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Abstract. This study investigates the effects on different racial/ethnic groups of
middle school students when learningwith a digital learning game,Decimal Point,
and a comparable computer tutor. Using data from three classroom studies with
835 students, we compared learning outcomes and engagement among students
from racial/ethnic groups that are well-represented in STEM (white and Asian)
to those that are underrepresented in STEM (Black, Hispanic/Latine, Indigenous,
andmultiracial). Relative to students from underrepresented groups, students from
well-represented groups in STEMscored higher on all tests (pre, post, and delayed,
despite similar learning gains from pre-to-post and pre-to-delayed) and showed
more engagement and less anxiety. The game also enhanced the experience of
mastery only among students from well-represented groups. At the same time,
students from underrepresented groups learned from the intervention andmatched
students from well-represented groups in learning efficiency. In short, we found
similar learning gains from the game and tutor interventions among students from
well-represented and underrepresented racial/ethnic groups, despite the lower per-
formance and lower engagement among students from underrepresented groups.
These insights highlight how students from diverse backgrounds may engage dif-
ferently with educational technology, guiding future efforts in making Decimal
Point – as well as digital learning tools in general – more inclusive.

Keywords: Educational games · computer tutor · mathematics · race and
ethnicity

1 Introduction

Educational technology, and in particular digital learning games, has demonstrated sig-
nificant benefits in promoting learning at scale across various grade levels and instruc-
tional domains [7, 23]. However, as these tools redefine educational experiences and
make learning more engaging and dynamic, their universal application in turn raises
questions of equity and inclusion [45]. In particular, the design and function of educa-
tional technologies often align with the cultural norms and experiences of students from
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racial/ethnic groups that are well-represented in STEM. The National Science Founda-
tion’s report [42] indicates that, relative to their shares of the U.S. population, white
and Asian students continue to be well-represented in STEM degree attainment, while
Black, Hispanic or Latine, and Indigenous students are underrepresented. Thus, insofar
as belonging to a well-represented group confers privilege that supports student persis-
tence and success within that specific context, white and Asian students stand to benefit
from some privilege within the STEM educational context, while their Black, Hispanic
or Latine, and Indigenous peers do not [10, 25]1.

Notwithstanding important and meaningful differences within and between white
and Asian American students in the U.S., this privilege is reflected in and perpetuated by
more significant representation within the curriculum and generally more resources and
educational opportunities [9, 40].However, the experiences of students from racial/ethnic
groups that are underrepresented in STEM (i.e., Black, Hispanic or Latine, and Indige-
nous students) are also not well represented in the design of educational technology,
leading to a potential mismatch between such tools and the needs of these students [9].
This disconnect can perpetuate and even exacerbate existing disparities in education,
particularly within STEM fields.

Digital learning games could contribute to addressing this complex issue, in light of
prior research showing that learning games can lower the learning barrier, reduce anxiety
and promote engagement, with even superior benefits when compared to conventional
tutors [23, 28]. Towards investigating whether these effects could help equalize the
performance across racial and ethnic groups, we performed a secondary analysis of the
math learning game Decimal Point and its equivalent non-game tutor, which have been
used by over 1,500 students across many classroom studies [13, 27, 28, 30, 31]. With the
data of 857 students from studies during three recent years, we grouped students based
not on their racial/ethnic identities but rather on their racial/ethnic group representation
within the STEM education context, as indicated by the National Science Foundation
[42]. This provisional grouping calls attention to differences associated with inequitable
representation in theSTEMeducation context, consistentwith priorwork [10] comparing
racial/ethnic groups that are well-represented in STEM (i.e., white and Asian) to those
that are underrepresented in STEM (i.e., Black, Hispanic or Latine, and Indigenous).
This approach informs our investigation of how educational technologies are serving
different groups, which we operationalized through two research questions:

RQ1: How do learning outcomes among students belonging to racial/ethnic groups
that arewell-represented in STEMdiffer from those of students belonging to racial/ethnic
groups that are underrepresented in STEM?

