Engineering Design Graphics Journal (EDGJ) Copyright 2012
Fall 2012, Vol. 76, No. 3 ISSN: 1949-9167
http://www.edgj.org

The Relationship between Spatial Visualization Ability and Students’ Ability to
Model 3D Objects from Engineering Assembly Drawings

T. J. Branoff
North Carolina State University

M. Dobelis
Riga Technical University

Introduction

Universities have eliminated many courses in engineering graphics and descriptive
geometry over the last 30 years and typically replaced them with a single course that is
focused on solid modeling and engineering design (Branoff, 2007; Clark & Scales,
2000; Meyers, 2000). The reduction in the number of courses seems to be true
internationally. CAD instruction appears to be the main focus of engineering graphics
courses that remain in the curriculum, but faculty have many opinions about what is
essential when preparing students for careers in engineering and design (Dobelis,
Veide, & Leja, 2008; Han, Zhang, Luo, & Luo, 2010; Kise, Sekiguchi, Okusaka, &
Hirano, 2008; Kotarska-Bozena, 2008; Suzuki & Schroecker, 2008; Szilvasi-Nagy,
2008; Wang & Hao, 2010). With the increase in focus on 3D modeling, are students still
able to read and interpret engineering drawings well? Is this ability to read engineering
drawings related to spatial visualization ability?

Spatial abilities have been used as a predictor of success in several engineering and
technology disciplines (Strong & Smith, 2001). In engineering graphics courses, scores
on spatial tests have also been used to predict success (Adanez & Velasco, 2002;
Leopold, Gorska, & Sorby, 2001). Other studies have shown that some type of
intervention, whether a short course or a semester long course, can improve spatial
abilities in students who score low on tests in this area (His, Linn, & Bell, 1997; Martin-
Dorta, Saorin, & Contero, 2008; Sorby, 2001).

For this study, the primary research question was, how well do current engineering and
technology students read engineering drawings, and is there a relationship between
reading engineering drawings and spatial visualization? Can students take the
information given on an assembly drawing, visualize or interpret each part, and then
create 3D models of the parts in a constraint-based CAD system? Is their ability to do
this related to scores on a standard spatial visualization test?

37



Engineering Design Graphics Journal (EDGJ) Copyright 2012
Fall 2012, Vol. 76, No. 3 ISSN: 1949-9167
http://www.edgj.org

Method
Participants

During the Fall 2011 semester, sixty-eight students in two constraint-based modeling
courses participated in the study. One course was offered at North Carolina State
University in Raleigh, North Carolina and the other course was offered at Riga
Technical University (RTU) in Riga, Latvia. Both courses covered engineering graphics
standards and conventional practices and advanced SolidWorks modeling and drawing
techniques.

There was a near equal distribution of the participants between the two universities;
however, there was a much higher percentage of females at Riga Technical University
(29.4%) than at North Carolina State University (4.4%). A majority of the participants
were in their third year of studies (52.9%), but there was also a fair amount of students
in their final year (45.6%).

The participants from Riga Technical University were all enrolled in a Biomedical
Engineering program (51.5%). A majority of the participants from North Carolina State
University were either from Mechanical/ Aerospace Engineering (14.7%) or from
Technology Education (19.1%).

Instruments

Modeling Test — Figure 1 shows the modeling test used in this study. Only overall
dimensions and a few other dimensions required for installation were given, including
thread designations and sizes. All of the information about the form and size of the parts
had to be determined from the given views and sections and scaled with the use of a
metric ruler. To measure the students’ understanding of the assembly drawing, students
were required to model the individual parts using 3D solid modeling software.

STEEL

Figu.re 1. I\'/Iodeli=ng Teét DraWing.
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PSVT:R — The Purdue Spatial Visualization Test: Visualization of Rotations (PSVT:R)
was used to measure students’ spatial visualization ability (Guay, 1997). