
Original Paper

Gamified Assessment of Medication Literacy in School-Aged
Children: Instrument Development and Validation Study

Qingqing Liu1*, BSc; Lihua Cheng1, BSc; Guanfu Liu2; Jieli Peng3, BSc; Zhiyu Wang1*, MSc
1Children’s Hospital of Nanjing Medical University, Nanjing, China
2Independent Researcher, Nanjing, China
3Nanjing Gulou No.1 Central Primary School, Nanjing, China
*these authors contributed equally

Corresponding Author:
Zhiyu Wang, MSc
Children’s Hospital of Nanjing Medical University
No. 8 Jiangdong South Road, Jianye District
Nanjing, 210000
China
Phone: 86 13770917750
Email: wangzhiyu05@163.com

Abstract

Background: Assessing medication literacy in children is essential for evaluating school-based health education, yet traditional
measurement tools often fail to engage children, compromising data quality. Gamified assessments offer an alternative, but their
psychometric properties, comparability to conventional formats, and responsiveness to intervention effects require systematic
evaluation.

Objective: This study developed and evaluated a gamified assessment tool for measuring medication literacy across 4 domains
(knowledge, attitude, perceived behavioral control, and behavioral intention) in elementary school children through 3 sequential
phases: psychometric validation, methodological comparison with a paper-based questionnaire, and application to interventions.

Methods: Three independent cohorts were recruited from a single elementary school in Nanjing, China, using cluster random
sampling of intact classes (grades 4-6). We adapted the CHERRIES (Checklist for Reporting Results of Internet E-Surveys)
framework. Phase 1 (40/81, 49.4% female) includes content validity via 2 rounds of expert review, construct validity using Rasch
analysis, and 1-month test-retest reliability. Phase 2 (42/85, 49.4% female) includes a randomized crossover design (10-minute
washout), equivalence assessed with an intraclass correlation coefficient (ICC), Bland-Altman analysis, decision consistency,
and superiority using the chi-square test (data quality) and 2-tailed independent t tests (enjoyment and preference on 5-point
Likert scales). Phase 3 (41/85, 48.2% female) includes a single-group pre-post design, with responsiveness evaluated using
generalized linear mixed models (GLMMs) with random intercepts. Analyses used R software with an α of .05.

Results: Phase 1 had perfect content validity (scale-level content validity index/average [S-CVI/Ave]=1.00), and the Rasch
analysis supported unidimensionality (eigenvalues 2.14-2.25, ratios 0.34-0.40) and item fit (mean infit/outfit mean-square [MNSQ]
0.83-1.23). The test-retest ICCs were 0.76 to 0.92 (95% CI 0.64-0.95). Phase 2 equivalence was confirmed (ICC 0.94-0.99,
95% CI 0.90-0.99; κ=0.87-0.97). Validity rates were 100% (42/42, 95% CI 91.6%-100%) for gamified vs 90.7% (39/43, 95% CI
77.4%-96.9%) for paper (P=.13). The gamified tool yielded higher enjoyment (mean 4.26, SD 0.94 vs mean 2.46, SD 0.85; Cohen
d=2.00, 95% CI 1.46-2.55; P<.001) and preference (mean 4.29, SD 0.83 vs mean 2.82, SD 0.97; Cohen d=1.62, 95% CI 1.11-2.13;
P<.001). Phase 3 GLMMs showed time effects for attitude (β=1.74, 95% CI 1.25-2.22; P<.001), perceived behavioral control
(β=2.86, 95% CI 2.18-3.53; P<.001), behavioral intention (β=2.33, 95% CI 1.51-3.15; P<.001), and knowledge (incidence rate
ratio [IRR]=1.52, 95% CI 1.22-1.89; P<.001); time × class interactions were nonsignificant (all P≥.19), indicating consistent
changes across classes. Effect sizes were moderate to large (Cohen d=0.70-1.53, 95% CI 0.36-1.97).

Conclusions: This study develops and validates a gamified assessment tool for children’s medication literacy across 3 independent
phases, including a randomized crossover comparison with a paper-based format. Unlike child health measures relying on adult
proxy reports or adapted adult scales, our child-centered tool was directly validated with students and designed to enhance
engagement. The psychometrically sound tool achieves measurement equivalence while offering a pediatric health-promotion
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outcome measure. The tool can support school-based medication literacy programs and advance health equity by detecting
consistent improvements across diverse classrooms.

(JMIR Serious Games 2026;14:e95114) doi: 10.2196/95114
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Introduction

The “Healthy China” initiative and related national policies
[1-3] emphasize the critical role of individuals as the primary
agents of their own health, advocating for the public to adopt
appropriate health perspectives and enhance health literacy,
which is defined as the ability to access, understand, appraise,
and use information and services in ways that promote and
maintain good health and well-being [4], a key determinant of
health equity as recognized by the World Health Organization
[5]. However, current health literacy research, including
associations with medication adherence, self-medication
behavior, and other health-related outcomes, has predominantly
focused on adult populations [6-13], while largely overlooking
children and adolescents as active participants in their own
health development [14]. Even studies related to child health
often target adult caregivers rather than children themselves
[15-20].

A fundamental challenge in advancing child health literacy
research is the scarcity of valid and engaging assessment tools
tailored to children’s cognitive and developmental levels [14,21].
Existing tools, often adapted from adult questionnaires that
typically assess functional skills such as reading prescription
labels, understanding medication instructions, and calculating
dosages [22], fail to fully engage children and may be
susceptible to inattention and social desirability biases, thereby
limiting the accurate assessment of intervention impacts and
the understanding of children’s health competencies [23].

This gap is especially pressing given that schools are widely
recognized as crucial settings for fostering health literacy in
children [5,24-27], and there is growing policy emphasis on
integrating health care professionals into school-based health
initiatives for children [1,3]. Without child-centered
measurement tools, however, the effectiveness of these efforts
cannot be accurately evaluated. In this context, gamified
assessment emerges as a methodological solution to the
limitations of traditional tools [28]. By incorporating game
elements, it aims to reduce assessment biases and enhance
participant motivation [29-31], thereby potentially improving
the validity and reliability of data collected from children.