RQ2: Are there racial/ethnic group differences in engagement levels when using a
game-based and tutor-based educational technology, and, if there are differences, in
what ways are there engagement differences?

1 Note that, despite the harmfulmodelminority stereotype [12, 17, 26] andmeaningful differences
in experience between and within all racial/ethnic groups – such as, for instance, between white
andAsian students – evidence indicates that these racial/ethnic groups experiencemore privilege
and opportunity with respect to STEM relative to Black/African American, Hispanic / Latine,
and Indigenous students [42].
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By analyzing students’ learning outcomes and engagement, we aim to uncover
insights that support the development of genuinely inclusive and equitable educational
technologies. In doing so, we respond to the imperative for cultural competence in edu-
cational design, as advocated by [24], and contribute to the broader discourse on how to
mitigate educational disparities throughmore equitable technology design, development,
and deployment. This analysis is poised to influence future educational technologies,
ensuring that these powerful tools serve as bridges, rather than barriers, to educational
access and success for all students.

2 Background

In the U.S., there is a persistent achievement gap between students from different racial
and ethnic backgrounds [16]. The experiences and learning approaches of white children
are often privileged as the mainstream standard, as exemplified by the cultural bias in
testing [3] and the underrepresentation of minority cultures in learning materials [2]. On
the other hand, many sociocultural factors – including inadequately-equipped schools,
biased academic tracking, low teacher expectations, and a lack of quality resources – have
contributed to lower academic performance among students from racially minoritized
communities [11, 35, 39]. In the context of STEM education, such achievement dispari-
ties are evident and reflect a range of factors, including inequities within social contexts
that determine students’ motivation and attainment value [42].

The process of knowledge construction in STEM education research frequently
exhibits racial biases, often overlooking power dynamics and privilege. It tends to assess
Black,Hispanic/Latine and Indigenous students in comparison towhite students, empha-
sizing deficits rather than recognizing the strengths, skills, and potential of racially
minoritized students. This approach in turn favors deficit-based perspectives over asset-
based ones when analyzing interventions. These research agendas, policies, and theo-
retical frameworks often make the erroneous assumption that what benefits all children
universally is equally beneficial for children from racially-minoritized communities [22].

Thismisconception is particularly important to investigate in the area of digital learn-
ing games, which aim to employ playful elements to promote immersion, engagement
and learning outcomes for all students [50]. Digital games appear to hold strong poten-
tial for reducing achievement gaps, given their effects on lowering the learning barriers
and market research showing higher gameplay time from Black and Hispanic/Latine
youth, when compared to white youth [19]. However, while some research has shown
no differences in learning and enjoyment by ethnicity [43], others have reported higher
in-game performance among white and Hispanic students than Black/African American
students [44]. These mixed results may stem from a range of issues with learning game
design, such as a lack of representational diversity among the game developers2 and the
in-game characters [8]. If overlooked, such issues could decrease engagement and cause
representational harm by perpetuating problematic images or algorithmic stereotypes
[32].

These findings necessitate a critical evaluation of existing digital learning games
to ensure that they are not only pedagogically beneficial, but also culturally responsive

2 https://www.zippia.com/video-game-designer-jobs/demographics/.

https://www.zippia.com/video-game-designer-jobs/demographics/
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and inclusive. To this end, our work examines the digital learning Decimal Point, which
teaches decimal numbers and operations to middle school students [28]. We consider
Decimal Point a valuable platform for investigating the impact of learning games on
students across different racial/ethnic groups for two reasons. First, it has been used as
classroom materials many times in the last decade, by students from a variety of back-
grounds [27]. Second, we have found robust evidence for Decimal Point’s effectiveness
in helping girls catch up to boys in math performance [33]. Thus, we aimed to explore
whether Decimal Point could be equally effective at bridging the racial/ethnic gap in
math performance. In what follows, we describe the game in detail, along with our data
collection and analysis procedures.

