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Vaccine-preventable diseases remain a global threat to public health, and despite 
the proven effectiveness of vaccines in protecting against these diseases, some 
people still avoid vaccinations for themselves or their children. Since barriers to 
protective health behaviors are diverse, overcoming them, and thereby reducing 
immunization gaps, necessitates diverse strategies. One such approach is to leverage 
health education through digital formats like online platforms and game-based 
learning, which can be  implemented across geographical borders. We  report 
a large-scale test of the World Health Organization’s Immune Patrol, a game-
based middle school curriculum on vaccines and immunization. Using a matched 
quasi-experimental trial, classes in Armenia and the Republic of Moldova were 
exposed to local language versions of either five fully game-based lessons on 
topics including immunization, preventable diseases and digital source criticism, 
or non-game control materials on the same topics matching the digital and 
physical activities, without overt game elements. Significant learning outcomes 
were found across both countries, yet with differing gains among the classes 
within each country. Students assigned to game-based learning were slightly 
more motivated to learn about vaccine-preventable diseases, and to actively 
protect people around them through vaccination following the Immune Patrol 
experience. Qualitative observations highlight how practical and cultural differences 
can challenge homogenous implementation of learning packages like Immune 
Patrol across borders, but also how technology-enhanced collaborative classwork 
is welcomed in different ways across disparate classrooms. Results support the 
feasibility of global deployment of digital health education, but underscore the 
need for local support, and sensitivity to variations in culture, resources, teaching 
approaches and national education systems, when digital education initiatives 
like WHO’s Immune Patrol are set to transcend global borders.
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1 Introduction

The significant association between health literacy and health-
seeking behavior in the form of vaccination uptake observed during 
the recent COVID-19 pandemic, have emphasized the need for 
comprehensive health literacy across all ages (Fenta et al., 2023; Van 
den Broucke, 2014). In efforts to achieve and sustain high vaccination 
coverage to help protect public health and well-being, many strategies 
focus on educating parents and caregivers about vaccines through 
various means (Olson et al., 2020; Kaufman et al., 2017), however, the 
complexity of vaccine-related decisions suggests the necessity for 
wider-ranging interventions, including incorporating health 
education into school curricula, which requires innovations to support 
adoption of credible learning materials (European Centre for Disease 
Prevention and Control, 2021). As population-wide health literacy is 
a collective responsibility for society as a whole, innovation and 
collaboration within the education sector can hopefully promulgate 
knowledge and strengthen the potential for positive health behaviors 
from a young age.

Breaking down complex scientific topics like cellular functions 
and herd immunity, however, is a nontrivial challenge, which requires 
engagement with several layers of interlocking information, ranging 
from societal to cellular mechanisms. This requires both socially and 
educationally supportive environments, as well as credible and easily 
accessible materials, for learning and behavior change to occur. In this 
context, schools emerge as key sites for advancing health literacy. 
School intervention can even have a positive spillover effect, as studies 
have shown that school-based health education can significantly 
impact caregivers’ attitudes and behaviors (Abderbwih et al., 2022; 
Proios et al., 2022; Gulesci et al., 2020; Berniell et al., 2013; Sabater 
et  al., 2020). Therefore, incorporating health topics into school 
curricula represents an effective and equitable method to enhance 
children’s health knowledge, and foster health-conscious behaviors.

Motivated by these considerations, the WHO Regional Office for 
Europe developed Immune Patrol, a hybrid digital and physical 
(“print-and-play”) game-based educational package designed to 
acquaint children aged 10–12 with the intricate workings of the 
immune system, the transmission of diseases, and the pivotal role that 
vaccines play in combating potentially life-threatening infectious 
diseases at an individual and societal level. Beyond imparting domain 
knowledge, Immune Patrol is also intended to nurture essential skills 
in critical thinking and source criticism, thereby involving children in 
a discourse concerning misinformation and unsubstantiated 
media content.

Immune Patrol is designed as an easy and scalable tool to help 
teachers worldwide incorporate essential information about 
vaccination and infectious diseases, though its reach may be influenced 
by resource availability and teacher training. For this purpose, 
attractiveness, ease of use, and scaffolding throughout activities on 
subjects where teachers may not be  experts, is essential. Immune 
Patrol thus combines traditional classroom activities, such as 
discussions and writing tasks, with advancement through a digital 
online platform, borrowing the esthetics and progress experience of 
gaming, including digital exercises in the form of mini-games 
and simulations.

The present study evaluates the implementation of Immune Patrol 
in the Armenia and the Republic of Moldova through a quasi-
experimental mixed methods design. This large-scale trial was carried 

out to identify barriers to implementation, assess learning outcomes, 
and test the motivation of students. Random assignment into game 
and non-game (control) classes was further employed to identify the 
selective effects of game-based elements. Testing was carried out in 
two different countries in order to map processes, and potential 
challenges, to rolling out a digital educational offering like Immune 
Patrol on a large scale in different contexts. Prior research highlights 
the influence of sociodemographic factors, teacher intentions, and 
resources on the effectiveness of educational technology (Arnold, 
2011; Hanghøj et  al., 2018; Lieberoth et  al., 2018). Documenting 
effects and understanding the challenges pertaining to country- and 
classroom implementation is therefore critical.

This study serves to test the feasibility of deploying WHO’s 
Immune Patrol globally in the near future, but also to remedy certain 
shortcomings in studies of game-based learning, by using active 
controls to isolate the effect of game components, and by both 
qualitatively and statistically accounting for variations arising from 
implementations by very different teachers, in different classrooms, 
and in our case, in the disparate educational systems of two separate 
country settings.

2 Literature review

Vaccinations, a mainstay in public health for over two centuries 
(Mäkelä, 2000), are pivotal in preventing myriad life-threatening 
diseases and have been instrumental in saving millions of lives each 
year (World Health Organization, 2019; Kaur et al., 2023; Hakim et al., 
2024). However, despite their proven effectiveness, some people still 
postpone or do not get vaccinated (Carrieri et al., 2023; Leonardelli 
et al., 2023). Barriers to vaccination are multifactorially influenced by 
issues like accessibility, safety concerns, trust toward governments and 
healthcare systems, online/media/local misinformation, and lack of 
awareness regarding the threat posed by infectious diseases relatively 
to the benefits of vaccination (Brown et al., 2010; Kaufman et al., 2021; 
Nuwarda et al., 2022). Overcoming vaccination barriers necessitates 
diverse strategies to address immunization gaps. One of these 
approaches leverages our current understanding of health education.

The 2020 Schools for Health in Europe (SHE) monitoring report 
found that the primary health promotion topics addressed in schools 
across 24 of its member countries were physical activity, healthy 
eating, smoking, alcohol, drugs and substance use, hygiene, COVID-
19, sexual health, violence, and mental health (Schools for Health in 
Europe (SHE), 2020). These topics collectively reflect the core areas of 
health promotion and education initiatives within the school system 
across the European Region, the topic on vaccines and immunization 
are not structurally embedded in school curricula.

School-based interventions have shown positive effects on 
caregivers and communities, including improved knowledge and 
behavior. For instance, interventions have led to increased awareness 
of nutrition (Abderbwih et  al., 2022), enhanced physical activity 
among fathers (Berniell et  al., 2013), reduced domestic violence 
attitudes in mothers (Gulesci et al., 2020), and better understanding 
of heart disease symptoms in grandparents (Proios et  al., 2022). 
Furthermore, school-based interventions have positively impacted 
parent–child communication, encouraging parental participation in 
healthy lifestyle programs (Sabater et al., 2020). Research from low- 
and middle-income countries indicates that children’s compulsory 
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learning enhances parents’ health literacy and promotes healthier 
behaviors (Sabater et al., 2020; Smith-Greenaway et al., 2018).