While the knowledge-attitude-practice (KAP) model offers a
basic pathway from knowledge to behavior, its application in
children is limited by their dependent health behaviors and the
strong influence of caregivers. Merely improving knowledge
and attitudes may not sufficiently enhance behavioral autonomy,
and tracking actual behavior change remains challenging. In
contrast, the theory of planned behavior (TPB) emphasizes
behavioral intention—shaped by attitudes, subjective norms,
and perceived behavioral control (PBC)—as a direct predictor

of behavior. Subjective norms are inherently present in the
school setting, arising from teacher expectations and peer
behavior [32]. Because these norms are relatively stable over
the short study period and are not directly targeted by the
intervention, we did not include them as measured variables in
our assessment tool. Instead, we focused on the modifiable
individual-level components of the TPB (attitudes, PBC, and
behavioral intention) in our assessment tool. Enhancing PBC
can strengthen children’s autonomy. Moreover, behavioral
intention can be assessed through contextualized scenarios,
making the evaluation of health behavior change more feasible.
The tool, which integrates the KAP framework with the key
TPB components—knowledge, attitudes, PBC, and behavioral
intention—translates these constructs into engaging game
mechanics to enhance children’s engagement and support the
evaluation of intervention outcomes.

Within child health literacy, one critical dimension warrants
focused attention: medication literacy—a foundational health
skill encompassing the knowledge, skills, and confidence
required for the safe and appropriate use of medications [33].
Pharmacotherapy is the most common intervention for childhood
illnesses, yet medication poisoning consistently ranks as a
leading cause of pediatric poisoning [17]. This underscores the
need to equip children with medication literacy—a competency
that remains largely overlooked, and for which developmentally
appropriate assessment tools are virtually absent.

Therefore, to address this methodological gap, this study aimed
to develop and preliminarily validate a novel, theory-informed
gamified assessment tool for measuring medication literacy in
school-aged children, and to evaluate its psychometric
properties, methodological performance, and responsiveness,
thereby providing an effective means to evaluate future
child-focused health promotion initiatives.

Methods

Ethical Considerations
The study protocol was approved by the Medical Ethics
Committee of the Children’s Hospital Affiliated with Nanjing
Medical University (approval number 202505033-1).
Administrative permission was obtained from the participating
school prior to study initiation. Informed consent was obtained
from all parents or legal guardians. Child assent was also secured
verbally from each participant immediately before activities.
To protect privacy and adhere to data minimization principles,
only essential nonidentifiable variables were retained for
analysis: gender, class, and grade. Student IDs were temporarily
used solely to match paired responses across the 3 phases and
were permanently deleted upon completion of matching,
replaced with anonymized participant codes. All analyses were
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conducted using this deidentified dataset. No compensation was
provided to participants or their families for taking part in the
study. The manuscript and supplementary materials contain no
images that could identify individual participants. All game
screenshots are generic and do not include any personal
information.

Conditions and Design
This methodological study comprised 3 independent, sequential
phases (Figure 1) to develop, validate, and demonstrate the
application of a novel gamified assessment tool for child
medication literacy.

Figure 1. Study design overview of the 3 independent phases: psychometric validation (phase 1), methodological comparison (randomized crossover,
phase 2), and intervention application (pre-post design, phase 3) in elementary school children (grades 4-6) in Nanjing, China (2025). Phase 1 establishes
psychometric properties using the gamified tool. Phase 2 uses a randomized crossover design to compare the gamified tool with a traditional paper-based
questionnaire. Phase 3 applies the validated tool in a longitudinal intervention study.

Phase 1 aimed to establish the tool’s psychometric properties
using an independent sample, without any prior intervention,
including content validity through a 2-round expert review,
construct validity via Rasch analysis, and test-retest reliability
with a 1-month interval.

Phase 2 used a randomized crossover design with a separate
sample, also without any prior intervention, to methodologically
compare the new tool against a traditional paper-based
questionnaire, testing its equivalence and superiority (data
quality and participant experience). Participants were randomly
allocated to 1 of 2 administration sequences and completed 2
assessments: sequence A (gamified → paper-based) and
sequence B (paper-based → gamified), with a 10-minute
washout period between sessions, which corresponded to the
regular break between 2 class sessions, chosen to minimize
disruption to the school schedule while providing a brief period
to reduce short-term memory of responses.

Phase 3 applied the validated tool in a longitudinal, independent
pre-post study with a sample distinct from those in prior phases
to assess its practical responsiveness (generalized linear mixed
models [GLMMs]) in detecting changes following a
school-based medication literacy intervention. We implemented

a compact pre-post assessment using the validated gamified
tool, with participants completing the assessment immediately
before and after the intervention, to maximize sensitivity to
change while minimizing confounding. The intervention was
designed as a single 40-minute in-person session, which included
a 20-minute interactive educational component delivered by
trained pharmacists, with the remaining time used for the pretest
and posttest. To ensure age-appropriateness, we adapted core
components from the Chinese Citizens’Health Literacy—Basic
Knowledge and Skills (2024), focusing on medication literacy
relevant to general child health rather than adult-centric topics.
The selected components centered on three core principles: (1)
distinguishing dietary supplements from medicines, (2) rational
medication use principles, and (3) science-based and rational
health care practices. To translate these principles into an
engaging format, interactive educational material titled “The
Great Journey of a Little Medicine” was created, which adopts
a first-person narrative from the perspective of a medicine
describing its metabolic journey. The storyline translates these
principles into four specific educational objectives: (1) dietary
supplements are not medicine substitutes, (2) preference for
oral over infusion, (3) no unilateral discontinuation for side
effects, and (4) no alarm for drug-induced urine discoloration.
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To ensure consistency, the session was delivered in a
standardized manner by the same trained pharmacist, following
a three-part format: (1) engaging storytelling centered on the
narrative, enhanced with animated demonstrations, (2) explicit
emphasis on core medication literacy points, and (3) interactive
question-and-answer and experience-sharing to facilitate
immediate application, clarify concepts, and promote personal
engagement.

This phased, independent-sample design ensured that
psychometric properties and methodological advantages were
established prior to and uncontaminated by intervention effects,
aligning with best practices for novel measurement tool
validation.

Inclusion and Exclusion
The study included elementary school students in grades 4 to
6. Students present on the scheduled assessment days with
parental consent and child assent were included; no additional
exclusion criteria were applied.

Participant Characteristics
Participants in psychometric validation were recruited from 2
classes in grades 4 and 6. The total sample for this phase
consisted of 81 students (40/81, 49.4% female). Methodological
comparison involved a separate cohort from 2 classes in grades
5 and 6. A total of 85 students (42/85, 49.4% female)
participated in the randomized crossover study. Intervention
application recruited a third independent cohort from 2 classes
in grades 5 and 6, comprising 85 students (41/85, 48.2% female).

