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ABSTRACT

There is an established gender gap in middle school math education, where female students report higher
anxiety and lower engagement, which negatively impacts their performance and even long-term career
choices. This work investigates the role of digital learning games in addressing this issue by studying
Decimal Point, a math game that teaches decimal numbers and operations to 5th and 6th graders. Through
data from four published studies of Decimal Point, spanning a period of 5 years, and involving 624
students in total, the authors identified a consistent gender difference that was replicated across all
studies: male students tended to do better at pretest, while female students tended to learn more from the
game. In addition, female students were more careful in answering self-explanation questions, which
significantly mediated the relationship between gender and learning gains in two out of four studies.
These findings show that learning games can be an effective tool for bridging the gender gap in middle
school math education, which in turn contribute to the development of more personalized and inclusive
learning platforms.

INTRODUCTION

Many people are highly engaged with and frequently play video and computer games. World-wide, more
than 2.6 billion people play video or computer games (Gilbert, 2021) and every day more and more
people are playing. For instance, the NPD Group (NPD, 2019) reports that from 2018 to 2019 there was a
6% increase in people playing computer-based games. Young people are particularly engaged in digital
game play. Based on Lobel et al. (2017), children from 7-12 years old play computer-based games
approximately 5 hours per week, while Homer and colleagues (2012) reported much larger numbers of
weekly hours of digital play by young people.

Due to their appeal, especially to young people, digital games have the potential to be powerful
tools for learning. However, researchers and educators have questioned whether all students learn equally
well from digital learning games, given that there are differences in their typical game preferences



(Dindar, 2018; Phan et al., 2012) and boys tend to spend more time playing (Homer et al., 2012). Yet,
digital learning games have been shown to be effective for girls -- and often more effective than for boys -
- in terms of both learning and affective outcomes (Arroyo et al., 2014; Hou et al., 2020, 2022; McLaren,
Farzan et al., 2017b).

Although meta-analyses reveal gender similarities in math achievement (Hyde et al., 2008;
Lindberg et al., 2010), gender differences favoring boys still emerge when focusing on data representing
top performers among students or in advanced areas of math (Breda et al., 2018; Wai et al., 2010).
Critically, girls tend to report less positive math affect (Ganley & Lubienski, 2016; Hill et al., 2016),
which in turn predicts their STEM engagement, goals, and achievement (Deemer et al., 2014; Else-Quest
et al., 2013). Given how they often engage young people, digital learning games seem to be particularly
well suited to address affective experiences with math, giving them potential to serve as a useful
instructional tool for girls in particular.

Unfortunately, digital game designers often work without empirical guidance for how to make
learning games more effective, especially in how games differ in their support of girls versus boys. In
some cases, this results in uninformed adoption of extrinsic rewards (referred to as “gamification”), such
as points, badges, competition and levels, that often do not foster productive learning processes
(Nicholson, 2012, 2013; Seaborn & Fels, 2015). In its attempts to reach more young girls, the game
industry too often has employed gender stereotypes without a clear understanding of gender-based
preferences or outcomes (Everett et al., 2017; Shaw, 2015). Greater evidence of when and how male and
female students learn from digital learning games -- and especially how they might learn differently from
games -- will help inform teachers’ choices about which digital learning games to incorporate into their
teaching and how to enhance learning for all students.

We have developed and experimented with a digital learning game for middle school children,
Decimal Point, that has proven to be an excellent platform for exploring gender differences in learning
with the games. Unlike many digital learning games, Decimal Point was carefully designed to be gender-
neutral and incorporate learning science principles based on empirical evidence. Over more than eight
years of development and evaluation, Decimal Point has been used to explore various aspects of learning
games, including an initial comparison with a non-game tutor, which showed that the game leads to
superior learning outcomes compared to the tutor (McLaren et al., 2017a), the effects of student agency
(Nguyen et al., 2018), the use of indirect control in the game (Harpstead et al., 2019) and the balance
between learning and enjoyment (Hou et al., 2022). All versions of the game have a self-explanation step
(Chi et al., 1989; 1994; Wylie & Chi, 2014) that prompts students after they play each of the mini-games
within Decimal Point. While we have identified interesting aspects of all of the various studies of the
game, one finding has remained steady since our earliest experiment and is the topic of this paper: girls
have generally benefited more from the game than boys. In this paper we summarize and discuss the
results of four separate experiments, spanning the years 2015 to 2019, all of which resulted in at least
some learning benefits that favored girls over boys. Essentially, our almost decade-long research and
work with the Decimal Point game has helped us answer the following questions:

RQ1: Is there a difference in learning outcomes between male and female students using Decimal Point?
RQ2: Is there a difference in game play behavior between male and female students?
RQ3: Is there a difference in self-explanation behavior between male and female students?



Our goal in examining these questions is to call to attention a consistent trend across studies that merits
additional analysis in future research of Decimal Point, and in digital learning games more generally.
Furthermore, while these questions were raised in the context of the game Decimal Point specifically,
they have wider implications regarding learning from digital games more generally. In this paper, we
discuss gender issues with respect to learning with games, describe our findings in experimenting with
Decimal Point, and discuss the more general lessons from our results with respect to digital learning
games.

BACKGROUND

Gender and Math Achievement

While boys and girls were shown to have similar performance in standardized tests (Hyde et al., 2008;
Lindberg et al., 2010), girls often hold less positive attitudes towards math (Breda et al., 2018; Hill et al.,
2016; C. Huang, 2013; Lindberg et al., 2010; Reilly et al., 2015; Wai et al., 2010), although the effect size
is small and varies by age. In high school, several studies have reported that female students hold lower
confidence, less excitement and greater frustration toward math than male students, with small to medium
effect sizes (Arroyo et al., 2013; Else-Quest et al., 2010; 2013). However, this difference isn’t present in
elementary school (Andre et al., 1999; Friedler & Tamir, 1990), suggesting that middle school is when
math anxiety emerges among female students and therefore a crucial time for addressing this issue. This
is particularly important given the negative association between math anxiety and math performance — a
meta-analysis by Namkung and colleagues (2019) found an overall effect size of » = -.34, with a stronger
negative correlation on more complex math topics. Furthermore, while math self-efficacy is a predictor of
greater interest in math careers for male students, math anxiety is a predictor of lower interest in math
careers for female students (Huang et al., 2019).

This phenomenon may be attributed to the stereotype threat, which posits that being reminded of
social group stereotypes impacts the performance of members in that group (Spencer et al., 1999). While
gender-based differences in math achievement have diminished in recent decades (Lindberg et al., 2010;
Reardon et al., 2019), stereotypes about men being better at math can still emerge early in childhood and
persist through adulthood (Cvencek et al., 2011; Furnham et al., 2002; Nosek et al., 2002; Passolunghi et
al., 2014). In turn, such perception may influence female students’ performance in math and their interest
in STEM careers (Adams et al., 2019; Adams & Kirchmaier, 2016; Bian et al., 2017; Frome & Eccles,
1998; Ochsenfeld, 2016). For these reasons, promoting self-efficacy, interest and achievement among
female students, while at the same time reducing math anxiety and stereotype threat, remains a
challenging area of research. In this work, we investigate whether digital learning games, which aim to
promote both learning motivation and outcomes (Sitzmann, 2011; Vogel et al., 2006), may contribute a
solution pathway.

Gender and Digital Learning Games

Digital games are popular among men and women, and a recent meta-analysis found no gender
differences in participants’ intentions to play digital games (Hamari & Keronen, 2017). However, there
are consistent gender differences in preferences relating to game speed, type, opportunities for social
interaction, and avatar characteristics (Aleksi¢ & Ivanovi¢, 2017; Chou & Tsai, 2007; Greenberg et al.,



2010; Romrell, 2014). Specifically, male players tend to prefer faster-paced and more action-style games,
while female players tend to prefer more puzzle-style games and games with social interaction (Chou &
Tsai, 2007).

Gender differences in game preferences apply to digital learning games as well. Female students
tend to rank goal clarity and social interaction as more important in digital learning games than male
students, while male students tend to pay more attention to challenge, progress feedback and visual appeal
in digital learning games (Dele-Ajayi et al., 2018). These preferences can produce meaningful
differences, with medium to large effect sizes, in learning behaviors; for example, one study found that
female students reported more positive feelings and increased help-seeking behaviors when a non-player
“learning companion” was present, while male students did best without a learning companion (Arroyo et
al., 2013). Drawing from the broader literature on digital game preferences, some educational game
researchers have proposed adapting digital learning games based on gender to create more inclusive,
equitable learning experiences (Connolly et al., 2009; Hou et al., 2020; Kinzie & Joseph, 2008; Law,
2010; Pezzullo et al., 2017; Steiner et al., 2009). However, recommendations for gender-based
adaptations typically rely on the intuitions of game designers or preferences observed through playtesting,
focus groups, or surveys about self-reported preferences and behaviors. There remains a need to
empirically validate these recommendations across multiple studies and populations to better understand
their interaction with gender.

Among studies examining gender differences in learning from digital learning games, female
students have sometimes been shown to have greater learning outcomes (Khan et al., 2017; Klisch et al.,
2012; Tsai, 2017), enjoy learning games more (Adamo-Villani et al., 2008; Chung & Chang, 2017), and
see greater value in educational games compared to male students (Joiner et al., 2011). Other research has
reported no gender differences in learning outcomes or motivation (Chang et al., 2014; Clark et al., 2011;
Dorji et al., 2015; Manero et al., 2016; Papastergiou, 2009). Few studies have taken an empirically
rigorous approach to testing learning outcomes of digital learning games (i.e., randomly assigning
students to a learning game versus a comparable non-game control) and fewer have reported investigating
gender differences within those games. Among the six rigorous, controlled studies of math digital
learning games identified in Mayer (2019)’s review, only two reported analyzing gender differences in
learning (McLaren, Farzan et al., 2017b; Papastergiou, 2009). While Papastergiou (2009) found no gender
effect on learning, McLaren, Farzan et al. (2017b) reported that female students benefited more from the
game Decimal Point, the subject of this paper, than male students, with medium effect sizes. This
difference was then replicated by Hou et al. (2020) in a separate study of the same game. Our research
reported in this paper extends these prior results by performing a more comprehensive comparison
between male and female students in all published studies of Decimal Point, including those that reported
the game’s gender effect (McLaren, Farzan et al., 2017b; Hou et al., 2020) and those that did not explore
or report such effects (Nguyen et al., 2018; Harpstead et al., 2019).

The Game Decimal Point

Decimal Point (McLaren et al., 2017a), depicted in Figures 1 and 2, is a single-player digital learning
game designed as an amusement park-like experience and targeted at Sth and 6th grade students learning
about decimal numbers. The game runs on the Internet, within a browser, and was developed with
HTML/JavaScript and the Cognitive Tutor Authoring Tools (CTAT - Aleven et al., 2016). The game and
all related materials (e.g., tests, questionnaires) have been deployed on the web-based learning



management system, TutorShop (Aleven et al., 2009), which manages the game presentation to students
and logs all of their actions.

The game is composed of a series of “mini-games” within the larger amusement park map
(Figure 1). Each mini-game involves one of the five types of decimal problems, as shown in Table 1.
After solving each problem, students answer a multiple-choice self-explanation question to reinforce their
learning; this design is based on the self-explanation principle, which has been shown to lead to deeper
and more robust learning in a variety of prior studies (Chi et al., 1989, 1994; Johnson & Mayer, 2010;
Mayer & Johnson, 2010; Rittle-Johnson, 2006; Wylie & Chi, 2014).
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Figure 2. An example mini-game, Western Shooter, in the Sorting problem type and Wild West theme.
Students first perform a sorting task (2a), then answer a multiple-choice self-explanation question about
the performed task (2b).

Table 1. The list of game types and their game activities in Decimal Point.

Game type Activity

Number Line Locate the position of a decimal number on the number line

Addition Add two decimal numbers by entering the carry digits and the sum
Sequence Fill in the next two numbers in a sequence of decimal numbers
Bucket Compare given decimal numbers to a threshold number and place each number in a “less than”

or “greater than” bucket

Sorting Sort a list of decimal numbers in ascending or descending order

As an example, in the Sorting mini-game, Western Shooter (Figure 2), students have to shoot the four
objects in the correct order based on their associated number labels (i.e., smallest to largest or largest to
smallest). Once all objects have been shot, students receive immediate feedback about the correctness of
their sorting, and can rearrange the numbers if they are incorrectly ordered. After successfully finishing
this activity, students have to answer a self-explanation question, which, in this example, is about how the
number 1.6452 compares to 1.29 (Figure 2b). Students don't face any penalty for incorrect responses and
can resubmit answers as many times as needed; however, they are not allowed to move forward without
correctly solving all the problems in a mini-game.

The game Decimal Point is the result of rigorous research in learning science and game design.
From the learning science perspective, the game targets decimal numbers due to the established
difficulties that students have faced in this domain (Glasgow et al., 2000; Irwin, 2001), which may persist
even into adulthood (Stacey et al., 2001). The in-game exercises were designed to target the most
common decimal misconceptions (Isotani et al., 2010) and leverage the benefits of self-explanation in
promoting deep, robust learning (Chi et al., 1994; Chi & Wylie, 2014). From the game design
perspective, development of the game began with a competitive analysis of over 100 educational games
for middle-school children, which identified five prominent design patterns: adaptivity, optional help, on-
demand support, detailed tutorials, and immediate feedback. These patterns were consolidated into three
initial game concepts, which were further refined through playtesting co-design sessions with thirty-two
middle school students. By consolidating the characteristics that were proposed during these sessions —
such as the inclusion of diverse actions and colors, as well as familiar places and events — the research
team settled on the amusement park theme. We also note that, in light of prior research on gender
preferences in games and learning games, the amusement park was chosen to be equally appealing to both
males and females. Subsequent development was carried out over a year, focusing on brainstorming the
theme areas and mini-game settings that align with the overall theme and support student learning.
Further details about the design process are reported in Forlizzi et al. (2014).

Decimal Point has been deployed in classroom studies over multiple years and has consistently
led to significant learning in comparing before and after gameplay. In this paper, we focus on four




experiments involving a total of more than 600 student participants. The first study by McLaren et al.
(2017a) showed that the game led to more learning than a non-game tutor with identical instructional
content. Building on this result, subsequent studies have used the game as a platform to explore various
research topics in game-based learning. In particular, Nguyen et al. (2018) investigated whether giving
students control over which mini-games to play and when to stop, i.e., providing them with more agency,
would lead to better learning or enjoyment. As a follow-up, Harpstead et al. (2019) then examined the
impact of game interface elements on students’ sense of agency and learning. Most recently, Hou et al.
(2020) evaluated the effects of exposing students to the game’s models of their learning and enjoyment.
The game data collected from these studies have also been used in educational data mining research, to
better understand the learning difficulties in decimal numbers (Nguyen et al., 2019), as well as the
relationships between game play behaviors and learning outcomes (Hou et al., 2022; Nguyen et al., 2020;
Richey et al., 2021; Wang et al., 2019). However, none of these prior publications has focused on the role
of gender in students’ playing and learning experience. The following sections elaborate on how our
analyses extend prior results of Decimal Point from a gender perspective.

METHODS

Experimental Procedure

Each study was conducted during students’ regular class times and lasted six days; the materials tackled
on the first five days included a pretest, a demographic questionnaire, game play, an evaluation
questionnaire and posttest; the sixth and final day was reserved for the delayed posttest. Participants
completed the pretest and demographic questionnaire on the first day, played the game for up to three
class days, proceeding at their own pace, then completed an evaluation survey and posttest immediately
after finishing the game, as well as a delayed posttest one week later.

The test items were identical across all four studies. Each test consists of 43 questions; most
questions were worth one point each, while some multi-part questions were worth several points, for a
total of 52 points per test. The questions were designed to probe for specific decimal misconceptions and
involved either one of the five decimal activities in Table 1 or conceptual questions (e.g., “Is a longer
decimal number larger than a shorter decimal number?”’). Three test forms (A, B and C) that were
isomorphic and positionally counterbalanced across conditions were used. In other words, one student
may have forms A, B, C for pretest, posttest and delayed posttest, while another student may have forms
B, C, A instead. Results from all four studies indicated no student performance difference among the
three test forms at pretest, posttest, or delayed posttest (McLaren et al., 2017a; Nguyen et al., 2018;
Harpstead et al., 2019; Hou et al., 2020).

Each study of Decimal Point also incorporated two surveys: a pre-intervention demographic
survey and post-intervention evaluation survey. The demographic survey asked for basic information
about the student’s age, gender (male/female) and math experience. In the evaluation survey, which was
taken by students immediately after game play, the students rated several statements about their
enjoyment of the game elements, on a Likert scale from 1 (“strongly disagree”) to 5 (“strongly agree”).



Measures

To measure gender differences in learning, we partitioned the 43 test items into three groups, based on
their level of learning transfer: 20 items were classified in the Near transfer group, 8 items in the Middle
transfer group, and 15 items in the Far transfer group. This assignment is based on Barnett & Ceci
(2002)’s taxonomy of transfer, where near transfer items can be solved with identical procedures from
those learned in the game, middle transfer items required modifications of the learned procedures but
retain the problem representation, and far transfer items require an understanding of the underlying
decimal principles. For example, based on the sorting game in Figure 2, a near transfer problem is “Sort
the following list of decimals from largest to smallest: 7.681, 7.2, 7.15, 7.9,” a middle transfer problem is
“Which number is closest to 4.5? 4.555, 4.05, 4.4, or 4.6,” while a far transfer problem is “Is a shorter
decimal always smaller than a longer decimal number?”. More examples of the test items at each transfer
level are included in Table 8, under Appendix 1. Under this classification, we then measure the pretest
scores, learning gains (difference between posttest and pretest scores) as well as delayed learning gains
(difference between delayed posttest and pretest scores) at each transfer level.

To measure gender differences in game play and self-explanation behavior, we consider four
metrics: game duration, game errors, self-explanation duration, and self-explanation errors, where the
durations are measured in minutes. The first two metrics reflect how students played through the problem-
solving activity in the mini-games (e.g., Figure 2a), while the latter are based on their answering of the
multiple-choice self-explanation question at the end of each round (e.g., Figure 2b). As the number of
mini-game rounds played by each student may differ, each of the four metrics above is summed over the
student’s entire playthrough and then divided by their number of mini-game rounds, yielding an average-
per-round measure.

While student enjoyment is also a metric of interest, the content of the evaluation survey was
based on the game elements being evaluated in each study, and therefore differed across studies (for more
details about the survey in each study, see the respective publications — McLaren et al., 2017a; Nguyen et
al., 2018; Harpstead et al., 2019; Hou et al., 2020). As our goal in this paper is to identify consistent
gender learning and gameplay patterns across studies, we will not consider these evaluation items in this
paper and focus only on the learning and game play measures outlined above.

In the next section, we describe the setting of each study and the results of our analyses. To
compare how male and female students differ on the above metrics, we use the analysis of variance
(ANOVA) test and include 7,” as the indicator of effect size. According to Cohen (2013), the 7,
benchmarks for small, medium and large effects are 0.01, 0.06 and 0.14 respectively.

STUDY SETTINGS

To identify consistent gender trends, we investigate our research questions in the four prior studies of
Decimal Point. While these studies have manipulated the main game map in Figure 1, allowing students
to progress through the mini-games in different ways, the learning content and gameplay mechanics of
each mini-game (e.g., those in Figure 2a and 2b) were kept identical throughout. Using terminology from
the area of intelligent tutoring systems (VanLehn, 2006), the four prior studies have manipulated the outer
loop behavior of the game (responsible for managing and assigning all the learning tasks) while retaining
the same inner loop behavior (responsible for guiding students through each step in a learning task). We
briefly describe the study motivations and settings as follows.



The Spring and Fall 2015 studies were conducted by McLaren et al. (2017a) to rigorously
evaluate the effectiveness of Decimal Point in a media comparison approach (Mayer, 2014), where the
game was compared against a conventional computer tutor that had identical instructional content. In the
game, students played through the 24 mini-games in the order shown in Figure 1, starting from the top
left corner of the game map (“Enter If You Dare”) and finishing at the bottom left corner (“Fire the
Cannon”). Each mini-game consisted of two rounds, for a total of 48 rounds, with different question
content each round but similar game play mechanics. The non-game tutor featured an identical problem
set, with 48 rounds, but the problems were displayed in a standard tutor interface, without any fantasy
settings or embellishment seen in the Game condition.

The Fall 2017 study (Nguyen et al., 2018) was motivated by whether agency — a key aspect in
many computer games — is helpful to learning. While many learning platforms have given students
agency over instructionally irrelevant choices — such as customizing game icons (Cordova & Lepper,
1996) and personalizing the interface (Snow et al., 2015) — as a simple way of applying gamification, in
this study, Nguyen and colleagues (2018) sought to examine agency in a more meaningful context, both
for learning and for playing, by letting students decide which order of mini-games to play and when to
stop playing. In particular, the study involved two conditions: Low Agency and High Agency. The Low
Agency condition featured the base game used in the Fall and Spring 2015 studies, where students played
through 48 rounds of mini-games in a fixed order. On the other hand, the High Agency condition gave
students the option to play the mini-games in any order, and to finish the game any time after having
completed 24 mini-game rounds.

The Spring 2018 study (Harpstead et al., 2019) was conducted to further examine the effect of
agency in Decimal Point. This study built on the concepts of self-determination (Reeve et al., 2003) and
contextual autonomy (Deterding, 2016), which posit that situational contexts from unrelated design
choices may diminish students’ feeling of having control and, in turn, their agency. In the context of the
game Decimal Point, the dashed line on the game map (Figure 1) may be an indirect control factor that
prompted students to follow the canonical mini-game sequence, even when they were given agency over
mini-game selection. To test this hypothesis, Harpstead and colleagues (2019) designed three study
conditions: Low Agency, High Agency and High Agency without Line. The first two conditions were
identical to those used in the Fall 2017 study, while the third was a variant of the High Agency condition
without the dashed line on the map.

The Fall 2019 study (Hou et al., 2020) was designed to examine the adoption of open learner
models (Bodily et al., 2018; Bull, 2020), which are commonly used in intelligent tutoring systems to
promote self-regulated learning. Towards understanding whether maximizing enjoyment is helpful to
learning, the study also introduced a novel concept of an open enjoyment model. In particular, the study
involved a learning-oriented version and an enjoyment-oriented version of Decimal Point. In the learning-
oriented version, students saw an open learner model that displayed their current mastery of each of the
five decimal skills in Table 1; this data was computed based on their performance on the mini-game
rounds completed so far. In the enjoyment-oriented version, students instead saw a dashboard that showed
how much they enjoyed the mini-games associated with each decimal skill; this data was computed based
on the enjoyment rating (from 1 star to 5 stars) that they submitted after completing each mini-game,
using an established survey format called the “fun-o-meter” (Read & MacFarlane, 2006). There was also
a control condition identical to the High Agency version used in the Fall 2017 and Spring 2018 studies.

In this paper we focus on students’ behaviors during the mini-games and on self-explanation
prompts, which did not change across all of these experiments. Demographic information about the



participants in each study is reported in Table 2. Here the initial sample size denotes the original number
of students enrolled in the study, while the final sample size indicates the number of students used for
data analysis; we excluded those who did not complete all study materials or were outliers in their
learning gains or delayed learning gains (more than 2.5 standard deviations away from the mean). In the
Spring and Fall 2015 study, we also excluded all students in the Non-game condition, as our analysis
focuses on the gender effects of the game.

Table 2. Participants and final sample in each study.

Study Initial sample size | Final sample size Age M (SD)

Spring and Fall 2015 | 213 70 (31 males, 39 females) 11.36 (0.48)

Fall 2017 197 158 (81 males, 77 females) 11.15 (0.60)

Spring 2018 287 237 (107 males, 130 females) | 11.85 (0.47)

Fall 2019 196 159 (82 males, 77 females) 10.93 (0.64)

Totals 893 624 (301 males, 323 females) | 11.39 (0.68)
RESULTS

Spring and Fall 2015 Studies

McLaren et al. (2017a) reported that the game led to significantly more learning and enjoyment than the
conventional tutor, but did not consider any comparison between male and female students. A post-hoc
analysis on this study by McLaren, Farzan et al. (2017b) showed two results related to the game’s gender
effect. First, both male and female students in the Game condition had higher posttest scores than their
Non-game counterparts, but the effect size for female students was larger. Second, while male students in
both conditions performed similarly on the delayed posttest, female students performed significantly
better under the Game condition. These results were the first to indicate that the learning benefits from
playing Decimal Point were greater for female students than for male students. Our analysis seeks to
elucidate this effect by considering, among only students who played the game, whether female students
learned more than male students. Additionally, McLaren, Farzan et al. (2017b) did not point to which
aspect of the game may have led to the observed outcomes; in the research reported in this paper, we also
examine potential gender differences in game play and self-explanation behavior, as a means of better
understanding the observed gender effect on learning.

RQ1: Is there a difference in learning outcomes between male and female students?

Table 3 shows the results of one-way ANOV As comparing pretest scores, learning gains and delayed
learning gains between male and female students at each transfer level. We observed that at pretest, there
were no significant differences in performance. After playing the game, female students trended toward
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larger learning gains and delayed learning gains than male students at all three transfer levels; however,
none of the comparisons yielded statistically significant differences.

Table 3. Comparison of test performance by gender at each transfer level.

Category Transfer Male M (SD) Female M (SD) | Statistical result

Pretest score Near 12.097 (5.896) | 11.154 (4.760) F(1, 68) = 0.548, p = .461, 5,>= .008
Middle 3.484 (2.096) 3.744 (2.022) F(1, 68)=0.276, p = .601, 1,2 = .004
Far 11.542 (4.296) | 10.795 (3.988) F(1,68)=0.437, p = 511, 5, = .006

Learning gains | Near 4.065 (4.553) 4.410 (4.381) F(1, 68)=0.104, p = 748, n,* = .002
Middle 0.484 (1.411) 0.846 (1.954) F(1,68)=0.753, p = .389, 5, = .011
Far 1.452 (3.576) 1.949 (3.244) F(1, 68)=0.370, p = .545, n,”= .005

Delayed Near 4452 (4.114) 5.179 (4.352) F(1,68)=0.507, p = .479, n,” = .007

learning gains
Middle 0.742 (1.879) 1.308 (1.922) F(1,68)=1.527, p = 221, 5,2 = .022
Far 2.194 (3.331) 2.667 (3.279) F(1, 68) =0.355, p = .554, 5,2 = .005

RQ2: Is there a difference in game play behavior between male and female students?

A one-way ANOVA showed a marginally significant difference in game duration per round in minutes,
F(1,68)=3.977, p = .050, ,2 = 0.055, between male (M = 1.355, SD = 0.513) and female students (M =
1.629, SD = 0.613), with male students spending less time playing the game. There were no significant
differences in the number of game errors per round, (1, 68) = 0.001, p =.978, 5,> < 0.001, between male
(M =2.922, SD = 2.669) and female students (M =2.936, SD = 1.641)

RQ3: Is there a difference in self-explanation behavior between male and female students?

A one-way ANOVA showed no significant differences in self-explanation duration per round in minutes,
F(1,68)=1.046, p = .310, n,2 = 0.015, between male (M = 0.319, SD = 0.092) and female students (M =
0.340, SD = 0.079). However, there was a significant difference in the number of self-explanation errors
per round, F(1, 68) =5.045, p =.028, 5,* = 0.069, where male students (M = 0.813, SD = 0.302) made
more errors than female students (M = 0.639, SD = 0.337).

Fall 2017 Study

Results from this study indicated that there were no significant differences in learning outcomes and
enjoyment between the Low Agency and High Agency conditions (Nguyen et al., 2018). A post-hoc
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analysis by Nguyen et al. (2018) also showed that most students in the High Agency condition still
followed the canonical mini-game ordering, which might explain why their learning and game experience
was similar to that of students in the Low Agency condition. Here we compare how male and female
students played and learned from the game in this study, which has not been previously reported.

RQ1: Is there a difference in learning outcomes between male and female students?