Some publications suggest that the age group 10–12 is apt for 
education on preventable disease, as children at this stage demonstrate 
the cognitive maturation necessary for abstract thinking (Piaget and 
Inhelder, 2000; Nielsen and Tanggaard, 2019; Miller et al., 2008). The 
complexities of the immune system and the significance of 
immunization require some abstract thinking and a certain level of 
cognitive development, which children typically attain around the age 
of 10 (Piaget and Inhelder, 2000; Nielsen and Tanggaard, 2019; Miller 
et  al., 2008). A meta-analysis of 33 studies concluded that digital 
game-based education is most beneficial and effective for primary 
school children’s learning, as pupils might be attracted to the novelty 
of the game and might have a longer time to figure the game’s rules out 
(Wang et  al., 2022). There is growing empirical support for 
gamification’s positive effects on motivation, engagement, and learning 
outcomes in educational contexts (Chan and Lo, 2024). Game 
elements have been found to enhance learning by increasing student 
engagement, and structuring learning trajectories through a series of 
challenges supported by feedback and a sense of progress (Dahalan 
et al., 2023). This ability to establish interest and maintain student 
attention has been found across educational levels and areas (Noroozi 
et  al., 2020). A systematic review focusing on digital game-based 
learning in elementary school children identified a notably positive 
impact in this group, particularly in enhancing knowledge acquisition 
and understanding of content (Hussein et al., 2019). Incorporation of 
games in educational contexts can also foster collaborative and peer-
supported learning (Martindale et al., 2024).

Interventions, such as ImmunizziAMO, Vaxcards, FightHPV, 
Morbiquiz, and others (La Torre et al., 2020; Epstein et al., 2021; Fadda 
et  al., 2018; Ruiz-López et  al., 2019; Montagni et  al., 2020), have 
integrated game-based learning with vaccination and immunization 
education, yielding diverse outcomes. A systematic review by 
Ohannessian et al. (2016) and Gris and Bengtson (2021) underscores 
the importance of formal evaluation and publication of results for 
interventions using game-based learning, especially in the context of 
vaccination education. Such rigorous assessment is often lacking, but 
crucial for demonstrating efficacy, utility, and transparency (Montagni 
et al., 2020; Ohannessian et al., 2016) e.g. before rolling out solutions 
across country borders, as is the intention for WHO’s Immune Patrol. 
Online platforms mimicking game affordances offer an access point 
for teachers and their students, and thus hold significant promise for 
enhancing vaccination knowledge and potentially increasing 
vaccination coverage, as interventions in school settings have been 
found to create spillovers to caregivers and communities (Abderbwih 
et al., 2022; Gulesci et al., 2020; Berniell et al., 2013).

Since global disease prevention spans levels like biology, 
population statistics, information literacy, and personal attitudes, 
choosing an approach that can both encompass complexity, engage 
problem solving, and support motivation is paramount. There is 
convincing evidence that games can combine precisely these features 
when employed in the classroom (Perrotta et al., 2013). This prompted 
WHO Europe to select a game based approach for their new education 
package which, in turn, needs rigorous testing.

While game-based learning has shown promise in many areas, 
however, there exists considerable variation in the quality of research 
and outcomes (Hamari et al., 2014). Furthermore, research for global 
approaches must be sensitive to variations in cultures and classroom 

resources. While digital game-based materials are known to inspire 
motivation and sustain engagement (Ryan et al., 2006), few studies 
employ closely matched active controls to assess the specific 
contributions of game elements, relative to the specific learning 
activities and instructional design choices they scaffold or supplement 
(Lieberoth et al., 2018; Wang et al., 2022; Nadi-Ravandi and Batooli, 
2022). This must be considered, when evaluating a digital curriculum 
intended for distribution across many different countries and 
teaching traditions.

3 Methods

The study employed a quasi-experimental design to compare two 
groups (game and control) on content test performance (dependent 
variable 1) and motivation to engage with issues of preventable disease 
(dependent variable 2), following six two-lesson “treatments” 
simulating the real-world use of Immune Patrol in classrooms. To 
reduce potential bias and increase internal validity, randomization was 
conducted at the class level within participating schools. Recruitment 
followed a predefined sampling frame designed to ensure balance 
across rural and urban settings, as well as socioeconomic 
representation. While full randomization across all country settings 
was not feasible due to institutional and logistical constraints, the 
chosen design allowed for a controlled comparison that reflects the 
likely implementation context of a global digital learning tool.

To support insights on the implementation process at schools, the 
study adopted a concurrent explanatory mixed methods framework, 
with field data collected during and after the intervention (Greene, 
2007). Specifically, qualitative classroom observations and interviews 
with students and teachers were collected to identify barriers to 
implementation in different country contexts, and to provide a 
backdrop for interpreting the statistical outcomes (Schoonenboom 
and Johnson, 2017; Creswell, 2007).

3.1 Intervention materials: WHO’s Immune 
Patrol

The Immune Patrol is a digitally distributed game-based 
educational package intended for learning in groups of three to six 
pupils. It comprises six 45–90-min modules, sequentially structured 
to cover diseases and transmission, the immune system, vaccination, 
herd immunity, vaccine development, and source criticism. Before 
beginning the first module, students create a group avatar, which 
accompanies them through a framing narrative, in which the 
animated instructor Juliette takes pupils through basic training, with 
each lesson representing a separate room in the Immune Patrol 
academy building. Each module starts with an explainer video on the 
topic, followed by a collaborative classroom task, an interactive online 
mission, and a concluding debriefing by the teacher, during which 
pupils are encouraged to reflect upon their acquired knowledge. This 
hybrid approach marries traditional classroom activities and 
discussions with digital interactivity and a comprehensive information 
bank, and supplies a supporting structure for delivering each lesson 
similarly across classrooms and countries.

In order to run Immune Patrol, the teacher accesses an online 
control panel to project videos, initiates activities and tracks student 
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progress. The platform is supplemented with a teacher information 
package, consisting of a video overview of Immune Patrol, descriptions 
of the materials needed for classroom exercises, such as craft tools or 
printouts from the platform, and pedagogical recommendations. The 
student version is essentially a playable version, which includes videos, 
access to a mini-encyclopedia, as well as instructions and input-
interfaces for exercises like quizzes, arcade games, simulations, and 
writing and art tasks. Teacher and student versions operate 
concurrently on separate devices or browsers, with the teacher 
initiating and ending each step from their control panel.

To distinguish the learning and motivation effects of game 
components, this study compares the outcomes of a fully gamified 
approach (‘game’ group) to control classes experiencing the Immune 
Patrol platform and exercises, but doing closely matched classroom 
activities in place of game elements. For instance, the fifth Immune 
Patrol module includes a mini-game that challenges pupils to spot 
warning signs and incongruities across a series of simulated online 
pages made to look like more or less like official websites, popular 
video apps, etc. while getting continuous feedback on their choices. In 
the control condition, students used worksheets representing the same 
challenge, with the same graphics, images and symbols used online, 
but absent the “game feel” of digital interactions. In another challenge, 
control students had to guess at appropriate population thresholds for 
herd immunity under various conditions, and check flash cards in 
place of running game-like graphical simulations online.

3.2 Recruitment and setting

Before the roll-out of Immune Patrol, the WHO Country Offices 
in Armenia and the Republic of Moldova collaborating with their 
respective Ministries of Health and Education, were responsible for 
recruiting a sufficient number of eligible schools and classes. Schools 
and teachers had the opportunity to review all Immune Patrol-related 
materials to ensure they were prepared to implement the program in 
their classes. As outlined in Table  1, the sampling frame and 
recruitment protocol utilized within-school randomization to 
minimize self-selection bias risks during the fall–winter 2022 and 
spring 2023 periods.

