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Videogames  
as a learning tool:  
is game-based learning 
more effective?
Carla Sousa & Conceição Costa

Abstract

The potential of videogames in learning has been increasingly stud-
ied, documented and sustained. The present study aims to summarize 
quantitative results from digital Game-Based Learning (GBL) strategies, 
through a Systematic Review of Literature with Meta-analysis study, 
framing conclusions about the effectiveness of the use of videogames 
as a learning strategy in several contexts. Through a systematic search 
in scientific databases and researchers’ social networks (Ebsco, ACM, 
PubMed and ResearchGate), 68 papers were obtained. A screening 
process, based on inclusion criteria, such as the use of Randomized 
Controlled Trials (RCTs), digital GBL strategies and measures to evaluate 
concrete learning gains, resulted in a final sample of 14 experimental 
studies. Data was gathered and analyzed using two different matrices, 
and softwares (SPSS and CMA). Considering a joint sample of 1685 
subjects, it is possible to mention that digital GBL strategies have shown 
larger effect-sizes than traditional approaches, namely expository, allow-
ing larger and more effective learning outcomes. This study arises in the 
context of GamiLearning project, an action-research project, aiming to 
develop critical and participatory dimensions of media literacy in young 
people, from 9 to 12 years, through collaborative learning experiences 
with digital games. 
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Os Videojogos como ferramenta de Aprendizagem: a aprendizagem baseada 
em jogos é mais eficaz?

Resumo: O potencial dos videojogos na aprendizagem tem vindo cada vez mais a ser estudado, documentado e 
sustentado.  O presente estudo tem por objetivo a sumarização de resultados quantitativos, através de uma Revisão 
Sistemática com estudo de Metanálise, suportando conclusões acerca da eficácia do uso de videojogos como 
estratégia de aprendizagem, em diversos contextos. Através de uma pesquisa sistemática em bases de dados e 
redes sociais de investigadores (Ebsco, ACM, PubMed and ResearchGate), foram obtidos 68 papers. Um processo 
de screening, baseado em critérios de inclusão, como a utilização de Ensaios Clínicos Aleatorizados, estratégias de 
aprendizagem baseada em jogos digitais e medidas para avaliar a aprendizagem, resultou numa amostra final de 
14 estudos. Os dados foram analisados usando duas matrizes de análise e dois softwares distintos (SPSS e CMA). 
Considerando a amostra conjunta de 1685 sujeitos, é possível referir que as estratégias de aprendizagem baseada 
em jogos digitais demonstraram efeitos mais significativos que as abordagens tradicionais, nomeadamente as expo-
sitivas, permitindo ganhos de aprendizagem superiores e mais efetivos. Este estudo, enquadrado no GamiLearning, 
um projeto de investigação-ação que promove a Literacia Mediática em crianças dos 9 aos 12 anos, procurou assim 
sistematizar evidências científicas neste campo.

Palavras-Chave: metanálise; aprendizagem baseada em videojogos; aprendizagem; educação.

Les Jeux Vidéo comme outil d’apprentissage : l’apprentissage basé sur le jeu 
est-elle plus efficace ?

Résumé: Le potentiel des jeux vidéo dans l’apprentissage est de plus en plus étudié, documenté et soutenu. Cette 
étude a pour but une synthétisation des résultats quantitatifs à travers une Révision Systématique avec Méta-ana-
lyse, en soutenant des conclusions sur l’efficacité de l’utilisation de jeux vidéo comme stratégie d’apprentissage 
dans divers contextes. À travers une recherche systématique en bases de données et réseaux sociaux scientifiques 
Ebsco, ACM, PubMed et ResearchGate), 68 papiers ont été obtenus. Un procès de dépistage, sur la base de cri-
tères d’inclusion, tels que l’utilisation d’essais cliniques randomisés, stratégies d’apprentissage basé sur jeu digital 
et moyens d’évaluation de l’apprentissage, a résulté dans un échantillon final de 14 études. Les données ont été 
analysées en utilisant deux matrices d’analyse et deux logiciels distincts (SPSS et CMA). En considérant l’échantillon 
total de 1685 sujets, il est possible de formuler que les stratégies d’apprentissage basé sur des jeux digitales ont 
montré des effets plus significatifs que les approches traditionnelles, nommément expositives, en permettant des 
gains d’apprentissage plus élevés et plus efficaces. La présente étude, encadré dans GamiLearning, un projet d’in-
vestigation-action qui promeut la Littératie Médiatique en des enfants de 9 à 12 ans, a donc essayé de systématiser 
les évidences scientifiques dans ce domaine.

