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Abstract: Development of early math skills is linked to future success in mathematics and other
academics. Educational video games have been shown to promote academic achievement; however,
few rigorous studies have evaluated the use of educational video games in supporting math
development, especially in early primary education. In the current study, an open-label randomized
controlled trial was conducted involving 134 first grade students to determine, using standardized
assessments, the impact of the educational mathematics tablet-based video game, Knowledge Battle,
on math scores and self-competency. Overall, Knowledge Battle did improve math skills in participants
who played the game. Among those with lower pre-game math skills, the Knowledge Battle group’s
mean math score increased more than the control group’s mean math score (9.7 vs. 6.0; p = 0.02). There
was no association between perceived sense of self-competency and total math score (p = 0.8141).
However, players who had a higher sense of self-competency were more likely to enjoy playing the
game. In conclusion, our findings suggest that Knowledge Battle was an acceptable and enjoyable
educational mathematical video game for first grade students, and may be most impactful for those
with low math skills.
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1. Introduction

Development of early academic skills is essential for children’s later success in school. In particular,
research suggests that early mathematics skills are the most important predictors not only for later
math achievement but also for achievement in other content areas and grade retention [1]. General
math achievement measured around kindergarten entry has been found to be highly predictive of
subsequent mathematics achievement, measured around the time of third grade [2,3]. Additionally,
those children who score highly in mathematics in kindergarten continue to score highly, while those
who score low continue to score low throughout their educational careers [1,4,5]. Mathematics scores
in the United States have barely moved in the last 30 years [6], and the Common Core State Standards
Initiative [7] has been trying to address this problem.

Educational video games are thought to be effective tools for teaching because they (a) use action
instead of explanation; (b) create personal motivation and satisfaction; (c) accommodate multiple
learning styles and skills; (d) reinforce mastery skills; and (e) provide interactive and decision making
context [8,9]. In addition, there is evidence that educational video games promote student learning of
important skills, positive motivation, persistence, curiosity, attention, and attitude toward learning [10–13].
A meta-analysis that examined 39 studies published between 1990 and 2012 reporting on the use of
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video games in an educational context showed that video-game-based approaches were significantly
more effective than typical instructional methods in improving learning [14].

Educational video games have been used to promote children’s mathematics achievement in
various domains including problem-solving and algebra skills [15], strategic and reasoning abilities [16],
geometry skills [17], and arithmetic procedures [18]. However, there are a limited number of rigorous
studies exploring the effects of the use of video games on mathematics skills development and empirical
findings on the effects of educational video game use on student achievement are inconsistent [19].
To date, only a few studies have evaluated the use of educational video games in supporting math
development in early primary education [20–22].

The primary purpose of this study was to determine if the educational video game,
Knowledge Battle, compared to a series of attention/time control games, increased math scores in
first grade students. The secondary objective was to determine if Knowledge Battle, compared to a series
of attention/time control games, increased math self-competence in students. In addition, data was
collected on participants’ gameplay satisfaction and experience of playing Knowledge Battle.

2. Materials and Methods

To determine the impact of the educational math video game, Knowledge Battle, on math scores
and self-competency standardized assessments, we conducted an open-label randomized controlled
trial with a cohort of first grade students.

2.1. Educational Video Game Description

Knowledge Battle is a tablet-based educational math video game designed and developed by the
educational mobile game company, Yogome, Inc. (Mexico City, Mexico). Designed for first grade
students, Knowledge Battle extends beyond most conventional math video games in that it does not focus
solely on rote memorization of math facts. The game consists of 21 mini-games nestled inside a larger
battle-style game with the goal of encouraging the player to exercise and master skills that are built
upon Common Core Standards for Mathematics [7] (Figure 1). In the game, the player is able to take
on the role of one of eight Yogotar characters, each of whom has strengths and weaknesses. As their
chosen character, the player must master each mini-game through practice and repetitive play in order
to advance in the game, with the added bonus of earning Power Cubes along the way. Power cubes
strengthen the player’s Yogotar and allow them to battle increasingly stronger enemy characters
as a reward for successfully completing mini-game levels. Knowledge Battle scaffolds the player by
providing immediate feedback and explanation for incorrect responses. Once a particular mathematics
skill has been mastered, a new mini-game (or new level within previously mastered mini-game)
is unlocked for the player. To increase player engagement, Yogotar characters and storylines are
incorporated into the overall gameplay.
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2.2. Participants

Eligible participants were boys and girls enrolled in the first grade and were recruited from
several school and community-based after-school programs.