Following the initial recruitment phase, selected schools identified 
eligible classes and teachers for participation. Informed verbal and 
written consent were obtained from all teachers, parents, and students. 
Classes were then randomly assigned to either the game or control 
group. Correspondingly, teachers received a Teacher’s Manual via 
email (see Appendix), tailored to their assigned experimental 
group(s), along with written instructions for accessing the online 
Immune Patrol platform and survey site for the pre and posttest, using 
participant codes, and guidelines for pre- and post-testing. 
Additionally, teachers were offered a training session, lasting 8 h and 
conducted by WHO personnel, to familiarize them with the materials.

Ten schools in the Republic of Moldova and six in Armenia were 
recruited. Each school contributed with at least two volunteer classes 
per grade level, and was asked to randomly and evenly assign these to 
the two conditions. In Armenia the level of participation varied, with 
some schools offering up to six classes, and some seemingly favoring 
‘game’ assignment when there were an uneven number of classes in 
1 year (see section 3.6). In Republic of Moldova exactly two classes 
from the same grade in each school participated and the selection of 

classes simultaneously randomized between the two conditions. The 
study was conducted in December and January 2022–23 in Armenia 
and the weeks leading up to the summer break of 2023 in Republic 
of Moldova.

Participating schools and classes were encouraged to incorporate 
Immune Patrol into their curriculum for a period of up to 6 weeks, 
covering at least one module per week. However, schools and teachers 
had the flexibility to adapt the program to their specific needs and 
schedules. As a result, some classes completed the entire package, 
including the pre- and post-surveys, within 2 weeks.

The Immune Patrol rollout and study in both countries followed 
a unified protocol, but each received additional support during 
implementation. In Republic of Moldova, trained medical students 
assisted teachers with technical aspects in each lesson. In Armenia, 
specialists in Infectious Diseases and Immunology, along with a WHO 
National Professional Officer, frequently attended educational sessions 
in schools, conducting briefings and responding scientifically to 
queries from students and teachers. This support exemplifies the 
enhanced effectiveness teachers can achieve with experience and 
confidence in using Immune Patrol. However, it may also have 
mitigated some initial barriers that would typically arise in the early 
stages of implementation.

3.3 Participants

In the Republic of Moldova, our sample initially comprised 1,360 
responses (750 pre-survey and 610 post-survey). After data cleaning, 
which involved the exclusion of incomplete and duplicate entries, the 
sample consisted of 1,085 responses (560 pre-survey and 525 post-
survey), from school classes in the 11 to 14 age range (reported age 

TABLE 1  School inclusion and exclusion criteria.

Inclusion criteria:

	•	 Recruited as full classes that would go through the entire curriculum together.

	•	 Predominantly targeted grades corresponding to the 10–12-year-old age group, 

with potential variations across different countries.

	•	 Access to computers/tablets for the lessons and quizzes.

	•	 Teachers were to be chosen based on their roles as teachers in the appropriate 

subjects (e.g., biology, language arts, civics, or teaching of health topics)

	•	 Teachers were instructed to prepare as they would for any new curriculum, as 

well as to familiarize themselves with the technical aspects of running Immune 

Patrol on teacher and student devices.

	•	 Each school and teacher willing to accept random assignment of classes into 

game or control conditions.

	•	 Each school should ideally supply at least two volunteer classes of the same grade 

level to participate. One will then serve as a control class, the other as a game 

class (following random assignment). This method served the purpose of 

balancing the two experimental conditions with school-nested factors, such as 

socio-economic status (SES), school quality and teacher engagement.

Exclusion criteria:

	•	 If teachers were of the opinion that their classes/students had already been 

acquainted with a significant portion of the content found in the Teacher’s 

Manual, to a point where students would barely benefit from one or more 

lessons, the class would be excluded from the study.
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M = 12.96, SD = 0.628, Median = 13, range = 8–14 years), including 
52.8% female, 45.6% male, and 1.58% preferring not to specify. Pre- 
and post-responses from 363 students were successfully paired (195 
from game- and 168 from control classes) using IDs, and included in 
the analysis.

In Armenia, a total of 918 responses were collected, from school 
classes in the 11 to 14 age range (M = 12.88, SD = 0.916, 
range = 8–14 years), with 56.65% female, 42.10% male, and 1.25% 
preferring not to specify. It was not possible to pair responses 
adequately from pre-survey to post-survey due to incongruous use of 
school, class, and participant IDs at the two timepoints. After data 
cleaning, and checking responses against test days the participating 
schools, all complete responses (639; 319 pre- and 320 post-survey, 
427 game- and 212 control class) were included in the analysis based 
on assurances from the WHO Country Office that the pre- and post-
survey responses were valid, despite the inability to reliably match 
individual students. This preserved the data for between-countries 
comparison, but unfortunately precluded repeated measures and 
nested data analyses.

In order to be able to use all data collected and given that pairing 
of the pre- and post-responses was only possible in Republic of 
Moldova, this was not a criteria for inclusion into the aggregated data 
set, which included all valid responses from both countries.

3.4 Qualitative documentation

Three sources of qualitative materials were collected concurrently 
with the quantitative data, in order to facilitate a convergent mixed-
methods interpretation of the findings: classroom observations, group 
interviews with students and teachers, and individual interviews with 
teachers. These were generated as informal in-country case studies, in 
subsets of participating schools selected based on accessibility and 
national representativeness. Local WHO staff or professionals with 
backgrounds in education and fieldwork conducted the observations 
and interviews. Information was collected across a range of urban–
rural and wealth-poverty contexts, as well as among various age 
groups to ensure relative representativeness. This diversity accounted 
for potential variations in game deployment due to differences in 
factors such as student composition, teacher resources, and 
technological access. The recruitment of teachers, students, and classes 
for interviews and observations was guided by considerations outlined 
in Table 2.

Student interviews were conducted in groups of three to five 
students. The interviews began with a restatement of the purpose 
and verbal consent. Students were then asked to engage in an “I 
used to think…” reflection, where they considered at least one way 
in which playing Immune Patrol had changed their perceptions and 
then shared it with the group. A total of three student group 
interviews were conducted in Armenia each lasting between 30 and 
50 min. Group interviews were not conducted in Republic of 
Moldova. Teacher interviews were conducted in a more informal 
manner than the student interviews. Teachers were regarded as 
experts in their field, offering insights into how Immune Patrol 
integrates into their school and country. They were also considered 
users of the new technology, capable of sharing their motivations, 
challenges, and technical issues encountered. Interviews were 
conducted in person at the school or via phone after the completion 
of Immune Patrol. A semi-structured interview guide was used, and 
interviewers were encouraged to incorporate their observation 
notes if they had previously been in the teacher’s classroom. In 
Armenia, six individual teacher interviews were conducted, each 
lasting 15–20 min. In addition, a focus group discussion with 11 
other teachers was conducted to gather insights from teachers that 
implemented Immune Patrol across different settings. In Republic 
of Moldova, an in-person semi-structured group interview was 
carried out with 10 teachers as a closing event for the Immune 
Patrol trial. During this session, teachers shared both their own 
experiences with and their students’ perspectives on Immune 
Patrol, thereby compensating for the absence of direct 
student interviews.

3.5 Quantitative measures

The quantitative component aimed to assess the effects of Immune 
Patrol on curriculum test performance and motivations, and test 
whether the game-based elements contributed additionally to 
these outcomes.

We tested changes to relevant curriculum knowledge, and changes 
to identified health regulation (see below), from before to after the 
Immune Patrol experience across both countries. We further tested 
the hypotheses that game classes would benefit from increased 
motivation during the activity, relative to controls, and that this would 
lead to better learning outcomes. Finally we  assessed differences 
between countries using difference-in-difference analysis.

Survey measures were deployed during the first lesson, and on the 
day of the final lesson in both the game and control classes. The 
surveys were translated into the local language in collaboration with 
local WHO Country Offices, who ensured that the terminology was 
appropriate to the cultural context, and distributed by teachers. The 
pre-survey and post-survey consisted of the same questions with a 
9-question version of The Children’s Locus of Causality scale 
(c-PLOC) (Pannekoek et al., 2014) added to the post-survey (see 
Table 3).

In addition to the established c-PLOC measures of intrinsic 
motivation (α = 0.80, interest and enjoyment derived from a school 
activity), extrinsic regulation (α = 0.85, participation due to 
institutional demands) and identified regulation (α = 0.83, wanting to 
learn and do well), a health-oriented identified health regulation 
version of the latter was adapted to serve as a proxy measure of 

TABLE 2  Recruitment considerations.

	•	 Local WHO staff coordinated with school offices to schedule observations of 

Immune Patrol sessions.

	•	 Teachers, students, and parents were informed in advance, with the option to 

opt out.

	•	 To maximize efficiency and data variation, multiple classrooms were observed 

per visit, where feasible.

	•	 Each school was visited for 1–2 days, depending on the Immune Patrol schedule 

and class inclusion.

	•	 The objective was to observe each of the six lessons across multiple schools, 

enabling an assessment of varied implementation approaches for each 

component of the intervention.
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motivations to protect yourself and others though learning about 
preventable disease, which showed excellent reliability (α = 0.85, 1.” I 
want to learn things that could be important for my health, 2. “it is 
important to me that people around me are healthy, and avoid getting 
sick,” 3. “I want to know more about health and diseases”).

The quiz test comprised 5 × 5 items corresponding to each of the 
five main lessons, excluding an introductory “module 0.” Students 
were required to assess each statement as “true” or “false” on a 
symmetrical scale with the options; “true, very certain,” “true, 
certain,” “true, uncertain,” “false, uncertain,” “false, certain,” “false, 
very certain.” The use of certainties invites students to make educated 
guesses, and allows researchers to investigate patterns of certainty 
regarding erroneous beliefs, which is not part of the present analysis. 
The pool of quiz items was collaboratively developed by the WHO 
Regional Office for Europe, Aarhus University, and the Danish game 
developers. A larger pool of initial true/false items was generated, 
and item face validity determined through an early pilot in Denmark, 
combined with WHO expert judgment of thematic centrality, and 
then reduced to five items per lesson. The selection favored 
statements that were comprehensible at the post-survey stage, 
unlikely to unintentionally seed false beliefs, and displayed sufficient 
item facility, while striving for a balance between true and false 
correct answers.

3.6 Data analysis and assumption checks

Assumption tests indicated heteroscedasticity for quiz test scores 
from most lessons, leading to the use of nonparametric tests when 
available. Main effects were found for age and gender, with females 
scoring slightly higher on both the curriculum test, Welch’s t 
(1,495.94) = 2.72, p = 0.018, and the identified health regulation scale, 
Welch’s t (1,517.82) = 3.00, p = 0.008., and higher student age 
correlated with slightly better test scores (r = 0.10, p < 0.001).

Simple comparisons revealed significant differences between 
Armenia and the Republic of Moldova at the time of both pre- and/or 
post-test for all but one lesson (4: vaccines), leading to the inclusion 
of country variance as a second step in the difference-in-difference 
analyses used to test effects of game vs. control assignment. The 
distribution of condition assignments with (67% of observations in 
Armenia coming from the game condition versus 52% in Republic of 
Moldova, was also found to be  statistically uneven χ2(1) = 34.5; 
p > 0.001, V = 0.14), which must be  taken into account when 
interpreting results.

In the following analyses we treated quiz test scores as the primary 
dependent variable, and identified health regulation as the secondary 
dependent variable. In all analyses we performed a first step combining 
all outcomes, and a second step accounting for between-
countries variance.

4 Results

All measures before and after Immune Patrol are summarized in 
Table 4.

Test scores indicate that pupils’ overall knowledge increased 
significantly from before to after Immune Patrol across countries, 
Welch’s t (1,694) = 16.53, p > 0.001, d = 0.80. Significant improvements 
were seen for all lessons, except the initial introduction to the immune 
system. Effect sizes were largest for the lessons on herd immunity and 
vaccine development (see Table 4 and Figure 1). The large overall 
effect size suggests accelerated learning compared to typical 
instruction (Hattie, 2009).

Pupils’ recognition of the personal need to understand and act on 
health issues as measured by the identified health regulation scale 
similarly increased from before to after, Welch’s t (1,721) = 4.01, 
p > 0.001, d = 0.19. The most prominent improvement (d = 0.32) was 
seen in Armenia.

Next, we analyzed the relative effects of game versus non-game 
condition assignment, and country implementation, on 
learning outcomes.

A difference-in-difference analysis (Jiménez and Perdiguero, 
2019) revealed significant effects of condition (game vs. control) F 
(1) = 5.04, p = 0.025, η2p = 0.008, and of time (pretest vs. posttest), F 
(1) = 225.92, p < 0.001, η2p = 0.098 on test scores, but no significant 
interaction between time and condition F (1) = 2.28, p = 0.131, 
η2p = 0.002 (Figure 2A). When added in step 2, the effect of country 
on test outcome was also significant F (1) = 34.449, p < 0.001, 
η2p = 0.017, as were interactions between country and time F 
(1) = 18.310, p < 0.001, η2p = 0.011, showing that the larger gain seen 
in The Republic of Moldova (Table 4) was significant both between 
countries and over time.

There was also a significant interaction between country and 
condition F (1) = 49.808, p < 0.001, η2p = 0.028. No significant 
interactions were found between condition and time F (1) = 451.72, 
p = 0.064, η2p = 0.002, or between condition, time and the country of 
implementation F (1) = 7.30, p < 0.814, η2p < 0.001 (Figure 2B).

Post-hoc comparisons (Tables 5, 6) reveal that the largest 
systematic change from before to after the Immune Patrol experience 
occurred in the game condition. Game-classes scored lower on quizzes 
than controls before the intervention, but not after.

TABLE 3  Themes of questions in the pre- and post-survey.

Pre-survey Post-survey

	•	 Study information and consent.

	•	 Age, gender, school, and class.

	•	 30-question quiz covering all six 

lessons. Students’ precision 

counted as a percentage correct 

score (true/false on each of the 

five items per lesson). Students’ 

certainty about their own 

judgments calculated on a scale 

from 3 to 1 (very certain, certain 

and uncertain)

	•	 3-question identified health 

motivation scale (importance of 

knowing, protecting others)

	•	 Study information and consent.

	•	 Age, gender, school, and class.

	•	 30-question quiz covering all six lessons. 

Students’ precision counted as a 

percentage correct score (true/false on 

each of the five items per lesson). 

Students’ certainty about their own 

judgments calculated on a scale from 3 

to 1 (very certain, certain and uncertain)

	•	 The Children’s Locus of Causality scale 

(c-PLOC): 12-question adapted version 

containing the three subscales: Intrinsic 

motivation (fun, enjoyment), identified 

regulation (wanting to learn, do well), 

external regulation (acting on outside 

imperatives, ‘because I have to’).

	•	 3-question identified health motivation 

scale (importance of knowing, 

protecting others)
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Similarly, a significant effect of time, F (1) = 12.90, p < 0.001, 
η2p = 0.01, but not of condition F (1) = 8.73, p = 0.855, η2p = 0.01, was 
found for identified health regulation. A very small interaction was also 
detected between time and condition, F (1) = 5.97, p = 0.015, 
η2p = 0.003, indicating that although values did not differ significantly, 
identified health regulation changed more in the game condition from 
pre to posttest, than in control classes (Figure 3A).

