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In all sections of the intervention software, shapes are presented in a colorized format.
However, the color of the shapes change incrementally as the shape is rotated. For example,
the side of a shape may appear blue when rotated to a certain degree but a different shade when
rotated to a further degree. This effect was incorporated to deter students from using an
analytical approach to solving rotation problems where they are simply remembering the colors
of one or two of the sides of the shape. There is no set limit or required number of problems to
solve in the practice sections and the user can spend as much time as they need to solve a
problem.

As students use the Intervention module their results in the practice and challenge sections are
recorded. In all four sections, the number of questions asked is recorded in the database. In the
challenges the number of correct answers is also tracked. The amount of time a student spent
in each module is also tracked in the database. In the challenge sections, the amount of time

spent on each 10-question challenge is tracked.

3.5.2.4 Data Management & Security

Tracking of data, including student scores and certain demographic information such as age
and gender were stored in a custom designed relational database. Additional data about the
test taking and intervention experience of the students was tracked, such as when the students
took the pretests and posttests, for how long a student spent on each question of the test,
student pretest and posttest scores, how much time passed between the intervention and the
posttesting, and for how long students used the intervention software. All personally
identifiable student information is stored in an encrypted format. The database as well as the
server on which it resides is secured and password protected at a login level as well as at a
transaction level. In Figure 9 a high-level, entity relationship diagram (ERD) for the database

implementation shows the major components of the database and their relationships.

3.6 Conclusion

The design and methodology topics of the study were discussed. A PPC experimentation
model, which is common to many other spatial skills studies, was implemented in this study.
Similarities and differences between the online version and the paper version of the Revised
PSVT:R were detailed and discussed from a psychometric perspective. Issues such as test
timing, student navigation, test questions, test question order, imaging, and presentation were
all examined and the related design decisions were explained and justified. Computer-based

testing issues, such as mode effect, presentation latency, test construction and reliability were
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addressed. Test question characteristics, such as item discrimination and item difficulty, were
examined and the concept of “holistic rotation” was introduced. The online instrument has not
been psychometrically validated, but was shown to have internal consistency based on results
from a Cronbach’s a calculation. Compliance with human subject research requirements and
IRB approval for the study were demonstrated. The system implementation and design was
detailed, including the design of the testing portion of the system, the questionnaires used, the

implementation of the intervention software, and the management of the system data.
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an hour, the record was rejected from the study. Some instructors assigned students a
homework task to complete a certain number of challenge questions. It is suspected that some
students did not make an effort to answer the questions correctly and just wanted to complete
the number required by the instructor, therefore they completed challenge games in under a
minute. Games that took a student more than an hour, were likely games that the student had
stopped playing in the middle and completed later. For students that spent more than 1 minute
and less than an hour on a single challenge game, the average time spent to complete all 10
questions was 8.4 minutes for the rotation challenge and 5.1 minutes for the analogy challenge.
For challenge games that were not completed by the student, i.e. fewer than 10 questions
answered, if the student had not selected a difficulty level or the student spent less than a minute

or more than an hour the record was rejected from the study.

4.3 Amount of Intervention

Intervention work was begun by students on 2015-Nov-04 and was completed on 07-Dec-2015
and 13-Dec-2015 by the last female and male respectively. Presented in Table 4 are descriptive
statistics for the different population subgroups on the intervention work performed by students
in the experimental group. The mean amount of time spent performing intervention work (after
filtering as described above) was 105.9 minutes. (Complete descriptive statistics are presented
in Table 11 & Table 12 in Appendix 7.6)

Females Males Total Population

Intervention Type Mean Std. Dev. (8) Mean Std. Dev. (8) Mean Std. Dew. (8)
Overall
Minutes on Intervention 102.2 136.1 107.0 107.8 105.9 114.9
Aggregate - Rotation Challenge
Minutes 42.4 60.6 27.8 29.7 31.2 39.5
Number Correct 44.7 61.0 34.1 35.5 36.5 43.0
Number Questions 54.2 799 41.0 45.7 44.0 55.7
% 82.9%
Aggregate - Analogy Challenge
Minutes 42.8 72.3 67.7 82.2 62.0 80.7
Mumber Correct 38.2 64.1 81.4 90.5 715 371
Number Questions 66.0 116.0 139.9 169.0 122.9 161.4
% 579% 58.2% 58.2%

