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Abstract

This paper analyzed 15 primary, peer-reviewed research articles about how to integrate game-
based learning in elementary mathematics to increase conceptual understanding. The purpose
of this paper was to inform teachers about how to integrate digital and traditional games,
including factors to enhance effective implementation, in a way that increased conceptual
understanding. Key factors were gleaned from the articles that had a significant impact on the
effectiveness of game-based learning. In Chapter Two, traditional and digital games were
divided into two sections to analyze the benefits and drawbacks of each method. These benefits
and drawbacks were compared in the Appendices to create universal factors of both traditional
and digital game-based learning. These factors included educational context, key
characteristics, and the teacher’s role. Research had multiple gaps within the literature that
could be filled to enhance the credibility and further validate game-based learning as a viable
supplemental tool to instruction in elementary mathematics.

Keywords: conceptual understanding, digital game-based learning (DGBL), game-based

learning (GBL), gamified, traditional game-based learning (TGBL), traditional instruction
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Game-Based Learning in Elementary Mathematics
Chapter One: Introduction

Game-based learning (GBL) has grown as an instructional tool within the classroom.
Game-based learning branched into two effective methods: traditional game-based learning
(TGBL) and digital game-based learning (DGBL). Electronic technology use in the classroom
has increased in the past century, starting with the radio in the 1920s (Halper, 2021). According
to Takeuchi and Vaala (2014), 74% of teachers integrated digital game-based learning in the
classroom (Noffisinger, 2019; Bouchrika, 2023). During the COVID-19 pandemic, many
students had to adapt to learning online. In 2021, the United States made up 26% of all global
revenue of digital game-based learning and was projected to increase revenue to 31% by 2026
(Adkins, 2021). The search engine generator presented a limited number of peer-reviewed
research sources that were published in the last five years about traditional game-based
learning in elementary mathematics. Therefore, this study aimed to uncover integration methods
of digital and traditional games that can be effective for learning and teaching elementary
mathematics to increase conceptual understanding.
Scope of Research

Game-based learning (GBL) could be implemented into any grade or subject; however,
this analysis of existing literature explored integrating traditional and digital game-based
learning into mathematics for kindergarten through sixth grade. Both methods had been studied
by scholars to measure an increase or decrease in students' conceptual understanding, as
outlined in Chapter Two. Chapter Two separated traditional and digital game-based learning to
explore the benefits and drawbacks of each method for implementation into elementary
mathematics. Then, the benefits and drawbacks were analyzed and outlined in both Appendices
to form conclusions about both traditional and digital game-based learning. These conclusions
were summarized in Chapter Three to inform teachers about the best game-based learning

integration methods to enhance students’ conceptual understanding of mathematics.
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From the game-based literature, three factors to consider for more effective integration
emerged: educational context, key characteristics, and the teacher’s role. An in-depth review or
inclusion of game design features that were effective for game-based learning in elementary
mathematics was beyond the scope of this research. Rather, this study revealed key factors
within game-based literature that increased students’ conceptual understanding and impacted
the integration of game-based learning as a supplemental tool for instruction. Additionally, while
the research focused on increasing conceptual understanding, it did not include a review of how
fast students gained this understanding. All of the studies analyzed focused on identifying a
change in posttest scores to evaluate a difference between traditional instruction and game-
based learning rather than assessing students during the experiment to measure their progress.
Importance to the Field of Education

Teachers used game-based learning as a supplemental tool to expand conceptual
understanding in online or play-based contexts. The Entertainment Software Association (2022)
stated that over 70% of children in the United States play video games at least once a week.
Children were born with the innate ability to play, and many theorists had studied the correlation
between play and learning (Plass et al., 2015; Piaget, 1962; Vygotsky, 1978). According to
Nasir et al. (2020), Gen Z and Alpha (born 1995 - 2025) preferred interactive lessons,
collaboration, and challenges in activities rather than traditional instruction.

Mathematical concepts have been applied in everyday life, unbeknownst to many
(Syahrial et al., 2020). Children were able to reapply prior knowledge to increase their
conceptual understanding when games were integrated into elementary mathematics.
Furthermore, students remembered knowledge and skills gained in game-based learning longer
than in other learning methods (Avdiu, 2020; Bang et al., 2022). Therefore, digital or traditional
games were effective supplemental tools as they made education more interactive and student-

centered, as well as increased conceptual understanding.
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Game-based learning was beneficial to students and educators. Beyond teachers'
instructional methods expanding, their role as moderators and guides increased. Based on the
branch of game-based learning integrated, educators were presented with more or fewer
opportunities to invest in creating and moderating instruction (Avdiu, 2020). Teachers gave
students immediate feedback and used game-based learning as a supplemental tool for
enhancing instruction.

Research Question

Throughout the Master of Arts in Teaching program at Concordia University Saint Paul,
each course has pointed to the program’s essential question: In light of what we know about
how people learn, how shall we best teach? The program directed attention to various subjects
and teaching methods that enhanced learning and met students' academic needs. After
carefully considering how educators could teach, a more specific question arose as an area of
personal and professional exploration, which was asked in this research paper. In light of what
we know about how children learn, how shall we best integrate game-based learning in
elementary mathematics to increase students’ conceptual understanding?

Definition of Terms

The definition of terms below provided clarity throughout this research. Game-based
learning was an umbrella term for both traditional and digital games (Plass et al., 2015). GBL
and its two branches were defined separately and abbreviated with acronyms for concision.
Each definition was paraphrased from the articles concerning game-based learning and
elementary mathematics.

Conceptual Understanding

Conceptual understanding was defined as having a deep comprehension of concepts
(Nahdi & Jatisunda, 2020). “When students have truly mastered a concept, they should be able
to show all the detailed steps in a process, explain why those steps occur, and connect the

process to related concepts” (Molina, 2014, p. 3). Some schools focused on procedural
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knowledge as the first step, understanding the rules of mathematics (Nahdi & Jatisunda, 2020).
Using conceptual understanding as the foundational step in mathematics instruction aided in
teaching students more effective or faster methods of completing the same expressions (Molina,
2014; Nahdi & Jatisunda, 2020).

Digital Game-Based Learning (DGBL)

Digital game-based learning was defined as utilizing technological games (i.e., electronic
games) during instruction (Celik, 2019). Mark Prensky was said to be the person who coined the
term (Matic et al., 2023). Digital game-based learning was designed as a supplemental teaching
strategy to enhance learning (Bustamante et al., 2022; Matic et al., 2023).

Game-Based Learning (GBL)

Game-based learning was divided into two main game categories: traditional games and
digital games. It was defined as integrating games into the subject matter (Avdiu, 2020; Celik,
2019). Game-based learning implied the use of digital games, but this was sometimes
misleading (Plass et al., 2015). GBL was more of an umbrella term for any type of game (Plass
et al., 2015). This teaching strategy was best implemented as a supplementary tool to
instruction (Bustamante et al., 2022). In other words, Game-based learning was the means to
meet the end goal and both the content and activities needed to have a balance in the
classroom (Plass et al., 2015).

