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ABSTRACT

Introduction: Serious games are widely used to teach the prevention of dengue and other vector-borne diseases in Latin America, but
their effect on knowledge, attitudes and practice has not been appraised systematically. Methods: This systematic review followed PRIS-
MA 2020 and searched Scopus, PubMed, OpenAlex, Crossref and Semantic Scholar with 33 queries in English, Spanish and Portuguese
for primary reports published from 2012 to 2024 with participants in Latin America. Results: Among 1,863 records screened, 23 studies
were included, all from Brazil, with a median of 45 participants. Of the 12 studies that measured knowledge or practice, 8 reported an
improvement (66.7%; 95% Cl 39.1% to 86.2%), the other 4 stated no direction, and none reported a decline. Only 4 studies had a comparison
condition, 11 raised high methodological concerns, and none was judged to have low concern. Conclusions: Games were well accepted
and the studies that reported knowledge outcomes found gains, but the evidence rests on small, mostly uncontrolled studies from one
country, so the effect on preventive practice remains unproven.

Keywords: serious games; dengue; vector-borne diseases; health education; Latin America.

RESUMEN

Introduccién: Los juegos serios se usan ampliamente para ensefar la prevencién del dengue y de otras enfermedades transmitidas por
vectores en América Latina, pero su efecto sobre el conocimiento, las actitudes y las practicas no se ha evaluado de forma sistematica.
Métodos: Esta revision sistematica siguid PRISMA 2020 y buscé en Scopus, PubMed, OpenAlex, Crossref y Semantic Scholar con 33 consul-
tas en inglés, espafol y portugués informes primarios publicados entre 2012 y 2024 con participantes de América Latina. Resultados: De
1863 registros cribados se incluyeron 23 estudios, todos de Brasil, con una mediana de 45 participantes. De los 12 estudios que midieron
conocimiento o practica, 8 informaron una mejora (66,7%; IC 95 %: 39,1% a 86,2%), los otros 4 no indicaron direccién y ninguno informé
un descenso. Solo 4 estudios tuvieron condicion de comparacion, 11 plantearon limitaciones metodoldgicas altas y ninguno se juzgo de
bajo riesgo. Conclusiones: Los juegos tuvieron buena aceptacion y los estudios que midieron conocimiento hallaron mejoras, pero la
evidencia procede de estudios pequefios, en su mayoria sin control y de un solo pais, por lo que el efecto sobre las practicas preventivas
sigue sin demostrarse.

Palabras clave: juegos serios; dengue; enfermedades transmitidas por vectores; educaciéon en salud; América Latina.
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INTRODUCTION

Dengue is a systemic viral infection transmitted by Aedes mosquitoes, and a modelling study
estimated 390 million infections worldwide in a single year, of which 96 million were apparent.(1)
Vector control has not stopped its spread.(1)In Nicaragua and Mexico, a cluster randomized trial
showed that community mobilization lowered the risk of recent dengue infection in children by
29.5% (95% ClI 3.8% to 55.3%) beyond conventional control.(2)Health education that engages people
in removing breeding sites therefore sits at the centre of prevention. The same logic applies to
Chagas disease, where knowledge about the disease was low among rural residents of Ecuador.(3)

Serious games and gamified activities are a common route to that engagement. Meta-analy-
ses of serious and digital games report learning advantages over conventional instruction, with
standardized effects near 0.3.(4,5) Reviews of games on Aedes-borne diseases in Brazil identified 12
eligible papers in one mapping(6)and 18 studies in another,(7)and an integrative review of 81 works
found an emphasis on transmitting information.(8)Those reviews catalogued games more than
they appraised participant outcomes or study quality. This review therefore aimed to synthesize
the evidence from Latin American studies on whether serious and educational games improve
knowledge, attitudes and preventive practices about dengue and other vector-borne diseases, and
how acceptable they are to users.

Within that objective, we limited the review to primary reports with participant data, publi-
shed from 2012 to 2024, from studies carried out in Latin America. We searched in English, Spanish
and Portuguese, because much of the regional work appears in Portuguese-language journals.
The review followed PRISMA 2020 and used a narrative synthesis, since the reported outcomes
could not be pooled.(9)

METHODS

Analysis and synthesis

The main estimate was the proportion of studies, among those that measured knowledge
or practice before and after a game or against a comparison condition, whose authors reported
an improvement. We computed its 95% confidence interval with the Wilson method. The Wilson
interval was chosen because it behaves better than the Wald interval with small denominators.
Secondary estimates were the proportion of all included studies that reported acceptability or a
positive appraisal, the distribution of designs and formats, and the number of participants. Outco-
mes appeared as scores, proportions of correct answers and p values from different instruments, so
we did not pool effect sizes or estimate heterogeneity. Results were grouped by outcome domain
and design and described narratively.

