitation of the Cronbach’s alpha approach (Bacon 

et al., 1995), the composite reliability coefficients were also calculated for the eHLS-

Web3.0, provided another positive evidence to the reliability of eHLS-Web3.0. 

Furthermore, the measurement invariance was implemented for the eHLS-Web3.0 

across gender, major and region. The establishment of configural, metric, strong and 

structural invariances demonstrated that the eHLS-Web3.0 is an appropriate and 

meaningful instrument to measure EHL across diverse groups and do some comparison. 

Compared with previous study testing EHL among Chinese people (Ma &Wu, 2019; 

Guo et al., 2013; Koo et al., 2012), the current research had the merit on having student 

samples drawn from different China’s regions and from different majors. Besides, a 

follow-up was designed to check if the eHLS-Web3.0 was stable over time. Most 

importantly, the current research explored the most forward usage behavior on eHealth, 

based on which, new factors were meticulously developed so as to enrich the contents 

of EHL.  

 

Limitations, strengths and future direction 

The study has several limitations. First, the generalizability of research findings might 

be hindered by the sampling method. As a result, a stratified sampling approach is 

desirable in future (Liang et al., 2020). In addition, the results are only based on the 

responses among Chinese college students, therefore its application in other groups is 

needed to be examined. Besides, even though a purposive sample was sought, it is 

possible that those who responded were more interested in e-health than non-

respondents, and this may have biased the result as well as the level of EHL. Moreover, 
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self-report questionnaires were applied, which may result in unreliability and 

inaccuracy because of the inherent drawbacks of self-reporting (i.e., recall bias, over- 

or under-reporting, and social desirability) (Liang et al., 2019). Also, the numbers of 

gender for expert and text reviewers were not equal in the current study. Last but not 

least, the non-health-related major participants were over-represented in the sample, 

which reflected the certain realities, but may also lead to the relatively homogeneity of 

the sample, and the findings may not be generalizable to those health-related major 

students. Consequently, further invariance test across major is required with the sample 

size in different group should be acceptably equalized.  

 

Despite the limitations mentioned previously, the current study filled a gap in the 

literature since no specific measure of EHL considering the web 3.0 IT environment 

has been previously developed. A comprehensive understanding of EHL was achieved 

in the context of new information technology and Chinese culture. By developing this 

reliable and valid measurement, this paper provides an up-to-date tool to measure the 

level of EHL among Chinese college students, and to evaluate the efficacy of EHL 

intervention in future experimental EHL studies. Moreover, the relationships among 

EHL and other health-related variables could be explored by using this new tool. Apart 

from the previously stated theoretical values, the newly developed EHL scale may be 

also applied to eHealth-related interventions, such as providing new and valuable 

information for constructing EHL training. 

 

Conclusion 

A 24-item new instrument for measuring eHealth literacy was developed and initially 

validated in this study, which was named as the eHealth literacy scale in Web 3.0 

context (eHLS-Web3.0). Three factors were identified in this tool: 1) Acquisition; 2) 

Verification; 3) Application. The current research provided support for eHLS-Web3.0 

on construct validity, convergent validity, concurrent validity, discriminant validity, 
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internal consistency reliability and test-retest reliability in Chinese college students. 

Measurement invariance of the eHLS-Web3.0 was also confirmed across gender, major 

and region. The 24-item three-dimensional eHLS-Web3.0 is found to be a valid and 

reliable instrument for assessing eHealth literacy in a Chinese context. 
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CHAPTER Ⅳ: RELATIONSHIPS AMONG EHEALTH LITERACY, 

HEALTH LITERACY AND PHYSICAL ACTIVITY OF CHINESE COLLEGE 

STUDENTS: A PROSPECTIVE PATH ANALYSIS 

 

Abstract 

 

Background  

Although eHealth literacy (EHL) was raised on the ground of health literacy (HL), few 

empirical studies were found to examine the association between them. The relationship 

between these two literacies still remains uncertain. Exploration on the relationship can 

contribute to demonstrate the differences between EHL and HL, and help deeper 

understand both of the concepts. In addition, recent studies have explored HL issues in 

daily life, linking HL closely to lifestyle behaviors. As one component of lifestyle 

behaviors, physical activity (PA) has been identified as an important health outcome of 

HL, yet few studies about HL or EHL in conjunction with PA has been conducted. 

Research on explaining the underlying mechanism for EHL or HL impacting PA is 

warranted. 

 

Objective 

This study aimed to explore the relationships among health literacy, eHealth literacy 

and physical activity. 

 

Methods 

An integrated social-cognitive model based on the social cognitive theory (SCT) and 

the theory of planned behavior (TPB) was proposed. A prospective design was applied 

in data collection section. A total of 280 college students (56%female, age=21.2 ± 1.35 

years) completed both the baseline survey (T1) and the 1.5-month-later follow-up (T2). 
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Correlation analyses and path analysis were performed to test the proposed model and 

assess the associations among EHL, HL and PA. 

 

Results 

Self-perceived EHL was found to significantly associate with self-perceived HL 

(β=0.22, p＜0.01), but had no relationship with HL actual performance. Significant 

mediation effects of self-efficacy (β=0.39, p＜0.001) and social support (β=0.06, p＜

0.05) were found on the relations from self-perceived EHL to PA intention. Self-

efficacy was also found to negatively mediate the relation between self-perceived HL 

and PA intention (β=-0.1, p＜0.01). Additionally, stronger PA intention successfully 

predicted more PA participation one and a half month later (β=0.22, p＜0.001). 

 

Conclusions 

A model based on the theory of planned behavior was proposed and tested in the current 

study to explore the relationships among eHealth literacy, health literacy and physical 

activity. The findings specifically highlighted that self-efficacy and social support 

played different roles in relationships from HL to PA and from EHL to PA, suggested a 

new underlying mechanism for constructing EHL and HL interventions in future studies. 

 

Keywords: eHealth literacy; Health literacy; Physical activity; Path analysis; 

Prospective design. 
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Introduction 

 

As an important component of lifestyle behaviors, regular physical activity (PA) is a 

population health issue (Riecken, 2012) with lots of well-documented benefits such as 

improve body composition, increase cognitive function, benefit psychological well-

being, reduce the risk of chronic diseases and decrease the risk of premature death 

(Warburton et al., 2011; Gregory et al., 2013; Geboers et al., 2014). However, physical 

inactivity was found to be widely spread among Chinese college students in recent years 

(Yang, 2017). The downward trend of poorer physical fitness was continued in Chinese 

college students (Pang et al., 2017). Studies also illustrated that Chinese college 

students have very low compliance with the health recommendation of PA (Dong & 

Zhang, 2013; Li, 2014; Pang et al., 2017). In December 2019, a serious pandemic 

occurred in China, known as the coronavirus disease 2019 (Covid-19) (WHO, 2020). 

The pandemic has led to life-altering challenges for college students, especially 

decreased PA, subsequently aggravating the problem of physical inactivity among this 

group of people (Parekh & Deierlein, 2020). Growing evidence indicated that physical 

inactivity could significantly increase the risk for obesity, chronic diseases and poor 

disease-related outcomes (i.e., high disease activity, pain and fatigue) (Blair, 2009; 

González et al., 2017; Pinto et al., 2020). During the current pandemic, it is essential to 

provide support for promoting PA throughout the day, thus the predictors of PA are 

worthwhile to be explored. 

 

The COVID-19 pandemic has led to a decrease in PA, but increased individuals’ 

eHealth literacy (EHL) (Liang et al., 2021; Lv et al., 2021). Because of the social 

distancing requirements during the pandemic, obtaining health information via e-

approach has become a more practical and safe way for health maintenance rather than 

via face-to-face health consultations. This demand for e-approach has provoked a 

revolution for the mode of healthcare delivery (Brørs, Norman & Norekvål, 2020). 

Recently, researchers have shown that the EHL played an important role in the COVID-
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19 pandemic (Do et al., 2020), and individuals with higher EHL were found to have 

healthier lifestyles (Chong et al., 2020). The findings led to a conjecture of this question: 

if it would be possible to promote PA by increasing individuals’ EHL level? Can EHL 

benefit individuals’ PA? If yes, how? Adequate EHL had long been seen as a crucial 

predictor of pleasant health outcomes (Choi & DiNitto, 2013; Tennant et al., 2015), yet 

the evidence for an association between EHL and PA seems to be insufficient.  

 

Relationship between eHealth literacy and PA 

Relevant literature was reviewed for exploring the relationship between EHL and PA 

(the literature searching strategy was shown in Appendix 6). Within the searching 

period ranged from January 2008 to December 2018, only four cross-sectional studies 

explored the relationship between EHL and health behavior (including physical 

exercise) (Hsu, Chiang & Yang, 2014; Vâjâean & Baban, 2015; Xesfingi & Vozikis, 

2016; Mitsutake et al., 2016). A strong and positive association between EHL and PA 

was confirmed in three of the articles (Hsu, Chiang & Yang, 2014; Xesfingi & Vozikis, 

2016; Mitsutake et al., 2016). More specifically, Hsu et al. (2014) demonstrated that 

EHL could positively predict exercise behaviors, and mediate the association between 

individual factors (i.e., health status, major, degree of health concern, frequency of 

engagement for health-related discussions, etc.) and health behavior (including eating, 

exercise and sleep behaviors) among college students. Likewise, Xesfingi and Vozikis 

(2016) pointed that physical exercise has a statistically important impact on the level of 

EHL, and appears to be strongly and positively associated with the level of EHL. It is 

worth mentioning that researchers (Vâjâean & Baban, 2015) studied the relationship 

between online health information seeking, EHL and PA. They showed that significant 

positive correlations were recorded between the frequency of using the Internet as a 

health source and engaging in health behaviors, specifically PA, while the level of EHL 

and internal health locus of control did not influence this relationship. This finding was 

inconsistent with the other researches mentioned above. Yet, those four studies 

mentioned above neither considered PA behavior as a major variable independently 
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from other health behaviors, nor measured the intensity of PA. Limited knowledge 

existed on the relationship between EHL and PA. 

 

Relationship between Health literacy and PA 

eHealth literacy is an extension of the concept health literacy (Norman & Skinner, 

2006). To obtain an insight into the relationship between EHL and PA, it is necessary 

to put an eye on the concept of health literacy (HL), and the relationship between HL 

and PA as well.  

 

HL was firstly raised in 1970s as a Clinical term, and had been discussed under the 

public health perspective since 2000. Defined as “the personal, cognitive and social 

skills which determine the ability of individuals to gain access to, understand, and use 

information to promote and maintain good health”, the content of HL after 2000 began 

to include not only clinical knowledge, but also daily-life health care (Nutbeam, 2000). 

Moreover, improving health outcomes and narrowing health disparity has become the 

primary goal of advancing HL (Dominick et al., 2013), which makes many HL research 

closely related to lifestyle behaviors, including PA (Canadian council on learning, 2008).  

 

From the available literature, evidence is available on supporting the effectiveness of 

enhancing HL on PA (the literature searching strategy was shown in Appendix 6). 

Among young men, HL is positively associated with various health-promoting 

behaviors including PA; besides, research findings have indicated that men with high 

HL are more likely to have better aerobic fitness, higher muscle mass, lower body fat 

percentage, and smaller waist circumference (Hirvonen et al., 2015). Similar findings 

existed among the elderly and specific patient populations (Berkman et al., 2011; Chinn, 

2011). In addition, for some specific patient populations, it is found that HL-oriented 

programs could increase the frequency and duration of individual’s PA (Kim et al., 2004; 

Rosal et al., 2005; Cavanaugh et al., 2009; Lam & Leung, 2016) and walking habits 

(Rosal et al., 2005). For example, Cavanaugh et al. (2009) affirmed the effectiveness of 
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intervention with numeracy, a component of HL, on the self-management behaviors 

including PA behavior in intervention group. Kim el al. (2004) further confirmed that 

HL-oriented programs is effective to modify the PA especially in Type 2 diabetic 

patients with higher HL levels. Son et al. (2017) reported that HL was a significant 

predictor of preventive health behavior (including PA). Review of the literature also 

showed that limited HL could be the cause of poor PA (Schillinger et al., 2002; 

Mitsutake et al., 2016) and lay the first stone for poor self-management behaviors, then 

eventually poor health outcomes (Gazmararian et al., 2003; Osborn et al., 2011; 

Paasche-Orlow & Wolf, 2007). Moreover, inadequate HL also has been found to be 

associated with poorer compliance with the guidelines for PA (Geboers et al., 2014) and 

a lower level of physical fitness (Berkman et al., 2011, Mõttus et al., 2013). However, 

the evidence for an association between HL and health behaviors, as well as physical 

health, has been deemed as inconsistent and insufficient (Berkman et al., 2011). 

Research by Gregory et al. (2013) made a criticism by indicated that no significant 

relationship was found between HL and PA. Rosal et al. (2011) also rejected the 

effectiveness of HL-oriented programs on PA behavior in an RCT study. In the research 

of Geboers et al. (2014), the association found between inadequate HL and PA was just 

on a “marginally significant” level. Dominick et al. (2013) also presented a non-

significant association between HL and changes in PA.  

To sum up, some studies found a relationship existed between HL and PA (Kim et al., 

2004; Rosal et al., 2005; Pálsdóttir, 2008; Cavanaugh et al., 2009; Berkman et al., 2011; 

Chinn, 2011; Eriksson-Backa et al., 2012; Hirvonen et al., 2015; Lam & Leung, 2016), 

while others did not affirm such a relationship (Berkman et al., 2011; Rosal et al., 2011; 

Gregory et al., 2013; Dominick et al., 2013). The inconsistent findings may be because 

that a great deal of HL research has been clinical and medically oriented (Rootman & 

Ronson, 2005), and a gap existed in the HL studies of non-medical settings (Mancuso, 

2009) and health endeavor of the general public (Berkman, Sheridan, Donahue, Halpern, 

& Crotty, 2011; Riecken, 2012; Geboers et al., 2014). In addition, similar with the 

researches on the association of EHL and PA, literature that concerns the association 
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between HL and PA independently from other health-related behaviors was extremely 

limited (Nutbeam, 2000; Sigal, Kenny, Wsserman, & Castaneda-Sceppa, 2004; 

Rootman & Ronson, 2005). The majority of relevant research considered PA as a 

component of the health behaviors. Among those articles, researchers mostly tested the 

frequency and duration of PA, but the intensity of PA was not specifically presented 

(Sigal et al., 2004; Shigaki et al., 2010; Lam & Leung, 2016). 

 

Relationship between eHealth literacy and Health literacy 

Literature on the relationship between HL and PA provided extra information for 

exploring the association of EHL and PA, but some issues remained unclear -- how 

much do those two relationships overlap? Which part of the literature could be 

referenced? To answer these questions, clarifying the difference between HL and EHL 

has become necessary.  

 

EHL and HL are two closely related yet distinct health-related literacies (Richtering et 

al., 2017). Since EHL shares the same theoretical context with HL (Norman & Skinner, 

2006), it is reasonable to assume a link between EHL and HL. The comparison or 

association analysis can elucidate the differences in these two literacies, help deeper 

understanding both concepts, and shed light on refining and evaluating the specific 

elements of EHL and HL. 

 

However, up to now, not too many researches have focused on the correlation of EHL 

and HL, therefore the relationship between these two literacies still remained uncertain. 

Generally, the differences between EHL and HL have been discussed in a conceptual 

level. Hsu and Chiang’s study (2014) held an opinion that EHL is a subset of HL, 

regarding EHL as a kind of HL in an electronic context, which was supported by 

Manganello et al. (2016). They believed that the different level of individuals on EHL 

and HL were mainly due to information preferences. Meanwhile, a more mainstream 

view suggested that these two capabilities were relatively independent while EHL had 
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a little overlap with HL (Norman & Skinner, 2006; Bodie & Dutta, 2008). They 

indicated that EHL should consist of skills related to HL and computer and web 

navigation skills. Only three empirical studies were found to examine the association 

between EHL and HL (the literature searching strategy was shown in Appendix 6). The 

most detailed one was the study of Richtering and her colleagues (2017). By grouping 

related items from HLQ (measurement for health literacy) and eHEALS (measurement 

for eHealth literacy) with similar themes, they defined four key aspects of those two 

literacies: navigating resources, skills to use resources, usefulness for oneself, and 

critical evaluation. After adjustment for demographic and other variables, a positive 

linear relationship was found between the eHEALS items and HLQ scales for the 

themes “usefulness for oneself” and “critical evaluation”, which both related to a 

patient’s personal interpretation of the health information. No statistical significance 

was found in the themes of “navigating skills” and “skills to use resources”. It was the 

first study to examine this relationship of EHL and HL in a population with moderate-

to-high cardiovascular risk. Coincidentally, Duplaga et al. (2017) indicated that EHL 

was closely related to HL in young adults. In the contrary to Duplaga et al. (2017), 

Quinn et al. (2017) claimed that no significant relationship was identified between the 

level of EHL and HL. In this paper, a knowledge-based tool NVS was used for 

measuring HL and a self-reported psychological scale eHEALS for EHL. The 

unexpected result might be due to different measurement tools because eHEALS 

reflects self-perception of EHL, not the actual skill while NVS tests HL knowledge 

from an objective approach. Therefore, when conducting the comparison or association 

analysis of EHL and HL, the choice of measurement tools and measurement strategies 

should be considered.  

