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Abstract
Background: The eHealth Literacy Scale (eHEALS) is the most widely used instrument in health studies to measure individual’s
electronic health literacy. Nonetheless, despite the rapid development of the online medical industry and increased rural-urban
disparities in China, very few studies have examined the characteristics of the eHEALS among Chinese rural people by using
modern psychometric methods. This study evaluated the psychometric properties of eHEALS in a Chinese rural population by
using both the classical test theory and item response theory methods.
Objective: This study aimed to develop a simplified Chinese version of the eHEALS (C-eHEALS) and evaluate its psychometric
properties in a rural population.
Methods: A cross-sectional survey was conducted with 543 rural internet users in West China. The internal reliability was
assessed using the Cronbach alpha coefficient. A one-factor structure of the C-eHEALS was obtained via principal component
analysis, and fit indices for this structure were calculated using confirmatory factory analysis. Subsequently, the item discrimination,
difficulty, and test information were estimated via the graded response model. Additionally, the criterion validity was confirmed
through hypothesis testing.
Results: The C-eHEALS has good reliability. Both principal component analysis and confirmatory factory analysis showed
that the scale has a one-factor structure. The graded response model revealed that all items of the C-eHEALS have response
options that allow for differentiation between latent trait levels and the capture of substantial information regarding participants’
ability.
Conclusions: The findings indicate the high reliability and validity of the C-eHEALS and thus recommend its use for measuring
eHealth literacy among the Chinese rural population.
(J Med Internet Res 2019;21(10):e15720) doi: 10.2196/15720
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Introduction
China has the world’s largest population of internet users, who
also frequently access medical resources over the internet [1].
In fact, 26.6% of Chinese internet users use the internet to access
http://www.jmir.org/2019/10/e15720/
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online medical service [1]. Internet users adopt online medical
platforms and related applications for evaluation of doctors [2],
medical inquires [3], and health management [4]. The Chinese
government and health practitioners have recognized challenges
and opportunities, given the increasing adoption and diffusion
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of information communication technologies (ICTs) in the health
care system [5]. For example, limited health literacy has been
shown to pose problems for Chinese residents who access online
health resources [6] and has even led to avoidable medical
tragedies [7]. Promoting public health literacy in today’s
information age is an urgent need in China. Therefore, in 2019,
the National Health Commission of the People’s Republic of
China proposed the Health China Campaign (2019-2030), which
includes the ambitious goal of enhancing residents’ health
literacy to decrease the disease burden and improve national
well-being [8].
Given the low-cost and accessibility of ICTs, it is not surprising
that policymakers, practitioners, and researchers have focused
on electronic health (eHealth) and its applications [9]. Thus, for
potential and current individual eHealth users, their eHealth
literacy should be considered. eHealth literacy refers to “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 [10].” Norman and
Skinner [10] used the Lily model to describe eHealth literacy
in six dimensions: computer literacy, health literacy, traditional
literacy, information literacy, science literacy, and media
literacy. They also developed the eHealth Literacy Scale
(eHEALS) to evaluate each individual’s perceptions toward
eHealth literacy based on the Lily model [11].
The eHEALS has been shown to be reliable in diverse languages
and has been validated in many countries [12-16]. Nevertheless,
most of these evaluations were carried out in developed areas,
and very few studies in developing areas were reported.
eHEALS has also been translated into a traditional Chinese
version in Taiwan [17]. For China, the largest developing
country with a large rural population, rural-urban disparities
exist in terms of cultural adoption, health care resource
allocation, and personal health literacy [18,19]. Whether the
eHEALS can be used to evaluate Chinese rural residents’
eHealth literacy is still unknown. We have two concerns about
the existing traditional Chinese version of the eHEALS [17]; it
cannot be reliable and valid in mainland China, especially for
the Chinese rural population because of two reasons: (1) People
living in the Chinese mainland were educated under a simplified
Chinese environment. The long-term cultural divide between
the Chinese mainland and Taiwan may produce certain semantic
differences for specialized vocabularies. The language customs
between Chinese mainland and Taiwan are obviously different.
For instance, as a typical example of exotic vocabulary, the term
“internet” was translated as “
(wang lu)” in traditional
Chinese in Taiwan. People who are not familiar with traditional
Chinese in mainland China may deem “
” as one type of
physical infrastructure rather than the cyber platform. In the
modern simplified Chinese context, the
“

(lu)” of “

” mostly refers to the physical road. The

“internet” should be translated as “
(wang luo),” which
semantically emphasizes the network in simplified Chinese. (2)
Even in the Chinese mainland, it is still necessary to testify
whether the Chinese version of eHEALS is valid and reliable
for the rural population. China has been facing an era of internal
http://www.jmir.org/2019/10/e15720/
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migration in the recent two decades [20-23]. With the inadequate
development and limited work choices in rural areas, rural
residents have to migrate to urban areas for better economic
benefits, which, in turn, causes a significant issue of rural
depopulation [23]. People who cannot migrate to urban areas
mostly have a low literacy level and poor health status [24].
One report by the China Internet Network Information Center
reveals that rural internet penetration was only 34.0% in
mid-2017, while that in urban areas was 69.4% [19]. The
perception and knowledge of ICT adoption among rural
residents may lag behind those of urban residents. Given the
discussion above, the eHEALS must be translated into simplified
Chinese, and its psychometric analysis must be performed in
the rural population.
The eHEALS was originally proposed to have a one-factor
structure [11], which was supported by substantial evidence
[12,16,17]. However, recent studies have found that it has a
two-factor structure for Italian-speaking people [25], Israeli
adults [26], and German adolescents [27]. Additionally, using
confirmatory factor analysis, two studies have suggested that
eHEALS may have a three-factor structure for baby boomers
[28] and outpatients [29]. Although these studies used different
statistical strategies, the inconsistent findings imply that the
structure of the eHEALS may vary contextually. For instance,
Hyde and colleagues indicated that the structure of eHEALS
factors differs according to the task complexity [29]. This is
true when testing the eHEALS among people living in
metropolitan areas, since they have intrinsic modern knowledge
distinguishable in terms of complexity levels in use of the eight
items of eHEALS. However, the case might be vastly different
among people with limited technological and medical literacy
in developing areas. The one- or two-factor structure is rational
in the latter scenario. Thus, to better understand Chinese rural
people’s eHealth literacy status, the structure of the eHEALS
for the Chinese rural population should be investigated in-depth.
Given the research question proposed above, this study aimed
to develop a simplified Chinese version of the eHEALS
(C-eHEALS) and evaluate its psychometric properties in a rural
population. In this study, both the classical test theory and item
response theory methods were adopted based on previous
studies’ suggestions [25,30].