2.3. Instruments

2.3.1. KeyMath-3 Diagnostic Assessment

Mathematics skills were assessed using the KeyMath-3 Diagnostic Assessment (KeyMath-3 DA),
a comprehensive norm-referenced measure of essential mathematical concepts and skills [23].
The KeyMath-3 DA item content reflects the content and process standards described in the
National Council of Teachers of Mathematics (NCTM) Principles and Standards for School Mathematics,
a widely used publication that outlines the essential components of a school mathematics program.
The standardized assessment contains two parallel forms (Form A and Form B) that were developed
concurrently and are matched statistically and by content to reduce item familiarity and allow for
a reliable measure of a student’s progress over time. The KeyMath-3DA includes 10 subtests that
represent three general math content areas: Basic Concepts (conceptual knowledge), Operations
(computational skills), and Applications (problem solving) and can be used with individuals aged
4 years 6 months through 21 years. The Key Math 3-DA uses basal and ceiling rules and start
points, which allows for an accurate measure of an individual’s math performance. The standardized
assessment is administered and scored according to uniform procedures to allow for direct comparison
of a student’s results to other students of the same grade level or age and has been accepted as an
appropriate instrument to assess students’ general mathematical ability, especially strengths and
weaknesses in different mathematics content areas [24]. For the purpose of this research study, we
collected data using the following six relevant and developmentally appropriate subsets:

Numeration: early number awareness; place value and number sense; magnitude of
numbers; fractions; decimals; percentages; exponents; integers; multiples; factors
Measurement: early awareness of measurement; standard units; time; money
Data Analysis and Probability: early awareness of data and probability; charts, tables,
and graphs; graphical representation; statistics; probability
Mental Computation and Estimation: early awareness of mental computation; mental
computation chains, mental computation with whole numbers; mental computation with
whole numbers; estimation and whole numbers; estimation and rational numbers
Addition and Subtraction: algorithms to add and subtract whole numbers; algorithms to
add and subtract rational numbers; integers; algebra
Foundations of Problem Solving: analysis of problems; word problems; problem-solving
strategies

2.3.2. Perceived Math Competence Scale

Math self-competence was assessed using a six-question, four-point “structure alternate format”
Likert scale survey designed for young children adapted from the 28-item Perceived Competence Scale
in Children [25]. We defined self-competence as “a child’s sense of cognitive competence”. Each item
was scored from one to four using smiley-faces to represent responses of no, only a little, mostly, and yes
(Figure 2). Examples of questions included, “Can you figure out math problems on your own?” and
“Are you good at learning new things in math?”
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2.3.3. Gameplay Satisfaction and Player Experience

Gameplay satisfaction and player experience was assessed using a six-question, four-point Likert
scale survey developed by the research team, which included corresponding smiley-faces to represent
possible responses, including no, only a little, mostly, and yes. Examples of questions from the survey
included, “Did you enjoy playing Knowledge Battle?” and “Did you learn new things from playing
Knowledge Battle?”

2.4. Procedure

The Yale School of Medicine Human Investigation Committee approved the research. Research
and after-school program staff discussed the study with interested parents and children and screened
for eligibility. If the child was eligible and interested, informed written consent was obtained from the
parents. Demographic information and baseline measures of math skills and math self-competency
were collected in a one-on-one interview with the child and a research staff member. Participants then
played Knowledge Battle or a series of attention/time control games that did not include any math
content on an iPad for one hour, two to three times per week for four weeks to accumulate 8–10 hours
of gameplay. Measures of math skills and math self-competency data were collected again immediately
at the end of the gameplay sessions (approximately four weeks after baseline). For the experimental
group, data on gameplay satisfaction was collected.

2.5. Data Analysis

Baseline descriptive statistics (means (sd), median (interquartile range), and proportions/number/
percent) were tabulated. Total scores as well as sub-scores from the study assessment tools were
used for comparisons among groups, using parametric (t-test; analysis of variance (ANOVA) or
non-parametric (Wilcoxon Rank Sum; Kruska–Wallis) tests as deemed appropriate. Two-tailed alpha
level of 0.05 was used to declare statistical significance. Analysis was carried out using SAS v. 9.3, SAS
Institute Inc., Cary, NC, USA.