Table 4 Descriptive Intervention Statistics for the Different Population Subgroups

4.4 Student Motivation
After the completion of the experiment for this study, it became apparent that perhaps, some
students were not properly incented to try their best on either the testing or the intervention. As
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EG PretestCorrect 20.26 1.19|EG  Posttest Correct 23.47 0.84| 3.21 -5.046 -1.375 -3.674 18.00 0.00173260000

CG  PretestCorrect 19.79 0.86|CG  PosttestCorrect 21.10 0.82| 1.31 -2483 -0.137 -2.289 2B8.00 0.0292600000

EG PretestCorrect 20.26 1.19|CG  PretestCorrect 19.79 0.86|-0.47 -2518 3458 0319 3544 0.7514000000

EG Posttest Correct 23.47 0.84|CG  PosttestCorrect 21,10 0.82(-2.37 0016 4.725 2.030 43.36 0.0485700000

EG Gain 3.21 0.87|CG Gain 1.31 057(-1.90 -0.226 4.026 1.819 32.88 0.0780600000
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EG PretestCorrect 21.69 0.57|EG Posttest Correct 24.29 0.39| 2.60 -3452 -1.748 -6.083 74.00 0.0000000477

CG PretestCorrect 21.96 0.42|CG Posttest Correct 23.46 041 1.51 -2.083 -0.332 -5.180 133.00 0.0000008033

EG PretestCorrect 21.69 0.57|CG PretestCorrect 21.96 042| 0.26 -1.659 1.135 -0.370 153.77 0.7116000000

EG Posttest Correct 24.29 0.39|CG  Posttest Correct 23.46 041)|-0.83 -0.286 1.947 1467 193.26 0.1440000000

EG Gain 2.60 0.43|CG  Gain 1.51 0.29|-1.09 0070 2115 2113 141.58 0.0363700000

Table 8 EG Filtered by Intervention Effort EG vs CG; Segmented by Gender

For males in the experimental group there was also a statistically significant increase from
pretest to posttest of 2.60 additional correct answers, a gain of 12% (2.6 / 21.69) that suggests
the intervention also had an effect for males. (Plot 5) For males in the comparison group there
was also a significant, although smaller, increase of 6.9% (1.51/21.96) from pretest to posttest,
again likely due to practice effect and the semester’s coursework. The increase for males in the
experimental group was 1.72 times greater than that of the comparison group suggesting that
males also responded to the intervention software. The average time spent by males on
intervention work was 107 minutes (Table 4) suggesting that even a modest amount of time

using the intervention software proved beneficial.

A two-way Anova procedure between both study groups and both genders on the pretest score,
posttest score, and the gain was performed. There was a significant main effect of gender shown
to exist in both the pretest scores, F(1, 253) =5.7249, p = 0.01746 and posttest scores F(1, 253)
= 6.6731, p = 0.01035. There was a nonsignificant main effect of the software intervention
shown to exist on both the pretest scores, F(1, 253) = 0.0687, p = 0.79352 and posttest scores
F(1, 253) = 3.8713, p = 0.05021. There was a nonsignificant interaction between the study
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groups and both genders on the pretest scores, F(1, 253) = 0.2067, p = 0.64974, and the posttest
scores, F(1, 253) = 1.2123, p = 0.27193. These results suggest that based on the means there
was not a significant difference between the experiment study group and the comparison study
group when they took the pretest. Further it suggests that a significant difference existed
between the mean scores for males and for females when they took both the pretest and the

posttest.

There was a significant main effect of the intervention shown to exist on the gain, F(1, 253) =
7.7376, p = 0.005816. There was a nonsignificant effect of gender on the gain, F(1, 253) =
0.0441, p = 0.833771 and there was a nonsignificant interaction between the study groups and
both genders on the gain, F(1, 253) = 0.5013, p = 0.479592. This suggests that the mean gains
for male students was not significantly different from the mean gain for female students, but
the difference between main gains for the two study groups was significant. Furthermore, it
suggests that the intervention had a significant effect on the means of the gain for both males

and females.
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An effect size (Cohen’s d) of 0.561 was computed for the gain between the experimental and
comparison groups for females in the population filtered by intervention. With a Cohen's d of
0.56, 71% of the experimental group will be above the mean of the comparison group, 78% of
the two groups will overlap, and there is a 65% chance that a person picked at random from
the experimental group will have a higher score than a person picked at random from the

comparison group.
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Plot 5 Male EG vs Male CG Pre & Post Scores

Finally, an effect (Cohen’s d) size of 0.313 was computed for the gain between the
experimental and comparison groups for males in the population filtered by intervention. With
a Cohen's d of 0.31, 62% of the experimental group will be above the mean of the comparison
group, 88% of the two groups will overlap, and there is a 59% chance that a person picked at
random from the experimental group will have a higher score than a person picked at random

from the comparison group.