Sampling Procedures
The study was conducted in a single public elementary school
in Nanjing, China. Data collection for the 3 phases took place
between September and December 2025. Using cluster random
sampling, distinct intact classes from grades 4 to 6 were
randomly selected as separate, nonoverlapping cohorts for each
phase. The overall study targeted grades 4 to 6, as children in
these grades (approximate age 9-12 years) have the cognitive
and literacy skills needed to understand medication-related
concepts and complete the gamified assessment independently.
This choice was supported by the elementary school teachers
who participated in our content validity review. We used grade
level rather than chronological age because age within the same
grade is inconsistent (birthdays occur at different times, and
some families use the traditional Chinese nominal age system).
In contrast, grade provides a relatively uniform educational
background, allowing students to be reasonably treated as a
single group for analysis.

Sample Size, Power, and Precision
The sample size was determined based on the practical capacity
of the health care professional team and the feasibility of
implementation within the school’s routine. Given a maximum
class size of 40 to 45 students, and to match the health care
professionals’ workload, minimize disruption to normal school
schedules, and align with available devices, we planned to
recruit 2 intact classes for each phase of the study. This provided
sufficient participants for each phase while allowing for

occasional absences. Because of the pilot and methodological
nature of the study, formal a priori power calculations were not
performed. Instead, sample size adequacy was assessed against
methodological literature. For Rasch analysis, simulation studies
have shown that item calibration remains stable even with small
samples (n≤50) [34]; our phase 1 sample (n=81) exceeds this
threshold, supporting reliable parameter estimation. For the
GLMMs with clustered data, methodological research indicates
that GLMMs remain a consistent analytical approach when the
number of clusters is small [35], and using appropriate
small-sample corrections can control type I error rates [36]. In
our study, the within-class sample size (n=40-45 per class)
together with the Satterthwaite approximation (default in the
lmerTest package, detailed in the Analytic Strategy section)
supports the reliability of the GLMM results.

Instrumentation
We developed a novel gamified digital assessment, which was
structured around the integrated KAP-TPB framework and
comprised 4 core dimensions: knowledge, attitudes, PBC, and
behavioral intention. Detailed descriptions of the scoring rules
and measurement procedures are provided in the Measures and
Covariates section.

Measures and Covariates
The game content was directly derived from the key learning
objectives of the planned medication literacy intervention.
Although our assessment employed gamified interactions rather
than traditional paper-based items, we adapted the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys)
framework [37] to report on user recruitment, engagement
metrics, and data completeness, as these principles remain
applicable to digital survey modalities.

To reduce abstraction and enhance measurability, we designed
the game to generate contextualized, ordered responses rather
than rely on abstract self-report. Each dimension was
operationalized through a distinct game mechanic (Figure 2):
knowledge was assessed via a 5-item “target practice” game
where children selected answers by clicking on targets. Each
item had 1 correct option; an “I do not know” choice was
included to minimize guessing. Responses were scored 1
(correct) or 0 (incorrect/I do not know). Attitude was measured
using a 4-item “block-hitting” game. Children jumped a
character to hit blocks corresponding to their agreement with
statements on a 5-point Likert scale (1=strongly disagree to
5=strongly agree), with both positively and negatively worded
items. PBC was evaluated through a 4-item “speech preparation”
drag-and-drop task. For each topic, children selected from 2
correct arguments (+1 each), 2 incorrect arguments (–1 each),
and an “I do not know” option (0). The total score (–2 to 2) was
then mapped onto a 5-point Likert scale. Behavioral intention
was gauged via 4 interactive “scenario simulation” role plays.
Children faced medication-related dilemmas in a continuous
storyline that provides a realistic and coherent decision-making
context and chose among 5 predefined behavioral responses,
each prescored 1 to 5 based on theoretical alignment with
rational medication literacy.
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Figure 2. Interface of the gamified medication literacy assessment tool used in all phases among elementary school children (grades 4-6) in Nanjing,
China (2025). The figure illustrates the 3 core components of the gamified assessment for each dimension: (A) the game task interface, (B) the feedback
screen following task completion, and (C) the badge awarded based on performance. Rows 1 to 4 correspond to the 4 assessed dimensions: knowledge,
attitude, perceived behavioral control (PBC), and behavioral intention. The final row displays the badge collection screen, where all earned badges are
aggregated upon completion of all tasks. The interface is presented in Chinese, the language of instruction for participants. Table S1 in Multimedia
Appendix 1 provides English translations of all texts shown here, along with item-level justifications and educational objectives, and badge English
translations and design rationale are provided in Table S2 in Multimedia Appendix 1.

To mitigate testing anxiety and reduce social desirability bias,
we replaced traditional numerical scores with a
performance-based digital badge system. Participants earned a
unique badge upon completing each game dimension. Crucially,
badges were not titled with explicit performance tiers (eg, no
“gold” or “silver”) to minimize peer comparison. The complete
badge system, including score ranges and design rationale, is
presented in Table S2 in Multimedia Appendix 1. All badges
were aggregated and displayed on a final “badge collection”

screen (Figure 2). This approach was designed to elicit more
authentic, low-pressure assessments of children’s knowledge,
attitudes, PBC, and behavioral intention.

To transform the assessment into a learning-reinforcement tool,
we provided immediate corrective feedback in the posttest of
intervention application to capitalize on the “teachable moment.”
This feedback differed by dimension (Figure 2). For knowledge
and PBC, a perfect score triggered an audio cue (“great”) and
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unlocked the next level. An imperfect score prompted “think
again,” followed by display of the correct answers. For attitude
and behavioral intention, a score ≥4 (on a 5-point scale) elicited
positive audio feedback (“good choice”); a lower score triggered
“think again,” followed by a review of key intervention content.
No feedback was provided during the psychometric validation,

methodological comparison, and baseline pretest of intervention
application to ensure measurement purity. Of note, the feedback
mechanism did not influence scoring, as scores were calculated
prior to feedback delivery. The workflow of this gamified
assessment and feedback system is illustrated in Figure 3.

Figure 3. Operational workflow of the gamified assessment and feedback system, including game tasks, real-time audio feedback, badge awarding,
and final badge collection (all phases, grades 4-6, Nanjing, China, 2025). Participants progress through 4 game tasks corresponding to the assessed
dimensions (knowledge, attitude, perceived behavioral control (PBC), and behavioral intention). Solid arrows indicate the flow without feedback
(phase 1, phase 2, and pretest of phase 3); dashed arrows indicate the flow with immediate corrective feedback, which was provided only during the
posttest of phase 3: positive feedback for correct or high-scoring responses and corrective prompts, correct answers (knowledge and PBC) or relevant
intervention content (attitude and behavioral intention) for incorrect or low-scoring responses. Upon task completion, the construct score is calculated
in the backend, and a tiered badge is awarded. The final screen displays all earned badges before the assessment concludes. After all tasks are finished,
participants either proceed to the intervention session (pretest of phase 3) or end the assessment (phase 1, phase 2, and posttest of phase 3).