Mots-clés: méta-analyse; apprentissage basé sur jeux vidéo; apprentissage; éducation.

Los videojuegos como herramienta para el aprendizaje: ¿es más eficaz el 
aprendizaje basado en juegos?

Resumen: El potencial de los videojuegos para el aprendizaje se estudia, documenta y defiende cada vez más. Este 
estudio tiene como objetivo resumir los resultados cuantitativos a través de una revisión sistemática mediante metaa-
nálisis y defender las conclusiones acerca de la eficacia del uso de los videojuegos como estrategia de aprendizaje 
en diferentes situaciones. Mediante una búsqueda sistemática en bases de datos y redes sociales de investigadores 
(Ebsco, ACM, PubMed y ResearchGate), se obtuvieron 68 papers. Tras un proceso de screening basado en crite-
rios de inclusión y el uso de ensayos clínicos aleatorizados, estrategias de aprendizaje basado en juegos digitales 
y medidas de evaluación del aprendizaje, se llegó a una muestra final de 14 estudios. Los datos se analizaron utili-
zando dos matrices de análisis y dos programas informáticos diferentes (SPSS y CMA). Considerando una muestra 
conjunta formada por 1.685 sujetos, se puede concluir que las estrategias de aprendizaje basado en juegos digitales 
mostraron un efecto más acusado que los tradicionales abordajes expositivos, ya que permitieron aprender más y 
de un modo más efectivo. Este estudio se enmarca en el GamiLearning, un proyecto de investigación y acción que 
fomenta la alfabetización audiovisual de los niños de nueve a doce años, y, por lo tanto, ha procurado sistematizar 
las evidencias científicas en este campo.
 
Palabras clave: metaanálisis, aprendizaje basado en videojuegos, aprendizaje, educación, niños.
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Introduction

In a highly mediated society, videogames have played an increasingly relevant role 
in the daily lives of individuals. This provides an explanation for the growing research 
interest on this medium. However, studies on this topic have systematically adopted a 
perspective focused  on effects theories and, in particular, on the negative potential of 
videogames, in the behavioral and emotional fields.  The scientific value of the body of 
research regarding the influence of videogames on aggressive behavior cannot be ig-
nored, but the multiple questions arising from the systematic and/or continuous use of 
videogames should also be analyzed, to consider possible positive outcomes (Granic, 
Lobel, & Engels, 2014).

Videogames and Learning

Even though, the specific learning outcomes of videogames are not studied so 
extensively, the pedagogical value of Play has been broadly documented and studied 
since the foundations of Psychology. Evolutionary Psychology, for instance, considers 
Play an adaptive strategy, that allows humans to easily generate a repertoire of inno-
vative behaviors, increasing exploration and cooperation (Pellegrini, Dupuis, & Smith, 
2007). Also, Developmental Psychology, in its founding, recognizes Play as an impor-
tant strategy to reproduce real-life conflicts, to achieve ideal solutions and to amend 
negative feelings (Piaget, 1962). The development of Social Cognition in children is also 
a process considered to be founded in Play experiences and its elements (Vygotsky, 
1978).

A game can be broadly defined as “a system in which players engage in an artificial 
conflict, defined by rules, that results in a quantifiable outcome”. Its precise definition 
has raised a complex discussion between authors, in the field of game studies. Al-
though there are multiple perspectives, it is possible to identify some common aspects 
between them, such as, the existence of: rules that orient and limit players; conflict 
or contest; a clear goal-orientation or outcome-orientation; activities, processes, or 
events that involve decision-making (Salen & Zimmerman, 2010).

In our framework, we adopt this concept, where the great majority of videogames, 
commercial or not, can be included. Therefore, it is considered that videogames are 
designed for players to actively engage with their systems and for these systems to 
provide feedback to players’ interactions. Videogames can require competition and/or 
cooperation and can be played in a wide range of platforms, from consoles to comput-
ers or smartphones, among others (Granic, Lobel, & Engels, 2014).

Regarding videogames and learning, an important distinction between videogames 
also arises. The dichotomy between the videogames specifically developed for learning 
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and/or research purposes, and the learning outcomes of playing the so called commer-
cial games. Considering a review of 52 studies, conducted between 2010 and 2016, 
only five studies approached the learning and motivational gains of commercial games 
(Costa, Tyner, Henriques, & Sousa, 2016).