3 The Learning Game Decimal Point

Fig. 1. The main game map in the learning Decimal Point which shows the amusement park
theme and mini-games.

Decimal Point is a digital learning game that teaches decimal numbers and operations
to middle school students [28]. The game features a playful amusement park metaphor,
with different theme areas andmini-games (Fig. 1), each covering learning activities that
target a specific decimal misconception [15]. In particular, each mini-game (Fig. 2, top)
consists of a problem-solving activity (e.g., “Sort the sequence of numbers: 0.5, 0.471,
0.49, 0.365”) and a prompted self-explanation activity, expressed as a multiple-choice
question (e.g., “Is 0.5 larger or smaller than 0.471? How do you know?”). Students
receive immediate corrective feedback after entering their answer and can resubmit any
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number of times until arriving at the correct answer, which they must do so as to proceed
to the next mini-game. During the problem-solving activities, they can also request up
to three levels of hints, where the final level provides the solution (i.e., bottom-out hint).

Fig. 2. Screenshot of a sorting mini-game with a self-explanation prompt (top) and the equivalent
problem in the decimal tutor (bottom).
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During some of our studies we compared Decimal Point to a decimal tutor as a
control condition (Fig. 2, bottom). The decimal tutor has identical instructional content
toDecimal Point, but has interactive behavior resembling a traditional intelligent tutoring
system [47]. In the analyses reported in this paper we also include students who used
the control tutor for learning.

4 Methods

We analyzed data from three classroom studies of the Decimal Point game, a total of
960 students (see Table 1, column 1), which focused on the three topics of (1) mind-
fulness induction (n = 237 [5, 34]), (2) self-explanation prompts (n = 480 [41]), and
(3) comparing game narratives (n = 243). All three studies, conducted from 2021 to
2023, were conducted in 5th and 6th grade classrooms across public schools in a north-
eastern U.S city. Each study was conducted with permissions from teachers and parents
and followed the procedure described below, which was approved by our university’s
Institutional Review Board.

For our analyses, we excluded 122 students who did not finish all of the pre- and
post-intervention surveys, as well as 3 students whose race/ethnicity data was missing.
Thus, our sample then totaled 835 students (see Table 1, column 2) with 551 in the
game conditions and 284 in the tutor conditions. These students had an average age of
10.88 years (SD= 0.65). In terms of self-reported gender, 414 students identified as girls,
414 as boys, 4 as non-binary, and 3 preferred not to disclose their gender. For analyses
of engagement (RQ2), we utilized this sample of 835 students. Finally, for analyses of
learning (RQ1), we considered only the subset of 736 students who finished all of the
pretest, posttest and delayed posttest in the study (see Table 1, column 3).

Wecollected self-reported racial/ethnic identity fromapre-interventiondemographic
survey. However, because many students were unsure about racial/ethnic categories or
their own identities, we opted to use the racial/ethnic data provided by the teachers
in our analyses. Of the 835 students who completed the surveys and provided their
race/ethnicity, 642 students were white, 101 were Black or African American, 73 were
Multiracial or Biracial, 7 were Asian or Pacific Islanders, 11 were Hispanic/Latine, and
1 was Indigenous or Alaskan.

Students participated in the study as part of their regular class activities and could
proceed through all of the assignments at their own pace. Each study lasted for 6 days,
with the first week covering a demographic survey, a pretest, the learning materials, fol-
lowed by an evaluation survey and a posttest. A delayed posttest was administered during
one day of the second week. The pretest, posttest and delayed posttest consisted of three
isomorphic versions of a decimal test that were counterbalanced across students and
conditions. Each test covered decimal questions with three question types: near transfer
(questions similar to those encountered in the intervention), medium transfer (questions
different from the intervention but immediately deducible from the intervention prob-
lems), and far transfer (questions related to the same decimal content but conceptually
more difficult), for a total of 52 points. From the test scores, we also computed a mea-
sure of learning efficiency for each student, determined as the z-score of their pre-post
or pre-delayed learning gain minus the z-score of the total intervention time [29].
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Table 1. Populations of Students in the Three Studies.