 

Various HL tools have been developed with measurement strategies classified as 

objective approach (performance-based) and subjective approach (self-report-based) 

(Altin et al., 2014). Scores obtained from those two approaches have been assumed to 

be significantly associated with each other. This association was supported by several 
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studies (Weiss et al., 2005; Chen, 2008; McCormack et al., 2010; McNaughton et al., 

2014), however, Begoray and Kwan (2011), Wu et al. (2010) and Sørensen (2015) 

found no association between task-performance-based HL and self-reported HL. 

Begoray and Kwan (2011) believed that those two HL-measuring approaches tested 

different constructs of HL. Unlike observable variables such as PA, HL is referred to a 

mixture of knowledge and abilities. The level of abilities could be represented by 

successfully finish a related acknowledge performance examination (testing the 

application of knowledge), or estimated by previous successful experience (reporting 

the personal interpretation of knowledge). There exists a gap between knowing and 

applying, although they may positively relate with each other. Therefore, author of the 

current study separated HL into two aspects: self-reported and task-performance-based. 

 

Compared with HL tools, most scales measured EHL via subjective approach 

(EHEALS, Norman & Skinner, 2006; e-HLS, Hsu, Chiang & Yang, 2014; eHLQ, 

Kayser et al., 2018; RRSA-H, Hanik & Stellefson, 2011; PRE-HIT, Koopman et al., 

2014). Only few tools assess the actual eHealth performance (nine-practical-

assignments, Van Der Vaart et al., 2011; DHLI, Van Der Vaart et al., 2017; eHLA, 

Karnoe et al., 2018), however, the practical-test approach has led to limited sample size, 

and those tools had been criticized that they were testing internet skills, rather than 

health-related capabilities. An empirical study also found a gap exist between self-

perceived EHL and its actual performance (Van Der Vaart et al., 2011). 

 

According to an eHealth Use Model raised by Bodie and Dutta (2008), EHL could be 

seen as an individual-level variable comprised of HL and computer literacy. In practice, 

competencies for the actual performance of dealing with eHealth information could also 

be split into two parts, the health-related abilities and the internet-related skills. It was 

the health-related abilities, which, are actually related to the HL performance, that could 

directly link to individuals’ health outcomes. Therefore, the current study author 

assumed that self-perceived EHL, self-perceived HL and HL actual performance should 
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be three closely related yet distinct variables. In order to explore the relationship of 

EHL and HL accurately, the associations among the self-perceived EHL and HL and 

HL actual performance were tested. 

 

Hypothesized influential factors and a relevant theoretical framework 

 

The association between EHL/HL and PA was discussed above, likewise the process 

through which EHL/HL affects PA should be explored subsequently. Although few 

studies focused on the relationship between EHL and PA, some researchers attributed 

the non-significant result to the direct connection of HL and PA, and proposed an 

indirect path linking HL to PA. To understand the mechanism of EHL influencing PA, 

the current study hypothesized that the factors mediating the relationship between HL 

and PA could also play roles in the indirect path from EHL to PA, thus it is essential to 

look into the association between HL and PA.  

 

Potential mediators of HL and PA were explored (Osborn et al., 2011; Dominick et al., 

2013; Son et al., 2017; Muller et al., 2017), included self-efficacy, social support and 

intention towards PA. Self-efficacy and social support are both important components 

of Social cognitive theory (SCT) (Bandura, 1977; Bandura, 1997), and found to be 

consistently related to PA behavior (Courneya et al., 2000). Meanwhile, according to 

the Lily Model (Norman & Skinner, 2006), the concept of eHealth literacy was 

developed based on SCT, which made SCT an adoptable theory in the current study. 

SCT is a theory explained individual’s behavior via a triadic reciprocal determinism: 

the factors person, environment and behavior interact with each other and influence 

each other (Bandura, 1977; Bandura, 1997). It had been long been applied to understand 

and investigate the determinants of PA behavior (for reviews see Beauchamp, Jackson 

& Morton, 2012; Beauchamp, Crawford & Jackson, 2019). A study had also 

investigated the relationships between SCT constructs and leisure time PA behavior 

among Chinese college students, whose results supported the SCT theory in Chinese 
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context (Xu et al., 2017). Specific to the current research, the person refers to 

individual’s cognitive factors such as relevant ability (HL/EHL) and self-efficacy; the 

environment refers to the social support the individuals perceived; and the behavior 

refers to the focal action, PA. According to SCT, HL/EHL, self-efficacy, social support 

and PA are associated with each other. But what roles they play in this relationship are 

unclear. Fortunately, the theory of planned behavior (TPB) has offered a referable 

approach. Developed by Ajzen (1987), TPB is one of the most widely applied models 

for explaining informational and motivational influences on behavior (Norman & 

Hoyle, 2004; Rhodes & Courneya, 2003), the applicability of which to PA had been 

confirmed in considerable research (Blue et al., 2001; Rhodes et al., 2002; Conn et al., 

2003). Several recent studies also provided evidence for TPB on explaining PA behavior 

among college students in Chinese context, including a study among students from a 

Hong Kong university (Cheng et al., 2019), and a survey conducted in female college 

students in Shanghai (Zhang et al., 2019). TPB suggested that individual’s behavioral 

intention is the proximal determinant to engage in the specific behavior, likewise the 

intention is determined by one’s attitude (the evaluation of performing the behavior), 

subjective norms (social pressures on performing the behavior) and perceived 

behavioral control (perceptions of whether people have control over performing the 

behavior, include capture perceived and actual resources/opportunities) (Ajzen, 1987). 

Mentioned in Study 1, the current project found that TPB could successfully explain 

the more active eHealth behaviors of health-related-major students. Intention, the 

important component of TPB, was also found to be a mediator for the relationship 

between HL and PA (Park, Kim & Kim, 2020; Fleary et al., 2017; Lam & Leung, 2016). 

Therefore, TPB was another adoptable theory for the current research. 

 

Whereas, adjustments were made to better apply TPB to explain the relationship 

between EHL/HL and PA. Regarding attitude, only one cross-sectional study was found, 

which suggested that the mediating effect of it on the association of HL and PA was 

insignificant (Geboers et al., 2014). It could be inferred from our daily experience that 
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obtained knowledge or abilities (HL) can hardly influence the attitude toward physical 

activity, for even though an individual was aware of the benefit of PA, those inactivity 

ones may still perceive unnecessary to perform PA. Thus, the current research decided 

not to consider the attitude as a mediator. For the subjective norms, the current research 

replaced it with social support according to Rhodes et al. (2002) and Courneya et al. 

(2000)’s suggestion. They indicated that exercise behavior was affected by assistance 

from others (i.e., social support) and not capable of completely being done at will, thus 

when applying the TPB to exercise, social support may be superior to subjective norm 

for understanding exercise intentions. As for the perceived behavior control (PBC), 

Ajzen (2000) identified it contained two distinct factors, self-efficacy (confidence, 

ease/difficulty) and controllability (i.e., personal control over behavior, including the 

availability of environmental factors such as resources/opportunities). Multiple articles 

indicated that self-efficacy could better represent internal motivation, thus it had a 

stronger relationship with intention than the controllability (Terry & O’Leary, 1995; 

Armitage & Conner, 1999; Rhodes & Courneya, 2003). Researchers also suggested that 

self-efficacy tended to have higher factor loading on intention among young healthy 

adults (Rhodes & Courneya, 2003), for healthy population normally do not need to 

suffer physical or environmental difficulties and more likely to perceive complete 

ability to achieve the physical task. The current study tested the EHL model among 

college students, thus it was hypothesized that self-efficacy might play a more 

important role in the model testing of EHL. Besides, the rational association existed 

among EHL/HL and self-efficacy had been discussed by researchers. Likewise, since 

EHL and HL are mixtures of personal capabilities (Nutbeam, 2000; Norman & Skinner, 

2006), they could hardly impact environmental factors such as the availability of 

resources and opportunities, thus the correlation between EHL/HL and controllability 

seems weak. Consequently, the current researcher took self-efficacy instead of PBC or 

controllability as a variable in the proposed model.  

 

Based on the framework of TPB, the current researcher has adopted components from 
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SCT to propose a theoretical model. The integrated social-cognitive model based on the 

social cognitive theory (SCT) and the theory of planned behavior (TPB) was chosen in 

the current research because factors that may explain and mediate the relationship 

between EHL/HL and PA were well posited. It was a preferred model due to growing 

research focused on the influences of EHL/HL on health behavior, while a large portion 

of them examined the role of self-efficacy, social support and behavioral intention. 

Considering that the current study had an objective of analyzing the associations among 

the self-perceived EHL, HL, HL actual performance, the full hypothesized framework 

was shown in Figure 4.1.  

 

 
Figure 4.1. 5The proposed model 

 

a. Self-efficacy 

According to Norman and Skinner (2006), the concept of EHL has been developed 

based on the social cognitive theory and the theory of self-efficacy (Bandura, 1977; 

Bandura, 1997), promoting skills and self-confidence as predictors of behavioral 

change. Defined as an individual’s confidence in his own ability to perform a health 

behavior (Bandura, 1986), self-efficacy had long been seen as a robust predictor of 

health behaviors (Clark & Dodge, 1999; Trost et al., 2002; Ievers-Landis et al., 2003; 

Norman & Hoyle, 2004; Dominick et al., 2013; Efthymiou et al., 2017). Specifically, 
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the relationship between self-efficacy and PA had been studied in various groups of 

people, such as clinical populations (Wolf et al., 2007; Dominick et al., 2013), older 

adults (Ayotte, Margrett, & Patrick, 2013), and youth people (Beets, Pitetti & Forlaw, 

2007; Dzewaltowski et al., 2007; Martin et al., 2008; Keith et al., 2011), etc. In most of 

the researches, self-efficacy was a strong predictor for PA, or the intention to PA.  

 

In 2007, Paasche-Orlow and Wolf provided a model for HL, suggested a significant 

path from HL to self-efficacy. It indicated that adequate HL was positively linked to 

self-efficacy of individuals to engage in health behaviors. This finding was consistent 

with other scholars (Wolf et al., 2007; Ussher et al., 2010; Dominick et al., 2013). The 

relationship seems remained valid in internet-based context, because empirical studies 

have shown that individuals with high EHL had greater efficacy in finding health 

information and using health app (Cho et al., 2014; Park et al., 2015; Vâjâean et al., 

2015). Other studies also indicated that training and practicing internet skills could help 

to increase computer-related self-efficacy (Xie, 2011; Choi & DiNitto, 2013). But the 

relationship between EHL and self-efficacy related to PA or health behaviors has not 

been explored yet. 

 

For the mediating effect of self-efficacy on the association of EHL/HL and PA, research 

findings showed conflicting results. Geboers et al. (2014) suggested that self-efficacy 

could mediate the association between HL and PA. This finding was in line with 

previous studies that suggested a pathway from HL to PA via self-efficacy (Osborn et 

al., 2011; Ayotte, Margrett, & Patrick, 2013). But other studies did not support this 

association (Colbert et al., 2013; Chen et al., 2014). Dominick et al. (2013)’s study 

demonstrated that by enhancing individual’s HL score, the PA-related self-efficacy 

would increase but it had no effect on PA outcome. 

 

b. Social support 

HL was once a clinical term, defined as patients’ abilities to obtain proper care for their 
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health needs (Lee et al., 2004), individuals therefore are treated as isolated and passive 

actors, which lead to an ignorance of the broader social systems of support. Since 

scholars studied HL in a public health perspective, it was found that social structures 

would affect health behaviors through the microlevel conditions of HL (Bodie & Dutta, 

2008), and the social support could effectively alleviate the adverse effects of low HL 

on health outcomes (Lee et al., 2004). Because the e-approach has also changed the 

pattern of social communication, social support is worth to be studied in the current 

research. 

 

Social support was referred to the helpful and supporting resources and benefits 

provided by individual’s social network (Portes, 1998; Drentea & Moren-Cross, 2005). 

Research has shown that it was significantly linked with better health (House, Landis 

& Umberson, 1988; Pearce & Smith, 2003) by facilitating the flow of information, 

increasing the scope of health information, and broadening the health knowledge 

(Verbrugge & Ascione, 1987; Holahan, Moos, & Bonin, 1997; Macario et al., 1998; Lin, 

2001; Andrzejewski, Reed & White, 2009; Kim et al., 2015). HL included knowledge 

and abilities required by personal health care and health service usage. Consistent with 

previous findings, HL was found to be positively linked with social support (Kawachi 

et al., 1997; Sonnenwald, 1999; Cattell, 2001; Basu & Dutta, 2008; Ishikawa, Takeuchi, 

& Yano, 2008; Almgren, Magarati & Mogford, 2009; Yun & Park, 2010; Fry-Bowers 

et al., 2014; Geboers et al., 2016; Chen et al., 2018). Moreover, social support could 

strengthen social norms for conducting health behaviors (McNeill, Kreuter, & 

Subramanian, 2006; Kim et al., 2015). Better social support could prompt individuals 

to develop or adhere to more positive health behaviors (Yang et al., 2019). More 

specifically, a substantial number of studies demonstrated significant associations 

between social network and various types of health-related behaviors such as fruit and 

vegetable consumption (Lindström, Hanson & Östergren, 2001), PA (Lindström et al., 

2001; Ståhl et al., 2001; Addy et al., 2004; Beets et al., 2007), and smoking (Lindström 

et al., 2003). Beets et al. (2007) specifically highlighted the effect of peer social support, 
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they found that for adolescents, peer social support was a direct predictor of PA. 

 

However, the role of social support on the relationship of HL and health behavior was 

unclear. Researchers suggested that social support may have moderating effects on 

health status (Antonucci, Ajrouch & Janevic, 2003; Lee et al., 2004). Others indicated 

a mediating effect (Yang et al., 2019) or suggested an indirect path from HL to health 

behavior/status via social support (Lee, Gazmararian & Arozullah, 2006; Yang et al., 

2019; Lee & Oh, 2020). The current author follows the second kind of view, holding a 

belief that adequate health literacy is naturally associated with high-quality information 

and formal education (Mirowsky & Ross, 2003), which may promote interpersonal 

skills and friendship (Cutler et al., 2008). Resources and caring from social 

relationships subsequently promote healthier behaviors by enhancing people’s 

motivation and providing friendly or even beneficial environment (Chatzisarantis, 

Hagger & Brickell, 2008; Gillison et al., 2017). Specifically, in exercise domain, social 

support was proposed to be an important predictor of exercise motivation and behavior 

(Courneya et al., 2000; Rhodes, Jones & Courneya, 2002). Recently, the online social 

network could play an important role in nowadays life (Stonbraker et al., 2017), social 

network services and fitness Apps are becoming popular. From our daily experience, it 

could be found that young adults with adequate EHL are more likely to build online 

networks and find exercise mates. Therefore, it is reasonable to hypothesize that social 

support could act as a mediator in the indirect path from EHL/HL to PA. 

 

c. Intention 

Based on literature review on self-efficacy and social support, research has shown that 

they are both dominant predictors of PA intention (Dzewaltowski et al., 2007; Martin 

et al., 2008; Courneya et al., 2000). In many popular behavioral models, intention has 

been also considered as the proximal antecedent of specific behavior (Ajzen, 1991; 

Bandura, 1997; Fishbein et al., 2001; Hagger & Chatzisarantis, 2009). Meta-analyses 

results showed a strong correlation between intention and behavior, which situate it 
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within an effect size range larger than any other known correlate of PA (Downs & 

Hausenblas, 2005; McEachan et al., 2016). In addition, research also demonstrated a 

significant indirect effects of health literacy on behavioral intentions (Park, Kim & Kim, 

2020; Fleary et al., 2017; Lam & Leung, 2016). In other words, HL was found to 

indirectly link to behavioral intention, and the intention could strongly predict health 

behaviors. According to previous literature review, the current study assumed that self-

efficacy and social support could mediate the indirect relationship of HL and intention. 