The Pedagogical value of Videogames

The relevance of videogames in the learning and cognitive enrichment processes 
has been increasingly studied, although is a relatively new field.  One of the most re-
ferred outcomes of playing videogames are the motivational aspects of gaming, based 
on the ability of videogames to provide immediate and concrete feedback of perfor-
mance, balance optimal levels of challenge and frustration, and use of failure as a mo-
tivational tool for large-scale success (Granic, Lobel, & Engels, 2014). Research also 
reinforces the affective potential of videogames, considering their ability to induce more 
positive and powerful emotions than real life contexts (McGonigal, 2011), that increases 
exponentially if immersion factors are taking in account.

Videogames are considered an engaging media, which in itself could be a facilitat-
ing factor in the learning process. But in addition, its complexity requires the coordina-
tion of a number of variables, such as understanding complex processes, managing 
diverse social networks (such as teams or clans), and creative expression with digital 
tools (Squire, 2008).  A strong body of research supports long-lasting positive effects 
of videogames on basic cognitive elements, involved in the learning process, such as 
perception, attention, memory, and decision-making (Eichenbaum, Bavelier, & Green, 
2014). Moreover, research also supports the potential of videogames to develop other 
cognitive aspects crucial to the learning process, particularly in formal educational set-
tings, such as executive functioning or selective attention (Ashinoff, 2014). A growing 
body of evidence supports the integration of game analysis and production across 
the curriculum (de Freitas & Ott, 2013), however the adoption of videogames as a 
pedagogical resource in educational environments highly depends on the attitudes of 
all stakeholders towards their educational potential. Regarding this, there is a body of 
research supporting the existence of positive attitudes towards the pedagogical value 
of videogames from main stakeholders in Education and particularly in formal school 
(Saéz-López, Vázquez-Cano, & Domínguez-Garrido, 2015; Sousa, Henriques, & Costa, 
2017).

Meta-analysis in Education and Learning

A meta-analysis is a secondary study, which sets up a process of statistical data 
summarization for a Systematic Review (SR). It aims to bridge the gap between scientific 
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research and policy through systematic synthesis of research findings (Sanchéz-Meca 
& Marín-Martínez, 2010). Consequently, a meta-analysis study provides knowledge 
base for policy-makers and practitioners, helps to identify knowledge gaps and pre-
vailing degrees of uncertainty, and promotes the cumulative development of science 
(Sutton, 2000). The reliability of each study is based on the level of evidence attributed 
to each research design, with systematic reviews and meta-analysis studies at the top 
level, when considering the hierarchy of Scientific Evidence (Ackley, Ladwig, Swan & 
Tucker, 2007), represented in Figure 1.

Figure 1. Pyramid representation of the hierarchy of scientific evidence,  
adapted from Ackley, Ladwig, Swan & Tucker (2007)

Typically, meta-analysis studies have gained prominence because of their relevance 
in decision-making, in the context of clinic and health practice. However, currently this 
type of research design has gained relevance in the social and educational areas, as it 
allows the sustained reflection on intervention strategies. Between 1976 and 2011, a 
review of databases found a total of 5206 publications in the field of education, using 
meta-analysis as a research design (Ahn, Ames, & Myers, 2012).

The present study aims to summarize the learning improvements obtained with GBL 
approaches in RCTs, adopting a meta-analysis procedure. This objective materializes 
to different research goals, it intends to provide data on the efficacy of GBL interven-
tions and it intends, in a certain extent, to legitimate the role videogames can assume 
in the learning process, and their pedagogical value.
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Method 
Sample and Selection Process

The process of gathering data begun with a schematic database search, including 
Ebsco, PubMed, ACM and ResearchGate, by using a specific advanced search formu-
la: [game-based learning AND (randomized controlled trial OR RCT) AND (videogames 
OR digital games)]. ResearchGate was also used as a data collection tool, to access 
Grey Literature. Grey Literature is usually defined as literature “which is produced on all 
levels of government, academics, business and industry in print and electronic formats, 
but which is not controlled by commercial publishers” (Farace, 1998). This process 
constitutes the Identification phase.

The following phases were based in the selection criteria, developed to match, as 
much as possible, the research objective. First, papers should have an experimental 
research design, using Randomized Controlled Trials. Second, they should use digital 
GBL strategies with clear learning objectives. It was also mandatory for outcome mea-
sures to evaluate concrete learning gains and to compare them with a pedagogical  
approach without videogames. Analogical GBL approaches weren’t considered. Ap-
proaches based on gamification of the learning process were also excluded.

