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Abstract. Stereotypes about men being better than women at mathematics appear to influence female students’ interest
and performance in mathematics. Given the potential motivational benefits of digital learning games, it is possible that
games could help to reduce math anxiety, increase self-efficacy, and lead to better learning outcomes for female students.
We are exploring this possibility in our work with Decimal Point, a digital learning game that scaffolds practice with decimal
operations for 5th and 6th grade students. In several studies with various versions of the game, involving over 800 students
across multiple years, we have consistently uncovered a learning advantage for female students with the game. In our most
recent investigation of this gender effect, we decided to experiment with a central feature of the game: its use of prompted
self-explanation to support student learning. Prior research has suggested that female students might benefit more from
self-explanation than male students. In the new study, involving 214 middle school students, we compared three versions of
self-explanation in the game — menu-based, scaffolded, and focused — each presenting students with a different type of
prompted self-explanation after they solved problems in the game. We found that the focused approach led to more learning
across all students than the menu-based approach, a result reported in an earlier paper. In the additional results reported in
this paper, we again uncovered the gender effect — female students learned more from the game than male students,
regardless of the version of self-explanation — and also found a trend in which female students made fewer self-explanation
errors, suggesting they may have been more deliberate and thoughtful in their self-explanations. This self-explanation finding
is a possible key to further investigation into how and why we see the gender effect in Decimal Point.
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1. Introduction

Digital games have the potential to be powerful tools for learning, especially in the elementary and middle school
years of education (Mayer, 2019). However, while there is evidence that both female and male students play
digital games, they tend to prefer different kinds of games (Dindar, 2018; Phan et al., 2012). There is also
evidence that female and male students learn differently from digital learning games. In particular, some studies
have shown that digital learning games can be more effective for female students than male students in terms
of learning (A. Khan et al., 2017; Nguyen et al., 2022; Tsai, 2017) and affective outcomes (Arroyo et al., 2013).

While conducting a study exploring the use of different types of prompted self-explanation in the context of a
digital learning game, Decimal Point (McLaren et al., 2022), we also investigated whether the game led to gender
differences, as found in prior studies with the game (Mclaren, Farzan, et al. 2017; Nguyen et al., 2022). Prompted
self-explanation is used to promote learning by encouraging students to self-explain what they are studying or
how they have solved a problem (Wylie & Chi, 2014). Prompted self-explanation has proven to be one of the
most robust and effective learning science principles over decades of research (Darling-Hammond et al., 2020).
Our primary goal in this study was to further explore how prompted self-explanations might support learning
with a digital game.

2. Gender Effects

Although female students have displayed very similar math achievement to male students in some meta-
analyses (Lindberg et al., 2010), they have had worse outcomes among top performers and in advanced
mathematics (Breda et al., 2018; Wai et al., 2010). Female students also generally report lower motivation, math
self-efficacy, and interest than male students while learning mathematics (Ganley & Lubienski, 2016; Hill et al.,
2016). Given that digital learning games often engage learners, they provide a unique opportunity to potentially
increase confidence, motivation, and interest among female students in mathematics and thus better support
their learning.

Despite this promise, research examining gender-based differences in learning games has been mixed. Some
studies suggest that female students have better learning outcomes (A. Khan et al., 2017; Nguyen et al., 2022;
Tsai, 2017) and enjoy and value learning games more than male students (Chung & Chang, 2017; Joiner et al.,
2011). However, other research has found no gender differences in outcomes (Chang et al., 2014; Dorji et al.,
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2015) or even an advantage for male students (Tawfik et al., 2009). Overall, relatively few studies have taken a
rigorous approach (i.e., using a randomized, controlled design) to examine gender differences and learning
outcomes with digital learning games. Even less research has been conducted to identify specific design
elements of learning games that might lead to gender differences.

Differences in game preferences and gaming behaviors may provide clues about the underlying causes of gender
differences in learning outcomes. For instance, while female and male students generally express a similar desire
to play digital games (Hamari & Keronen, 2017), gender differences have emerged in preferences for game type,
speed, and opportunities for social interaction (Aleksi¢ & Ivanovi¢, 2017; Romrell, 2014). In learning games
research, one study showed that female students tend to rank goal clarity and social interaction as more
important, while male students tend to place more importance on challenge, progress feedback, and
competition (Dele-Ajayi et al., 2018). These preferences can produce meaningful differences 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 the learning companion (Arroyo et al., 2013).

