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ABSTRACT

Digital learning games can help address gender disparities in math by promoting better
learning experiences and outcomes for girls. However, there is a need for more research to
understand why some digital learning games might be especially effective for girls studying
mathematics. In this study, we assess two possible pathways: that girls might benefit from math
games because they reduce the anxiety and evaluation apprehension that girls are more likely to
experience when doing math; and that girls might benefit from math games when they enjoy
the narrative and thus experience greater engagement. To evaluate these pathways, our work
uses multiple dimensions of gender (e.g., gender identity and gender-typed interests, activities,
and traits) and surveys of affective experiences to examine the impact of three learning systems
with identical learning content: a digital learning game, Decimal Point, that has consistently led
to better learning for girls over boys; a new masculine-typed game, Ocean Adventure, developed
based on a survey of over 300 students; and a conventional tutoring system. We predicted that
girls and students with stronger feminine-typed characteristics would experience less math
anxiety in both Decimal Point and Ocean Adventure compared to the tutor. We also predicted that
girls and students with stronger feminine-typed characteristics would experience greater
engagement and learning with Decimal Point while boys and students with stronger masculine-
typed characteristics would experience greater engagement and learning with Ocean Adventure.
Consistent with predictions, students with stronger feminine-typed characteristics experienced
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less anxiety and evaluation apprehension in both games compared to the tutor. This suggests
that math learning games may provide a way to address these negative affective experiences. In
terms of our measures of engagement, we found that students with stronger masculine-typed
characteristics reported greater experience of mastery in the masculine Ocean Adventure;
however, this was the only indicator that the more masculine narrative of Ocean Adventure led to
different experiences based on gender. This suggests that narrative alone may not have a strong
enough effect on students based on gender, especially when other game features are kept
constant. Contrary to our predictions, there were no effects of gender identity or condition on
learning outcomes, although both masculine-typed and feminine-typed characteristics were
negatively associated with learning. Overall, these results point to the value of a multi-dimen-
sional model of gender in assessing learning with a game, the important role learning games
can have in reducing math anxiety and evaluation apprehension for girls and students with
feminine-typed characteristics, and the nuanced effects of game narratives on experiences with
game-based learning.

INTRODUCTION

Digital learning games are instructional platforms that allow students to both engage playfully
and learn (Gee, 2007; Mayer, 2014, 2019). In recent studies, some learning games have been
shown to be more effective for girls than for boys, both in terms of learning and affective
outcomes (Arroyo et al., 2013; McLaren et al., 2022; McLaren, Farzan, et al., 2017; Nguyen et al.,
2022). These results suggest that games may be particularly effective for reducing gender
disparities in math outcomes, including lower levels of motivation and math self-confidence
among girls compared to boys (Else-Quest et al., 2010; Reilly et al., 2019). Inspired by these find-
ings, researchers and designers have been interested in exploring how game-based learning can
create more equitable learning experiences by promoting girls’ math engagement and learning.
However, their efforts often result in recommendations based on intuition rather than empirical
evidence (Farrell & Moffat, 2014). An effective approach to addressing this issue requires a clear
understanding of (1) how gender can be represented in an inclusive and meaningful way, as
well as (2) how learning games influence the relationship between gender, affective experiences,
and learning outcomes.

Our current work explores these questions through studies with the digital learning game
Decimal Point, which teaches decimal numbers and operations to middle school students
(McLaren, Adams, et al., 2017). While Decimal Point has been the subject of many classroom
studies over the past 10 years, studies that have explored a variety of game-based learning ques-
tions, one highly consistent finding that emerged across studies is that girls have learned more
than boys from the game after using Decimal Point to learn decimals (McLaren et al., 2022;
McLaren, Farzan, et al., 2017; Nguyen et al., 2022).

Continuing this line of work, our current research investigates whether the narrative in a
mathematics educational game may contribute to gender-based differences in learning, and
whether learning math through games might reduce girls’ math anxiety. For this study, we
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developed a new game, called Ocean Adventure, which features a narrative preferred by boys
and students with masculine-typed characteristics but, at the same time, retains all learning
activities and mathematics content from Decimal Point. Insights regarding gender preferences
were derived from a survey in prior work investigating gender differences in game genre and
narrative preferences (Nguyen et al., 2023).

We compared learning experiences and outcomes between the original Decimal Point game,
the new narrative in Ocean Adventure, and a conventional tutor with identical instructional
content but no game features. We have also utilized a multidimensional gender model, based on
gender-typed occupational interests, activities, and traits (Liben et al., 2002), collectively
referred to as “gender-typed characteristics”, to explore students’ learning experiences and
outcomes using a more nuanced, continuous measure of gender.