The review followed the PRISMA 2020 statement.(9)

Eligibility criteria

Eligible reports described a primary study with participant data. Participants were children,
adolescents, students, adults or health workers recruited in a Latin American country, whether the
game was developed locally or abroad. The intervention was a serious, educational, board, card,
role-playing, digital or gamified game that addressed dengue or another vector-borne disease:
Zika, chikungunya, Chagas disease, leishmaniasis or malaria. Comparators could be absent, usual
teaching, non-game material or another version of the game. Outcomes were knowledge, attitudes,
preventive practice, acceptability, usability, motivation or game quality. We accepted controlled
and uncontrolled quantitative studies, qualitative studies and mixed-methods studies published
in English, Spanish or Portuguese from 2012 to 2024. We excluded reviews, reports that described
game design without any user evaluation, and activities in which the game was not the main
component. The year window applied to the year of publication, and a report published inside the
window was eligible even when part of its data had been collected earlier. Reports in Portuguese
were read in the original language, and their results were translated into English by the Al-assisted
process, so the quoted wording is a translation.

Information sources

We searched Scopus, PubMed, OpenAlex, Crossref and Semantic Scholar. The window covered
publication years 2012 to 2024: the Scopus queries carried the year limits inside the query string,
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and the other sources were filtered by publication year when records were retrieved. Scopus was
queried in title, abstract and keywords, PubMed in all fields, and the other three sources by free
text; the retrieval limit was 100 records per query and 200 for the main Scopus query. Abstracts
came from the bibliographic records of PubMed, OpenAlex, Crossref and Semantic Scholar. For
selected supporting literature, abstracts missing from the record were completed from Semantic
Scholar or OpenAlex. We report no search dates, in line with the editorial policy of the journal, and
describe coverage only by publication years.

Search strategy

We ran 33 queries in total, and 18 of them used Spanish or Portuguese terms. The main
English Scopus query was TITLE-ABS-KEY((“serious game” OR “educational game” OR gamifica-
tion OR “game-based” OR “video game” OR “board game” OR “mobile game*’) AND (dengue OR
“vector-borne” OR Chagas OR malaria OR Zika OR chikungunya OR “Aedes” OR leishmaniasis OR
“vector control”)) AND PUBYEAR > 2011 AND PUBYEAR < 2025. Two further Scopus queries used
Spanish and Portuguese game terms such as juego serio, jogo sério and gamificacao, or combined
jogo OR jogos OR juego OR juegos OR game OR games OR gamified with disease and education
terms. A fourth Scopus query combined game terms with disease terms, the names of eight Latin
American countries and the phrase Latin America. Free-text queries such as jogo educativo dengue,
juego educativo dengue and jogo educativo doenga de Chagas were run in OpenAlex, Crossref and
Semantic Scholar, and a PubMed query combined game terms with the disease names.

Selection process

Screening had two stages and was carried out by one Al-assisted process that applied the
eligibility criteria; no human reviewer duplicated the decisions. At title and abstract level, we read
individually every record that combined a game term with a vector-borne disease term, and we
excluded the remaining records by rule. For records that passed, we sought full texts through
open-access links. When no open full text could be obtained, we used the complete abstract of
the bibliographic record if it allowed an eligibility decision, and we flag those reports in the tables.
Reports with neither full text nor abstract were counted as not retrieved. Reports that described
one study in two languages were counted once. All decisions remain pending verification by the
authors of the review.

Data extraction

For each study we extracted the country and city, the participants and sample size, the game
name and format, the disease, the design, the outcomes measured, the main reported result and
the basis of assessment. Extraction used the full text or the abstract and was coded by the same
Al-assisted process; we did not contact the authors of the studies. When a record did not state a
value, we recorded it as not reported and did not infer it. We coded a study as reporting an im-
provement only when its authors stated an increase in a knowledge or practice measure after the
game or relative to a comparison condition.

Outcome definitions and coding

We defined an improvement as a stated increase in a knowledge or practice measure after
the game, or relative to a comparison condition, as reported by the study authors. Acceptability
was coded when users expressed approval, satisfaction or willingness to play again, or when a
standardized game-quality instrument supported the game. Study design was coded as contro-
lled when any comparison group or comparison version was present, before-and-after when one
group was measured at two time points, post-only when users were assessed once after exposure,
gualitative when focus groups, narratives or case-study methods were used, and descriptive for
activity reports with observation only. Format was coded as digital when the game ran on software,
an app or an online platform, as non-digital for board, card, role-playing and contest games, and
as not stated when the record did not say. Educational level followed the Brazilian school system
and was grouped as basic education, mixed school levels, high school, university students or adults,
special education, or not specified.

Reproducibility and ethics

Only published reports were used, and no data were collected from participants. All coding
decisions are stored in a structured extraction table, and the counts, proportions, tables and figures
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of this article are generated from that table by a script. Study-level judgements that depend on
interpretation, such as the direction of a result or the level of methodological concern, are listed in
the tables so that the authors can revise any of them.

Risk of bias

Methodological concerns were judged with criteria adapted from the Mixed Methods Apprai-
sal Tool, which covers qualitative, quantitative and mixed-methods designs.(10)Each study received
one of three judgements: high concern, some concerns, or not assessable when only an abstract
was available. Missing information never produced a low-concern judgement, and we did not sum
the judgements into scores. We did not grade the certainty of the evidence with a formal framework
because outcomes could not be pooled.

Regional coverage

Research on games for health in Latin America appears largely in Portuguese and Spanish,
so the queries were run in both languages in Scopus, OpenAlex, Crossref and Semantic Scholar.
OpenAlex and Crossref index many SciELO journals. We did not query LILACS, Redalyc or SciELO
directly, and the regional coverage should be read as partial. Theses, conference papers and ex-
tension reports were eligible when the searched sources indexed them.

RESULTS

Among the 12 studies that measured knowledge or practice, 8 reported an improvement
(66.7%; 95% Cl 39.1% to 86.2%).(11-18)The other 4 did not state a direction.(19-22)No study reported a
decline. Scores, proportions and p values came from different instruments, so no pooled estimate
was computed.

Second, 4 studies had a comparison condition (Table 1). The board game group in the Belo
Horizonte study gave more correct answers than controls on 12 of 18 questions.(18)Attitudes chan-
ged in that group (p < 0.05) on all questions but one. A digital game raised knowledge of Aedes
aegypti and its diseases in players relative to non-players.(11)

Among 14 children allocated by draw, all in the game group and the advertisement group
raised or kept questionnaire scores above 80%.(13)Practical activity scores rose in every child except
one in the advertisement group and one in the control group. The individual and pair versions of
Sherlock Dengue both received good ratings in 73 participants.(25)

A single-group before-and-after design was used in 8 studies. After one session of a Chagas
disease card game, 81% of 38 students named the vector correctly.(17)Answers of “do not know”
fell from 34% to 5%. In 16 children who played a dengue board game championship, the practical
activity score rose in 12.(12)Questionnaire performance did not change in 15 of the 16.

At the first round of the Caga Mosquito quiz game, chikungunya produced more errors than
dengue and Zika (p = 0.008).(14)After 30 days, the three diseases no longer differed (p = 0.2687), and
correct answers rose in all categories (p < 0.0144). A lecture and a booklet followed the first round.

To a lesser extent, other before-and-after studies reported outcomes without a numerical
contrast. Correct answers on the post-test rose in more than half of 164 pupils aged 7 to 10 years
who took part in a knowledge contest with home tasks.(15)Authors of a study of 45 sixth graders
judged a board game efficient within lessons.(16)

Girls scored higher than boys on three of four knowledge axes in five public schools.(19)Boys’
scores rose in high school but stayed below those of girls. In Alagoas, 98 students ranked electronic
games first among the types of game they liked.(20)
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Table 1. Main reported results by study.

Study Main reported result
(23) Students reported new knowledge and prevention activities; no baseline measure
(24) The activity promoted participation and interaction; adolescents already had good knowledge of dengue
(25) Both versions were well rated; the individual version suited quick consultation and the pair version was slightly
more motivating
(8) Attitudes changed in the game group (p < 0.05) on all questions but one, and the game group gave more correct
answers than controls on 12 of 18 questions
(20) Strong interest of participants was observed; no structured outcome measure
(21 Authors concluded the game enlarged students’ knowledge, which was already satisfactory
(12) Practical activity score rose in 12 of 16 children; questionnaire performance did not change in 15 of 16
(W] Significant increase in knowledge of Aedes aegypti and the diseases it transmits in the group that had played
(13) All children in the game and advertisement groups raised or kept questionnaire scores above 80%; practical activity
scores rose in all but one child in the advertisement group and one in the control group
(19) Girls scored higher than boys on three of four knowledge axes; boys’ scores rose in high school but stayed lower
(22) Participants approved the game and it showed potential as a learning facilitator
(14) Chikungunya had more errors than dengue and Zika at the first round (p = 0.008); at the second round the diseases
no longer differed (p = 0.2687) and correct answers rose across categories (p < 0.0144)
27) Some difficulty with game phases; students recalled items discussed during the activity, such as the product used
only by adults
(16) Authors judged the intervention efficient and reported active participation
(17) 81% named the vector correctly after the game and the answer ‘do not know’ fell from 34% to 5%; all 38 students
thought the game taught concepts
(15) Correct answers rose in more than half of participants after the activities
(28) Good acceptance, with several positive opinions
(29) MEEGA+ ratings supported the viability of the cooperative board game as an awareness tool; no knowledge
outcome
(30) Questionnaires on game elements and content relevance; authors judged the game suitable for spreading
information on Chagas disease
(20) Students ranked electronic games first among preferred game types; the direction of the knowledge change is not
stated in the record
(31) 94.5% found the game easy to play, 98.5% enjoyed it and 99.2% thought they learned about the diseases
(32) Players judged that the role-playing game promotes dialogue on biological, political, educational and
socioeconomic aspects of Aedes aegypti control
(33) Authors concluded that building the app supported access to knowledge and collaborative work

Note: Basis of assessment indicates whether the full text or only the abstract was available.

Acceptability or a positive appraisal was reported in 13 of the 23 studies (56.5%; 95% Cl 36.8%
to 74.4%; Figure 1). In a survey of 255 students, 94.5% found a snakes-and-ladders game easy to
play and 99.2% thought they had learned about dengue and leishmaniasis.(31)All 38 students in
the Chagas disease study believed that the game taught concepts.(17)

Figure 1. Included studies by outcome domain and game format.

Acceptability or positive appraisal 13

Knowledge or practice measured 12

Improvement reported

mmm Non-digital games
Digital games
[ Format not stated

0 2 4 6 8 10 12
Studies (number)

Usability, quality or motivation assessed

Note: A study can appear in more than one outcome domain.
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Three studies assessed usability, game quality or motivation.(11,25,29)In 33 respondents, MEE-
GA+ ratings supported the viability of Dengueside Survival as an awareness tool.(29)Pair play was
slightly more motivating than individual play in Sherlock Dengue, whereas individual play suited
quick consultation.(25)

Qualitative and descriptive reports gave narrower evidence. Biology undergraduates in two
focus groups judged that the role-playing game Karapana promotes dialogue on political and so-
cioeconomic aspects of Aedes aegypti control.(32)Ten students with Down syndrome met some
difficulty with the phases of Dengue Zero, yet they recalled items discussed during the activity,
such as the product used only by adults.(27)

Observation of about 260 students in nine classes in Natal recorded strong interest in four
educational games.(26)A contest with 75 adolescents in Sobral promoted participation, and the
adolescents already had good knowledge of dengue.(24)The AEDESPLAY case study concluded
that building the app supported access to knowledge.(33)

Five further reports described approval of a game. Students rated their experience with
a board game in a post-exposure questionnaire (74 students).(23)Twenty-two undergraduates
accepted the Chagas disease game Barbeiragem.(28) A prototype board game on six neglected
diseases won approval from 45 students and three teachers.(22)In 94 high-school students, wri-
tten narratives before and after a board game were analysed qualitatively.(21)Questionnaires on
ChaGame judged its elements and content relevance.(30)

Methodological concerns were high in 11 studies, some in 3, and not assessable in 9 because
only an abstract was available (Table 2). No study was judged to have low concern. Single-group
designs, samples below 50 participants and co-interventions such as lectures and booklets ac-
counted for the high concerns.

All 23 studies were conducted in Brazil (Table 3). Publication years ran from 2013 to 2024,
with 7 reports up to 2018 and 16 from 2019 onward. The full text was assessed for 14 studies and
the abstract alone for 9.

Table 2. Methodological concerns across the included studies.

Judgement Studies (n) Typical reasons

Single-group or post-only design, very small samples, co-interventions, self-

High concern i reported outcomes without validated instruments

Comparison or structured instrument present but convenience sampling, unclear

Some concerns 3 .
allocation or no knowledge outcome
Not assessable 9 Only the abstract was available, so design details could not be verified
Low concern 6] No study met the criteria

Note: Judgements are qualitative and were not summed into scores.

Table 3. Characteristics of the included studies.

Study Setting Participants Game (format) Disease Design
Brazil . .
74 students in grades 5 Jogando em Saude: Post-exposure
(23) (Belo 46 D digital Dengue bili . .
Horlzonte) an engue (non-digital) acceptability questionnaire
. Contest with a board
Brazil 75 adolescents aged 12 i .
(24) (Sobral) to 15 years in grade 6 game oré?jgeitr;gl)ue (non- Dengue Descriptive activity report
73 participants in Between-subject
. Sherlock Dengue . SO
@9 | e | [ebetvesnaublect | navaulandpar | Dengue | “RRizonfinduis
&xp player: versions) (digital) .
in the extended analysis) versions
. - Two schools assigned to
Brazil 134 pupils in grade 5 (75
(18) (Belo boar% game 29 contr(ol) Jeinele e Sa_u_de: Dengue l?oard game or standard
Horizonte) aged 10 tc’> 12 vears ! Dengue (non-digital) information, before and
9 Y after
About 260 students Sequence of four Aedes
(26) Brazil in nine classes of Ministry of Health aegypti, Zika, Descriptive extension
(Natal) elementary and high educational games chikungunya, report with observation
school (non-digital) dengue

https://doi.org/10.62486/gr202441 6


https://doi.org/10.62486/gr202441

Beatriz Rios et al.