Data quality was operationalized as the overall validity of each
completed assessment, coded as a binary outcome (valid=1,
invalid=0) based on predefined criteria.

In the methodological comparison study, participant experience
(enjoyment and preference) was evaluated through self-reported
ratings via a 5-point Likert scale.

In the longitudinal pre-post intervention study, the independent
variable was time, reflecting the measurement occasion relative
to the intervention (pretest vs posttest). The dependent variables
were the scores of the 4 dimensions from the gamified tool.
Covariates included in the analyses were class and gender.

Data Collection
Data were collected through 2 primary modes: the gamified
assessment automatically recorded responses on the devices,
while the paper-based questionnaire was completed manually.

Data for phase 1 were collected at baseline and again at a
1-month follow-up. Data for phase 2 were collected using both
the gamified and paper-based formats according to participants’
assigned sequences. Participant experience measures were
collected immediately after this first assessment. Data for phase
3 were collected immediately before and after the intervention.
Participants completed a 10-minute baseline pretest (T0),
followed by the intervention session, and then a 10-minute
posttest (T1) with the immediate feedback mechanism.
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Initial data entry and basic cleaning were performed in Microsoft
Excel 2024. At this stage, all negatively worded items were
reverse-coded to ensure uniform scoring direction across the
tool.

Quality of Measurements
No formal training or reliability assessment was conducted for
data collectors, as the gamified tool was fully automated and
the paper-based questionnaire was administered following a
standardized protocol. Repeated observations were not used.

Masking
No masking was performed because the gamified and
paper-based formats were visually distinct and the intervention
was delivered in an open classroom setting.

Psychometrics
A systematic 2-round expert review was conducted to establish
the content validity of the gamified tool, ensuring relevance,
clarity, and age-appropriateness for elementary school students.
An initial review by 5 senior pharmacists (2 chief pharmacists
and 3 associate chief pharmacists; all holding master’s degrees,
with >10 years of experience, and representing pharmacy
administration, clinical pharmacy, and outpatient pharmacy
services within a tertiary children’s hospital) focused on medical
accuracy and relevance, ensuring item clarity for subsequent
reviewers. A subsequent review by 5 experienced elementary
school teachers (>10 years of teaching) then evaluated
child-appropriateness, with a focus on the comprehensibility of
language and the realism of scenarios for the target age group.
In both rounds, experts rated each item on a 4-point Likert scale
(1=irrelevant, unclear, or inappropriate; 4=highly relevant, very
clear, or very appropriate). The item-level content validity index
(I-CVI) and the scale-level content validity index/average
(S-CVI/Ave) were calculated. Given that each panel comprised
5 experts, an I-CVI of 1.00 (unanimous agreement) was required
for item retention, resulting in the overall S-CVI/Ave also
having to reach the maximum value of 1.00.

We examined the internal structure and measurement properties
of the gamified tool by assessing construct validity using Rasch
analysis. Item fit was assessed by examining the weighted (infit)
and unweighted (outfit) mean-square (MNSQ) statistics for each
item, with values between 0.5 and 1.5 considered indicative of
acceptable model conformity. The essential unidimensionality
of each scale was tested through a principal component analysis
of the standardized residuals; support for unidimensionality
required the eigenvalue of the first residual component to be
below 3.0, coupled with a ratio of the second to first eigenvalue
of less than 0.5. The discrimination power of each item was
assessed via its point-measure correlation, where a value greater
than 0.30 was taken to confirm the item’s positive alignment
with the intended latent construct. Finally, the precision and
reliability of each dimension’s measure were evaluated using
the person separation reliability coefficient. A coefficient
exceeding 0.70 was deemed acceptable, indicating that the tool
possessed adequate power to distinguish between participants
of different ability levels within the sample.

To evaluate test-retest reliability, we quantified the degree of
absolute agreement between the 2 time points for each
dimension by calculating the intraclass correlation coefficient
(ICC). An ICC value of ≥0.70 was considered the threshold for
acceptable temporal stability. Then, we complemented this by
examining systematic score drift through 2-tailed paired t tests
for each dimension. A nonsignificant result (P>.05) would
indicate no meaningful average change in scores over the
1-month period, further supporting the stability of the
measurement.

Data Diagnostics
To ensure data integrity, clear validity criteria were applied to
all collected questionnaires. For the paper-based questionnaire,
manual completeness checks were performed, and any
questionnaire with blank items was excluded. For the gamified
assessment, the design enforced completion of each item before
proceeding, eliminating data missingness at the item level. All
responses from both formats were screened for patterned or
nondifferentiated responding, which also led to exclusion. For
pre-post comparisons, only participants with a complete pair of
responses were considered.

Missing data were handled using complete-case analysis
(listwise deletion). We also evaluated individual person-response
validity by flagging participants whose infit or outfit statistics
fell outside the 0.5 to 1.5 range, suggesting potential aberrant
response patterns. When the estimated class-level variance was
0 (resulting in a singular fit), the ICC was set to 0.00. Model
diagnostics were examined for linear models.

No additional statistical outliers were defined or excluded
beyond the prespecified validity criteria. No formal
distributional tests were performed as the planned analyses
(GLMMs) are robust to moderate deviations from normality;
residual diagnostics were examined for linear models. No
additional data transformations were applied beyond those
described in the Data Collection section.

Analytic Strategy
All statistical analyses were conducted using R software (version
4.5.2; R Core Team) with packages dplyr (version 1.1.4), tidyr
(version 1.3.1), and ggplot2 (version 4.0.1) for data cleaning,
transformation, and visualization, and dedicated packages for
specific analyses as detailed below. All statistical tests were
2-sided with a significance level of α=.05.

In phase 1, construct validity analyses were conducted on the
baseline data within the Rasch measurement framework. Given
the different response formats across dimensions, we applied
the dichotomous Rasch model to the binary-scored knowledge
items and the partial credit model to the polytomous items
measuring attitude, PBC, and behavioral intention. All models
were estimated via the marginal maximum likelihood method,
using robust convergence criteria (maximum iterations=1000,
increment factor=1.05) using the TAM package (version 4.3-25),
complemented by the psych package (version 2.5.6). Regarding
item performance, we calibrated item difficulty/location
parameters and their standard errors. Test-retest reliability was
quantified by comparing data from the 2 time points using a
2-way mixed-effects model for absolute agreement (ICC 3-1)
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via the psych package (version 2.5.6). Paired t tests (base R)
were used to examine systematic score drift over the 1-month
interval.

