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Introduction
The ability to visualize three-dimensional objects and their orthogonal views and manipulate those
images is a cognitive skill vital to many STEM fields, especially those requiring work with computer aided design (CAD) tools (Smith, 1964). Research suggests that well developed spatial skills of this type
are critical to successfully advance in engineering and many other fields (Sorby et al., 2013). These types
of spatial skills involve visualizing three-dimensional objects and perceiving their different orthogonal
viewpoints if they were rotated in space. Virtual reality (VR) provides the ability to rotate the objects as
well as experience immersive interaction in a virtual environment. Spatial reasoning has been widely
studied and is known to be essential to higher-level thinking and creative processes. Spatial visualization
skills are particularly important to the technical profession, such as engineering and computer science
(Maier, 1994; Norman, 1994). Spatial skills are one of the strongest predictors of success in using the
computer-aided design software (Hamlin, Borsma & Sorby, 2006). Research showed that the students
with high spatial orientation scores were more likely to draw correct structures and diagrams (Pribyl &
Bodner, 1987). Pictorially representing problems before beginning to work on calculations is particularly
important as problems become more complex and additional factors (eg. Angles, forces) begin to play a
role in the problems (Taasoobshirazi & Garr, 2008).
Review of the research on spatial orientation skill in STEM
Engineering students need to develop strong spatial orientation skills to represent and communicate
their design ideas to others. These communication tools involve three-dimensional models of
prototypes as well as their two-dimensional drawing representations. For example, when designing a
motorcycle’s air filter unit, a design engineer must be able to visualize how the air filter housing design
matches the airflow intake to the carburetor. Mechanical engineers need to analyze how the tractor
tires bear the load and act in various terrains on fields. Similarly, architectural engineers must visualize

how plumbing system is structured to avoid complications at joints in the pipe grids. Condon &
Schroeder (2005) stated that the spatial orientation skills of engineers were highly developed compared
to other professions. Dakeev (2017) indicated that there is a need to structure CAD courses with virtual
reality since the generation Y is more involved with the virtual 3D environment (such as PC or Console
games) compared to their counterparts, who had significantly more exposure on hands-on projects.
Additionally, the researchers stated that it is possible to assess students’ sustained attention and
inhibition with virtual reality (Dakeev et al., 2018). Riera (2016) developed a virtual home to recruit
students to STEM fields. In their Home I/O design, the researchers provided various electrical
applications in a smart house, where one could switch between renewable and utility energy at various
times of day to simulate house’s energy consumption (Riera, Empirin, Annebicque, Colas & Vigario,
2017).
Methodology
A group of computer aided-design students (freshmen and sophomore) participated in this study. A total
number of thirty-five (4 female and 31 male) students completed a spatial orientation test online at the
beginning of spring 2017 and fall 2017 semesters. The spatial orientation test was used to explore
students’ spatial orientation ability and was comprised of 10 questions, where the participants must
select the right orientation of a given part. Each class, the instructor provided a three-dimensional
representation of a part in the virtual environment for students to analyze before the start of the class
(Figure 1).

Figure 1. Analysis of a three-dimensional model for computer aided design class
The experimental parts (Figure 1) were developed in Creo Parametric from their orthogonal drawings.
When the students were presented with the 2D drawing details, successful modeling of the part was
usually accompanied with additional clarification questions such as: “What is the dimensions of XXX
feature”, or “Where exactly this hole is located”. With the development of virtual environment, which
represents the 3D model in a game form, the students could analyze the part and select the right views
that represented the part for modeling. This way, the students could analyze how various features and
dimensions of a part were interrelated with each other, thus, improving student spatial orientation
skills. The virtual world for the 3D model analysis was developed with Unity Engine software. However,
Unity and Creo Parametric are not compatible and the Creo exported file types are not recognized by
Unity. Therefore, the creo part files were exported to stereolithography (stl) files, imported to 3D Studio
Max, and exported to object (.obj) files, which can be imported into Unity. The newly developed virtual

environment must be tested and analyzed with either Oculus Rift or HTC Vive and generated for phone
compatibility.
The students downloaded the phone-compatible file, installed on their phone (android and iOS) and
visualized with a VR headset (Figure 2).

Figure 2. Analysis of three-dimensional objects in a virtual environment
There are two different ways to analyze a virtual part on a smartphone: 1-controlled, installation on the
phone and rotating via touch sensors of the phone, and 2-uncontrolled, where the observer has no
control over the environment but watch how the scene is animated to take the observer on a virtual
tour around the object (part). Both methods were provided for students, however, these methods were
not compared between each other for more effectiveness.

