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Abstract—Game-based learning has long been heralded as a
promise to transform education into a more engaging and experiential paradigm. Its implementation in engineering education
has thus far shown that promise, yet more evidence is needed
for widespread adoption. Our work focuses on issues of equity,
inclusivity, and diversity, thus surfacing the question of whether
game-based learning benefits each and every student. To date,
these issues have not received much attention in game-based
learning educational research landscape, despite its poignancy,
given today’s global social climate and the systematic lack of
equity and diversity in engineering education. With a focus on
gender and race/ethnicity we reflect on the outcomes of implementing game-based learning environment in undergraduate
geotechnical engineering courses (n = 362). We find evidence that
game-based learning supports positive outcomes and provides an
equitable learning environment. However, we also note several
challenges that are further discussed.
Index Terms—game-based learning, engineering education,
inclusive design, mixed reality

I. I NTRODUCTION
Game-based learning has long been heralded as a promise
to transform education into a more engaging and experiential
paradigm [1], [2]. Games, specifically digital or video games,
have various affordances that explain their potential for education, such as that they can (1) immerse students into virtual
environments, among others, to simulate phenomena that are
difficult to experience in reality and practice particular roles
(e.g., being a professional engineer) [3]; (2) provide immediate
formative and summative feedback to instructors and students [4] by leveraging the wealth of data games generate [5];
and (3) serve as a tool for capturing and maintaining learning
motivation [6], [7]. However, a key transformative aspect of
game-based learning is that it allows for a shift from the
traditional educational model, in which the teacher “transmits”
information and the student acts as passive recipient [8], to an
active learning, student-centered educational paradigm, where
students have autonomy over their own learning and the role
of instructors is to guide and facilitate.
This transformation to a more student-centered, experiential
model is what makes game-based learning appealing for engineering education in particular. Because engineering practice
relies on one’s ability to understand potential problems and
design appropriate solutions, one of the more frequently cited
needs for engineering education is that students engage in
practical training and gain authentic hands-on experience [9],
[10]. Providing students with such experiences is difficult,

costly, and often irreproducible (e.g., natural disasters). Gamebased learning can address these challenges and has thus far
shown that promise [11], [12]. Yet, its use in engineering
education remains limited, in part, because more evidence is
needed for widespread adoption.
Similarly to other Science, Technology, Engineering and
Mathematics (STEM) disciplines, engineering education has
an urgent need for broadening its student population, in
particular with regards to women and other underrepresented
groups. According to the American Society for Engineering
Education (ASEE), in 2015 about 19.9% of the Bachelors
students were women and 64.9% were white [13]. These
numbers are remarkably similar in other Western countries and
have hardly changed over the years [14], thereby pointing to
the systemic problems in engineering education. While gamebased learning has been primarily studied for its educational
benefits for all students in engineering education (see [11],
[12]), given the lack of diversity in engineering education it
is important to study the impact game-based learning may
have on issues of diversity, equity, and inclusion. With a few
exceptions (e.g., [15]), this has not received the attention it
deserves. Leveraging these concerns and opportunities, our
study asks: How and to what extent does game-based learning
provide equitable learning opportunities across all learners in
engineering education (i.e., Gaming4All)?
Our project introduces game-based learning into geotechnical engineering curricula through a mixed reality game, GeoExplorer, which to date allowed hundreds of students (n = 362)
across four institutions to experience this educational model. In
the current versions of this game, which combines traditional
classroom experiences (e.g., lectures, laboratory work, field
data, software models and simulations) with virtual activities,
students get experience with a Cone-Penetration Testing (CPT)
field testing technique. In this paper, we present the perceived
impact of this game on different student populations with a
focus on gender and race/ethnicity. These results serve as a
launching point for a more deliberate effort to consider issues
of diversity, equity, and inclusion as we introduce game-based
learning into engineering education.
II. BACKGROUND
Prior to introducing GeoExplorer, we elaborate in this
section on the use of game-based learning in engineering
education. Then we discuss the issues of diversity, equity,

and inclusion in engineering education in general. Finally, we
discuss the issues of gender and race/ethnicity in the context
of inclusive game design.

and will report in this paper our results on some of the
emergent DEI findings leveraging GeoExplorer.
C. Gender and Inclusive Game Design