Figure 2. Flowchart of the sample selection process

Using the above defined criteria, 68 scientific papers were obtained. The selection 
process throughout the final sample is represented in Figure 2. In the Screening phase, 
the criteria were applied at a superficial level, meaning that only titles, abstracts and 
general information were considered. In the Eligibility phase the criteria was followed by 
thoroughly analyzing each study, before select the final sample.
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Procedure

The selected papers were analyzed considering two different matrices. First, some 
general aspects of the research were categorized, namely year of publication, sample 
size (N), context of the study, population, learning goals, outcome measures, type of 
videogame and platform. The gathered data was analyzed using the Statistical Pack-
age for the Social Sciences (IBM SPSS), version 22. Next, studies were analyzed con-
sidering the reported quantitative results, which were summarized using the Compre-
hensive Meta-Analysis Software (CMA), version 2.

Results

Fourteen studies matched the inclusion criteria. The present systematic review as 
a total sample of 1685 subjects, with an average of 120,35 individuals per included 
study. Samples in the studies ranged between 29 and 458 subjects.

Regarding the year of publication, it is possible to observe that all studies are from 
the last 10 years. Thus, it can be ensured that the reported data relate to the most re-
cent scientific evidence and SR quality. The distribution by years was as follows: 2017 
– 1 study (7,1 %), 2016 – 2 studies (14,3%), 2015 – 1 study (7,1 %), 2014 – 3 studies 
(21,4%), 2013 – 2 studies (14,3%), 2010 – 1 study (7,1 %),2009 – 2 studies (14,3%), 
2008 – 1 study (7,1%) and 2007 – 1 study (7,1 %).

Probably because of the inclusion criteria above defined (RCT was mandatory), the 
most studied population were medical students (35.7%), an area where this research 
design is widely used. Despite this, there is a multiplicity of studied populations, namely 
children (21.4%), teenagers (21.4%), clinical populations (7.1%), tweens (7.1%) and 
engineering students (7, 1%). Consequently, the studies took place in many different 
contexts: Higher Education (42,9%), Basic Education (28,6%), Secondary Education 
(21,4%) and Clinical Rehabilitation (7,1%).

The game-based learning strategies implemented aimed the development of very 
different areas of competence, such as medical practices, health literacy, physics, 
computer science, mathematics, science, history, pedestrian safety and engineering 
principles. To measure the effective learning gains, the research designs included base-
line and endline measures, namely, knowledge tests (71,4%), learning scales (21,4%) 
or observation protocols (7,1%).

The videogames were, mainly, classified by the researchers as educational games 
(28,6%) or serious games (28,6%), but there were also others classified as computer-
based board games (14,3%), role-playing games (7,1%), simulation games (7,1%), quizzes 
(7,1%), virtual reality games (7,1%) or GPS/location based games (7,1%). The categories 
of analysis were those referred by the authors and, as such, are not mutually exclusive.
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The used platform is usually the PC (57,1%), but are also used web-based games 
(28,6%), and games for smartphone (7,1%) or Nintendo Wii® (7,1%). Web-based games 
were considered separately, since they can have a multi-platform use (PC, smartphone, 
tablet, etc.).