Sample Initial Group, Across
Three Studies

Finished Pre and Post
Surveys & Provided
Race/ethnicity

Finished All Study
Materials (pre, post,
delayed tests)

Groups
Well-Represented in
STEM

N/A 649 578

Groups
Underrepresented in
STEM

N/A 186 158

Total 960 835 736

To complement our learning measures, we collected students’ ratings of their expe-
rience with the game and tutor in a post-intervention survey covering ten constructs. The
constructs and their reliability scores (Cronbach’s A) are as follows: affective engage-
ment (3 items, A= .71); player experience inventory with themeaning subscale (3 items,
A= .73),mastery subscale (3 items, A= .82) and challenge subscale (3 items, A= .65);
achievement emotions (5 items, A= .90); decimal efficacy (3 items, A= .83); evaluation
apprehension (4 items, A= .87); situational interest (3 items, A= .85); test self-efficacy
(5 items, A = .72), and test anxiety (3 items, A = .72). Each survey item was rated on

Table 2. The engagement constructs measured in the post-intervention survey. The phrases in
brackets were used for students who learned from the tutor instead of the game.

Constructs Example item

Affective engagement [4] I felt frustrated or annoyed

Experience of meaning [37] Playing the game [learning from the tutor] was meaningful to
me

Experience of mastery [37] I felt capable while playing the game [learning from the tutor]

Experience of challenge [37] The challenges in the game [tutor] were at the right level of
difficulty for me

Achievement emotions [1] Reflecting on my progress in the game [tutor] made me happy

Decimal efficacy [38] I can do an excellent job on decimal number math
assignments

Evaluation apprehension [47] If I do poorly on this test, people will look down on me

Situational interest [21] The game [tutor] was exciting

Test self-efficacy [47] Completing the activity made me doubt my knowledge of
math

Test anxiety [6, 48] During the test, I felt very nervous
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a Likert scale from 1 (strongly disagree) to 5 (strongly agree); see Table 2 for example
items.

5 Results

Given the varied representation of the racial/ethnic groups within STEM fields, fol-
lowing [42], we grouped students from white and Asian/Pacific Islander backgrounds
as well-represented (n = 649 for engagement analyses, n = 578 for learning analyses).
By contrast, Black/AfricanAmerican, Hispanic/Latine,Multiracial/Biracial, and Indige-
nous students were grouped as underrepresented (n= 186 for engagement analyses, n=
158 for learning analyses). Thus, our research questions focused on comparingmeasures
of learning and engagement between these two broad and diverse racial/ethnic groups.
As student data from the two racial/ethnic groups followed a normal distribution and had
similar variances, we used analyses of variance (ANOVA) and covariance (ANCOVA)
to perform the comparisons.

RQ1: How do learning outcomes among students belonging to racial/ethnic groups
that arewell-represented in STEMdiffer from those of students belonging to racial/ethnic
groups that are underrepresented in STEM?

Table 3 shows the descriptive statistics of the test scores in each racial/ethnic group.
Repeated-measures ANOVA showed significant differences for all students between
pretest and posttest F = 254.40, p < .001, ηp2 = .257, as well as between pretest and
delayedposttest,F=313.89,p< .001,ηp2= .299. In otherwords, students’ performance
significantly improved after the intervention. Next, a one-way ANOVA showed that
students fromwell-represented groups performed significantly better than students from
underrepresented groups at pretest, F = 43.27, p< .001, ηp2 = .056. With pretest scores
as covariates, we then used two-wayANCOVA to assess the effects of racial/ethnic group
and learning platform on post-intervention test performance. Compared to students from
underrepresented groups, students fromwell-represented groups had significantly higher
posttest scores, F = 4.09, p = .04, ηp