A. Game-Based Learning in Engineering Education
Game-based learning with its various enactments has been
emerging as a new pedagogical practice in engineering education. Games for teaching engineering Computer-Aided Design
(CAD) tools represent a category on their own [16]. For example, GamiCAD is a gamified tutorial system for the Autodesk
AutoCad software [17]. In addition to research focusing on
engineering tools, recent studies have been concerned with the
ways in which game-based learning allows for development of
both cognitive and non-cognitive skills. For example, a study
of the application of a game designed to teach introductory
engineering lessons to first-year students revealed that it fosters
more interactions between students and instructors and improves learning and motivation [18]. Overall, a recent review
found 191 papers published since 2000 where an educational
game was used in an undergraduate engineering course [11].
Of these, only 62 papers discuss learning outcomes. This
suggests a dearth in empirical evidence about game-based
learning. The lack of empirical evidence in game-based engineering education is cited by other authors (e.g., [19]), which
may be one of the reasons this educational practice is still not
widespread [12].
We believe that a mixed reality approach may foster
adoption of game-based learning in engineering education.
By “mixed reality” we mean the combination of traditional
curriculum elements (e.g., analyzing data, physical lab) with
virtual ones (e.g., field testing in a virtual environment). We
also believe that if game-based learning addresses the urgent
issues of diversity, equity, and inclusion (DEI) in engineering
education, it will help to foster its adoption. However, similarly
to the lack of empirical evidence on game-based learning
effectiveness, there is currently little understanding of how it
may affect improvements in DEI in engineering education.
B. Diversity, Equity, and Inclusion (DEI)
The DEI issues in engineering education have been widely
documented in education literature (e.g., see [20]). In addition
to exploratory and explanatory studies, recent literature on the
subject focuses on research-based instructional designs and
interventions serving the goal of equitable participation of
all students in engineering education [21]–[24]. With gamebased learning environments identified in the recent studies as
serving to support positive learning outcomes for all students,
it behooves us to unpack our understanding further to seek
answers to the question: How and to what extent does gamebased learning provide equitable learning opportunities across
all learners? To our knowledge, this question has not been
addressed in the current engineering education literature and
this work serves to bridge this gap. This paper is a starting
point in this work: as we will discuss below in the Design
section, we made a number of inclusive (game design) efforts

It is an obvious non-functional requirement for the development of educational games to be inclusive. Unfortunately,
when considering gender equity, for a long time, games were
considered to be “a boys’ media” [25]–[27] and this raises
research concerns [28], [29]. Recent studies demonstrate that
the number of women interested in video games has increased
in the last decades [30], but that there are gender differences in
the kind of games women and men choose to play [31]–[33].
Although this can be seen as progress, there are still a
number of underlying problems about reaching more gender
equity in gaming. One of them is the gamergate controversy,
which surfaced a series of mysogynistic issues in the game
world (e.g., internet forums, blogs, social network services,
industry), considering it to be a toxic male’s club, frequently
harassing women and other minorities [34]–[36]. As well, the
game industry mainly consists of male CEOs and developers,
and, as a consequence, the companies apply a so-called “I”
methodology, with the majority of the characters portraying
male stereotypes [37], [38]. Situations like these, unfortunately, help to reinforce the paradigm that STEM fields are
not a place for women and other minitorized groups [39].
This suggests the critical importance of efforts to understand
how educational games are perceived by women and other
underrepresented in STEM groups in the classroom and that
special attention is placed on inclusive game design, especially
when such games are applied in areas already suffering from
inequities as is the case in engineering education [14].
D. Race, Ethnicity, and Inclusive Game Design
Any effort in the development of educational tools is incomplete without strategies to include groups underrepresented in
engineering, including racial and ethnic minoritized groups.
In fact, increasingly equity-related efforts are made to address
the issues of racial disparities and creating opportunities
for more equitable learning environments [40]. This requires
consideration of white supremacy and systemic structures of
oppression, which serve to perpetuate inequities (e.g., a toy
or an educational game designed for a “masculine” persona
alone may be more appealing to boys, further contributing to
the video gaming world as a boy’s club [41]). These issues
are further complicated by often implicit and subconscious,
implicit bias that, without harmful intentions, has far-reaching
and lasting negative effects on all groups underrepresented in
STEM, including racial and ethnic minorities [42]. With more
emergent studies revealing that racial and ethnic equity and
diversity is critical and necessary in improving educational
outcomes for all learners, particularly those from minitorized
learner groups [43], [44], the equity and inclusion aspects of
game-based learning environments are now a requirement for
educational games [40], [45], [46]. While we are aware of
efforts focused on gender equity in game-based learning in

Fig. 1: Screenshot of GeoExplorer: Driving the CPT truck.
engineering education [15], to our knowledge the issues of
race/ethnicity have not been addressed in this context.
III. D ESIGN
The game GeoExplorer is part of a larger effort to transform
engineering education with mixed-reality game-based learning, specifically in civil/geotechnical engineering. The vision
behind this game is to provide students experience with various
field testing techniques. In this section, we describe how the
game works and what inclusive design efforts were made.
A. GeoExplorer
Our first step in developing GeoExplorer was to focus on the
topic of Cone Penetration Testing (CPT), a field testing technique for which students traditionally get little to no hands-on
exposure. It involves a common in-situ method to determine
the geotechnical engineering properties of soils and delineating
soil stratigraphy. It does this by pushing an instrumented cone
into the ground, which registers different values that enable
identification of soil types across different depths. For the CPT
component of this game, we leveraged an existing game called
CPT-Operator, which was developed by the research institute
Deltares to inform practitioners. We adapted this game for
engineering education in the USA and this was the first game
version that we used in this project, GeoExplorer–Basic. Based
on student feedback and our ambitions to make the game
more suitable for higher education, we iterated this version
into GeoExplorer–Plus. Finally, we made this more of a mixed
reality game by expanding the game with a website—a version
that we refer to as GeoExplorer–Advanced. We describe all
three versions in more detail below.
1) GeoExplorer–Basic: GeoExplorer–Basic follows the
same gameplay pattern of the original CPT-Operator. In this
version, students are immersed into a realistic 3D environment
where they control a CPT truck (see Figure 1), which is used to
conduct the CPT. Furthermore, they have a mobile phone with
which they can find help about the game, choose a mission,
see their scores, and interact with their boss. After they pick a
mission, they have to drive to the CPT location using the GPS
on their phone. Upon arriving at the CPT location, they enter