5.3.6.1 Intervention Effort Further Filtered by Failed Pretest

The preceding results were for the entire range of students’ test performance, including those
students that performed well on the pretest and had little or no room for improvement. Three
students had perfect scores on the pretest and had no room for improvement, twelve students
had only 1 incorrect response, seven students had 2 incorrect responses, and 21 students had
only 3 incorrect responses, leaving little room for gain regardless of the amount or quality of
the intervention performed. Additionally, in a longitudinal study covering 15 years at Michigan

Technological University it was demonstrated that enrolling students who initially failed the
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PSVT:R test in a spatial skills training course showed significant improvement in grades in
STEM courses and retention (Veurink & Sorby, 2011). Curricular requirements at the
institution where the research was conducted prevented implementation of the training only for
students who failed the pretest; however, the following section examines the effect of the

intervention for those students who had weak spatial skills initially.

Seventy students in the study “failed” the pretest, where a failure is considered to be a score of
60% or less on the test which translates to a score of 18 or below on the pretest. (27.2% failed,
72.8% passed) Of those who failed, 26 students comprise the experimental group and received
an average of 126.6 minutes of intervention and performed an average of 216.6 intervention
challenge problems. Forty-four students who failed and received no intervention comprise the
comparison group. Of the 44 students in the comparison group 22 students (50%) who failed
the pretest also failed the posttest and 22 students (50%) subsequently passed the posttest. Of
the 26 students in the experimental group 21 students (80.8%) who failed the pretest
subsequently passed the posttest and 5 students (19.2%) failed again on the posttest.

To determine the effect of the intervention on students that failed the pretest, the dataset that
had been filtered by intervention effort (N=257) was additionally filtered by pretest scores of

less than or equal to 18 reducing the dataset to 70.

The same five t-tests that were performed on the previous datasets were performed on the
dataset filtered by failure on the pretest. (Table 9) The experimental group showed a
statistically significant improvement of 6.08 questions correct from pretest to posttest. This is
3.36 higher than the improvement shown with the population filtered only by intervention
effort (6.08 — 2.72). The difference in gain between the experimental group and the comparison

group was -2.94, indicating that the comparison group gained 2.94 fewer points than the

e xy
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EG  Pretest Correct 14.92 0.51|EG  PosttestCorrect 21.00 0.61| 6.08 -7.605 -4.549 -8.190 25.00 0.0000000153

CG  PretestCorrect 15.14 0.45|CG  Posttest Correct 18.27 0.73] 3.14 -4.390 -1.883 -5.045 43.00 0.0000087300
EG  PretestCorrect 14.92 0.51|CG  PretestCorrect  15.14 0453| 0.21 -1.575 1.148 -0.314 58.84  0.7550000000

EG PosttestCorrect 21.00 0.61|CG PosttestCorrect 18.27 0.73|-2.73 0.838 4.617 2.831 67.51 0.0053090000

EG Gain 6.08 0.74|CG  Gain 3.14 0.62|-294 1002 4879 3.038 56.29 0.0036090000

Table 9 EG & CG Filtered by Failure on Pretest

56



experimental group. The experimental group had a gain of 40.8% (6.08 / 14.92) and the
comparison had a gain of 20.7% (3.14 / 15.14). (Plot 6) As in the tests filtered only by
intervention effort, the pretests for both groups showed no significant difference in the mean
of the number of correct answers indicating that both groups started from statistically similar

means.
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Plot 6 Failed Pretest EG Gain vs CG Gain

An effect size (Cohen’s d) of 0.735 was computed for the gain between the experimental and

comparison groups for students who failed the pretest with a score of 18 or fewer in the
population filtered by intervention effort. (Plot 7) With a Cohen's d of 0.74, 77% of the

Cohen'sd: 0.74
P —

Plot 7 Intervention Effect Size for Student's that Failed the Pretest (<=18)
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experimental group will be above the mean of the comparison group, 71% of the two groups
will overlap, and there is a 70% chance that a person picked at random from the experimental

group will have a higher score than a person picked at random from the comparison group.