SAP Gamification and Augmented Reality. 2024;3:41

Study Setting Participants Game (format) Disease Design
Brazil (Perola 94 high-school Combate ao Mosquito Aedes aegypti, Wilsen eltiE v et
(21) , ) . and after the game,
d'Oeste) students Invasor (non-digital) Aedes albopictus . . .
discursive textual analysis
. 16 schoolchildren and | Nossa Turma Contra a Smgle—grogp before
(12) Brazil . . Dengue and after, with parent
their parents Dengue (non-digital) . .
interviews
. . . . Two-group comparison
) Brazil Groups of users;n not | Serious game against Aedes aegypti, (answers without playing
reported in the record | Aedes aegypti (digital) dengue .
versus after playing)
14 children aged 8 Three groups allocated
. to 9years (5 game, Nossa Turma Contra a by draw (game,
ILE) St 6 advertisement, 3 Dengue (non-digital) DangE advertisements, control),
control) before and after
Brazil (Belo Students of five Single-group
: . . Jogo da Dengue (not questionnaire before and
(19) Horizonte and public schools; n not Dengue
. stated) after the game, analysed
Sete Lagoas) reported in the record
by sex
Dengue, malaria, Prototype tested with
Brazil (Rio de 45 students in grade 11 Infectahdo e leishmaniasis, guestionnaires on prior
(22) . ) on six neglected . .
Janeiro state) and 3 biology teachers . L Chagas disease, knowledge, acquired
diseases) (non-digital) - .
tuberculosis, leprosy knowledge and opinions
Single-group repeated
(14) Brazil (Duque de 30 students in grades Caca Mosquito (non- Dengue, Zika, team quiz game after 30
Caxias) 7 and 8 digital) chikungunya days, with lecture and
booklet
Brazil (Espirito 10 students with Dengue Zero (mobile) Observation of one
(27) S Dengue -
Santo) Down syndrome (digital) session
. . ) . Single-group pre-test and
(16) (Gue?';alejlava) 45 students in grade 6 Bata”lﬁ VI,'[?I; (e Aeddeesnaegg/ptl, post-test around lessons
P 9 9 that included the game
Single-group
. 38 students in DIV&AP Chagas . questionnaire before (Ql)
iz =t integrated high school disease (non-digital) Chegpedlesass and after (Q2) one game
session
Brazil (Belo 164 pupils aged 7 to KT‘OW'e"g‘? Gomies Single-group pre-test and
(15) X (gincana) with home Dengue
Horizonte) 10 years L L post-test
activities (non-digital)
. . 22 undergraduates . .
(28) Brazil (Mlnas in rural education Barbeiragem (not Chagas disease Post—exposurg opinion
Gerais) . stated) collection
teaching
33 respondents
aged 18 to 28 years . . . Descriptive validation
(29) Brazil (university students Dengueadg SurV|vaI fedis seayel] with the MEEGA+
. (non-digital) dengue - A
and symposium questionnaire
attendees)
Elementary-school
(30) Brazil (Amazon children (target 'users); ChaGame (not stated) Chagas disease Descnptlvg evalqat|on by
region) n not reported in the questionnaires
record
Educational game on
S 98 students in grades | visceral leishmaniasis . Action research with
Brazil (Girau do A ) Visceral )
(20) p 8 and 9 (exploratory (in development; . . knowledge quiz before
Ponciano) X leishmaniasis .
phase) online flashcards and and after a presentation
quiz used) (not stated)
Snakes and Ladders
. 255 students in grade on dengue and Dengue, Post-exposure opinion
(37) Brazil h . = . N
9 and high school leishmaniasis (non- leishmaniasis survey
digital)
Undergraduates in RPG Karapana (non- Aedes aegypti Qualitative evaluation b
(32) Brazil biological sciences, ap gypt, Y
digital) dengue focus groups
two focus groups
High-school students; Intrinsic case study
(33) Brazil (Salvador) n not reported in the AEDE(Z?Li/t-‘;T)(app) Dengue with observation and
record 9 document analysis

Note: All studies were conducted in Brazil. Participant numbers are those stated in each report.
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Disease focus was dengue alone in 10 studies and Aedes-borne diseases together in 7. Cha-
gas disease was the topic in 3, visceral leishmaniasis in 1, dengue with leishmaniasis in T and six
neglected diseases in 1. Sample size was stated in 17 studies and totalled 1,220 participants. The
median was 45, with a range from 10 to 255. Sample size was missing in 5 studies.

The searches returned 2,392 records, of which Scopus supplied 185, PubMed 151, OpenAlex
1,056, Crossref 700 and Semantic Scholar 300, and 529 duplicates were removed (Figure 2). Of 1,863
records screened, 1,811 were excluded on title or abstract. Full texts were sought for 52 reports, and
7 had neither full text nor abstract. Of 45 reports assessed, 22 were excluded: 12 had no evaluation
data, nine described activities that were not game-based and one reported an outcome unrelated
to game users. That left 23 included studies.

Figure 2. Flow of records through identification, screening and inclusion.

Records identified
from databases (n = 2,392) Duplicate records
Identification Scopus 185, PubMed 151, removed
OpenAlex 1,056, Crossref 700, (n =529)

Semantic Scholar 300

Records screened Records excluded
(n=1,863) (n=1,811)
Reports sought Reports not retrieved A
for retrieval (n=7)
(n=52) ) &

|

N >
Reports assessed B W
PP ® No evaluation data (n = 12)

for ellglblllty ® Not game-based (n =9)

(n = 45) e No game-user outcome (n = 1)
J

J

v
Studies included
in review
(n=23)

Participants were pupils in basic education in 10 studies, mixed school levels in 4, high-school
students in 4 and university students or adults in 3. One study enrolled students with Down syn-
drome,(27)and one did not specify the users.(11)

Games were non-digital in 15 studies and digital in 4, and 4 reports did not state the format.
Board games appeared in 11 studies, contests or quiz games in 2, a role-playing game inTand a
sequence of ministry games in 1. Two papers examined the same board game in different designs,
a post-exposure survey and a comparison with a control school.(18,23) Two others used the game
Nossa Turma Contra a Dengue.(12,13)

No study measured entomological indices, infection or illness. Practice was assessed in 2
studies and attitudes in 1.(12,13,18)MEEGA+ was the only standardized instrument named in the
records we assessed.(29)Follow-up beyond one session was described in two studies: a post-test
seven days after the game(18)and a second quiz round 30 days after the first.(14)