Table 4 shows the results of one-way ANOV As comparing pretest scores, learning gains and delayed
learning gains between male and female students at each transfer level. We observed that male students
trended towards outperforming female students at all three transfer levels at pretest, especially at the near
transfer level, where the difference was significant. However, after playing the game, female students
achieved significantly higher learning gains and delayed learning gains at the far transfer level. At the
same time, we found that male students trended toward higher learning gains and delayed learning gains
than female students at the middle transfer level, where the difference in delayed learning gains was
marginally significant.

Table 4. Comparison of test performance by gender at each transfer level, where shaded rows highlight

key differences.

Category Transfer Male M (SD) Female M (SD) | Statistical result

Pretest score Near (*) 13.642 (4.978) | 11.935 (5.247) F(1,156) = 4.403, p = .037, 5,2 =.027
Middle 4.580 (2.024) 4.403 (2.363) F(1,156) = 0.258, p = .612, 5,2 =.002
Far (7) 13.642 (5.283) | 12.195 (4.888) F(1,156) = 3.185, p = .076, ,> =.020

Learning gains | Near 3.099 (3.942) 3.909 (4.265) F(1,156) = 1.540, p = 216, 1,* =.010
Middle 0.407 (1.523) 0.299 (1.598) F(1,156) =0.192, p = .662, 1,> =.001
Far (*) 0.840 (2.648) 1.818 (3.077) F(1,156) =4.507, p = .033, 5,2 =.029

Delayed Near 2.938 (4.041) 3.896 (3.926) F(1,156) =2.280, p = .133, 5,2 =.014

learning gains
Middle (¥) | 0.630 (1.427) 0.156 (1.679) F(1,156) = 3.666, p = .057, 1,2 =.023
Far (*) 1.593 (3.089) 2.714 (3.634) F(1,156) = 4.384, p = .038, 5,2 =.027

(Dp<-1;(9p<.05

RQ?2: Is there a difference in game play behavior between male and female students?

A one-way ANOVA showed a significant gender difference in game duration per round in minutes, F(1,
156) =11.727, p = .001, ,* = 0.086, where male students (M = 0.786, SD = 0.475) spent less time playing
the game than female students (M = 1.131, SD = 0.766). There was also a significant gender difference in
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number of game errors per round, F(1, 156) =7.16, p = .008, 7,> = 0.044, where male students (M =
1.784, SD = 1.382) had fewer errors than female students (M = 2.538, SD =2.101).

RQ3: Is there a difference in self-explanation behavior between male and female students?

A one-way ANOVA showed a marginally significant gender difference in self-explanation duration per
round in minutes, F(1, 156) =3.072, p = .082, 5, = 0.019, between male (M = 0.421, SD = 0.140) and
female students (M = 0.458, SD = 0.120), with female students trending toward longer self-explanation
times. Additionally, there was a significant difference in number of self-explanation errors, F(1, 156) =
5.735, p = .018, 5, = 0.035, where male students (M = 0.661, SD = 0.458) made significantly more errors
than female students (M = 0.505, SD = 0.354).

Spring 2018 Study

Results from this study indicated that removing the dashed line led to students exercising more agency,
measured by deviation from the canonical path, and achieving higher learning efficiency (Harpstead et al.,
2019). Here we compare how male and female students played and learned from the game in this study,
which has not been previously reported.

RQ1: Is there a difference in learning outcomes between male and female students?

Table 5 shows the results of one-way ANOV As comparing pretest scores, learning gains and delayed
learning gains between male and female students at each transfer level. We observed that male students
trended towards outperforming female students at all three transfer levels at pretest, especially at the near
transfer level, where the difference was significant. However, after playing the game, female students
trended toward higher learning gains and delayed learning gains at all transfer levels, with female students
performing significantly better than male students on the near- and middle-level items of the posttest.

Table 5. Comparison of test performance by gender at each transfer level, where shaded rows highlight
key differences.

Category Transfer Male M (SD) Female M (SD) | Statistical result

Pretest score Near (*) 14.561 (4.717) | 12.831 (4.863) F(1,235)=17.632, p = .006, 1,°=.031
Middle 5.299 (1.889) 5.008 (2.021) F(1,235)=1.293, p = 257, 1,2 =.005
Far 13.738 (5.370) 13.215 (5.294) F(1,235)=0.565, p = .453, 1,2 =.002

Learning gains | Near (*) 2.364 (3.859) | 3.615(3.771) F(1,235)=6.322, p = .013, 1,2=.026

Middle (*) | -0.121 (1.821) | 0.469 (1.653) F(1, 235) = 6.839, p = .009, 1,2=.028

Far 1.168 (3.374) | 1.477 (3.346) F(1, 235) = 0.496, p = .482, 1,2=.002
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Delayed Near (7) 2.860 (3.930) 3.877 (4.137) F(1,235)=3.711, p = .055, ,>=.016
learning gains

Middle 0.252 (1.828) | 0.615 (1.668) F(1,235)=2.550, p = .112, ,>= 011

Far 1.458 (3.653) 1.923 (3.523) F(1,235)=10.989, p = .321, ,>=.004

(Hp<.1;(*)p<.05

RQ?2: Is there a difference in game play behavior between male and female students?

A one-way ANOVA showed no significant differences in game duration per round in minutes, F(1, 235)
=1.064, p =.303, 5,> = 0.007, between male (M = 0.507, SD = 0.365) and female students (M = 0.558, SD
=0.390). Similarly, there were no significant differences in number of game errors per round, F(1, 235) =
0.235, p =.628, 1,> = 0.001, between male (M = 1.391, SD = 1.357) and female students (M = 1.481, SD =
1.469).

RQ3: Is there a difference in self-explanation behavior between male and female students?

A one-way ANOVA showed no significant gender differences in self-explanation duration per round in
minutes, F(1, 235)=0.636, p = .426, 5, = 0.003, between male (M = 0.383, SD = 0.113) and female
students (M = 0.394, SD = 0.100). However, there was a significant gender difference in self-explanation
errors per round, F(1,235)=11.391, p =.001, 7,* = 0.046, where male students (M = 0.692, SD = 0.518)
made significantly more errors than female students (M = 0.495, SD = 0.381).

Fall 2019 Study

Results from this study indicated no differences in learning between students in the three conditions —
Learning-oriented, Enjoyment-oriented, and Control — although there were differences in game play
patterns, where students exposed to the learning-oriented dashboard replayed more mini-game rounds
than those in the enjoyment-oriented version (Hou et al., 2020). The authors also investigated gender
differences in learning and reported that female students had higher learning gains than male students at
the near and mid transfer levels, but did not examine gender differences in game play, which we analyzed
and report here.

RQ1: Is there a difference in learning outcomes between male and female students?

Hou et al. (2020) have reported the results of this research question, which we include here for
completeness. Table 6 shows the results of one-way ANOV As comparing pretest scores, learning gains
and delayed learning gains between male and female students at each transfer level. Male students
performed marginally better than female students on the near transfer level of the pretest, but female
students demonstrated significantly larger learning gains on the near- and middle-level items on the
immediate test and near-level items on the delayed posttest.

Table 6. Comparison of test performance by gender at each transfer level, where shaded rows highlight
key differences.