Methods
Procedure and Participants
In-person interviews on the theme of internet-mobile media
usages and health outcomes in rural China were conducted in
Chaotian, Sichuan Province, for three weeks in June 2017.
Variables included in this study were one part of the entire
questionnaire. As of 2017, Chaotian was a poverty-stricken
county with 25 towns and a very low level of urbanization. The
percentage of rural residents in Chaotian is more than 90% [31].
The quota sampling method was adopted, and each town was
assigned 50 quotas considering its individual characteristics
such as age, sex, education background, and residential districts.
In total, 1250 questionnaires were delivered, and all interviews
were conducted by trained local interviewers.
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Before the survey, all participants received written information
about the study and signed a consent form if they volunteered
to participate in the study. When they completed the entire
questionnaire, participants were given a small present as
compensation. The questionnaires with major illogical,
inaccurate, and missing answers accounting for more than 15%
of total questions were identified as invalid. In total, 727 rural
responses were valid in this survey. After the interviews,
researchers randomly selected 30 participants for in-depth
interviews about the health-related behaviors’ adoption and
their influence on participants’ daily life. Of all valid responses,
543 participants who identified themselves as internet users
were finally included in the analysis of the C-eHEALS.

Measurement
Chinese Version of the eHealth Literacy Scale
This study focuses on the main measurement of the C-eHEALS
(Multimedia Appendix 1). Like the original English version of
the eHEALS, the C-eHEALS has eight items with response
options on a five-point scale, ranging from 1 (strongly disagree)
to 5 (strongly agree) [11]. The C-eHEALS was developed
following the process of translation and adaptation of the
instrument presented by the World Health Organization [32].
First, the eHEALS was translated into simplified Chinese by
two bilingual researchers and then reviewed by a bilingual expert
panel of four professionals in health communication studies and
two rural medical professionals. After the expert panel
evaluation, the translated instrument was revised and the
complete C-eHEALS was generated. Thereafter, two
independent native English translators with no knowledge of
the eHEALS translated the C-eHEALS back to English. The
resulting items were compared with the original items by the
two English translators and the research team to identify possible
semantic differences. In addition, the research team compared
the simplified Chinese items with the traditional Chinese version
of the eHEALS from the previous study [17] to confirm
conceptual consistency.

Online Health Information–Seeking Behaviors
We used a multiple-choice question developed from the China
Internet Network Information Center [19] to measure
individuals’ online health information–seeking behaviors as the
criterion measure of C-eHEALS. All participants were asked,
“In the past 12 months, have you engaged in any of the
following behaviors when you accessed the Internet?” We
provided the following 11 choices: researched information about
hospitals or doctors, researched information about physical
exercise, researched information about smoking cessation,
researched health or medical information, researched
information about drinking cessation, read or shared health
information via social media (eg, Weibo and WeChat),
researched information about diet, wrote and shared health
information via social media (eg, Weibo and WeChat), joined
a specific disease internet community, purchased health care
products online, and scheduled an appointment online. We
added all answers to obtain one indicator—Scope of Online
Health Information Seeking Behaviors (SOHISB)—to reflect
the diversity in participants’ eHealth-related behaviors. Based
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on the number of behaviors selected, SOHISB ranged from 0
to 11.

Control Variables
For all analyses in this study, several demographic and
socioeconomic variables (age, sex, and marital status) were
controlled.

