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Abstract
Background Health literacy is closely associated with health status. Currently,
domestic research tends to utilize multi-dimensional, multi-item health literacy
assessment instruments, and there remains a lack of concise yet effective health
literacy assessment tools.

Objective To simplify the health literacy scale and conduct psychometric testing
within the Chinese population.

Methods Individuals aged 18 years and older were selected from the data of
the “China Family Health Index Survey (2021)”as study participants. Based
on inclusion and exclusion criteria, a total of 7449 data points were ultimately
included and randomly divided into two sample sets, with Sample Set 1 com-
prising 3680 data points and Sample Set 2 comprising 3769 data points. Par-
ticipants were surveyed using a general information questionnaire, the 12-item
Health Literacy Scale (HLS-SF12), the Perceived Social Support Scale (PSSS),
and the Family Health Scale-Short Form (FHS-SF). Classical Test Theory and
the Mokken model from Item Response Theory were applied to screen the orig-
inal items of the HLS-SF12, and confirmatory analyses including reliability and
validity were conducted on the simplified scales.

Results Using Classical Test Theory and the Mokken model, one 9-item ver-
sion of the scale (HLS-SF9) and one 4-item version (HLS-SF4) were simplified.
Neither HLS-SF9 nor HLS-SF4 exhibited ceiling or floor effects. Their Cron-
bach’s 𝛼 coefficients were 0.913 and 0.842, respectively, and their split-half
reliabilities were 0.871 and 0.815, respectively. Exploratory factor analysis of
HLS-SF4 extracted one common factor with a cumulative variance contribution
rate of 67.813%, and the factor loadings of all items were >0.81. Confirma-
tory factor analysis results for HLS-SF9 showed �2/df=10.844, Goodness-of-Fit
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Index (GFI)=0.985, Adjusted Goodness-of-Fit Index (AGFI)=0.971, Normed
Fit Index (NFI)=0.986, Comparative Fit Index (CFI)=0.987, and Root Mean
Square Error of Approximation (RMSEA)=0.051. Correlation analysis results
indicated that both HLS-SF9 and HLS-SF4 were positively correlated with PSSS
(r=0.367, 0.292; P<0.001) and positively correlated with FHS-SF (r=0.340,
0.237; P<0.001). The criterion validity of HLS-SF9 against HLS-SF12, ex-
pressed as Intraclass Correlation Coefficient (ICC) (95%CI), was 0.989 (0.988,
0.999), while the criterion validity ICC (95%CI) for HLS-SF4 was 0.892 (0.886,
0.899).

Conclusion The simplified health literacy scales demonstrate good reliability
and validity and serve as effective tools for rapidly assessing health literacy in
the Chinese population. Researchers may make targeted selections based on
requirements for research precision (HLS-SF9) or assessment time (HLS-SF4).
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Abstract

Background Health literacy is closely associated with health status. Most do-
mestic studies tend to use multidimensional and multi-item tools for assessing
health literacy, lacking simple and effective assessment methods. Objective To
simplify the health literacy scale and conduct psychometric testing within the
Chinese population. Methods Adults aged 18 years and above were selected
from the“China Family Health Index Survey (2021).”Based on inclusion and ex-
clusion criteria, a total of 7,449 participants were selected and randomly divided
into two sample sets, including 3,680 cases in sample set 1 and 3,769 cases in
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sample set 2. The general information questionnaire, short-form health literacy
questionnaire (HLS-SF12), Perceived Social Support Scale (PSSS), and Fam-
ily Health Scale Short-Form (FHS-SF) were administered to the respondents.
Classical test theory (CTT) and the Mokken model in item response theory
(IRT) were used to screen the original items, and validation analyses such as
reliability and validity of the simplified scales were also conducted. Results A
9-item version (HLS-SF9) and a 4-item version (HLS-SF4) were simplified by
using CTT and the Mokken model, respectively. Both the HLS-SF9 and the
HLS-SF4 had no ceiling effect or floor effect, and the Cronbach’s 𝛼 coefficients
for both were 0.913 and 0.842, with split-half reliabilities of 0.871 and 0.815,
respectively. The exploratory factor analysis of HLS-SF4 revealed one common
factor, accounting for 67.813% of the cumulative variance, with factor loadings
exceeding 0.81 for each item. The confirmatory factor analysis of HLS-SF9
showed that �2/df was 10.844, goodness of fit index (GFI) was 0.985, adjusted
goodness of fit index (AGFI) was 0.971, normative fit index (NFI) was 0.986,
comparative fit index (CFI) was 0.987, and root mean squared error of approx-
imation (RMSEA) was 0.051. The correlation analysis demonstrated positive
correlation of HLS-SF9 and HLS-SF4 with PSSS (r=0.367, 0.292, P<0.001), as
well as FHS-SF (r=0.340, 0.237, P<0.001), respectively. The intraclass corre-
lation coefficients (ICC) (95%CI) for the criterion validity of HLS-SF9 against
HLS-SF12 was 0.989 (0.988, 0.999), while for HLS-SF4 against HLS-SF12 was
0.892 (0.886, 0.899). Conclusion The simplified health literacy scales have
good reliability and validity, which are reliable and effective tools for assess-
ing the health literacy of the Chinese population. Researchers can choose the
scale according to the needs of research precision (HLS-SF9) or assessment time
(HLS-SF4).