In phase 2, measurement equivalence was evaluated through a
multimethod approach using data from both assessment sessions.
To ensure the validity of pooling data from the crossover design,
we tested for order effects using a 2 × 2 mixed-design ANOVA
(base R), with sequence (A or B) as the between-subjects factor
and modality (gamified or paper) as the within-subjects factor.
A nonsignificant sequence × modality interaction (P>.05) was
taken to indicate the absence of a meaningful order effect,
permitting data pooling. With order effects assessed, absolute
agreement between the 2 modalities was quantified using
ICC(3,1). We used paired t tests to examine systematic mean
differences, with Cohen d (effsize package, version 0.8.1)
quantifying the effect size. Concurrently, Bland-Altman analysis
(BlandAltmanLeh package, version 0.3.1) was applied to
visualize individual-level differences, estimate mean bias, and
calculate 95% limits of agreement. Finally, to assess the
consistency of categorical decisions made from the 2 tools,
scores for each dimension were dichotomized into “high” and
“low” groups based on the median. We then computed both
Cohen κ coefficient (irr package, version 0.84.1) and simple
percentage agreement to evaluate the classification consistency
between modalities. To ensure a fair comparison of initial
exposure and minimize carryover effects in the crossover design,
the superiority analysis used only the data from the first
assessment session (gamified assessment from sequence A;
paper-based assessment from sequence B). We compared the
proportion of valid responses between the 2 modalities using a
chi-square test (base R) and calculated the validity rate with its
95% CI for each. Participant experience was compared using
independent-samples t tests (base R) with Cohen d as the effect
size.

In phase 3, baseline comparability was assessed using only the
pretest data. We used 1-way ANOVA (base R) to compare
class-level baseline scores for all 4 dimensions: knowledge
(percentage correct, 0%-100%), attitude, PBC, and behavioral
intention (each a Likert sum score ranging from 4 to 20). To
quantify between-class clustering at baseline, we estimated the
ICC(1) for each dimension using a 1-way random-effects model
with a random intercept for class (lme4 package, version 1.1-38)

and extracted the ICC (performance package, version 0.15.3).
Responsiveness was evaluated using GLMMs on paired pre-post
test data using the lme4 (version 1.1-38), lmerTest (version
3.2-0), and emmeans (version 2.0.1) packages. Considering the
distinct measurement scales, different model families were
specified: a Poisson mixed model with a log link for the
count-type knowledge score, and linear mixed models for the
continuous attitude, PBC, and behavioral intention scores. Each
model included time (T0/T1), class, gender, and the class × time
interaction as fixed effects, and incorporated a random intercept
per participant to account for repeated measurements. The
class × time interaction was tested using likelihood-ratio tests
(Poisson model) or F tests (linear models). If the interaction
was significant, simple-effects analyses with Tukey-adjusted P
values were performed to clarify differential change across
classes. To quantify the magnitude of within-class change, the
effect size was estimated as Cohen d for paired data, derived
from the model-estimated marginal means and pooled SD.

Results

Sample Characteristics
The flowchart of participant enrollment is detailed in Figure 4.
In phase 1, the full sample (n=81) provided data for the
assessment of construct validity. For test-retest reliability
analysis, 77 of the original 81 participants (39/77, 50.6% female)
completed both assessments. Four participants were excluded
due to nonresponse at the second time point (1-month
follow-up), resulting in 4 missing data points (4/81, 4.9%). In
phase 2, all 85 participants provided data for the analysis of
methodological superiority, which used first-assessment data
only. For the sequence effects and equivalence analyses, after
confirming no significant order effect, data from participants
with valid responses at both time points were pooled across
sequences, yielding a final analytic sample of 76 paired
observations (39/76, 51.3% female). Nine participants were
excluded because at least 1 of their 2 assessments was invalid
(9/85, 10.6%). In phase 3, the entire sample with complete
preintervention and postintervention data was used in the
longitudinal GLMM analysis to assess the tool’s responsiveness.
Detailed sample sizes for each analysis are presented in Table
1.
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Figure 4. Participant flow diagram for the 3 study phases (psychometric validation, methodological comparison, and intervention application) among
elementary school children (grades 4-6) in Nanjing, China (2025). Numbers indicate participants assessed for eligibility (n=258), excluded due to
absence (n=7), allocated to each phase (phase 1: n=81, phase 2: n=85, and phase 3: n=85), and subsequently included in the analyses. Attrition (loss to
follow-up, n=4 in test-retest reliability in phase 1) and exclusions from analysis (superiority analysis in phase 2: n=4 due to invalid questionnaires;
sequence effect and equivalence analysis in phase 2: n=9 due to invalid questionnaires) are explicitly indicated.

Table 1. Sample characteristics and analytic sample sizes by study phase for elementary school children (grades 4-6) in Nanjing, China (2025).

Female, n/N (%)Phase (classes; grades) and analysis

40/81 (49.4)Psychometric validation (2; 4 and 6)

40/81 (49.4)Construct validity

39/77 (50.6)Test-retest reliability

42/85 (49.4)Methodological comparison (2; 5 and 6)

39/76 (51.3)Sequence effect

39/76 (51.3)Equivalence

42/85 (49.4)Superiority

41/85 (48.2)Intervention application (2; 5 and 6)

41/85 (48.2)Responsiveness

Phase 1: Psychometric Validation

Content Validity
In the first-round expert review (pharmacy experts), 15 of 18
initial items directly achieved an I-CVI of 1.00. One item was
deleted due to low relevance (I-CVI=0.20), and 2 items were
revised based on clarity feedback and subsequently reached
consensus (I-CVI=1.00). In the second round (teacher experts),

11 of the 17 revised items directly achieved an I-CVI of 1.00
for age-appropriateness; the remaining 6 items were modified
per expert suggestions and then also achieved unanimous
approval. Consequently, all retained items attained an I-CVI of
1.00, resulting in an S-CVI/Ave of 1.00. The content validity
indices are summarized in Table 2. These results indicate fine
content relevance, clarity, and age-appropriateness of the
gamified assessment tool.
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Table 2. Psychometric properties (content validity, item fit, unidimensionality, person separation reliability, and 1-month test-retest reliability) of the
gamified medication literacy tool in a validation sample (phase 1, n=81, grades 4 and 6, Nanjing, China, 2025).