Statistical Analysis
First, descriptive statistics, means, SDs, and percentages were
calculated for the variables. Second, the C-eHEALS was
evaluated according to the classical test theory approach. The
reliability of the C-eHEALS was assessed using the Cronbach
alpha coefficient (recommended value>.7) [33]. Subsequently,
exploratory factor analysis and confirmatory factor analysis
were conducted. In the exploratory factor analysis step, the
Kaiser-Meyer-Olkin measure of sampling adequacy
(recommended value>.6) and the Bartlett test of sphericity
(should be statistically significant) [34] were used to test the
factorability of C-eHEALS. Principal component analysis was
then conducted to examine the latent properties of the eight
observed items of C-eHEALS [35] and test whether the structure
of the C-eHEALS has a unique pattern or is consistent with the
Norman and Skinner one-factor structure [11]. Qualified factors
via exploratory factor analysis should account for more than
40% of the total variance with eigenvalues>1 [36,37]. Moreover,
a scree plot was used to determine the number of factors to be
extracted. In the confirmatory factor analysis, we adopted
structural equation modeling to evaluate the structure determined
by exploratory factor analysis. The model’s goodness of fit was
evaluated with the following: the Chi-square value to degrees
of freedom ratio (χ2/df; recommended value<3) [38],
comparative fit index (recommended value>.95), Tucker-Lewis
index (recommended value >.95), root mean squared error of
approximation (recommended value <.06), and standardized
root mean squared residual (recommended value<.08) [39].
We thereafter tested other dimensions of the C-eHEALS’
psychometric properties using the item response theory
approach. In this section, the graded response model [40], which
is a generalization of the two-parameter logistic item response
model (IRM) for ordinal data, was fit to the C-eHEALS. We
chose IRM to help evaluate the C-eHEALS because IRM is
more useful than classical test theory in providing information
regarding item discriminability and difficulty [25]. Indeed, a
recent study suggested that IRM should be used to evaluate the
eHEALS properties [25]. Here, the graded response model was
adopted over alternative IRMs because each item of the
C-eHEALS has five ordered responses. In the graded response
model, two types of parameters are generated: discrimination
parameter alpha and difficulty or threshold parameter beta [40].
Although alpha indicates how strongly an item relates to a given
latent trait theta, beta indicates the level of the latent variable a
participant needs to endorse for the next higher response
category, with a 50% probability. A larger beta suggests that a
higher theta is required for participants to endorse a higher
ordered response. Following Baker and Kim’s guidelines [41],
alpha<.65 indicates low discriminability, .65-1.34 indicates
moderate discriminability, and >1.34 indicates high
discriminability. Next, item characteristic curves, which present
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the probability of participants at a given latent literacy level
responding in a particular response category, were estimated
for each item [42]. Then, item characteristic curves were
transformed into item information curves to demonstrate how
much information each item can provide. Thereafter, the test
information function, which demonstrates the precision of the
entire C-eHEALS along the latent trait continuum, was estimated
by summing up all item information curves. In addition, the
item characteristic curves were summed, in turn, to obtain the
test characteristic curve, which represents the expected score
of the C-eHEALS.
Subsequently, following the suggestion of a previous study [14],
we also tested the criterion validity of the C-eHEALS via
hypothesis testing. We hypothesized that the C-eHEALS score
is positively associated with SOHISB among rural participants.
Because SOHISB provides count data, Poisson regression was
adopted to perform the estimation [43].

Results
Characteristics of the Rural Participants
Details of the characteristics of rural participants are listed in
Table 1. Among the 543 participants, the mean age was 40.37
(SD 9.19) years, ranging from 18 to 70 years; men accounted
for 58.56% of the participants. Most participants were married
(83.43%). As for the highest education level, almost half of the
participants listed junior middle school (46.49%), 27.81% listed
primary school and below, 16.39% participants listed senior
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middle school, and 9.21% listed junior college and above. In
terms of employment, approximately one-third of the
participants (37.57%) had farming jobs, 17.31% had nonfarming
jobs within the county, 27.44% had nonfarming jobs outside
the county, 7.37% were unemployed, and 10.31% reported other
jobs.
Although all samples were recruited in one county via quota
sampling, which did not have an ideal representativeness, we
compared the internet users in Chaotian and overall China as
per a recent report [44]. At the end of 2015, 55.2% Chinese
rural internet users were men [44], which was relatively
equivalent to the sample in this study. However, the overall
Chinese rural internet users showed a higher educational
background (20.8% completed primary school and below, 51.9%
completed junior middle school, 21.4% completed senior middle
school, and 6% completed junior college and above) than the
sample in Chaotian. Additionally, regarding the employment
status, the overall Chinese rural internet users had fewer people
in the farming occupation (15.8%) than the Chaotian sample.
The differences between the Chaotian sample and overall
Chinese internet users are not surprising as Chaotian, the survey
site we chose, was a typical impoverished county when the
investigation was conducted.
As for the 11 online health information–seeking behaviors, the
least performed behavior was scheduling appointments online
(3.31%) and the most was reading or sharing health information
via social media (42.91%). As shown in Table 2, the mean of
the items in the C-eHEALS ranged from 3.26-3.46 of 5.
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Table 1. Characteristics of the rural participants (N=543).
Characteristics

n (%)

Age (years), mean (SD)

40.37 (9.19)

Sex
Male

318 (58.56)

Female

225 (41.44)

Marital status
Married

453 (83.43)

Not married

90 (16.57)

Educational background
Primary school and below

151 (27.81)

Junior middle school

253 (46.59)

Senior middle school

89 (16.39)

Junior college and above

50 (9.21)

Employment status
Farming

204 (37.57)

Working within the county

94 (17.31)

Working outside the county

149 (27.44)

Nonworking

40 (7.37)

Other

56 (10.31)

Online health information–seeking behavior
Finding information about hospitals or doctors

96 (17.68)

Finding information about physical exercises

159 (29.28)

Finding information about smoking cessation

36 (6.63)

Finding health or medical information

140 (25.78)

Finding information about drinking cessation

30 (5.52)

Reading or sharing health information via social media (eg, Weibo and Wechat)

233 (42.91)

Finding information about diet

226 (41.62)

Writing and sharing health information via social media (eg, Weibo and Wechat)

200 (36.83)

Attending a specific disease Internet community

62 (11.42)

Purchasing health care products online

38 (7.00)

Online appointment

18 (3.31)

Table 2. Item means for the C-eHEALS in rural participants (N=543).
C-eHEALS items

Mean (SD)

C-eHEALS1

I know what health resources are available on the Internet

3.41 (0.76)

C-eHEALS2

I know where to find helpful health resources on the Internet.

3.32 (0.76)

C-eHEALS3

I know how to find helpful health resources on the Internet.

3.45 (0.73)

C-eHEALS4

I know how to use the Internet to answer my questions about health.

3.33 (0.79)

C-eHEALS5

I know how to use the health information I find on the Internet to help me.

3.46 (0.79)

C-eHEALS6

I have the skills I need to evaluate the health resources I find on the Internet.

3.34 (0.85)

C-eHEALS7

I can tell high quality health resources from low quality health resources on the Internet.

