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Abstract

ABBREVIATIONS

CTT: Classical Test Theory; EFA: Exploratory Factor
Analysis; GAMA: Global Action for Measurement of
Adolescent health(WHO); HL: Health Literacy; HLS-EU-
Q47:European Health Literacy Survey Questionnaire;
IRT: Item Response Theory; KMO: Kaiser-Meyer-Olkin;
MOE: Ministry of Education of the People’s Republic of
China; NHC: National Health Commission of the People’s
Republic of China; NVS: Newest Vital Sign; PCA: Principal
Component Analysis; REALM-Teen: Rapid Estimate of
Adolescent Literacy in Medicine; SC: State Council of the
People’s Republic of China; SCT: Social Cognitive Theory;
s-TOFHLA: Short Test of Functional Health Literacy in
Adults

INTRODUCTION

Health literacy (HL) has been defined as ‘the integration
of skills, knowledge, and motivational drivers to access,
understand, appraise, and apply health information for
decision-making in healthcare, disease prevention, and
health promotion contexts [1,2]. The WHO Integrated
Model [3], synthesizes individual and population
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Health literacy is critical for shaping health behaviours in children and adolescents, yet there is a lack of an appropriate tool for measuring comprehensive
health literacy employing grounded theory approaches. This study aimed to develop and validate a rapid health literacy questionnaire for primary and
secondary students to address gaps in exiting tools. Firstly, a health literacy indicator system was constructed through literature analysis, Delphi method,
and expert interviews. Secondly, for each domain indicator, items were generated. Finally, a stratified sampling survey with 3,325 primary students and
2,788 secondary students was conducted, Rasch analysis was applied to evaluate reliability and validity. Reliability analysis confirmed consistent results,
demonstrating favourable overall fit between observed data and the model. Validity results showed internal consistency. We developed a robust assessment
tool tailored to Chinese primary and secondary students, which is expected to comprehensively measure the health literacy of students aged 6 to 15 years.
Future cross-cultural validation is recommended to enhance its global applicability.

perspectives, highlighting HL as a dynamic process that
requires alignment with societal systems to achieve health
equity. Childhood and adolescence are formative years
for learning and developing health behaviors and HL
promotion during this period can significantly impact the
quality of life in adulthood [4]. Children’s and adolescents’
HL are multidimensional, going beyond numeracy and
literacy skills and developmental characteristics is related
to use of HL skills [5,6]. The WHO has been engaged in a
range of actions to promote HL as an enabling factor in
promoting health in a whole-of-society approach [7].

Current studies have established some domain-specific
assessment tools for children’s and adolescents’ HL,
including nutritional/food literacy [8,9], physical health
literacy [10], mental health literacy [11,12], however,
there is a lack of an appropriate tool for measuring
comprehensive children’ and adolescents’ HL-one that
employs grounded theory approaches both to determine
HL’'s key attributes and to acknowledge it as a latent
construct. By incorporating various topics, the tool can
encompass the common daily activities where they engage
in health-promoting actions and ensure that children’s
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and adolescents’ HL development includes all relevant
dimensions [13].

Existing measurements have some main deficiencies:
(1) insufficient cultural sensitivity, failed to fully capture
the cultural factors [14]; (2) insufficient psychometric
properties and quality lacking [15], which represents a
severe weakness in a measure termed construct under-
representation [16]. (3) insufficient age adaptability,
which adapted from adult-centric instruments such as NVS
[17], and s-TOFHLA [18], or lacking age-span perspective
[19], resulting in being less precise when evaluating the
different capabilities of specific age groups. (4) insufficient
content coverage, which place too much emphasis on
functional health literacy and neglect the assessment of
interactive and critical health literacy. (5) absence of digital
health literacy. With the popularity of digital media, digital
health literacy has become increasingly important [20,21],
but some tools fail to fully assess the capabilities in this
regard [19]. Studies on how frameworks that may be used
to guide the development of HL measure for children and
adolescents find that there exists theoretical insufficient
and fragmentation, with HL conceptualization has been
largely limited to concepts of adult HL in healthcare
and disease prevention settings [22-25], and few tools
involved children and adolescents in the development and
conceptualization of HL [26]. Different studies use different
definitions and tools, making it difficult to compare and
integrate results [27].