With this study, we aim to test two possible explanations for the gender differences we have
observed in learning outcomes. First, we test the possibility that girls are learning more because
they enjoy the game narrative more than boys. We test this by measuring different aspects of
enjoyment and by manipulating the narrative to be more appealing to boys versus girls based
on the aforementioned game-based learning survey. Second, we test the possibility that girls are
learning more because the game reduces their math anxiety and evaluation apprehension
around math. Specifically, we test the following research questions and hypotheses:

RQ1: Does the relationship between gender and learning outcomes differ depending
on the game narrative?

Prior studies have shown that girls learn more from Decimal Point than boys (McLaren et al.,
2022; McLaren, Farzan, et al., 2017; Nguyen et al., 2022), and we expect to replicate this effect. If
girls are benefitting from the game because they enjoy the game narrative more than boys, then
we predict that boys and students with more masculine-typed characteristics will learn more
than girls and students with more feminine-typed characteristics in Ocean Adventure, which was
specifically designed to be more appealing to boys. We hypothesize there will be no gender
differences in learning outcomes in the tutor, which has no narrative and therefore should serve
as a neutral condition.

RQ2: Does the relationship between gender and enjoyment differ depending on the
game narrative?

We specifically designed Ocean Adventure to be more appealing to boys based on game pref-
erence surveys we designed and administered (Nguyen et al., 2023). This survey found the
proposed Ocean Adventure narrative to be more compelling to boys than girls, as well as identi-
fying a number of game preferences between boys and girls that influenced the design of Ocean
Adventure.

Therefore, we predict, first, that girls and students with more feminine-typed characteristics
will report enjoying Decimal Point more than boys and students with more masculine-typed
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characteristics, and, second, that boys and students with more masculine-typed characteristics
will report enjoying Ocean Adventure more than girls and students with more feminine-typed
characteristics. We predict no gender or gender-typed characteristics differences in enjoyment in
the tutor.

RQ3: Do girls and students with more feminine-typed characteristics experience
lower levels of anxiety when learning math through digital learning games compared
to tutor instruction?

Prior research has shown that girls generally report greater levels of anxiety than boys when
learning math and that this anxiety disrupts their math performance (Van Mier et al., 2019). We
hypothesize that learning math through a digital learning game may be particularly beneficial
for girls because it presents a less obvious math learning environment, which in turn reduces
girls’ thoughts of negative stereotypes about girls’ math ability. Based on this, we predict that
girls and students with more feminine-typed characteristics will report lower levels of anxiety
in both game conditions compared to the tutor condition, while boys and students with more
masculine-typed characteristics should report similar levels of anxiety across all conditions.
Consistent with prior research, we predict that girls and students with more feminine-typed
characteristics will express more anxiety than boys and students with more masculine-typed
characteristics in the tutor, but they will have similar levels of anxiety in the games.

The examination of gender, learning experiences, and learning outcomes through our
current research makes several important contributions to research on equitable game design.
First, we report the impact of differing game narratives on students' learning experiences and
outcomes. Through this experimental design, we test competing hypotheses about the reasons
digital learning games might be especially beneficial to girls and students with more feminine-
typed characteristics in math. Second, we identify the potential benefits in using a multidimen-
sional model of gender to understand students’ learning experiences in game environments.
Based on these results, we highlight contributions to theories about game-based learning and
provide insight on creating equitable learning experiences.

BACKGROUND

MATH, GAME-BASED LEARNING, AND GENDER

Prior research has identified several nuanced patterns of gender differences in mathematics
education. While studies generally find minimal gender differences in math achievement
(Ghasemi & Burley, 2019; Lindberg et al., 2010; Reilly et al., 2019), boys are still better repre-
sented among the top performers (Breda et al., 2018; Wai et al., 2010). More importantly, by late
elementary school and persisting through the college years, girls and women tend to report less
positive affect towards math (Levine & Pantoja, 2021), which in turn predicts their subsequent
lack of STEM engagement and achievement (Else-Quest et al., 2013; Jiang et al., 2020). Addition-
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ally, girls tend to report more negative emotions and self-derogating attributions about their
mathematics performance than boys (Mejía-Rodríguez et al., 2021), as well as higher levels of
anxiety, which in turn hinder mathematics performance (Barroso et al., 2021; Van Mier et al.,
2019).