into the truck and prepare for the CPT by taking a number
of steps such as selecting and cleaning a cone, and stabilizing
the truck. Finally, students conduct the CPT by observing the
values on the in-truck computer. Based on the assignment,
students need to decide when to stop the CPT, which is an
important decision because stopping too early will not provide
the data needed and stopping too late could cause the cone
to break and/or accrue unnecessary expenses. In this version,
each mission ends after stopping the CPT.
2) GeoExplorer–Plus: Aside from visual and gameplay
improvements, the main distinction between GeoExplorer–
Basic with GeoExplorer–Plus is the inclusion of CPT data
and requested analysis of this data. The game does not end
after stopping the CPT. Rather, users are provided with a
CSV file with the CPT data, which is stored locally on their
computer. This data is used to identify the soil types at the
CPT location. For the calculation, students can use any kind
of software. As this calculation does not require specialized
software, most students opt for Microsoft Excel. After they
upload their report, they are called by their boss who asks
them about their conclusion. The mission ends after this call.
3) GeoExplorer–Advanced: GeoExplorer–Advanced is
more significantly different because it extends the game
by including a website and the inclusion of a story and
contexts for each of the missions. For both GeoExplorer–
Basic and GeoExplorer–Plus the game essentially revolves
around the virtual environment (VE), which we built with
Unity. With GeoExplorer–Advanced, the game is expanded
with a Wordpress website that represents Terra Inc., a young
innovative engineering company with a focus on sustainability
and that seeks interns to join their company. To play the
game, students have to apply for an internship position. After
acceptance, they can read about the different missions, and
decide which mission to join. Each mission is contextualized
around sustainability. For example, one of the CPT missions
is about the use of a site for a solar panel farm.
B. Inclusive Efforts
From the start, the team made a conscious effort to design
for a gender-neutral visual style [47]. In the process of developing GeoExplorer–Advanced, however, the team considered
additional ways in which to make the game more inclusive.
First, we made the company staff and CEO representative
of diverse racial/ethnic groups. Second, we incorporated the
concept of sustainability to highlight the societal good that can
be achieved by engineers, a concept suggested recently as a
simple solution to get “women [to] enroll in droves” [48]. As
described above, the concept of sustainability is emphasized
through Terra Inc.’s mission statement and each of the mission
descriptions. For example, the Farmhouse mission states:
Terra Inc. has been awarded a contract by a community farm’s Board of Directors to conduct CPTs to
evaluate the foundation soils for a joint farmhouse
and storage facility. This community shared agriculture program involves constructing a large, root
cellar-style vegetable storage facility attached to the

vegetable processing barn and farmhouse. The aim
is to apply traditional subterranean root cellars on a
larger scale.
Local farmers will be able to store fresh produce in
the cellar and process it in the farm barn. This is
a low-budget farmhouse intended to encourage and
promote the production by the local farmers. The
entire structure will be energy-efficient and guarantees a natural freshness of the products processed
and sold to the rest of the city.
Other aspects of the game were difficult to re-envision from
an inclusive design perspective as GeoExplorer realistically
simulates the CPT procedure. The team did discuss whether
the driving elements of the game would be more appealing
to male students; however, prior research actually suggests
the opposite might be true [15]. For Racing Academy, a
game to support undergraduate students learning of mechanical
engineering, the findings show that there was no gender
difference in the beneficial effect of playing this game, but
there is some evidence that female students found it more
motivating. Moreover, driving is one of the few “playful”
elements of the game that we conjectured would help get
players immersed into the game. It gives the sense of being
on a mission instead of simply completing a simulated task.
IV. M ETHODS
We implemented GeoExplorer at four different schools: California State University Fullerton (CSUF), Manhattan College
(MC), Rensselaer Polytechnic Institute (RPI), and Southern
Methodist University (SMU). The implementations followed
the same curriculum and are implemented in a similar course.
All courses are undergraduate courses that provide an introduction to geotechnical engineering.
A. Participants
We implemented GeoExplorer–Basic in Spring 2016 with
29 students at RPI; in Spring 2017 GeoExplorer–Plus with
70 students at CSUF; and in Fall 2017 and Spring 2018
GeoExplorer–Advanced with 263 students at all four institutions. Unfortunately, among the GeoExplorer–Advanced
population, 9 students did not complete the presurvey and 53
students did not complete the postsurvey. Across the entire
student population, in terms of gender identification, 67% selfidentified as male, 31% as female, and the rest preferred not to
say or described themselves differently (e.g., non-binary). With
regards to race and ethnicity, 4% self-identified as African
American, 27% as Hispanic / Latino or Latina, 12% as Asian,
41% as White / Caucasian, and the rest preferred not to answer
(11%) or described themselves differently (5%). Regarding the
latter, most described themselves as Arab, Middle Eastern, or
a mix. Participation was a required classroom activity and IRB
was obtained at each institution to study the outcomes.
B. Materials
After completing GeoExplorer, students were asked to fill
out a survey. As we changed the items across the years due