The challenge is to develop more comprehensive,
highly adaptable, and fully validated HL questionnaire
which is context and content specific to better support
health education and intervention efforts for children
and adolescents. Specifically, in order to develop a tool
that is sensitive to the wide range of potential HL needs
of children and adolescents, including potential key
mechanisms to support intervention development, as
well as measuring potential intervention effects, a well-
targeted, from a health promotion perspective, stage-
developmental HL modelling is vital. Therefore, we take
increased independence around food choice, physical
activity participation, sleep patterns and sexual expression
into fully consideration throughout the transitional years.
Previous researches have often utilized classical test theory
(CTT) and item response theory (IRT) to validate scale
reliability [28]. CTT faces limitations with measurement
and sample dependency, whereas IRT correlates examinee
ability with the likelihood of correct responses. Rasch
analysis offers a probabilistic model for scale scoring,
quantifying both respondent ability and item difficulty on
a unified scale [29,30]. Therefore, we use Rasch analysis
to evaluate the questionnaire’s difficulty, accuracy, and
psychometric properties.

In response to the findings of previous research, this
study aims to define children’s and adolescent’s HL and
develop a Chinese Rapid Health Literacy Questionnaire
for primary and secondary students (CRHLQ-PS). Specific
research questions include: (1) how can existing HL
models be adapted to reflect children’s and adolescents’
cognitive, social, and emotional developmental needs? (2)
what domains and competencies should be prioritized in a
context-specific HL assessment tool? (3) does the proposed
questionnaire demonstrate reliability and validity across
age groups?

MATERIALS AND METHODS
Stage I: Development of the CRHLQ-PS

Step 1: Concept modelling: To identify candidate
theories for HL modeling, we systematically searched
PubMed, Web of Science, and CNKI (2000-2024). “health
literacy” “eHealth literacy” “health competence” “health
capability” “health empowerment” and “child/adolescent/
school-age/youth” were used as search terms.

Based on nutbeam’s hierarchical model and Bandura’s
Social Cognitive Theory (SCT), we derived four core
dimensions: (1) Knowledge: understanding foundational
health concepts; (2) Skills: Ability to access, appraise, and
apply health information; (3) Motivation: intrinsic drivers
to engage in health-promoting behaviors; (4) Participation:
active involvement in individual and collective health
decision-making.

To address the limitations of prior adult-centric
HL models, we introduced two distinctive features:(1)
Developmental adaption: acknowledging cognitive-
behavioral progression, the model integrates a
developmental perspective: early primary (grades 1-2,
ages 6-8), middle primary (grades 3-4, ages 9-10),
upper primary (grades 5-6, ages 11-12), and junior high
(ages 13-15). (2) Domain-specific articulation: while
maintaining HL as a cross-cutting capacity, we embedded
context-bound literacies validated in prior studies: eHealth
literacy, nutrition literacy, physical literacy and mental
health literacy.

The child- and adolescent- centric HL model synthesizes
four core competencies—knowledge, skill, motivation,
and participation. Distinct from adult-centric frameworks,
the model advances HL measurement and intervention
through developmental adaptation and domain-specific
articulation, ensuring precision across evolving capacities
and real-world health ecosystems.

Step 2: Indicator construction: Phase 1: Policy
Review: Firstly, we collected and analyzed the policy files
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and data relevant to HL from government departments’
websites, including the State Council of the People’s
Republic of China (SC), the National Health Commission of
the People’s Republic of China (NHC), and the Ministry of
Education of the People’s Republic of China (MOE) (Figure

1).

Key documents, such as the Health Literacy of Chinese
Citizens—Basic Knowledge and Skills [31], and Healthy
China 2030 [32], emphasized knowledge, skill, motivation,
and participation. Developmental benchmarks from the
Standards for Health Education guided age-specific item
design, while the Ecological Environment and Health
Literacy (2018) informed contextually grounded domain
like environment.

Phase 2: Expert Interview: Secondly, in semi-
structured interviews and panel discussions with 13
multidisciplinary experts, key themes were discussed

including: (1) conceptual boundaries of child’s and
adolescents’ HL; (2) Prevalence and challenges in health
behaviors and lifestyles among students; (3) Current
modalities for accessing health information (e.g., digital
platforms, school-based resources); (4) Students’
perceived needs and barriers in obtaining, interpreting,
evaluating, and applying health information; (5) Practical
strategies to enhance accessibility and usability of health
information.