Keywords Health literacy; Item selection; Classical test theory; Mokken model;
Short-form health literacy survey questionnaire

Health literacy refers to an individual’s ability to obtain, understand, and use
health information to maintain and promote their own health [1]. The World
Health Organization emphasizes that health literacy, as an indicator of cog-
nitive ability and social skills [2], is an important determinant of health [3].
Limited health literacy can make it difficult for the public to fully recognize
and understand diseases, hindering efficient and adequate utilization of medical
resources. This particularly affects self-management of chronic diseases, leading
to poor medication adherence and even increased hospitalization and mortal-
ity rates [4-6]. China’s “Healthy China 2030”Planning Outline emphasizes
that residents’health literacy status is a core component of strategic goals, and
improving health literacy should become an important element of health educa-
tion, patient management, and health promotion [7]. This requires individuals
to fully understand and use health information to adequately manage their own
health issues and reduce social costs. Therefore, an objective, comprehensive,
and accurate tool for assessing health literacy is a prerequisite for conducting

chinarxiv.org/items/chinaxiv-202308.00009 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00009


such research.

The 12-item short-form health literacy survey questionnaire (HLS-SF12) sup-
ports the original structure of HLS-EU-Q47 with good reliability and validity.
Chinese scholars mostly use the “National Resident Health Literacy Monitor-
ing Questionnaire”formulated by the National Health Commission. With the
deepening of health literacy research, scholars have developed health literacy as-
sessment tools for special populations [11-13]. Currently, research projects tend
to use multidimensional and multi-item assessment tools, striving for comprehen-
sive evaluation of respondents’clinical or psychological characteristics. However,
lengthy instruments have certain drawbacks: too many questions lead to longer
response times, reduced patience, decreased response seriousness, and compro-
mised authenticity and reliability of questionnaires. Simultaneously, they may
cause respondents to feel their privacy is invaded, increasing psychological bur-
den [14]. Short-form scales can largely avoid these disadvantages while reducing
questionnaire completion time, facilitating broader respondent populations and
application fields. Additionally, as health literacy has gained attention from
scholars worldwide, the development of tools for measuring public health liter-
acy has become active. Commonly used instruments include the Test of Func-
tional Health Literacy in Adults (TOFHLA) and the European Health Literacy
Survey Questionnaire (HLS-EU-Q) [8-9]. Building on these studies, Duong et
al. [10] developed the HLS-SF12, suitable for assessing public health literacy
in Asian countries, based on HLS-EU-Q47. Short health literacy assessment
tools can be incorporated into patient visit evaluations and other assessment
questionnaires to quickly screen groups with limited health literacy, facilitating
targeted health education and evaluating intervention effects [8,15].

Considering the lack of simple assessment tools in China’s health literacy field,
this study attempts to simplify HLS-SF12, which will help enable simple and
accurate assessment of health literacy in larger populations or clinical environ-
ments, providing a reference basis for future intervention research.