Category Transfer Male M (SD) Female M (SD) | Statistical result
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Pretest score Near (7) 12.049 (4.693) | 10.649 (4.542) F(1, 157) = 3.643, p = .058, 1,>=.023
Middle (*) 3.500 (2.074) 2.831(1.902) F(1,157)=4.474, p = .036, 1,>=.028
Far 9.793 (4.786) 10.740 (4.747) F(1,157)=1.569, p = 212, ,>=.010
Learning gains | Near (*) 2.354 (3.368) 3.419 (3.530) F(1, 157) =4.541, p = .035, ,°=.028
Middle (*) 0.280 (2.405) 1.065 (2.142) F(1, 157) =4.695, p = .032, ,>=.029
Far 1.683 (2.893) 1.636 (3.967) F(1, 157) = 0.007, p = .932, 1,> < .001
Delayed Near (*) 3.061 (2.954) 4.091 (3.514) F(1, 157) =4.020, p = .047, n,>=.025
learning gains
Middle 0.232 (2.593) 0.883 (2.6006) F(1,157)=2.495,p = .116, ,>=.016
Far 2.488 (3.639) 2.714 (3.821) F(1,157)=0.147, p = .702, ,>=.001

() p<.1; (*)p<.05

RQ?2: Is there a difference in game play behavior between male and female students?

A one-way ANOVA showed no significant gender difference in game duration per round in minutes, F(1,
157)=1.215, p=.272, 5,* = 0.019, between male (M = 1.009, SD = 0.834) and female students (M =
1.142, SD = 0.678). There were no significant differences in average game errors per round, F(1, 157) =
0.148, p =0.701, ,* = 0.001, between male (M = 2.367, SD = 2.580) and female students (M = 2.233, SD
=1.688).

RQ3: Is there a difference in self-explanation behavior between male and female students?

A one-way ANOVA showed a significant gender difference in self-explanation duration per round in
minutes, F(1, 157) = 14.355, p <.001, 5,* = 0.084, where male students (M = 0.369, SD = 0.109) spent
less time on self-explanation questions than female students (M = 0.449, SD = 0.153). There was also a
significant gender difference in self-explanation errors per round, F(1, 157) = 8.204, p = .005, 5,> = 0.05,
with male students (M = 0.868, SD = 0.397) making more errors than female students (M = 0.681, SD =
0.428).

Result Summary and Post-hoc Analyses

In general, analyses across the four studies demonstrated consistent trends revealing gender differences in
performance, time spent, and error rates. Table 7 summarizes all of the gender comparisons in the
previous four studies. For RQ1 -- whether male and female students had different learning outcomes -- we
observed that, across all four studies and three levels of transfer learning, male students tended to perform
better than female students at pretest, but female students often had higher learning gains and delayed
learning gains. This pattern is especially consistent at the near transfer level, where we also see the most
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frequent occurrences of significant gender differences. For RQ2 -- whether male and female students had
different game play behaviors -- our analyses showed that female students spent consistently more time
than male students on game play across studies. Female students also mostly had higher game errors, but
often not significantly so. For RQ3 -- whether male and female students had different self-explanation
behaviors -- we saw that male students had either lower or similar self-explanation durations, compared to
female students. However, there is a notable difference in the average number of self-explanation errors:
male students made significantly more self-explanation errors than female students in every study of
Decimal Point.

Table 7. Summary of learning, game play and self-explanation comparisons by gender across studies,
where shaded rows highlight key differences. The value in each cell indicates which gender had higher
outcomes in the corresponding category (M for male and F for female).

Category SF15(n="70) | F17 (n=158) | S18 (n=237) | F19 (n =159)
Learning
Pretest - Near transfer M M (*) M (*) M (1)
Pretest - Middle transfer F M M M (*)
Pretest - Far transfer M M (7) M F
Learning gains - Near transfer F F F (*) F (*)
Learning gains - Middle transfer F M F(®) F(®)
Learning gains - Far transfer F F(®) F M
Delayed learning gains - Near transfer F F F (*) F (*)
Delayed learning gains - Middle transfer F M (7) F F
Delayed learning gains - Far transfer F F(®) F F
Game play
Game duration F () F (*) F F
Game errors F F(®) F M
Self-explanation
Self-explanation duration F F () M F (*)
Self-explanation error M (*) M (*) M (*) M (*)

() p<.1; (*)p<.05

The fact that male students spent lower or similar amounts of time on the self-explanation activities but
made significantly more errors than female students could indicate that they may have been more careless
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in answering self-explanation questions, or “gamed” the questions (i.e., quickly selected the options until
they got the correct answer), which in turn could have contributed to their lower learning gains. To test
this hypothesis, we computed a new metric called self-explanation error rate, which is the total number
of self-explanation errors divided by the total time spent on self-explanation activities, across the
student’s entire playthrough. A higher metric value indicates that the student made errors at a faster rate,
which could be considered an indication of greater carelessness or gaming. We then constructed two
mediation models with gender as an independent variable (where male is coded as 0 and female as 1),
self-explanation error rate as a mediator, and near transfer learning gain / delayed learning gain as the
dependent variable. Here we only consider learning gains at the near transfer level because this level led
to the most consistent gender differences, as previously described. The confidence interval of the indirect
effect was estimated at the 0.05 significance level via bias-corrected non-parametric bootstrapping with
2000 iterations (Hayes & Rockwood, 2017; Vallat, 2018). For significant mediation effects, we reported
the effect size via the absolute ratio of the indirect to the total effect, i.e., the mediation ratio, which
indicates the proportion of total effect which is mediated (Preacher & Kelley, 2011). We report the result
of this analysis on each of the four Decimal Point studies below.

Spring and Fall 2015 Studies

Our mediation models indicated no significant mediation effect of self-explanation error rate in the
relationship between gender and near transfer learning gain (ab = 0.222, 95% CI [-0,107, 1.148], p
=.348) or near transfer delayed learning gain (ab = 0.137, 95% CI [-0.153, 0.969], p = .525). In each
model, the total effect, without accounting for the mediator, was likewise not significant: ¢ =-0.346, p
=748 for the near transfer learning gain model, and ¢ =-0.728, p = .479 for the near transfer delayed
learning gain model.

Fall 2017 Studies

Our mediation models indicated that the effect of gender on near transfer learning gain was mediated by
error rate (Figure 3). The regression coefficient between gender and error rate was significant, as was the
regression coefficient between error rate and near transfer learning gain. The bootstrap procedures also
indicated a significant indirect effect (ab = 0.473, 95% CI [0.151, 0.942], p = .013), with a mediation ratio
0f'10.473 / -0.810| = 58.4%. Similarly, the effect of gender on near transfer delayed learning gain was also
mediated by self-explanation error rate, with a significant regression coefficient between self-explanation
error rate and near transfer delayed learning gain. Results of the bootstrapping procedures showed a
significant indirect effect (ab = 0.437, 95% CI [0.153, 0.890], p = .013), with a mediation ratio of |0.437 /
-0.958| = 45.62%.
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Self-explanation error rate
{(Mediator)

a=0.012 (*),

b=40.198 (%),
R? = 042 :

Gender Near transfer learning gain
Ind dent D dent
(Independent) ab+ ¢ = —0.810, (Dependent)

ab = 0.473 (*)

Self-explanation error rate
(Mediator)

1

b= 37.101 (*)
R? = 082

a=0.012 (*),
R? = 042

Gender Near transfer de-
> layed learning gain
Independent
(Indep J ab + ¢’ = —0.958, (Dependent)

ab = 0.437 (*)

Figure 3. Diagram of the mediation model for near transfer learning gain (top) and delayed learning
gain (bottom) in the Fall 2017 study. (*) indicates significance at the 0.05 level.