3.33 (0.78)

C-eHEALS8

I feel confident in using information from the Internet to make health decisions.

3.26 (0.87)
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Reliability and Exploratory Factor Analysis
The C-eHEALS had excellent reliability (Cronbach alpha=.834).
Both the Kaiser-Meyer-Olkin measure of sampling adequacy
(.829; Table 3) and Bartlett test of sphericity (1556.34 (df=28),
P<.001) showed a good fit to the data, allowing for exploratory
factor analysis [34]. Exploratory factor analysis using principal

Ma & Wu
component analysis resulted in a one-factor solution with an
initial eigenvalue of 3.159, accounting for 91.8% of the variance
(Table 3). The scree plot also showed a one-factor structure
(Figure 1). As shown in Table 3, all items loaded above .5,
varying from .576 (C-eHEALS1) to .706 (C-eHEALS3). Thus,
a single factor was retained.

Table 3. Principal components analysis and Kaiser-Meyer-Olkin test of the C-eHEALS items.

a

C-eHEALS items

Factor loading

Kaiser-Meyer-Olkin value

C-eHEALS1

0.576

0.820

C-eHEALS2

0.629

0.814

C-eHEALS3

0.706

0.870

C-eHEALS4

0.635

0.820

C-eHEALS5

0.650

0.840

C-eHEALS6

0.582

0.839

C-eHEALS7

0.649

0.785

C-eHEALS8

0.590

0.842

Eigenvalue

3.159

N/Aa

Cumulative explained variance, %

91.8

N/A

Overall Kaiser-Meyer-Olkin value

N/A

0.829

N/A: not applicable.

Figure 1. Scree plot for Chinese version of the eHealth Literacy Scale.
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Confirmatory Factor Analysis
Confirmatory factor analysis was run to verify the one-factor
structure obtained from exploratory factor analysis. Results
suggested that the C-eHEALS has an excellent one-factor
structure (χ2/df=1.813, comparative fit index=0.993,
Tucker-Lewis index=0.985, root mean squared error of
approximation=0.039, standardized root mean squared
residual=0.022). Thus, the structure of the C-eHEALS is
consistent with the original eHEALS proposed by Norman and
Skinner [11] and the traditional Chinese version of the eHEALS
[17].

Item Response Theory: Graded Response Models
All eight items of the C-eHEALS were fit to a graded response
model. The item parameter estimation and item fit statistics are
displayed in Table 4. The discrimination parameters (alpha)
ranged from 1.32 to 2.3, indicating that all items discriminated
between low and high levels of eHealth literacy well. Only item
C-eHEALS6 has a moderate alpha value (1.32), while the other
seven items have high discriminability.
Difficulty parameter (beta) estimates indicated that the
C-eHEALS is more sensitive at the lower range of latent trait
theta because all mean beta (BetaM) values were lower than 0.

The beta values of C-eHEALS1 and C-eHEALS5 were unevenly
distributed across the trait range, indicating that most
participants were unlikely to endorse lower response options.
The other six items (C-eHEALS2, C-eHEALS3, C-eHEALS4,
C-eHEALS6, C-eHEALS7, and C-eHEALS8) were distributed
evenly across the trait range, suggesting that these items
differentiate participants from low through high trait levels.
In addition to these results, item characteristic curves are
included in Figure 2. These plots show the probability that a
participant selects a particular response category at a given level
of the latent construct. It was observed that the response
categories were distinguishable and monotonically related to
the latent trait theta for all items.
Test information function, as reported in Figure 3, reveals that
theta values<–3 and >2.5 are poorly represented relative to the
rest of the trait range. This is true for seven items (C-eHEALS1,
C-eHEALS2, C-eHEALS4, C-eHEALS5, C-eHEALS6,
C-eHEALS7, and C-eHEALS8). Only the item information
curve of C-eHEALS3 represented a significant fluctuation when
theta levels are approximately between 1 and 3. Figure 4
presents the test characteristic curve, which indicates that 95%
of randomly selected participants are expected to score between
18.4 and 33.6.

Table 4. Item Response Theory model parameters from C-eHEALS Graded Response Modelsa.
C-eHEALS items

Discrimination

Difficulty

alpha

SD

P value

betaMb

beta1

beta2

beta3

beta4

C-eHEALS1

1.46

0.15

<.001

–0.47

–3.18

–1.96

–0.01

3.26

C-eHEALS2

1.74

0.17

<.001

–0.43

–2.97

–1.77

0.33

2.67

C-eHEALS3

2.31

0.23

<.001

–0.53

–2.86

–1.72

0.06

2.39

C-eHEALS4

1.72

0.16

<.001

–0.51

–3.24

–1.59

0.23

2.57

C-eHEALS5

1.81

0.16

<.001

–0.69

–3.28

–1.70

–0.08

2.31

C-eHEALS6

1.32

0.13

<.001

–0.54

–3.30

–1.78

0.25

2.68

C-eHEALS7

1.55

0.15

<.001

–0.56

–3.58

–1.63

0.25

2.73

C-eHEALS8

1.43

0.14

<.001

–0.38

–2.97

–1.49

0.35

2.59

a

Discrimination (alpha) refers to an item’s ability to discriminate between different latent levels of eHealth literacy (ie, theta). Difficulty parameters
(beta) for responses on the 5-point Likert-type scale: 1 (from “strongly disagree” to “disagree”), 2 (from “disagree” to “neutral”), 3 (from “neutral” to
“agree”), and 4 (from “agree” to “strongly agree”).
b

BetaM: mean beta.
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Figure 2. Item characteristic curves for each Chinese version of the eHealth Literacy Scale. Curves indicate the probability of participants at varying
levels of eHealth literacy. C-eHEALS: Chinese version of the eHealth Literacy Scale.
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Figure 3. Item information curves and test information function for item characteristic curves. Curves indicate the amount of psychometric information
(ie, the reciprocal of the standard error of measurement) provided by the instrument. C-eHEALS: Chinese version of the eHealth Literacy Scale.

