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Introduction

The ability to make spatial judgments and visualize objects in space has been found to be an
indicator of students’ future achievement in STEM [1-3]. Moreover, spatial intelligence has also
been shown to be one of the only cognitive areas in which boys outperform girls, and these
differences tend to emerge most often in the middle school years [4]. There are many theories to
explain how adolescents develop spatial skills, but research indicates that one promising
approach is engaging in a 3D environment [5-8]. Therefore, better understanding how best to
build K-12 learners’ spatial skills within a 3D gaming environment in an effort to improve
success on pathways into STEM seemed a prudent direction for inquiry.

The study

In response to this gap in better understanding how 3D tools might be used to support spatial
skill development in elementary and middle school learners, our research team hypothesized that
a 3D gaming environment like Minecraft could provide the platform needed to promote the
development of those spatial skills. We also hypothesized that we could leverage the popularity
of the Minecraft game to build student interest in the activities that might be used to build those
spatial skills. To do so, our team delivered a series of summer camps in 2018 and 2019 at which
participants engaged in Minecraft-based activities that were designed to target two specific
spatial skills: mental rotation and 2D-to-3D transformation. Findings from the first summer
camp in 2018 have been previously shared. Consequently, the focus of this particular study is on
findings from the second camp delivered in summer 2019. However, a quick review of findings
from 2018 are shared below as they are critical in understanding how the researchers responded
to the results and shifted the design of the intervention.

Summer camp 2018

For the first summer camp offered in 2018, the research team constructed two pilot modules to
support the development of mental rotation and 2D to 3D transformation skills. This intervention
was completed in the Minecraft environment, but was primarily designed in a tutorial-type or
drill-and-practice fashion. Despite efforts to recruit an even gender distribution, demographic
data collected from summer camp 2018 participants (n = 27) indicate that 74% (n=20) of
participants identified male, and 26% (n=7) identified as female. Findings from the first summer
camp suggest that learners’ mental rotation skills did increase, but no growth was found in
students’ 2D-to-3D transformation skills. A paired-samples t-test was used to investigate spatial
skill growth across all learners between the pre-test and post-test. Data analysis indicates that,
across all learners, participants scored higher on the mental rotation post-test than on the pre-test,
with a statistically significant increase of 1.0625 points on the 15-item instrument (95% CI, -
1.6114 to -.5135) km, t(31) = -3.9473, p < .05. Effect size was calculated, and the Cohen’s d was
approximately .59, suggesting a medium effect of the treatment. Conversely, data analysis of the
2D-to-3D transformation measurement indicates students did score higher on the post-test than
on the pre-test, but the difference was not statistically significant (0.40625; 95% CI, -.9391 to
1266 km, t(31) = -1.5549, p = .1301). Interestingly, when isolated for gender, no significant
differences were found between males and females. In summary, data analysis from the first
summer camp in 2018 indicates that students scored significantly higher on the mental rotation



post-test, but not on the 2D-to-3D transformation post-test. Qualitative data were also collected
from summer camp 2018. Learners reported that a more engaging structure was needed for the
spatial skills activities. Teacher consultants corroborated these findings, and the team set out to
build a more engaging intervention for the second summer camp in 2019.

Summer camp 2019

As indicated, the study presented in this paper is specific to the second summer camp offered in
2019. In response to findings from the qualitative data from the first summer camp in 2018, the
research team reinvented the intervention in an effort to make the activities more engaging for
learners and less drill-and-practice oriented. Consequently, the research team authored a fantasy-
world storyline to drive the spatial skill activities for the second camp in 2019. Participants in
this camp (n=28) were given a narrative that guided them to work together within Minecraft to
complete a series of puzzles. The goal of this storyline was to solve the puzzles, in this case
spatial skill activities, in order to obtain artifacts and maps needed to save the world from an
“invading zombie horde”.

Demographic data from 2019 summer camp participants (#=28) indicates that 50% (n=14) of
participants identified male, and 50% (n=14) identified as female. This is important to note as
the team focused efforts on female recruitment for the second camp in 2019 after observing that
camp participants’ genders in 2018 were not evenly distributed. One student had attended the
previous summer 2018 summer camp. Summer camp 2019 participants shared what grade they
were entering in the Fall of 2019, and the majority (36%, n=10) were entering 4"grade, whereas
29% (n=8) were entering 5" grade, 14% (n=4) were entering 6™ grade, and 21% (1n=6) were
entering 7™ grade. Participants were also asked about their experience playing Minecraft was
well as their access to games at home. Data suggests that 43% (n=12) were relatively novice
Minecraft players with little to no experience playing the game, 43% (n=12) of participants had
some experience with Minecraft, and only a small portion of the participants had considerable
Minecraft experience (14%, n=4). No participants indicated that they were “experts” at
Minecraft. The majority of participants (56%, n=16) shared that they either had “a lot of access”
to technology gaming consoles or even owned their own console or computer, and 43% (n=12)
reported that they had some or little to no access to technology or gaming consoles at home.

Preliminary findings

Pre- and post-tests were administered at each camp to better understand the possible influence of
the Minecraft-based activities on learners’ spatial skills. As shared earlier, findings from summer
camp 2018, where the game was structured more like a tutorial/drill-and-practice game, suggest
that learners did increase their mental rotation skills. Conversely, preliminary results from
summer camp 2019 data suggest that, although the new storyline approach was more engaging
for learners, no spatial skill growth was detected.

Since finding that students’ mean scores on the rotation and 2D-to-3D transformation tests did
not significantly change from pre-test to post-test, the research team was interested in better
understanding other variables related to spatial skills. As a result, data were also collected and
analyzed related to duration of test completion and students’ confidence in their responses. Test



duration was measured in seconds, and for each question, students reported on a 3-point scale
their degree of confidence in their response to the question, ranging from “very confident” (3) to
“not confident” (1). Early results indicate that students were not significantly more confident in
their ability to solve spatial skill puzzles at the end of the camp. However, preliminary results do
suggest that participants were able to complete both the rotation and the 2D-to-3D
transformation test quicker at the end of summer camp 2019. More specifically, participants
completed the 2D-to-3D test quicker on the post-test (370.7+104.8) than on the pre-test
(664.2+278.0), which indicates a statistically significant increase in speed of 356.5 seconds, or
5.94 minutes faster (95% CI, 192.1054 to 394.8456) seconds, t(24) = 5.9750, p <.05, d = 1.39.
And participants completed the rotation test quicker on the post-test (393.£175.4) than on the
pre-test(653.71+235.2) for a statistically significant increase in speed of 260.3 seconds, or 4.34
minutes (95% CI, 173.7806 to 346.9601) seconds, t(26) = 6.1809, p < .05, d = 1.26. In summary,
despite no conclusive findings indicating the intervention influenced a growth from pre-test to
post-test on students’ spatial skills, results do suggest that participants were able to solve spatial
problems more swiftly.

Preliminary conclusions & implications

Further research is needed to understand why significant spatial skill growth was found in
Summer 2018, where the students reported the activities as less engaging, yet no spatial skill
growth was found in summer 2019, where students reported high engagement from the storyline-
based intervention. Further, results from the two camps will be used to continue to adjust the
spatial skills activities for a summer camp to be delivered in 2020. Full findings will be included
in the final poster.
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