In the Veurink & Sorby (2011) longitudinal study executed each year from 1993 to 1998 an
average overall gain of 26.4% was achieved for students who failed the pretest of the PSVT:R
and received the intervention course. The course was 10 weeks long and had 2 hours of lecture
and 2 hours of computer lab work each week that used CAD-based computer exercises for a
total of 40 hour of intervention time. In that study it does not report how many of the 40 hours
of intervention were spent specifically on mental rotations. A full outline of the course shows
that there are many spatial skills being taught, sketching isometric pictorials and multi-view
drawings of simple objects are taught and reported as, “greatly enhancing spatial skills.” In a
more recent study by Duffy et al. (2015) that used the same intervention training material
developed by Sorby et al. and was administered for 2 hours a week for 6 weeks, a 17% gain
was reported. It discusses that the delivery of the intervention implementation was “rushed,
[and] poorly attended” and had “novice tutors” and was of an overall “poorer quality” than the
course presented by Sorby, et al. In the current study, for an intervention time of roughly 2
hours using the software-only intervention a gain of 20.3% was achieved.

5.3.6.2 Intervention Effort Further Filtered by Failed Pretest & Segmented by Gender

In order to determine if the intervention had a significant effect across gender within the failed
pretest population the data was further segmented. The population remained the same (N=70)
but the data was further broken down into subsets by gender giving four groups for comparison:
the experimental group for males (N=20) and for females (N=6), and the comparison group for
males (N=31) and for females (N=13). Of all males in the sample population filtered for
intervention effort, 24.4% failed the pretest. Of all females in the sample population filtered
for intervention effort 39.6% failed the pretest, demonstrating that females started the study
with weaker mental rotation spatial skills. The same battery of t-tests as performed for the
previous data sets was performed for each gender yielding comparisons within each gender.
(Table 10) Of those in the experimental group the average amount of intervention time was
116.5 minutes for females and 129.7 minutes for males. Additionally, to compare the means
across both gender and study group, a two-way Anova was performed for both factors.

For females in the experimental group there was a statistically significant increase from pretest

to posttest of 6.33 additional correct answers, a gain of 43.1% (6.33 / 14.67) that suggests that
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EG PretestCorrect 14.67 1.15|EG  Posttest Correct 21.00 0.583| 6.33 -10.297 -2.369 4.107 5.00 0.0092830000
CG PretestCorrect 15.92 0.62|CG  Posttest Correct 18.31 085| 2.38 4.256 -0.513 -2.776 12.00 0.0167600000
EG PretestCorrect 14.67 1.15|CG  Pretest Correct 15.92 0.62| 1.26 -4.257 1.744 0963 B8.12 0.3633000000

EG  Posttest Correct 21.00 0.93(CG  Posttest Correct 18.31 0.595(-2.69 -0.154 5.538 2.024 14.35 0.0619800000

EG Gain 6.33 1.54|CG  Gain 2.38 0.86|-3.95 -0.100 7.997 2.237 8.25 0.0546800000
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EG  PretestCorrect 15.00 0.58|EG  Posttest Correct 21.00 0.75| 6.00 -7.816 -4.184 -6.916 15.00 0.0000013560
CG Pretest Correct 14.81 0.58|CG  Posttest Correct 18.26 0596| 3.45 -5.100 -1.803 -4.277 30.00 0.0001774000
EG  PretestCorrect 15.00 0.58|CG  Pretest Correct 14.00 058|-1.00 -1.460 1.847 0.236 46.58 0.8148000000

EG  Posttest Correct 21.00 0.75(CG  Posttest Correct 18.26 096(-2.74 0.293 5.191 2.250 48.97 0.0289600000

EG Gain 6.00 0.87|CG  Gain 3.45 0.81]-2.55 0.162 4.535 2.151 44.84 0.0369200000

Table 10 EG vs CG; Males & Females

the intervention had an effect. For females in the comparison group there was also a significant,
although smaller, increase of 14.9% (2.38 / 15.92) from pretest to posttest, again likely due to
practice effect and the semester’s coursework. The increase for females in the experimental
group was 2.61 times greater than that of the comparison group suggesting that females
responded well to the intervention software. The average time spent by females on intervention
work was 116.5 minutes, suggesting that even a modest amount of time using the intervention

software proved beneficial.