Figure 4. Test characteristic curve for Chinese version of the eHealth Literacy Scale.
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Criterion Validity
The results of Poisson regression of the relationship between
the C-eHEALS score and SOHISB are displayed in Tables 5
and 6. The odds ratio of the C-eHEALS score is significantly
positive, which indicates that participants with higher
C-eHEALS scores will have more diverse online health
information–seeking behaviors. Hence, the C-eHEALS was
shown to have good criterion validity for the Chinese rural
population. In addition, coefficients of demographic variables
(sex, age, and marital status) do not shown statistical
significance, which means the SOHISB does not vary
significantly with sex, age, and marital status. However, five

Ma & Wu
dummy variables of socioeconomic status (educational
background and employment status) presented significant
positive associations with SOHISB. These results are consistent
with the knowledge gap hypothesis [45] that implies that
individuals will have more possibility to access the information
channels to obtain useful information if they are living with
higher socioeconomic status. More importantly, even after
controlling for all these variables, the C-eHEALS score still
plays a positive role in accessing internet technologies to seek
health information. The findings in Tables 5 and 6 also suggest
that eHealth literacy may have strong practical significance for
its implementation to overcome social disparities.

Table 5. Poisson regression results of relationship between C-eHEALS score and SOHISB.
Item

Odds ratio

SD

T value

P value

95% CI

C-eHEALS scorea

1.03

0.07

3.66

<.001

1.01-1.04

Female

1.08

0.07

1.20

.23

0.95-1.22

Age

0.99

0.00

–1.92

.054

0.98-1.00

Married

1.09

0.12

0.80

.42

0.88-1.34

Junior middle school

1.29

0.10

3.21

.001

1.10-1.51

Senior middle school

1.43

0.15

3.37

.001

1.16-1.76

Junior college and above

1.41

0.17

2.79

.005

1.11-1.80

Working within the county

1.48

0.13

4.64

<.001

1.26-1.75

Working outside the county

1.25

0.10

2.86

.004

1.07-1.46

Not working

1.18

0.15

1.27

.20

0.92-1.51

Other

1.01

0.11

0.07

.95

0.81-1.25

1.00

0.27

–0.01

.99

0.59-1.70

Educational Background (0= primary school and below)

Employment status (0=farming)

Constant
a

C-eHEALS: simplified Chinese version of the eHealth Literacy Scale.

Table 6. Poisson regression results.
Model Fit

Value

Observations, n

543

χ2 (df)

103.2 (11)

Log likelihood

–1062

PR

2

Discussion
Principal Findings and Implications
This study investigated the psychometric properties of the
simplified C-eHEALS in a Chinese rural population via both
classical test theory and item response theory approaches.
Classical test theory analyses demonstrated that the C-eHEALS
has good reliability and validity for the rural population in
China. The internal consistency of the C-eHEALS was .834,
which was comparable to the original eHEALS’ alpha value of
.88 reported by Norman and Skinner [11]. Exploratory factor
http://www.jmir.org/2019/10/e15720/
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analysis results revealed that the C-eHEALS has a one-factor
structure, which is consistent with the structures of the original
eHEALS [11] and its traditional Chinese version [17].
Surprisingly, the factor accounted for more than 91.8% of the
variance, which is much higher than that reported in previous
findings [11,14,16,17,25]. Furthermore, referring to previous
studies’ suggestions [25,29], this one-factor structure also fit
well in the confirmatory factor analysis.
Results of the item response theory revealed that response
options could differentiate between latent trait levels of all eight
C-eHEALS items. The entire instrument provides less
J Med Internet Res 2019 | vol. 21 | iss. 10 | e15720 | p. 10
(page number not for citation purposes)
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information only at extremely low levels (theta<–3) and high
levels (theta>2.5) of the latent trait. These results indicate that
C-eHEALS is an excellent measure for capturing participants’
ability. Two items (C-eHEALS1 and C-eHEALS5) are more
sensitive at the lower range of the latent trait, and the other six
items represent excellent discriminability for participants from
low through high trait levels.
This study also demonstrated that the C-eHEALS has good
criterion validity. A previous study indicated that individuals
with a higher level of health literacy will report a larger scope
of health information sources [46]. Hence, the diversity of
information access channels should be considered as one
criterion of better literacy. We also hypothesized that the eHealth
literacy score is positively associated with the SOHISB among
rural populations. Indeed, controlling for confounding variables,
Poisson regression results supported the hypothesis and revealed
that rural people’s information-seeking behavior could be
cultivated with adequate eHealth literacy.
The eHEALS is a validated instrument in diverse language
environments [14,16,17,25,27]. In mainland China, it was first
introduced in 2013 [47] and has received attention in recent
years [48,49]. However, those studies were limited to reporting
sophisticated psychometric properties of the eHEALS [47-49].
In addition, rural populations were ignored in previous research.
Given the currently targeted poverty alleviation strategies, the
campaign launched by the Chinese central government to
enhance residents’ health literacy status over the next decade
[8], and the obvious internet access gap between rural and urban
areas [19], both community- and county-level health promotion
campaigns should emphasize on health education for rural
populations to mitigate large rural-urban disparities.
Health information diffused via the internet should be
appropriately evaluated by individual internet users, which can
be strengthened by health literacy. For future health
literacy-related studies concerning Chinese rural populations,
this study provides a useful instrument that can be adopted in
survey studies. Moreover, highlighting aspects of health literacy
specific to the internet context (eg, practical skills) over other

Ma & Wu
aspects such as the perception description in the eHEALS should
be considered for future research.
Findings about the criterion validity also revealed that eHealth
literacy is a key element to promote rural residents’ access to
ICTs for health-related information. Enhancing eHealth literacy
might help rural residents overcome their inadequate resource
acquisition capacities restricted by local economic recession. It
is worth noting that eHealth literacy may also lead to a new
digital divide between rural and urban populations. Besides the
information-seeking behavior, some other online health-related
practices, like health management [4] and mobile app-assisted
self-care [50], may present varied implementation practices
among people with different socioeconomic statuses. Future
studies should design comparisons between populations living
in areas with different levels of urbanization.