Our exploration of gender differences has experimentally tested how different game features affect in-game
behaviors and learning outcomes for female and male students (Nguyen et al., 2020; Richey et al., 2021). This
will hopefully lead to insights as to why Decimal Point has led to gender effects favoring female students. This
paper represents another step in that exploration by focusing on self-explanations, which have sometimes been
hypothesized to support female students more than male students, based on young female students’ verbal
learning skills and higher quality self-explanation responses (Stevenson et al., 2009).

3. Prompted Self-Explanation

Despite contentions that prompted self-explanation within a digital learning game could disrupt game flow
(Killingsworth et al., 2015), induce extraneous cognitive processing (Adams & Clark, 2014; O’Neil et al, 2014), or
lead learners to quickly and shallowly respond (O’Neil et al, 2014), prompted self-explanation has been shown
to support learning within games. For instance, within a middle school fractions game, O’Neil and colleagues
(2014) showed that menu-based self-explanations must be carefully designed and targeted to support learning.
In their game, the self-explanation prompts aimed at helping learners make connections between math and
game terminology were more effective for learning than no self-explanation prompts. However, not all studies
have supported the idea of incorporating self-explanations into digital learning games. In a study with Newtonian
Game Dynamics, Adams and Clark (2014) compared menu-based self-explanation with explanatory feedback
and a control condition with neither self-explanation nor explanatory feedback. They found no learning
differences and, in fact, students in the menu-based self-explanation condition completed fewer game levels
than the condition with no self-explanation or feedback. Thus, this study shows that including prompted self-
explanation in game-based learning is not always beneficial to learning.

Woylie and Chi (2014) argue that the type of prompted self-explanation used in digital learning environments can
explain the seemingly inconsistent learning effects of self-explanation. The authors cast the various forms of
prompted self-explanation that have been used in learning technology and games along a continuum from highly
constrained to unconstrained self-explanations. Some learning technology studies have shown the benefits of
highly constrained self-explanations, which present the learner with a small set of options to choose from (i.e.,
menu-based self-explanations, e.g., Johnson & Mayer, 2010). Highly-constrained self-explanations create the
least cognitive load for learners. Scaffolded self-explanations create a somewhat greater cognitive load by, for
instance, prompting learners to fill in the blanks in an explanation with a set of word options. Creating even
more cognitive load are focused self-explanations, which require learners to write their own explanations but
provide guidance about what to explain, such as prompting learners to explain similarities and differences.
Finally, fully unconstrained self-explanations (i.e., open-ended self-explanations) prompt learners to create their
own explanations without guidance or focus, thus presenting the highest cognitive load to learners.

While the increase in cognitive load might seem more likely to disrupt gameplay and learning, Wylie and Chi
argue that less constrained prompts facilitate more active and constructive engagement, which in turn helps
learners to activate and connect prior knowledge, fill in gaps in their understanding, and ultimately achieve more
robust learning outcomes. It is still unclear whether highly constrained, less demanding self-explanations, which
are less disruptive to game flow but could also be answered in a shallow way, are better for learning in digital
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games than unconstrained, more cognitively demanding self-explanations, which are more disruptive to game
flow but could lead to more constructive engagement. We chose to study menu-based, scaffolded, and focused
self-explanations in this study, sampling across the continuum from highly constrained to unconstrained self-
explanations.