For males in the experimental group there was also a statistically significant increase from
pretest to posttest of 6.0 additional correct answers, a gain of 40% (6.0 / 15.0) that suggests the
intervention also had an effect for males. For males in the comparison group there was also a
significant, although smaller, increase of 23.3% (3.45 / 14.81) from pretest to posttest, again
likely due to practice effect and the semester’s coursework. The increase for males in the
experimental group was 1.74 times greater than that of the comparison group suggesting that
males also responded to the intervention software. The average time spent by males on
intervention work was 129.7 minutes, suggesting that even a modest amount of time using the

intervention software proved beneficial.
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A two-way Anova procedure between both study groups and both genders on the pretest score,
posttest score, and the gain was performed. There was a nonsignificant main effect of gender
shown to exist in the pretest scores, F(1, 66) = 0.6661, p = 0.4174and posttest scores F(1, 66)
=0.0008, p =0.97755.

There was a nonsignificant main effect of the software intervention shown to exist on the
pretest scores, F(1, 66) = 0.0903, p = 0.7647 and a significant main effect of the software
intervention shown to exist on the posttest scores F(1, 66) = 6.4664, p = 0.01335.

There was a nonsignificant interaction between the study groups and both genders on the
pretest scores, F(1, 66) = 0.7841, p = 0.3791, and the posttest scores, F(1, 66) = 0.0004, p =
0.98406. These results suggest that based on the means there was a significant difference
between the experiment study group and the comparison study group when they took the
posttest but a nonsignificant difference when they took the pretest, implying that the
intervention, more so than gender, had an effect. Further it suggests that no significant
difference existed between the mean scores for males and for females when they took both the
pretest and the posttest.

There was a significant main effect of the intervention shown to exist on the gain, F(1, 66) =
8.6512, p = 0.004504. There was a nonsignificant interaction of gender on the gain, F(1, 66) =
0.3013, p = 0.584893 and there was a nonsignificant interaction between the study groups and
both genders on the gain, F(1, 66) = 0.3684, p = 0.545952. This suggests that the mean gain
between the genders were not significantly different, but the mean gain between the study
groups were significant. Furthermore, it suggests that the intervention had a significant effect

on the means of the gain for both males and females.

An effect size (Cohen’s d) of 1.192 was computed for the gain between the experimental and
comparison groups for females in the population filtered by intervention effort. With a Cohen's
d of 1.19, 88% of the experimental group will be above the mean of the comparison group,
55% of the two groups will overlap, and there is an 80% chance that a person picked at random
from the experimental group will have a higher score than a person picked at random from the

comparison group. (Plot 8)
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Cohen'sd: 119

Plot 8 Effect Size; Females who Failed Pretest

Finally, an effect size (Cohen’s d) of 0.597 was computed for the gain between the
experimental and comparison groups for males in the population filtered by intervention effort.
With a Cohen's d of 0.59, 72% of the experimental group will be above the mean of the
comparison group, 77% of the two groups will overlap, and there is a 66 % chance that a person
picked at random from the experimental group will have a higher score than a person picked at

random from the comparison group.

5.4 Conclusion

Gains for the total population were 1.6 times greater for students in the experimental group
than those in the comparison group. For the subset of students who made at least a minimal
effort in the intervention, the gain was 1.85 when in the experimental group. Within that subset
females gained 2.45 times more and males 1.72 times more when in the experimental group.
Students that failed the pretest had 1.94 times a greater gain if they were in the experimental
group. Female students who failed the pretest gained 2.66 times more if they were in the
experimental group rather than the comparison group and males gained 1.74 times more when
in the experimental group. When compared against males in the same segment of data, females

gained 1.16 and 1.25 times more than their male counterparts.