to research interests, we focus here on the survey items that
were the same across the implementations. In total an overlap
exists in 15 items across four scales, which measure the CPT
Learning of the intervention, its Integration with the rest of the
classroom, how students perceived Geotechnical Engineering
Learning from it, and how the intervention impacts potentially
their Career. All survey items are 5-point Likert scales.
Table IV provides an overview of the scales.
C. Procedure
At all schools GeoExplorer was implemented as part of a
module focused on CPT. Students first completed the presurvey and then received the same lecture. The slides were
prepared by the research team. After this lecture, students
were instructed to play at least two scenarios (of approx.
20 min each). At some schools playing the game happened
in the classroom, at other schools this was in the form
of a homework assignment. In the GeoExplorer–Basic and
GeoExplorer–Plus implementations, students received direct
access to the virtual environment (VE); for the GeoExplorer–
Advanced implementation, students first go to a Wordpress
website where they make an account. After they are accepted
by Terra Inc. as their new intern by email, they get access to
the employee portal where they can read about the different
missions and download the VE.
For GeoExplorer–Basic, CPT data is not provided to players
and so no reports are requested. For the GeoExplorer–Plus version, students have to directly submit their calculations through
the game. This involves pausing the gameplay and then
uploading their report directly in the VE. With GeoExplorer–
Advanced, on the other hand, students submit their reports
on the website. Only for GeoExplorer–Advanced we included
achievements: by completing at least two missions and the
surveys, students become CPT master and by completing all
CPT missions and the surveys they become CPT Champion.
For GeoExplorer–Basic and GeoExplorer–Plus the instructor
sends the surveys to the students directly; for GeoExplorer–
Advanced the surveys are accessed through the employee
portal. The latter may explain the lower response rate.
V. R ESULTS
We first evaluate the four scales—CPT Learning, Integration, Geotechnical Learning, and Career—and then proceed to
look at the results in general, for the entire population and
across the three versions (i.e., Basic, Plus, and Advanced, see
Table II). Following this, we look at the results on gender and
race/ethnicity. Here we look at the summative scales across
all three versions (see Table III) and delve deeper into the
individual items for the Advanced version (see Table IV),
given that the larger student sample played this version. The
population of the Advanced version is in terms of gender
identical to the overall population; for race/ethnicity it is fairly
similar: 5% self-identified Black of African American, 25%
Latino/Latina or Hispanic, 15% Asian, 43% Caucasian or
White, and the rest preferred not to answer (7%) or described
themselves differently (5%).

TABLE I: The factor loadings of the initial 4-factor solution
and the subsequent 3-factor solutions (with loadings > .40).
Iteration 1
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

F1

F2

F3

70
.70
.65

Iteration 2
F4

F1

F2

F3

.68
.71
.69
.57
.64
.67

Iteration 3
F1

F2

F3

–
.75
.71
.68

–

–

.55
.60
.70
–

–

.55
.55
.72
–
.40
.47
.58

.42
.47
.61

.46
.57
.69
.72
.71
.76

.71
.72
.70
.75

TABLE II: Results on the summative scales, in M (SD), across
all three GeoExplorer versions.

.71
.73
.70
.76

A. Scale Evaluation
For the scale evaluation, we considered the reliability and
validity of the survey items. For reliability, we looked at
the Cronbach’s Alpha. All original scales have an excellent
reliability (α ≥ .90), highlighting that participants responded
consistently across the items for each scale. As all items were
specifically developed as part of this project, we performed
an Exploratory Factor Analysis (EFA) to look into validity. As
the items use a Likert scale and we anticipated that the factors
would correlate, we ran an EFA on the data set without any
missing values (n = 281) with polychoric correlations, oblimin
as rotation method, and weighted least squares as factoring
solution. A scree plot analysis suggested 3–5 factors, with a
4-factor solution the most likely optimum. Thus, for our first
iteration we started with the original 4-factor solution and find
that no item loads high enough (> .40) on the fourth factor
(F4). Moreover, three items (1, 8, and 9) do not load high on
any of the factors. The results are, however, “clean” because all
variables load high on one factor only (see Table I). It turns out
that items associated with the Integration and Career scales all
load onto the same factor; in contrast, items associated with the
CPT Learning and Geotechnical Engineering Learning scales
load onto a single factor.
In our second iteration, we considered a 3-factor solution.
The results are the same except that this time Item 9 loads
high enough on one of the factors (see Table I). As Items
1 and 8 continue to not load onto any of the factors, we
removed these and ran the factor analysis again for a 3-factor
solution for our third iteration. The results are similar. Thus,
our EFA shows that the Integration and Career scales are
robust; the two learning scales less so and can be merged
into a single Learning scale. We note that the items associated
with CPT learning load higher on this newly merged Learning
factor compared to the items associated with Geotechnical
Engineering Learning. It may be possible that there is another
latent factor that explains the relationship between these two
original scales.