1.1 Study Subjects
The “China Family Health Index Survey (2021)”was conducted from July 10
to September 15, 2021, using a multi-stage sampling method. The capitals of
23 provinces and 5 autonomous regions, plus 4 municipalities directly under
the central government, were directly included in the survey. Using a random
number table method, 2-6 cities were selected from non-capital prefecture-level
administrative regions in each province and autonomous region, totaling 120
cities. Each city recruited at least one investigator or survey team. Investiga-
tors were required to use data from the “2021 Seventh National Population
Census”to ensure that the obtained sample’s gender, age, and urban-rural
distribution basically matched population characteristics. Inclusion criteria for
the “China Family Health Index Survey (2021)”were: (1) age ≥ 12 years; (2)
Chinese nationality; (3) permanent Chinese resident (annual out-of-town time
≤ 1 month); (4) voluntary participation with informed consent; (5) ability to
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complete the online questionnaire independently or with investigator assistance;
(6) understanding the meaning expressed in each questionnaire item. Exclusion
criteria were: (1) unconsciousness or mental abnormality; (2) participation in
other similar research projects; (3) unwillingness to cooperate. After question-
naire collection, two persons conducted logic checks and data screening back-to-
back. This study was approved by the Ethics Committee of Jinan University
(JNUKY-2021-018). The“China Family Health Index Survey (2021)”surveyed
11,668 residents, with 11,031 valid questionnaires recovered, yielding an effec-
tive recovery rate of 94.54%. From the data, individuals aged ≥ 18 years were
selected as subjects for this study, with 7,449 cases ultimately included and ran-
domly divided into two sample sets: sample set 1 with 3,680 cases and sample
set 2 with 3,769 cases.

1.2 Methods
1.2.1 General Information Questionnaire

Developed by the researchers, the questionnaire included content on respon-
dents’gender, age, ethnicity, household registration type, residence type, highest
education level, marital status, and monthly household income per capita.

1.2.2 HLS-SF12

The HLS-SF12, developed by Duong et al. [10] for public health literacy mea-
surement, consists of 3 dimensions: health care, disease prevention, and health
promotion, with 12 items total using a 4-point scale (1=very difficult, 2=diffi-
cult, 3=easy, 4=very easy). The standardized Health Literacy Index (HL index)
is calculated using the formula: HL index = (mean - 1) × (50/3), where the
mean is the average of all items for each individual, 1 is the minimum possible
value of the mean (making the minimum index value 0), 3 is the range of the
mean, and 50 is the maximum index value. Duong reported HLS-SF12’s Cron-
bach’s 𝛼 coefficient >0.70, with subscale coefficients of 0.49-0.72 for health care,
0.64-0.77 for disease prevention, and 0.59-0.81 for health promotion, indicating
good internal consistency. With authorization from the original author, the
Chinese version of HLS-SF12 [16] was used in this study. In this research, the
scale’s Cronbach’s 𝛼 coefficient was 0.932 in dataset 1, 0.933 in dataset 2, and
0.932 in the total dataset.

1.2.3 Perceived Social Support Scale (PSSS)

Developed by Zimet et al. [17] and revised by Jiang Qianjin, the PSSS consists
of 3 dimensions: family support, friend support, and other support, with 4 items
in each dimension (12 items total). Scale options range from“strongly disagree”
to “strongly agree”scored 1-7, with higher scores indicating richer perceived
social support. In this study, the scale’s Cronbach’s 𝛼 coefficient was 0.947 in
dataset 2 and 0.948 in the total dataset.
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1.2.4 Family Health Scale Short-Form (FHS-SF)

The FHS-SF was developed by Crandall et al. [18] to assess family health func-
tion and was translated into Chinese by Wang et al. [19]. The scale has 4 di-
mensions with 10 items total. Items range from“strongly disagree”to“strongly
agree”(1-5 points), with items 6, 9, and 10 reverse-scored. Higher total scores
indicate better family health levels. In this study, the scale’s Cronbach’s 𝛼
coefficient was 0.845 in dataset 2 and 0.846 in the total dataset.

1.3 Simplification Methods
1.3.1 Classical Test Theory (CTT) Simplification Methods

Four commonly used methods in CTT item analysis were applied to screen the
original scale items: inter-item residual correlation method, correlation coeffi-
cient method, corrected item-total correlation (CITC) method, and independent
samples t-test method.

(1) The inter-item residual correlation method calculates the sum of residual
correlations between each item and all other items, retaining items with
the smallest inter-item residual correlations, expressed as the sum of MI
values of item residuals [20].

(2) The correlation coefficient method calculates Pearson correlation coeffi-
cients between each item and the total scale score, selecting items with
larger absolute correlation values that are statistically significant [21].