Gamified

Gamified was described as any digital game feature that made “the game more
aesthetically pleasing rather than just the presence of math expressions” (Hulse et al., 2019, p.
430). Gamified features of a game include competitions, collections, rankings, non-player
characters, or coins and badges (Chen & Zhao, 2022). This term was only used to describe
applications, features, designs, or versions of a game in DGBL studies, specifically Hulse et al.

(2019) and Gresalfi et al. (2017).
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Traditional Game-Based Learning (TGBL)

Within the field, the word traditional was sometimes referred to as classic games such as
hopscotch, kickball, or Go Fish in the field. In this research, traditional games were considered
“non-digital” games (Russo et al., 2023, p. 3). The word traditional was used sparingly within the
research field. Traditional game-based learning was not an official term within the field of
research. However, traditional games and the term traditional game-based learning (TGBL)
have been used within this study to eliminate any assumptions and emphasize the non-digital
component of the games being played (Plass et al., 2015).

Traditional Instruction

Traditional instruction was a familiar strategy many students had experienced at least
once in their educational journey. It was defined as “existing instruction methods” (Celik, 2019,
p. 6). Common tools for traditional instruction in the literature review included lectures, a teacher
handbook, and slideshows (Zhang, 2020). Learners are not typically engaged in the
instructional process beyond receiving instruction and responding to questions (Plass et al.,
2015).

Summary

According to the Entertainment Software Association (2022), 70% of children in the
United States play video games once a week. Children understand and enjoy games. Scholars
studied play and learning to enhance students’ experiences in the classroom (Plass et al.,
2015). Game-based learning emerged as a teaching method that included two branches:
traditional and digital games. The term traditional game was not widely used in the field, so
traditional games and traditional game-based learning (TGBL) were adopted to further clarify
what branch of GBL was mentioned. Other adopted terms include conceptual understanding,
digital game-based learning, game-based learning, gamified, and traditional instruction. Many
teachers embraced the integration of digital game-based learning. Yet, research about

traditional game-based learning held significant insights into factors to consider to increase
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effective integration and conceptual understanding of elementary mathematics.

In Chapter Two, traditional games and digital games were divided into two sections to
analyze the benefits and drawbacks of each method. Comparing findings from both traditional
and digital game-based learning provided a fuller picture of the best methods to integrate game-
based learning in the elementary mathematics classroom. These comparisons will be a guide in
addressing the research question. In light of what we know about how children learn, how shall
we best integrate game-based learning in elementary mathematics to increase students’

conceptual understanding?
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Chapter Two: Literature Review

Available literature was analyzed within the game-based learning (GBL) field of
elementary mathematics. Fifteen peer-reviewed primary research articles were selected.
Qualitative, quantitative, and mixed-methods studies were included to diversify the literature.
Most of the researchers from each section measured the impact game-based learning had on
conceptual understanding as opposed to traditional learning. Two researchers interviewed
teachers about the best methods and their perspectives on factors that were important to
consider for implementation. A few more researchers measured how effective a game was to
meet learning objectives. The literature review was divided into two sections: traditional game-
based learning (TGBL) and digital game-based learning (DGBL). This division provided an in-
depth review of how each study integrated game-based learning. The benefits and drawbacks
of traditional and digital GBL were included to draw out universal commonalities between both
methods as it informed educators of answers to the research question. In light of what we know
about how children learn, how shall we best integrate game-based learning in elementary
mathematics to increase students’ conceptual understanding?
Traditional Game-Based Learning

Traditional game-based learning (TGBL), an instructional method, integrated non-digital
games as a supplement to instruction. Throughout the literature review, seven primary sources
were analyzed to discover what games were utilized and how educators integrated the games
into elementary mathematics. Games integrated include Go Fish, bingo, memory cards,
hopscotch, fraction ball, hide and seek, Numeranto, choc-chip cookies 21, get out of my house,
and more. Teachers integrated the games through field trips, blended learning with traditional
learning, free play, and blended into physical education. After summarizing how each study
integrated the games into learning, the studies were analyzed and compared to uncover
common benefits and drawbacks of integrating traditional games into the classroom. Some

results included noting the educational context, important characteristics of games that impact
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effective integration, and the teacher’s roles while using either branch of GBL.
Integrated TGBL

Celik (2019) was fascinated with teaching in nature. The researcher conducted a mixed-
methods study to discover which method of learning was most effective for teaching geometry in
nature. Celik (2019) developed a pretest and posttest using the geometry success test, which
quizzed the students on 10 geometry outcomes from third-grade math standards. After taking
the posttest, students were interviewed about their experiences. One hundred and one third-
grade students from three public schools in Anatolia, Turkey, were randomly assigned to
groups. Group A used the modeling technique to learn. Group B focused on collaborative
learning. Group C used game-based learning, and the control group used traditional learning.
Students experienced their learning method for a total of 24 hours over six days. Each group
attended the same field trips to parks to learn the same geometry lessons, using a blended
learning approach. In addition to traditional learning, group C played a new game every day.
The games were rolling a cube to find similarities and differences in the shape and surface,
using a string to find line segments in nature, playing hide and seek in tents and caves to learn
shapes, throwing balls to learn about the angles of their arms and body, counting how many
edges and corners were on shapes in paintings, and playing a “symmetry” game. Researchers
concluded that group C did not perform better than traditional learning, but being in nature made
the lessons more interesting. This experiment had three main limitations. The first was the lack
of detail in what activities were played and how they related to the content. From the information
provided and the implications Celik (2019) determined, the games could not be implemented in
any educational context to effectively meet objectives and increase learning. Another limitation
was the small sample size and the need for more grade levels of students to be involved as a
means to further generalize the information (Celik, 2019).

Similar to Celik (2019), Bustamante et al. (2022) observed game-based learning outside.

The researchers created the game fraction ball to meet math standards so that the game could
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be played during free play, recess, P.E., or in blended instruction. They created two
experiments: a pilot experiment and an efficacy experiment. Bustamante et al. (2022) used
guantitative methods to measure the impact the game had on students' conceptual learning of
fractions and decimals. In the pilot experiment, 69 fifth and sixth-grade students participated.
Students were given a pretest based on their averages. They were separated by gender, above
average, and below average standardized scores. Half of the students in each separation were
randomly assigned to regular P.E. and the other half played fraction ball. Students, in groups of
16, played four times over two weeks. Teachers monitored and refereed the game. After two
weeks, the students were given a timed and untimed posttest to measure their conceptual
understanding. The teachers provided feedback for necessary changes for the second
experiment. The second experiment was conducted one school year later. Mini-games were
added to the fraction ball game, such as a ghost number line, debriefing activities, and calling
out the number closest to the individual -- on or off the court. These additions were intended to
increase opportunities to learn more fraction and decimal standards. In the second experiment,
160 students from fourth- through sixth grade were observed. Only seven students from this
new sample participated in the pilot study a year prior. Students were split into two groups to
participate in regular P.E. or play fraction ball for six 50-minute sessions over three weeks. All
students received traditional instruction in mathematics in class. Students received a pretest
and a posttest. Results indicated that students who played fraction ball had higher conceptual
understanding results than the control group. The modifications from the pilot study for the
second study positively impacted the conceptual understanding of rational numbers and
arithmetic. Bustamante et al. (2022) included similar limitations to Celik (2019) that did not
influence this study but could influence future implementation of fraction ball. These limitations
included the need to consider the setting, the population of students, the region or country in
which the study would implement the game, and if more math content would be integrated.