Phase 3: Panel Discussion: Thirdly, eight health
domain indicators identified through many
brainstorming sessions and discussions within the group.
The domain delves into multiple key aspect indicators:
eye, oral, and hand hygiene; food sanitation and nutrition;
exercise, sedentary behavior and sleep; accidental injury
prevention and natural disaster evacuation; nutrition-
related, infectious, chronic and endemic diseases;

were

Construction of the Chinese Health Literacy Indicator System for Primary and Secondary School Students [CHLIS-PS)

* Health literacy is a combination of knowledge, skills, motivation and participation to access, evaluate,
comprehend and apply health information concerning health care, disease prevention and health promotion

Phasel:
Policy Review

+ Research was conducted on relevant policy documents from the SC, the NHC, and the
MOE of the People's Republic of China.

+ References were made to the “the Health Literacy of Chinese Citizens—Basic Knowledge
and Skills”, the “Healthy China 2030", the “Standards for Health Education in Primary and
Secondary Schools”, and the “National Health Literacy Promotion Action Plan (2014-2020)".

+ Students’ perceived needs and barriers in obtaining, interpreting, evaluating, and

Phase 2:
Expert Interview + Conceptual boundaries of child and adolescent health literacy.
+ Prevalence and challenges in health behaviors and lifestyles among students.
+  Current modalities for accessing health information.
applying health information.
+ Practical strategies to enhance accessibility and usahility of health information.
Phase 3:

Panel Discussion

+ Primary and secondary school students are classified into four academic levels: grades 1—
2, grades 3—4, grades 5—6 , and junior high.

+ Core health domains were summarized: personal hygiene, nutrition, safety, physical
activity, disease prevention and control, mental health, digital health, environmental health.

Phase 4: .
Delphi Method .

Structural and dimensional adjustments were based on Delphi results.
Expert reliability was assessed through response rate, authority coefficient, consensus
consistency and opinion convergence.

Figure 1 Procedures diagram of the health literacy indicator system construction

Captions: figure showing the construction process of the Chinese health literacy indicator system for primary and secondary school students,
which includes four phases: policy review, expert interview, panel discussion, and Delphi method, with details on key focuses at each phase and

the definition of health literacy
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sociocultural adaptation, behavior regulation and
psychological assistance; digital health access, evaluation
and application; pollution exposure prevention and
sustainable resource utilization.

Phase 4: Delphi Method: Finally, following established
procedures of previous studies [33], the Delphi method
was used to make structural adjustments of the initial
version of the Chinese Health Literacy Indicator System
for primary and secondary students (CHLIS-PS). Thirteen
experts (all expertise in health promotion, behavioral
science and child development) with at least 10 years of
working experience in their field contributed to an online
consultation of a structured questionnaire and proposed
any additional amendments to the system. Then, experts
were provided with relevant background information
and asked to rate each indicator for their importance
and appropriateness [34]. Expert reliability was assessed
through: (1) Response rate; (2) Authority coefficient
(Cr=[Ca+Cs]/2), where Ca (0.3-0.1) reflected judgment
basis and Cs (0.2-1.0) indicated familiarity; (3) Consensus
consistency (Kendall’'s W, 0-1); (4) Opinion convergence.
Open-ended feedback informed iterative revision.

After repeated deliberation and consideration,
“environmental health” and “endemic disease” were
deleted, “sexual and reproductive health” was added.
Compared with grades 5-6 and junior high school students,
grades 1-2 and 3-4 does not include the domain indicator
“digital health literacy”, and does not include the aspect
indicators “chronic disease” and “sexual and reproductive
hygiene” (Figure 2).

Results achieved Cr=0.88, exceeding the 0.70
reliability benchmark, with Kendall’'s W=0.36 (p<0.01),
demonstrating moderate consensus. The mean value of
the importance score of all aspect indicators ranged from
3.9 to 5.0 and the appropriateness score from 4.1 to 5.0
(Table 1).

Step 3: Item generation: We generated an item list
via three brainstorming sessions which were merged with
items brainstormed independently by an expert; sessions
lasted from 2-4 hours each and were facilitated by the
author Lili Y. All researchers and experts were either health
education workers, and/or health promotion specialists.
For each domain indicator, we aimed to generate a
minimum of four items. This methodology is consistent
with findings that at least three to four items per scale
resulted in adequate internal consistency reliabilities [35].