In the second step, significant effects were found for country, F 
(1) = 22.15, p < 0.001, η2p = 0.01, and for time F (1) = 12.15, p < 0.001, 
η2p = 0.01, but not condition, F (1) = 0.17, p = 0.678, η2p < 0.001. 
Interactions were found between time and condition F (1) = 5.35, 
p = 0.021, η2p = 0.003 as well as between country, time and condition, 
F (1) = 4.07, p = 0.030, η2p = 0.003, but interactions between country 
and time F (1) = 2.87, p = 0.090, η2p = 0.002, and country and 
condition F (1) = 2.86, p = 0.091, η2p = 0.002 did not reach significance.

Post-hoc analyses (Tables 7, 8) explain this pattern. While no 
significant change in identified health regulation was seen in the 

control condition, pupils in the game condition expressed 
significantly higher identification with the need to learn and act on 
communal health issues, than they had before. Even though they 
started slightly below controls, the game group also ended up 
expressing significantly higher identified health regulation than 
controls after Immune Patrol. Note, however, that effect sizes fall in 
the minor range.

Finally, both intrinsic motivation (Table 9), identified regulation 
were found to correlate with students’ test-scores after Immune Patrol, 
and (to a larger degree, which is unsurprising given the close relation 
between items content) with their level of identified health regulation. 
A correlation matrix with Pearson coefficients (right upper half) and 
distribution plots showing each slope (left lower half) can be seen in 
Figure 4. General identified regulation thus had a greater impact on 
students’ recognition of the need to learn about health and vaccination, 
in order to make a difference for themselves and others (see 
Figures 3A,B; Table 6), than on knowledge outcomes (Figures 2A,B; 

TABLE 4  Changes in participants’ subject knowledge (% correct) combined and by country.

Total score Welch’s t df p q PRE 
Mean ± S.D.

POST 
Mean ± S.D.

Cohen’s d

Total test score % correct

Total 16.53 1,694 <0.001 <0.001 61.96 ± 11.34 71.43 ± 12.41 0.797

Armenia 7.04 634 <0.001 <0.001 60.06 ± 12.50 67.30 ± 13.45 0.557

Republic of Moldova 16.70 16.70 1,069 <0.001 63.04 ± 10.48 73.95 ± 11.01 1.015

Identified health regulation

Combined 4.01 1,721 <0.001 <0.001 83.63 ± 16.27 86.77 ± 16.08 0.193

Armenia 4.07 634 <0.001 <0.001 79.38 ± 18.73 85.28 ± 17.69 0.322

Republic of Moldova 1.81 1,064 0.070 0.077 86.05 ± 13.99 87.65 ± 14.97 0.110

Lesson 1—the immune system^

Combined 1.74 1,703 0.083 0.087 61.74 ± 18.17 63.12 ± 15.69 0.084

Armenia 0.74 629 0.462 0.462 57.68 ± 17.11 58.63 ± 15.29 0.058

Republic of Moldova 1.82 1,068 0.069 0.077 64.00 ± 18.37 65.87 ± 15.30 0.110

Lesson 2—vaccination^

Combined 6.75 1,722 <0.001 <0.001 57.47 ± 21.69 64.38 ± 20.77 0.325

Armenia 1.91 637 0.057 0.070 56.63 ± 21.19 59.63 ± 21.18 0.151

Republic of Moldova 7.22 1,082 <0.001 0 58.07 ± 67.28 67.28 ± 19.99 0.438

Lesson 3—herd immunity^

Combined 15.24 1,720 <0.001 <0.001 57.82 ± 20.80 72.57 ± 19.39 0.734

Armenia 5.00 637 <0.001 <0.001 58.62 ± 22.11 67.44 ± 22.47 0.396

Republic of Moldova 16.50 1,066 <0.001 <0.001 57.36 ± 20.02 75.70 ± 16.50 1.000

Lesson 4—vaccine development^

Combined 16.80 1,692 <0.001 <0.001 56.04 ± 20.33 73.35 ± 22.35 0.810

Armenia 8.04 635 <0.001 <0.001 57.37 ± 21.47 71.44 ± 22.74 0.636

Republic of Moldova 15.14 1,049 <0.001 <0.001 55.29 ± 19.64 74.51 ± 22.04 0.921

Lesson 5—source criticism^

Combined 6.46 1,706 <0.001 <0.001 76.75 ± 23.98 83.74 ± 20.91 0.311

Armenia 4.75 631 <0.001 <0.001 70.22 ± 25.42 79.38 ± 23.21 0.376

Republic of Moldova 4.74 1,072 <0.001 <0.001 80.46 ± 22.30 86.40 ± 18.91 0.287

q: Benjamini-Hochberg adjusted p-value to account for multiple comparisons. Main descriptives included.
^: Included in total quiz score % correct.
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TABLE 5  Post hoc comparisons of test performance in game vs. control conditions over time.

Comparison

Condition Time Condition Time Mean 
Difference

SE df t p pscheffe Cohen’s 
d

Control Pre -> Control Post 7.14 0.96 1,716 7.44 <0.001 <0.001 0.62

Game Pre -> Game Post 9.39 0.74 1,716 12.72 <0.001 <0.001 0.82

Control Pre vs Game Pre 3.38 0.89 1,716 3.80 <0.001 0.002 0.29

Control Post vs Game Post 1.13 0.82 1,716 1.38 0.167 0.591 0.10

Control Pre vs Game Post 6.01 0.92 1,716 6.56 <0.001 <0.001 0.52

Control Post vs Game Pre 10.52 0.79 1,716 13.29 <0.001 <0.001 0.92

Lee and Lee 

(2018)

Comparisons are based on estimated marginal means. Results for model step 2 including countr. Scheffe corrected significance values reflect the exploratory nature of comparison (Lee and 
Lee, 2018).

FIGURE 2

Estimated marginal means of identified health regulation from before to after Immune Patrol in game vs. control conditions, error bars 95% CI. 
(A) Step 1: Identified health regulation accounting for country variance. (B) Step 2: Identified health regulation accounting for country variance.

FIGURE 1

(A) Total % correct on test scores before and after Immune Patrol. (B) Self-reported identified health regulation before and after Immune Patrol. (A,B) 
Violin plot of test scores and identified health regulation pre- and post-Immune Patrol (scale 0–100). Dot density and “violin girth” illustrate 
distributions of responses, while boxplots show median and interquartile range. While %correct suggest Gaussian distributions skewed toward above-
chance performance pre and post, but with a more uneven distribution pre, the “splattered top” of identified health regulation suggests a ceiling-e!ect, 
which is additionally pronounced after Immune Patrol.
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Table 8). A Mann–Whitney U tests revealed significantly higher levels 
of intrinsic motivation in the game condition, z = 80,256.50, p = 0.009, 
r = 0.09, but no between-groups difference for identified regulation, 
z = 83,354.50, p = 0.134, r = 0.06 or extrinsic regulation, z = 82,280.00, 
p = 0.08, r = 0.07.

4.1 Qualitative findings on implementation 
and reception: students

The feedback from students illustrated various sides of learning 
complex concepts through the platform, exercises, and game 

TABLE 8  Estimated marginal means of identified health regulation.

Condition Time Mean SE 95% Confidence 
Interval

Lower Upper

Step 1

Control Pre 84.709 0.868 83.008 86.411

Post 85.616 0.827 83.994 87.237

Game Pre 82.925 0.701 81.551 84.299

Post 87.688 0.751 86.215 89.161

Step 2, country variance included

Control Pre 84.119 1.027 82.105 86.134

Post 85.177 0.856 83.497 86.856

Game Pre 82.519 0.696 81.154 83.883

Post 87.478 0.757 85.993 88.963

TABLE 6  Estimated marginal means of test performance.

Condition Time Mean SE 95% Confidence 
Interval

Lower Upper

Step 1 (combined)

Control Pre 63.27 0.64 62.02 64.52

Post 71.66 0.61 70.47 72.86

Game Pre 61.10 0.51 60.09 62.11

Post 71.24 0.55 70.16 72.32

Step 2 (country variance included)

Control Pre 64.22 0.74 62.78 65.67

Post 71.36 0.61 70.16 72.57

Game Pre 60.85 0.50 59.87 61.82

Post 70.23 0.54 69.17 71.30

TABLE 7  Post hoc comparisons of identified health regulation in game vs. control conditions over time.

Comparison

Condition Time Condition Time Mean 
Difference

SE df t p pscheffe Cohen’s 
d

Control Pre -> Control Post 1.06 1.34 1,716 1.79 1.429 0.891 0.07

Game Pre -> Game Post −4.96 1.03 1,716 −4.82 <0.001 <0.001 −0.31

Control Pre vs Game Pre 1.60 1.24 1,716 1.29 0.197 0.645 0.10

Control Post vs Game Post −2.30 1.14 1,716 −2.01 0.044 0.256 −0.14

Control Pre vs Game Post −3.36 1.28 1,716 −2.63 0.009 0.075 −0.21

Control Post vs Game Pre 2.66 1.10 1,716 2.41 0.016 0.122 −0.17

Comparisons are based on estimated marginal means. Results for model step 2 including country. Scheffe corrected significance values reflect the exploratory nature of comparison [as per (Lee 
and Lee, 2018)].

FIGURE 3

Estimated marginal means of identified health regulation from before to after Immune Patrol in game vs. control conditions, error bars 95% CI. 
(A) Step”1: Identified health regulation accounting for country variance. (B) Step”2: Identified health regulation accounting for country variance.
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TABLE 9  Students’ reported motivations during Immune Patrol.

Group N Mean Median SD SE

Step 1 (Intrinsic motivation)

Control 382 82.46 83.33 15.91 0.81

Game 463 84.35 83.33 16.25 0.76

Step 2 (Identified regulation)

Control 382 84.57 83.33 14.81 0.76

Game 463 85.65 88.89 15.00 0.70

Step 3 (Extrinsic regulation)

Control 382 53.39 52.78 24.85 1.27

Game 463 50.47 44.44 25.08 1.17

elements. Most expressed that Immune Patrol as a whole made 
topics that they typically perceived as less interesting, more 
accessible and engaging. Many, however, also noted that the initial 
learning curve was steep, particularly in adjusting to the group 
work and hybrid online-offline style, which diverged from their 
typical classroom experience.

Students frequently mentioned liking the graphics and 
technology, which aligns with previous findings that game aesthetics 
or cartoon graphics can initially boost engagement (Wang et al., 
2022; Lieberoth, 2015). However, in contrast to the initial novelty 
effect, concise explanations with videos and interactive uses of the 
mini encyclopedia were separately remembered for their facility in 
breaking down complex scientific topics, such as cellular functions 
and immunity. Students also relayed how the collaborative group-
based structure, combined with the online resources, allowed them 
to develop, discuss and explain challenging concepts to each other 
across lessons. This highlights how the adaptive, learner-centric 
online organization of knowledge in Immune Patrol allows students 
to revisit relatively compounded content at their own pace, as the 
need arises across lessons. This was seen to enhance understanding, 
but also foster a sense of autonomy and collaborative learning, 
confirming the ambition that Immune Patrol should provide a both 
socially and technologically supportive educational environment 
for learners irrespective of local school systems. The variety of 
hands-on activities like drawing and staging plays were also 
described as fun, different and conducive to learning, compared to 
typical lessons.

Some students, however, also found it difficult to familiarize 
themselves with the online interface, and navigate the expectations 
they were meant to meet in this unfamiliar teaching format. Once 
started, however, the majority of students reported that transitioning 
and adapting to Immune Patrol was relatively straightforward. This 
underscores the importance of initial communication regarding the 
program’s purpose and structure, and teacher expectations. Conveying 
this, in turn, requires familiarity and ongoing supportive monitoring 
on the part of teachers. Furthermore, when several modules were 
taught in a day, the pacing was perceived as too intense. Stretching 
Immune Patrol over several weeks, as will typically be the case when 
a curriculum is used during a school year, would enhance 
consolidation and reduce cognitive load, making the educational 
experience more manageable and effective (Cromley and Byrnes, 
2012; Carlos et al., 2023).

4.2 Qualitative findings on implementation 
and reception: teachers

When interviewed, teachers believed that student learning was 
accelerated, and they reported observing great student enthusiasm. In 
the Republic of Moldova, it was noted that performance on a 
subsequent biology test was considerably above normal, particularly 
in topics related to immunity and vaccines. One suggested that this 
was because Immune Patrol enriched students’ vocabulary by 
introducing new scientific terms like herd immunity or dendritic cells, 
which later were observed to be revisited in both assignments and 
group discussions.

However, integrating Immune Patrol into the classroom also 
presented challenges. Teachers expressed that the volume of the mini-
encyclopedia could be overwhelming, though the structured content 
was appreciated. Despite the user-friendly design, teachers also found 
that their guidance was essential in order for students to gain the full 
benefits of the program, supporting previous findings stressing the 
crucial role of teachers for fruitful game-based learning (Hanghøj 
et al., 2018; Bressler et al., 2019).

Immune Patrol’s blend of online elements with physical tasks 
like crafts and guessing games, combined with traditional classroom 
instruction, presented many teachers with a novel challenge. They 
had to navigate both online and in-classroom components, which 
was experienced as a particularly demanding task in Armenia 
where, unlike in Republic of Moldova, teachers did not have access 
to technical support from study assistants. While Armenian 
teachers received professional support from WHO specialists, they 
still faced technical challenges and uncertainty about managing 
class activities.

The teachers felt that students took an unusual degree of 
responsibility for their own learning, showed personal engagement in 
health topics during debates, and transitioned effortlessly between the 
virtual elements of the game and physical classroom activities, but the 
interactive nature of Immune Patrol should thus not be  taken to 
suggest that a teacher is not needed. Given Immune Patrol’s high 
interactivity, adequate teacher preparation, including studying the 
manual, familiarizing with the platform, and understanding student 
needs, became crucial for effective teaching and practical 
implementation. However, teachers in both countries emphasized that 
Immune Patrol was generally appropriate for students aged 10–14 and 
found ways to make the experience work for themselves and their 
students. They concluded that Immune Patrol struck a balance by 
being neither overly challenging for the younger children nor 
excessively simplistic for the adolescents.

Infrastructure limitations in schools also complicated the 
implementation. Wi-Fi network quality affected device connectivity, 
and limited access to necessary equipment like tablets, computers and 
projectors in some classrooms required special arrangements. 
Students also complained that the game elements “lagged” and 
teachers encountered frustrating waiting periods, both resulting from 
limited internet speed, Wi-Fi connectivity, and slow computers, in 
addition to human mistakes. Even though the Immune Patrol platform 
is not very heavy in terms of data transfer or CPU usage and could run 
in all locations selected in a serviceable fashion, local IT infrastructure 
thus still determines the opportunities to use global offerings in digital 
health education. Technology will affect user experience when not 
functioning perfectly.
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The qualitative data thus calls attention to technical and logistical 
challenges that the educators needed to navigate, as well as the 
importance of preparation and appropriate spacing of activities across 
school weeks.

5 Discussion

The purpose of this international trial was to evaluate the learning 
impact and feasibility of implementing a WHO digital health 
education package across countries and classrooms. The large-scale 
experiment conducted in 2022–2023 sought to study the practical 
dimensions of implementing an international curriculum platform 
like Immune Patrol, to measure learning outcomes, and finally to 
understand the selective impact of game elements on student 
engagement and learning.

By employing the same protocol in two countries, we aimed to 
account for the fact that implementations and outcomes are likely to 

differ in non-identical educational systems, by incorporating between-
countries differences into the analysis.

Firstly, marked learning gains were seen in both experimental 
conditions, and in both countries, with slightly larger changes in 
the Republic of Moldova, and in classes using the full game 
version. This supports the efficacy of both the hybrid online-
offline model in general, and the combination of game-based 
learning with collaborative classroom tasks in particular, for 
teaching the fairly complex themes of health and preventable 
disease in middle school (Tamim et al., 2011; Yu et al., 2022). The 
greater improvement measured in Republic of Moldova also 
suggests that added preparation and institutional support have 
tangible benefits for learning—at least when a global digital 
offering like Immune Patrol is first adopted.

Secondly, while the integration of game elements into the lessons 
markedly improved intrinsic motivation during tasks, identified 
regulation, i.e., “seeing the point” of participating and getting 
acquainted with the subject, was high in both groups. These positive 
measures of motivation were much more related to final test scores 

FIGURE 4

Correlations between motivation measures (reported at posttest) and dependent variables.
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than regulation by extrinsic demands like teacher authority (or, 
indeed, the upcoming test in Republic of Moldova). While the game 
element appeared to add extra fun and curiosity as expected given the 
voluminous existing literature on game based learning, helping 
students to develop a personal identification with the need to learn 
was a stronger driver for learning with Immune Patrol (Xu et al., 2023; 
Wouters et al., 2013). This outcome is consistent with other studies in 
showing a positive influence on learners’ attitudes and emotional 
engagement (Chan and Lo, 2024).

Lastly, the process of implementing Immune Patrol in Armenia 
and Republic of Moldova emphasized the need for teacher preparation 
(Molin, 2017; Ifenthaler and Schweinbenz, 2013), and in some cases 
technical support for successful integration of an international digital 
curriculum like Immune Patrol.

Indeed, although gains were seen in both Armenia and the 
Republic of Moldova, interactions between time, group and country 
also suggest that differences in the local context affected the impact of 
lessons, perhaps reflecting established teaching practices, the existing 
curriculum, and students’ prior experience. This is consistent with 
other studies that have shown the influence of context, culture, and 
learner diversity on the effectiveness of gamification (Martindale et al., 
2024). The added level of close support during implementation in 
Republic of Moldova, particularly the involvement of trained medical 
students that provided technical as well as informational support 
during the lessons, as well as permanent methodological supervision 
and support, may also have created a more conducive and secure 
environment for teachers and students alike, hopefully mirroring what 
Immune Patrol would look like once teachers become experienced 
problem-solvers in their own right. In keeping with the existing 
literature (Molin, 2017; Jääskä and Aaltonen, 2022), the qualitative 
explanations underscore how local teachers can face challenges and an 
extensive cognitive load, when implementing international offerings 
like Immune Patrol. Global deployment of online tools demands a 
certain level of technical endowment, as well as proficiency and 
experience among teachers in using computers in educational settings 
in addition to the nontrivial task of understanding the entirety of the 
six-lesson process, and aligning expectations with students, who may 
not be familiar with the format either.

Together, the analyses show consistent improvements in 
knowledge and identification with the need to know about health and 
preventable disease. The nature and effect sizes of the results support 
the hypothesis that game-based learning added somewhat to 
outcomes, but not that Immune Patrol’s impact should be ascribed to 
the game elements alone. Instead, the platform, ongoing access to 
content, and student-centered group work appears to have been 
effective, in and of themselves.

Convergences between qualitative data from students and teachers 
call attention to the benefits of a coherent structure and information 
ecology maintained between Immune Patrol lessons. The rhythm of 
online “seeding” of both motivation and knowledge, followed by 
collaborative classroom work with continuing access to online 
resources, allows groups to revisit relatively compounded subjects like 
population-level immunity and online source criticism in the health 
domain, as the need arose across sessions. Immune Patrol thus seems 
to bring a socially and academically supportive learning environment 
into being, when teachers and students successfully align around the 
hybrid online-offline premise, that may differ somewhat from 
everyday offerings.

6 Limitations

Reliability concerns were evident in especially the Armenian 
data due to recurring or missing student IDs, and mismatched 
school codes. The disparity in group sizes in Armenia, hinting at 
either non-adherence to the protocol or a disproportionate use of 
game materials, also introduces potential biases. This irregularity 
could influence the findings and their generalizability for other 
cross-country comparisons. The exclusion of incomplete or 
mismatched responses would, however, waste costly international 
data, and could non-randomly favor more conscientious pupils or 
classrooms with stronger support. By including all data from 
Armenia, we  accepted unknown noise from non-repeated 
responses, and these results may not be entirely comparable to 
Moldovan data. The motivation for doing so rests on ethical 
considerations respecting the effort and contribution made by 
schools and local offices in both countries, and the fact that the 
data in toto would still yield a valid representation of pre-post and 
between-groups differences. Consequently, the inability to 
conduct paired analyses and control for classroom variations as a 
hierarchical moderator limits the study’s comprehensiveness and 
applicability, but did not preclude meaningful analysis.

Limitations in the quantitative data are somewhat mitigated by 
our mixed-methods approach, where the qualitative layer provided an 
added, more nuanced, understanding of the intervention’s effects. The 
information gleaned from talking to students and teachers was 
instrumental in gleaning not just the multifaceted impact of an 
educational intervention that deviated markedly from what both 
students and teacher were used to, but it also offered a more complete 
picture of the context of the quantitative findings, including classes 
having filled in the relevant tests.

The detailed teacher training on how to facilitate both the case 
and control versions of the Immune Patrol was provided by the same 
WHO officers in both countries. However, the support may have 
inadvertently shielded the true extent of difficulties faced by teachers 
in implementing Immune Patrol. Consequently, our study may not 
fully reflect the barriers that can emerge in environments with 
limited or no technical support, potentially leading to an 
overestimation of the program’s ease of use and effectiveness. At the 
same time, our study shows what outcomes may look like in the early 
stages of adoption, while the teachers expressed much greater 
confidence in their ability to run Immune Patrol after this, their 
first experience.

Our sample size was determined by logistical necessity, and a 
priori analyses suggested that it would fall below the ideal size to 
detect the small effect sizes suggested by prior research (Hattie, 2009; 
Cohen, 1992). Since we did find quite small effects, this turned out not 
to be a major concern. While the increased risk of type 1 errors arising 
from multiple comparisons can be offset with statistical corrections, 
the effect sizes found also underscore the importance of not 
overemphasizing p-values, without considering the magnitude of 
findings. Cohen’s (1992) classification of effect sizes, while statistically 
conventional, does not directly translate to the effectiveness of 
educational interventions. In this context, Hattie’s (2009) analysis 
suggests a benchmark where effect sizes above those corresponding to 
a d of 0.15 are acceptable in educational settings, and 0.40 indicate 
substantial contributions beyond typical expectations. While some 
findings on motivational change and the selective contribution of 
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game elements are on the small side, and Identified Health Regulation 
scores show patterns indicative of ceiling effects (see violin plots, 
Figure 4B), the overall learning effect of Immune Patrol is well within 
Hattie’s zone of accelerated learning effects.