4. The Decimal Point Game

Decimal Point is a single-player, non-competitive game that scaffolds practice of decimal numbers and
operations. The game is based on an amusement park metaphor (See Figure 1) and is targeted at middle-school
students. The student moves to different theme areas (e.g., The Wild West, Jungle Land) playing a variety of
mini-games (e.g., “Western Shooter,” "Jungle Zipline") targeted at common decimal misconceptions. Students
travel through the entire amusement park playing all of the mini-games in sequence.
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Figure 1: The Decimal Point Game Map

An example mini-game is “Jungle Zipline,” shown in Figure 2. This game challenges the student to zipline to trees
labeled with decimal numbers (e.g., 1.0111, 1.31, 1.211, 1.1) in order from largest to smallest. When the student
selects a tree, the character in the mini-game ziplines to the tree and the decimal on that tree is placed at the
bottom of the screen, in left-to-right order. If the learner has made any mistakes in the decimal number order
after ziplining to all of the trees, they are prompted to correct their solution by dragging and dropping the
numbers at the bottom to the correct position. The student continues playing the mini-game until they correctly
order all four of the decimal numbers. In Figure 2, the student is exhibiting the “longer decimals are larger”
misconception by incorrectly ziplining to trees in the order of 1.0111 and 1.211.

After correctly solving two problems within each mini-game, students are prompted to answer a self-explanation
guestion, according to one of three different self-explanation conditions illustrated in Figures 3(a), 3(b), and 3(c).
The prompted self-explanation questions are intended to provide a conceptual foundation to the games’
problem solving. For instance, the self-explanation question of Figure 3(a) probes the misconception that longer
decimals are larger by including the incorrect distractor option, “1.0111 is bigger than 1.1 because it has more
digits to the right of the decimal point.”
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Figure 2: The “Jungle Zipline” mini-game

Figure 3(a): Menu-based self-explanation

Figure 3(b): Scaffolded self-explanation

Figure 3(c): Focused self-explanation

The original version of the game employed the menu-based self-explanation approach of Figure 3(a) and led to
better learning compared to a more conventional, non-game instructional technology (McLaren, Adames, et al.,
2017). All studies of Decimal Point conducted since the initial study have employed the menu-based self-
explanation approach (e.g. Hou et al., 2022; Nguyen et al., 2022), with all leading to successful learning outcomes
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across conditions. In this study we explored whether other forms of prompted self-explanation sampled across
the Wylie and Chi (2014) continuum might also lead to successful learning and whether male and female
students differed in which prompts benefitted them the most.

The three forms of self-explanation we explored were implemented as follows:

e  Menu-based self-explanations (Figure 3(a)): Students were presented with 3 or 4 menu options providing
a conceptual explanation of the correct answer to the problem. At least one incorrect option described
the misconception probed by the problem. This is a highly constrained approach.

e Scaffolded self-explanations (Figure 3(b)): Students were prompted to complete a fill-in-the-blank
explanation using a word bank of 4 or 5 words or phrases. This approach most closely aligns with the
scaffolded approach described by Wylie and Chi (2014) and thus is a moderately constrained approach.

e Focused self-explanation (Figure 3(c)): Students responded to explanation prompts about specific
problems and concepts by filling in an open-text field. To assure that students would expend at least
minimal effort in self-explaining, we required that their self-explanations be at least four words long and
contain at least one of the words from a relevant list (including common misspellings) that would
legitimately be found in a correct explanation. This approach aligns with the focused self-explanations
described in Wylie and Chi (2014) and is minimally constrained.

Across all conditions, students could not proceed until they provided a correct self-explanation or, in the focused
condition, an explanation that met the length and relevance requirements. To control for other differences
across the prompt formats, the prompts were written to be as similar as possible across all three types of self-
explanation. We chose these three forms of self-explanation to sample across the full constraint continuum
while making sure to include the original menu-based approach used in previous versions of the game.

5. Research Question
In this paper we address the following research question:

Is there a gender effect in which female students learn more than male students from the game, and does
the gender effect vary based on type of self-explanation?

This question is motivated by the consistent gender effect that has been uncovered in prior studies with Decimal
Point, regardless of how we have altered the game intervention (McLaren, Farzan, et al. 2017; Nguyen et al.,
2022). Thus, as in these earlier studies, we hypothesized for the present study that female students would learn
more than male students from playing the Decimal Point game. Additionally, given arguments that young female
students might benefit more from self-explanation, based on their more developed verbal learning strategies
and more robust self-explanation responses (Stevenson et al., 2009), we hypothesized that female students’
learning advantages would be more pronounced in the less constrained self-explanation conditions, which rely
more on verbal reasoning.