Game-based learning could offer a series of benefits for girls in math education. Single-
player and private digital games provide an environment for girls to practice mathematics
without concern for external judgment from their peers and teachers (Niederle & Vesterlund,
2010), potentially reducing anxiety compared to more traditional math practice. Consistent with
this idea, several studies testing the effects of STEM digital learning games have found gender
differences favoring girls in experiences and outcomes (Joiner et al., 2011; Khan et al., 2017;
Klisch et al., 2012; Tsai, 2017), although relatively few games other than Decimal Point have
specifically examined gender and math learning (Nguyen et al., 2022). On the other hand, the
differences in learning outcomes observed in Decimal Point might reflect gender differences in
the appeal of the amusement park narrative, which was designed to be gender-neutral but has
much in common with the puzzle-style design consistent with more girls’ gaming preferences
(Chou & Tsai, 2007). We tested these ideas in the current study by varying narratives and
measuring affective experiences including math anxiety and enjoyment.

A recent synthesis by Hyde and colleagues (Hyde et al., 2019) has indicated that gender may
be analyzed via multiple interrelated but separate dimensions. These dimensions can include
birth-assigned gender, the most common operationalization of gender and following a binary
categorization; gender identity, the internal sense of one’s own gender; and gender-typed char-
acteristics, the extent to which one aligns their behaviors, and preferences with stereotypical
gender norms (Liben et al., 2002). Notably, prior work has shown that middle school children
can be differentiated along these dimensions of gender even when their gender identity aligns
with the traditional male and female categories (Cook et al., 2019). The use of additional gender
dimensions has also yielded benefits in game-based learning research, with a recent study
showing that they model students’ gaming preferences better than gender identity alone
(Nguyen et al., 2023). Following this result, our work aimed to further investigate the connec-
tion between gender dimensions and learning outcomes, as well as enjoyment, from game play.

THE LEARNING GAME DECIMAL POINT AND THE DECIMAL TUTOR
Decimal Point is a digital learning game for mathematics which has been the subject of many
classroom studies (Forlizzi et al., 2014; McLaren, 2024; McLaren, Adams, et al., 2017). As a web-
based single player game, it can be easily accessed through school-issued computers or tablets.
The game uses the theme of an amusement park to lead students through a variety of mini-
games, each designed to teach students about decimals and decimal operations, with the
content being targeted towards late elementary and early middle school students. In the base
version of the game, the students progress through a linear path of theme areas (e.g. from Space
Adventure to the Round Table to other theme areas), each with several mini-games (e.g. Escape
the Aliens, The Joust) that address particular decimal topics and common misconceptions
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(Isotani et al., 2010). Students must complete every mini-game in this linear path in a set
sequential order to traverse the entire amusement park and finish the game.

Figure 1. The main game map in Decimal Point where students select mini-games to play.

Each mini-game features a problem-solving step, which belongs to one of five decimal
problem types:

sequence a given set of decimal numbers,
complete a sequence of decimal numbers,
put given decimals in less-than and greater-than buckets compared to a given single
decimal,
locate a given decimal number on the number line, and
add two decimal numbers.

Each mini-game also includes a self-explanation step designed to reinforce student learning
(Chi & Wylie, 2014). These activities are embedded in a playful narrative to promote both
learning and enjoyment. For example, the mini-game Escape the Aliens places the player in a
spaceship, running away from the “evil beast Xigorath” (Figure 2). Students see an arithmetic
sequence of decimals on a locked door, with the first three numbers provided, and are
prompted to find the next two in order to unlock the door. Although the individual mini-game
has a tone of urgency and a sci-fi narrative, it is couched within Decimal Point’s lighthearted
amusement park theme.
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Figure 2. The problem-solving activity (left) and self-explanation activity (right) in the
Escape the Aliens mini-game.

The decimal tutor presents the mathematical content of Decimal Point using a more conven-
tional user interface for tutoring systems and has been used in prior work with Decimal Point
(McLaren, Adams, et al., 2017). Like Decimal Point, the tutor is accessed via an Internet browser
for ease of use with school-issued laptops and tablets. In the tutor, the same problems as
encountered in Decimal Point and Ocean Adventure are presented in the same order, but there is
no game narrative, fantasy setting or game characters.

Figure 3. The tutor’s analogous problem to the Escape the Aliens mini-game, with the
problem-solving activity (left) and self-explanation activity (right).

THE NEW LEARNING GAME OCEAN ADVENTURE

For this study, a new game, Ocean Adventure, was developed to explore the impact of differing
game narratives on students' learning outcomes and enjoyment. Ocean Adventure features the
same problems and problem order as Decimal Point and the tutor, but follows a different game
narrative, in which seven pirate criminal masterminds are plotting to destroy the world with an
atomic bomb placed on Doom Island. The player takes on the role of a special agent who
confronts all the pirate leaders one by one in the game to eventually locate Doom Island and
disarm the bomb. This narrative was chosen to align with the preferences of boys and those
with strong masculine-typed characteristics, based on the findings from the previous survey of
gaming preferences discussed earlier (Nguyen et al., 2023). The survey was conducted among
333 5th and 6th grade students; given four narratives to assess, including the Ocean Adventure
narrative regarding an adventure at sea fighting pirates, 74% of boys but only 40% of girls
found the proposed narrative compelling.
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Figure 4. The main game map in Ocean Adventure where students select mini-games to
play.