The test we designed to gauge learning outcomes, however, is 
unlikely to fully capture all aspects of learning, and especially the 
more complex dynamics that characterize the interplay between 
biological, behavioral, and societal levels in immunization 
processes. Thus, test scores serve as a relative indicator rather than 
a definitive measure of all possible learning outcomes. A Rasch 
analysis at pretest showed good (Xu et al., 2023) item fit statistics 
of 1.00, and most items followed the shape of expected score 
curves, with the full item set visible in the slightly correct-skewed 
wright map. The most difficult items related to remembering very 
specific information such as the role of phagocytes, or whether 
90% vaccine coverage ensures herd immunity. Inter-item 
correlations (0.01–0.37, with only two instances of r > 0.3) largely 
supported the assumption of local independence. Person reliability 
of ~35% while below the ideal for ability testing (Wright and 
Linacra, 1994) increased to ~54% after students had gone through 
Immune Patrol, suggesting a better correspondence with the 
curriculum than with prior knowledge. This is also a likely result 
of multidimensionality as subscales intentionally related to each of 
the five main lessons. More items with greater ability to distinguish 
high vs. low ability would be needed for a test of individual student 
ability for each lesson. As a measure of pre-post chance for 
Immune Patrol only, however, test scores varied enough (pre/post 
M = 61.96%/71.43%, Mdn = 64%/72%, SD = 11.34/12.41) to allow 
distinction over time, even though clearer learning results of 
Immune Patrol would probably be found using an item set with 
stronger Rasch properties. Identified health regulation was also 
highly correlated with its “parent” from c-PLOC, but not perfectly, 
suggesting some level of discriminant validity. As a very short 
measure, it was never intended to reach perfect psychometric 
properties, but rather to mirror the short scales designed for young 
pupils. High initial scores also suggest a ceiling-effect, which can 
be seen quite clearly in the violin plot (Figure 4B).

Finally, the delayed post-test gauges only the intervention’s 
immediate impact, which limits our ability to speculate on 
learning retention and long-term behavioral changes. For this, 
a follow up or staggered time series design would be needed, 
which was not feasible given the large number of stakeholders 
involved. The present absence of follow-up data restricts our 
understanding of the persistence of knowledge and behavioral 
changes over time.

7 Practical implications and future 
directions

By carefully designing matched control activities, which 
previous research has often lacked (Lieberoth et al., 2018; Nadi-
Ravandi and Batooli, 2022; Wang and Lieberoth, 2016), we were 
able to dissociate the effectiveness of the Immune Patrol game 
elements as only one component in a broader learning design. 
Since the interaction between condition and country reached a 
medium effect size, design effects appear to be  somewhat 
dependent on the contexts they are implemented in. In other 

words, the hybrid online+offline format, including the offline 
tasks with no added game motivation, seemed to work well to 
support active learning, as evidenced by how effect sizes related to 
the game vs. control conditions fell in the small to minor range. 
Immune Patrol’s game elements measurably influenced motivation 
and student outlooks in support of slightly better learning, but 
game-based learning is never better than the instructional design 
found beneath the (Creswell, 2007) graphics and game elements. 
The game elements seem to have especially enhanced the felt 
immediacy and personal relevance for the middle school students. 
Both in terms of engagement during lessons, and identification 
with the need to understand and act on preventable disease more 
broadly. Practical approaches to incorporating game elements also 
suggested in other studies include aligning game elements with 
learner needs, ensuring adequate teacher training, and addressing 
technological infrastructure (Chan and Lo, 2024; Martindale et al., 
2024). As we have recently argued with colleagues (Yu et al., 2022) 
health knowledge cannot, and will not, make a substantial 
international impact without both a human impetus and practical 
avenues for behavior change.

Immune Patrol has since the test been implemented into the 
‘Healthy Lifestyle’ course and the 9th-grade biology curriculum 
in Armenia. This choice supports its application and adaptability 
and represents an important case study in implementation and 
policy. Immune Patrol has also been translated into a number of 
additional languages by local WHO offices, to ensure that the 
materials are presented in culturally appropriate terms, while 
preserving the scientific content. Lessons can also be accessed in 
English, e.g., as part of language education (Brown et al., 2010). 
This process is typically buttressed by classroom testing and 
engagement with teachers or government, depending on local 
norms and educational policy. To this end, Immune Patrol was 
designed to combine matter that can fit into national subjects like 
biology, language arts, technological literacy, and civics in 
different ways, allowing teachers to fit all six lessons, or only a 
selected portion of them, into their teaching schedules depending 
on year and lesson plan. The positive response to Immune Patrol 
in participating countries, as well as the documentation of 
intended learning outcomes, is encouraging to the prospect of 
scaling the offering to reach across the WHO European Region 
and beyond. Future research should delve into its enduring 
impact on student(s) future behavior and attitudes, particularly 
toward vaccination, and assess the platform’s efficacy and 
applicability in diverse learning environments. A key to future 
research will be  exploring implementation barriers across 
different regions, ranging from technological infrastructure, like 
hardware availability and Wi-Fi quality, to educational elements 
such as teacher training, school culture, and curriculum 
placement strategies.

Observed differences between classrooms, and the nature of observed 
student inquiries and stumbling blocks, also highlight the need for 
specialized teacher training, or very user-friendly introductory packages 
aimed at schools and teachers alike. A guide to address frequent student 
questions developed in Armenia is a step toward enhancing teacher efficacy 
in providing scientifically accurate information. Our study may thus serve 
as an example of how locally tailored teacher support, culturally sensitive 
adaptation and resource development within countries is likely to help the 
effectiveness of global education offerings even more broadly. The process 

https://doi.org/10.3389/feduc.2025.1472018
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Lieberoth et al.� 10.3389/feduc.2025.1472018

Frontiers in Education 14 frontiersin.org

also highlights how researchers and officials in large-scale cross-country 
comparisons should be prepared to adapt to variations in implementation 
and data collection that will invariably occur depending on local 
organization and partnerships. A combination of transparency and 
adaptability are key to combining the scientific and practical aspects of 
international large-scale health work, respectively.

Methodologically, our findings also highlight the need for properly 
matched control conditions in studies extolling new learning 
technologies with high international stakes. Indeed, the impact of game 
elements might easily be conflated with the other design elements like 
technology, aesthetics, usability, and the quality of the overall learning 
design, not to mention novelty effects. Likewise, “learning” when 
conceived as short-term academic memory is often an inadequate 
outcome for making an impact in community health. When health 
education is aimed at reaching beyond school walls, personal 
motivation is more than paramount: Without identified regulation, 
knowledge about biology, source criticism and preventable diseases is 
unlikely to make a difference at all. The practical impact (if any) of the 
relationship between learning and motivation as seeds for future health 
behaviors, however, needs to be observed in the long term.

Finally, the present paper is only able to document short-term 
outcomes. The national adaptations now set in motion, might allow for 
comparative tracking of, e.g., knowledge, attitudes and even 
HPV-vaccination acceptance in the age group. Testing Immune Patrol as a 
soft behavioral intervention in direct sync with national vaccination 
schedules, involving families more directly over time, or re-using 
recognizable Immune Patrol imagery in campaigns aimed at cohorts who 
were taught with the curriculum, would also be interesting to investigate 
the more direct behavioral potential in public health.

8 Concluding remarks

Our research underscores the transformative potential of global 
digital game-based initiatives such as Immune Patrol in health 
education. Digital school interventions offer an effective approach to 
integrating complex health topics into teaching practices and 
curricula. While not entirely plug-and-play, the positive response and 
significant learning outcomes, reinforce the value of scaling up 
trustworthy educational initiatives by organizations like the World 
Health Organization, across countries where the technology 
infrastructure is increasingly in place. This study thus serves as a 
crucial step toward defining how global health education initiatives 
can be effectively offered in schools across the world, whenever no 
curriculum on infectious diseases, immunization, vaccination and 
source criticism is available.
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