Baseline assessments stratified the participants into two groups based on the median score of
the cohort, those with more pre-game math knowledge (n = 67) and those with less pre-game math
knowledge (n = 67).

3. Results

Participants were 134 first grade students (49% boys) with a mean age of 6.6 years. Seventy-two
(54%) participants were black, 33 (25%) were white, 10 (8%) were Asian, 11 (8%) were other races, and
the race of 8 (6%) was unknown. Twenty-nine (22%) were Hispanic, 98 (73%) were non-Hispanic, and
7 (5%) were reported as unknown.

All participants played approximately eight sessions over a four-week period. The Knowledge Battle
group played a mean of 395 s (6.6 h) with a range of 96–800 s; 1.6–13.3 h). The control group played a
mean of 398 s (6.6 h) with a range of 120–700 s; 2.0–11.7 h).
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3.1. KeyMath-3 Diagnostic Assessment Scores

3.1.1. All Players

Among all players, there were no statistically significant differences in any of the baseline scores.
After gameplay, the Knowledge Battle group’s mean math score increased more than the control group’s
mean math score (7.4 vs. 5.9; p = 0.22), but this change was not statistically significant (Table 1).

Table 1. Mean math scores for experimental and control groups.

GROUP N Mean Std Dev Std Err Minimum Maximum

Control 67 5.8955 5.7922 0.7076 −17.0000 23.0000
YoGoMe 66 7.3788 7.9358 0.9768 −17.0000 36.0000
Diff (1-2) - −1.4833 6.9391 1.2034 - -

For the Numeration sub-score, after gameplay, the Knowledge Battle group’s mean Numeration
sub-score increased more than the control group’s mean Numeration sub-score (2.3 vs. 1.5; p = 0.049).
For all other sub-scores, there was not a statistically significant change in mean math scores.

3.1.2. Players with Lower Pre-Game Math Skills

For the group with lower pre-game math skills, there were no statistically significant differences in
any of the baseline scores. Among those with lower pre-game math skills, the Knowledge Battle group’s
mean math score increased more than the control group’s mean math score (9.7 vs. 6.0; p = 0.02).

For the Numeration sub-score, after gameplay, the Knowledge Battle group’s mean Numeration
sub-score increased more than the control group’s mean Numeration sub-score (2.8 vs. 1.3; p = 0.008).
For all other sub-scores, there was not a statistically significant change in mean math scores.

3.1.3. Perceived Math Competence Scores

Analysis of data from all players indicated that there was no association between perceived sense
of self-competency and total math score (p = 0.8141).

For participants who played Knowledge Battle, there was evidence of differences in the mean
post-pre game change in total self-competency score by responses to two gameplay satisfaction
questions, “Would you tell your friends to play Knowledge Battle? (p = 0.0295) and “Did you enjoy
playing Knowledge Battle?”; there was a strong association, though not significant (p = 0.0624). In both
cases, those who responded “Yes/Mostly” for these two questions had a higher change in score.

3.1.4. Gameplay Satisfaction and Player Experience

Post-gameplay satisfaction data was collected from 65 (98%) participants who played the
Knowledge Battle game. Of these participants, 83% reported that they enjoyed playing the game;
72% reported they would play it again; 82% reported they liked the way it looked; 62% reported that
they liked the Yogotar characters in the game; 71% reported that they would tell their friends to play it;
and 74% reported that they learned new things from playing the game.

There was evidence to suggest that performance level was not independent of gameplay
satisfaction. There was an association between better performance and gameplay satisfaction as
assessed by the questions, “Did you like the characters (Yogotars) in Knowledge Battle?” (p = 0.0501),
and “Did you learn new things from playing Knowledge Battle?” (p = 0.0525). Similarly, for participants
who played Knowledge Battle, those who responded “Yes/Mostly’ to the question “Did you like the
characters (Yogotars) in Knowledge Battle?” had a higher change (post-pre game) in total math score
than participants who responded “No/Only a little” (p = 0.0539).
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4. Discussion

Overall, Knowledge Battle did improve math skills in participants that played the game. Specifically,
there was a difference between the Knowledge Battle and control groups’ Numeration subtest mean
scores. This finding is important, given that the Numeration subtest measures the most instructionally
important math concepts and skills in the early elementary mathematics curricula. A child’s
understanding of the concepts introduced in the Numeration subtest serves as a foundation for
important math concepts involving estimation and computation, measurement, data interpretation,
and problem solving [23], which are addressed throughout the Knowledge Battle game.