Priorities in item generation included, (1) balanced
representation across each subdomain of HL, (2)
developmental appropriateness of items for children
and adolescents, and (3) brevity to secure the feasibility
to complete the scale responses; consensus was built via
discussion.

Step 4: Questionnaire measurement: The
constructed CRHLQ-PS consists of four sub-questionnaires,
respectively tailored to grades1-2, grades3-4, grades 5-6
and junior high, named CRHLQ-12, CRHLQ-34, CRHLQ-56,
and CRHLQ-junior. CRHLQ-12 contains 39 items,
CRHLQ-34 contains 40 items, CRHLQ-56 contains 52 items

and CRHLQ-junior contains 58 items. Question type differs

‘ Health Literacy Indicator System for Primary and Secondary School Students (CHLIS-PS) ‘

Domain
Indicator

Aspect
Indicator

sexual and reproductive hygiene™®

Ki ledge ‘,,,,, | Motivation |-

Hygiene Nutrition Physical Activity Safety Preventive Psychosacial Adaptation Digital Health
Literacy Literacy Literacy Literacy Health Literacy Literacy Literacy*
eye hygiene ‘ «Iﬂ)cd sanitation ‘ exercise | { accidental injury prevention | «{ nutrition-related disease ‘ «I sociocultural adaptation ‘ { access |
oral hygiene ‘ —I nutrition ‘ sedentary behavior | { natural disaster evacuation | ‘{ infectious disease| —I behavior regulation ‘ ‘{ evaluation ‘
hand hygiene { chronic disease® —I psychological assistance ‘ # application ‘

<o Participation |-

skill

* means indicators that grades 1-2 and grades 3-4 doesn’t include.

Figure 2 The Chinese health literacy indicator system for primary and secondary students.

Captions: figure showing modifications to the health literacy indicator system, including deletion of “environmental health” and “endemic

disease,” addition of “sexual and reproductive health,” and age-group adjustments: grades 1-2/3-4 exclude “digital health literacy,

»oa

chronic

disease,” and “sexual and reproductive hygiene” domains/aspects. Final questionnaire structure: 6 domain/16 aspect indicators for lower
grades (1-4) vs. 7 domain/20 aspect indicators for upper grades (5-6) and junior high, tailored to different age groups.
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Table 1: Importance and appropriateness score of the indicators

Importance Appropriateness

Domain indicator Aspect indicator
Xis, score Cv Xis, score Cv
4.5+0.8 0.17 4.6+0.7 0.16
Eye health 4.8+0.6 0.13 4.9+0.3 0.05
B Hygiene literacy Oral health 4.8+0.6 0.13 4.8+0.6 0.12
Hand health 41+1.4 0.34 4.3+1.2 0.27
Sexual and reproductive hygiene 4.9+0.3 0.06 5.0+0.0 0.00
4.8+0.8 0.17 4.6+0.8 0.18
Nutrition literacy Nutrition 4.9+0.3 0.06 4.8+0.5 0.11
Food sanitation 4.9+0.3 0.06 4.8+0.5 0.11
5.0+0.0 0.00 4.9+0.3 0.05
Physical activity literacy Exercise , 4.7+1.1 0.24 5.0£0.0 0.00
Sedentary behavior 4.8+0.4 0.08 4.8+0.5 0.11
Sleep 5.0+0.0 0.00 4.9+0.3 0.05
4.9+0.3 0.06 4.9+0.3 0.05
Nutrition-related disease 4.5+0.8 0.17 4.5+0.8 0.17
Preventive health literacy Infectious disease 4.9+0.3 0.06 4.9+0.3 0.06
Chronic disease 3.9:15 0.38 4113 0.32
4.8+0.4 0.08 5.0+0.0 0.00
Safety literacy Accidental injury prevention 5.0£0.0 0.00 5.0£0.0 0.00
Natural disaster evacuation 4.9+0.3 0.06 4.9+0.3 0.06
5.0+0.0 0.00 4.9+0.3 0.05
Sociocultural adaptation 5.0+0.0 0.00 5.0+0.0 0.00

Psychosocial adaptation literacy ; :
Behavior regulation 5.0+0.0 0.00 4.8+0.4 0-08
Psychological assistance 4.8+0.6 0.13 4.5+0.8 0.17
4.8+0.4 0.08 4.7+0.6 0.13
Access 4.7+0.6 0.13 4.8+0.6 0.13
Digital health literacy :

Evaluation 4.5+1.2 0.27 4.6+0.8 0.17
Application 4.5+1.2 0.27 4.5+0.8 0.17

Captions: the mean value of the importance score of all aspect indicators ranged from 3.9 to 5.0 and the appropriateness score from 4.1 to 5.0.

among different grades (Table 2).
Stage II: Validation of the CRHLQ-PS

In this phase, the developed questionnaire was
administered to primary and secondary school students to
test its validity and reliability.