In an earlier paper regarding the same study reported in this paper (MclLaren et al., 2022), we presented and
discussed the results of other research questions pertaining to the self-explanation aspect of the study. In
particular, we explored which of the forms of prompted self-explanation — menu-based, scaffolded, or focused
— led to the best learning and enjoyment outcomes. We wanted to examine whether any forms of prompted
self-explanation would disrupt game flow, given that engagement has been shown to explain the learning
benefits of Decimal Point compared to a non-game equivalent (Richey et al., 2021). While we focus on the gender
results in this paper, we will also summarize the previously reported results.

6. Methods and Materials

Four schools, 1 rural, 2 suburban, and 1 urban, with a total of 357 5th and 6th grade students participated in the
study during regular class time. One hundred and forty-three students were dropped due to (a) failing to
complete part of the learning materials or any tests or (b) having participated in a study with similar materials
the previous year at one of the schools. Note that the relatively high attrition rate was due, at least in part, to
running the study during the COVID-19 pandemic. Some students participated in person, some at home, and
some in a hybrid format. Of the remaining 214 students, 75 were in the menu-based condition (mean age: 11.6;
females: 39; males: 35; 1 did not respond), 72 were in the scaffolded condition (mean age: 11.6; females: 44;
males: 28), and 67 were in the focused condition (mean age: 11.6; females: 31; males: 36)
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Students completed a decimal pretest, the game intervention according to condition, an immediate posttest, a
guestionnaire, and a delayed posttest administered one week after the posttest. The game intervention included
all 24 mini-games in Decimal Point, with two problems and a prompted self-explanation per mini-game. All
materials were deployed using an Internet-based environment.

Students worked at their own pace during 45-to-55-minute class periods for up to a full week on the pretest,
game, questionnaire, and immediate posttest. Students typically took 3 to 5 days to complete the materials.
Students would log out at the end of each class and were placed in the materials wherever they previously
stopped when logging back in the next time. A week after the immediate posttest, students took the delayed
posttest within one 45-to-55-minute class period.

Each test consisted of 43 items, with scores across these items totaling 52 points. The test items were designed
to probe for decimal misconceptions and involved the decimal skills targeted by the game, as well as conceptual
questions relevant to this content. Three separate test forms that were isomorphic and positionally
counterbalanced across conditions were used.

The questionnaire captured responses on a Likert scale of 1-5 from “strongly disagree” to “strongly agree” and
included items from the Player Experience Inventory (PXI; Abeele et al., 2020), with 3 items each from the
mastery, meaning, and challenge subscales. We also included 3 items targeting affective engagement (e.g., “I
felt bored”) and 3 items targeting behavioral/cognitive engagement (e.g., “I tried out my ideas to see what would
happen), both from Ben-Eliyahu et al.’s (2018) Multidimensional Engagement survey. Finally, we included 5
items adapted from the enjoyment subscale of Pekrun et al.’s (2011) Achievement Emotions Questionnaire (e.g.,
“I looked forward to playing the game”).

7. Results

First, we assessed whether student performance varied based on learning location (in person, remote, or
hybrid). One-way analyses of covariance (ANCOVAs) that controlled for pretest indicated no effect of location
on posttest performance, F(3, 210) = 0.12, p = .89, n?, = .001, or delayed posttest, F(3, 210) = 1.87, p =.16, n?, =
.017. Thus, we did not differentiate based on location in any of our analyses. Further, a one-way analysis of
variance (ANOVA) showed there were no differences in pretest performance based on condition, F(2, 211) =
1.90, p = .15, n?, = .018, indicating that the students across all conditions had the same level of prior knowledge.

Second, we analyzed pretest, posttest, delayed posttest, errors made in problem solving, and time spent in
problem solving per condition. These results are shown in Table 1.

Table 1: The mean and standard deviation of different learning and game play metrics by condition.