Similar path of relationship was assumed to be applicable for EHL and PA model. 

 

 

d. Internet access 

Two EHL measurement scales (RRSA-H, Hanik & Stellefson, 2005; PRE-HIT, 

Koopman et al., 2014) contained the concept that the readiness to use internet resources 

should be seen as a component of EHL. Although in the current project, EFA results in 

Study 2 excluded this dimension, the effect of readiness to use internet resources on 

EHL is worth to discuss. Specific to the current study, the readiness for EHL could be 

seen as the Internet access. The potential contribution of internet access to the EHL has 

been demonstrated by an increasing body of studies, which supported the conclusion 

that EHL skills are strongly shaped by the frequency (Steinfield et al., 2008; Choi & 

Dinitto, 2013; Vâjâean et al., 2015; Stonbraker et al., 2017; Richtering et al., 2017; 

Athanasopoulou et al., 2017), duration (Richtering et al., 2017; Skinner, Biscope & 

Poland, 2003; Stellefson et al., 2011), the health information seeking (Lemire, Sicotte, 

& Pare, 2008; Huberty et al., 2013), and the device and website people exposure to 

(Neter & Brainin, 2012; Ghaddar et al., 2012; Jacobs et al., 2014; Tennant et al., 2015; 

Kobayashi et al., 2015; Guendelman et al., 2017). Those factors related to utilizing e-

resources has long been suggested to be predictors of EHL. Those positive associations 

were not only shown among the older adults (Kobayashi et al., 2015), but also the 

students (Ghaddar et al., 2012). Thus, researchers usually believe that the more people 

use the internet, the better their EHL and health outcome are. In addition, participants 
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who used popular e-services (i.e., websites or devices) were found to have higher EHL 

than those who did not (Richetering et al., 2017; Tennant et al., 2015), whereas Tennant 

et al. (2015) reported that there was no significant difference in EHL between users and 

non-users of Web-based diaries/blogs for health-related purposes. However, apart from 

the evident benefit of internet access on promoting EHL, a systematic review from 

Stellefson et al. (2011) indicated that although college students are highly connected to 

use the Internet to find health information, their EHL skills are generally sub-par. In 

Study 1, the current author found that college students reported reluctance to using 

interactive Internet applications for health communication purposes, which 

demonstrated that access alone did not ensure that students are skilled at conducting 

internet searches for health information. Therefore, in the current study, it was 

suggested that construct of usability is inextricably linked with EHL. In other words, 

besides of the frequency and duration, the current study also paid attention to the 

patterns of health-related internet usage, specifically, the number of website and devices 

(including popular ones such as fitness Apps or instant messengers, and traditional ones 

such as websites or search engines) which participants would like to choose for health-

related purpose. 

 

Aims of the current study 

 

Two research questions were raised in the current research. One of them is What is the 

relationship between EHL and HL? The other is What is the relationship between EHL 

and PA? To answer those two questions, literature was reviewed. For the first question, 

the current study assumed that self-perceived EHL, self-perceived HL and HL actual 

performance should be three closely related yet distinct variables, and examined the 

relationship among them. The effect of them on PA were also examined and compared. 

For the second question, an integrated social-cognitive model based on the social 

cognitive theory (SCT) and the theory of planned behavior (TPB) was applied to 

explain the relationship between EHL and PA, and the relationship between HL and PA 
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were explored as well for comparison. Variables in the framework of TPB were adjusted 

to SCT-elements according to previous studies and the specific study context of the 

current research. In addition, two predictors of EHL were hypothesized, included the 

frequency and duration of internet access, and the number of website and devices which 

individuals would like to choose for health-related purpose (we defined it as willingness 

on eHealth usage). Their correlations with EHL were examined and the percentage of 

EHL explained by them was tested. 

 

Therefore, the purpose of this study was to propose a model based on previous literature 

and examine 1) the relationship between self-perceived EHL, self-perceived HL and 

HL actual performance; 2) the correlations between the predictors (internet access & 

willingness on eHealth usage) and EHL, and (3) the mediating effect of the factors (self-

efficacy, social support and intention) on the relationship between EHL/HL and PA 

based on the theoretical background of TPB and SCT among Chinese college students. 

This integration was based on the acknowledgment that past research has mainly 

focused on the role that health literacy played on improving individuals’ physical 

activity, while there has been limited understanding on the effect of eHealth literacy. 

Hypotheses for the proposed model were addressed as below: 

 

Hypothesis 1: Self-perceived EHL, self-perceived HL and HL actual performance 

would have a mutually dependent relationship and positively corelated among these 

variables.  

 

Hypothesis 2: Internet access and willingness on eHealth usage would have a positive 

effect on individuals’ eHealth literacy. 

 

Hypothesis 3: Self-perceived EHL, self-perceived HL and HL actual performance 

would positively correlate with self-efficacy and social support for PA. 
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Hypothesis 4: Self-efficacy for PA would mediate the relationship between self-

perceived EHL/self-perceived HL/ HL actual performance and intention for physical 

activity. 

 

Hypothesis 5: Social support for PA would mediate the relationship between self-

perceived EHL/self-perceived HL/ HL actual performance and intention for physical 

activity. 

 

Hypothesis 6: Intention for PA would positively predict PA behavior. 

 

Method 

Participants 

The current research was approved by the Research Ethics Committee of Hong Kong 

Baptist University. A heterogeneous sample of college students was invited with the 

criteria as below: 1) have the experience of using eHealth websites and tools; 2) have 

sufficient Chinese language skills; 3) have informed their willingness and consent of 

participating in the interview. A convenience sampling (Goodman, 1961) was applied 

to recruit participants from four representative Chinese cities, Beijing, Xiamen, 

Kunming and Yinchuan. These four cities were selected based on the consideration of 

geographic location (i.e., north, southeast, southwest and northwest), political status 

(i.e., country capital, provincial capital and prefecture-level city) and economic status 

(i.e., high, medium, and low) of Chinese cities (Gilstad, 2014; National Bureau of 

Statistics of China, 2019; Koetse, 2016). Furthermore, the choice of those four cities 

was also made with the issues of “convenience and feasibility” (Denscombe, 2014). 

Considering the item-to-response ratios of at least 1: 10 (Schwab, 1980) and the 

recommendation for a minimum sample size of 100 to 150 in structural equation 

modeling (Ding, Velicer & Harlow, 1995), at least 240 observations were required (1:10 

item-to-response ratio) in our study. Finally, 280 college students completed both the 
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baseline survey (T1) and the 1.5-month-later follow-up (T2) (follow the “rule of thumb” 

and depend on the natural history of the condition under study, Carey et al., 2012), 

offering an adequate sample size. This group of participants included 123 males and 

157 females with the age range from 18 to 25 (M=21.24, SD=1.35). 

 

Measures 

Personal factor (Demographic information). To collect basic demographic information, 

the survey contained information of the participants’ age, gender, major, region and 

year of college study. 

 

 

Self-perceived eHealth literacy. The eHealth literacy scale in Web 3.0 context (eHLS-

Web3.0) developed in Study 2 was used, consisting of 24 items that sorted into three 

dimensions: acquisition (8 items), verification (6 items) and application (10 items). The 

answers were indicated on a 5-point scale ranging from 1 (strongly disagree) to 5 

(strongly agree). The eHLS-Web3.0 was developed on the basis of literature review and 

interviews. It was shown to be valid through exploratory factor analysis and 

confirmatory factor analysis. Its validity and reliably along with the measurement 

invariance were confirmed among college students. Compared with previous tools for 

EHL, the eHLS-Web3.0 can examine modern day usage behavior on eHealth, including 

the health-oriented usage of social network service and mobile internet technology. As 

a recently developed measurement, the internal consistency (Cronbach’s α) for the total 

scale of eHLS-Web3.0 was .971 and for the sub-scales were .913 - .962 in Chinese 

college students. 

 

Self-perceived health literacy. The three-item health literacy screening questionnaire 

(Chew et al., 2004; Chew et al., 2008) was chosen to test the self-perceived HL. It has 

only 3 items in a 5-point Likert format: How often do you have someone to read hospital 

materials? How often do you have problems learning about your medical condition 
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because of difficulty reading hospital materials? How confident are you filling out 

medical forms by yourself? It is a widely-used tool whose validity and reliability had 

been tested in different groups of people (Mayberry et al., 2011; Reininger et al., 2013; 

Lin et al., 2014). Two PhD students who specified in health promotion area helped 

translate the original questionnaire to Chinese, and the back-translation was done by a 

senior English teacher who is a Chinese. Examination of its Chinese version showed 

good internal consistency among college students (Cronbach’s α=0.90). 

 

Health literacy actual performance. The short-form Mandarin Health Literacy Scale (s-

MHLS) (Lee et al., 2012) was chosen to test participants’ HL actual performance 

(application of HL knowledge). It is a 11-item knowledge test for measuring Taiwanese 

adults’ health literacy (HL). The original version of it (the Mandarin Health Literacy 

Scale) (Tsai et al., 2010) was developed based on the framework of Nutbeam (2000). 

Both of the original and short-form versions were tested in diverse population groups 

and showed good validity and reliability (Tsai et al., 2010; Lee et al., 2010; Lee et al., 

2012; Chung et al., 2015). The internal consistency of the short-version was 0.94 (split-

half reliability) among Taiwanese adults. 

 

Self-efficacy for physical activity. A behavior-specific scale drawn from Duan et al. 

(2017)’s paper was selected. That scale measured self-efficacy specifically for PA 

among Chinese college student. It was translated from Luszczynska and Sutton (2006)’s 

research, tested self-efficacy for PA with the stem “I am certain that…” followed by 5 

items for PA such as “…I can be physically active permanently at a minimum of 5 days 

a week for 30 minutes”. The answer was indicated on a 5-point Likert scale, ranging 

from don’t agree at all “1” to agree completely “5”. This scale showed good validity 

and reliability in Chinese college students (Cronbach’s α=.88) (Luszczynska & Sutton, 

2006; Duan et al., 2017). 

 

Social support for physical activity. A behavior-specific scale drawn from Duan et al. 
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(2017)’s paper was used. That scale measured social support specifically for PA among 

Chinese college student. It was translated from Jackson, Lippke and Gray (2011)’s 

research, tested social support for PA with the stem as “How do you perceive your 

environment…” followed by 3 items for PA such as “…People like my classmates and 

friends help me to stay physically active”. The answer was indicated on a 5-point Likert 

scale, ranging from don’t agree at all “1” to agree completely “5”. This scale showed 

good validity and reliability in Chinese college students (Cronbach’s α=.72) (Jackson, 

Lippke & Gray, 2011; Duan et al., 2017). 

 

Intention for physical activity. A behavior-specific scale drawn from Duan et al. 

(2017)’s paper was used. That scale measured intention specifically for PA among 

Chinese college student. It was translated from Lippke, Ziegelmann, Schwarzer and 

Velicer (2009)’s article, included the stem as “On 5 days a week for 30 minutes (or a 

minimum of 2.5 hours per week), I have the intention to perform…” followed by 3 

items for different intensity levels of PA such as “strenuous physical activity”, 

“moderate physical activity” and “mild physical activity”. The answer was indicated on 

a 5-point Likert scale, ranging from don’t agree at all “1” to agree completely “5”. The 

validity and reliability were tested in Chinese college students (Cronbach’s α=.34) 

(Lippke et al., 2009; Duan et al., 2017). 

 

Internet access. Two items were self-constructed, asking participants to indicate how 

often per week and how long each time for accessing to internet in the past seven days. 

 

Willingness on eHealth usage. Three items were self-constructed to measure 

participants’ willingness on obtaining eHealth information from different eHealth 

channel with the stem as “I like to obtain eHealth information from…” followed by 3 

items for different e-channels included “…web-based tools such as searching engine”, 

“…social-network-based tools such as public forums or instant messenger”, and 

“…mobile-internet-based tools such as fitness Apps”. The answer was indicated on a 
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5-point Likert scale, ranging from don’t agree at all “1” to agree completely “5”. 

 

Physical activity (PA). Physical activity was measured by using the Chinese short 

version of the International Physical Activity Questionnaire (IPAQ-C) (International 

Physical Activity Questionnaire, Hagströmer et al., 2006; IPAQ-C, Macfarlane et al., 

2007). IPAQ-C consists of 6 items, which would ask participants to report their PA level 

with three intensities (vigorous, moderate and mild). Corresponding to each intensity, 

participants would be asked to indicate how often per week and how long each time for 

performing these activities in the past seven days. This questionnaire includes 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 aggregate 

amount of time for total PA and for intensity of PA (in minutes per week) was calculated 

for the past seven days (Macfarlane et al., 2007). As per the IPAQ protocol, results of 

IPAQ could be reported as a continuous variable named as MET minutes a week. One 

MET is what a participant expended when he/she was at rest. The following values was 

used for the IPAQ data: Low-intensity PA = 3.3 METs, Mid-intensity PA= 4.0 METs 

and High-intensity PA = 8.0 METs. To calculate MET minutes a week we multiply the 

MET value given by the minutes the activity was carried out and again by the number 

of days that that activity was undertaken. The MET minutes achieved in each category 

was added together to get total MET minutes of physical activity a week. Bouts of PA 

lasting less than 10 minutes were not counted. A bout longer than 3 hours (180 minutes) 

was count as 180 minutes. Participants who satisfied the criteria [either a) high-intensity 

PA on at least 3 days achieving a minimum total PA of at least 1500 MET-minutes/week; 

or b) 7 or more days of any category of PA achieving a minimum total PA of at least 

3000 MET-minutes/week] were labelled as “high-intensity PA group”. Participants who 

satisfied the criteria [either a) 3 or more days of high-intensity PA of at least 20 minutes 

per day; or b) 5 or more days of mid-intensity PA and/or low-intensity PA of at least 30 
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minutes per day; or c) 5 or more days of any combination of any category of PA 

achieving a minimum total PA of at least 600 MET-minutes/week] were labelled as 

“mid-intensity PA group”. The rest participants who not meet any criteria listed before 

were labelled as “low-intensity PA group” (IPAQ Research Committee, 2005). 

 

Procedures 

Participants were selected from four target cities: Beijing, Xiamen, Kunming and 

Yinchuan using convenience sampling. Informed consent forms were delivered to the 

participants before the survey. They were informed that they needed to complete the 

survey at two time points, while they were free to withdraw at any time. The items of 

the measurements listed above were distributed to participants via internet. One and a 

half months later, all participants were required to complete the same questionnaire as 

a follow-up. With regard to the specific measurement time point for the variables, self-

perceived EHL, self-perceived HL, HL actual performance, self-efficacy, social support, 

intention, internet access and willingness on eHealth usage were collected at the first-

wave survey (T1) in September 2020, while PA behavior were collected at the follow-

up (T2) in November 2020. It is worth to mention that, according to a paper published 

in the Lancet in October 2020, an executive director of the WHO Health Emergencies 

programme said China had brought the COVID-19 to a very low level and managed to 

control the pandemic effectively (Burki, 2020). Although the social distance for 

preventing the pandemic may potentially influence students’ daily PA, we have reasons 

to believe that in November (T2 data collection) participants were restoring their living 

order and having a certain amount of PA. 

 

Statistical Analysis 

The distribution of the data was examined to determine the level of skewness and 

kurtosis, in combination with the means and standard deviations. Skewed data were be 

log-transformed and replaced with median values (interquartile range). Means and 

standard deviations were calculated for the variables. Participants were divided into 
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three groups of different physical activity levels according to the IPAQ protocol (IPAQ 

Research Committee, 2005). Chi-square tests were performed to compare baseline 

characteristics across the PA groups. One-way ANOVA was applied to check whether 

the EHL level was invariant across gender, region, major and year of study. Pearson 

correlation coefficients were also calculated among the variables.  