Data collection

A multi-site validation study employing stratified
sampling was conducted with 3,325 primary students
and 2,788 secondary students across geographically
distinct Chinese regions on the digital platform “Yigixiu”.
Standardized administration was supervised by trained
teachers, with parental assistance protocols for lower
grades students.

We obtained ethical approval from the Institutional
Review Board of the Chinese Academy of Medical Sciences
& Peking Union Medical College, which oversees research
involving human participants. For participants, informed
consent including a thorough explanation of the survey’s
content and objectives was obtained from their parents to
their involvement

Statistical analysis

For CRHLQ-junior, knowledge and skill dimensions
composed of judgmental or multiple-choice questions
underwent Rasch model analysis, while motivation and
participation dimensions featuring scale-type questions
were analyzed underwent CTT analysis. The CRHLQ-12,
CRHLQ-34 and CRHLQ-56 were entirely validated through
the Rasch model.

We Employed the Rasch model (Winsteps 3.72.3),
to evaluate reliability and validity: reliability (>0.7)
and separation indices (>2.0) confirmed measurement
precision, unidimensionality was verified via principal
componentanalysis of residuals (first contrast eigenvalue <
2.1), item fit was assessed through mean - square residuals
(Infit/Outfit MNSQ: 0.5-1.5) and |ZSTD| < 2.0, the Wright
map calibrated the alignment between item difficulty and
person ability, model - data fit was evaluated via Infit/Outfit
MNSQ (acceptable range [0.5, 1.5]), and point - measure
correlations (range [0, 1], with larger values indicating
better discriminative power) reflected the item - total
score correlation, adhering to Rasch standards (Linacre,
2020). Meanwhile, within the CTT framework, construct
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Table 2: Questionnaire measurement framework

Sub-questionnaire Dimension Item number Item count Question type
Basic information Al-all 11 Fill-in-the-blank; single-choice
Knowledge B1-b11, c1, c3-c5, c10 16 Single-choice; judgement
@Crhlg-12 Skill B12, c2, c6-c8 5 Single-choice; judgement
Motivation D1-d6 6 @3-point likert-type
Participation C9,el-ell 12 3-point likert-type
Basic information Al-all 11 Fill-in-the-blank; single-choice
Knowledge B1-b10 10 Judgement
Crhlg-34 Skill B11, c1-c7 8 Single-choice; judgement
Motivation D1-d12 12 3-point likert-type
Participation El-el0 10 3-point likert-type
Basic information Al-all 11 Fill-in-the-blank; single-choice
Knowledge B1-b14,c1, c2,c5 17 Judgement
Crhlg-56 Skill C3, c4, c6-c16 13 Single-choice; judgement
Motivation D1-d12 12 @5-point likert-type
Participation E1l-e10 10 5-point likert-type
Basic information Al-al0 10 Fill-in-the-blank; single-choice
Knowledge B1-b15, c1-c5 20 Judgement
Crhlg-junior Skill C6-¢c15 10 Single-choice; judgement
Motivation D1-d18 18 5-point likert-type
Participation El-el0 10 5-point likert-type

Captions: questionnaire for grades 1-2 contains 39 items, questionnaire for grades 3-4 contains 40 items, questionnaire for grades 5-6 contains 52 items and questionnaire

for junior high contains 58 items. Question type differs among different grades.

validity was evaluated via exploratory factor analysis (EFA)
with promax rotation (factor loadings > 0.4; cumulative
variance = 40%), concurrent validity was assessed using
spearman’s correlation analysis, and internal consistency
reliability was measured by cronbach’s a (> 0.55).