Limitations
There are two main limitations in this study. First, all
participants were recruited from one poverty-stricken county
in China via quota sampling, which cannot well represent the
diverse situations of China’s rural-urban disparities and the
entire Chinese rural population. The psychometric properties
of the C-eHEALS may vary under different economic
development statuses. Hence, future studies aiming to replicate
our findings in other samples are highly encouraged. Second,
this study had a cross-sectional design, and hence, we were
unable to calculate test-retest reliability or predictive validity
estimates [51]. Future studies may address this limitation via
longitudinal designs.

Conclusions
The C-eHEALS was found to have a robust one-factor structure
with excellent discriminability among the Chinese rural
population. This scale is helpful for health education
practitioners and health professionals to properly measure and
understand rural people’s eHealth literacy before launching
health campaigns. We hope to encourage health researchers
who conduct studies in eHealth to carefully investigate policy
effects on rural people.

Acknowledgments
This study was supported by the Research Fund of University of Macau (Reference No. MYRG2015-00224-FSS), Key Project
of The Key Research Center for Humanities and Social Sciences of Chinese Ministry of Education (Grant No. 16JJD860003),
and Fundamental Research Funds for the Central Universities (Grant No. 14370115).

Conflicts of Interest
None declared.

Multimedia Appendix 1
The simplified Chinese version of eHealth Literacy Scale (eHEALS).
[PDF File (Adobe PDF File), 135 KB-Multimedia Appendix 1]

References
1.

CNNIC. 2017. The 39th China Statistical Report on Internet Development URL: http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/
hlwtjbg/201701/P020170123364672657408.pdf [accessed 2017-02-24]

http://www.jmir.org/2019/10/e15720/

XSL• FO
RenderX

J Med Internet Res 2019 | vol. 21 | iss. 10 | e15720 | p. 11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
2.
3.

4.

5.

6.

7.
8.
9.
10.
11.
12.
13.

14.

15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.

26.