Scale
CPT Learning
Integration
Geotechnical Learning
Career
Learning

Basic
n = 29
3.98
3.74
3.75
3.07
3.82

(0.53)
(0.46)
(0.53)
(0.93)
(0.49)

Plus
n = 70
4.09
4.33
3.97
3.15
3.97

(0.56)
(0.65)
(0.62)
(1.02)
(0.57)

Advanced
n = 207
3.96
3.94
3.73
3.30
3.84

(0.75)
(0.92)
(0.80)
(0.99)
(0.70)

Consistent with these outcomes, we find that the CPT Learning and Geotechnical Learning moderately correlate with each
other, r = .59, p < .001. However, highlighting a difference
between these scales, CPT Learning has a weak correlation
with Integration, r = .14, p = .02; while Geotechnical Learning
has a weak correlation with Career, r = .22, p < .001. These
results make sense: the integration of the classroom activities
can determine how well students learn about the specific
topic of CPT, whereas what students have learned about
geotechnical engineering at large may influence their stance
on a career in this discipline. When considering the Learning
scale, the weak relationship with Integration disappears. No
other significant correlations exist. Based on these results, we
consider for our further analyses both the original scales and
the new Learning scale. For the calculation of the scales we
summarized the individual items associated with each scale
and divided the total by the number of items so each scale
outcome ranges from 1 to 5.
B. General
Table II shows the descriptive statistics on the scales across
the three versions. The results across all versions and populations show that students agreed with learning about CPT (M
= 4.00, SD = 0.69) and that it was well integrated with other
classroom activities (M = 4.00, SD = 0.86). We see lesser
agreement on the more indirect measures such as learning
about geotechnical engineering at large (M = 3.80, SD =
0.71) or pursuing a career in this field (M = 3.24, SD =
1.01). Overall, on all scales the Plus version scores higher
than the Basic and Advanced version, except on Career, where
Advanced scores higher.
However, using ANOVAs we find a significant difference
between the versions on Integration, F(2,293) = 7.37, p <
.001. Post hoc tests with Tukey’s HSD indicate that the Plus
implementation (M = 4.33, SD = 0.65) indeed outperforms
both the Basic (M = 3.94, SD = 0.46) and Advanced (M =
3.75, SD = 0.92). For the Plus implementation the research
team provided additional support, which may explain this
difference. Another possibility is that when we considered
the differences among schools, we only found a difference
on Integration, F(3,292) = 5.38, p = .001, and this difference
was a result between the only institution that implemented
GeoExplorer–Plus and two other institutions. We also find
a significant difference on Geotechnical Learning, F(2,252)
= 3.32, p = .04. Post hoc tests reveal here that the Plus

implementation (M = 4.05, SD = 0.61) has more of an impact
than the Advanced version (M = 3.76, SD = 0.79).
C. Gender
For this analysis, we focused on those who identified
themselves as female (F) or male (M) only, given that only
1% reported a different gender identity. First, we do not find
any significant difference on gender for each specific version
or a change within a gender between versions, except for
Integration, which is a general finding and applies to both genders. Therefore, based on the summative scales no difference
exists on gender. From Table III we retrieve, however, some
interesting observations. On Integration female students score
consistently higher across versions. Then, overall, female students score higher on CPT Learning compared to Geotechnical
Learning. Finally, on Career female students score lower on
the Basic version, quite higher on the Plus version, and about
equal on the Advanced version.
In considering the results on the individual items for the
Advanced version (see Table IV), we see that female students
have a higher interquartile range (e.g., on Item 1 4–5 for
female students compared to 4–4 for male) on each item that
makes up the CPT Learning scale, and specifically on Item
1, which is about learning how to use the CPT equipment.
For Integration the difference is most noticeable with Item
7, which is focused on putting theory to practice. Thus, it
seems that on items that speak to the practical aspects female
students tend to score higher. In contrast, on the Career scale
we see that in pursuing a concentration (Item 13) or a graduate
degree (Item 14) in geotechnical engineering female students
score lower. So it seems fewer female students are interested in
gaining more specialized knowledge in this field. Nevertheless,
none of these observations are significant: for gender no
difference exists on the individual items as well.