* - Significant differences between conditions highlighted with boldface type and asterisk

Menu-based (n = 75) Scaffolded (n = 72) Focused (n =67)
Pretest 26.01 (10.47) 24.63 (10.03) 27.96 (9.69)
Posttest 30.12 (9.58) 30.58 (9.88) 33.69 (9.33)
Delayed posttest (*) 30.55(10.29) 30.97 (10.23) 34.81(9.88)
Problem-Solving errors 75.07 (50.52) 73.22 (46.94) 65.63 (49.67)
Minutes spent in problem solving (*) 62.65 (24.68) 83.76 (27.56) 79.12 (26.09)

In Mclaren et al. (2022), we reported the results of the comparison between the three self-explanation
conditions. In summary, focused self-explanations led to a better learning outcome than menu-based self-
explanations on the delayed posttest, with no other significant learning differences. The menu-based condition
took significantly less time in problem solving than the scaffolded and focused conditions, but there was no
significant difference between conditions on the number of errors during problem solving. Although not shown
in Table 1, the focused condition led to significantly greater feelings of mastery than the menu-based condition,
but there were no significant differences in feelings of mastery between students in the focused condition and
the scaffolded condition. Finally, there was no significant effect of condition on any other questionnaire
measure, indicating that students’ reported experiences of engagement, enjoyment, meaning, and challenge
did not differ based on condition. See the prior paper for further details and discussion of these differences
between self-explanation conditions (McLaren et al., 2022).

344



Bruce M. MclLaren et al

Next, we analyzed data to answer the research question that is the focus of the current paper: whether there
were gender differences in learning with Decimal Point. Across all conditions, female students performed
marginally worse than male students on the pretest, F(1, 211) = 2.96, p = .087, n?, = .014. When controlling for
pretest, female students performed significantly better on both the posttest, F(1, 210) = 8.32, p = .004, n?% =
.038, and delayed posttest, F(1, 210) = 11.25, p = .001, n?, = .051%. Thus, our hypothesis that female students
would benefit more than male students from playing Decimal Point was confirmed.

Table 2: The mean and standard deviation of test performance by gender.

* - Significant differences between female and male students highlighted with boldface type and asterisk

Female students M (SD) N = 114 Male students M (SD) N = 99
Pretest 24.97 (10.13) 27.34(9.93)
Posttest (*) 31.63 (9.54) 30.94 (9.77)
Delayed posttest (*) 32.52(10.50) 31.31(9.97)

To determine whether the different self-explanation conditions benefited female and male students differently,
we also analyzed interactions between gender and self-explanation condition. A series of ANCOVAs controlling
for pretest indicated no significant gender x condition interaction predicting posttest, F(6, 206) = 0.38, p = .687,
n?» = .004, or delayed posttest, F(6, 206) = 1.09, p = .34, n?, = .011. Thus, our hypothesis that the less constrained
self-explanation conditions of Decimal Point would lead to better learning for female students (i.e., Focused >
Scaffolded > Menu-based) was not confirmed.

Because we suspected that how female and male students responded to the self-explanation prompts might
explain differences in learning, we also looked at self-explanation errors made and time spent in self-explanation
per condition (see Table 3). Note first that the number of self-explanation errors possible per condition are on
different scales. In the menu-based condition, there are 3 or 4 multiple-choice options, so students can make at
most 2 or 3 errors per mini-game. In the scaffolded condition, there are several blanks to fill in so students can
make a much larger number of errors per mini-game. In the focused condition, the responses were coded in a
post-hoc manner, so students could make at most 1 error per mini-game.

In the menu-based condition, female students had marginally fewer self-explanation errors than male students,
F(1, 72) = 3.05, p = .08, n?, = 0.04, but female students did not spend significantly more time in minutes than
male students on the self-explanation activities, F(1, 72) = 2.04, p = .16, n?, = 0.03. In the scaffolded condition,
female students and male students did not differ significantly in their number of errors, F(1, 72) =0.20, p = .66, n?%
< 0.01. Female students did not spend significantly more time than male students, F(1, 70) = 0.20, p = 0.65, n% <
0.01. In the focused condition, female students made significantly fewer self-explanation errors than male
students, F(1, 65) = 4.62, p = .04, n?, = 0.07, but female and male students did not differ in time spent on the
self-explanation activities, F(1, 65) = 0.61, p = .44, n?, < .01.