Hao H. The development of online doctor reviews in China: an analysis of the largest online doctor review website in China.
J Med Internet Res 2015 Jun 01;17(6):e134 [FREE Full text] [doi: 10.2196/jmir.4365] [Medline: 26032933]
Li Y, Yan X, Song X. Provision of Paid Web-Based Medical Consultation in China: Cross-Sectional Analysis of Data From
a Medical Consultation Website. J Med Internet Res 2019 Jun 03;21(6):e12126 [FREE Full text] [doi: 10.2196/12126]
[Medline: 31162129]
Zhang H, Zhang H, Wang X, Yang Z, Zhao Y. Analysis of Requirements for Developing an mHealth-Based Health
Management Platform. JMIR Mhealth Uhealth 2017 Aug 03;5(8):e117 [FREE Full text] [doi: 10.2196/mhealth.5890]
[Medline: 28778840]
Yingqin Z. Information Culture and Development: Chinese Experience of E-Health. Information Culture and Development:
Chinese Experience of E-Health. Proc 38th Annu Hawaii Int Conf Syst Sci Internet IEEE; 2005 Presented at: Proceedings
of the 38th Annual Hawaii International Conference on System Sciences; 2005; Big Island, HI, USA p. 153a-1153. [doi:
10.1109/HICSS.2005.315]
Fuzhi W, Dan L, Weiwei S, Tingting Y, Dehua H, Wei P, et al. Health Information Literacy and Barriers of Online Health
Information Seeking Among Digital Immigrants in Rural China: A Preliminary Survey. SAGE Open 2019 Jun
12;9(2):215824401985694. [doi: 10.1177/2158244019856946]
Li AHF. Whom to Trust When Sick? The Wei Zexi Incident, the Chinese Internet and the Healthcare System in China.
China Perspect 2016 May:79-83.
National Health Commission of the People's Republic China. 2019. Health China Campaign (2019-2030) URL: http://www.
nhc.gov.cn/guihuaxxs/s3585u/201907/e9275fb95d5b4295be8308415d4cd1b2.shtml [accessed 2019-07-18]
Oh H, Rizo C, Enkin M, Jadad A. What is eHealth (3): a systematic review of published definitions. J Med Internet Res
2005 Feb 24;7(1):e1 [FREE Full text] [doi: 10.2196/jmir.7.1.e1] [Medline: 15829471]
Norman CD, Skinner HA. eHealth Literacy: Essential Skills for Consumer Health in a Networked World. J Med Internet
Res 2006 Jun 16;8(2):e9 [FREE Full text] [doi: 10.2196/jmir.8.2.e9] [Medline: 16867972]
Norman CD, Skinner HA. eHEALS: The eHealth Literacy Scale. J Med Internet Res 2006 Nov 14;8(4):e27 [FREE Full
text] [doi: 10.2196/jmir.8.4.e27] [Medline: 17213046]
Chung S, Nahm E. Testing reliability and validity of the eHealth Literacy Scale (eHEALS) for older adults recruited online.
Comput Inform Nurs 2015 Apr;33(4):150-156 [FREE Full text] [doi: 10.1097/CIN.0000000000000146] [Medline: 25783223]
Paige SR, Krieger JL, Stellefson M, Alber JM. eHealth literacy in chronic disease patients: An item response theory analysis
of the eHealth literacy scale (eHEALS). Patient Educ Couns 2017 Feb;100(2):320-326. [doi: 10.1016/j.pec.2016.09.008]
[Medline: 27658660]
Chung S, Park BK, Nahm E. The Korean eHealth Literacy Scale (K-eHEALS): Reliability and Validity Testing in Younger
Adults Recruited Online. J Med Internet Res 2018 Apr 20;20(4):e138 [FREE Full text] [doi: 10.2196/jmir.8759] [Medline:
29678800]
Mitsutake S, Shibata A, Ishii K, Oka K. Associations of eHealth Literacy With Health Behavior Among Adult Internet
Users. J Med Internet Res 2016 Jul 18;18(7):e192 [FREE Full text] [doi: 10.2196/jmir.5413] [Medline: 27432783]
van der Vaart R, van Deursen AJ, Drossaert CH, Taal E, van Dijk JA, van de Laar MA. Does the eHealth Literacy Scale
(eHEALS) measure what it intends to measure? Validation of a Dutch version of the eHEALS in two adult populations. J
Med Internet Res 2011 Nov 09;13(4):e86 [FREE Full text] [doi: 10.2196/jmir.1840] [Medline: 22071338]
Koo M, Norman CD, Chang HM, Hsiao-Mei C. Psychometric evaluation of a Chinese version of the eHealth literacy scale
(eHEALS) in school age children. Glob J Heal Educ Promot 2012;15:29-36. [doi: 10.5455/gulhane.157832]
Zhu Y, Österle A. Rural-urban disparities in unmet long-term care needs in China: The role of the hukou status. Soc Sci
Med 2017 Oct;191:30-37. [doi: 10.1016/j.socscimed.2017.08.025] [Medline: 28888126]
CNNIC. 2017. The 40th China Statistical Report on Internet Development URL: http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/
hlwtjbg/201708/P020170807351923262153.pdf [accessed 2018-03-12]
Liang Z, Por Chen Y, Gu Y. Rural Industrialisation and Internal Migration in China. Urban Studies 2016 Jul
02;39(12):2175-2187. [doi: 10.1080/0042098022000033926]
Fan CC. Interprovincial Migration, Population Redistribution, and Regional Development in China: 1990 and 2000 Census
Comparisons. The Professional Geographer 2005 May;57(2):295-311. [doi: 10.1111/j.0033-0124.2005.00479.x]
Li Y, Chen C, Wang Y, Liu Y. Urban-rural transformation and farmland conversion in China: The application of the
environmental Kuznets Curve. Journal of Rural Studies 2014 Oct;36:311-317. [doi: 10.1016/j.jrurstud.2014.10.005]
Li Y, Westlund H, Zheng X, Liu Y. Bottom-up initiatives and revival in the face of rural decline: Case studies from China
and Sweden. Journal of Rural Studies 2016 Oct;47:506-513. [doi: 10.1016/j.jrurstud.2016.07.004]
Lu Y, Qin L. Healthy migrant and salmon bias hypotheses: a study of health and internal migration in China. Soc Sci Med
2014 Feb;102:41-48. [doi: 10.1016/j.socscimed.2013.11.040] [Medline: 24565140]
Diviani N, Dima AL, Schulz PJ. A Psychometric Analysis of the Italian Version of the eHealth Literacy Scale Using Item
Response and Classical Test Theory Methods. J Med Internet Res 2017 Apr 11;19(4):e114 [FREE Full text] [doi:
10.2196/jmir.6749] [Medline: 28400356]
Neter E, Brainin E, Baron-Epel O. The dimensionality of health literacy and eHealth literacy. European Health Psychologist
2015;17(6):275-280.

http://www.jmir.org/2019/10/e15720/

XSL• FO
RenderX

Ma & Wu

J Med Internet Res 2019 | vol. 21 | iss. 10 | e15720 | p. 12
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
27.
28.

29.

30.

31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.

51.