(3) The CITC method screens items based on internal consistency by calculat-
ing Cronbach’s 𝛼 coefficients for the total scale or individual dimensions
and comparing changes after deleting an item. If deleting an item substan-
tially increases the Cronbach’s 𝛼 coefficient, the item should be removed
because its presence reduces internal consistency; otherwise, it should be
retained [22].

(4) The independent samples t-test method first arranges total scale scores
from high to low, with the high-scoring group being the top 27% and the
low-scoring group the bottom 27%. Independent samples t-tests are then
conducted. If results show no significant difference in mean scores for an
item between high and low groups, that item should be deleted [23].

1.3.2 Item Response Theory (IRT) Simplification Method—Mokken
Model

Analysis was conducted using the Mokken model [24] in item response theory.
The Mokken model belongs to nonparametric item response theory, which pro-
vides a more adaptable and flexible framework for real-world scenarios compared
to parametric item response theory and is more suitable for short scales [25]. The
R package“Mokken”was used to analyze the full health literacy scale, including
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unidimensionality tests, local independence tests, and monotonicity tests for all
items.

(1) The Automated Item Selection Procedure (AISP) was used to test scale
unidimensionality, implemented from c=0 to c=0.55 in steps of 0.05.
When the c value increases, if the test is unidimensional, three stages may
occur: most or all items merge into one scale; one smaller scale forms; or
one or several small scales form while many items are deleted [26].

(2) Homogeneity coefficients were used to check whether item settings were
reasonable. Homogeneity coefficients are divided into three types: item
pairs (Hij), items (Hi), and scale (Hs). Higher H values indicate more ac-
curate ranking of respondents’latent traits by total test scores. Based on
experience, Mokken believed Hij must be >0, and Hi and H should not be
<0.3. More specific H value criteria are: when H<0.3, the scale is unqual-
ified; when 0.3≤H<0.4, the scale’s accuracy is weak; when 0.4≤H<0.5,
accuracy is moderate; when H$�$0.5, accuracy is strong [27].

(3) Local independence tests were completed using conditional association
procedures, with three conditional association indices W(1), W(2), and
W(3) used for testing. Flagged items were deleted one by one according
to the principle that items with the most W flags were removed. If items
had the same number of flags, the item with the smaller homogeneity
coefficient Hi was deleted [28].

(4) Monotonicity of each item was tested. The minimum violation coefficient
(#vi/#ac), significance (#zsig), and Crit values were used as evaluation
criteria. When all three indicators equal 0, monotonicity assumptions
are met. However, in practical applications, a minimum violation coeffi-
cient <0.3 is acceptable [29], significance <1.96 is acceptable [30]. When
Crit>80, monotonicity assumptions are violated; when 40≤Crit$�$80, dele-
tion should be considered based on item content and scale usage; when
Crit<40, the item basically satisfies monotonicity, and occasional viola-
tions can be considered sampling errors [31].

1.4 Statistical Methods
Data processing was performed using SPSS 24.0, AMOS 24.0, and R 4.2.1, em-
ploying descriptive statistical analysis, confirmatory factor analysis, classical
test theory item reduction, Mokken model item reduction, and validation anal-
ysis. To ensure the validity of the short-form scales and avoid reduced research
power caused by insufficient sample size, the minimum required sample size
was calculated [32]: assuming an intra-class correlation coefficient (ICC) of 0.90,
type I error probability 𝛼 of 0.05, achieving 95% statistical power required 223
participants. This study collected 7,449 valid data points (including both item
screening and validation datasets), indicating sufficient sample size for subse-
quent data analysis.
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2.2 Psychometric Testing of the Full Scale
Based on dataset 1 data, confirmatory factor analysis was conducted on
HLS-SF12’s psychometric indicators, as shown in [Figure 1: see original
paper]. Results showed normative fit index (NFI)=0.960, goodness of fit
index (GFI)=0.957, adjusted goodness of fit index (AGFI)=0.934, compar-
ative fit index (CFI)=0.962, and root mean squared error of approximation
(RMSEA)=0.068. These fit indices indicated good model fit for the original
scale. Internal consistency coefficient calculation yielded Cronbach’s 𝛼=0.932,
indicating good scale reliability.

2.3 Exploratory Analysis
Descriptive statistics were first performed on the sociodemographic information
from dataset 1 and dataset 2, showing the number and percentage of each vari-
able category. After using dataset 1 to verify HLS-SF12’s psychometric indica-
tors, items were simplified using CTT and IRT methods respectively, yielding
HLS-SF9 and HLS-SF4. Validation analyses were then conducted based on
dataset 2 data.