In Study 1, results showed that medical students can improve their pediatric knowl-
edge, using a web-based game (Sward, Richardson, Kendrick, & Maloney, 2008) (g = 
0,283: CI = 95%; -0,109 - 0,676). Study 2 supported children’s knowledge acquisition 
in the field of health literacy, namely nutrition, by using an educational game (Rosi et 
al., 2016) (g = 0,138; CI = 95%; -0,168 - 0,443). In study 3, a e-learning system, with 
an integrated role-playing game, was effective to improve medical students’ knowledge 
about urology (Boeker, Andel, Vach, Frankenshmidt, 2013) (g = 0,692; CI = 95%; 0,355 
- 1,029). Study 4 makes usage of a serious game to effectively increase medical stu-
dents’ learning outcomes about patient safety (Dankbaar, Richters, & Kalkman, 2017) 
(g = 1,072; CI = 95%; 0,571 - 1,573). In Study 5, game-based learning was used to 
effectively improve learning gains and knowledge retention about anatomy and physi-
ology (Rondon, Sassi, & Furquim de Andrade, 2013) (g = 0,374; CI = 95%; -0,394 - 
1,141). Study 6 reports higher learning gains about physics in secondary students, with 
the use of a physlet-based game, compared with expository instruction (Ülen, Čagran, 
Slavinec, & Gerlič, 2014) (g = 0,884; CI = 95%; 0,429 - 1,339). In Study 7, a serious 
game was used to teach computer science in high schools (Papastergiou, 2009) (g = 
0,782; CI = 95%; 0,351 - 1,213). Study 8 supports visual and verbal learning gains in 
schizophrenia patients using a virtual reality-based videogame (López-Martín, Segura-
Fragoso, Rodríguez-Hernández, Terrer, & Polonio-López, 2016) (g = 0,291; CI = 95%; 
-0,320 - 0,902). In Study 9, digital game-based learning was used as a strategy to 
enhance mathematics learning outcomes in a basic education context (Hung, Huang, 
& Hwang, 2014) (g = 0,751; CI =95%; 0,162 - 1,339). Study 10 reports a more effective 
process in learning best medical practices, when using game-based learning, in the 
professional development of physicians (Telner, Bujas-Bobanovic, & Chan, 2015) (g = 
0,751; CI = 95%; 0,162 - 1,339). Study 11 shows effective learning outcomes related 
to science and physical activity in elementary school students (Sun & Gao, 2016) (g 
= 0,241; CI=95%; -0,291 - 0,774). In Study 12, a GPS/Location-based game is used 
to enhance secondary students’ historical knowledge (Huizenga, Admiraal, Akkerman, 
& Dam, 2009) (g = 0,326; CI = 95%; 0,132 - 0,521). Study 13 uses an observational 
protocol to measure concrete behavior change in children, after an intervention with a 
videogame about pedestrian safety (Arbogast, Burke, Muller, Ruiz, Knudson, & Upper-
man, 2014) (g = 0,199; CI = 95%; -0,006 - 0,404). In Study 14, engineering students 
learning related to complex theoretical knowledge was improved with a game-based 
learning approach (Ebner & Holzinger, 2007) (g = 0,191; CI = 95%; -0,328 - 0,711).
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Figure 3. Forest plot for effect sizes (Hedge’s g) and 95% confidence intervals from individual studies 

Using a fixed-effect analysis, the effect ratio for the 14 studies is 0,387 with a con-
fidence interval of 0,291 to 0,484, which indicates that a Game-Based Learning ap-
proach can increase the learning process outcomes by at least 28%, and perchance by 
as much as 47% in comparison with traditional approaches (expository or self-study). 
Z = 7,870, SE = 0,049, p <.001. Hedges’g was used because it provides a superior 
estimate of the standardized mean difference in small samples (Higgins, 2003).

Figure 4. Funnel plot of precision (Hedge’s g) 
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The studies have demonstrated an absence of reporting bias since the funnel plot 
was symmetrical. The heterogeneity between studies in the analysis is significant and 
moderate (I2 = 51,803; p < .05).

Conclusion

In this study, we analyzed fourteen studies, from an initial group of 68 studies, sum-
marizing the learning gains in GBL approaches, using videogames as a pedagogical 
tool. In the summarized results of our sample, the GBL approaches seems to show 
consistent learning gains in a broad range of areas of implementation. The meta-anal-
ysis results points toward the existence of statistically significant differences between 
groups, being GBL interventions more effective than traditional approaches, usually 
expository. Considering these data, using videogames can be considered a valid ap-
proach in the learning process, supported by strong scientific evidence, which can 
frame its wider adoption as an intervention methodology.

In addition, the collected sample shows that significant differences are found in a 
multiplicity of contexts, from basic school to vocational training, and with different types 
of population, from children to clinical populations. This data reinforces the idea of GBL 
as transversal approaches in educational settings, able to promote several subjects 
within one videogame. This data also reinforces the prominent future of videogames as 
valuable learning tools, framing future interventions in fields like education or training.

Some limitations of this study may include some heterogeneity of the research de-
signs and the requirement for RCT as a factor of exclusion of a significant part of the 
sample studies. Also, research designs comparing pre and post intervention measures 
lack the evaluation of the learning progress, as a more qualitative construct, and this is 
a very relevant aspect in education.

Future research must include the studies that are being carried out, separating the 
analysis of effectiveness by each specific context, for example the school context from 
the context of adult professional development. Moreover, aspects related with specific 
game designs and gameplay environments should be analyzed, regarding its effective-
ness in learning, and discriminating the more suitable for the promotion of each type 
of subject or skill.
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