Dengueside Survival was a cooperative board game for one to six players, who acted as health
agents on five initial missions with 34 easy-to-moderate and 25 moderate-to-hard question cards.
(29)Sherlock Dengue existed in an individual version and a pair-based version with matching con-
tent.(25)In DIV&AP, groups received an envelope with the board, the manual and cards named Azar
and Responda.(17)The Aedes game Combate ao Mosquito Invasor had an urban board, question
cards at high-school level and a fifth participant who played the female mosquito.(21)

Cacga Mosquito was a team quiz with three difficulty levels and four categories: etiology and
epidemiology, signs and symptoms, transmission, and prevention.(14)In the Sobral contest, teams
judged ten statements on dengue as true or false and then played a final board game in which
correct habits advanced and wrong habits set teams back.(24)The Natal activity used four games
from the Ministry of Health, among them a truth-or-myth game and a spot-the-seven-differences
game.(26)The snakes-and-ladders game covered transmission, prevention, treatment and symp-
toms of dengue and leishmaniasis.(31)
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Digital formats included the mobile game Dengue Zero,(27)the app AEDESPLAY built by hi-
gh-school students on tablets to help remove mosquito breeding foci,(33)and the digital versions
of Sherlock Dengue.(25)The role-playing game Karapana asked players to solve a dengue epidemic
in a fictional city.(32)Barbeiragem stressed the social role of scientists and health agents in addition
to Chagas disease prevention.(28)Infectando, the prototype for six neglected diseases, was shaped
by the opinions of its 45 student players.(22)

The excluded design-only reports described games for dengue, Chagas disease and Aedes
control developed in Brazil and Costa Rica, among them a tower-defence game and a mixed-reality
game, and they reported no data from users.

No eligible study came from a Spanish-speaking country or from outside Brazil. Records from
Argentina, Costa Rica and Ecuador described games or game-based activities, but each lacked
outcomes for game users or could not be retrieved.

DISCUSSION

The main implication is that game sessions on dengue and other vector-borne diseases in
Brazil are linked to reported knowledge gains in the studies that measured them, yet the signal
cannot guide decisions about effectiveness. Every study that stated a direction reported impro-
vement and none reported harm, a pattern that is also compatible with reporting bias in small
uncontrolled studies. Games received positive appraisals wherever users were asked. The evidence
supports using games as an engaging complement to teaching, not as proof of changed practice
at home or in the community.

Earlier reviews reached similar conclusions about Aedes games in Brazil. A mapping of 18
studies reported that all the games applied were effective for health education,(7)and an integrative
review of 81 works describing 72 games found an emphasis on transmitting information about the
vector life cycle and prevention.(8)A mapping of 12 papers on game-based methods for dengue
awareness identified only a small set of eligible studies.(6)An analysis of five board-game studies
concluded that the proposals prioritized memorization of factual and procedural content.(34)Our
review adds an appraisal of participant outcomes and shows that the label of effective rests on
small studies.

The proportion of studies reporting gains needs a cautious reading. It counts reports, not
participants, and it has a wide interval because only 12 studies measured knowledge or practice.
Four of those studies did not state a direction, and positive appraisals by users do not show lear-
ning. Ceiling effects may also limit what a game can add. Adolescents in Sobral already had good
knowledge of dengue,(24)and high-school students in Parana started from satisfactory knowledge.
(21)In Singapore, 84.2% of participants were willing to be vaccinated at baseline, and the game did
not change that willingness more than web information did.(35)

Knowledge and practice did not move together in the studies that measured both. In the
Brazilian championship with 16 children, the practical activity score rose in 12 children while ques-
tionnaire performance did not change in 15.(12)In Singapore the game outperformed web informa-
tion only on daily practice.(35)These findings caution against using knowledge tests as a stand-in
for behaviour, and they support the behavioural-analysis approach of observing what children do.
Programs aiming at breeding-site removal should include a practice measure, such as a checklist
of household containers or an entomological index, next to any questionnaire.

Games address knowledge, whereas the strongest dengue evidence from Latin America
concerns community mobilization. In a cluster randomized trial with 75 intervention and 75 control
clusters in Nicaragua and Mexico, mobilization lowered recent infection in children and reduced
house, container and Breteau indices.(2)The cost-effectiveness analysis of the same trial repeated
reductions of 29.5% in infections and 24.7% in self-reported cases.(36)A systematic review of com-
munity participation found lower vector density and higher knowledge, attitudes and behaviour.
(37)None of the games in our review measured vector indices or infection. Games might supply
the engagement that mobilization needs, but this remains a hypothesis.

Game studies outside Latin America used larger and more controlled designs. In a rando-
mized trial of 400 adults in Singapore, a serious game and web-based information both raised
knowledge, attitude and practice scores, and the game gave a larger gain only in daily practice
(mean difference 1.0 versus 0.3, p = 0.009).(35)A quasi-experimental study of 92 Indonesian children
reported higher knowledge in the board game group than in controls.(38)In Nigeria, 400 volun-
teers who received a mobile quiz game showed higher malaria awareness, correct perceptions and
appropriate practices than controls (p < 0.001).(39)Brazilian studies, with a median of 45 participants,
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rarely matched those designs. The Singapore trial also used an active web comparator, which may
explain why its differences were smaller than the gains reported in Brazilian single-group studies.