Another important finding in this study was that among participants with less pre-game math
skills, the Knowledge Battle group’s mean overall math score increased more than the control group’s
mean math. Consistent with prior literature that suggests that educational video games are most
effective for children who start out with relatively poor skills [26], our findings indicate that participants
with a lower level of first grade math skills may have benefited the most from playing Knowledge Battle,
with a specific focus on increased first grade math skills related to the Numeration subtest. Additionally,
participants with lower pre-game math skills had more room for gains, which was demonstrated in
our study. Given that conventional educational instruction usually happens within the limitations of
the classroom, the use of instructional games may provide the opportunity of allowing students to
practice and master math skills outside of school, with the greatest benefit to those with less pre-game
math skills. The use of instructional games at home or as part of an after-school program may provide
these students in particular the opportunity to catch up to their peers.

While mathematics is often viewed as a difficult and tedious subject to learn [27], students’
confidence or sense of self-competence of their math ability has been shown to greatly influence
performance and academic achievement in mathematics [28]. In contrast, in our study, participants’
sense of math self-competency was not associated with their total overall math score. This may be
important to consider for the future development of math games, especially for those that are uniquely
tailored to a child’s skill level. Even if a child has a high math skill level for their age or grade level,
their perception of their sense of self-competency in math may in fact be low. Therefore, games should
consider providing reward systems such as points or badges equally across all skill levels and not just
to players that may need more support. Well-designed tools that not only optimize learning but also
serve to increase self-competence in mathematics are important for all skill levels.

The majority of participants assigned to the experimental group were very positive about
Knowledge Battle. Those participants who liked the characters, compared with those who did not, had a
greater change in their math scores. This finding suggests that including likable characters in a game
like Knowledge Battle may help to increase the player’s engagement. Players who had a higher sense
of self-competency were more likely to enjoy playing the game, suggesting that players with greater
confidence in their ability to succeed in math may find a greater interest in mathematics overall, which
was reflected in their enjoyment of playing the game.

There were several limitations to this study. First, this study was conducted in after-school
programs and findings from this study may not be generalizable within organizational settings or to
other regions of the country. Second, we did not strictly control for participants’ exposure to other
instruction in the classroom. However, given that each after-school study site had participants who
were either in the control group or the experimental group, in general all students were exposed to
the same educational instruction outside the gameplay, thus controlling for other potential exposure.
In addition, the study was undertaken during a brief period of four weeks, decreasing the likelihood
of significant exposure to additional content outside the game. Finally, because the video game was
developed based on Common Core Mathematics Standards for first grade students, participants with
a higher level of pre-game math skills at the start of the program may have reached a ceiling in their
ability to learn new skills, thus preventing the video game from having an effect on their math scores
at the end of the study.
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Future research should include conducting a subsequent comparative effectiveness study to
directly compare the Knowledge Battle game to other conventional methods of educational instruction
as an appropriate next step. We also suggest future studies to include both higher and lower game
levels as part of their game-based program that extend beyond only first grade instruction with the
goal of creating a more tailored gameplay experience for each student. For instance, students with
lower levels of pre-game math skills at the start of the program could begin at a Kindergarten or lower
level in the game, while students with higher level pre-game math skills could begin at a second grade
or higher level, thus providing greater opportunities to gain and master math skills.

5. Conclusions

In summary, Knowledge Battle is both an acceptable and enjoyable game-based math program with
a high potential for repeated and continued gameplay. It had the greatest impact on students with
lower math skills and may be most appealing to players that have a high sense of math self-competency.

Acknowledgments: This study was funded by Yogome, Inc. (contract ID# 15-004169).

Author Contributions: Kimberly Hieftje, Tyra Pendergrass, and Lynn Fiellin conceived and designed
the experiments; Kimberly Hieftje and Tyra Pendergrass performed the experiments; Kimberly Hieftje,
Tassos C. Kyriakides, and Lynn Fiellin analyzed the data; all authors contributed to the writing of the paper.