2.3.1 Item Reduction Based on Classical Test Theory

First, the inter-item residual correlation method was used for item analysis, with
MI value threshold using the default value. Results showed that items with the
largest residual MI values in each dimension were items 3, 5, and 11, indicating
these items had the weakest explanatory power for their dimensions among all
items, and thus were considered for deletion.

Second, the correlation coefficient method was used for item analysis. Results
showed that correlation coefficients between the full health literacy scale and
each item were all >0.71 (r=0.716-0.797), indicating good consistency between
these items and the scale, and all were considered for retention.

Third, CITC was used to analyze the scale. Results showed that Cronbach’s 𝛼
coefficients after deleting each item ranged from 0.924-0.928, with internal con-
sistency coefficients decreasing after item deletion. Therefore, no items needed
to be deleted from the scale.

Finally, using the highest 27% ($�37.5𝑝𝑜𝑖𝑛𝑡𝑠)𝑎𝑛𝑑𝑙𝑜𝑤𝑒𝑠𝑡27�$30.556 points) of
health literacy HL index scores to define high and low groups, independent
samples t-tests were conducted. Results showed significant differences in scores
for all items between high and low groups (P<0.001), indicating no items needed
to be deleted.

In summary, using four classical test theory methods to streamline HLS-SF12,
results indicated that items 3, 5, and 11 were considered for deletion in the
inter-item residual correlation method. After deleting these three items, a 9-
item three-dimensional short-form scale was formed. The health literacy scale
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simplified based on classical test theory (HLS-SF9) includes 9 items: items 1, 2,
4, 6, 7, 8, 9, 10, and 12. Detailed item analysis results are shown in .

2.3.2 Item Reduction Based on Mokken Model

First, Mokken model analysis was performed on HLS-SF12. AISP was used to
test scale unidimensionality, implemented from c=0 to c=0.55 with step size
0.05. Results showed that when c was set at 0-0.55, only one dimension could
be obtained, with all items in that dimension.

Then, various homogeneity coefficients were calculated. Results showed that in
this study, all Hij values were >0.43 and all Hi values were >0.53 (details in ),
with H=0.609. This indicated that homogeneity coefficients could not be used
to delete items.

Local independence testing was then conducted through conditional association
analysis. In the first round, index W(1) showed item 11 had 6 flags, items 2
and 8 each had 4 flags, and item 10 had 1 flag, so item 11 was deleted first. In
subsequent rounds, based on results of indices W(1), W(2), and W(3), items 8,
2, 12, 6, 9, 4, and 10 were sequentially deleted. After conditional association
analysis, 4 items remained: items 1, 3, 5, and 7.

Monotonicity tests were then conducted on these 4 items. Items 1 and 7 did
not violate monotonicity. Item 3 had a minimum violation coefficient of 0.02,
significance of 1, and Crit value of 13, while item 5 had a minimum violation
coefficient of 0.02, significance of 1, and Crit value of 19, all within acceptable
ranges, and thus were retained.

In summary, the health literacy scale simplified based on Mokken model analysis
(HLS-SF4) includes 4 items: items 1, 3, 5, and 7. See for details.

2.4 Validation
2.4.1 Ceiling and Floor Effect Testing

The reliability of HLS-SF9 and HLS-SF4 can be enhanced by minimal
floor/ceiling effects. shows the ceiling and floor effects in dataset 2, neither
exceeding 15%, indicating that respondents with the lowest or highest scores
can be distinguished from each other, facilitating reliability measurement.

2.4.2 Reliability Validation

Using dataset 2 to test reliability of the two simplified health literacy scales,
analysis showed Cronbach’s 𝛼 coefficients of 0.913 and 0.842, and split-half reli-
abilities of 0.871 and 0.815 for HLS-SF9 and HLS-SF4, respectively. Reliability
after deleting each item was $�$0.910 and $�$0.810, indicating good reliability
indices.
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2.4.3 Validity Testing

2.4.3.1 Structural Validity Bartlett’s sphericity test and KMO measure
were conducted on HLS-SF4 in dataset 2. HLS-SF4’s Bartlett sphericity test
value was 5915.883 (P<0.01) and KMO measure was 0.807, indicating suitabil-
ity for factor analysis. Exploratory factor analysis extracted one factor with
eigenvalue >1, verifying its unidimensionality from a CTT perspective, with
cumulative variance contribution rate of 67.813% and factor loadings >0.81 for
all items.