In line with the narrative shift, the main game map has been transformed from an amuse-
ment park into a map marking pirate hideouts. Each mini-game was also redesigned to center
around confronting various pirate crews, while retaining the same underlying mathematical
content as Decimal Point and the tutor. For example, the mini-game “Cut through the Vines”
involves the same decimal sequence to fill out as in the Decimal Point game and the tutor but
introduces a new goal of cutting through layers of vines to infiltrate the ship of Hemlock, a
pirate leader with plant-controlling powers.

Figure 5. The “Cut through the Vines” mini-game, designed to be equivalent to the
corresponding mini-game in Decimal Point (Figure 2) and problem in the tutor (Figure 3).

METHOD

PARTICIPANTS AND DESIGN

Four hundred and eighteen (418) students participated in the study, from six elementary and
middle schools in a northeastern U.S. city. For a week of regularly scheduled class time,
students completed the following materials in a self-paced sequence: a pretest, demographic
survey, intervention materials, evaluation questionnaire, a posttest, and a week later, a delayed
posttest. We randomly assigned each class to use either the games or the tutor; within the
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classes assigned to the game, each student was randomly assigned to play either Decimal Point
or Ocean Adventure. This setting was chosen to avoid having students use both the games and
the tutor in the same class, as it could be distracting for students to see their peers use a very
different learning platform.

Seventy-nine (79) students were excluded from the analysis due to not finishing all of the
study materials, with 25 assigned to play Decimal Point, 27 assigned to play Ocean Adventure,
and 27 assigned to use the tutor. The age range of excluded students was from 10 to 12 years old
(M = 10.58, SD = 0.65). Of the excluded students, 39% (n = 31) identified as male, 54% (n = 43) as
female, and 6% (n = 5) did not disclose their gender.

Among the remaining 339 students, 122 played Decimal Point, 90 played Ocean Adventure,
and 127 used the tutor. The age range of students in our final sample was from 10 to 12 years
old (M = 10.75, SD = 0.63). In terms of gender, 50% (n = 169) of the students identified as male,
48% (n = 164) as female, 0.9% (n = 3) identified as non-binary, and 0.9% (n = 3) preferred not to
disclose their gender. Due to the small sample size of the last two categories, they were not
included in analyses of binary gender identity, but we still included them in analyses of gender-
typed characteristics.

MATERIALS

The primary materials used include Decimal Point, Ocean Adventure and the tutor. Additionally,
three tests that were previously developed for Decimal Point and the tutor were also used, as
well as questionnaires administered prior to and after the learning activity. All materials were
developed in HTML/JavaScript and hosted on an Internet browser-based learner management
system, which allowed students to access their assigned intervention and researchers to collect
anonymized log data from their usage of the above materials.

Pretest, Posttest, and Delayed Posttest
There were three versions of the test with similar content, randomly assigned to each

student as either the pretest, posttest, or delayed posttest. The tests consisted of 43 items; some
items contained multiple components and were worth multiple points, and the total score avail-
able was 52 points. Test items assessed decimal skills and procedures which were directly
addressed by the materials, or were conceptual questions not directly addressed. The three tests
have been vetted through use on many other classroom studies (McLaren, 2024).

Demographic and Gender Surveys
A demographic survey was delivered prior to the pretest, and asked questions about age,

grade level, gender identity, and race. This was followed by a 58-item Likert scale assessing
gender-typed characteristics, leveraging prior work assessing these in relation to gender norms
(Liben et al., 2002). The scale comprises the three domains of gender-typed occupational inter-
ests, activities, and traits, composed of items labeled as either masculine-typed or feminine-
typed and rated from 1 (“not at all” / “never”) to 4 (“very much” / “very often”). The occupa-
tional interests domain contains 18 items referring to one’s interest in pursuing a given profes-
sion, such as “florist” (feminine) or “construction worker” (masculine). The activities domain
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contains 18 items measuring the frequency of engaging in a certain activity like “taking dance
lessons” (feminine) or “going fishing” (masculine). The traits domain (22 items) evaluates
students’ self-perceptions of qualities such as “neat” (feminine) or “adventurous” (masculine).
In addition to these masculine-typed items and feminine-typed items, other options for students
were made available in each domain, categorized as “neutral”, to accommodate students who
do not identify with the masculine-typed or feminine-typed characteristics. Of note is that these
gender-typed characteristics reflect stereotypical perceptions of gender differences, rather than
true differences between boys and girls. That is, the scale measures the extent to which students’
behaviors align with conventional gender norms and stereotypes (Liben et al., 2002). To this
end, two scales of feminine-typed characteristics (α = 0.81) and masculine-typed characteristics
(α = 0.83) were generated by averaging the corresponding items from the occupational interests,
activities, and traits domains. In sum, in addition to self-reported gender identity in the demo-
graphic survey, each student also had a score indicating their masculine-typed characteristics
and feminine-typed characteristics, for a total of three gender dimensions.