Conflicts of Interest: The authors declare no conflict of interest. The funding sponsors had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results.

References

1. Siegler, R.S.; Duncan, G.J.; Davis-Kean, P.E.; Duckworth, K.; Claessens, A.; Engel, M.; Susperreguy, M.I.;
Chen, M. Early predictors of high school mathematics achievement. Psychol. Sci. 2012, 23, 691–697. [CrossRef]
[PubMed]

2. Aubrey, C.; Godfrey, R.; Dahl, S. Early mathematics development and later achievement: Further evidence.
Math. Educ. Res. J. 2006, 18, 27–46. [CrossRef]

3. Jordan, N.C.; Kaplan, D.; Ramineni, C.; Locuniak, M.N. Early Math Matters: Kindergarten Number
Competence and Later Mathematics Outcomes. Dev. Psychol. 2009, 45, 850–867. [CrossRef] [PubMed]

4. Duncan, G.J.; Dowsett, C.J.; Claessens, A.; Magnuson, K.; Huston, A.C.; Klebanov, P.; Pagani, L.S.;
Feinstein, L.; Engel, M.; Brooks-Gunn, J.; et al. School readiness and later achievement. Dev. Psychol.
2007, 43, 1428–1446. [CrossRef] [PubMed]

5. Case, R.; Griffin, S.; Kelly, W.M. Socioeconomic gradients in mathematical ability and their responsiveness to
intervention during early childhood. In Developmental Health and the Wealth of Nations: Social, Biological, and
Educational Dynamics; Hertzman, D.P.K.C., Ed.; Guilford Press: New York, NY, USA, 1999; pp. 125–149.

6. Foundations for Success. The final report of the National Mathematics Advisory Panel. In National
Mathematics Advisory Panel; Department of Education: Washington, DC, USA, 2008.

7. Common Core Standards for Math. 2012. Available online: http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf (accessed on 31 March 2017).

8. Charles, D.; McAlister, M. Integrating Ideas About Invisible Playgrounds from Play Theory into Online
Educational Digital Games. In Proceedings of the Entertainment Computing—ICEC 2004: Third
International Conference, Eindhoven, The Netherlands, 1–3 September 2004; Rauterberg, M., Ed.; Springer:
Berlin/Heidelberg, Germany, 2004.; pp. 598–601.

9. Holland, W.; Jenkins, H.; Squire, K. Theory by Design. In Video Game Theory Reader; Perron, B., Wolf, M., Eds.;
Taylor & Francis Books: Abingdon, ON, Canada, 2002; pp. 25–36.

10. Becker, K. Digital game-based learning once removed: Teaching teachers. Br. J. Educ. Technol. 2007, 38,
478–488. [CrossRef]

11. Rieber, L.P. Seriously considering play: Designing interactive learning environments based on the blending
of microworlds, simulations, and games. Educ. Technol. Res. Dev. 1996, 44, 43–58. [CrossRef]

12. Vogel, J.J.; Vogel, D.S.; Cannon-Bowers, J.; Bowers, C.A.; Muse, K.; Wright, M. Computer Gaming and
Interactive Simulations for Learning: A Meta-Analysis. J. Educ. Comput. Res. 2006, 34, 229–243. [CrossRef]

http://dx.doi.org/10.1177/0956797612440101
http://www.ncbi.nlm.nih.gov/pubmed/22700332
http://dx.doi.org/10.1007/BF03217428
http://dx.doi.org/10.1037/a0014939
http://www.ncbi.nlm.nih.gov/pubmed/19413436
http://dx.doi.org/10.1037/0012-1649.43.6.1428
http://www.ncbi.nlm.nih.gov/pubmed/18020822
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf
http://dx.doi.org/10.1111/j.1467-8535.2007.00711.x
http://dx.doi.org/10.1007/BF02300540
http://dx.doi.org/10.2190/FLHV-K4WA-WPVQ-H0YM


Technologies 2017, 5, 30 8 of 8

13. Whitehill, B.V.; McDonald, B.A. Improving Learning Persistence of Military Personnel by Enhancing
Motivation in a Technical Trainiing Program. Simul. Gaming 1993, 24, 294–313. [CrossRef]

14. Wouters, P.; van Nimwegen, C.; van Oostendorp, H.; van der Spek, E.D. A meta-analysis of the cognitive
and motivational effects of serious games. J. Educ. Psychol. 2013, 105, 249–265. [CrossRef]

15. Abramovich, S. Topics in Mathematics for Elementary Teachers: A Technology—Enhanced Experiential Approach;
Information Age Publishing, Inc.: Charlotte, NC, USA, 2010.