Games for other neglected diseases reported behavioural outcomes more often than the Bra-
zilian studies did. In 100 Nigerian schoolchildren, a board game on schistosomiasis raised knowle-
dge (68.0% versus 8.0%) and lowered reported visits to dam water (18.0% versus 40.0%, p = 0.048).
(40)A redesigned version raised awareness of praziquantel to 67.9% against 1.1% in controls.(41)
Among 275 adolescent girls in Iran, a game and an animation produced similar behaviour scores
for cutaneous leishmaniasis prevention (82.58 and 80.66), both above controls (69.79).(42)Only two
Brazilian studies measured practice, and each enrolled fewer than 20 children.(12,13)

Scarce formal evaluation is not unique to Latin America. A Cochrane review of educational
games for health professionals found two randomized trials among 84 potentially eligible citations.
(43) A review of 16 serious video games on vaccination found that two had been formally evaluated.
(44) User testing of ResistanceSim exposed usability problems that blocked engagement until
the tool was revised,(45) which shows why acceptability needs testing before effectiveness. In a
game-based course for vector control staff in Ethiopia and Zambia, knowledge and self-efficacy
rose in the short term.(46)

Meta-analytic evidence suggests why session design matters. Serious games improved lear-
ning more than conventional instruction (d = 0.29), and the gains were larger when games were
supplemented with other instruction, played over several sessions or played in groups.(4)Digital
games enhanced learning relative to non-game conditions, with a standardized effect of 0.33 (95%
ClI 0.19 to 0.48).(5)A review of 40 articles on serious games in child and adolescent health education
reached a favourable conclusion on the quality of learning.(47)Several Brazilian studies delivered
the game inside a package of lectures, booklets, lessons or home tasks, so the effect cannot be
attributed to the game alone.(14-16)

Non-game education programs offer a benchmark for design. A cluster randomized trial in
coastal Kenya found caregiver knowledge 69 percentage points higher (adjusted risk difference
0.69, 95% Cl 0.56 to 0.82) after a household and school intervention, although container counts did
not differ significantly.(48) Health education in Jeddah schools raised mean knowledge scores from
7.86 t010.94,(49) and a trial in southern Iran based on the Health Belief Model improved preventive
behaviour among 320 people.(50) Game studies in Brazil would need to reach that level of design
before their effects could be set against such programs.

Most participants were schoolchildren, which differs from the evidence on dengue elsewhere.
The Singapore trial enrolled adults in a primary care clinic,(35)and Camino Verde reached 85,182
residents in 18,838 households.(2)Brazilian game studies seldom reached adults, health workers
or families, who decide whether water containers are covered, emptied or discarded. Children can
carry messages home, an idea that two included authors endorsed,(20,21) but no study measured
whether parents or households changed behaviour. Studies that follow children into their homes,
or that bring games to community meetings and health units, would test that pathway directly.

Subgroup patterns were rarely analysed. The only sex-disaggregated analysis found that girls
scored higher than boys on three of four knowledge axes, and boys narrowed but did not close
the gap in high school.(19)A game that engages girls more than boys, or the reverse, would widen
differences in prevention at home. Other equity dimensions, such as rural residence, school type
or disability, appeared only once: an exploratory session with ten students with Down syndrome
showed that game phases can need adaptation.(27)Reports should present results by sex, grade
and school type.

Format and play structure deserve attention. Dengueside Survival is cooperative, and Sher-
lock Dengue compared individual with pair play.(25,29) The meta-analysis of serious games found
larger learning gains when players worked in groups,(4)which suggests that cooperative formats
are a sensible default for schools. Digital games were rare in our set, although students in Alagoas
ranked electronic games first.(20)In Singapore, 78.5% of the intervention group completed the
digital game and the mean System Usability Scale score was 61.8,(35)so digital games bring their
own completion and usability limits.

Game design as an interactive system is a further concern, one that human-computer inte-
raction has studied for years. Only one study used a standardized game-quality instrument,(29)
and one reported a standard usability scale in related work outside the region.(35)Usability testing
led to major revisions in a vector control simulator.(45)Latin American teams that develop apps
and digital games should adopt shared instruments for usability, quality and motivation, and they
should test games in the target classroom before measuring learning. Such steps would link the
engineering reports of the region with its education studies.

Sustainability is a further issue that few studies addressed. The co-creation of a board game
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for malaria education in Ghana generated high interest and adherence, yet attrition of health wor-
kers and irregular clinic attendance threatened its continuation.(51)Several Brazilian studies came
from university extension projects or student theses,(21,26,31)and such projects end when the team
leaves. Low-cost board games that teachers can reproduce have an advantage here, whereas apps
require maintenance and devices. Reports should state who ran the sessions, how long they lasted
and whether the school adopted the game afterwards.

Follow-up was short. The Belo Horizonte study retested pupils after seven days,(18)and the
Duque de Caxias study repeated the quiz after 30 days.(14)Non-game programs elsewhere followed
participants for three months in Jeddah(49)and for 12 months in coastal Kenya.(48)Knowledge me-
asured at the end of a session mostly reflects recall, and the studies cannot show whether pupils
retained the information or acted on it during the next rainy season. Retests at three and twelve
months would show whether gains persist.