With the exception of data that was segmented by gender, all datasets evaluated demonstrated
a significant improvement in the mean gain for the experimental group over the comparison
group. In the two data subsets segmented by gender, male student gains were all statistically
significant (95% confidence interval, N = 209, p-value = 0.03637 & N = 51, p-value =
0.03692), however female gains, which were even higher, fell just short of being statistically
significant (95% confidence interval, N = 48, p-value = 0.07806 & N = 19, p-value = 0.05468).
For the data subset filtered by students who failed the pretest, there were only 19 students

included, with only 6 in the experimental group, which may have contributed to the result being
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nonsignificant. For both of the female subsets of data analyzed, it should be noted that the

degree of statistical significance was just short of the 95% confidence level.

As suggested by Cohen (1977), standard effect sizes of 0.2, 0.5, and 0.8 are small, moderate
and large in terms of practical significance. Small effect sizes were noted for the total
population and the population filtered by intervention effort. The effect size for males in that
population was also small, but it was moderate for females. When the population was further
filtered for student’s that failed the pretest, effect sizes for gains were moderate for the genders
in aggregate, moderate for males alone, and large for females. Although the effect of the
intervention for the larger populations examined were small, they were still significant. It is
suspected that the short, targeted nature of the intervention is the reason for the small effect
size, and that a longer intervention would increase effect size for the total population. Despite
the length of the intervention, moderate to large effects were found for females, especially those
who failed the pretest. Males who failed the pretest showed moderate effects as well. In the
past, other spatial skills interventions, especially those by Sorby (2009b), have focused on

students who failed the pretest as they also had the largest effects.
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Chapter 6 Conclusions and Future Work

6.1 Introduction

This study examined how software can be used to teach a particular type of spatial ability called
mental rotation which is closely linked to success in STEM. It studied the effect of a brief,
direct online software intervention on the mental rotation abilities of first year STEM students
at a higher education institution. An experiment using a PPC methodology, with experimental
and comparison groups, to test students’ spatial skills using mental rotation was designed,
implementing the Revised PSVT:R standardized test. It created an online spatial rotations
testing system, developed a software-based intervention teaching module that taught mental
rotations through direct practice and challenge modules, and created a software-based
infrastructure to collect, administer, and evaluate data related to student testing, performance
and improvement. This project contributes to the body of knowledge about whether software-
based interventions can be used to help teach spatial skills to students by demonstrating an
increase in student spatial skills. It made original contributions to the field of STEM education
by creating a purely software-based, online only, spatial testing and training system. Unlike
other research in this domain, the training intervention required no human instructors, students
worked independently and were able to train on the system on their own schedule and to the
level they desired. The approach taken was different from other spatial skills interventions by
designing an intervention that focused primarily on a Gestalt-based, holistic approach to
teaching mental rotation skills. It was noticed that existing training intervention focused
primarily on more analytical approaches to teaching rotation, that they required instructor
involvement, were performed over a much longer period of time and could not be done at an
individual’s preferred pace and level. Additionally, the improvements shown by students in
mental rotation were achieved with a much shorter intervention training period — with
admittedly lower gain, than in other research, but with higher gain for the time invested in the

intervention.

6.2 Findings

The main finding of this study is that a software-based only, spatial skills intervention can have
a statistically significant impact on students’ spatial skills scores for mental rotation. Mental
rotation has been shown to be the most significant spatial skill linked with success in STEM
fields. This study analyzed the data using the total sample population, as well as using several
select subsets that filtered or segmented the data in order to make meaningful assessments of

the effect of the intervention. With the exception of data that was segmented by gender, all
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7.3 Invitation to Participate in Intervention

An INVITATION to Spatial Skills Training for Rowan =
Freshman Engineers inbox

to me |-

INVITATION: Spatial Research Training

Dear Student at Rowan University Engineering,

You are receiving this email because recently you took one or more spatial
skills tests as part of the Freshman Clinic course. A research study has
recently been completed in which some students received software-based
training.

There is considerable evidence that increased spatial skills helps students
succeed in engineering fields.

All students who took a spatial skills test are now welcome and invited to
use the training software. (Even if you opted out of participation in the study
you are still welcome to use the intervention software. )

To use the intervention software simply log on to your account at:

www. SpatialResearchUS. com

On the main screen, click on the button that says, "Rotation Skills Lesson.”

Please direct all comments or concerns to spatialresearchus@amail.com

Thank-you for your participation in spatial skills research.