Evaluation Questionnaire
After the intervention but prior to the posttest, students were given a questionnaire about

their learning experience, rating statements on a Likert scale from 1 or “strongly disagree” to 5
or “strongly agree”. The questionnaire included seven constructs related to the students’ affec-
tive experience (Table 1): affective engagement (3 items, α = .71 - (Ben-Eliyahu et al., 2018)); situ-
ational interest (3 items, α = 0.84 - (Linnenbrink-Garcia et al., 2010)); enjoyment dimension of
achievement emotion (6 items, α = 0.91 - (Pekrun, 2005)); evaluation apprehension (4 items, α =
0.86 - (Spencer et al., 1999)); state anxiety (3 items, α = 0.68 - (Chung & Chang, 2017; Veit &
Ware, 1983)).

Table 1. Example items for each affective experience construct measured in the evaluation
survey.

RESULTS

First, we assessed whether students learned from all three conditions. A repeated-measures
ANOVA showed a significant improvement for all conditions between pretest and posttest
score, F(1, 338) = 109.35, p < .001, np2 = .244. A repeated-measures ANOVA also showed
students significantly improved from pretest to delayed posttest score, F(1, 338) = 191.11, p <

162



.001, np2 = .361, confirming that students in all conditions on average performed better on the
decimal tests after engaging with the instructional materials.

Next, we examined the correlations between gender dimensions to better understand the
relations between binary gender and gender-typed characteristics. Our results showed that
female binary gender was positively correlated with feminine-typed characteristics (r = 0.53, p <
.001) and negatively correlated with masculine-typed characteristics (r = -0.42, p < .001), indi-
cating that students who identified as girls tended to more strongly endorse feminine-typed
items and students who identified as boys tended to more strongly endorse masculine-typed
items. Feminine-typed characteristics were also positively correlated with masculine-typed
characteristics (r = 0.19, p < .001), demonstrating that many students who endorsed feminine-
typed items also tended to endorse masculine typed items, and that such measures are neither
exhaustive nor mutually-exclusive. The magnitude of the correlation coefficients indicate that,
while these three dimensions of gender were moderately correlated, they were not redundant.
Thus, we examined the influence of all three dimensions on learning and enjoyment in our
analysis of our research questions.

RQ1: Does the relationship between gender and learning outcomes differ depending on the
game narrative?

Table 2 reports the test performance by condition and gender identity. A two-way ANOVA
using gender and condition to predict pretest performance showed no main effect of condition
at pretest, F(2, 327) = 1.26, p = .29, ηp2 = .008, indicating that students assigned to game and tutor
conditions started with the same prior knowledge (i.e. that random assignment to condition
was successful). There was a significant main effect of gender identity at pretest, F(1, 327) = 7.27,
p = .007, ηp2= .022, with boys performing better than girls. There was no interaction between
gender identity and condition, F(1, 326) = 0.06, p = .81, np2 < .001. A two-way ANCOVA using
gender identity and condition to predict posttest performance, controlling for pretest, showed
no main effect of condition, F(2, 326) = 0.81, p = .45, np2 < .005, no main effect of gender identity,
F(1, 326) = 2.34, p = .13, np2< .007, and no gender-condition interaction, F(2, 326) = 0.38, p = .69,
np2= .002. Likewise, for delayed posttest performance, a two-way ANCOVA controlling for
pretest revealed no main effect of condition, F(2, 326) = 0.41, p = .67, np2 = .002, no main effect of
gender identity, F(1, 326) = 0.010, p = .91, np2< .001, and no gender-condition interaction, F(2,
326) = 0.57, p = .56, np2 = .004. Thus, our predictions that girls would learn more than boys in
Decimal Point and that boys would learn more than girls in Ocean Adventure were not supported;
instead, girls and boys learned equally well across both game narratives and in the tutor.

Table 2. Descriptive statistics of test score by gender and condition, reported in M (SD)
format.
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The analyses reported above relied on a measure of self-reported binary gender identity. We
also assessed the effects of gender on learning across conditions using gender-typed characteris-
tics. Given that gender-type scales assess characteristics on a spectrum, this approach allowed
us to include the six students who identified as non-binary or declined to provide their gender
and thus had to be excluded from categorical analyses based on binary gender. We predicted
pretest scores with gender-typed characteristics and game condition using multiple regression.
Specifically, we built a model that contained masculine-typed characteristics and feminine-
typed characteristics, dummy-coded variables for game condition (with the tutor condition as
the reference group), and interactions between each gender-typed characteristic dimension and
the game conditions. The model was not significant, F(8, 330) = 1.48, p = .16. The R2adj value was
.011, indicating that 1.1% of the variance in the pretest score was explained by the model. Simi-
larly, to assess the effects of gender-typed characteristics and condition on learning outcomes,
we built a multiple regression model with pretest score as covariate and the following predictor
variables:

masculine-typed characteristics,
feminine-typed characteristics,
dummy-coded variables for game condition with the tutor as the reference
group, and
interaction terms between each gender-typed characteristic dimension and the
condition variables

This model was used to predict posttest and delayed posttest performance. The model
predicting posttest scores was significant, F(9, 329) = 65.03, p < .001. The R2adj value was .65,
indicating that 65% of the variance in posttest score was explained by the model. Within the
model, pretest was a significant, positive predictor (β = .79, p < .001), being in the Decimal Point
condition was a significant, negative predictor (β = -.62, p = .022), and feminine-typed character-
istics were a significant, negative predictor (β = -.13, p = .014). No other variables in the model
significantly predicted posttest scores. The model predicting delayed posttest scores was also
significant, F(9, 329) = 66.41, p < .001, and the R2adj value was .64, indicating that 64% of the
variance in delayed posttest score was explained by the model. Within the model, pretest was a
significant, positive predictor (β = .79, p < .001), and masculine-typed characteristics were a
significant, negative predictor (β = -.13, p = .034). Overall, these results differ from the results
using the binary measure of gender identity in the emergence of game condition (for posttest)
and gender-typed characteristics (for posttest and delayed posttest) as significant predictors. No
other predictors in the model were significant.

RQ2: Does the relationship between gender and enjoyment differ depending on game
narrative?

We performed a series of two-way ANOVAs assessing the effects of gender identity and
condition on each enjoyment construct (affective engagement, experience of meaning, experi-
ence of mastery, experience of appropriate challenge, situational interest, and enjoyment; see
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Table 3 for means and standard deviations). There was a significant main effect of gender iden-
tity on affective engagement and experience of mastery, with boys reporting higher levels of
affective engagement and experience of mastery than girls. Additionally, we observed a signifi-
cant main effect of condition for situational interest; post-hoc analyses using the Tukey HSD test
indicated that Decimal Point led to higher situational interest than the tutor (T = 2.76, p = .017)
and that Ocean Adventure led to higher situational interest than the tutor as well (T = 3.09, p =
.007). There was also a significant interaction effect between gender identity and condition on
experience of mastery (Figure 6). Additional post-hoc analyses using pairwise T-tests indicated
that boys reported significantly higher experience of mastery than girls with Ocean Adventure
over Decimal Point (T = 2.67, p = .009) and with Ocean Adventure over the tutor (T = 2.53, p =
.013), but not between Decimal Point and the tutor (Figure 6). There were no other significant
main effects or interaction effects (Table 4).

Table 3. Descriptive statistics of affective experience rating by condition and gender
identity, reported in M (SD) format.

Figure 6. The interaction effect between gender identity and condition on experience of
mastery.
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Table 4. Results of two-way ANOVAs assessing effects of gender identity and condition
on affective experience

The analyses reported above examined the effects of game condition and gender using self-
reported gender identity. To investigate the same research question using gender-typed charac-
teristics, we built multiple regression models predicting each of the constructs based on mascu-
line-typed characteristics, feminine-typed characteristics, dummy-coded variables for game
condition (with the tutor condition as the reference group), and interactions between each
gender-typed characteristic dimension and the game conditions. Of the models, all models
except those for affective engagement and experience of appropriate challenge were statistically
significant (Table 5). Masculine-typed characteristics were a significant, positive predictor
within the models for situational interest (β = 0.51, p = .017), enjoyment (β = 0.67, p = .002),
experience of meaning (β = 0.59, p = .005), and experience of mastery (β = 0.43, p = .042). Addi-
tionally, feminine-typed characteristics were a significant, positive predictor within the models
for situational interest (β = 0.51, p = .044) and experience of mastery (β = 0.60, p = .015). Gender-
typed characteristics were not significant in any other models; condition and the interactions
between condition and gender-typed characteristics were also not significant in any models.