Measurement quality limits comparison across studies. Several reports described questionnai-
res designed for the study,(17,18) and some gave results as counts or percentages of correct answers
without confidence intervals.(12,17,31) The Brazilian behavioural-analysis studies went further by
observing a practical activity in which children performed preventive actions against mosquito
proliferation,(12,13) a design that could be scaled to larger groups. Standard instruments, such as
MEEGA+ for game quality, were used in one study.(29)Shared knowledge, attitude and practice
items would let future studies be compared and pooled.

Local epidemiology shaped what pupils knew. In Duque de Caxias, pupils made more errors
on chikungunya than on dengue and Zika at the first quiz round, and the authors linked the pattern
to endemic dengue and to the Zika outbreak in 2016.(14)A first game round can therefore serve as
a cheap diagnosis of local knowledge gaps before teaching. It also shows why games that mention
only dengue may leave other Aedes-borne diseases unaddressed, since the same mosquito is the
vector of dengue, Zika and chikungunya.(34)

Disease coverage was narrow. Chagas disease appeared in 3 studies and leishmaniasis in two,
and malaria only inside the six-disease prototype.(22)Evaluated malaria games exist elsewhere,
among them a mobile quiz game in Nigeria and a game-based course for vector control staff in
Ethiopia and Zambia.(39,46) Neither has a Latin American counterpart in our set, although malaria
remains a regional problem. Researchers who work in endemic areas of Colombia, Peru or Vene-
zuela could adapt these designs and evaluate them with local participants.

Chagas disease games met a different educational need. Education on Chagas disease has
been criticized for staying within the biomedical frame, and a systematic review of 35 works called
for multidimensional and dialogical approaches.(52)The three Chagas games here taught vector,
parasite and prevention content, and one of them also addressed the social role of scientists and
health agents.(17,28,30) In Argentina, a local program raised the share of residents at knowledge
level Il from 56.6% to 66.2%.(53)Rural residents of Ecuador had low knowledge and health literacy,(3)
which defines audiences beyond schoolchildren that Brazilian game studies have not reached.

The absence of studies from Spanish-speaking countries needs a careful reading. Spanish-lan-
guage queries retrieved game reports from Argentina, Costa Rica and Ecuador, but none had user
outcomes that we could verify. A direct search of LILACS and Redalyc may find evaluations that
the indexes we used do not carry. The same applies to Mexico, where the Camino Verde trial was
run,(2)and to countries where Chagas disease and leishmaniasis are endemic. Until such studies
are located, conclusions apply to Brazil, and extrapolation to other Latin American settings would
be speculative.

National school-health policy gives a context for these results. One Chagas disease report
noted that the School Health Programme created a need to address diseases that affect the Bra-
zilian population in the classroom.(17) Games fit that need because they are cheap, short and cu-
rriculum-friendly, which explains their frequency in extension projects. The same features make
them easy to deploy without evaluation. Funding agencies and journals could ask for a minimum
evaluation package, with a comparison group, a baseline measure and a follow-up, before an edu-
cational game is promoted as effective.

Reporting could improve at low cost. Each study should state the number of participants per
group, the instrument and its source, the duration and facilitator of the sessions, and the results
with confidence intervals. Games should be named and described so that others can reproduce
them, and the studies that evaluated the same game, as in the two reports on Jogando em Saude,
should be linked.(18,23) Such details would let a future review pool results by game, age group and
disease instead of describing studies one by one.

Strengths of this review are a search across five sources with 33 queries, 18 of them in Spani-
sh or Portuguese, and open reporting of which studies were assessed from abstracts alone. Every
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count was computed by script from one extraction table, and excluded reports are described by
reason.

The review has limits, and each has a remedy. Screening and extraction were assisted by an
Al model without a second human reviewer, so independent duplicate screening of the full record
set should follow. For nine studies only the abstract was available, which blocked risk-of-bias jud-
gement, and retrieval of full texts from publishers or authors would resolve them. LILACS, Redalyc
and SciELO were not searched directly, so a direct search would test whether the thin coverage
outside Brazil is real. Outcomes were heterogeneous and seldom reported with effect sizes, which
prevented pooling, and future studies should report group means, standard deviations and con-
fidence intervals.

For practice, teachers and health services in Brazil can use games as an engaging comple-
ment, with a short pre-test and post-test to document local gains. For research, the next studies
should compare a game with an active control, pre-specify knowledge and practice outcomes,
follow participants beyond a single session, use validated instruments and register their protocols.
Studies in Spanish-speaking countries and on Chagas disease and malaria would widen a base
that is now almost entirely Brazilian and dengue-focused.

CONCLUSIONS

The evidence base on serious games for dengue and other vector-borne disease education
in Latin America is small, entirely Brazilian, dominated by board and card games and concentrated
on dengue and other Aedes-borne diseases. Among studies that measured knowledge or practice,
most reported gains and none reported a decline, but few used a comparison condition and effects
on preventive practice were measured only in very small groups. Games were well accepted, and
the methodological concerns were high, so the findings justify controlled trials rather than routine
adoption on the basis of current evidence.
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