version (or Basic version), where this group seems to have
experienced the integration better compared to the Advanced
version, t(22) = 3.04, p = .006. Thus, the difference may be
due to the format of the Advanced version. In contrast, we
find that for the Career scale, the L group scored higher for
the Advanced version compared to the Plus version, t(48) =
-2.69, p = .01. As for the Career scale, while not significant,
the most notable differences are observable here.
The results on the individual items (see Table IV) confirm
the results based on the summative scales: no significant
differences except for the items on Integration between the
other race/ethnicity (O) group and the rest. There are some
interesting observations, however. The A group has a lower
interquartile range (IQR) on all Integration items compared to
the L and W groups and on almost all Career items compared
to all other groups. On the CPT Learning items, the L group
has consistently the highest, followed by the A, W, and, finally,
the O group. The most striking observation is that, except
for Career, the O group scores consistently the lowest as
determined from the IQR scores.
VI. D ISCUSSION
In this paper, we present the results of evaluating a game
called GeoExplorer on four measures: CPT Learning, Integration, Geotechnical Learning, and Career. The overall results on
these measures are positive, more so for the measures directly
related to the game (i.e., CPT Learning and Integration) than
measures that are more indirect (i.e., Geotechnical Learning
and Career). Thus, our work contributes to the growing body of
evidence of positive empirical results pertaining to the use of
game-based learning in engineering education [11]. However,
the main aim of our paper was to consider the impact of this
game on different student populations, with a focus on gender
and race/ethnicity. In this section we discuss our findings.

D. Race/Ethnicity

A. Generalizability and Validity

For this analysis, we grouped the population into Asian (A),
Latino/Latina or Hispanic (L), Caucasian or White (W), and
other race/ethnicity (O). The other race/ethnicity consists of
students who identified themselves as Black/African American, Native American/Hawaiian, or a different race/ethnicity.
This group makes up 9% of our total student sample. We
excluded from our analysis students who preferred not to
answer this question. We also excluded the Asian group for the
Plus version because only a single student identified as such.
For the Basic version, it is important to note that 18 students
(67%) identified as white. The other categories include only
three students each. As such, we are showing the Basic version
for descriptive purposes only and do not consider it for any
of our inferential analyses on race/ethnicity.
Similar to gender, we generally did not observe significant
differences within and between versions for race/ethnicity
on the summative scales (see Table III). However, the other
race/ethnicity (O) group has a significant difference with every
other group on the Integration scale for the Advanced version,
F(3,170) = 5.316, p < .001. This is in contrast to the Plus

Before discussing our findings, it is first important to reflect
on our student population and measures. As for gender, with
31% identifying as female, our student population includes
more women engineering students compared to the average in the USA (i.e., 19.9%). Numbers reaching approx.
30% are, however, not uncommon, especially not for engineering fields that typically attract more women, such as
civil engineering [14]. Regarding race/ethnicity, our numbers
are strikingly similar compared to the numbers reported by
ASEE [13] across engineering education. The main difference
is that our student population has more students identifying
as Latina/Latino or Hispanic (30% compared to 10.7%) and
less as Caucasian or White (46% compared to 64.9%). More
than half (55%) of our participants came from one of the
four institutions and this university is considered an HispanicServing Institution, which explains this disparity.
All scale measures show strong reliability. Examining the
individual responses shows that the results are indeed consistently similar across most items for each scale (see Table IV).
In terms of validity we find that two measures are robust:

TABLE III: Results on the summative scales, in M (SD), across all three GeoExplorer versions on gender and race/ethnicity.
Plus*

Basic

Scale

Advanced

Gendera

Race/Ethnicityb

Gendera

Race/Ethnicityb

Gendera

(n = 29)

(n = 27)

(n = 69)

(n = 51)

(n = 191)

Race/Ethnicityb
(n = 180)

F

M

A

L

W

O

F

M

L

W

O

F

M

A

L

W

O

CPT Learning

4.13
(0.67)

3.84
(0.29)

3.92
(0.63)

3.92
(0.14)

4.04
(0.61)

3.88
(0.18)

4.06
(0.46)

4.12
(0.57)

4.18
(0.59)

4.10
(0.48)

4.11
(0.66)

4.01
(0.78)

3.96
(0.71)

4.06
(0.64)

4.06
(0.85)

3.93
(0.72)

3.76
(0.96)

Integration

3.86
(0.55)

3.64
(0.34)

3.78
(0.69)

3.67
(0.33)

3.69
(0.49)

4.00
(0.0)

4.45
(0.46)

4.32
(0.67)

4.27
(0.69)

4.59
(0.46)

4.43
(0.63)

4.04
(0.85)

3.92
(0.94)

3.92
(0.94)

4.14
(0.80)

4.11
(0.72)

3.28
(1.28)

Geotechnical
Learning

3.75
(0.67)

3.75
(0.38)

4.00
(0.75)

3.92
(0.14)

3.64
(0.56)

3.83
(0.52)

4.14
(0.55)

3.95
(0.62)

4.01
(0.66)

4.16
(0.63)

4.00
(0.27)

3.71
(0.84)

3.80
(0.72)

3.98
(0.70)

3.76
(0.86)

3.69
(0.74)

3.61
(0.90)

Career

2.98
(1.06)

3.15
(0.83)