Another limitation was the complexity of the game design and the requirements needed. An
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additional study would be recommended to evaluate how the game could adapt in more public
settings (Bustamante et al., 2022).

Elofsson et al. (2016) moved game-based learning inside. They conducted a quantitative
study where they divided 114 children, aged five, into four groups. Over three weeks, students
played their assigned game for six 10-minute sessions as interventions in unoccupied rooms
with the researchers. The assigned games were linear, circular, or nonlinear. The linear and
circular games involved rolling dice, moving a token to the corresponding Arabic number on the
chart, and naming the number out loud. The nonlinear games included memory games, bingo,
and Go Fish. Researchers measured four numeracy tasks: number line estimation, counting,
naming Arabic numbers, and arithmetic calculation. As a result, the nonlinear games improved
counting skills, while the circular game improved the ability to recognize Arabic numbers.
Elofsson et al. (2016) found the retention impact to be undecided due to students’ limited time
with the games and their young age. Another limitation of retention was the controlled
environment students participated in rather than a natural classroom setting (Elofsson et al.,
2016).

Another study that integrated games through intervention was conducted by Nasir et al.
(2020). However, Nasir et al. (2020) were the only TGBL study to focus on card games. Nasir et
al. (2020) conducted a mixed-methods study by performing a pretest, posttest, and interview of
students' perspectives. Seventy children were included in the study. Over six weeks, students
played the Numeranto card game to practice numeracy skills. One of the limitations Nasir et al.
(2020) had been the lack of information on how much time students spent playing the games.
As a result, students noted a reduced fear of failure, an increased attempt to answer questions,
and they felt they had learned numbers. The researchers also concluded that students were
more motivated to learn, communicated math concepts more clearly, and had higher math
achievement. Despite the positive results, Nasir et al. (2020) had an additional limitation, a small

sample size, that could have impacted the results.
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Shifting from observing students, in three separate studies, teachers were interviewed
about traditional games and their perspectives on game-based learning (Syabhrial et al., 2020;
Russo et al., 2023; Avdiu, 2020). Syahrial et al. (2020) conducted a mixed-methods study to
determine if the teachers knew about the classic Indonesian game Engklek, also known as
hopscotch, and if it could be integrated into elementary mathematics. Thirty-four elementary
school teachers were interviewed. Syahrial et al. (2020) found that 52.9% of teachers were
familiar with the game, but many were unaware of implementing Engklek into learning. The
researchers illustrated how to play Engklek and that it could be integrated to teach numeracy
and shapes. Some of the limitations of the study were the small sample size and the lack of
open-ended questions to give more details about the teachers’ perspectives on traditional
games and Engklek.

Russo et al. (2023), another set of researchers who interviewed teachers, conducted a
mixed-methods study and used an online questionnaire as their primary tool for measuring
game values. The researchers selected a convenience sample of 119 participants. Of the
number of participants, 68% of the population were primary teachers. This study also recorded
that 83% of the participants were from Australia. Participants could pick any game they knew to
work in a mathematics classroom. However, the fourth researcher directed participants to his
YouTube channel, which contained directions for about 100 math games as an option. The
survey used a Likert Scale of five points followed by an open-ended prompt to explain their
answer. The purpose of the survey was to assess the extent to which the educator viewed a
game as effective in education (Russo et al., 2023). Twenty questions were asked in the survey,
which covered six characteristics of educationally rich mathematical games. The characteristics
were student engagement, skills and chance, math centrality, modifiability for learning and
teaching, home-school connections, and games into investigations. The teachers identified a
total of 53 games that were valuable to them. Two games, choc-chip cookies 21 and get out of

my house, were the only games nominated by more than seven participants (Russo et al., 2023;
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Minas, 2023; Minas, 2020). The experiment did not indicate how teachers integrated games into
the results because the participants did not have to lead a game in the classroom to include it in
the survey. Results indicated that teachers sought games that were modifiable for teaching and
learning, brought new challenges to students, and were enjoyable to play. The limitations of this
study included the use of a convenience sample and the fact that the teachers did not have
firsthand experience with the games. Another limitation was the unlimited number of games that
could have been chosen, which provided broad results and prevented the researchers from
identifying the characteristics most strongly related to game usage. There was also no indication
as to which grade levels the teachers used the games for (Russo et al., 2023).

Similar to Russo et al. (2023), Avdiu (2020) was also interested in interviewing teachers
about games they used to teach. However, Avdiu (2020) was more selective in their population.
The researcher conducted a qualitative study to interview 24 elementary-grade teachers from
Austria. Unlike Russo et al. (2023), the interviewees were questioned in person and were
observed over two months (Avdiu, 2020). While the interview included the integration of games
into all subjects, some mathematics games to note were tangrams, Lego building, counting with
fingers and sticks, and the clothesline game. The teachers in Avdiu’s study (2020) either
allowed free choice of the game to support reflection and conceptual understanding or adapted
the game in the lesson to meet as many curriculum objectives as possible. Teachers stated they
struggle to include games, meet students’ needs, and keep students interested in the games.
One of the potential limitations of this study was that the researchers only interviewed teachers
but not any students or paraprofessionals.

Benefits of TGBL

In light of what is known about how children learn, how shall we best integrate game-
based learning into elementary mathematics to increase conceptual understanding? Appendix
A: Scope of the Research identified two of the studies related to TGBL that used blended

instruction (Celik, 2019; Bustamante et al., 2022). Elofsson et al. (2016) and Nasir et al. (2020)
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integrated the games as interventions for students. However, the latter study did not provide
details about how the game was integrated into the classroom. In Avdiu (2020), the interviewed
teachers stated that games were best integrated as a free choice activity or merged with as
many subjects as possible to increase the number of objectives met. Bustamante et al. (2022)
also integrated the game fraction ball during free time, in P.E., as an intervention, and as a
blended learning approach with traditional instruction. The only two studies that did not identify
how games were integrated into the classroom or at home were Syahrial et al. (2020) and
Russo et al. (2023).

All of the TGBL studies included in this literature review identified enjoyment of the
games as an important characteristic for considering the integration of a game (Celik, 2019;
Bustamante et al., 2022; Elofsson et al., 2016; Russo et al., 2023; Avdiu, 2020; Syahrial et al.,
2020; Nasir et al., 2020). In Celik (2019), Bustamante et al. (2022), and Nasir et al.’s (2020)
studies, every student was interviewed and asked specific, open-ended questions to discover
what factors were most influential to students' enjoyment of the games as well as learning and
retention of mathematical concepts. The physical environment attributed to the lessons being
more memorable and enjoyable (Celik, 2019; Bustamante et al., 2022). Being outdoors was
memorable for many students, but the simple opportunity to explore learning in an engaging and
interactive way motivated students to take responsibility for their learning and increased their
conceptual understanding (Celik, 2019; Bustamante et al., 2022; Nasir et al., 2020; Elofsson et
al., 2016).