 

Path analysis was used to test the proposed model by maximum likelihood estimation 

approach via Mplus 7 (Muthén et al., 2017). General accepted model fit indexes were 

adopted. The chi-square statistic (χ2) was used to test the model’s overall goodness of 

fit (Jöreskog & Sörbom, 1993). Multiple model fit indices then were examined further, 

including the comparative fit index (CFI) (Bentler, 1990), the Tucker-Lewis index (TLI) 

(Bollen, 1989), with a cutoff value of around .90 and above recommended to indicate a 

satisfactory fit for the CFI and TLI (Hu & Bentler, 1999); the standardized root mean 

residual (SRMR)(Bentler, 1990), whose values near .08 indicate adequate model fit; 

and the root mean square error of approximation (RMSEA) and its 90% confidence 

interval (Steiger, 1990), for which values less than .08 was indicative of good fit. The 

strength of relationships among variables was calculated using standardized path 

coefficients. 

 

Furthermore, in order to examine the indirect effects of distal variables of the proposed 

model in explaining PA behavior, bootstrapping method was used with 5000 bootstrap 

sample. This method can reduce type I error rate, boost statistical power, and has no 

requirement for normal sample distribution (Preacher & Hayes, 2008). The 

confirmation of an indirect effect of a predictor variable (e.g., self-efficacy) on an 

outcome variable (e.g., PA behavior) is by a confidence interval of the estimate which 

does not contain zero (Preacher & Hayes, 2008). 
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Results 

 

Social-demographic factors and correlations of study variables 

A summary of participants’ demographic information was listed in Table 4.1, showing 

data of physical activity and socio-demographic factors. The Chi-square tests indicated 

that male students were more physical active than the female ones (χ2= 6.28, p＜.05), 

but no significant differences were found for major, region and year of study. The EHL 

level of participants were found to be invariance across gender (p=0.013), major 

(p=0.267), region (p=0.246) and year of study (p=0.845). 

 

 

 
Table 4.1. 16Sample characteristics and variation in PA (N=280) 

Demographic 

Information 

Total 
High intensity 

group 

Mid-intensity 

group 

Low intensity 

group 

χ² 

 n 
Frequency 

(%) * 
n       

Frequency  

(%) 
n 

Frequency 

(%) 
n 

Frequency 

(%) 

Gender 
6.28* 

(p=.043) 

  Male 123 (43.9) 52 (42.3) 42 (34.1) 29 (23.6)  

Female 157 (56.1) 44 (28.0) 69 (43.9) 44 (28)  

Major 
6.375 

(p=.173) 

Medical 26 (9.3) 5 (19.2) 13 (50.0) 8 (30.8)  

Sport 44 (15.7) 21 (47.7) 13 (29.5) 10 (22.7)  

Non-health 

related 
210 (75.0) 70 (33.3) 85 (40.5) 55 (26.2)  
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Region     
5.29 

(p=.507) 

Beijing 48 (17.1) 21 (43.8) 19 (39.6) 8 (16.7)  

Xiamen 95 (33.9) 28 (29.5) 40 (42.1) 27 (28.4)  

Kunming 101 (36.1) 32 (31.7) 40 (39.6) 29 (28.7)  

Ningxia 36 (12.9) 15 (41.7) 12 (33.3) 9 (25.0)  

Year of Study     
5.27 

(p=.510) 

Year 1 1 (0.4) 1 (100) 0 (0) 0 (0)  

Year 2 221 (78.9) 72 (32.6) 89 (40.3) 60 (27.1)  

Year 3 31 (11.1) 14 (45.2) 9 (29.0) 8 (25.8)  

Year 4 27 (9.6) 9 (33.3) 13 (48.1) 5 (18.5)  

* column % for each gender, major, region. 

 

The correlation matrix of the study variables was shown in Table 4.2. The self-perceived 

EHL was found to be positively related with self-perceived HL, willingness on eHealth 

usage, and PA indicators including self-efficacy, social support and intention. PA was 

also positively associated with self-efficacy and intention. In addition, there were 

significant positive association among the three PA indicators, self-efficacy, social 

support and intention. Meanwhile, willingness of eHealth usage was positively 

correlated with all the other study variables except HL actual performance and PA. It is 

worth to mention that HL actual performance was negatively related with self-perceived 

HL and social support, so was the internet access with three PA indicators.  
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Table 4.2.17Bivariate correlations for the study variables. 
 

SP_EHL SP_HL HLP PA SE SS INT WEU IA 

SP_EHL 1 

        

SP_HL .275** 1 

       

HLP -.024 -.140* 1 

      

PA -.027 -.061 -.053 1 

     

SE .514** .017 -.027 .175** 1 

    

SS .430** .143* -.147* .093 .524** 1 

   

INT .405** .015 .016 .213** .789** .512** 1 

  

WEU .585** .174** -.021 -.044 .353** .332** .264** 1 

 

IA -.095 .039 .052 -.023 -.162** -.167** -.141* .086 1 

Mean 84.67  8.88 9.95 2497.01 17.88 20.04 10.86 10.05 2441.89 

SD 14.92 2.73 1.14 2225.91 3.95 4.85 2.32 2.45 1034.29 

α 0.964 0.902 - - 0.960 0.876 0.942 0.734 - 

(Note: SP_EHL, self-perceived eHealth literacy; SP_HL, self-perceived health literacy; HLP, 

health literacy actual performance; PA, physical activity; SE, self-efficacy for PA; SS, social 

support for PA; INT, intention for PA; WEU, willingness on eHealth usage; IA, internet access; 

SD=standard deviation; α, Cronbach’s Alpha for measurement’s internal consistency; *, p＜

0.05; **, p＜0.01; ***, p＜0.001.) 

 

Model testing and in-direct effects 

The result of the path analysis was shown in Figure 4.2. An adequate good-to-fit model 

was indicated with the fit indices as χ2 =36.199, χ2 /df =1.810 (p=0.0146), CFI = 0.975, 

TLI = 0.962, RMSEA = 0.054, SRMR = 0.051.  

 



 

133 
 

 
Figure 4.2. 6Standardized parameter estimates for the proposed model. 

 

(Note: SP_EHL, self-perceived eHealth literacy; SP_HL, self-perceived health literacy; HLP, 

health literacy actual performance; PA, physical activity; SE, self-efficacy for PA; SS, social 

support for PA; INT, intention for PA; WEU, willingness on eHealth usage; IA, internet access; 

SD=standard deviation; α , Cronbach’s Alpha for measurement’s internal consistency; +, 

P<0.1; *, p＜0.05; **, p＜0.01; ***, p＜0.001.) 

 

Taking into account of the association among self-perceived EHL, self-perceived HL 

and HL actual performance, it was found that self-perceived EHL remained a direct and 

significant association with self-perceived HL (β=0.22, p＜0.01), yet no significant 

association was found between self-perceived EHL and HL actual performance. A 

negative relationship was found between self-perceived HL and HL actual performance 

(β=-0.14, p＜0.05), which was inconsistent with the expectation (H1). 

 

Consistent with the hypothesis (H2), the willingness on eHealth usage had a significant 

association with self-perceived EHL (β=0.57, p＜0.001). On the contrary, a negative 

effect of internet access on self-perceived EHL was indicated (β=-0.14, p＜0.01).  

0.22**

PAINT

SS

SE

SP_EHL

SP_HL

HLP

WEU IA

T1 T2

-0.14*

-0.01 0.22***

R²=0.336***

R²=0.196***

R²=0.285***

R²=0.636***
R²=0.048+

(p=0.076)
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As per the tests of hypothesized effects of the model demonstrated in Figure 4.2, self-

perceived EHL had a significantly positive effect on self-efficacy (β=0.54, p＜0.001) 

and social support (β=0.42, p＜0.001) for PA, which was as hypothesized (H3). 

Contrary to expectations, a significantly negative effect of self-perceived HL was found 

on self-efficacy (β=-0.14, p＜0.01), and the effect of self-perceived HL on social 

support was not supported (H3). A negative association between HL actual performance 

and social support (β=-0.14, p＜0.05) was indicated, and the correlation between HL 

actual performance and self-efficacy demonstrated an insignificant result (H3). As 

expected, both of the social support (β=0.14, p＜0.01) and self-efficacy (β=0.72, p

＜0.001)  had significant positive effect on intention, while the effect of self-efficacy 

was much stronger than the social support. Of interest, intention was then found to 

significantly predict PA (β=0.22, p＜0.001) one and a half month later (H6). 

 

The indirect effects of the model were exhibited in table 4.3. Direct paths from T1 self-

perceived EHL/HL/HL actual performance to T2 PA were not supported, but it was 

found that self-perceived EHL significantly predicted intention for PA (β=0.42, p＜

0.001), self-perceived HL predicted intention for PA on a margin level (β=0.02, 

p=0.07), and the effect of HL actual performance on intention for PA was insignificant 

(β=0.02, p=0.787). Therefore, the estimated indirect effects were over and above the 

direct effects of those literacy-related variables on PA. As shown in the table, the 

indirect effect of social support and self-efficacy on PA was significant via the 

mediation of Intention. Consistent with the hypotheses, a significant indirect effect from 

self-perceived EHL to PA, mediated through self-efficacy→ intention, and social 

support→intention was found. The indirect effect of self-perceived EHL on intention 

was also found to be significant, with the mediators as self-efficacy (H4) and social 

support (H5). The indirect effect of self-perceived HL on PA was rejected, while 

intention was significantly mediated by self-efficacy (H4). The indirect effect of health 

literacy actual performance on either PA or intention were not found.  
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Table 4.3. 18Total indirect and specific indirect effects of the proposed model (N=280). 

 
Total indirect effect Specific indirect effect 

Estimate 95%BcCI Estimate 95%BcCI 

Social support → PA behavior 

Indirect effect 0.030
*
 0.005 to 0.075   

Via Intention index   0.030
*
 0.005 to 0.075 

Self-efficacy → PA behavior 

Indirect effect 0.158
**

 0.044 to 0.286   

Via Intention index   0.158
**

 0.044 to 0.286 

Self-perceived eHealth literacy → PA behavior 

Indirect effect 0.098
**

 0.028 to 0.178   

Via self-efficacy → 
Intention index 

  0.085
**

 0.024 to 0.158 

Via social support → 
Intention index 

  0.012
*
 0.002 to 0.035 

Self-perceived eHealth literacy → Intention 

Indirect effect 0.446
***

 0.301 to 0.565   

Via self-efficacy index   0.389
***

 0.257 to 0.509 

Via social support index   0.057
*
 0.010 to 0.125 

Self-perceived health literacy → PA behavior 

Indirect effect -0.022 -0.066 to 0.000   

Via self-efficacy → 
Intention index 

  -0.022
*
 

-0.065 to -
0.002 

Via social support → 
Intention index 

  0.000 -0.006 to 0.006 
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Self-perceived Health literacy → Intention 

Indirect effect -0.099
*
 -0.210 to 0.009   

Via self-efficacy index   -0.100
**

 
-0.202 to -
0.004 

Via social support index   0.001 -0.025 to 0.026 

Health literacy actual performance→ PA behavior 

Indirect effect -0.009 -0.046 to 0.016   

Via self-efficacy → 
Intention index 

  -0.005 -0.035 to 0.018 

Via social support → 
Intention index 

  -0.004 -0.016 to 0.000 

Health literacy actual performance→ Intention 

Indirect effect -0.042 -0.164 to 0.075   

Via self-efficacy index   -0.024 -0.124 to 0.081 

Via social support index   -0.018 -0.057 to 0.000 

(Note: BcCI refers to biased corrected confidence interval; All values are standardized; * 

indicated p<0.05, ** indicated p<0.01, *** indicated p<0.001) 

 

For the percentage of variance explained in the model, the relationships proposed in the 

model explained 33.6% of self-perceived eHealth literacy (r2=0.336), 19.6% of social 

support (r2=0.196), 28.5% of self-efficacy (r2=0.285), 63.6% of intention (r2=0.636), 

and 4.8% of PA (r2=0.048). 

 

In summary, the results of statistical tests were summarized in Table 4.4. 
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Table 4.4. 19Hypotheses Examination (N=280) 

Hypotheses Testing results 

H1: Self-perceived EHL, self-perceived HL 

and HL actual performance would have a 

mutually dependent relationship and 

positively corelated among these variables. 

Self-perceived EHL & Self-perceived HL： 
Supported 
 
Self-perceived HL & HL actual 
performance： 
Partially supported 
 
Self-perceived EHL and HL actual 
performance： 
Rejected 

H2: Internet access and willingness on 

eHealth usage would have a positive effect on 

individuals’ eHealth literacy. 

Willingness on eHealth usage： 
Supported 
 
Internet access： 
Partially supported 

H3: Self-perceived EHL, self-perceived HL 

and HL actual performance would positively 

correlate with self-efficacy and social support 

for PA. 

Self-perceived EHL： 
Supported 
 
Self-perceived HL： 
Partially supported 
 
HL actual performance： 
Partially supported 

H4: Self-efficacy for PA would mediate the 

relationship between self-perceived EHL/self-

perceived HL/ HL actual performance and 

intention for physical activity. 

Self-perceived EHL： 
Supported 
 
Self-perceived HL： 
Supported 
 
HL actual performance： 
Rejected 

H5: Social support for PA would mediate the 

relationship between self-perceived EHL/self-

perceived HL/ HL actual performance and 

intention for physical activity. 

Self-perceived EHL： 
Supported 
 
Self-perceived HL： 
Rejected 
 
HL actual performance： 
Rejected 

H6: Intention for PA would positively predict 

PA behavior. 

 
Supported 
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Discussion 

 

The current research aimed at exploring the relationship among EHL, HL and PA. By 

reviewing the existing measurements, we deconstructed the content of EHL and HL 

into three closely related yet distinct variables, self-perceived EHL, self-perceived HL 

and HL actual performance, so that they could be better scaled and compared. With the 

hypothesis that self-perceived EHL/self-perceived HL/HL actual performance would 

have a positive indirect association with PA, a model was proposed based on the theory 

of planned behavior. On the basis of the data analysis, our findings are discussed below. 

 

Relationships between self-perceived EHL and Internet access/ willingness on 

eHealth usage 

As expected, the more willingness people want to use more kinds of e-devices for health 

purpose the higher level of their self-perceived EHL. This finding was in consistent 

with Tennant et al. (2015)’s research examining the effect of social media usage on EHL 

among older adults. Similar point of view was demonstrated in Stellefson et al. (2011) 

and Koopman et al. (2014)’s studies, in which they suggested that individual’s 

willingness on e-devices usage was an important predictor of adequate EHL, and they 

defined it as “readiness”. 

 

Surprisingly, the current research found that more time an individual spent on internet 

access, the lower his/her self-perceived EHL was, whereas some research reported 

opposite conclusion (Choi & Dinitto, 2013; Vâjâean et al., 2015; Stonbraker et al., 2017; 

Richtering et al., 2017; Athanasopoulou et al., 2017). Among those studies, most of 

them were constructed among the elderly or chronic patients, only Vâjâean et al. (2015) 

conducted the research among university students. Likewise, Vâjâean et al. (2015) 

investigated students’ internet use as a health information source, and the current 



 

139 
 

research surveyed students’ internet access intensity during a typical week. Therefore, 

the current study suggested that although higher intensity of internet access could 

contribute to EHL level among elderly or clinical cases, it had the opposite effect for 

young adults’ EHL. This might be because young adults were frequent internet users, 

the increasement internet access brought to their eHealth-related skills might be limited. 

Besides, too much screen time brought issues on inadequate self-control and sedentary 

lifestyle (Ge et al., 2020), which has been shown to be negatively associated with EHL 

(Geboers et al., 2014). In addition, similar with the finding of Stellefson et al. (2011), 

the result of current research demonstrated that access alone could not ensure students’ 

EHL level. Scheduled internet access with specific health purpose via multiple e-

devices was thus suggested for further EHL intervention and education. 

 

Relationships among self-perceived EHL, self-perceived HL and HL actual 

performance 

The current study revealed that individuals who perceived to have higher level of EHL 

tend to have better perceived HL. Meanwhile, relationship was found to be insignificant 

between self-perceived EHL and HL actual performance. This finding is similar with 

the conclusion made by Richtering et al. (2017). Specifically, four key aspects of EHL 

and EHL were defined in Richerting et al. (2017)’s research, among which themes 

“usefulness” and “critical evaluation” were found to be correlated with each other, 

while the association between “navigating resources” and “skill to use” was not 

supported. Richerting et al. (2017)’s research was conducted with patients of 

cardiovascular diseases, so the themes of “usefulness” and “critical evaluation” was 

related to patients’ personal interpretation of disease information, which means a 

positive relationship was confirmed to exist between the self-perceived EHL and HL. 