Table 5. Statistical Significance of Multiple Regressions

RQ3: Do girls and students with more feminine-typed characteristics experience lower levels
of anxiety when learning math through digital learning games compared to tutor instruction?

To test this research question, we focused on two anxiety-related constructs: state anxiety
and evaluation apprehension. We conducted a two-way ANOVA assessing each construct as an
outcome with condition and binary gender identity as predictors (Table 4). For evaluation
apprehension, there was a main effect of gender identity, with girls reporting higher levels of
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evaluation apprehension than boys. There was no main effect of condition, and no interaction.
Finally, a two-way ANOVA predicting state anxiety revealed a significant main effect of gender
identity, with girls reporting higher levels of anxiety than boys. There was also a significant
effect of game condition, and post-hoc analysis using a Tukey HSD test found that Decimal Point
led to lower levels of state anxiety than the tutor (T = -2.59, p = .027). There was no significant
interaction between gender and condition.

Finally, we also tested this research question using gender-typed characteristics. We built
multiple regression models predicting evaluation apprehension and state anxiety with mascu-
line-typed characteristics, feminine-typed characteristics, dummy-coded variables for game
condition (with the tutor condition as the reference group), and interactions between each
gender-typed characteristic dimension and the game conditions. Both models were statistically
significant (Table 5). In both models, the interaction term for feminine-typed characteristics
and the tutor condition were significant, indicating that in the tutor condition, feminine-typed
characteristics were a significant, positive predictor of evaluation apprehension (β = 0.77, p =
.018) and state anxiety (β = 0.66, p = .043). No other predictors in either model were
significant.

DISCUSSION AND CONCLUSION

In this study, we investigated potential gender effects across three learning platforms with iden-
tical instructional materials: a digital learning game that has yielded consistent learning advan-
tages for girls over boys, a new game with a more masculine-oriented narrative, and a
conventional tutor. Our research investigated two potential pathways through which games
might influence learning. First, we investigated whether math games reduced the negative
affective experiences (e.g., math anxiety, evaluation apprehension) that girls tend to experience
in math. Second, we investigated the degree to which games promote positive affective experi-
ences (e.g., affective engagement, enjoyment, situational interest) and, specifically, whether
students benefit more when the game narrative aligns with gendered narrative preferences. In
this setting, we also incorporated a multidimensional model of gender to examine its advan-
tages over the traditional binary model of gender identity in predicting students’ learning and
playing experience. Overall, our findings yield insights into how games influence students’
affective experiences across different dimensions of gender, which have important implications
for the design of learning games that help bridge gender gaps in STEM education and participa-
tion. We further discuss these insights as follows.

First, our findings with respect to gender differences in learning are not consistent with
those reported in prior studies of Decimal Point and the decimal tutor. In previous studies, girls
had lower pretest scores than boys and caught up at posttest and delayed posttest (Nguyen et
al., 2022). Instead, our results indicate that all conditions were equally beneficial for short- to
mid-term learning gain. Finer grained analyses of students' learning over time, for example
with knowledge tracing and learning curves (Stamper & Koedinger, 2011), could identify
specific learning activities that induced the gender effects found in prior studies or inhibited it
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in this study. Such knowledge can inform instructional and game redesign to ensure learning
benefits for all students.

In terms of students’ affective experience, we found that girls reported greater evaluation
apprehension and state anxiety than boys, which is consistent with many previous studies
showing that salient math content can induce the experience of anxiety, especially among
students with stronger feminine gender identities (Schmader, 2002). Importantly, feminine-
typed characteristics were a significant, positive predictor of anxiety and evaluation apprehen-
sion in the tutor condition only. In other words, both games appeared to eliminate the tendency
for students with stronger feminine identities to experience math anxiety. It may be that the
playful game environments reduce the saliency of the math work students are doing, which in
turn could reduce anxiety for students whose gender identity makes them sensitive to cues of
math saliency. The fact that this difference emerged only with gender-typed characteristics and
not binary gender is consistent with some prior research showing that gender stereotypes
around math have a stronger effect on girls with stronger feminine identities (Schmader, 2002).
Given that the interaction between gender and learning platform on anxiety and evaluation
apprehension was uncovered with analyses of gender-typed characteristics but not gender iden-
tity, we recommend incorporating the multidimensional gender framework in future research to
reveal subtle and nuanced patterns of gender differences in student affect that crude measures
of binary gender might not capture.