RESULTS
Sample characteristic

The survey included 1070 students in grades 1-2, with
792 in Luzhou, 116 in Taiyuan, 142 in Beijing, and 20 in
Zhengzhou; 1190 students in grades 3-4, with 962 in
Luzhou, 78 in Taiyuan, 115 in Beijing, and 35 in Zhengzhou;
1065 students in grades 5-6, with 646 in Luzhou, 162 in
Taiyuan, 218 in Beijing, and 39 in Zhengzhou; 2788 in
junior high, with 1875 in Luzhou, 650 in Taiyuan, 263 in
Beijing.

Reliability analysis

For CHLQ1-12, CHLQ1-34, CHLQ1-56, and judgmental/

multiple-choice questions of CRHLQ-junior, person ability

values (2.84, 1.82, 1.99, 1.93) all exceeded the item
difficulty value of 0. Reliability metrics-person reliability

(0.59,0.59,0.73, 0.61) and item reliability (0.98, 1.00, 0.99,
1.00)-confirmed consistent and stable results. Separation
indices revealed person separation values (1.19, 1.19,
1.63, 1.24; below the standard 2), indicating concentrated
person ability levels, while item separation indices (6.39,
15.26, 10.86, 20.37; exceeding the ideal 2) underscored
the questionnaire’s strong discriminative power and high
item difficulty differentiation. Moreover, both INFIT MNSQ
and OUTFIT MNSQ for items and persons approached the
optimal value of 1, with INFIT ZSTD and OUTFIT ZSTD
within [-2, 2], demonstrating favorable overall fit between
observed data and the model (Table 3).

Forscale-type question of CRHLQ-junior, the Cronbach’s
a coefficients for the overall, motivation and participation
dimensions were 0.818, 0.769, and 0.676, respectively.

Validity analysis

Unidimensionality: The Rasch model measurement
explained 32.1% of the variance. The first residual factor,
with a value of 2.4, accounted for 5.7% of the residual
variance. These outcomes essentially satisfied the
unidimensionality requirement, demonstrating that the
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Table 3: Rasch model analysis results

Infit Outfit
Sub-questionnaire Number M e Separation Reliability
Mnsq Zstd Mnsq Zstd

Person(n=1070) 2.84 1.01 0.00 0.92 0.10 1.19 0.59

Crhlg-12
Item(n=39) 0.00 1.00 0.20 0.95 -0.10 6.39 0.98
Person(n=1190) 1.82 1.00 0.00 1.01 0.00 1.19 0.59

Crhlq-34
Item(n=40) 0.00 1.01 0.40 1.02 0.20 15.26 1.00
Person(n=1065) 1.99 1.00 0.00 0.95 0.00 1.63 0.73

Crhlg-56
Item(n=52) 0.00 1.01 0.20 0.96 0.00 10.86 0.99
Person(n=2788) 1.93 1.00 0.00 0.92 0.10 1.24 0.61

Crhlg-junior

Item(n=30) 0.00 0.98 0.10 0.92 -0.20 20.37 1.00

Captions: all exceeded the item difficulty value of 0; reliability metrics—person reliability (0.59, 0.59, 0.73, 0.61) and item reliability (0.98, 1.00, 0.99, 1.00)—confirmed
consistent and stable results; separation indices revealed person separation values (1.19, 1.19, 1.63, 1.24), indicating concentrated person ability levels, while item separation
indices (6.39, 15.26, 10.86, 20.37) underscored the questionnaire’s strong discriminative power and high item difficulty differentiation. Moreover, both infit MNSQ and outfit
MNSQ for items and persons approached the optimal value of 1, with infit ZSTD and outfit ZSTD within [-2, 2], demonstrating favorable overall fit between observed data

and the model.

items measured the same domain.

Difficulty Analysis: For CRHLQ-12, item difficulty
approximated a normal distribution (mean = 0 logit),
and person ability estimates approximated a normal
distribution spanning 6 logits (mean = 2.84 logit),
higher than item difficulty. For CRHLQ-34, item difficulty
was mostly distributed below 0 logit, person ability
approximated a normal distribution (mean = 2.12 logit),
higher than item difficulty. For CRHLQ-56, item difficulty
approximated a normal distribution, (mean = 1.99 logit).
The mean person ability exceeded the mean item difficulty
by nearly 2.00 logit and no items corresponded to high-
ability students (22.50 logit). For CRHLQ-junior, person
ability demonstrated a normal distribution (mean = 2.12
logit) and items below -1 logit had no corresponding test-
takers. All results showed that the overall difficulty of the
questionnaire was set relatively low.