However, this interpretation was suggested to be independent from the application of 

knowledge and skill in health domain. The finding of the current research suggested 

that the measurement of HL and EHL in the future should include both the personal 

interpretation part (self-perception) and the actual performance part (acknowledge 
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application). It is also worth to mention that the existing HL instruments are mostly 

have been developed under a clinical context. However, EHL is a public health 

endeavor about caring more about self-management and daily care on health. That 

might be another reason why the association between self-perceived EHL and HL actual 

performance was not significant. The current author suggested that HL and EHL-related 

research should measure EHL and HL together in the future for evaluating participants’ 

health-related literacies. Meanwhile, the current research also reinforced the 

importance of choosing instrument with proper measuring context to fit the study 

purpose in the future. More HL research under public health perspective is warranted. 

 

Inconsistent with previous hypothesis, the current study found that participants 

perceived better HL tend to have lower scores on HL actual performance. In fact, 

previous studies also found weak association between the self-perceived HL and HL 

actual performance. For instance, Begoray and Kwan (2011) developed a task-

performance questionnaire for measuring HL among the elderly. They found that the 

task-performance items did not correlate with another well-established self-reported HL 

scale. Similar result was found among high school students (Wu et al., 2010) and 

European adults (Sørensen et al., 2015). One possible explanation is that, as previously 

discussed, personal interpretation on health information is independent from the 

application of health knowledge and skill. Different measuring approach may not 

measure the same construct, while both of the two constructs, the personal 

interpretation and the knowledge application, together constitute the content of HL. 

Moreover, in our research the slightly negative relationship existed between self-

perceived HL and HL actual performance probably was because that the current study 

was conducted among college students. Being well educated, this population usually 

believed that they were fairly health literate (Stellefson et al., 2011; Fox & Duggan, 

2013). But if they had experiences of dealing with clinical issue, they would realize that 

some literacy-related tasks, such as reading clinical report or understanding medical 

materials, were not as easy as they thought. In other words, college students with 



 

141 
 

clinical experience may obtain higher score on HL actual performance, and have a more 

reasonable estimation (supposed to be slightly lower than an inflated perception) of 

their HL level. 

 

Effects of self-perceived EHL, self-perceived HL and HL actual performance on 

physical activity 

 

The current study applied an integrated social-cognitive model based on the social 

cognitive theory (SCT) and the theory of planned behavior (TPB) to explain the factors 

(i.e., self-efficacy, social support and intention) mediating the relationship between 

EHL/HL and PA as well as the indirect effect of EHL/HL on PA. Similar investigation 

had been done in previous health-literacy-related studies (Britt et al., 2015; Conn et al., 

2003; Von Wagner et al., 2009; Paige et al., 2018), whereas most of them adopted TPB 

and SCT model under the context of Western society, and in those studies the previous 

theoretical assumptions were mostly applied for explaining health behaviors, rather 

than for explaining PA behavior. Thus, the exploration in the current research provided 

further explanation and deeper understanding for the effect of EHL/HL on PA from the 

perspective of TPB and SCT, and from diverse cultural background. 

 

The proposed path from self-perceived EHL to PA was confirmed. College students 

with better self-perceived EHL tend to have higher self-efficacy for PA, and stronger 

social support in PA domain, subsequently these lead to higher PA intention. Afterwards, 

stronger PA intention successfully predicts more PA participation one and a half month 

later. The results are similar with an article examining the association of EHL and HPV 

vaccination (health behavior) among American college students, indicated that EHL 

was significantly related to health behavioral intention (Britt et al., 2015). In line with 

the finding of Britt et al. (2015), the current research found that the effect size of 

intention on PA behavior was moderate. This finding provided support for the intention-

PA gap (Rhodes & de Bruijn, 2013), suggesting that changing behavioral intention 
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could be considered as a primary target in EHL intervention. The EHL-based intention-

translation follow-up is worthwhile to be considered, since EHL included the construct 

of applying obtained eHealth information. Overall, the significant predicting effect 

towards PA in the current research indicated that the proposed model is workable for 

EHL in predicting PA overtime. 

 

With regard to the mediators (i.e., self-efficacy and social support) in the association 

between EHL and PA intention, it was found that self-efficacy played a more effective 

and significant role than social support. Similar finding was obtained in Britt et al. 

(2015). They suggested that behavior-related self-efficacy is a crucial factor in the 

decision-making process from eHealth literacy toward health behavioral intention. 

Previous HL studies also mentioned that self-efficacy explained a substantial part of 

the association between HL and health behavior (Osborn et al., 2011; Geboers et al., 

2014). However, a moderate negative relationship between self-perceived HL and PA 

self-efficacy was shown in the current study. This counterintuitive result did not share 

the same opinion with many other scholars (Wolf et al., 2007; Ussher et al., 2010; 

Osborn et al., 2011; Geboers et al., 2014), but the participants of those studies were 

either elderly or patients. Research among healthy Latinas (Dominick et al., 2013) had 

the same result as the current study. They found that participants with higher HL scores 

were more likely to have lower PA self-efficacy. Probably, this is because participants 

with better self-perceived HL had a more realistic perception on their PA self-efficacy. 

The current research also found that the relationship between HL actual performance 

and PA self-efficacy was insignificant. Coincidentally, research among patients in heart 

failure clinic (Chen et al., 2014) demonstrated that health literacy and heart failure 

knowledge was not related to self-efficacy for heart failure self-care, indicated the weak 

association between solid knowledge and behavioral self-efficacy. Additionally, the 

participants of current research were college students, a population who are more likely 

to perceive having complete ability to achieve physical tasks (Rhodes & Courneya, 

2010), thus the non-significant correlation between HL actual performance and PA self-
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efficacy could be explained.  

 

As for the social support, its mediating effect on the relationship of EHL and PA 

intention was confirmed in this research. The result was in line with other studies (Lee, 

Gazmararian & Arozullah, 2006; Yang et al., 2019; Lee & Oh, 2020). Whereas, the 

association between self-perceived HL and social support was rejected. According to 

Nutbeam (2000)’s definition, health literacy could be divided into three domains: 

functional (skills of reading, writing and understanding health information), interactive 

(skills of extracting health information from communication) and critical (skills of 

evaluating health information and making health decision). The possible reason for the 

insignificant relationship between self-perceived HL and social support was that the 

items for measuring self-perceived HL in the current research were focused on one’s 

ability of understanding and applying clinic information (functional HL), but were not 

referred to interactive capabilities connected with social support. Research from Guo et 

al. (2013) also showed that functional HL was not associated with social support. 

Moreover, a slight negative relationship was found between HL actual performance and 

social support in the current research. The result replicated the findings of Lee et al. 

(2006) and Lora et al. (2011). Those articles indicated that individuals with low health 

literacy were more likely to receive social support, especially informational and 

emotional ones. Therefore, the current author suggested when promoting PA supporting 

environment in the universities, social support could be provided so as to buffer the 

effect of lower HL, and increase the PA intention among college students. 

 

A bootstrap method was used to provide additional support for the mediating effect of 

variables in the proposed model. Self-efficacy was found to have positive mediating 

effect on the relationship of self-perceived EHL and PA, likewise there was a negative 

mediating effect on the relationship of self-perceived HL and PA. Social support could 

positively played a mediating role in the relationship of self-perceived EHL and PA, 

while it had no effect on other associations. Neither self-efficacy nor social support had 
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an effect on the relationship of HL actual performance. Overall, the examination of 

indirect effects in the current study provided an understanding for the relationships 

among EHL, HL and PA. The findings specifically highlighted that self-efficacy and 

social support played different roles in relationship of HL-to-PA and EHL-to-PA, which 

suggested a new underlying mechanism for constructing EHL and HL interventions in 

future studies. 

 

Limitations and future directions 

The current study has several limitations. Firstly, the generalizability of research 

findings might be hindered by the sampling method. As a result, a stratified sampling 

approach is desirable in future. Secondly, the results are only based on the responses 

among Chinese college students, therefore its application in other groups or areas is 

needed to be examined. Particularly, the culture specific such as different interpretations 

of physical activity to China was not considered in the current study, therefore the 

results might not be applicable to Hong Kong or other Chinese-speaking regions. 

Thirdly, even though a purposive sample was sought, it is possible that those who 

responded were more interested in e-health than non-respondents, and this may have 

biased the result as well as the level of EHL. Fourthly, self-report questionnaires were 

applied, which may result in unreliability and inaccuracy because of the inherent 

drawbacks of self-reporting (i.e., recall bias, over- or under-reporting, and social 

desirability). Fifth, it was valuable that the findings five new insights into the 

antecedents of behavior intention (> 60%), yet the whole model only explained 4% of 

PA, hinting that more components and covariates need to be identified in the future. 

Sixth, a rapid screening tool for self-perceived HL (the three-item health literacy 

screening questionnaire) was used in the current study, so that the number of items in 

the whole questionnaire could be restricted in a reasonable amount. But this tool did 

not cover HL in the area of health promotion and PA, which may have biased the result. 

More specific comparation between EHL and HL should be conducted with both EHL 

and HL tools covering the health promotion area. Last but not least, the current research 
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proposed the model on the basis of SCT and TPB, while there may be some potential 

mediators for the HL, EHL and PA relationships not inclusive in these two theories. 

Factors beyond internet usage may also predict EHL which had not yet considered in 

the current research. Additionally, the current model did not consider the attitude 

component of TPB. Future research in this area is warranted.  

 

Conclusion 

An integrated social-cognitive model based on the social cognitive theory (SCT) and 

the theory of planned behavior (TPB) was proposed and tested in the current study to 

explore the relationships among eHealth literacy, health literacy and physical activity. 

Health literacy and eHealth literacy were destructed into two dimensions, the personal 

interpretation (self-perception) and the actual performance. Those two dimensions were 

found to be independent from each other. The current study suggested that those two 

dimensions should be measured simultaneously in future HL/EHL-targeted research for 

better representative individuals’ eHealth literacy or health literacy level. The model 

testing results provided insight in the explanation of the underlying mechanism for 

eHealth literacy or health literacy impacting physical activity. Among the model, self-

efficacy was found to have positive mediating effect on the path of EHL-to-Intention 

while it has a negative mediating effect on HL-to-Intention. Social support was the 

mediator in the path of EHL-to-Intention, but it had insignificant effect on other 

relationships. The effect of self-efficacy and social support on EHL and HL were both 

on the personal interpretation dimension. Intention explained by the proposed model 

was found to be a predictor on physical activity, supported that the proposed model was 

stable over time. Ideally, interventional study using a randomized controlled trial design 

is needed to further investigate the applicability of the tested model in the current 

research. 
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CHAPTER Ⅴ: GENERAL DISCUSSION 

 

Named as eHealth literacy, the knowledge and skills of dealing with eHealth 

information has to be updated with the dramatic development of information technology. 

Yet, there is insufficient understanding on nowadays eHealth usage or eHealth literacy. 

In order to have insights into the current eHealth literacy, three studies were conducted 

to address three questions: what is eHealth literacy? How to measure it? How does it 

work on promoting health behavior, specifically, physical activity? The first study 

provided an overview on nowadays eHealth usage among Chinese college student via 

a qualitative approach. Subsequently, an item pool for measuring eHealth literacy was 

generated from the results of the first study together with previous well-established 

eHealth literacy instruments and well-established health or computer literacy scales. On 

the basis of the item pool, the second study developed and initially validated a new 

instrument via an exploratory factor analysis (EFA) and a confirmatory factor analysis 

(CFA). The instrument was found to be a valid and reliable tool as well as having 

measurement invariance across gender, major and region. Using the newly developed 

measurement, the third study explored the relationships among eHealth literacy, health 

literacy and physical activity by testing an integrated social-cognitive model based on 

the social cognitive theory (SCT) and the theory of planned behavior (TPB). The model 

testing results provided deeper understanding to the constructure of eHealth literacy 

and health literacy, and offered insight to the explanation of the underlying mechanism 

for eHealth literacy or health literacy impacting physical activity. In the chapter of 

general discussion, main findings from each study were summarized and the limitations 

and strengths of this doctoral project were also stated. In addition, the practical 

implications of these studies were further elaborated. Last but not least, a conclusion 

was formed at the end of this chapter. 
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Summary 

The current research included three studies. Study 1 aimed to investigate how Chinese 

college students engaged with eHealth tools, and what should be included in the 

nowadays eHealth literacy. Eighteen Chinese college students were deliberately 

selected for in-depth interviews. Interviewees included three males and three females 

of each sex from sports (SP), medical (MD), and non-health-related (NH) majors. Three 

themes and nine sub-themes were generated from the results. Every sub-theme 

respectively represented an aspect of eHealth usage of students from each major. The 

themes and subthemes included 1) Expectance: Stopgap (NH) – providing a general 

solution for urgent or temporary health need; Monitor (SP) – tracking and self-

managing health behaviors; and Database (MD) – searching and obtaining health 

information. 2) Usage pattern: Personal (NH) – targeting on specific problem-solving 

and doing eHealth communication with acquaintance only; Practical (SP) – being active 

tryer, social player and warm-hearted sharer; and Theoretical (MD) – being skilled in 

obtaining in-depth health information, being good filterer, careful evaluator and 

rigorous truth-seeker. 3) Perception: Fear (NH) – feeling upset on being misled, being 

criticized and personal data being leaked; Curious (SP) – caring about feasibility, trying 

before trusting, and being confident in risk control; and Scepticism (MD) – being 

mindful in self-protection, cautious in sharing and felling obligated to be responsible 

for what they said online. The results profiled students’ eHealth usage into three major-

based groups. By compiling those themes, the whole picture of eHealth usage and 

eHealth literacy of Chinese college students was subsequently emerged. A conceptual 

framework for eHealth literacy was derived, which represented a first look at web 3.0 

related eHealth behaviors. It was found that, other than dealing with the existing 

eHealth information, individuals nowadays could also create their own health data, use 

the information to communicate, respond (i.e., giving suggestions and advices, 

response to help-seeking), socialize with others, share and post (i.e., forward helpful 

information, post own health/fitness data). Thus, in addition to the Web 1.0 related 

eHealth literacy (abilities of web-based literature reviewing and information obtaining), 
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new competencies such as the ability of online socializing and posting (Web 2.0 related 

eHealth literacy), self-tracking, self-health-managing and personal information 

protection (Web 3.0 related eHealth literacy) were also required. Moreover, the findings 

of the Study 1 could be explained by behavior change theories of Health Belief Model 

and the Theory of Planned Behavior. 

 

Study 2 involved the development and validation of a new instrument for nowadays 

eHealth literacy, in which the instrument was named as eHLS-Web3.0. Meaningful tags 

generated from results of Study 1 together with feasible items from well-established 

eHealth literacy and health literacy instruments formed an item pool which was 

subsequently sent to eight experts for content validation. 24 items (4~10 items per 

subscale) were generated and adjusted after cognitive testing and content validity 

examination. Through the exploratory factor analysis conducted among 393 college 

students, a three factorial scale was finally developed, consisting of Acquisition (8 

items), Verification (6 items), and Application (10 items). Confirmatory factor analysis 

was subsequently conducted on data from 741 participants. The results supported the 

three-dimensional model structured previously. Initial validation also provided 

evidence for eHLS-Web3.0 on construct validity, convergent validity, concurrent 

validity, discriminant validity, internal consistency reliability and test-retest reliability 

in Chinese college students. Measurement invariance of the eHLS-Web3.0 was also 

confirmed across gender, major and region. This initial validity testing indicated that 

the eHLS-Web3.0 was likely to be valuable for the characterization and understanding 

of eHealth literacy of current usage behavior on eHealth of college students. 

 

eHealth literacy is an extension of the concept health literacy (Norman & Skinner, 

2006). Although the roles that health literacy and eHealth literacy played in people’s 

daily health-care were different (Manganello et al., 2016), limited researches focused 

on the relationship between eHealth literacy and Health literacy. Meanwhile, increasing 

literature focused on the association between health literacy and various health-
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promoting behaviors including physical activity (Kim et al., 2004; Rosal et al., 2005; 

Pálsdóttir, 2008; Cavanaugh et al., 2009; Berkman et al., 2011; Chinn, 2011; Eriksson-

Backa et al., 2012; Hirvonen et al., 2015; Lam & Leung, 2016), but insufficient 

knowledge existed on the relationship of eHealth literacy and physical activity. 