Test-retest reliability, ICCe (95%
CI)

Person separation

reliabilityd
Unidimensionalityc (residual
eigenvalue/ratio)

Content validity (I-CVIa); item

fit (mean infit MNSQb)

Domain

0.76 (0.64-0.84)0.692.25/0.401.00; 1.01Knowledge

0.92 (0.88-0.95)0.722.14/0.341.00; 1.07Attitude

0.86 (0.79-0.91)0.712.19/0.341.00; 1.04Perceived behavioral
control

0.86 (0.79-0.91)0.742.21/0.381.00; 1.04Behavioral Intention

aI-CVI: item-level content validity index (unanimous agreement among 5 experts per panel; I-CVI=1; scale-level content validity index/average
[S-CVI/Ave]=1.00).
bMNSQ: mean-square statistic (item fit was considered acceptable if infit MNSQ was between 0.5 and 1.5).
cUnidimensionality criteria: residual eigenvalue (first residual component eigenvalue) <3.0 and ratio of the second to first eigenvalue <0.5.
dPerson separation reliability ≥0.70.
eICC: intraclass correlation coefficient. ICC(3,1) was calculated over a 1-month interval using a 2-way mixed-effects model with absolute agreement;
ICC≥0.70 was considered acceptable).

Construct Validity
Mean infit MNSQ values were between 1.01 and 1.07, and mean
outfit MNSQ values were between 0.83 and 1.23. Individual
infit and outfit MNSQ values for all 17 items were
predominantly within 0.5 to 1.5. All item-level and person-level
values were within the acceptable range, indicating adequate
model-data fit and no aberrant response patterns. The eigenvalue
of the first residual component ranged from 2.14 to 2.25 (all
<3.0), and the unidimensionality ratio ranged from 0.34 to 0.40
(all <0.5), supporting the essential unidimensionality of each
dimension. Item difficulty parameters spanned from –2.07 to
1.59 logits for knowledge, from –0.81 to 0.44 for attitude, from
0.40 to 0.87 for PBC, and from –0.66 to 0.27 for behavioral
intention. Point-measure correlations ranged from 0.67 to 0.73,
exceeding the 0.30 criterion and confirming satisfactory item
discrimination. Person separation reliability ranged from 0.69
to 0.74, approaching or exceeding the acceptable threshold of
0.70 for group-level comparisons. The Rasch-based model fit
statistics, unidimensionality indices, and reliability estimates
for each domain are presented in Table 2. Collectively, these
findings support the structural validity of the gamified
assessment tool.

Test-Retest Reliability
Across the 4 dimensions, ICC(3,1) values ranged from 0.76 to
0.92, all exceeding the prespecified criterion of 0.70 and
indicating good to excellent temporal stability. The narrow 95%
CIs indicate precise estimates of temporal stability (Table 2).
No statistically significant mean differences were observed

between time point 1 and time point 2 (knowledge: P=.41;
attitude: P=.09; PBC: P=.39; behavioral intention: P=.71),
suggesting no systematic score drift over the 1-month interval.

Phase 2: Methodological Comparison

Equivalence Analysis
The 2 × 2 mixed-design ANOVA found no significant sequence
(A or B) × modality (gamified or paper) interaction for any
dimension (all P>.05, detailed in Table 3), indicating the absence
of a meaningful order effect. This finding also confirms that
the 10-minute washout period was sufficient to avoid systematic
recall bias. Therefore, data from both administration sequences
were pooled for subsequent equivalence analyses. The results
of the multimethod equivalence analysis are presented in Table
3. For all 4 dimensions, ICC(3,1) values ranged from 0.94 to
0.99, with narrow 95% CIs indicating precise estimates. Paired
t tests revealed no statistically significant mean score differences
(all P>.05), with associated Cohen d values from –0.017 to
0.047 and narrow 95% CIs indicating high precision.
Bland-Altman analyses showed mean bias values close to 0,
with 95% limits of agreement ranging from ±0.16 to ±0.63 logit;
the 95% CIs for the mean biases were also narrow, indicating
high precision. These negligible biases and narrow limits of
agreement are visually summarized in the Bland-Altman plots
presented in Figure 5. Cohen κ coefficients ranged from 0.87
to 0.97, and percentage agreement from 93.4% to 98.7%. These
convergent findings across multiple indices support the
measurement equivalence of the 2 modalities, indicating that
the gamified tool produces scores comparable to the paper-based
format.
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Figure 5. Bland-Altman plots comparing gamified vs paper-based medication literacy scores for each domain in a randomized crossover design (phase
2, n=76 paired observations, grades 5 and 6, Nanjing, China, 2025). The solid horizontal line represents the mean bias (average difference between
modalities); the dashed lines represent the 95% limits of agreement (mean bias SD 1.96). PBC: perceived behavioral control.

Table 3. Measurement equivalence between gamified and paper-based medication literacy assessments using a randomized crossover design (phase
2, n=85, grades 5 and 6, Nanjing, China, 2025). Order effect was tested using a 2 × 2 mixed-design ANOVA (sequence × modality interaction).

Decision consistency, κ
(agreement %)

Bland-Altman bias (95% LoAc;
95% CI)

Score differenceb, P value; Co-
hen d (95% CI)

ICCa (95%
CI)

Order effect, F
test (df); P valueDomain

0.87 (93.4)0.039 (–0.554 to 0.633; 0.19 to
0.27)

.26; 0.047 (–0.04 to 0.13)0.94 (0.90 to
0.96)

0.38 (1, 66); .54Knowledge

0.92 (96.1)0.000 (–0.179 to 0.179; 0.06 to
0.06)

>.99; 0.000 (–0.04 to 0.04)0.99 (0.98 to
0.99)

0.01 (1, 66); .94Attitude

0.92 (96.1)–0.010 (–0.213 to 0.193; 0.10
to 0.08)

.41; –0.017 (–0.06 to 0.02)0.98 (0.97 to
0.99)

0.01 (1, 66); .93Perceived
behavioral
control

0.97 (98.7)0.000 (–0.160 to 0.160; 0.06 to
0.06)

>.99; 0.000 (–0.03 to 0.03)0.99 (0.98 to
0.99)

0.00 (1, 66); .97Behavioral
intention

aICC: intraclass correlation coefficient; ICC(3,1) was calculated using a 2-way mixed-effects model with absolute agreement.
bScore differences were tested using a paired t test; Cohen d indicates the effect size.
cLoA: limits of agreement.

JMIR Serious Games 2026 | vol. 14 | e95114 | p. 11https://games.jmir.org/2026/1/e95114
(page number not for citation purposes)

Liu et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Superiority Analysis
The results of the superiority analysis are summarized in Table
4. Figure 6 provides an integrated overview of the comparisons
in terms of experience (enjoyment and preference). Overall tool

validity did not differ significantly between modes (χ2
1=2.3;

P=.13), with rates of 100% (42/42) for the gamified and 90.7%
(39/43) for the paper-based assessment. The wide overlap of

these 95% CIs is consistent with the nonsignificant chi-square
test. In contrast, the gamified tool yielded substantially higher
scores for both enjoyment and preference, with all corresponding
t tests being highly significant (P<.001). The narrow 95% CIs
confirm the precision of these estimates. These results
demonstrate that while the gamified tool achieves measurement
parity, it offers a clear advantage in user experience.