Confirmatory factor analysis was performed on HLS-SF9’s 9 items ([Figure 2:
see original paper]). HLS-SF9’s confirmatory factor analysis model fit indices
showed �2/df=10.844, GFI=0.985, AGFI=0.971, NFI=0.986, CFI=0.987, and
RMSEA=0.051. Except for �2/df, all reached ideal criteria. It should be noted
that �2/df eliminates the influence of degrees of freedom but not sample size.
With a sample size of 3,769 (large sample), research indicates that when sample
size is large, the overall model fit chi-square value increases significantly with
sample size, so other important indices can be considered while this index can be
ignored. Therefore, the three-dimensional 9-item HLS-SF9 showed good model
fit.

2.4.3.2 Empirical Validity Previous studies have shown that health literacy
is significantly correlated with perceived social support and family health [36-
38]. This study used dataset 2 to conduct correlation analysis simultaneously
among PSSS, FHS-SF, HLS-SF12, HLS-SF9, and HLS-SF4. Results showed
HLS-SF12 was positively correlated with PSSS (r=0.361, P<0.001) and FHS-
SF (r=0.329, P<0.001). HLS-SF9 and HLS-SF4 were positively correlated with
PSSS (r=0.367, P<0.001; r=0.292, P<0.001) and FHS-SF (r=0.340, P<0.001;
r=0.237, P<0.001), indicating good empirical validity for both HLS-SF9 and
HLS-SF4.

2.4.4 Measurement Content Consistency

Based on dataset 2, this study analyzed criterion validity of the two simplified
health literacy scales. The ICC (95%CI) for HLS-SF9 against HLS-SF12 was
0.989 (0.988, 0.999), while for HLS-SF4 against HLS-SF12 was 0.892 (0.886,
0.899), indicating good to excellent criterion validity and high consistency be-
tween the simplified scales and full version, though HLS-SF9 showed higher
consistency than HLS-SF4.

3.1 Rationality of Scale Simplification Process and Results
HLS-SF12 was simplified using principal component analysis. Validation results
from six Asian countries/regions [10] showed it adequately reflected the theoreti-
cal structure of health literacy and demonstrated valid differences among health
literacy level subgroups. Criterion testing showed HLS-SF12’s explanatory ef-
fectiveness for the Asian health literacy scale HLS-EU-Q47 was higher than the
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European scale HLS-EU-Q16. The HLS-SF12 scale has been applied by foreign
scholars in studies of patients in general outpatient, orthopedic, and traditional
Chinese medicine departments [39], and validated in Vietnamese farmers, health
workers during COVID-19, and outpatients [40-42], all demonstrating good re-
liability and validity and cross-cultural, regional, and social group applicability
as an effective measurement tool for multi-group health literacy.

Previous simplification studies commonly used classical test theory and Mokken
model frameworks. On one hand, CTT is a historically long-standing, widely
applied, and well-known psychometric theory [43]. It represents observed test
scores as the sum of true scores and error scores, and based on its assumptions,
has derived over a dozen parameter calculation formulas including reliability,
validity, item difficulty, and discrimination through decades of practice, estab-
lishing a complete testing methodology system and standardized procedures
that make the entire testing process more objective and scientific. Additionally,
CTT has a relatively understandable mathematical model, parameter concepts,
and estimation methods. Its advocated standardization techniques effectively
control measurement errors, and more importantly, its theoretical and method-
ological system is relatively complete with weak prerequisite assumptions that
are easily satisfied in practical work [44]. For example, Yu Binbin et al. [45] used
extreme value method, correlation coefficient method, and CITC based on CTT
to simplify the Critical Thinking Disposition Scale to 28 items, with reliability
and validity tests showing strong usability of the simplified scale.

On the other hand, IRT models have been proven to have more advantages, us-
ing nonlinear models to establish nonlinear relationships between respondents’
item responses and their latent traits, which better fits practical testing situa-
tions [46]. The Mokken model is a type of nonparametric item response theory
model with nonparametric characteristics that also follows IRT’s basic princi-
ples, compensating for shortcomings of parametric item response theory models
[47]. After Mokken model analysis of all items, items not meeting theoreti-
cal assumptions can be deleted or modified to further improve scale quality
[48]. Wang et al. [49] and Wu et al. [50] used the Mokken model to simplify the
New General Self-Efficacy Scale and Perceived Social Support Scale respectively,
showing good reliability and validity for practical application.