Russo et al. (2023), Syahrial et al. (2020), and Avdiu (2020) focused on the educator’s
perspectives on how to integrate traditional games and the implications for effective integration.
Participants from all three studies agreed that the students’ enjoyment was an important
characteristic in determining game integration (Russo et al., 2023; Syabhrial et al., 2020; Avdiu,
2020). Additionally, games that were motivating and modifiable were also important aspects.

Modifiability was key to integrating a traditional game because the teacher could better align the
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games to meet student’s academic needs, the common core standards, and instruction while
assessing the time and location to play (Russo et al., 2023; Bustamante et al., 2022; Celik,
2019; Avdiu, 2020). Bustamante et al. (2022) illustrated modifiability by changing game rules
and completing two experiments. By adjusting the game rules to include more mini-games,
students were provided more opportunities to practice fractions and decimals, thus meeting
more learning objectives that were not met in the pilot experiment (Bustamante et al., 2022).

Russo et al. (2023) and teachers disagreed about whether math centrality was the most
important theme for integrating game-based learning into the mathematics classroom. Math was
not as important as other characteristics from the educators’ perspectives. However, the
researchers asserted that mathematics was the most influential characteristic for implementing
into the intended subject lesson (Russo et al., 2023). All TGBL studies maintained that math
centrality was vital. Without this consideration, teachers would not meet learning objectives or
effectively increase students’ conceptual understanding, as seen in some of Celik’s activities
(2019). By placing math as a central theme in the games, the teachers could focus on aligning
the games with the lesson objectives to enrich the lessons and use GBL as supplementary tools
(Avdiu, 2020; Russo et al., 2023).

Not only was TGBL beneficial to students' learning, but it was also beneficial to the
educators’ roles (Bustamante et al., 2022; Avdiu, 2020; Nasir et al., 2020). While students
played, the teacher acted as a moderator and guide. The teachers were able to become more
involved in actively creating learning experiences and facilitating learning processes (Avdiu,
2020). In Bustamante et al. (2022), the teachers had the option to freeze the fraction ball game
to play mini-games that incorporated more exposure to mathematical concepts. Due to the
increased investment teachers gave as moderators, students viewed their educators as “more

supportive, approachable, and interested” (Nasir et al., 2020, p. 468).
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Drawbacks of TGBL

Based on reviewing the seven TGBL sources, teachers were interested in integrating
TGBL in their classrooms (Russo et al., 2023). According to Syabhrial et al. (2020) and Russo et
al. (2023), some government systems encouraged more prescriptive curriculum for teachers to
develop lessons that met their students’ needs and were better aligned with children’s everyday
activities, such as play, to learn and apply math concepts. Avdiu (2020) and Syabhrial et al.
(2020) noticed that educators struggled to integrate traditional games into learning due to the
set curriculum, homework and worksheet requirements, and time constraints for each lesson. A
solution teachers used was to insert games through blended learning, free choice, field trips, or
integrating two classes (Avdiu, 2020; Celik, 2019; Bustamante et al., 2022).

TGBL could be effective if implemented with caution. Some factors hindered the positive
impact TGBL had on increasing conceptual understanding. One factor was that games could
not be integrated as a one-size-fits-all approach (Celik, 2019; Elofsson et al., 2016). Elofsson et
al. (2016) demonstrated that intervention was an appropriate context for integrating TGBL. Yet,
the researchers acknowledged that changing location from an isolated room to a less controlled
environment could change the impact the game had on learning. According to Celik (2019) and
Bustamante et al. (2022), games were best integrated as supplemental tools to enhance
learning and assessment, not primary teaching methods. The type of game had to be put into
consideration before they were implemented. While games used in the studies were evaluated
as appropriate for the environment, space, and timeframe, not all games aligned with the
learning objectives and, as a result, became detrimental to students' learning (Celik, 2019).

Celik (2019) demonstrated that TGBL was equally effective as traditional learning in
increasing conceptual understanding, whereas Bustamante et al. (2022) discovered TGBL to be
more effective than traditional instruction. Celik’s results indicated little change in scores from
the game-based learning group partly because the group had high pretest scores, which

resulted in a less significant change in the posttest than other experiment groups (2019).
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However, the other studies alluded to the effectiveness of TGBL based on students’ enjoyment
and increased attention span for learning (Elofsson et al., 2016; Avdiu, 2020; Syahrial et al.,
2020). Digital game-based learning (DGBL) uncovered more evidence for increasing conceptual
understanding and effective implementation.
Digital Game-Based Learning

Throughout the literature review, eight primary sources were analyzed to discover what
digital games were utilized and integrated into the elementary mathematics classroom. Games
integrated included Semideus School, Motion Math, Slice Fractions, Math-Island, My Math
Academy, Curse Reverse, Agrinautica, Creature Caverns, and more. Teachers integrated the
games through blended learning with traditional learning, free play, and station work.
Summaries were created for how games were integrated into learning for each study. Common
benefits and drawbacks of DGBL were also analyzed and contrasted between articles. The
most noteworthy of these were the educational context, key characteristics for successful
integration, and the teacher’s roles.
Integrated DGBL

Bang et al. (2022) used a mixed-methods approach to measure student outcomes and
teachers’ responses to implementing the My Math Academy digital program in the classroom. A
total of 954 elementary students from southern California were included in the study. Over half,
523 students, were in kindergarten, 406 students were in first grade, and 25 students were in
second grade. Even though the study was intended to span the spring semester, the experiment
was delayed until February because the teachers were on strike. This became one of the
limitations of this study. Twenty-one teachers were randomly assigned to integrate My Math
Academy, while 20 were chosen to continue with traditional math instruction. The teachers that
were in the control group attempted to integrate other programs that mimicked My Math
Academy, such as IXL. Bang et al. (2022) noted this as a limitation because it may have

skewed the results of how well My Math Academy worked compared to traditional instruction.
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The teachers who used My Math Academy participated in 20 minutes of traditional instruction
and then integrated the program for 20 minutes. Teachers either allowed students to play
whatever games they wanted from the program during individual work time or had students
work in groups of five at stations to play My Math Academy. Bang et al. (2022) demonstrated
the effectiveness My Math Academy had on students because the youngest students had the
most growth on the hardest skills to achieve. Overall, students who used My Math Academy
indicated significant improvement in math skills and conceptual understanding (Bang et al.,
2022).