Spring 2018 Study

Our mediation models indicated that the effect of gender on near transfer learning gain was mediated by
error rate (Figure 4). The regression coefficient between gender and error rate was significant, as was the
regression coefficient between error rate and near transfer learning gain. The bootstrap procedures also
indicated a significant indirect effect (ab = 0.384, 95% CI [0.133, 0.732], p <.001), with a mediation ratio
0f'10.384 /-1.251| = 30.7%. Similarly, the effect of gender on near transfer delayed learning gain was also
mediated by self-explanation error rate, with a significant regression coefficient between self-explanation
error rate and near transfer delayed learning gain. Results of the bootstrapping procedures showed a
significant indirect effect (ab = 0.432, 95% CI [0.145, 0.814], p <.001), with a mediation ratio of |0.432 /
-1.017] = 42.5%.
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Self-explanation error rate
(Mediator)

a=0.014 (*),
R? = 051

b = 27.560 (*),
R? = 072

Near transfer de-
> layed learning gain
ab+ ¢ = —1.251, (Dependent)

Gender
(Independent)

ab = 0.384 (%)

Self-explanation error rate
(Mediator)

a=0.014 (*),
R? = 051

b= 31.022 (*),
R? = 068

Near transfer de-
> layed learning gain
ab+ ¢ = —1.017, (Dependent)

ab = 0.432 (%)

Figure 4. Diagram of the mediation model for near transfer learning gain (top) and delayed learning
gain (bottom) in the Spring 2018 study. (*) indicates significance at the 0.05 level.

Gender
(Independent)

Fall 2019 Study

Our mediation models indicated no significant mediation effect of self-explanation error rate in the
relationship between gender and near transfer learning gain (ab = -0.068, 95% CI [-0,495, 0.282], p
=.725) or near transfer delayed learning gain (ab = -0.205, 95% CI [-0.640, 0.136], p = .289). However,
in each model, the total effect, without accounting for the mediator, was significant: ¢ = 1.166, p = .035

for the near transfer learning gain model, and ¢ = 1.030, p = .047 for the near transfer delayed learning
gain model.

DISCUSSION

In summary, our classroom studies with the digital learning game Decimal Point over a period of four
years have identified consistent gender differences in students’ learning outcomes and self-explanation
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behaviors. First, female students under-performed compared to male students on the pretests but out-
performed male students in learning gains and delayed learning gains. This result did not reach
significance every year, but consistently emerged as a strong trend, especially at the near transfer level,
which is closest to the game’s learning content. Second, female students made fewer errors than male
students on self-explanation questions, though not during the problem-solving portion of gameplay. This
difference was significant in all four studies. In addition, the self-explanation error rate (total number of
self-explanation errors divided by total self-explanation duration) was a significant mediator of the
relationship between gender and learning gains at the near transfer level in the Fall 2017 and Spring 2018
study. These findings are striking, given that the game’s amusement park theme and learning activities
were designed to be gender-neutral, rather than to align with a specific gender’s preferences (Anonymous
authors, 2014). While the effect sizes of our gender comparisons are small, the consistent trend is
noteworthy and could point to an important game design feature that may be leveraged in future work to
further support female students’ learning and bridge the gender gap in math education. We elaborate on
these implications below.

Our observation of male students having higher pretest scores is consistent with prior literature
demonstrating male students’ tendency to do better at math than female students in late elementary and
early middle school (Robinson & Lubienski, 2011). However, the fact that female students had
consistently higher learning gains and delayed learning gains is an important pattern. Notably, this pattern
was not due to the ceiling effect, as both male and female students’ average posttest and delayed posttest
scores were in the range of 30-40 (out of 52 possible points), indicating that they still had room for
improvement. Rather, this result can be attributed to the game’s learning benefits, which helped female
students catch up with their male counterparts in math performance after playing. In turn, our work
contributes to the body of research showing that digital learning games can lead to gender differences in
learning outcomes that favor female students (Adamo-Villani et al., 2008; Chung & Chang, 2017; Joiner
et al., 2011; Khan et al., 2017; Klisch et al., 2012). However, as other learning game studies have reported
no gender differences (Chang et al., 2014; Clark et al., 2011; Dorji et al., 2015; Manero et al., 2016;
Papastergiou, 2009), we also set out to explore why Decimal Point was more beneficial for female
students.

Our first conjecture was that female students learned more because they approached the self-
explanation questions more carefully and deliberately. In contrast, male students had significantly higher
error rates, which might be due to their carelessness or gaming of the questions (i.e., they may have
selected all of the multiple-choice options rapidly until arriving at the correct answer). Given that self-
explanation is an established instructional technique for promoting deep learning and transfer (Chi et al.,
1994; Wylie & Chi, 2014), it is not surprising that self-explanation behaviors are associated with
differences in learning outcomes (Richey & Nokes-Malach, 2015). This connection is partially supported
by our post-hoc analysis, which reveals a significant mediation effect of the self-explanation error rate in
two out of four studies of Decimal Point. Although some have speculated that young girls’ more rapid
development of verbal learning strategies might give them an advantage over boys when learning from
self-explanation (Nikolaenko, 2005; Stevenson et al., 2009), much of the prior literature examining self-
explanation interventions did not report on gender differences (Bisra et al., 2018; Durkin, 2011; Rittle-
Johnson, 2006). One prior study testing this idea with 7- to 9-year-olds found significant gender
differences in learning through self-explanation, where female students performed better than male
students if no feedback was provided (Stevenson et al., 2009), but more research is needed to understand
whether this is a robust effect and whether it persists among older children and adults. Therefore, our
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results raise the need to further explore the connection between gender, self-explanation behaviors and
learning outcomes in future studies of Decimal Point, as well as learning games in general (Johnson &
Mayer, 2010; Mayer & Johnson, 2010).

A second hypothesis is that learning math in a game context reduces the math saliency of the
content, thus decreasing the likelihood of triggering anxiety about math performance in female students
(Doyle & Voyer, 2016; Nguyen & Ryan, 2008; Picho et al., 2013; Spencer et al., 1999). By reducing
female students’ stereotype threat-triggered anxiety, games may free up more working memory space for
learning about mathematical concepts and, as a result, allow female students to catch up to male students
on the posttest despite typically receiving lower scores on the pretest (Godollei Lappalainen, 2017,
Sitzmann, 2011). If the game affords female students a greater opportunity to correct misconceptions and
build knowledge about decimal number operations than they experience with more typical instruction,
this feature might explain why female students were more thoughtful on self-explanation questions,
spending more time on them and making fewer errors. Future research may test this hypothesis by
measuring students’ anxiety as a means of assessing the impact of stereotype threat. If stereotype threat
was reduced for female students in Decimal Point compared to a non-game version, we would expect
female students to report higher anxiety than male students in the non-game version but similar or lower
levels of anxiety in the game. Measures of anxiety would also allow us to examine whether male students
felt anxious about the self-explanation questions, given that they tended to have lower language skills
than female students at the middle school level (Park et al., 2007; Stevenson et al., 2009). This anxiety, if
present, would help explain the higher error rates in self-explanation questions observed among male
students in our studies.