3.33
(1.53)

3.67
(0.58)

2.97
(0.87)

3.08
(0.38)

3.39
(1.02)

3.04
(0.95)

2.87
(0.98)

3.08
(1.21)

3.50
(0.74)

3.28
(1.16)

3.34
(0.89)

3.18
(1.08)

3.47
(0.88)

3.28
(1.03)

3.30
(0.90)

Learning

3.91
(0.62)

3.74
(0.34)

3.83
(0.76)

3.89
(0.19)

3.82
(0.56)

3.75
(0.12)

4.04
(0.40)

3.98
(0.59)

4.01
(0.59)

4.11
(0.58)

4.08
(0.47)

3.85
(0.73)

3.86
(0.66)

4.01
(0.64)

3.90
(0.81)

3.79
(0.61)

3.69
(0.92)

Gender: F = Female; M = Male. Race/Ethnicity: A = Asian; L = Latino/Latina or Hispanic; W = Caucasian or White; O = other race/ethnicity.
We excluded the Asian category for the Plus version as only a single student identified as such.

*

TABLE IV: Overview of the GeoExplorer-Advanced results (n = 207) on all individual survey items, in Mdn (IQR).
Gendera
(n = 191)
Item

Description

F

CPT Learning (α = .92)
1
Learn about the operation of CPT equipment.
4 (4 - 5)
2
Visualize subsurface stratigraphy.
4 (4 - 4.5)
3
Simulate field conditions
4 (4 - 4.5)
4
Conduct a geotechnical site investigation using
4 (4 - 4.5)
CPT equipment.
Integration (α = .94)
5
The class lectures prepared me for conducting the
4 (4 - 5)
CPT in the mock internship.
6
The class lectures prepared me for analyzing
4 (4 - 5)
the results from the CPT.
7
The CPT Environment was a good way to put what
4 (4 - 5)
I learned in class into practice.
Geotechnical Learning (α = .90)
8
Helped me understand geotechnical engineering better.
4 (3 - 4)
9
Made me want to learn more about geotechnical engineering.
4 (3 - 4)
10
Helped show me why geotechnical engineering is important.
4 (3 - 4)
11
Was an effective way to learn about site investigation methods 4 (3.5 - 4.5)
that are relevant to geotechnical engineering.
Career (α = .94)
12
Take more classes that focus on geotechnical engineering.
4 (3 - 4)
13
Pursue a concentration in geotechnical engineering.
3 (2.5 - 4)
14
Pursue a graduate degree in geotechnical engineering.
3 (2 - 4)
15
Seek employment with a geotechnical engineering firm.
3 (3 - 4)

Race/Ethnicityb
(n = 180)
M

4
4
4
4

(4
(4
(4
(4

-

A
4)
4)
4)
4)

L

4 (4 - 4.75) 4 (4
4 (4 - 4)
4 (4
4 (4 - 4)
4 (4
4 (4 - 4.75) 4 (4

-

W
5)
5)
5)
5)

4
4
4
4

(4
(4
(4
(4

-

O
4)
4)
4)
4)

4 (3 - 4)
4 (3 - 4)
4 (3 - 4.5)
4 (3 - 4.5)

4 (4 - 5)

4 (3 - 5)

4 (4 - 5)

4 (4 - 5)

4 (2.5 - 4)

4 (4 - 5)

4 (3.25 - 5)

4 (4 - 5)

4 (4 - 4.5)

3 (2.5 - 4)

4 (4 - 4.5)

4 (3 - 5)

4 (4 - 5)

4 (4 - 5)

4 (3 - 4)

4
4
4
4

4
4
4
4

(4
(3
(3
(4

-

4)
4)
4)
4)

4
4
4
4

(4
(3
(3
(4

-

4)
4)
5)
4)

4
4
4
4

(3
(3
(4
(3

-

4)
4)
4)
4)

(4
(3
(3
(4

-

4)
4)
4)
4)

4
3
3
3

(3
(3
(3
(3

-

4)
4)
4)
4)

3
3
3
3

(2
(2
(2
(2

-

4)
4)
4)
4)

4
3
3
4

(3
(3
(3
(3

-

4) 3.5 (3 - 4)
4) 3 (3 - 4)
4) 3 (2 - 4)
4) 3 (3 - 4)

4 (3 - 4)
3 (3 - 4)
3.5 (3 - 4)
4 (3 - 4)

4
3
3
3

(3
(3
(3
(3

-

4)
4)
4)
4)

Gender: F = Female; M = Male. Race/Ethnicity: A = Asian; L = Latino/Latina or Hispanic; W = Caucasian or White; O = other race/ethnicity.