Sincerely,
The Spatial Research Team

donotreply@spatialresearcl  3:53 PM (0 minutes ago) - -

Figure 11 Invitation to All Students to Participate in the Intervention
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7.4 Study Participation Agreement

Rowane

University

Study Participation Agreement

Invitation: You are invited to participate in a study entitled “Spatial Skills of Engineering Students™. All first year students at Rowan
University are invited to participate in this study.

What you will do: This test will take approximately 25 minutes. All first year students will take this spatial skills test as part of
Freshman Engineering Clmic. If you choose to participate in the research. your test results may be used in our study.

Purpose: The purpose of the research study is to know more about the spatial skills of engineering students and how they can be
improved.

Risks and benefits: There are no risks or benefits associated with participating in the study. However, by participating in this study. you
will help us understand more about the spatial skills of engineering students.

Confidentiality: Your test results will be kept confidential. We will store the data in a secure computer file and the file will be destroyed
once the results have been published. Your individual information will never be used in any part of the study that is published.

Questions: If you have any questions about the study. you can contact the researcher at the address provided below. but you do not have
to give your persenal identification.

Dr. Stephanie Farrell | Chemical Engineering | Rowan University | 201 Mullica Hill Rd | Glassboro, NT 08028

Farrell@rowan.edu | (856) 256 5315

Participation: You may choose whether your results may be used in the research study. Your participation in the study 1s voluntary.
You may indicate your choice by clicking the appropriate button at the bottom of this page. Refusal to participate in the study will not

involve a penalty or loss of benefits to which the participant is otherwise entitled. A participant can discontinue participation at any time
without penalty or loss of benefits to which the participant 15 otherwise enfitled.

To participate in this study, you must be 18 years or older. Place a check box here if you are 18 or older

Click the appropriate box to indicate whether or not you agree for your results to be used in the study

&) Yes, my results may be used in the study No, Please do not use my results in the study

Continue

Figure 12 Study Participation Agreement Screen Capture from Website
7.5 Questionnaire Questions

7.5.1 Pretest Questionnaire

Do you have prior experience in vocational areas such as carpentry, electrical, plumbing or auto repair? (Yes, No)

How many high school (secondary school) academic courses have you completed in art (drawing or painting)? (0, 1, 2,
more than 2)

How many high school (secondary school) academic courses have you completed in art (sculpture)? (0, 1, 2, more than 2)

How many high school (secondary school) academic courses have you completed in chemistry? (0, 1, 2, more than 2)

How many high school (secondary school) academic courses have you completed in computer graphics? (0, 1, 2, more
than 2)

How many high school (secondary school) academic courses have you completed in computer programming? (0, 1, 2,
more than 2)

How many high school (secondary school) academic courses have you completed in descriptive geometry? (0, 1, 2, more
than 2)
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How many high school (secondary school) academic courses have you completed in mechanical drawing or drafting? (0,
1, 2, more than 2)

How many high school (secondary school) academic courses have you completed in physics? (0, 1, 2, more than 2)

How often do you engage in assembling electrical circuits? (Frequently, Occasionally, Seldom, Never)

How often do you engage in building models? (Frequently, Occasionally, Seldom, Never)

How often do you engage in building train sets, race car sets, etc.? (Frequently, Occasionally, Seldom, Never)

How often do you engage in carpentry projects? (Frequently, Occasionally, Seldom, Never)

How often do you engage in cooking or baking? (Frequently, Occasionally, Seldom, Never)

How often do you engage in creating computer graphics? (Frequently, Occasionally, Seldom, Never)

How often do you engage in drawing or painting? (Frequently, Occasionally, Seldom, Never)

How often do you engage in dressmaking or sewing using pattern pieces? (Frequently, Occasionally, Seldom, Never)

How often do you engage in driving a car? (Frequently, Occasionally, Seldom, Never)

How often do you engage in playing a musical instrument? (Frequently, Occasionally, Seldom, Never)

How often do you engage in playing strategy board games (e.g. chess, checkers, backgammon)? (Frequently,

Occasionally, Seldom, Never)

How often do you engage in playing video games? (Frequently, Occasionally, Seldom, Never)

How often do you engage in playing with building sets? (Frequently, Occasionally, Seldom, Never)

How often do you engage in plumbing projects? (Frequently, Occasionally, Seldom, Never)