Therefore, Study 3 explored the relationships among eHealth literacy, health literacy 

and physical activity. An integrated social-cognitive model based on the social 

cognitive theory (SCT) and the theory of planned behavior (TPB) was proposed and a 

prospective path analysis was performed among 280 college students. Health literacy 

and eHealth literacy were destructed into two dimensions: the personal interpretation 

(self-perception) and the actual performance. Those two dimensions were found to be 

independent from each other. The current study suggested that those two dimensions 

should be measured simultaneously in further HL/EHL-targeted research for better 

representative individuals’ eHealth literacy or health literacy level. Results also 

provided insight to the explanation of the underlying mechanism for eHealth literacy or 

health literacy impacting physical activity. Among the model, intention explained by 

the proposed model was found to be successfully predict physical activity. Self-efficacy 

was found to positively mediating the path of EHL-to-Intention while negatively 

mediating HL-to-Intention. Social support was the mediator in the path of EHL-to-

Intention, but have nonsignificant effect on any other relationships. The effect of self-

efficacy and social support on EHL and HL were both on the personal interpretation 

dimension.  

 

This is the first study to empirically examine the effect of eHealth literacy in a TPB/SCT 

process model. The findings specifically highlighted that self-efficacy and social 

support played different roles in relationship of HL-to-PA and EHL-to-PA, suggested a 

new underlying mechanism for constructing EHL and HL interventions in future studies. 
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Limitations, strengths and future directions 

The current project has several limitations. Firstly, the generalizability of research 

findings might be hindered by the sampling method. As a result, a stratified sampling 

approach is desirable in future. Secondly, the results are only based on the responses 

among Chinese college students, therefore its application in other groups or areas is 

needed to be examined. Particularly, the culture specific such as different interpretations 

of physical activity to China was not considered, thus the current findings might not be 

applicable to Hong Kong or other Chinese-speaking regions. Thirdly, the numbers of 

gender on Study 2 for expert and text reviewers were not equal. Fourthly, self-report 

questionnaires were applied, which may result in unreliability and inaccuracy because 

of the inherent drawbacks of self-reporting (i.e., recall bias, over- or under-reporting, 

and social desirability). Future studies with potential confounders controlled or 

objective measurements (especially for physical activity) are recommended. Fifthly, the 

non-health-related major participants were over-represented in the sample, which 

reflected the certain realities, but may also lead to some bias. The ratio of students with 

different year of study were also unbalanced. Consequently, further invariance tests 

across major and grade are required with the sample size in different group should be 

acceptably equalized. Sixthly, a rapid screening tool was used for the latent variable 

self-perceived HL to restrict the number of items, which may have not fully represented 

the self-perceived HL and may have biased the result. Seventhly, the current research 

proposed the model based on SCT and TPB, while there may be some other impact 

factors for the literates-to-PA relationship beyond of these two theories which have not 

been taken into consideration in this study. Factors beyond internet usage may also 

predict EHL yet they have not considered in the current research. Additionally, the 

current model did not consider the attitude component of TPB. Future research in this 

area is warranted. Last but not least, use of technology is ever changing with the 

technology development, thus the validity of the findings may be sensitive to the 

technological change. It is believed that further research should be conducted if the 

changing IT environment required, so that practitioners and users would be able to keep 
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abreast of the times. 

 

Beyond those methodological limitations, future research is also needed to substantiate 

the current findings. For instance, the qualitative study compared the eHealth usage of 

students in different majors, but it was unclear that what kind of eHealth usage is a more 

effective pattern for promoting and maintaining health. Further study is needed to come 

up with the answer. Since the newly developed scale eHLS-Web3.0 has provided both 

Chinese and English versions, comparative studies of eHealth literacy in eastern and 

western population are needed. In addition, based on the model raised in the current 

project, intervention study using a randomized controlled trial design is essential to 

further investigate the applicability of the tested model in the current research. 

 

Despite the limitations mentioned previously, the current study has recruited 

participants from different Chinese cities and different majors to avoid the influence of 

health disparity if possible and improve the sample’s representation. An understanding 

of eHealth usage was achieved in the context of Web 3.0 and Chinese culture and a 

comprehensive conceptual framework for eHealth literacy was derived. Subsequently, 

a measurement was developed and validated to measure the level of EHL among 

Chinese college students, by doing which, the current study filled a gap in the literature 

since there was no specific measure of eHealth literacy under the web 3.0 IT 

environment. In addition, the relationships among eHealth literacy, health literacy and 

physical activity were explored in the current study. A model based on the theory of 

planned behavior was proposed. It provided insight to the explanation of the underlying 

mechanism for eHealth literacy or health literacy impacting physical activity. This is 

the first study to empirically examine the effect of eHealth literacy in an integrated 

social-cognitive model based on the social cognitive theory (SCT) and the theory of 

planned behavior (TPB) from a non-western cultural background. Moreover, the current 

study specifically highlighted that self-efficacy and social support play different roles 

in relationship of HL-to-PA and EHL-to-PA, suggested that different EHL and HL 



 

152 
 

interventions could be conducted in future studies. 

 

Practical implication 

The current project provided an understanding on nowadays eHealth usage and eHealth 

literacy, established a measurement based on this understanding, and offered the 

empirical evidence that eHealth literacy can be beneficial in the promotion of health 

behaviors.  

 

With regard to Study 1, the finding that students from different majors used eHealth in 

different ways may provide new and valuable information for researchers and educators 

to construct eHealth literacy training in the future. In addition, the online eHealth 

interactivity nowadays has not been well explored yet. This study may shed light on 

this area and provide more in-depth and comprehensive information for further eHealth 

communication and behavior research. In the long term, the findings may also be 

beneficial for eHealth services provider to develop the existing eHealth tools, and for 

practitioners who are planning to develop strategies to promote eHealth in China.  

 

As for the Study 2, the newly developed eHealth literacy scale with acceptable 

reliability and validity may contribute to eHealth-related practical area, such as 

evaluating the efficacy of eHealth literacy intervention. This instrument also allows 

scholars to design and test eHealth interventions with the consideration of newly 

updated IT environment which makes the intervention more closed to reality.  

 

In reference to Study 3, a model integrate two classical social-cognitive theories (SCT 

and TPB) was proposed and tested. A psychological mechanism of eHealth literacy 

impacting physical activity were confirmed. Mediating roles of self-efficacy and social 

support between eHealth literacy and intention for physical activity were identified and 

supported in a young Chinese population. Specifically, the path between intention and 



 

153 
 

physical activity, and the relationship between eHealth literacy and the two social-

cognitive mediators were verified. By combining SCT and TPB, the current research 

contributed to the development of theories to explain eHealth literacy’s effect and 

function on promoting physical activity, and provides additional supporting evidence 

for previous theoretical assumptions (SCT & TPB) about health behavior change, 

particularly among a Chinese college population. Additionally, the confirmed model 

has offered new insight for the way how eHealth/health literacy can affect individual’s 

physical activity. Based on the findings of the current thesis, related PA promotion 

interventions based on eHealth literacy could be designed to further provide verification 

for these paths with empirical evidence. The effect of eHealth literacy on other health 

behavior could be explored based on the current model as well. Since eHealth literacy 

cannot predict physical activity as hypothesized, potential variables in the intention-

behavior relation could be explored on the basis of the current research, to expand and 

explain the current model in the future. By doing so, findings of the current research 

could provide new ideas for constructing future interventions targeting health behavior 

promotion and help tailor eHealth interventions toward Chinese college student. 

Moreover, this study has highlighted different roles of self-efficacy and social support 

play in the relationships of HL-to-PA and EHL-to-PA, which not only can suggest a 

novel approach for framing physical activity or eHealth literacy-based intervention, but 

may also be beneficial for developing strategies or policy to promote health behavior 

in China. Furthermore, to the best of our knowledge, this thesis is the first one to 

compare eHealth literacy and health literacy in an empirical way in a Chinese context. 

According to the findings, this thesis provided a content deconstruction of eHealth 

literacy and health literacy, suggested a mix-method measurement combined the self-

perception and actual performance for evaluating those two variables, and provided 

new information for constructing eHealth/health literacy training as well. The 

investment of internet-related factors affecting eHealth literacy may also contribute to 

the design of eHealth literacy-based training and interventions.  
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Conclusion 

 

With the digitization of health care and the wide availability of health applications, a 

more diverse range of eHealth skills is required for college students to properly use 

such health facilities. Those skills are named as eHealth literacy. With results 

categorized with a qualitative approach, the current study profiled the nowadays 

eHealth usage by three themes: the expectation, the usage pattern and the perception. 

Based on first study, a conceptual framework of eHealth literacy incorporating the IT 

environment was derived. In Study 2, using these findings together with previous well-

established eHealth and health literacy instruments as the theoretical background, a 24-

item new instrument for measuring eHealth literacy was developed and initially 

validated, consisting of dimensions as Acquisition, Verification and Application. 

Named as eHLS-Web 3.0, this tool was found to be a reliable and valid measurement 

among Chinese college student with measurement invariance across gender, major and 

region. In Study 3, equipped with this newly developed instrument, relationships among 

eHealth literacy, health literacy and physical activity were explored. The distinctions 

and associations between eHealth literacy and health literacy were empirically 

investigated. An integrated social-cognitive model based on the social cognitive theory 

(SCT) and the theory of planned behavior (TPB) was proposed and tested, providing 

insight to the explanation of the underlying mechanism for eHealth literacy or health 

literacy impacting physical activity, and specially highlighted that self-efficacy and 

social support played different roles in relationships from health literacy to physical 

activity and from eHealth literacy to physical activity. This thesis contributed insight 

into eHealth literacy among Chinese college students, provided new information on 

eHealth literacy’s content and measurement, which can shed light on the theoretical and 

empirical studies targeting on eHealth literacy or health behavior promotion. 
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Appendix 1 Informed consent form for interview in Study One (English version) 

 

Hong Kong Baptist University 

INFORMED CONSENT STATEMENT  

(For the interviewees of college students) 

 

[eHealth literacy and physical activity in Chinese college students:  

Scale development and model testing] 

 

INFORMATION 

 

You are invited to participate in a research study. The purpose of this study is to 

examining the relationship between eHealth literacy and physical activity in Chinese 

college students.  

eHealth literacy refers to a mixture of capabilities that enable individuals to obtain deal 

with health information via e-approach, and apply it to solve health problem. This 

interview would investigate your related experience and feeling. It would last for about 

30 minutes. If you have any questions during the interview, please do not hesitate to let 

us know at any moment. 

 

CONFIDENTIALITY 

 

The interview would be recorded. All the personal information you provided will be 

kept strictly confidential. The data of interview is for academic research purposes only. 

The identifiers will be destroyed within 3 years upon completion of our research study. 

 

RISKS AND COMPENSATION 
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Five Yuan would be provided via WeChat transfer as a reward for your participation. 

There is no any potential risk or discomforts related to the intervention conduction.  

 

CONTACT  

 

If you have questions at any time about the study or the procedures, you may contact 

the researcher, Miss LIU Huaxuan at 852-66107747 or xuan0402@life.hkbu.edu.hk or 

WeChat ID liuhuaxuan0402. If you feel you have not been treated according to the 

descriptions in this form, or your rights as a participant in research have been violated 

during the course of this project, you may contact the Committee on the Use of Human 

and Animal Subjects in Teaching and Research by email at hasc@hkbu.edu.hk or by 

mail to Graduate School, Hong Kong Baptist University, Kowloon Tong, Hong Kong. 

 

PARTICIPATION 

 

Your participation in this study is voluntary; you may decline to participate without 

penalty. If you decide to participate, you may withdraw from the study at any time 

without penalty and without loss of benefits to which you are otherwise entitled. If you 

withdraw from the study before data collection is completed your data will be returned 

to you or destroyed. 

 

CONSENT  

 

I have read and understand the above information. I have received a copy of this form. 

I agree to participate in this study. 

 

Signature of the Subject ___________________ Date ____________________ 

Signature of the Investigator ___________________ Date __________________ 

mailto:xuan0402@life.hkbu.edu.hk
mailto:hasc@hkbu.edu.hk
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Appendix 2 Informed consent form for interview in Study One (Chinese version) 

 

香港浸会大学 

知情同意书 

(大学生受访人) 

【中国大学生健康素养与身体活动研究：问卷发展与模型检验】 

 

背景资料 

您受邀参加这项研究。本研究旨在了解中国大学生的电子健康素养水平与身体活

动之间的关系。 

电子健康素养通常指的是人们通过网络获取健康信息，同时应用这些信息解决健

康问题的综合性能力。此次访谈主要是想了解一下您与此相关的经历和感受。 

访谈大约会持续 30 分钟左右，在过程中您有任何不理解的地方，欢迎随时向我

们提出。 

 

隐私保障 

我们的访谈会进行录音，但所有的个人信息都不会外传。访谈内容仅供学术研究

使用，并将会在三年以内销毁。 

 

研究效益与风险评估 

访谈结束后，您将获得 5 元的微信红包作为酬谢。 

本研究不会给参与者带来任何风险和不安。 

 

联络资料 

如果您对此次调查有任何疑问，请联系研究人员刘华煊。其邮箱为

xuan0402@life.hkbu.edu.hk, 电话为+852 66107747，微信为 liuhuaxuan0402。如果
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您觉得您的权益或隐私受到任何侵犯，欢迎您与香港浸会大学研究伦理委员会进

行联系（邮箱为 hkbu_rec@hkbu.edu.hk），或联络香港浸会大学研究生院。 

 

参与条款 

您应出于自愿参与此次研究，并有权拒绝参加而不受任何处罚。参与研究后，您

有权在任何时候退出研究而不受任何惩罚，所享有的权益也不会受到损害。若您

在数据收集完成前退出研究，您的数据将被退还或销毁。 

 

同意声明 

我已阅读并知悉以上信息。我同意参与此次访谈。 

 

 

受访人签名________________  时间___________________ 

 

研究人员签名______________  时间____________________
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Appendix 3 The final items of eHealth Literacy Scale in Web 3.0 context (eHLS-

Web3.0) (English version) 

 
Items 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
agree 

1. I know which kind of eHealth tool I 
should choose to fit my health needs 
(i.e., checking drug description, 
seeking health advice or making 
weight loss plan). 

1 2 3 4 5 

2. I can judge whether the eHealth tool 
is credible or not. 

1 2 3 4 5 

3. I will obtain the health information 
(i.e., information about medical, 
sport or daily care) online 

1 2 3 4 5 

4. I know where to find useful health 
resources on the Internet. 

1 2 3 4 5 

5. When communicating with others 
online, I can articulate my health-
related concerns clearly. 

1 2 3 4 5 

6. When replying to others’ health-
related help-seeking online, I can 
provide responsible response (which 
means my answer can neither 
mislead others, nor compromise my 
own information security). 

1 2 3 4 5 

7. I can judge whether the health 
information online has a commercial 
interest (i.e., the person providing 
the information is for the sale of a 
product). 

1 2 3 4 5 

8. When using the eHealth tools, I will 
protect the originality of the 
information (i.e., never plagiarize 
others’ original content, report an 
offence to those infringing ones). 

1 2 3 4 5 

9. When searching the health 
information online, I will check the 

1 2 3 4 5 
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credentials and affiliations of author. 
10. When searching the health 

information online, I will check who 
owns the website. 

1 2 3 4 5 

11. When searching the health 
information online, I will check the 
date of its last update. 

1 2 3 4 5 

12. When searching the health 
information online, I will check 
whether other print or web resources 
had confirmed this information. 

1 2 3 4 5 

13. I know how to verify the eHealth 
information from multiple sources. 

1 2 3 4 5 

14. Even if the health information I 
obtained is from someone I trust, I 
will still check it online. 

1 2 3 4 5 

15. I know how to use the eHealth tools 
to record my health behaviors. 

1 2 3 4 5 

16. I know how to make use of the 
records on the eHealth tools to 
provide reference for my daily 
health management. 

1 2 3 4 5 

17. I know how to use the eHealth tools 
to track my health behaviors (i.e., 
acquainting my exercise frequency 
or the change curve of body fat rate). 

1 2 3 4 5 

18. If need, I can continuously use a 
certain eHealth tool (i.e., APP, 
intelligent body fat scale, fitness 
bracelet) for a long time. 

1 2 3 4 5 

19. If need, I can use the eHealth tools 
with a clear plan. 

1 2 3 4 5 

20. I can adjust my frequency, strength 
and usage pattern timely when using 
the eHealth tool according to the 
actual condition. 