Integration and Career. The two measures on learning—CPT
Learning and Geotechnical Learning—could be merged into
a single Learning scale. However, from our findings we see
that different response patterns emerge that are important
to distinguish (e.g., on gender), which makes sense given
that CPT Learning is directly impacted by the game and
Geotechnical Learning indirectly. Further work is needed to
refine and validate these two scales.
B. Gaming4All?
By and large our findings do not show any significant
differences within and between versions of GeoExplorer,

supporting that game-based learning is an equitable learning
environment. However, while it is important to be cautious
as many observations are not significant, our work shows
areas worthy of further attention and investigation that indicate
possible differences. On gender we find that female students
are more favorable than their male counterparts on learning
about the topic and putting what they learned in the classroom
(i.e., theory) to practice. This suggests that contextualizing the
work and showing its relevance is potentially helpful for this
underrepresented group. A particular area that needs attention
is highlighting the usefulness of acquiring more specialized

knowledge, as female students were less inclined to pursue a
concentration or graduate degree in geotechnical engineering.
On race/ethnicity we find a few significant differences,
which we discuss below. The most striking and alarming
observation is that the other race/ethnicity group, which is
composed of students identifying as Black or African American, Native American or Hawaiian, and self-described (predominantly Middle Eastern, Arab, or mix), are inclined to
score lower on all measures, except for Career. This suggests
that the most marginalized and underrepresented groups may
need more attention. Our results suggest a clear need for
assisting this population in implementing game-based learning.
C. Implementation Matters
The clearest differences in our data are observed on the
Integration scale, which discusses the relationship between
the class lecture and CPT virtual environment. We find a
difference on the Plus version implementation compared to
the Basic and Advanced version, which can be explained
that this implementation received more support and that this
institution generally scores higher on this measure compared
to the other institutions. We also find a difference between
the other race/ethnicity groups for the Advanced version and
the rest. In addition, while not significant, the Asian group
scores consistently lower on the items associated with this
scale. Game-based learning needs to be embedded well into
existing curricula, and our results suggest that care is needed
from a diversity, equity, and inclusion (DEI) perspective.
D. Mixed Results for Mixed Reality and Inclusive Efforts
We pursued a mixed reality approach in our work because
we believe that this could foster adoption of game-based learning in engineering education—by combining (or “mixing”)
traditional engineering curricula elements with virtual ones.
In the versions of GeoExplorer (i.e., Basic, Plus, Advanced),
we increasingly included more mixed reality aspects. Furthermore, for the Advanced version we made several inclusive
efforts, by considering representation and contextualizing the
work around sustainability. The current results are mixed.
While other factors may have played a role, on Integration
and Geotechnical Learning the Plus version outperforms the
Advanced the version. The difference on Integration could be
explained that the Advanced version is a more complex implementation with the addition of the website. On Geotechnical
Learning the difference is surprising, given that the Advanced
version added more context and relevance for the tasks. At
the same time, we see that the Advanced version benefited
the Latina/Latino or Hispanic group regarding their career
perspectives. While positive, we targeted specifically women
and not this group for our inclusive efforts. Therefore, we do
not see much impact on the efforts we made, both on mixed
reality and inclusiveness, and the impacts we observe require
further investigation.
E. Limitations
Due to the necessity of making meaningful inferences with
our data, we proceeded by excluding (e.g., students who did

not identify as either female or male) or grouping certain
populations (e.g., Black or African American with Native
American or Hawaiian), thereby, as a result, marginalizing
these groups. We note that it is important to consider such
groups in the future; however, this would require a larger data
set. Moreover, to be more inclusive, in our future work we
are including for gender the option “prefer to self-describe”
and for race/ethnicity the options “South Asian” and “Middle
Eastern or North African.”
Related, an inherent limitation in our work are the sheer
student numbers associated with the different versions. This
makes a comparison between versions difficult and even forced
us to exclude certain race/ethnic groups. In order to advance
inclusive (game) design practices, it is of crucial importance
to continue to evaluate the impact of technological innovations
in a design-based research (DBR) fashion [49]. Only by
systematically and rigorously evaluating design iterations we
will able to determine what has a positive outcome.
Educational interventions generally suffer from a multitude
of variables that may influence outcomes [3], such as the influence of instructors and institutions. We did not consider the
possible influence of instructors. We did look into institutions
and found this to be only of influence on the Integration scale.
Aside from this scale, the numbers are quite similar across
versions, institutions, gender, and race/ethnicity, suggesting
that unobserved or unaccounted for variables may not play
an important role. However, it may suggest that our measures
do not capture the differences well enough. In addition to
further validating our scales, we plan to work with a 7-point
Likert scale instead of the 5-point Likert scale presented in this
paper to see if we can better capture the possible differences.
We also note that our results have not been adjusted for the
multiple comparisons we made (i.e., for each scale). Applying
a Bonferroni correction, the most conservative adjustment,
would only make the Geotechnical Learning effect between
the Plus and Advanced version insignificant.
The clearest limitation of our work, however, is that all
outcomes are perceived and thus reported by the students
themselves. Such measures suffer from a reporting bias and
do not shed light on actual academic performance. In addition,
all measures are reported at the end of the experience and do
not consider students’ initial starting points. It might very well
be that female students are similarly interested in pursuing a
career in geotechnical engineering at the end of the activity;
however, they may have been less interested before the activity.
We plan to explore this in our future work.
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