Data analysis
The first computer-aided design course in the spring 2017 semester had 19 students that participated in
the study. Paired sample t-Test resulted that the students were able to find the correct orientation after
they analyzed the part (Pretest Mean = 1.42 < Posttest Mean = 8.58) within the virtual environment
(Table 1).
Table 1. Paired Sample t-Test Descriptives for Freshmen and Sophomore Engineering Students
Paired Samples Statistics

Mean
Pair 1

Std.
Deviation

N

Std.
Error
Mean

Pretest

1.42

19.00

0.69

0.16

Posttest

8.58

19.00

0.84

0.19

Additionally, SPSS t-Test result (Table 2) indicates that there is a significant difference (p value=0.00 <
alpha level 0.05) between the test results when the students were exposed to the virtual analysis of the
3D part model with 95% confidence interval.
Table 2. Paired Sample t-Test Mean Comparison to Compare the Influence of a VR
Paired Samples Test

Mean
Pair 1

Pretest Posttest

-7.16

Paired Differences
95% Confidence
Interval of the
Std.
Difference
Std.
Error
Deviation
Mean
Lower
Upper
0.83

0.19

-7.56

-6.76

t
37.40

df
18.00

Sig.
(2tailed)
0.00

From both tables 1 and 2, it can be observed that the computer-aided design students were able to
select the correct answer for spatial orientation test more frequently when they were exposed to the
virtual environment to analyze parts. Although the t-Test analysis resulted that there were significant

differences between the pretest and posttest average means of the scores, the correlation table (Table
3) shows that was a slight correlation between the two scores.
Table 3. Correlation between the Pretest and Posttest outcomes for Spatial Orientation
Paired Samples Correlations
N
Pair 1

Pretest
&
Posttest

Correlation
19

Sig.

.418

.075

Since there were only 19 students in the spring 17 CAD course, the researchers needed to investigate
more to see if the involvement of a VR tool in the 3D modeling class would improve the spatial
orientation skills of freshman and sophomore engineering students. The same procedure was replicated
in the fall 2017 semester in the ITEN 1311: Introduction to Computer Aided Design course, where the
total number of 16 students participated in the study. The introduction to CAD is a prerequisite course
to Advanced Graphics and Modeling, which is offered in spring semesters. Therefore, the registered
students in the fall semester course did not overlap with the results from the spring 17 analyses (Tables
1, 2, and 3).
Table 4. Paired Sample t-Test Descriptives for Freshmen and Sophomore Engineering Students
Paired Samples Statistics

Mean
Pair 1

N

Std.
Deviation

Std.
Error
Mean

Pretest

6.06

16.00

2.82

0.70

Posttest

9.19

16.00

0.98

0.25

The descriptive statistics on Table 4 shows that the posttest mean value of students was slightly higher
than the pretest, meaning that the interjection of virtual reality into the model analysis improved
students’ spatial visualizations.
Table 5. Paired Sample t-Test Analysis for the Influence of a VR in Fall 2017 Semester
Paired Samples Test

Mean
Pair 1

Pretest Posttest

-3.13

Paired Differences
95% Confidence
Interval of the
Std.
Difference
Std.
Error
Deviation
Mean
Lower
Upper
3.18

0.80

-4.82

-1.43

t
-3.93

df
15.00

Sig.
(2tailed)
0.00

The paired sample t-test between the mean values at the beginning of the semester with and without
the introduction of VR environment, to analyze virtual parts, indicated that there was a significant
difference (p value=0.00 < 0.05 alpha level) between the test scores. This result shows that the students
understand the structures of the 3D model when they inspect it in the virtual environment. It should
also be noted that the descriptive statistics produced a higher mean value for the posttest boxplot as
well as one extreme outlier for the posttest for the spring 2017 data points. The reason for this outlier
was calculated inaccurately since SPSS multiplied by 1.5 IQR (Hoaglin & Iglewicz, 1987). Therefore, the
researchers decided to review the data point and concluded the histogram of the data was normal for
the posttest data, and the data score 6 was not an outlier (Figure 3).

Figure 3. Investigation of an Outlier score (6) for the Spring 2017 posttest data
Discussion
Although the project outcome revealed important data in significant improvement of spatial orientation
skills in freshman and sophomore engineering students, cost of the equipment may challenge the
practicality of the project. However, the augmented reality (AR) based project may justify the
practicality of the project, especially when the AR can be used by both Android and iOS devices, which
are excessively available in the possession of the students. Therefore, a downloaded app on the phone
can project the three-dimensional representation from a 2D drawing. As an example, downloading
“Midterm_AR” app (Figure 4) from Google’s play market and directing the android phone’s camera on
the two-dimensional drawing (Figure 5) will generate the 3D illustration of the part model.
Consecutively, in addition to spatial orientation skill development in early engineers, non-engineering
personnel may be able to visualize the 3D features of a prototype part before it is ordered for
manufacturing.

Figure 4. Midterm_AR app in the Google’s play store for Android devices

Figure 5. Target drawing for the AR app to visualize the part in 3D representation

Conclusion
The purpose of this study was to investigate how a spatial orientation skill is influenced, for freshman
and sophomore engineering students, when a virtual environment is introduced to analyze three dimensional models. The analyzed data, from two computer aided-design courses in spring 17 and fall
17 courses, showed that there is a significant improvement (Pretest Mean = 1.42 < Posttest Mean = 8.58
for the spring 17 semester, and Pretest Mean = 6.06 < Posttest Mean = 9.19 for the Fall 17 semester)
when the students observed the 3D parts in a virtual environment. We can conclude with 95%
confidence interval that the students understand the assignment expectation when they are given the
opportunity to observe the three-dimensional part prior to the start of the project. The researchers
believe that the restructuration of an introductory CAD course could help instructors to engage and
motivate students and train skilled drafters/modelers with less effort.