1 2 3 4 5 

21. I know how to use the eHealth tools 
to post and share my eHealth 
behaviors (i.e., post my motion trails 
on health Apps or Moments on 
WeChat).  

1 2 3 4 5 

22. I know how to use the sports 
functions on social network services 
(such as WeRun on WeChat) to 

1 2 3 4 5 
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interact with others (e.g., thumb up, 
forward, etc.). 

23. I will target the advanced players I 
follow on the eHealth tools, learn 
from them and catch up with them. 

1 2 3 4 5 

24. I will try out some health-related 
suggestions online and control the 
risks (i.e., get injured or mistake 
medicine). 

1 2 3 4 5 
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Appendix 4 The final items of eHealth Literacy Scale in Web 3.0 context (eHLS-

Web3.0) (Chinese version) 

 
量表条目 

非常不
同意 

不同意 一般 同意 
非常同
意 

1. 我知道应该选择哪种网络健康工
具满足我的健康需求（如查阅药
物说明、进行健康咨询、制定减
肥计划等不同方面的健康需
求）。 

1 2 3 4 5 

2. 我能够判断网络健康工具是否可
信。 

1 2 3 4 5 

3. 我会去通过网络获取健康信息
（如：医疗信息，运动保健信息
等）。 

1 2 3 4 5 

4. 我知道网上哪里可以找到有帮助
的健康资源。 

1 2 3 4 5 

5. 在网上与他人交流时，我能够十
分清晰地表达与健康相关的担
忧。 

1 2 3 4 5 

6. 回答网络平台上的健康求助时，
我能够给出负责任的回答 (即，我
的回答不会误导他人，也不会伤
害自己的信息安全)。 

1 2 3 4 5 

7. 我能够判断网上的信息是否带有
商业利益（如：提供该信息的人
是为了销售某一产品）。 

1 2 3 4 5 

8. 使用网络健康工具时，我会去维
护信息的原创性（如：不盗用他
人发布的原创内容，对剽窃行为
进行举报等）。 

1 2 3 4 5 

9. 使用网络查询健康信息时，我会
去查看作者的资历证书与所属机
构。 

1 2 3 4 5 

10. 使用网络查询健康信息时，我会
去查看网页的拥有者。 

1 2 3 4 5 

11. 使用网络查询健康信息时，我会
去查看网站最近一次的更新日

1 2 3 4 5 
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期。 
12. 使用网络查询健康信息时，我会

去查看是否有其他出版物或网络
资源确认过此信息。 

1 2 3 4 5 

13. 我知道如何从多个渠道查看网络
健康信息。 

1 2 3 4 5 

14. 即使是信任的人告诉我的健康信
息，我也会上网去查阅它。 

1 2 3 4 5 

15. 我知道如何使用网络健康工具对
我的健康行为进行记录。 

1 2 3 4 5 

16. 我知道如何利用网络健康工具上
的记录为我的日常健康管理提供
参考。 

1 2 3 4 5 

17. 我知道如何利用网络健康工具对
我的健康行为进行追踪（如：从
以往的使用记录中了解自身运动
频率、体脂率等身体指标的变化
曲线）。 

1 2 3 4 5 

18. 若有需要，我能够坚持使用某一
网络健康工具（如APP，体脂秤或
手环等）。 

1 2 3 4 5 

19. 若有需要，我能够有计划地使用
网络健康工具。 

1 2 3 4 5 

20. 使用网络健康工具的过程中，我
能够根据实际情况调整自己的使
用频率、强度与方式。 

1 2 3 4 5 

21. 我知道如何在网络健康工具上发
布和分享自己的健康行为（如：
将运动轨迹分享到健康APP或朋友
圈）。 

1 2 3 4 5 

22. 我知道如何使用社交软件上的运
动功能（如微信运动）与他人进
行互动（如点赞、助力等）。 

1 2 3 4 5 

23. 我会将我在网络健康工具上所关
注的人作为目标，去效仿和赶超
他（她）。 

1 2 3 4 5 

24. 我会去尝试网上与健康有关的提
议，并控制其中的风险（如:受伤
或错服药物）。 

1 2 3 4 5 
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Appendix 5 Result of factor loading for construct validity test of eHLS-Web 3.0 

 
Items Factor loadings Item-total correlation 
Factor 1 
Item 15 0.871 0.848 
Item 16 0.863 0.842 
Item 17 0.897 0.858 
Item 18 0.858 0.787 
Item 19 0.877 0.825 
Item 20 0.885 0.840 
Item 21 0.784 0.744 
Item 22 0.785 0.757 
Item 23 0.679 0.676 
Item 24 0.773 0.771 
Factor 2 
Item 05 0.789 0.826 
Item 06 0.881 0.778 
Item 07 0.864 0.747 
Item 08 0.868 0.768 
Item 09 0.873 0.757 
Item 10 0.742 0.752 
Factor 3 
Item 01 0.784 0.769 
Item 02 0.820 0.793 
Item 03 0.792 0.751 
Item 04 0.837 0.811 
Item 11 0.804 0.774 
Item 12 0.841 0.822 
Item 13 0.810 0.790 
Item 14 0.769 0.751 
   
F1 with F2 0.822 - 
F1 with F3 0.922 - 
F2 with F3 0.889 - 
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Appendix 6 Result of factor loading for discriminant validity test of eHLS-Web 

3.0 

 
Items Factor loadings Item-total correlation 
Factor 1 – eHLS-Web3.0 
Item 01 0.778 0.767 
Item 02 0.800 0.785 
Item 03 0.757 0.741 
Item 04 0.816 0.804 
Item 05 0.832 0.815 
Item 06 0.774 0.773 
Item 07 0.742 0.753 
Item 08 0.763 0.771 
Item 09 0.749 0.759 
Item 10 0.756 0.753 
Item 11 0.780 0.757 
Item 12 0.830 0.815 
Item 13 0.797 0.778 
Item 14 0.768 0.736 
Item 15 0.869 0.835 
Item 16 0.862 0.827 
Item 17 0.877 0.846 
Item 18 0.810 0.776 
Item 19 0.847 0.811 
Item 20 0.861 0.826 
Item 21 0.762 0.730 
Item 22 0.770 0.743 
Item 23 0.686 0.697 
Item 24 0.778 0.767 
Factor 2 – HL Screening Questionnaire 
Item 25 0.901 0.488 
Item 26 0.897 0.450 
Item 27 0.905 0.472 
   
F1 with F2 0.435 - 
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Appendix 7 Literature searching strategies used in Study 3  

 

Relationship between eHealth literacy and physical activity 

Relevant literature were reviewed for exploring the relationship between EHL and PA 

by using the keywords as (“eHealth literacy” or “electronic health literacy” or “e-health 

literacy”) and (“physical activity” or “physical exercise” or “exercise”) and searching 

through the available database including PubMed, IEEE, PsycINFO and ACM Digital 

Libraries & Scopus. Within the searching period ranged from January 2008 to 

December 2018, only four cross-sectional studies explored the relationship between 

EHL and health behavior (including physical exercise) (Hsu, Chiang & Yang, 2014; 

Vâjâean & Baban, 2015; Xesfingi & Vozikis, 2016; Mitsutake et al., 2016). 

 

 

Relationship between eHealth literacy and physical activity 

Relevant literature were reviewed for exploring the relationship between HL and PA by 

using the keywords as (“Health literacy”) and (“physical activity” or “physical exercise” 

or “exercise”) and searching through the available database including PubMed, IEEE, 

PsycINFO and ACM Digital Libraries & Scopus. Within the searching period ranged 

from January 2008 to December 2018, some studies found a relationship existed 

between HL and PA (Kim et al., 2004; Rosal et al., 2005; Pálsdóttir, 2008; Cavanaugh 

et al., 2009; Berkman et al., 2011; Chinn, 2011; Eriksson-Backa et al., 2012; Hirvonen 

et al., 2015; Lam & Leung, 2016), while others did not affirm such a relationship 

(Berkman et al., 2011; Rosal et al., 2011; Gregory et al., 2013; Dominick et al., 2013). 

 

 

Relationship between eHealth literacy and health literacy 

Relevant literature were reviewed for exploring the relationship between EHL and HL 
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by using the keywords as (“eHealth literacy” or “electronic health literacy” or “e-health 

literacy”) and (“Health literacy”) and searching through the available database 

including PubMed, IEEE, PsycINFO and ACM Digital Libraries & Scopus. Within the 

searching period ranged from January 2008 to December 2018, only three empirical 

studies were found to examine the association between EHL and HL (Quinn et al., 2016; 

Duplaga et al., 2017; Richtering et al., 2017).
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Appendix 8 Questionnaire package used in Study 3 (English version) 

 
Questionnaire for eHealth literacy and physical activity among Chinese college 

students 
 

 

Dear Participants: 
 
Hello! 
 
Thank you for filling in this questionnaire. eHealth literacy refers to a mixture of capabilities for 
individuals to deal with health information via e-approach. The purpose of our investigation is to 
understand how you use the internet to obtain health information in your daily life. Some 
influential factors related to your physical activity would also be surveyed. 
 
The following questionnaire consist of five parts: (1) Sociodemographic information; (2) Usage of 
internet; (3) eHealth literacy; (4) Health literacy and health knowledge; (5) Physical activity and 
social-cognitive determinants. 
 
Please read items carefully before answering, and answer truthfully according to your experience 
and understanding. Your personal information and data will be used only for study purpose. Thank 
you again for your valuable time and patience! 
 
 

 

 

Part Ⅰ. Sociodemographic information 
 

1. Personal information: 
Name: _______________ 
University: _____________ 
Major: _________________ 
Age: ___________________ 
 

2. Please indicate your gender：  
 Male     
 Female 

 
3. What grade are you studying in?  

 Year 1 
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 Year 2 
 Year 3 
 Year 4 

 

4. Your body height is ___________cm; Your body weight is _____________kg. 

 

5. Please indicate your marital status: 
 Single 
 Have a close boyfriend or girlfriend, but not yet live together  
 Have a close boyfriend or girlfriend, and live together 
 Married 

 

 

PartⅡ. Usage of internet 
 

1. During the last 7 days, on how many days did you access to internet via mobile 
phone or computer? 
___________days. 

 
2. How much time did you usually spend accessing to internet on one of those days? 

________Hours _________minutes/ per day 
 

 

 

Please indicate to what extent you agree 
with the following description? 

Highly 
disagree 

Disagree Neutral Agree Highly 
agree 

1. I like to obtain health information via 
search engines (e.g., Baidu, 360, etc.) 

1 2 3 4 5 

2. I like to obtain health information via 
social network services (e.g., Weibo, 
Zhihu, Xiaohongshu) or professional 
medical/fitness forums. 

1 2 3 4 5 

3. I like to obtain health information via 
health Apps (including medical Apps, 
fitness Apps and daily-care recording 
Apps). 

1 2 3 4 5 

 

 

Part Ⅲ. eHealth Literacy 
 

Items in this part aim at understanding how you use the internet to obtain health 
information in your daily life. 
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The eHealth tool here refers to all kinds of internet tools related with health, including 
but not limited to: health websites, health forums, WeChat (a popular instant 
messenger), Weibo (Chinese twitter), health Apps, and smart health devices such as 
intelligent wristbands). 
 

Please indicate to what extent you agree 
with the following description? 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
agree 

1. I know which kind of eHealth tool I 
should choose to fit my health needs 
(i.e., checking drug description, 
seeking health advice or making 
weight loss plan). 

1 2 3 4 5 

2. I can judge whether the eHealth tool 
is credible or not. 

1 2 3 4 5 

3. I will obtain the health information 
(i.e., information about medical, 
sport or daily care) online 

1 2 3 4 5 

4. I know where to find useful health 
resources on the Internet. 

1 2 3 4 5 

5. When communicating with others 
online, I can articulate my health-
related concerns clearly. 

1 2 3 4 5 

6. When replying to others’ health-
related help-seeking online, I can 
provide responsible response (which 
means my answer can neither 
mislead others, nor compromise my 
own information security). 

1 2 3 4 5 

7. I can judge whether the health 
information online has a commercial 
interest (i.e., the person providing 
the information is for the sale of a 
product). 

1 2 3 4 5 

8. When using the eHealth tools, I will 
protect the originality of the 
information (i.e., never plagiarize 
others’ original content, report an 
offence to those infringing ones). 

1 2 3 4 5 

9. When searching the health 
information online, I will check the 
credentials and affiliations of author. 

1 2 3 4 5 

10. When searching the health 1 2 3 4 5 
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information online, I will check who 
owns the website. 

11. When searching the health 
information online, I will check the 
date of its last update. 

1 2 3 4 5 

12. When searching the health 
information online, I will check 
whether other print or web resources 
had confirmed this information. 

1 2 3 4 5 

13. I know how to verify the eHealth 
information from multiple sources. 

1 2 3 4 5 

14. Even if the health information I 
obtained is from someone I trust, I 
will still check it online. 

1 2 3 4 5 

15. I know how to use the eHealth tools 
to record my health behaviors. 

1 2 3 4 5 

16. I know how to make use of the 
records on the eHealth tools to 
provide reference for my daily 
health management. 

1 2 3 4 5 

17. I know how to use the eHealth tools 
to track my health behaviors (i.e., 
acquainting my exercise frequency 
or the change curve of body fat rate). 

1 2 3 4 5 

18. If need, I can continuously use a 
certain eHealth tool (i.e., APP, 
intelligent body fat scale, fitness 
bracelet) for a long time. 

1 2 3 4 5 

19. If need, I can use the eHealth tools 
with a clear plan. 

1 2 3 4 5 

20. I can adjust my frequency, strength 
and usage pattern timely when using 
the eHealth tool according to the 
actual condition. 

1 2 3 4 5 

21. I know how to use the eHealth tools 
to post and share my eHealth 
behaviors (i.e., post my motion trails 
on health Apps or Moments on 
WeChat).  

1 2 3 4 5 

22. I know how to use the sports 
functions on social network services 
(such as WeRun on WeChat) to 
interact with others (e.g., thumb up, 
forward, etc.). 

1 2 3 4 5 
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23. I will target the advanced players I 
follow on the eHealth tools, learn 
from them and catch up with them. 

1 2 3 4 5 

24. I will try out some health-related 
suggestions online and control the 
risks (i.e., get injured or mistake 
medicine). 

1 2 3 4 5 

 
 
Part Ⅳ. Health literacy and health knowledge 
 

Items in this part aim at measuring your ability of communicating with doctors and 
understanding of clinical materials, and your health knowledge. 
 

 
1）Self-report 

Please indicate to what extent you agree with 
the following description? 

Highly 
agree 

agree Neutral Disagree 
Highly 

disagree 

1. When reading hospital documents, I often 
need someone help me. 

1 2 3 4 5 

2. I often have difficulty reading hospital 
documents to understand my condition. 

1 2 3 4 5 

3. I am not confident of filling out medical 
forms independently. 

1 2 3 4 5 

 

 

2）Knowledge test 
 

The following questions simulate a conversation you might have with your doctor 
during an outpatient visit. Please choose the most appropriate answer according to the 
statement of each question. 

 

1. Doctor, the big toe on my right foot has been in pain and ___________ for four or 
five days, and it’s getting worse and worse. 
① Fat 
② Swelling 
③ Dehydration 

 
2. Paronychia is a tissue inflammation. I will prescribe some ________ to you to 

reduce your pain. 
① Antibiotics  
② Hypotensor 
③ Hormone 
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3. Do you have diabetes? Please __________ at your next visit, take this blood test 
form to the laboratory to draw blood to confirm it. 
① endure urination 
② have an empty stomach 
③ take food 

 
4. Don't wear shoes that are too _________ for now. Keep your feet dry and 

breathable. If the condition does not worsen, please come back to the clinic five 
days later. 
① tight 
② soft 
③ loose 

 
 

Here is a prescription. Please read the medication information in the form. Please 
choose the most appropriate answer for the following questions. 
 

Delivery date 96/10/06 Ref. No. N-0034 
Name LI Datong Patient ID 25688652 
Birthdate 56/05/28 Sex Male 
Usage & 
Dosage 

Take orally. 
1/2 tablet per day, 30 minutes before breakfast 

Name of 
Medicine 

EUGLUCON 5mg TABLETS 
Period of 
Treatment 

14 days 

Ingredients （Glyburide） 
Dispensed 
amount 

7 Tablets 

Appearance 
of Medicine 

Troche   

Clinical 
Uses 

Increase insulin secretion to lower blood sugar 

Side Effect 
It may lead to symptoms such as hypoglycemia (cold sweats, palpitations, 
headaches, cramps, confusion), fever, sore throat, rash, jaundice, etc. 