Similarly, the next study used blended learning but controlled the traditional learning
material and the games. The researchers created PowerPoint presentations and asked
teachers to follow their teacher’s handbook to teach traditional instruction (Zhang et al., 2020).
The applications were opened before handing the students the tablet and split the classroom
into two groups. These steps prevented students from finding the game name, playing it at
home, and reduced the possibility of students realizing two different games were being played.
Zhang et al. (2020) conducted a quantitative study where they observed 65 third-grade students
from one primary school in Beijing who had access to iPads. One group played Slice Fractions,
and the other played Motion Math. Students were monitored for six class periods. They received
120 minutes of game time and instruction, while the control group received 240 minutes of
traditional learning. The researchers administered a pretest, posttest, and transfer test, which
was given three days after the posttest. Significant improvement in conceptualizing
mathematical concepts was not found in the posttest, but the students demonstrated their
retention of concepts learned from the games in the transfer test. Zhang et al. (2020) noted that
the lack of a pretest before the transfer test could have changed the results. Additionally, the
study included a small sample size and did not have a third experimental group playing both

games together, which could have changed the impact of conceptual understanding.
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While Bang et al. (2022) and Zhang et al. (2020) integrated games as additional practice
with the content students learned, Engledowl et al. (2021) took a different approach by weaving
the games into the lesson. In this quantitative study, the researchers measured differences in
their sample’s conceptual understanding of early algebra knowledge and big ideas as a result of
the three game-based lessons taught (Engledowl et al., 2021). The researchers used 457
students in fourth- and fifth grade from the southern United States. The students completed a
pre-assessment one month before the experiment and a post-assessment two weeks after the
experiment. The teachers attended two workshops to learn how to implement the games into
instruction. Then, they were given two weeks to write three lessons integrating the intervention.
The lessons from mathsnacks.org all followed a similar structure of blended learning that
teachers followed: 20-30 minutes of undirected gameplay, 30 minutes of inquiry-based learning
and small group discussion, and 20-30 minutes of gameplay. In the experiment, students played
a new game each day that aligned with early algebra concepts: writing and interpreting
expressions as well as expressing patterns and relationships between quantities. One game
was played in each lesson: Agrinautica, Curse Reverse, and Creature Caverns (Math Snacks
Team, 2023). As a result, students' conceptual understanding increased significantly from the
use of blended, inquiry-based learning with digital games. One of the limitations Engledowl et al.
(2021) noted was the short intervention time students had (60-90 minutes). If the intervention
was longer, there may have been an increase in conceptual understanding.

Kiili et al. (2018) did not test the impact of integrating DGBL on student achievement.
Instead, the researchers used a quantitative method to measure the impact the Semideus
School application had on student mathematical achievements in learning concept areas. They
investigated general “conceptual knowledge of rational numbers” and then, more specifically,
the tasks of estimation, ordering, density and comparison (Kiili et al., 2018, p. 15). Five classes
of fourth-graders in Finland were evaluated. Students were observed over four weeks for five

30-minute interaction sessions. The overall average play time was 110 minutes. Each class
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received lessons on rational numbers before the study began but did not receive additional
lessons during the study. Results indicated that the researchers’ first hypothesis was correct,
and the student’s conceptual understanding saw a significant improvement. Their second
hypothesis was only half-proven because, while estimation and ordering tasks saw
improvement, density and comparison tasks were stagnant. Additionally, the in-game metrics
supported learning assessment for students by giving them feedback, which was also
accessible to the teachers. This accessibility created implications that, if this study was
measuring the impact of GBL, then teachers could use Semideus School to assess and predict

students’ “conceptual knowledge of rational numbers” as well as more accurately modify the
curriculum to meet students’ academic needs (Kiili et al., 2018, p. 25). There were three main
limitations of this study. The first was the lack of a long-term transfer test. The second limitation
was that the researchers did not have access to student-specific scores, which meant they
could not determine if the high or low-achieving students progressed more than the other group.
The final limitation was that a majority of the students were high achieving, which may have
skewed the data.

Although Kiili et al. (2018) did not directly study the impact their game had on the
teacher’s roles, Yang et al. (2018) conducted a quantitative study that focused on feedback from
the software they created, which led to implications for the teacher’s role as moderator and
guide. Yang et al. (2018) measured the impact two-step progressive prompting in games had on
students’ learning achievement, self-efficacy, and mathematics achievement. The researchers
created a computer game called Kingdom of Addition and Subtraction. This game was designed
to have students walk through a narrative about a warrior saving the town from being frozen by
solving two-step addition and subtraction problems to find the antidote. Fifty-eight students in
grade two from Taiwan made up the sample size. Students were given a pretest to measure

math learning achievement and self-efficacy. Then, students attended three lessons, for 120

minutes total, that taught two-step addition and subtraction. Next, all the students played the
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game for a total of 90 minutes, but only 30 students received the Two-Step Progressive
Prompting strategy. Figure 1 illustrated how students encountered the strategy in the
experimental group. Finally, the students took a posttest to evaluate their progress. As a result,
students who used the progressive prompting had significantly higher math achievement scores
post-assessment. Additionally, students with low mathematics self-efficacy who also received
prompting indicated no difference in learning achievement. After the study, the researchers
allowed the students to try both versions of the Kingdom of Addition and Subtraction game.
They did not have a preference for either version. This study demonstrated the impact of the
software providing students with constructive feedback without the teacher present. Although
not explicitly stated, the absence of the teacher providing feedback became a limitation for the
teacher to be involved in the student’s learning processes, as seen in TGBL studies noted in
Appendix B (Bustamante et al., 2022; Avdiu, 2020; Nasir et al., 2020). Other limitations included
the small sample size and the short time students had with the game (90 minutes) (Yang et al.,
2018).

Figure 1
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As Kiili et al. (2018) and Yang et al. (2018) studied specific characteristics that made
DGBL more effective for integration, the next two studies focused on whether a gamified versus
non-gamified (i.e., worksheet-like) design was more effective at improving conceptual

understanding. Hulse et al. (2019) conducted a quantitative study to measure observable
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changes in their samples’ conceptual understanding of mathematics between a gamified and
non-gamified design of the From Here to There! (FH2T) game. The researchers observed
whether student’s improvement of conceptual understanding in high and low-knowledge
students could be predicted based on their progress in the application. A total of 185 students in
second grade from Massachusetts were included in the study. Students took a pretest aligned
with the second-grade Common Core math standards and assessed their prior knowledge.
Students were randomly assigned to play either the gamified or non-gamified version. Then,
they played FH2T during mathematics class for 20 minutes each day over the course of four
days. The researchers concluded that students who used the gamified version outperformed the
group that used the non-gamified design in terms of conceptual understanding. Additionally,
researchers found that they could predict students' conceptual understanding based on their
progress in the game. One limitation that was suggested for future studies was to diversify the
sample population (Hulse et al., 2019).

Gresalfi et al. study (2017) resembled Hulse et al. (2019) because both measured the
impact worksheet-like versus gamified features had on students' learning. However, Gresalfi et
al.'s study (2017) conducted a mixed-methods study that used five different games. Two games
used gamified features, Slice Fractions and Motion Math, and the other three games had
worksheet-like features, Tiny Fractions, Sort Fractions, and Jungle Fractions. For the study, the
researchers organized interviews with students and administered tests to measure the impact of
the students’ learning. The interviewers asked students what they had learned and if they
enjoyed the game. The tests measured which style of the game had a greater impact on how
much the students learned about fractions. Students were given a pretest and were evaluated
on their ability to compare fractions, understand the value of a shaded area, translate the
shaded area into a fraction, and correct another student’s incorrect answer with reasoning and
explanation. Students were randomly assigned to either game style and given one hour each

day for three days to play. Students were observed in class, their activities were videotaped,



GAME-BASED LEARNING IN ELEMENTARY MATHEMATICS 28

and they were interviewed one-on-one after playing the games. Then, students completed the
posttest, which was the same as the pretest, and answered a questionnaire about their
experiences. Researchers concluded that many students used correct terminology and made
accurate connections to math concepts regardless of the game design. While students were
more drawn to the gamified designs, the gamified and worksheet-like applications had a similar
impact on increasing students' conceptual understanding. Gresalfi et al. (2017) noted limitations
such as the short time frame (one hour), the novelty of the games, and the fact that the
experiment broke the students’ normal routine at school, which could have been factors that
influenced students to prefer the gamified version.