How often do you engage in repairing household appliances (radio, stereo, etc.)? (Frequently, Occasionally, Seldom,

Never)

How often do you engage in repairing machines (bicycles, mopeds, cars, equipment, etc.)? (Frequently, Occasionally,

Seldom, Never)

How often do you engage in riding a moped or motorcycle? (Frequently, Occasionally, Seldom, Never)

How often do you engage in sketching house plans or machine designs (e.g., cars)? (Frequently, Occasionally, Seldom,

Never)

How often do you engage in solving 3-Dimensional puzzles similar to Rubiks™ cube? (Frequently, Occasionally,
Seldom, Never)

How often do you engage in solving logic puzzles such as Sudoku? (Frequently, Occasionally, Seldom, Never)

How often do you engage in using hand tools? (Frequently, Occasionally, Seldom, Never)
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How often do you engage in using power tools? (Frequently, Occasionally, Seldom, Never)

How often do you engage in playing 3-Dimensional action video games? (Frequently, Occasionally, Seldom, Never)

How often do you spend time actively using computer software (but not including watching video or using social media

such as Facebook)? (Frequently, Occasionally, Seldom, Never)

How often have you studied academic course materials using computer software? (Frequently, Occasionally, Seldom,

Never)

In high school (secondary school), how often did you engage in ball-and-bat or ball-and-stick team games such as cricket,

baseball, hurling, lacrosse, or hockey? (Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in contact field sports such as football, rugby? (Frequently,
Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in court sports such as basketball, kabadi, volleyball?
(Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in cross-country, track or jogging? (Frequently,
Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in cycling? (Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in dance? (Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in gymnastics? (Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in orienteering? (Frequently, Occasionally, Seldom, Never)

In high school (secondary school), how often did you engage in racquet sports such as tennis, ping pong, or badminton?

(Frequently, Occasionally, Seldom, Never)

Indicate the degree to which you agree with the following statement: "I prefer to learn academic course material by using
computer software before using a classroom setting."(Agree, Somewhat agree, Neither Agree nor Disagree, Somewhat

Disagree, Disagree)

Indicate the degree to which you agree with the following statement: "I prefer to learn by reading a book rather than

reading online."(Agree, Somewhat agree, Neither Agree nor Disagree, Somewhat Disagree, Disagree)

What best describes your home environment? (Urban, Rural, Suburban)

What is the highest degree your father holds in a technical field? (None, BS - Bachelor of Science or BTech - Bachelor of
Technology, MS - Master of Science or MTech - Master of Technology, PhD - Doctor of Philosophy )

What is the highest degree your mother holds in a technical field? (None, BS - Bachelor of Science or BTech - Bachelor
of Technology, MS - Master of Science or MTech - Master of Technology, PhD - Doctor of Philosophy )

Which answer hest describes a desire to help others as a factor for your deciding to study engineering? (Strong,
Moderate, Weak, None)
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7.6 Intervention Full Descriptive Statistics

Females Males Total Population

Intervention Type Mean Std. Dev. (8) Mean Std. Dev. (8) Mean Std. Dev. (8)
Overall
Minutes on Intervention 102.2 136.1 107.0 107.8 105.9 114.9
Aggregate - Rotation Challenge
Minutes 42.4 60.6 27.8 29.7 31.2 39.5
Mumber Correct 44.7 61.0 34.1 35.5 36.5 43.0
Number Questions 54.2 799 41.0 45.7 44.0 557
% 82.9%
Aggregate - Analogy Challenge
Minutes 42.8 72.3 67.7 82.2 62.0 80.7
Mumber Correct 38.2 64.1 81.4 90.5 71.5 87.1
Number Questions 66.0 116.0 139.9 169.0 1229 161.4
Ya 579% 58.2% 58.2%
Introduction
Minutes 4.3 4.7 3.2 4.7 3.5 4.7
Match Rotation Practice
Minutes 8.2 6.3 3.6 2.3 6.2 3.7
Number Questions 8.3 7.1 6.4 6.7 6.8 6.9
Match Analogies Practice
Minutes 4.5 6.0 2.7 3.2 3.1 4.1
Number Questions 4.2 5.1 3.8 5.2 3.9 5.2

Table 11 Descriptive Intervention Statistics for the Different Population Subgroups
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