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Table 2: Content - Control Vs Treatment

Control Treatment p-value
µc (rankc ) µt (rankt )

Pre-SCS1R 1.7(169) 1.9(187) 0.15
Post-SCS1R 2.8(163) 3.5(209) < 0.01

∆ SCS1R 1.1(166) 1.6(199) 0.01

6.8, µt = 19.9,σt = 6.8, p = 0.46). This result indicates that both
the control and treatment group had similar spatial skills prior to
taking an introductory computing course. As for the post-PSVT:R
there was a significant difference between the control group and
treatment group (µc = 17.7,σc = 6.5, µt = 21.1,σt = 6.7, p < 0.01).
There was also a significant difference between the control group
and treatment group in the total difference gained between the pre-
and post-PSVT:R (∆c = −1.5,σc = 5.8, ∆t = 1.2,σt = 3.5, p < 0.01).
These results imply that running our spatial skill intervention did
improve students’ spatial skills.

4.3 SCS1R Performance
Our second research question asks whether running a spatial skills
intervention can lead to improved performance on the SCS1R. Run-
ning a normality test, we determined that the SCS1R scores for
both the treatment and control groups were not normally dis-
tributed. Since the data was not normally distributed, we used
a non-parametric Kruskal-Wallis test to determine if there was a
significant difference between the control group and the treatment
group. Kruskal-Wallis takes raw scores and ranks them from lowest
to highest. In our case, scores varied between 1 and 341. Table 2
shows the raw score averages (µ) and rank score averages (rank)
of both the control and treatment group scores for the SCS1R.

There was no statistically significant difference between the
control group and treatment group on the pre-SCS1R (µc = 1.7,
rankc = 169, µt = 1.9, rankt = 187 , p = 0.15). As for the post-SCS1R
there was a significant difference between the control group and
treatment group (µc = 2.8, rankc = 163, µt = 3.5, rankt = 209 , p
< 0.01). There was also a statistically significant difference between
the control group and treatment group in the total score gained
from the pre- to post-SCS1R performance (∆c = 1.1, rankc = 166,
∆t = 1.6, rankt = 199 , p = 0.01), as seen in Figure 2. These results
imply that students who participated in a spatial skills intervention
showed improved SCS1R scores. Results found are similar to those
found in Cooper et al.’s study.

4.4 CS-Enjoyment
Having an understanding how students’ attitudes correlate with
their spatial skills can give us a better understanding as to why
spatial skills play an important role in computing. Due to challenges
in understanding how attitudes play a role in affecting students’
abilities, we chose to only look at one of the six attitudinal factors
in our survey, CS-Enjoyment. We expect to further explore the re-
lationships between spatial skills and performance in introductory
computing in future work. We used a non-refined sum score-above
a factor loading of a .32 to score students on each of the 6 attitude

Figure 2: SCS1R Deltas

Figure 3: Treatment Post PSVT:R - Post CS-Enjoyment Cor-
relation (r = 0.32, p-value < 0.01)

factors [13]. Using a non-refined approach is generally acceptable
for most exploratory research situations [48]. Students’ attitude
scores range from 1 to 5, where 1 is strongly disagree, 3 is neutral
and 5 is strongly agree.

Running a Pearson’s r , we observed that there is a slight positive
correlation between the control groups’ post spatial skills and post
CS-Enjoyment (r = 0.22, p-value < 0.01). We also observed a slightly
higher positive correlation between the treatment groups’ post
spatial and post cs-enjoyment (r = 0.32, p-value < 0.01) as shown in
Figure 3. These results show that students who had higher spatial
skills also had increased cs-enjoyment in both the control and
treatment groups. There are at least two possibilities: 1) students
who have higher spatial skills find more enjoyment in computing
or 2) students who enjoy computing more develop higher spatial
skills.
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Figure 4: Treatment Post SCS1R - Post CS-Enjoyment Corre-
lation (r = 0.51, p-value < 0.01)

We observed that there is a slight positive correlation between
the control group’s post-SCS1R grade and post CS-Enjoyment (r =
0.24, p-value < 0.01). We also observed significantly higher positive
correlations between the treatment group’s post-SCS1R grade and
post cs-enjoyment (r = 0.51, p-value < 0.01) as seen in Figure 4.
These results show that students who had higher programming
abilities have higher enjoyment with computing. One could argue
that enjoying CS gives you more motivation to do better, but there
is also some truth that already being good at something can make
you enjoy it more too.

These results are interesting. Presently, they are just correlations
and further analysis should be conducted to understand how and
why these correlations exist.

5 DISCUSSIONS
Similar results to Cooper et al.[10] were obtained. Like Cooper et al.,
our study confirmed that there is a correlation between students’
spatial skills and their ability to program. We also observed that
over a course of a semester, students’ spatial skills towards the end
of the semester have a stronger correlation to their programming
abilities than their spatial skills prior to taking in an introductory
computing course (pre r = 0.31, post r = 0.41). This provides evidence
for the correlation between spatial skills and computing aptitude.
Our results also show that without a spatial skills intervention,
students’ spatial skills slightly decrease over a semester, results not
reported in previous studies.

After running a spatial skills intervention, our results show that
both students’ spatial skills and programming abilities statistically
improved over the course of a semester. These results were observed
in Cooper et al.’s shorter duration study.

We also explored the correlations between students’ post com-
puting enjoyment and both their spatial skills and programming
abilities. Our results show that there is a correlation between stu-
dents’ enjoyment and how well they preform on the PSVT:R and
SCS1R. But whether it is effective or affective is still unknown at
this time and further analysis should be done.

6 LIMITATIONS
Several factors could have impacted the results of our study. The
first factor is that our participation was voluntary. This could have
lead to participation bias. That is, students who participated in
the intervention may have tried harder on the post tests without
actually improving there skills. Voluntary participation could have
also acted as a filter to identify only those students whit the time
and inclination to put large amounts of time into the course. With
the results found in this study, we hope that we can convince
instructors to allow our intervention to be a mandatory part of
their classes.

The second factor is that the instrument we used to test for pro-
gramming abilities, the SCS1R, is a difficult test. It was challenging
to differentiate between students who did not take the study se-
riously and those who did. From what we found while running
the study, we have plans to revise the instrument to increase its
reliability.

The last factor was that all surveys/exams where administered
online and not in a controlled environment. We also did not set
a time limit to how long students had to take the PSVT:R, as it is
meant to be taken in a 20 minute time frame.

7 CONCLUSION
There is still much to learn about spatial skills and their role in
computing. The results from this study are promising. We were
able to successfully improve students’ spatial skills and computing
skills over the course of a semester with the use of a spatial skills
intervention. However, because participation in our study was
voluntary, we do have concerns that there could be participation
bias. Are these results replicable, and will results change when
making the intervention a mandatory part of a class? The results
that we found in this study should help us convince instructors to
make the intervention a mandatory part of their classes.

We are interested in how demographic difference and students’
attitudes can impact their programming abilities and spatial skills.
We hope to write a follow up paper discussing those topics in more
detail. We would also like to be able to answer several related ques-
tions: Does running an intervention help with computing retention
rates? Is it possible to create programming labs that also teach
spatial skills so there would be no need to run an intervention?
Other studies have shown that there is a gender gap with spatial
skills. Does this gender gap in spatial skills help explain the under
representation of females in computing?

Our results both confirms what Cooper et al. found in their study
while also providing a crucial step to understanding how spatial
skill play a role in introductory computing courses. There is a great
deal of future work to be done.
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