In contrast to Gresalfi et al. (2017), comparing their five math games, Yeh et al. (2019)
was a group that created a single in-depth and complex math game, Math-Island. Yeh et al.
(2019) were researchers who conducted a mixed-methods study over two years that measured
the effectiveness Math-Island had on students’ conceptual understanding, problem-solving
skills, calculating skills, and interest in mathematics for low-achieving students. From June 2013
to June 2015, 340 second-graders from two schools in Taiwan participated in the study. From
one school, 215 students were assigned to use Math-Island in school as learning material and
assigned as homework. The other school had 125 students participate in traditional learning as
the control group. Before the first semester, the experiment group attended a three-week
training workshop to learn the basics of the tablets and Math-Island game. Students were given
a pretest and posttest based on second-grade math standards to complete and evaluate their
progress. During the two years, the experimental group was given 344 tasks to complete in the
game. The students were interviewed after the experiment to determine their interest in
mathematics and the Math-Island game. Teachers were also interviewed on their perspective of
how Math-Island improved students’ attitudes towards mathematics. As a result, students who
played Math-Island applied arithmetic better than those who did not use Math-Island, low

achieving students had similar interest levels to the entire sample -- posttest -- and teachers
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saw the benefit to integrating DGBL in the classroom because it did not disrupt traditional
instruction. However, the study was limited because the researchers did not include details
about how they improved feedback in the game design to support students more effectively.
Also, the study did not specify or ask the students what held their interest in Math-Island over
the two years (Yeh et al., 2019).
Benefits of DGBL

In light of what we know about how children learn, how shall we best integrate game-
based learning into elementary mathematics to increase conceptual understanding? As
presented in Appendix A: Scope of the Research, five of the studies related to DGBL used
blended instruction but took different approaches to integrating the games (Bang et al., 2022;
Zhang et al., 2020; Engledowl et al., 2021; Yang et al., 2018; Yeh et al., 2019). Four studies
allowed students to pace themselves at home or in the classroom (Gresalfi et al., 2017; Hulse et
al., 2019; Yeh et al., 2019; Bang et al., 2022). Yeh et al. (2019) allowed students to play in a
blended learning environment as well as self-paced in school or assigned Math Island as
homework.

Throughout the eight GDBL studies, Zhang et al. (2020) was the only study without
significant cognitive improvement on the math concepts posttest. However, Zhang et al. (2020)
conducted a transfer test three days after the posttest that revealed the experiment group had a
higher learning effect on the magnitude of understanding than the control. Therefore, DGBL had
some positive impact on students' conceptual understanding.

Seven of the eight DGBL studies noted that students enjoyed the game and found it
motivating. The only study that did not mention motivation was Yang et al. (2018). The reason
for this, however, was due to the nature of that study, not the nature of that game. Yang et al.
(2018) compared two identical games, and the only difference was the feedback the student
received on a failed question. Games were an alternative method to engage students in learning

mathematics (Engledowl et al., 2021). In a situation where teachers could have a variety of
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games available, students who could choose the game they play would be more motivated
(Gresalfi et al., 2017). Additionally, while some studies noted that students increased conceptual
understanding regardless of feedback and aesthetics, the added gamified features motivated
students to collect all of the badges or upgrade their island (Hulse et al., 2019; Gresalfi et al.,
2017; Yang et al., 2018). This led to students playing more than was required, giving them an
increased conceptual understanding of the process (Kiili et al., 2018; Yeh et al., 2019).

Four studies compared one or more digital games to another and isolated the games or
game features to specific groups (Zhang et al., 2020; Yang et al., 2018; Hulse et al., 2019;
Gresalfi et al., 2017). While Yang et al. (2018) and Hulse et al. (2019) demonstrated that their
study had improved conceptual understanding, they did not describe how the games impacted
meeting specific learning objects. Zhang et al. (2020), Kiili et al. (2018), and Bang et al. (2022)
filled this gap. If Slice Fractions and Motion Math were played together in Zhang et al.’s study
(2020), then all of the experiment objectives would have been met within a single experiment
group. Kiili et al. (2018) found that the Semideus School application improved the students'
conceptual understanding. However, they only improved upon two of the four tasks the
researchers anticipated the students would achieve. My Math Academy, on the other hand,
included 130 games that covered 96 concepts and skills (Bang et al., 2022). These results
illustrate that games have a limited number of objectives they could meet, and if students played
more games within a unit or lesson, they would have a deeper conceptual understanding (Bang
et al., 2022).

Bang et al. (2022), Kiili et al. (2018), Yang et al. (2018), Yeh et al. (2019), and Hulse et
al. (2019) emphasized the importance of feedback and assessment in games to inform and
guide students in improving conceptual understanding. Feedback was an important
characteristic of all the digital games because they encouraged students to take risks, make
mistakes, and encounter more difficult concepts in a non-threatening environment (Hulse et al.,

2019; Bang et al., 2022). The interactivity, feedback, and adaptive challenges provided by
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games developed motivation and caused improvement in conceptual understanding without
students realizing it (Bang et al., 2022; Yeh et al., 2019; Hulse et al., 2019). My Math Academy
was created to provide personalized content to students within their zone of proximal
development (Bang et al., 2022). The program analyzed students’ skills and used embedded
assessments to adjust the difficulty of games and presented material for students to practice
less developed skills and knowledge. In Yang et al. (2018), the progressive prompting
assessment procedure was an effective method of providing feedback and reducing students'
misconceptions because it presented the correct expressions and gave students a second
chance to learn from their misunderstanding when asked the original question a second time. If
students were not given a second chance at the original question or skills missed, they may not
have taken careful consideration to retain the feedback provided.
Drawbacks of DGBL

Feedback could have been given by the teacher after playing the games or given by the
software during the games. When the software gave feedback to students, the teachers
benefitted from earning more preparation time and grading, but there were many drawbacks as
well. Students received feedback through percentages of completed work and rewards like
coins and badges (Kiili et al., 2018). When the software delivered feedback, the teachers were
not always needed to be a guide or provide scaffolding during the activity (Yang et al., 2018;
Hulse et al., 2019; Yeh et al., 2019). Instead, teachers had to adapt to work around the
implemented system to examine when and how to administer hints to support students as they
solve problems during DGBL (Yang et al., 2018). When teachers were not needed to moderate,
guide, or provide feedback, they had fewer opportunities to build relationships with students.
Bang et al. (2022) and Kiili et al. (2018) were the only two DGBL studies that used the feedback
of students’ game achievements as a means to inform teachers to modify their lessons to
student’s needs and progress levels. Not all games allowed teachers access to students'

progress and attempts. If teachers were not integrating DGBL as a reward or free play, this
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could place teachers at a disadvantage in modifying the curriculum to students’ needs and
meeting gaps in students’ knowledge.