16. Bottino, R.M.; Ferlino, L.; Ott, M.; Tavella, M. Developing strategic and reasoning abilities with computer
games at primary school level. Comput. Educ. 2007, 49, 1272–1286. [CrossRef]

17. Yang, J.C.; Chen, S.Y. Effects of gender differences and spatial abilities within a digital pentominoes game.
Comput. Educ. 2010, 55, 1220–1233. [CrossRef]

18. Moreno, R.; Durán, R. Do Multiple Representations Need Explanations? The Role of Verbal Guidance and
Individual Differences in Multimedia Mathematics Learning. J. Educ. Psychol. 2004, 96, 492–503. [CrossRef]

19. Connolly, T.M.; Boyle, E.A.; MacArthur, E.; Hainey, T.; Boyle, J.M. A systematic literature review of empirical
evidence on computer games and serious games. Comput. Educ. 2012, 59, 661–686. [CrossRef]

20. Praet, M.; Desoete, A. Enhancing young children’s arithmetic skills through non-intensive, computerised
kindergarten interventions: A randomised controlled study. Teach. Teach. Educ. 2014, 39, 56–65. [CrossRef]

21. Räsänen, P.; Salminen, J.; Wilson, A.J.; Aunio, P.; Dehaene, S. Computer-assisted intervention for children
with low numeracy skills. Cognit. Dev. 2009, 24, 450–472. [CrossRef]

22. Pitchford, N.J. Development of early mathematical skills with a tablet intervention: A randomized control
trial in Malawi. Front. Psychol. 2015, 6, 485. [CrossRef] [PubMed]

23. Connolly, A. KeyMath-3 Diagnostic Assessment: Manual Forms A and B; Pearson: Minneapolis, MN, USA, 2007.
24. Rosli, R. Test Review: Connolly, A.J., KeyMath-3 Diagnostic Assessment: Manual Forms A and B.

Minneapolis, MN: Pearson, 2007. J. Psychoeduc. Assess. 2011, 29, 94–97. [CrossRef]
25. Harter, S. The Perceived Competence Scale for Children. Child Dev. 1982, 53, 87–97. [CrossRef]
26. Griffiths, M. The educational benefits of videogames. Educ. Health 2002, 20, 47–51.
27. Sedig, K. From Play to Thoughtful Learning: A Design Strategy to Engage Children With Mathematical

Representations. J. Comput. Math. Sci. Teach. 2008, 27, 65–101.
28. Hannula, M.S.; Maijala, H.; Pehkonen, E. Development of understanding and selfconfidence in mathematics:

Grades 5–8. In Proceedings of the 28th conference of the International Group for the Psychology of
Mathematics Education, Bergen, Norway, 14–18 July 2004.

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1046878193243002
http://dx.doi.org/10.1037/a0031311
http://dx.doi.org/10.1016/j.compedu.2006.02.003
http://dx.doi.org/10.1016/j.compedu.2010.05.019
http://dx.doi.org/10.1037/0022-0663.96.3.492
http://dx.doi.org/10.1016/j.compedu.2012.03.004
http://dx.doi.org/10.1016/j.tate.2013.12.003
http://dx.doi.org/10.1016/j.cogdev.2009.09.003
http://dx.doi.org/10.3389/fpsyg.2015.00485
http://www.ncbi.nlm.nih.gov/pubmed/25954236
http://dx.doi.org/10.1177/0734282910370138
http://dx.doi.org/10.2307/1129640
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Educational Video Game Description 
	Participants 
	Instruments 
	KeyMath-3 Diagnostic Assessment 
	Perceived Math Competence Scale 
	Gameplay Satisfaction and Player Experience 

	Procedure 
	Data Analysis 

	Results 
	KeyMath-3 Diagnostic Assessment Scores 
	All Players 
	Players with Lower Pre-Game Math Skills 
	Perceived Math Competence Scores 
	Gameplay Satisfaction and Player Experience 


	Discussion 
	Conclusions 