Ma & Wu

Soellner R, Huber S, Reder M. The Concept of eHealth Literacy and Its Measurement. Journal of Media Psychology 2014
Jan;26(1):29-38. [doi: 10.1027/1864-1105/a000104]
Sudbury-Riley L, FitzPatrick M, Schulz PJ. Exploring the Measurement Properties of the eHealth Literacy Scale (eHEALS)
Among Baby Boomers: A Multinational Test of Measurement Invariance. J Med Internet Res 2017 Feb 27;19(2):e53 [FREE
Full text] [doi: 10.2196/jmir.5998] [Medline: 28242590]
Hyde LL, Boyes AW, Evans T, Mackenzie LJ, Sanson-Fisher R. Three-Factor Structure of the eHealth Literacy Scale
Among Magnetic Resonance Imaging and Computed Tomography Outpatients: A Confirmatory Factor Analysis. JMIR
Hum Factors 2018 Feb 19;5(1):e6 [FREE Full text] [doi: 10.2196/humanfactors.9039] [Medline: 29459356]
Prisciandaro JJ, Tolliver BK. An item response theory evaluation of the young mania rating scale and the montgomery-asberg
depression rating scale in the systematic treatment enhancement program for bipolar disorder (STEP-BD). J Affect Disord
2016 Nov 15;205:73-80 [FREE Full text] [doi: 10.1016/j.jad.2016.06.062] [Medline: 27420134]
GYCT. 2015. Statistical Bulletin on National Economic and Social Development in Chaotian (2014) URL: http://www.
gyct.com.cn/info/1487/27774.htm [accessed 2019-07-17]
World Health Organisation. 2010. Process of translation and adaptation of instruments URL: http://www.who.int/
substance_abuse/research_tools/translation/en/ [accessed 2019-07-17]
Furnham A. A handbook of test construction, introduction to psychometric design. Personality and Individual Differences
1987 Jan;8(5):773. [doi: 10.1016/0191-8869(87)90086-9]
Dziuban CD, Shirkey EC. When is a correlation matrix appropriate for factor analysis? Some decision rules. Psychological
Bulletin 1974;81(6):358-361. [doi: 10.1037/h0036316]
Park HS, Dailey R, Lemus D. The Use of Exploratory Factor Analysis and Principal Components Analysis in Communication
Research. Human Comm Res 2002 Oct;28(4):562-577. [doi: 10.1111/j.1468-2958.2002.tb00824.x]
Glorfeld LW. An Improvement on Horn's Parallel Analysis Methodology for Selecting the Correct Number of Factors to
Retain. Educational and Psychological Measurement 2016 Jul 02;55(3):377-393. [doi: 10.1177/0013164495055003002]
Hayton JC, Allen DG, Scarpello V. Factor Retention Decisions in Exploratory Factor Analysis: a Tutorial on Parallel
Analysis. Organizational Research Methods 2016 Jun 29;7(2):191-205. [doi: 10.1177/1094428104263675]
Hoe S. Issues and procedures in adopting structural equation modeling technique. Journal of Applied Quantitative Methods
2008;3(1):76-83.
Hu L, Bentler P. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.
Structural Equation Modeling: A Multidisciplinary Journal 1999 Jan;6(1):1-55. [doi: 10.1080/10705519909540118]
[Medline: 3384345]
Samejima F. Estimation of latent ability using a response pattern of graded scores. ETS Research Bulletin Series 2014 Aug
08;1968(1):i-169. [doi: 10.1002/j.2333-8504.1968.tb00153.x]
Frank B, Kim SH. Item response theory: Parameter estimation techniques. New York, NY: Marcel Dekker; 2004.
Mielenz TJ, Callahan LF, Edwards MC. Item response theory analysis of Centers for Disease Control and Prevention
Health-Related Quality of Life (CDC HRQOL) items in adults with arthritis. Health Qual Life Outcomes 2016 Mar
12;14(1):43 [FREE Full text] [doi: 10.1186/s12955-016-0444-4] [Medline: 26969513]
Kubinyi E, Miklósi A, Topál J, Csányi V. Social mimetic behaviour and social anticipation in dogs: preliminary results.
Anim Cogn 2003 Mar;6(1):57-63. [doi: 10.1007/s10071-003-0163-1] [Medline: 12658535]
CNNIC. 2016. Statistical Report on Rural Internet Development - 2015 URL: https://www.cnnic.net.cn/hlwfzyj/hlwxzbg/
ncbg/201608/P020170907348967498375.pdf [accessed 2018-03-12]
Donohue G, Tichenor P, Olien C. Mass Media and the Knowledge Gap. Communication Research 2016 Jun 30;2(1):3-23.
[doi: 10.1177/009365027500200101]
Kim Y, Lim JY, Park K. Effects of Health Literacy and Social Capital on Health Information Behavior. J Health Commun
2015;20(9):1084-1094. [doi: 10.1080/10810730.2015.1018636] [Medline: 26166008]
Guo S, Yu X, Sun Y, Nie D, Wang L. Adaptation and evaluation of Chinese version of eHEALS and its usage among senior
high school students. Chinese Journal of Health Education 2013;29(2):106-108.
Zhao Y, Chen H, Gong H, Wu Y. Analysis on status and influencing factor of e-health literacy among outpatients. Modern
Preventive Medicine 2019;46(6):1073-1073.
Zhou H, Zheng A. Current situation and influencing factors of e-health literacy among community older adults. Journal of
Nanjing Medical University (Social Sciences) 2018;18(6):455-458.
Ploderer B, Brown R, Seng LSD, Lazzarini PA, van Netten JJ. Promoting Self-Care of Diabetic Foot Ulcers Through a
Mobile Phone App: User-Centered Design and Evaluation. JMIR Diabetes 2018 Oct 10;3(4):e10105 [FREE Full text] [doi:
10.2196/10105] [Medline: 30305266]
Weir JP. Quantifying test-retest reliability using the intraclass correlation coefficient and the SEM. J Strength Cond Res
2005 Feb;19(1):231-240. [doi: 10.1519/15184.1] [Medline: 15705040]

Abbreviations
C-eHEALS: simplified Chinese version of the eHealth Literacy Scale
http://www.jmir.org/2019/10/e15720/

XSL• FO
RenderX

J Med Internet Res 2019 | vol. 21 | iss. 10 | e15720 | p. 13
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Ma & Wu

eHEALS: eHealth Literacy Scale
eHealth: electronic health
ICTs: information communication technologies
IRM: item response model
SOHISB: Scope of Online Health Information Seeking Behaviors

Edited by G Eysenbach; submitted 01.08.19; peer-reviewed by E Neter, J Papadakos, G Bravo, O Baron-Epel, C Bakker; comments
to author 28.08.19; revised version received 06.09.19; accepted 23.09.19; published 22.10.19
Please cite as:
Ma Z, Wu M
The Psychometric Properties of the Chinese eHealth Literacy Scale (C-eHEALS) in a Chinese Rural Population: Cross-Sectional
Validation Study
J Med Internet Res 2019;21(10):e15720
URL: http://www.jmir.org/2019/10/e15720/
doi: 10.2196/15720
PMID: 31642811

©Zhihao Ma, Mei Wu. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 22.10.2019. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2019/10/e15720/

XSL• FO
RenderX

J Med Internet Res 2019 | vol. 21 | iss. 10 | e15720 | p. 14
(page number not for citation purposes)