Table 4. Methodological superiority of gamified vs paper-based medication literacy assessment: data quality and participant experience (enjoyment
and preference) in the first assessment of a crossover study (phase 2, n=85, grades 5 and 6, Nanjing, China, 2025).

Cohen d (95%
CI)

P valueTest statistic, chi-square (df)
or t test (df)

Paper-based question-
naire

Gamified toolComparison metric

Data qualitya

—c.132.29 (1)b39/43 (90.7); 77.4%-
96.9%

42/42 (100); 91.6%-
100%

Valid response rate, n/N (%);
95% CI

Participant experienced

2.00 (1.46-
2.55)

<.0019.01 (79)e2.46 (0.85)4.26 (0.94)Enjoyment, mean (SD)

1.62 (1.11-
2.13)

<.0017.30 (79)e2.82 (0.97)4.29 (0.83)Preference, mean (SD)

aData quality was assessed based on predefined completion criteria.
bIndicates a chi-square statistic.
cNot applicable.
dParticipant experience was rated on a 5-point Likert scale immediately after the first assessment. Independent-samples t tests were used to compare
experience between groups.
eIndicates a t test statistic.

Figure 6. Distribution of enjoyment and preference scores by assessment format (violin plot) among elementary school children (grades 5 and 6) in
Nanjing, China (2025). Mean scores for enjoyment and preference. Error bars represent 95% CIs.

Phase 3: Intervention Application

Descriptive Statistics
The intervention cohort was from 2 intact classes (A and B),
each representing a distinct grade level (grades 6 and 5,
respectively). Class-level comparisons revealed a significant
baseline difference for knowledge (P=.007), with class A (grade
6) scoring higher than class B (grade 5). In contrast, no
significant between-class differences were observed at baseline
for attitude (P=.65), PBC (P=.43), or behavioral intention

(P=.49). ICC(1) for knowledge was 0.14 (95% CI 0.00-0.53),
indicating low clustering. For attitude, PBC, and behavioral
intention, the ICC(1) estimates were 0.00 (95% CI 0.00-0.18,
95% CI 0.00-0.14, and 95% CI 0.00-0.16, respectively),
indicating negligible clustering.

Responsiveness Analysis
The GLMM results are presented in Table 5. All 95% CIs for
the time effects (β and incidence rate ratio [IRR]) exclude the
null value, indicating precise and reliable estimates of pre-post
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change. The Poisson mixed model for knowledge also showed
a significant improvement (P<.001). For the continuous
outcomes (attitude, PBC, and behavioral intention), linear mixed
models revealed significant main effects of time (all P<.001).

The time × class interaction effects were nonsignificant across
all dimensions (all P≥.19), indicating consistent pre-post changes
across classes.

Table 5. GLMMa results for intervention responsiveness of the gamified medication literacy tool in a pre-post design (phase 3, n=85, grades 5 and 6,
Nanjing, China, 2025).

P value
z score, chi-square (df), t
test (df), or F test (df)βb (95% CI) or IRRc (95% CI)Domain (model) and fixed effect

Knowledge (Poisson)

<.0013.72d1.52 (1.22-1.89)Time (posttest vs pretest)

.540.38 (1)e—Time × class

Attitude (linear)

<.0017.04 (83)f1.74 (1.25-2.22)Time (posttest vs pretest)

.990.00 (1, 83)g—Time × class

Perceived behavioral control (linear)

<.0018.30 (83)f2.86 (2.18-3.53)Time (posttest vs pretest)

.850.03 (1, 83)g—Time × Class

Behavioral intention (linear)

<.0015.59 (83)f2.33 (1.51-3.15)Time (posttest vs pretest)

.191.74 (1, 83)g—Time × class

aGLMM: generalized linear mixed model.
bUnstandardized coefficient (linear models).
cIRR: incidence rate ratio (Poisson model). All models included random intercepts for class and individual (ID). For the count outcome (knowledge),
the interaction P value was obtained from a likelihood ratio test (chi-square test); for continuous outcomes, the time × class interaction was tested using
an F test.
dIndicates a z score statistic.
eIndicates a chi-square statistic.
fIndicates a t test statistic.
gIndicates an F test statistic.

The within-class effect sizes (Cohen d; Figure 7) with 95% CIs
were as follows: for knowledge, class A was 1.53 (95% CI
1.08-1.97) and class B was 1.46 (95% CI 1.02-1.88); for attitude,
both classes were 1.09 (95% CI 0.70-1.47 for class A, 95% CI
0.70-1.46 for class B); for PBC, class A was 1.29 (95% CI
0.87-1.70) and class B was 1.23 (95% CI 0.83-1.63); and for

behavioral intention, class A was 0.75 (95% CI 0.40-1.09) and
class B was 0.70 (95% CI 0.36-1.03). All 95% CIs were
relatively narrow and did not include 0, indicating precise and
statistically significant changes from pretest to posttest. Figure
7 presents these effect sizes graphically.
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Figure 7. Forest plot of within-class effect sizes (Cohen d) for the 4 medication literacy dimensions (knowledge, attitude, perceived behavioral control
[PBC], and behavioral intention) by class (class A and class B) in a pre-post intervention study (phase 3, n=85, grades 5 and 6, Nanjing, China, 2025).
Cohen d was calculated using paired t tests (preintervention vs postintervention). Each solid point represents the point estimate for one class in a given
dimension; error bars show the 95% CI. The vertical dashed lines at d=0.2, d=0.5, and d=0.8 indicate small, medium, and large effect size benchmarks,
respectively.

Discussion

Principal Results
The primary objective of this study was to develop and validate
a gamified assessment tool for measuring medication literacy
in elementary school children, to compare it with a traditional
paper-based format, and to evaluate its responsiveness to an
educational intervention. The results across the 3 phases
collectively show that the tool has adequate psychometric
properties, is measurement-equivalent to the paper-based
questionnaire, is preferred by children, and can detect changes
associated with the intervention consistently across classrooms.
The psychometric validation results indicate that the newly
developed gamified assessment tool demonstrates adequate
psychometric properties for research use with elementary school
students. The perfect content validity indices confirm that the
gamified content is not only theoretically sound but also
contextually appropriate and comprehensible for elementary
school students [38]. Rasch analysis supported the structural
validity of the 4 hypothesized constructs within the gamified
format. The essential unidimensionality and acceptable item fit
of all dimensions indicate that children’s interactions with the
game-like interface produced response data consistent with the