Table 3: The mean and standard deviation of time spent and errors on the self-explanation questions. * -

Significant differences between female and male students highlighted with boldface type and asterisk

Menu-based (n = 74) Scaffolded (n = 72) Focused (n =67)

Female Male Female Male Female Male

Students Students Students Students Students Students

(n=39) (n=35) (n=44) (n=28) (n=31) (n=36)
Self-Explanation Errors 11.95 (7.89) | 15.03 (7.22) |41.98 (32.00) | 45.18 (25.68) | 12.90 (5.23)* | 15.58 (4.96)*
Minutes spent in self-[12.49(2.94) | 11.60 (2.38) |29.65 (12.38) | 28.42 (9.02) | 32.32(11.13) | 35.03 (16.31)
explanation

Finally, we used a series of ANOVAs to test whether male and female students differed in their reported levels
of engagement or enjoyment. Results indicated that students differed by gender only in their self-reported

1 Note that one student in the menu-based condition did not provide gender information and was thus excluded from the
gender-based analyses.
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behavioral/cognitive engagement, with male students (M = 3.36, SD = .80) reporting greater engagement than
female students (M = 3.07, SD =.78), F(1, 211) = 7.08, p = .008, n?, = .032.

8. Discussion and Conclusions

The primary finding reported in this paper is that female students learned more than male students from playing
the Decimal Point game. They had significantly higher performance on both the posttest and delayed posttest,
regardless of the self-explanation version of the game they played. This gender effect is a highly robust finding,
now identified in five separate studies with Decimal Point (Nguyen et al., 2022), including the current one. Note
that this result is not due to a ceiling effect, as the mean posttest scores were in the 30 to 33 range out of a
possible high score of 52.

Why do female students consistently benefit more from the Decimal Point game than male students? In prior
work, we suggested that Decimal Point, which doesn’t display scores or otherwise stress math achievement or
competition, may have engaged female students more than male students (McLaren, Farzan, et al., 2017). Some
prior work has suggested that male students may be more engaged with achievement- and competition-
oriented games (Dele-Ajayi et al., 2018). However, results from the current study indicate that male students
reported greater behavioral and cognitive engagement compared to female students, despite benefitting less
from the game.

Another feature of Decimal Point that may be behind the gender effect is the focus of the current study: self-
explanation. There was no interaction between self-explanation condition and gender, indicating that different
versions of prompted self-explanation did not affect students differently based on gender. This contradicts some
limited prior research suggesting that female students might benefit more than male students from
unconstrained prompts (i.e., the focused self-explanation), given that they may tend to write more thorough
and thoughtful responses (Stevenson et al., 2009). Yet, we still suspected that female and male students
interacted differently with the prompted self-explanations. In particular, we hypothesized that male students
might carelessly and quickly answer the self-explanation prompts more often and thus lose the potential
learning benefit of considering and struggling with the explanations for their answers. We see support for this
in the menu-based and focused conditions, in which female students made fewer errors than male students.
The results of Nguyen et al. (2022) are consistent with these results and also suggest that careless and/or
disengaged behaviors on the self-explanation step may be the key to the learning differences between female
and male students.

Looking forward, there are some exciting new directions for this research. Chief among these is an investigation
of how the game not only differentially interacts with the binary gender of male and female but also how it
interacts with gender typicality and gender-typed occupational interests, activities, and traits (Hyde et al., 2019).
Considering gender in a deeper fashion will allow us to better understand the dimensions of gender and game
features that best predict learning outcomes, how they interact, and which cognitive and affective processes
mediate those effects.

More broadly, we will also seek to investigate whether our findings can be distilled as design principles and
transferred to other games, and whether those games produce a similar advantage for female students. We are
already engaged in a project in which we will experiment with two additional learning games, Angle Jungle (J.
Khan et al., 2017) and Battleship Numberline (Lomas et al., 2013), both of which are also targeted at mathematics
and for roughly the same age group. If we can successfully transfer the features from Decimal Point that lead to
better engagement and learning outcomes to these other games, we will be on a path to better understanding
how equitable learning opportunities can be provided to all learners.
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