Notice 
Avoid driving or operating heavy machinery until your blood sugar is well 
controlled. Do not take it with alcohol (do not drink alcohol during medication). 
Please protect yourself from the sun. 

Prescriber WANG Yilin Pharmacist LIN Zhongxin 

  
Reviewing 
Pharmacist 

LI Daming 

 

 

5. What is the name of the patient who is taking this medicine? 
① WANG Yilin 
② LI Datong 
③ LIN Zhongxin 
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6. When should the patient take the medicine? 
① 30 minutes before a meal 
② 30 minutes before bed 
③ 30 minutes after a meal 
 

7. If the patient takes the medicine before breakfast today, next time he should take it 
_________. 
① Before dinner tonight 
② Before breakfast tomorrow  
③ Before lunch tomorrow, 

 

8. How much of this medicine should the patient take each time? 
① 1/2 Tablet 
② 1 Tablet 
③ 5 Tablet 

 

9. The doctor has prescribed a total of _______ days’ dose this time 
① 1 
② 7 
③ 14 

 

10. Taking this medicine can cause side effects associated with low blood sugar, such 
as _______. 
① Rash 
② Jaundice 
③ Palpitations. 

 
11. Patients taking this medicine should avoid driving or operating heavy machinery 

until their _____________ is stabilized. 
① Blood pressure 
② Blood sugar 
③ Urine protein 

 

 

Part Ⅳ. Physical activity and social-cognitive determinants 
 

1. 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. 
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(1) During the last 7 days, on how many days did you do vigorous physical activities 

(i.e., heavy lifting, digging, aerobics, or fast bicycling)? 
 

___________days. 
(If there were no vigorous physical activities, please fill in “0”.) 

 
(2) How much time did you usually spend doing vigorous physical activities on one of  
those days? 

  
hours __________ minutes / per day 

 
 
2. 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 

(i.e., carrying light loads, bicycling at a regular pace, or doubles tennis)? (Do not 
include walking). 

 
___________days. 
(If there were no moderate physical activities, please fill in “0”.) 

 
(2) How much time did you usually spend doing moderate physical activities on one of  
those days? 

  
hours __________ minutes / per day 

 
3. Think about the time you spent doing light physical activities in the past 7 days.  

 
(Light physical activities includes walking 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 do light physical activities for at 
least 10 minutes at a time? 

 
___________days. 
(If there were no light physical activities, please fill in “0”.) 
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(2) How much time did you usually spend doing light physical activities on one of those 
days? 

  
hours __________ minutes / per day 

 
 

4. Self-efficacy for physical activity 
 
The followed questions are related about your confidence in doing physical activity. 

I feel certain that I can be physically 
active a minimum of 5 days a week for 30 
minutes or at least 150 minutes a week: 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
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: 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
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 or at least 150 
minutes a week: 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
agree 

4）…even if I changed my concrete plans 
several times. 

1 2 3 4 5 

5）…even if I skipped a few times. 1 2 3 4 5 

 

5. Intention for physical activity 
 

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 
minute a week) … 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
agree 

1 ） …perform strenuous physical activity 
(heartbeats faster, sweating). 

1 2 3 4 5 

2 ） …be moderately physically active (not 
fatiguing, mild sweating). 

1 2 3 4 5 

3 ） …be mildly physically active (hardly 
strenuous, no sweating). 

1 2 3 4 5 

 

6. Perceived social support for physical activity 
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How do you perceive your 
environment? 

Highly 
disagree 

Disagree Neutral Agree 
Highly 
agree 

1） My partner (i.e., Spouse or 
boyfriend/girlfriend) supports me to stay 
physically active. 

1 2 3 4 5 

2） People from my family support me to stay 
physically active. 

1 2 3 4 5 

3） People like my friends around (stay 
nearby) help me to stay physically active.  

1 2 3 4 5 

4） People like my friends in a long distance 
help me to stay physically active via 
internet. 

1 2 3 4 5 
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Appendix 9 Questionnaire package used in Study 3 (Chinese version) 

 
大学生电子健康素养与身体活动调查问卷 

 

 

亲爱的参与者： 

您好！ 

非常感谢您能填写本问卷。电子健康素养通常指的是人们通过网络获取并应用健康信息的综合

性能力。本次调查旨在了解您在日常生活中使用网络获取健康信息的情况，以及一些与身体活动、

健康水平相关的影响因素。 
 

以下呈现的问卷包含了五方面的内容：（1）基本信息；（2）网络使用情况；（3）电子健康素养水

平问卷；（4）健康素养水平及健康知识问卷；（5）身体活动行为及相关变量。 

 

请您仔细阅读以下各题，并根据您的经历与理解，对以下条目进行真实作答。您所填报的问卷信

息仅用于学术研究。再一次感谢您为此付出的宝贵时间和耐心，谢谢！ 
 

 

 

第一部分 基本信息 
 

6. 个人信息： 

姓名：_______________ 

学校：_______________ 

专业：_______________ 

年龄：_______________ 

 

7. 性别：  

 男     

 女 
 

8. 您目前所在的年级是 

 大一 

 大二 

 大三 

 大四 
 

9. 您的身高是___________cm 

体重是_____________kg 

 



 

234 
 

 

 

10. 您的感情状况是 

 单身 

 有亲密关系（有男友或女友），但没有居住在一起 

 有亲密关系（有男友或女友），并且居住在一起 

 已婚 
 

 

第二部分：网络使用情况 
 

3. 过去 7 天里，您有几天通过手机或电脑上网？____________天。 

 

4. 您通过手机或电脑上网的时间通常为  每天_________小时________ 

 

 

请指出以下各题描述的情况，对您来说，同意的

程度如何？ 
非常不

同意 

不同

意 

一般 同意 非常

同意 

4. 我喜欢通过百度、360 等搜索引擎进行搜

索，获取健康信息 
1 2 3 4 5 

5. 我喜欢在微博、知乎、小红书等社交软件

或专业医疗/健身论坛上进行浏览，获取健

康信息 

1 2 3 4 5 

6. 我喜欢使用健康 APP（包括平安好医生等

医疗类，KEEP、悦跑圈等运动类以及美

柚、薄荷健康等身体数值记录类），获取健

康信息 

1 2 3 4 5 

 

 

第三部分  电子健康素养水平问卷 
 

此问卷旨在了解您在日常生活中使用网络健康工具获取健康信息的情况。 
此处的网络健康工具，指的是与健康有关的所有网络手段，包括但不限于：健康网页，健康论坛，

微信微博，健康 APP，智能健康设备如手环、智能体脂称等。 

 
 

请指出以下各题描述的情况，对您来说，同意

的程度如何？  

非常不
同意 

不同
意 

一般 同意 
非常
同意 

1. 我知道应该选择哪种网络健康工具满足我
的健康需求（如查阅药物说明、进行健康
咨询、制定减肥计划等不同方面的健康需
求）。 

1 2 3 4 5 

2. 我能够判断网络健康工具是否可信。 1 2 3 4 5 
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3. 我会去通过网络获取健康信息（如：医疗
信息，运动保健信息等）。 

1 2 3 4 5 

4. 我会去通过网络获取健康信息（如：医疗
信息，运动保健信息等）。 

1 2 3 4 5 

5. 在网上与他人交流时，我能够十分清晰地
表达与健康相关的担忧。 

1 2 3 4 5 

6. 回答网络平台上的健康求助时，我能够给
出负责任的回答 (即，我的回答不会误导
他人，也不会伤害自己的信息安全)。 

1 2 3 4 5 

7. 我能够判断网上的信息是否带有商业利益
（如：提供该信息的人是为了销售某一产
品）。 

1 2 3 4 5 

8. 使用网络健康工具时，我会去维护信息的
原创性（如：不盗用他人发布的原创内
容，对剽窃行为进行举报等）。 

1 2 3 4 5 

9. 使用网络查询健康信息时，我会去查看作
者的资历证书与所属机构。 

1 2 3 4 5 

10. 使用网络查询健康信息时，我会去查看网
页的拥有者。 

1 2 3 4 5 

11. 使用网络查询健康信息时，我会去查看网
站最近一次的更新日期。 

1 2 3 4 5 

12. 使用网络查询健康信息时，我会去查看是
否有其他出版物或网络资源确认过此信
息。 

1 2 3 4 5 

13. 我知道如何从多个渠道查看网络健康信
息。 

1 2 3 4 5 

14. 即使是信任的人告诉我的健康信息，我也
会上网去查阅它。 

1 2 3 4 5 

15. 我知道如何使用网络健康工具对我的健康
行为进行记录。 

1 2 3 4 5 

16. 我知道如何利用网络健康工具上的记录为
我的日常健康管理提供参考。 

1 2 3 4 5 

17. 我知道如何利用网络健康工具对我的健康
行为进行追踪（如：从以往的使用记录中
了解自身运动频率、体脂率等身体指标的
变化曲线）。 

1 2 3 4 5 

18. 若有需要，我能够坚持使用某一网络健康
工具（如APP，体脂秤或手环等）。 

1 2 3 4 5 

19. 若有需要，我能够有计划地使用网络健康
工具。 

1 2 3 4 5 

20. 使用网络健康工具的过程中，我能够根据
实际情况调整自己的使用频率、强度与方
式。 

1 2 3 4 5 

21. 我知道如何在网络健康工具上发布和分享 1 2 3 4 5 
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自己的健康行为（如：将运动轨迹分享到
健康APP或朋友圈）。 

22. 我知道如何使用社交软件上的运动功能
（如微信运动）与他人进行互动（如点
赞、助力等）。 

1 2 3 4 5 

23. 我会将我在网络健康工具上所关注的人作
为目标，去效仿和赶超他（她）。 

1 2 3 4 5 

24. 我会去尝试网上与健康有关的提议，并控
制其中的风险（如:受伤或错服药物）。 

1 2 3 4 5 

 
 

第四部分   健康素养水平及健康知识问卷 
 

此问卷旨在了解您在生活中与医生沟通交流的能力，理解医疗文件的能力，以及一些健康常识。 
 

1）健康素养自评 

请指出以下各题描述的情况，对您来说，同意的

程度如何？ 
非常

同意 

同意 一般 不同

意 

非常不

同意 

7. 我在阅读医院文件（如病历、医嘱、说明

书）时需要他人的帮助 
1 2 3 4 5 

8. 我会因为阅读医院文件有困难，而难以了

解自己的病情 
1 2 3 4 5 

9. 我没有信心独立填写医疗表格 1 2 3 4 5 

 

 

2）健康素养知识评估 

 

以下的题目模拟了您在门诊看病时与医生的对话,请根据每一题的叙述,选出最适当的答案。 
 

12.  医生,我的右脚大拇趾从四五天前就开始疼痛______，而且越来越痛，一点都没有好转。 

① 肥胖 

② 红肿 

③ 脱水 

 

13.  甲沟炎属于组织性炎症，我会开一些______给您，减少您的红肿疼痛。 

① 抗生素 

② 降血压药 

③ 荷尔蒙 

 

14.  您有糖尿病吗？下次回诊时请_____，并带着这张验血单去检验科抽血做个检查，确定一

下。 

① 忍尿 

② 空腹 

③ 进食 
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15. 回去后暂时不要穿______的鞋子，保持脚部干燥、透气。如果病情没有加重，5 天后再回门

诊复诊。 

① 太紧 

② 太软 

③ 太松 

 

 

以下是一张处方单，请阅读表格中的服药信息，回答下列问题，选出您觉得最适当的答案。 
 

配药日期 96/10/06 领药号 N-0034 

姓名 李大同 病历号 25688652 

生日 56/05/28 性別 男 

用法用量 口服 

每天一次，早餐前 30 分钟服用，每次 1/2 片 

药名 佑而康片（Euglucon 5mg/片） 配药天数 14 天 

主要成分 （Glyburide） 发药量 7 片 

药品外观 片剂   

临床用途 增加体内胰岛素分泌，以降低血糖 

副作用 可能会发生低血糖（冒冷汗、心悸、头痛、痉挛、昏乱）、发烧、喉咙痛、皮疹、

黄疸等症状 

注意事項 血糖未得到良好控制前，应避免驾驶车辆或操作重机械。请勿与酒精并服（服

药期间请勿饮酒）。请做好防晒措施。 

处方医师 王一琳 配药药师 林中新 
  复核药师 李大铭 

 

16. 请问服用这一药物的病人姓名为_______？ 

① 王一琳 

② 李大同 

③ 林中新 

 

17. 病人应该在什么时候服药？_________ 

① 饭前 30 分钟 

② 睡前 30 分钟 

③ 饭后 30 分钟 

 

18. 如果今天在早餐前服用，下一次最好在________服用 

① 今天晚餐前 

② 明天早餐前 

③ 明天午餐前 

 

19. 请问这种药物每次应该服用多少？ ________ 

① 半片 

② 一片 
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③ 五片 

 

20. 这次医生总共开了____天的药量 

① 1 

② 7 

③ 14 

 

21.  服用这种药可能会引起和低血糖有关的副作用症状，如_____等 

① 皮疹 

② 黃疸 

③ 心悸 

 

22. 服用这种药物的病人，在______还没控制稳定前，应避免驾驶车辆或操作重机械。 

① 血压 

② 血糖 

③ 尿蛋白 

 

 

第五部分  身体活动行为及相关社会认知变量 
 

1. 请您回想一下在刚刚过去的 7 天里，您所进行过的高强度的身体活动（非常消耗体能且呼吸

明显比平时急促），每次持续时间至少十分钟 
 

1）过去 7 天里，您有几天进行过高强度的身体活动 （例如：负担重物，大强度有氧运动，快速

骑自行车等）？___________天 

（若没有进行过高强度身体活动，则填入“0”） 

 

2）您进行一次高强度身体活动的持续时间通常为多少？ 

每天____________小时_____________分钟（在进行大强度运动的当天） 

 

2. 请您回想一下在刚刚过去的 7 天里，您所进行过的中等强度的身体活动（适中的体能消耗，

呼吸较平时略有急促），每次持续时间至少十分钟 
 

1）过去 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，中等速率骑自

行车、网球双打等，但不包括散步）？___________天 

（若没有进行过中等强度身体活动，则填入“0”） 

 

2）您进行一次中等强度身体活动的持续时间通常为多少？ 

每天____________小时_____________分钟（在进行中等强度运动的当天） 

 

3. 请您回想一下在刚刚过去的 7 天里，您所进行过的低强度的身体活动，例如，步行往返于两

地，或者以休闲娱乐/运动锻炼为目的的散步。 

 

1）过去 7 天里，您有几天进行过每次持续至少十分钟的低强度的身体活动？___________天 
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（若没有进行过低强度身体活动，则填入“0”） 

 

2）您进行一次低强度身体活动的持续时间通常为多少？ 

每天____________小时_____________分钟（在进行低强度运动的当天） 

 

 

10. 身体活动的自我效能 
 

以下的问题与您进行身体活动的信心有关。 
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 

不同

意 
一般 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）的身体活动 

完全不

同意 

不同

意 
一般 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 

3） 即使我在过程中遇到了一些困难（例如：时

间不够或天气不好），我仍相信自己能够坚持 
1 2 3 4 5 

我确信自己在中断一段时间的身体活动后，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 

不同

意 
一般 同意 

完全

同意 

4） 即使我有几次改变了身体活动的计划，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身体活动，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 

 

 

11. 身体活动意向 
 

在不久的将来，哪种身体活动意向与您的意向相符？ 
我想要进行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） 

完全不

同意 

不同

意 

一般 同意 完全

同意 

1）我想要进行大强度的运动（心跳加速并且大

量流汗） 
1 2 3 4 5 

2）我想要进行中等强度的运动（轻微流汗但不

致疲劳） 
1 2 3 4 5 

3）我想要进行低强度的运动（轻松且不出汗） 1 2 3 4 5 

 

12. 您在身体活动方面得到怎样的社会支持 
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 完全不

符合 

不同

意 

一般 同意 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 5 

2）我的家人（如：兄弟姐妹、父母）帮助我坚

持进行身体活动 
1 2 3 4 5 

3）我的身边的朋友或熟人，帮助我坚持进行身

体活动 
1 2 3 4 5 

4）我远方的朋友、熟人或网友，通过网络帮助

我坚持进行身体活动 
1 2 3 4 5 
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