The setting did not play a significant factor in the eight DGBL studies, as outlined in
Appendix B. Instead, math centrality played a significant role. All the DGBL studies were math-
centric except for Yang et al. (2018). Most of the games in the DGBL studies were created by
field experts and mathematicians (Bang et al., 2022; Kiili et al., 2018; Engledowl et al., 2021,
Yang et al., 2019; Yeh et al., 2019; Hulse et al., 2019). However, not all of these games were
made available to the public. Furthermore, many published games on the App Store were
created to support procedural knowledge (rote memorization) rather than conceptual knowledge
(Kiili et al., 2018). Procedural knowledge could not be considered a drawback on its own, but
the focus of this research study was conceptual knowledge.

DGBL is a supplemental tool to enhance learning. Kiili et al. (2018) had students play
Semideus School without additional instruction. Although students gained increased conceptual
understanding, their game could not teach the comparison and density tasks. On the other
hand, Zhang et al. (2020) had teachers use traditional instruction methods in addition to playing
either Slice Fractions or Motion Math. The results denoted that a singular game could not teach
every concept or learning objective they were anticipating to meet. This demonstrated that
DGBL could be used as a supplemental tool but may require other more traditional or non-
game-based teaching methods (Zhang et al., 2020; Engledowl et al., 2021).

Summary

In light of what we know about how children learn, how shall we best integrate game-
based learning in elementary mathematics to increase students’ conceptual understanding?
This literature review compared findings from TGBL and DGBL to provide a fuller picture of
factors to consider when integrating games in the elementary mathematics classroom.
According to the 15 articles, teachers needed to consider the educational context of the lesson,

such as the environment, style of education, the number of games played, and what games
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aligned with the learning objectives. It was also important that the GBL was motivating,
enjoyable, modifiable, math-centric, and able to provide feedback. This was vital for the
teachers as they fulfilled their role as moderators and guides to support students and build
relationships. Chapter Three utilized these key findings to draw insights, potential applications in

the field, and implications for future studies.
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Chapter Three: Insights/Applications/Future Studies

After separating the 15 articles by each branch of GBL and analyzing the benefits and
drawbacks in Chapter Two, Chapter Three answers the research question: In light of what we
know about how children learn, how shall we best integrate game-based learning in elementary
mathematics to increase students’ conceptual understanding? Chapter Three refers to both
Appendices to explicate insights about integrating TGBL and DGBL effectively. Appendix A:
Scope of the Research outlines the 15 articles by methodology, a branch of game-based
learning, and how each researcher integrates the games into education. Appendix B: Factors
that Make Integration of TGBL And DGBL More Effective outlines the same 15 articles within
the literature review. The Appendices list the factors that affect integration. Chapter Three
analyzes the benefits and drawbacks of those factors by drawing insights from the research. It
also provides applications for future use and recommendations for future research.
Insights Gained from the Research

As the evidence from the articles suggests, students will sometimes gain conceptual
understanding from GBL. While Appendix B does not reveal any trends from the 15 articles that
directly impact increasing conceptual knowledge, teachers should still be aware of the
contributing factors. Factors impacting the integration of GBL in elementary mathematics are
environment, style of education, the number of games, student enjoyment modifiability, math
centrality, feedback, and the teacher’s role. Three categories contain these various factors. The
categories are educational context, key characteristics, and the teacher’s role.
Education Context

Based on the literature review, the most popular integration method for DGBL and TGBL
is blended learning with traditional instruction. However, both branches have different secondary
approaches. Intervention (a stand-alone activity) is another appropriate integration method for
TGBL (Bustamante et al., 2022; Elofsson et al., 2016; Nasir et al., 2020). For DGBL, the studies

suggest students interact with games during free time or as self-paced activities (Bang et al.,
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2022; Zhang et al., 2020; Engledowl et al., 2021; Yang et al., 2019; Yeh et al., 2019). Games
are supplemental tools to enhance education. Teachers can use either branch of GBL as an
activity in a lesson, as additional support for students to strengthen their mathematical skills, or
as an assessment tool to record a student's progress.

Each instance of GBL has a learning objective that the teacher wants the students to
meet. However, both traditional and digital games have limitations in the number of learning
objectives they can connect to at a time. While three of the DGBL articles suggest that
integrating multiple games into a lesson or unit can maximize the number of learning objectives
students meet, there is inadequate evidence from the seven traditional game-based learning
articles to suggest a similar trend.

GBL is not intended for a one-size-fits-all approach. Teachers attempting to integrate
traditional games into their lessons need to consider the game, space, time, and relation to
learning objectives. Specifically, a controlled environment during an intervention will produce a
different result than a less controlled environment during a blended lesson. There is inadequate
evidence from the eight digital game-based learning articles to suggest a trend in learning
outcomes concerning the environment.

Key Characteristics

Fourteen articles from the literature review align the games to specific math objectives or
curricula. As two DGBL articles in the literature review suggest, a math-centric game does not
automatically increase conceptual understanding. Additionally, not all games are made by
mathematicians. Most traditional games are likely not made by mathematicians, but teachers
can still integrate the games into the mathematics curriculum. To integrate either branch of GBL,
teachers must ensure the games have a correlation to the math objectives, determine how the
game will increase students’ conceptual understanding, and how teachers will be able to assess
whether students gained any knowledge.

Most articles in the literature review agree that games are enjoyable and motivating for
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learning. The interactive features of the game increase motivation and provide greater
conceptual understanding gains to students. Two DGBL studies measure the impact of gamified
versus non-gamified design on students' learning (Hulse et al., 2019; Gresalfi et al., 2017). The
evidence from both studies suggests that removing gaming aesthetics does not impact students’
conceptual understanding but does impact their motivation to play games. These studies
propose that learning does not have to be stripped of enjoyable activities to generate a
conceptual understanding of mathematical concepts.

According to the evidence in the literature review and Appendix B, the modifiability of
traditional games is significant, but not for digital games. With traditional games, the teacher can
adapt the game to have more opportunities for assessment, practice with specific skills, or
remove features that do not support learning. None of the DGBL studies modify the applications
to add mini-games or additional features to teach more objectives. For this reason, those games
are classified as not modifiable. Articles from the DGBL studies suggest that students play more
than one game within a session or unit to gain better conceptual understanding than their
counterparts.

The Teacher's Role

The access teachers have to students’ progress impacts the teacher’s role positively and
negatively. If teachers have access to students’ progress, then the teachers can adapt the
curriculum to meet students' needs. However, teachers will have limited interactions with
students to give feedback and assess learning during the gameplay. They will need to adapt
their practice to still interact with students while they are using the software. Therefore, teachers
should consider the quality of feedback that games give students when implementing DGBL.
This includes both feedback to the student (i.e., Two-Step Progressive Prompting) and feedback
to the teacher, such as progress reports. The literature suggests that teachers’ roles as
moderators in TGBL are an important factor in the effectiveness of integration and increasing

conceptual understanding. Teachers build stronger relationships with students, invest more in
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students' learning, and can modify games in progress to include more questions or mini-games
for students to interact with and strengthen conceptual knowledge.