2 = .006, and higher delayed posttest scores, F
= 4.85, p = .03, ηp

2 = .007. However, there was no significant main effect of the
learning platform or interaction effect on posttest scores. For learning efficiency, a two-
way ANOVA showed no significant difference between the two racial/ethnic groups in
pre-post efficiency, F = 1.76, p = .18, ηp

2 = .002, and in pre-delayed efficiency, F
= 3.56, p = .06, ηp

2 = .005. The effects of the learning platform and its interaction
with the racial/ethnic groups on learning efficiency were not significant. In sum, the
intervention improved learning outcomes among students from both underrepresented
and well-represented racial/ethnic groups.

RQ2: Are there racial/ethnic group differences in engagement levels when using a
game-based and tutor-based educational technology, and, if there are differences, in
what ways are there engagement differences?

Table 4 shows the descriptive statistics of the engagement constructs in each
racial/ethnic group. As four of those constructs – evaluation apprehension, situational
interest, test self-efficacy and test anxiety – were only collected in two out of three
studies (n = 631, with 491 students from well-represented groups and 140 students
from underrepresented groups), we only considered this sub-sample of students when
analyzing these constructs.
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Table 3. Descriptive statistics of test scores by racial/ethnic group.

Racial/ethnic group Pretest Posttest Delayed Posttest

Underrepresented groups (n = 158) 16.35 (8.66) 19.29 (9.11) 19.62 (9.51)

Well-represented groups
(n = 578)

22.52 (10.90) 26.27 (10.87) 27.16 (11.52)

With regards to the main effects of the learning platform, students playing the game
reported more affective engagement (F = 5.29, p = .02, ηp

2 = .005), achievement
emotions (F = 7.46, p < .001, ηp

2 = .009), and situational interest (F = 13.56, p <

.001, ηp
2 = .021), in addition to lower test anxiety (F = 5.45, p = .02, ηp

2 = .009),
than those using the tutor. For the main effects of the racial/ethnic group, students from
well-represented groups reported higher affective engagement (F = 3.90, p = .05, ηp2

= .005), decimal efficacy (F = 7.69, p < .01, ηp
2 = .009) and test self-efficacy (F =

18.23, p < .001, ηp2 = .028), as well as lower test anxiety (F = 6.83, p < .01, ηp2 =
.011), compared to those from underrepresented groups. Finally, there was a significant
interaction effect between the racial/ethnic group and learning platform on students’
experience of mastery, F = 5.25, p = .02, ηp

2 = .006 (Fig. 3). Pairwise comparison
showed that the game (M = 3.37, SD = 1.02) led to more experience of mastery than
the tutor (M = 3.11, SD = 1.07) for students from well-represented groups, F = 8.75,
p < .01, ηp

2 = .013. However, this effect was not significant among students from
underrepresented groups, F = 0.91, p = .34, ηp2 = .005.

Table 4. Descriptive statistics for the survey constructs which yielded significant main effects of
the learning platform (left) and the racial/ethnic group (right).

Construct Game Tutor Construct Under-represented Well-represented

Affective
engagement

3.21
(1.15)

3.04
(0.99)

Affective
engagement

3.02 (1.11) 3.19 (1.10)

Achievement
emotions

3.28
(1.04)

3.01
(0.94)

Decimal
efficacy

3.21 (0.97) 3.43 (0.99)

Situational
interest

3.19
(1.19)

2.76
(1.01)

Test
self-efficacy

3.27 (0.77) 3.62 (0.86)

Test anxiety 2.54
(1.10)

2.80
(1.02)

Test anxiety 2.88 (1.08) 2.59 (1.06)
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Fig. 3. Interaction effect between the learning platform and racial/ethnic group on experience of
mastery.