An opposite trend was observed in the problem-solving activities in the game (e.g., Figure 2a),
where female students tended to spend more time and make more errors than male students, although not
significantly so. This difference can be attributed to female students’ lower prior knowledge, causing
them to struggle more with the learning content in the game. However, their struggles may turn out to be
beneficial, as prior studies have shown that the emotions students feel while struggling, namely confusion
and frustration, were positively correlated with learning outcomes (D’Mello et al., 2014; Lehman et al.,
2013). From our studies, we indeed observed that female students were able to acquire higher learning
gains after game play. When examining the role of the problem-solving activities in inducing this effect,
we note that these activities are where the game’s fantasy settings and narratives emerge most strongly.
For example, while playing the mini-game in Figure 2a, students would get to interact with different
objects representative of the Wild West theme and receive occasional feedback from their alien friends.
This immersive experience could lead students to attribute any negative emotion while playing, such as
anxiety and frustration, to the game environment, rather than the task content (Holmes et al., 2019). Thus,
when facing similar tasks in the posttest and delayed posttest, without the surrounding game context,
students — especially female students — could tackle them more comfortably than they did in the pretest.

Taken together, our findings suggested several mechanisms through which learning games can
bridge the gender gap in middle-school math education. First, females demonstrated better learning with
self-explanation than males, which could potentially lead to their higher learning gains. Second, the
informal game context could reduce the stereotype threat that female students face while studying math.
Third, the immersive game themes and narratives could offset the negative emotions that students may
experience during the learning process. Most notably, while these mechanisms appear to have stronger
effects on females than males, they have the potential to benefit both genders alike. In other words,
promoting female students’ math learning does not need to be at the expense of male students. Rather
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than catering the game to a specific population’s preferences, learning game researchers could employ
inclusive mechanisms that both support every student and narrow the existing gap in learning outcomes.
Through this work, we propose three such mechanisms — self-explanation, informal context and
immersion — which merit additional validation and extension at a larger scale in other learning domains.

LIMITATIONS AND FUTURE WORK

One issue with our research -- and, in fact, with much of research that investigates the impact of
educational technology on gender -- is that the conventional binary classification of gender (male versus
female) does not account for the spectrum of variance in gendered behavior (Hyde et al., 2019). Some
research in gender studies has moved towards a multi-dimensional gender framework that also
incorporates gender identity, typicality, occupational interests, activities and traits (Egan & Perry, 2001;
Liben & Bigler, 2002; Martin et al., 2017). Collecting these attributes via pre-intervention surveys would
allow us to build a more holistic and individualized profile for each student, thereby allowing deeper
studies of which gender dimensions and game features best predict learning outcome, how they interact,
and how they are mediated by different cognitive processes. The above attributes are also critical in
implementing real-time adaptivity within the game, which is a prominent area at the intersection of Al
and education, and has been explored in a previous study of Decimal Point (Hou et al., 2022). We could
then derive principles for how to design digital learning games for all students, with the intention of
ultimately generalizing our findings across different learning games.

In addition, future studies of Decimal Point would benefit from having a unified method of
collecting engagement and affect data, in order to more deeply explore and compare each gender’s
affective and cognitive processes, self-reported feelings, step-by-step actions, and learning outcomes. To
this end, we could build machine-learned detectors for engaged concentration, delight, boredom, and
behavioral measures of disengagement (e.g., gaming the system, careless errors, behavior not aimed at
completing the learning task; Baker & Ocumpaugh, 2015; Baker et al., 2010; D’Mello, 2013; Shute et al.,
2015). We will also assess, at a more fine-grained level, self-reported engagement (Ben-Eliyahu et al.,
2018) and situational interest (Linnenbrink-Garcia et al., 2010). If female students found the game more
engaging than male students, we would expect that female students would experience greater engaged
concentration, delight, and interest, in addition to less boredom and disengagement, compared to male
students. We also expect these measures to partially mediate the relation between gender and learning
gains. More generally, identifying whether each gender experiences a different affective state, and how it
influences their learning experience, is an important step towards building an effective learning game for
bridging the gender gap in mathematics motivation and performance.

Finally, while our work has identified the gender differences in learning and self-explanation
across four Decimal Point studies, we found that not all patterns were consistent across studies. The Fall
and Spring 2015 studies, in particular, suffered from a small sample size (n = 70) and did not yield any
significant results. Having more replication studies in the future with larger sample sizes would help
reinforce the game’s gender effect and provide more insights into which game elements are conducive to
this effect. We envision that Decimal Point will help foster positive math affect among girls, which can
offset the gender stereotypes that impact students’ learning trajectories (Cvencek et al., 2011; Nosek et
al., 2002) and, in the long term, broaden STEM participation (Bian et al., 2017; Doyle & Voyer, 2016;
Passolunghi et al., 2014).
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CONCLUSION

In this work, we investigated the differences between male and female students in playing and learning
from the digital learning game Decimal Point, which was developed using a rigorous design process
based on learning science principles. Through analysis of data from four previous classroom studies with
over 600 students, we identified a trend of female students having lower pretest scores but higher learning
gains after game play, especially at the near transfer learning level. This is a highly consistent and
important finding which can be attributed to several factors, including the students’ self-explanation
performance, the game’s fantasy setting, and its effect in reducing math anxiety. In turn, our results
underline the potential of digital learning games in bridging the gender gap in math education, while
raising crucial questions about which game elements are most conducive to the gender effect, and which
dimensions of gender have the most impact in this context. Addressing these questions in future studies is
an important step towards promoting inclusive and effective games for education.
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APPENDIX 1
Table 8. Example test items in test form A and their assigned level of learning transfer.
Level of transfer Question content
Near Select the largest number: 0.22, 0.31, 0.9
Near Select the smallest number: 0.236, 0.14, 0.6
Near Enter the next number in the sequence: 0.201, 0.401, 0.601, 0.801,
Near Order the following numbers from smallest to largest:
0.7,0, 1.0, 0.35
Near Which list shows decimal numbers ordered from largest to smallest?
e 04,0.8,0.22,0.61
e 0.22,04,0.61,0.8
e 0.8,0.61,04,0.22
e 0.8,04,0.22,0.61
Middle Calculate the sum: 0.2 + 0.4 + 0.9
Middle Calculate the sum: 0.387 + 0.05
Middle Calculate the difference: 0.92 - 0.2
Middle Calculate the difference: 0.4 - 0.004
Middle Which of the following numbers is closest to 2.8?
2.6,2.78,2.81,2.88888
Far Is a longer decimal number always larger than a short decimal number?
Far Is a decimal number that starts with 0 smaller than 0?
Far Should you separately add the left and right sides, with no carrying across the decimal
point?
Far Is 786 / 987 smaller than zero, equal to zero, or greater than zero?
Far Which of these two decimals is larger: 0.XY or 0.Y? (Note: X and Y can be 1 through 9)
e 0.XY is always larger
e (.Y is always larger
e Depends on what digits X and Y stand for
e Don’t know
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