Before simplification, this study used confirmatory factor analysis to verify the
structural validity of the original scale in dataset 1, showing good structural
validity of HLS-SF12. In the scale simplification process based on classical
test theory, this study also simplified the health literacy scale according to
four commonly used CTT item analysis methods. One item in each dimension
was considered for deletion in the inter-item residual correlation method; after
deleting these items, a 9-item short-form scale (HLS-SF9) was formed.

In the scale simplification process based on nonparametric item response theory,
this study conducted Mokken analysis on the full scale. First, unidimensionality
testing of the full scale showed only one dimension could be obtained, with
good homogeneity coefficients. However, in local independence testing, 8 items
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with conditional associations were sequentially deleted, followed by monotonicity
testing with no additional items deleted, ultimately yielding a 4-item short-form
scale (HLS-SF4).

Simplification work based on classical test theory and Mokken model yielded
two streamlined versions, HLS-SF9 and HLS-SF4. Using dataset 2 data for
validation analysis, ceiling and floor effect analysis showed both effects were
low, allowing good discrimination between high and low scorers and facilitating
further reliability analysis. Reliability tests showed both short-form scales had
good reliability, though HLS-SF9’s reliability indices were superior to HLS-SF4’
s. In structural validity testing, Bartlett’s sphericity test and KMO measure
were first conducted, confirming HLS-SF4’s suitability for factor analysis. Ex-
ploratory factor analysis was then used to verify HLS-SF4’s simplified structure,
extracting one common factor with eigenvalue >1 through principal component
analysis, consistent with the unidimensional structure premise tested by AISP
in Mokken model analysis. Confirmatory factor analysis was performed on HLS-
SF9, with results showing excellent fit indices for its three-dimensional model,
indicating the 9-item short-form scale’s division into three dimensions was
reasonable. Notably, the two short-form scales used two different structural
validity verification methods for two reasons: first, classical test theory simpli-
fication did not involve dimension reduction, with dimensions determined and
consistent with the original scale; second, Mokken model simplification broke
the original dimensions, merging them into a single dimension, with retained
items only involving the first two dimensions.

Empirical validity test results showed both HLS-SF9 and HLS-SF4 had good
empirical validity. ICC indices comparing the two simplified scales with the
full version showed high consistency in measured content, though HLS-SF9 was
higher than HLS-SF4. In summary, HLS-SF9 retains the original scale’s fac-
tor structure with superior reliability and empirical validity and higher consis-
tency with the original scale’s measured content, while HLS-SF4 has fewer
items and higher factor loadings. Therefore, retaining both simplified versions
is reasonable. Researchers can choose more targeted assessment scales accord-
ing to their research circumstances: if the primary purpose is to obtain more
precise measurement results, HLS-SF9 can be used; if the primary purpose is
to shorten overall questionnaire response time (such as in large cross-sectional
survey projects where precision can be sacrificed for a more streamlined ques-
tionnaire), HLS-SF4 is more appropriate.

In infectious or non-infectious disease prevention and control, health literacy is
an important factor that cannot be ignored. For example, in the COVID-19
infodemic, health literacy became a key tool for the public to identify“misinfor-
mation”[51]. This study used large-sample national research data to potentially
reduce bias from regional differences and improve research generalizability [52],
randomly generating two sample groups for mutual validation of results. Com-
pared with commonly used domestic assessment questionnaires, the simplified
health literacy scale has fewer items, shorter response time, and lower response
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difficulty, making it more suitable for assessing all age groups or use in compre-
hensive questionnaires.

3.2 Limitations and Future Research
This study used two theoretical frameworks, both strictly adhering to scale
simplification principles, but certain limitations remain. For example, this study
selected a large-sample national cross-sectional study as the data source. Future
longitudinal studies are needed to validate the effectiveness and stability of the
short-form scales. In multi-field practical application, more adaptive validation
and adjustment are also needed.

In summary, this study used classical test theory and the Mokken model to
screen HLS-SF12 items. The simplified 9-item and 4-item health literacy scales
demonstrate good reliability and validity in China’s general population and can
serve as reliable and streamlined tools for assessing health literacy. Researchers
can make targeted choices based on research precision needs (HLS-SF9) or as-
sessment time constraints (HLS-SF4).
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