6 Discussion and Conclusion

This work examined the effects of the digital learning game Decimal Point and an
equivalent decimal tutor on the learning and engagement of students from different
racial/ethnic backgrounds. Our research is motivated by prior results on the gender
effects of Decimal Point which showed that girls started with lower pretest scores but
caught up to boys by posttest [33]. While our results showed that performance gaps
remained between students from well-represented and underrepresented groups after
game play and tutor use, we have also identified racial/ethnic group differences across
learning and enjoyment measures in the game and the tutor. The implications of these
findings are discussed below.

First, we found that students from racial/ethnic groups well-represented in STEM
scored higher at pretest, posttest and delayed posttest relative to those from racial/ethnic
groups underrepresented in STEM. This performance gap is consistent with the systemic
bias in K-12 learning outcomes [14] and in educational technologies [40]. This bias
may arise from educational content favoring the cultural norms and learning styles of
majority groups, potentially leading to disparities in test scores and long-term knowledge
retention [12, 25]. In the case of the Decimal Point game and the decimal tutor, the
goal is to provide additional practice opportunities to students with basic knowledge of
decimal numbers, but not to offer any remedial resources to studentswhomay need them.
Therefore, incorporating more worked examples and review materials could benefit
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studentswith lower prior knowledge [29]. On the other hand,we found that students from
underrepresented groups had lower pretest performance but similar learning efficiency as
students fromwell-represented groups. This finding is consistentwith the results reported
in [18] and suggests that, with more practice opportunities, the learning trajectory of
students from underrepresented groups can improve such that it matches or surpasses
that of students from well-represented groups.

When examining racial/ethnic group differences and learning platform effects on
engagement, we identified several notable trends. First, compared to the tutor, Decimal
Point led to more affective engagement, achievement emotion and situational interest,
as well as lower test anxiety. These results are in line with the established benefits of
learning games, which can promote both learning outcomes and motivation [23]. On
the other hand, students from underrepresented groups had lower affective engagement,
decimal efficacy and test efficacy, as well as higher test anxiety, than students from well-
represented groups, regardless of the learning platform. As discussed earlier, the lack of
remedial resources could hinder students from underrepresented groups in absorbing the
learning content, resulting in worse self-reported measures of engagement, efficacy and
anxiety. Another possibility lies in the game and the tutor’s emphasis on textual infor-
mation, including the question prompts, hint content and feedback messages (Fig. 2).
Given the sharp decline in reading skills of middle school students, particularly students
from racially minoritized groups and other underserved communities, during and after
the COVID-19 pandemic [20], the relatively large amount of textual information in these
two technologies may cause difficulties for those students in learning the decimal con-
tent, a phenomenon that we informally observed during the classroom studies. Thus,
identifying ways to improve the learning materials’ accessibility (e.g., using non-textual
hints [36]) would likely promote students’ learning and engagement more equitably.

Finally, we identified an interaction effect between racial/ethnic group and learning
platform,where the game led tomore experienceofmastery than the tutor among students
fromwell-represented groups, but not among those fromunderrepresented groups.While
the two learning platforms featured identical learning content, we had hypothesized that
the game’smore prominent and playful feedbackwould enable a greater sense ofmastery.
However, our finding suggests this feedback did not resonate as well with students from
underrepresented groups. Future research should therefore investigate how students react
to each component of the game, through field observations or automated affect detectors
[49], to evaluate its effectiveness on different student populations.

In conclusion, our analyses have revealed differences in several aspects of learn-
ing and engagement between racial/ethnic groups, in the context of learning decimal
numbers through a game and a tutor. We found that students whose racial/ethnic back-
grounds are well-represented in STEM were more engaged and less anxious than those
from underrepresented groups. While the game has been shown to help narrow the gen-
der gap in math performance [33], our findings indicate that there remains important
future research to help improve its inclusiveness to students from diverse racial/ethnic
groups. Ultimately, educational technology design should consider both pedagogical
objectives and students’ diverse backgrounds and interests to foster genuinely inclusive
and engaging learning experiences.
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