underlying measurement models [39,40]. The point-measure
correlations exceeding the criterion further verify that each item
effectively discriminated along its intended latent trait [40]. The
person separation reliability coefficients of attitude, PBC, and
behavioral intention were in the acceptable range for group-level
analysis [40]. The slightly lower value for knowledge is not
surprising, given that binary items typically yield lower person
separation reliability than polytomous items with a comparable
number of items [41]. Overall, the tool provides reasonable
precision for distinguishing between cohorts with different
ability levels across all dimensions. These Rasch-based findings
are consistent with the methodological approach used in the
validation of other child-focused assessment tools [42],
supporting the appropriateness of this framework for pediatric
samples. The test-retest results showed strong temporal stability,
indicating that the engaging format did not introduce response
instability or significant practice effects upon readministration
[43]. In summary, phase 1 establishes that the methodological
innovation of gamification can yield measurements that meet
rigorous psychometric standards, providing a reliable and valid
means to assess the target constructs. This lays the foundation
for its subsequent comparison against traditional methods in
phase 2 and its application in evaluating intervention effects in
phase 3.
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Turning to the methodological comparison, the results indicate
that the 2 modalities produce effectively equivalent
measurements, while the gamified version addresses a key
limitation of traditional paper-based questionnaires by
significantly enhancing participant engagement. The equivalence
analysis confirmed that the 2 formats measure the same
constructs [44]. After establishing the absence of order effects,
pooled data revealed high ICCs across all dimensions [45]. This
was consistent with other metrics: no systematic mean
differences were detected, Bland-Altman plots showed minimal
bias [46], and decision consistency was high [47]. These
convergent results across multiple indices support measurement
equivalence, satisfying a fundamental prerequisite for
considering the gamified tool a valid alternative to the
paper-based format [44]. Where the tools meaningfully diverge
is in the participant experience—the core value proposition of
this methodological innovation. While both yielded data of
comparable quality—reflected in the high and nonsignificantly
different validity rates—this surface-level equivalence in
completion likely reflects the strong subjective norms of the
school setting [32], which can ensure task compliance even for
less engaging formats. The gamified tool, in contrast, was rated
substantially higher in both enjoyment and preference, consistent
with previous reports that gamified assessments are more
engaging for children [27]. This shift proactively addresses a
core challenge to the validity of child self-report data [23]. It
moves beyond reliance on external compliance by transforming
the assessment into a more motivationally compatible
activity—a transformation that fosters greater willingness to
engage and reduces inattentive responding [48]. In conclusion,
this comparative phase demonstrates that the gamified tool
successfully bridges a common gap in assessment methodology.
It achieves measurement equivalence with the paper-based
format while simultaneously enhancing the engagement
necessary for high-quality data collection from children. This
achievement validates it as a methodologically robust instrument
appropriate for the target population, well-suited for application
in the subsequent intervention study.

In terms of intervention responsiveness, the gamified assessment
tool demonstrated satisfactory responsiveness [49], detecting
significant changes across all 4 medication literacy domains
following a targeted educational intervention. The moderate to
large effect sizes indicated that the tool captured substantial
changes across the 4 domains [50]. Notably, the pre-post
changes were consistent across classrooms for all dimensions,
despite a significant baseline difference in knowledge scores.
This finding carries practical importance: students with lower
baseline knowledge showed comparable improvements to those
with higher baseline scores. This pattern aligns with recent
evidence that game-based interventions can improve outcomes
equitably regardless of baseline disparities [51]. More broadly,
school-based health literacy interventions have been recognized
as a promising strategy for reducing health inequalities [52].
The tool’s ability to detect uniform changes across classrooms
may be useful for evaluating health education initiatives in
diverse settings [53,54]. Taken together, these results confirm
that the tool is capable of capturing meaningful pre-post changes
in children’s medication literacy, supporting its utility as an
outcome measure for school-based health promotion initiatives.

Limitations
Several limitations should be acknowledged. The intervention
used a single-group pre-post design without a control condition.
While the primary aim was to evaluate the tool’s responsiveness
rather than intervention efficacy, the absence of a comparison
group limits causal inference regarding the observed changes.
Therefore, our results should be interpreted as evidence that the
tool can detect changes associated with the intervention, not as
proof that the intervention caused those changes. Moreover, the
immediate posttest administration may have introduced
short-term recall effects, potentially overestimating immediate
improvements relative to long-term retention. This study did
not examine whether the observed changes were sustained over
time, leaving the question of their long-term sustainability
unanswered. Future studies should consider incorporating a
control arm and longer-term follow-up assessments to strengthen
causal conclusions and evaluate the durability of the measured
changes.

All 3 phases recruited independent samples from a single
elementary school—a decision driven by practical considerations
of conducting research in real-world school settings, though it
may constrain generalizability to other educational environments
or age groups. Replicating these findings across multiple schools
with diverse demographics would help establish the tool’s
broader applicability. The sample sizes are acceptable but
modest; the Rasch sample approaches the lower bound for stable
calibration, and the small number of classes (2 per phase) limits
the precision of random-effect estimates. While the absence of
significant order effects indicates that the 10-minute washout
period was adequate for this study, longer intervals (eg,
24 hours) could be considered in future crossover designs to
further eliminate any potential recall of responses. Although
the missing data proportion was low (4/81, 4.9% in phase 1,
none in phase 3) and the exclusions in phase 2 (9/85, 10.6%)
were based on questionnaire validity, complete-case analysis
may introduce some bias. We allocated 10 minutes for each
assessment session based on pilot estimates, but individual
completion times were not systematically recorded. Future
studies should collect such feasibility data to better inform
practical implementation in school settings.

Conclusions
We conclude that a gamified assessment tool can be both
psychometrically rigorous, engaging for elementary school
children, and responsive to detecting intervention-associated
changes. This study demonstrates the use of a fully gamified
format to target children’s medication literacy, directly compares
it against a paper-based questionnaire using a randomized
crossover design, and shows consistent pre-post changes across
classrooms with different baseline knowledge levels. Unlike
many existing child health measures that rely on adult proxy
reports or adapted adult scales, our tool is child-centered,
directly validated with students, and designed to enhance
engagement. Beyond providing an effective alternative to
traditional paper-based questionnaires, the tool may offer a
practical solution for evaluating school-based medication
literacy programs. The ability to detect uniform changes across
classrooms points to its potential to support health equity. We

JMIR Serious Games 2026 | vol. 14 | e95114 | p. 15https://games.jmir.org/2026/1/e95114
(page number not for citation purposes)

Liu et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


suggest that as digital health interventions become more
common in schools, validated gamified assessments like this
one may provide practical outcome measures for evaluating
their effects. Future research should extend this tool to other

health domains and test its utility in longitudinal, multisite
studies, ideally with larger samples (eg, ≥150 participants) and
more clusters (eg, ≥4 schools) to improve generalizability.
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