Eight DGBL articles suggest that feedback is an important characteristic. Digital games
encourage students to make mistakes and solve complex concepts in a low-risk environment.
Yang et al. (2018) demonstrated the importance of effective feedback that guides students to
retry problems. Some games do not correct students or force them to learn from their mistakes
other than correcting them without further guidance. Teachers must carefully consider the
quality of feedback the games provide and how they can adapt to remain active in students’
learning.

Applications

Based on the illustration in Appendix A, TGBL is best integrated as blended learning,
combining two classes, or as an intervention. Teachers can blend TGBL into the classroom as
an activity with the lesson. This integration method would be appropriate, but teachers must be
cognizant of the time constraint as they split the lesson into two parts. Teachers can combine
movement games with P.E. to meet both standards. Another method teachers can integrate
TGBL is as an intervention assessment tool or as support for students who need more practice
with specific math skills. Every TGBL article from Chapter Two suggests that games are
enjoyable for students. When teachers integrate games as added support or assessment of
knowledge (not graded), students are placed into a low-risk environment to play and perform.
Teachers can integrate TGBL into several classroom settings; however, they must carefully
consider the environment where the class will play the game. For instance, if the class plays
kickball, they may want to play outside or in the gym. The teacher can choose to play as a free
choice activity, blend the game into the mathematics class as an activity, or integrate it into P.E.
Teachers should also consider the modifiability of a traditional game. The game design should
also be flexible enough to include new rules or objectives that allow students to strengthen their

conceptual knowledge of mathematics.
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Appendix A suggests that teachers integrate DGBL as blended learning or self-paced
activities. What makes DGBL activities interesting is their versatility. The feedback from the
software guides students so teachers can integrate the games as additional activities. They can
fitin after a lesson, during free choice activity time, as homework, or in stations. Ideally, the
teacher should have access to students’ profiles to assess the student’s progress and adapt
instruction to meet the student’s academic needs accordingly. If the games do not meet certain
skills or objectives, teachers can adapt the lessons and find another game. As the literature
review articles indicate, students meet more objectives when they play more games because
the games meet a finite number of skills. Teachers can assign these additional games as
homework or during station work to give students variety in their activities.

Teachers may find integrating games daunting because they want to make them
enjoyable and challenging for students. However, 14 articles allude to the fact that children
enjoy playing regardless of the game. Regarding DGBL, students enjoy gamified and non-
gamified designs but are more drawn to gamified designs. Teachers should consider what
features the games include and if they enhance or distract from teaching mathematics concepts.

What is most important for both branches of GBL is ensuring the game aligns with the
math standards and generates conceptual understanding, not procedural knowledge (e.g., rote
memorization). For instance, a teacher may want to integrate kickball into instruction. Kickball
does not have any connection to specific mathematical standards. The teacher can modify the
game rules to focus more on mathematics, such as solving a problem to steal a base, having
the outfield answer the incorrect answer, or having students solve to get a player out. These
examples would increase the math centrality, but the inclusion of math is twofold. To include
conceptual understanding, the outfielders must answer how to correct and solve the problem,

notjust State an answer.
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Recommendations for Future Studies

There are multiple recommendations for studying game-based learning. One
recommendation is specifically for traditional games, and the rest apply to both teaching
strategies. The recommendations for all GBL are based on the trends in limitations throughout
the literature review. The limitations include small sample sizes, short experiment time, and no
comparison of DGBL and TGBL versions of games to determine students’ preferences.

The first recommendation is needed for more studies that align classic traditional games
(e.g., bingo, Uno, I-spy, dodgeball, tag, etc.) to curriculum or common core standards and play
them to determine what learning objectives are met. In these studies, the researchers should
adapt the game or indicate what objectives are not met and what causes the game to miss the
objectives, as Bustamante et al. (2022), Zhang et al. (2020), and Kiili et al. (2018) demonstrate.

The second recommendation is to include a larger sample size of students in studies.
Larger sample populations of students will enhance the credibility of the research beyond
validating GBL'’s effectiveness in a region or school. Researchers can also include multiple age
levels to determine if the game of choice is viable for use in numerous grades.

The third recommendation for future research is to lengthen the time of the studies. Four
studies have students interact with the game of choice for no more than 90 minutes (Gresalfi et
al., 2017; Engledowl et al., 2021; Yang et al., 2018; Hulse et al., 2019). This time restriction
does not adequately reveal to researchers the long-term impact GBL has on students'
conceptual understanding and motivation. Researchers can investigate the minimum threshold
of gaining a conceptual understanding of mathematical concepts, how long students must play
to meet learning objectives, and how to keep students engaged from long-term, repetitive
gameplay.

A fourth recommendation is to compare DGBL to TGBL versions of games (e.g., golf,
baseball, solitaire) to see the impact the games have on learning and if students have a

preference over one branch of GBL. The final and most necessary recommendation for the field
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of study is to include more qualitative studies. There is only one qualitative study in Appendix A,
which is insufficient to conduce definitive results.
Conclusion

Students understand games. They prefer interactive lessons with collaborative and
challenging activities over traditional instruction (Nasir et al., 2020). Lessons do not need to be
stripped of enjoyable activities to build conceptual knowledge. In light of what we know about
how children learn, how shall we best integrate game-based learning in elementary
mathematics to increase students’ conceptual understanding? This research study identifies
integration methods of digital and traditional games as well as factors that impact the
effectiveness of GBL and gains in conceptual knowledge. Overall, game-based learning is a
viable supplemental tool that enhances elementary mathematics instruction and increases
students' conceptual knowledge.

Game-based learning environments have a structure that supports development of

students’ skills and carries information patterns that are unique to the field it is prepared

for, and in addition to characteristics of providing students with opportunities to have a

good time, they also have instructive and reinforcing characteristics in the activity that

takes place in the game (Celik, 2019, p. 452).
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Appendix A: Scope of the Research

Asjtlﬁ(c:)tre()g) Qual. Self- Two or | Interview
name & year anm' TGBL |DGBL| Blended Home Intervention paced Station more | No .
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Method A A
Bustamante et
al. (2022) Quant. X X X X X
Elofsson et al.
(2016) Quant. X X
Russo et al. ;
Mixed
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Avdiu (2020) Al X X X X
Syahrial et al. Mixed
(2020) Method | % X
Nasir et al. Mixed
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Bang et al. Mixed
(2022) Method X X X X X
Zhang et al.
(2020) Quant. X X
Kiili et al.
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Engledowl et
al. (2021) Quant. X X
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Selected
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Hulse et al.
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Appendix B: Factors that Make Integration of TGBL and DGBL More Effective

Educational Context

Key Characteristics

Teacher’s Role
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Educational Context Key Characteristics Teacher’s Role
Kiili et al.
(2018) X 1 X X X X X
Engledowl
et al. (2021) X 3 X X X X
Yang et al.
(2018) X 1 X X
Hulse et al.
(2019) X 1 X X X X
Yeh et al.
(2019) X 1 X X X X X
Gresalfi et
al. (2017) X 5 X X X X
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