Spearman’s correlation analysis

The results showed that there were high correlations
between the scores of the two dimensions of motivation
and participation and the total score, with correlation
factors of 0.771 and 0.835, respectively, and p-values
of <0.001. The KMO values were 0.924 and 0.787,
respectively, and the values of the Bartlett’s ball test were
22586.647 and 6668.652, respectively, with p-values of
<0.001. Motivation and participation applied principal
component analysis to obtain the eigenvalue>1 of the
common factor is 2, the cumulative variance contribution
rate is 55.211%, 51.630%, respectively, the cumulative
variance contribution rate of the common factor >40%;
entries on the factor loadings are>0.4, the common factor
variance is>0.3, and there is no multivariate loading, the
structural validity is good.

DISCUSSION
Main finding of this study

HL Improvement can provide a competence base for
health empowerment, and be good for individual health. In
this study, we develop and validate a rapid comprehensive
HL questionnaire, including four sub-questionnaires
tailored to different academic levels.

This study offers new insights into the concept of
children’s and adolescents’ HL from a developmental
perspective.

In the process of questionnaire development, firstly,
the numbers and contents of Items were strictly adherent
to the indicators, with flexible adjustments. Secondly,
different question expressions were used in each sub-
questionnaire. Questionnaire targeting the relatively weak
comprehension skills of students in the lower grades
adopted a simplified format and dimension measures. In
contrast, 5-point Likert-type scales was used for students
in higher grades to gain a comprehensive understanding of
their motivations for health behaviors. This differentiated
approach effectively increased the sensitivity and accuracy
of the questionnaires. Thirdly, pictorial displays were used
to assist lower grade children in answering question.

We used the Rasch model for quality analysis, which
unifying participant ability and questionnaire difficulty
on a single measurement scale [29]. The results showed
the questionnaire had a good internal consistency and
can effectively differentiate between students of different
levels. However, the average item difficulty was lower
than the average ability, implying an overall simplicity.
This simplicity may stem from the prevalence of easy-
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to-answer judgement questions. Future studies should
consider introducing more challenging types of questions,
such as open-ended questions, or computational questions
to increase difficulty.

What is already known on this topic

Previous research varies considerably on the definition
and what constitutes HL has been consistently contested
within the literature [36]. Recently, karolina developed the
first child and adolescent-centered health literacy model
[37]. As such, HL model in children and adolescents is
deserving of direct attention. Conceptualizing HL can serve
as a solution to recognize empowerment that extends
beyond the acquisition of basic health knowledge.

This study constructs a robust HL indicator system for
primary and secondary school students containing seven
domain indicators. To our knowledge, this is the first study
to build a dynamically evolving assessment framework
for primary and secondary school students. European and
American systems have adapted assessment tools like
s-TOFHLA [18], REALM-teen [38], and HLS-EU-Q47 [39], to
achieve adaptation for children and adolescents. s-TOFHLA
REALM-teen focus on text comprehension and health
decision-making skills in medical scenarios, while HLS-
EU-Q47 cover three major domains of health promotion,
disease prevention, and healthcare, and emphasizing
cross-cultural adaptation and the effectiveness of policy
interventions. Besides, the WHO GAMA framework’s 47
adolescent health indicators [40], cover health behaviors,
social determinants, and system performance. However,
the focus of GAMA is more on policy and system-level
assessments rather than on specific measurement tools.

What this study adds Limitations of this study

In the survey, we relied on voluntary responses from
students. Considering the age and level of cognitive
development of the students, the results may contain biases
inherent in the students. In condition, our participants
were selected through cluster sampling, which may
result in an underrepresented population. However, it is
worth noting that this limitation is less important due to
the fact that Rasch analysis is less dependent on sample
characteristics than classical measurement theory.

In conclusion, The CHLIS-PS we constructed, validated
through literature based, policy alignment and expert
consensus, demonstrates robust and comprehensiveness.
The CRHLQ-PS is expected to comprehensively measure
the HL of students aged 6 to 15 years, filling the gap in
related research areas. In the future, we hope to have some
cross-country comparative studies to further validate the

applicability of the CRHLQ-PS, and it may become a key
tool to promote global adolescent health literacy.
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