Across the three learning platforms, we found that boys reported greater affective engage-
ment. Interestingly, we also identified a significant effect of the masculine game narrative, which
led boys to report greater experience of mastery than girls in the Ocean Adventure. Higher expe-
rience of mastery indicated that boys felt more capable during game play, which likely results
from a stronger sense of accomplishment offered by the new narrative (Eseryel et al., 2014),
where the player went from solving decimal exercises to defeating pirate leaders and eventually
saving the world. Thus, our results suggest that switching to a masculine game narrative can
promote boys’ engagement, which may contribute to the development of interest (Harackiewicz
et al., 2016). At the same time, Ocean Adventure did not affect boys and girls differently on any
other measures of positive affective experiences, although there was an overall effect of both
games promoting greater situational interest than the tutor. To our knowledge, this is the first
research which examines two separate narratives for the same learning game. While overall
narrative did not appear to have strong effects on learners’ experiences or outcomes, we did
find some indication of boys engaging differently with a more masculine narrative. Future
research should evaluate how narrative manipulation in other learning games may affect
students’ learning experiences based on gender as well as other individual differences that may
more strongly relate to narrative (e.g., narrative preferences).

Our analyses of multiple dimensions of gender (i.e., gender identity as well as masculine-
typed and feminine-typed characteristics) further revealed several nuances to the gender differ-
ences in learning and enjoyment. First, gender identity was a significant predictor of pretest
scores, but not a significant predictor of posttest and delayed posttest scores. Meanwhile, the
gender-typed characteristics were significant predictors of posttest and delayed posttest scores.
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Interestingly, both masculine-typed and feminine-typed characteristics were negative predictors
of performance. This is consistent with the prediction that the more nuanced, continuous
measures of gender typing might be able to detect variability that is lost with the dichotomous
measure of gender identity. Alternatively, it could suggest that gender-typed characteristics, as
measured here with Liben and Bigler’s (2002) scale, are more relevant to learning processes and
outcomes than binary gender identity. In addition, we found that masculine-typed characteris-
tics were a significant and positive predictor of situational interest, enjoyment, and experience
of mastery. At the same time, feminine-typed characteristics were also a significant and positive
predictor of situational interest and experience of mastery.

While a prior study of Decimal Point from 2017 has shown that it leads to more learning and
enjoyment than the tutor (McLaren, Farzan, et al., 2017), the game’s learning advantage was not
replicated in our current study. Given a fairly large time gap between the two studies, with the
COVID-19 pandemic in between that had significant impacts on students’ math performance
(Contini et al., 2022) and game play behavior (Kourti et al., 2021), the lack of replication may
stem from a variety of pedagogical and motivational factors that should be investigated in
future research. Nonetheless, we found that the games were more engaging to students than the
tutor, as indicated by their reports of situational interest, which suggests there are still measur-
able benefits to incorporating digital learning games in the classroom.

Finally, we acknowledge several limitations of the current work. First, while students were
randomly assigned to either Decimal Point or Ocean Adventure, we used classroom-level assign-
ment to games vs. tutor conditions. We adopted this approach to avoid the potential for distrac-
tion or learning disruption if some students were playing a game and others were using a tutor
in the same classroom. However, schools may have unevenly distributed students according to
prior knowledge; although all schools stated that they did not use tracking (i.e., grouping
students in different classes based on performance or perceived ability), some teachers anecdo-
tally mentioned knowledge differences across their classes. Such uneven distribution of
students’ prior knowledge or educational needs may have affected results. However, there were
no effects of condition on pretest performance, suggesting that students across conditions were
nevertheless equivalent in their prior knowledge. Finally, assignment between the games was
skewed towards Decimal Point, with 147 students assigned to play Decimal Point and only 117
assigned to play Ocean Adventure. Although sufficient samples were acquired for each condi-
tion, the imbalance of assignment to conditions may have interfered with our ability to make
observations particularly regarding Ocean Adventure. Careful attention to properly distributing
students across conditions will be necessary in subsequent studies. Finally, we did not assess the
effects of the classroom environment in our current analyses.

In conclusion, this research reveals important insights into the role of gender and game envi-
ronment in shaping students’ experience with learning games. We found that digital learning
games may be especially effective at reducing anxiety and evaluation apprehension for students
with feminine-typed characteristics in domains with gender stereotypes such as math. We also
found that adapting games to gendered preferences can help promote some aspects of engage-
ment, but this practice should be based on empirical research rather than intuition. In addition,
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utilizing a multidimensional model of gender results in a more inclusive and nuanced under-
standing of the role of gender in game-based learning. These findings yield important lessons
into the design of inclusive and effective digital learning games and provide important features
for modeling students’ learning and enjoyment to contribute to our understanding of design
considerations for educational games.
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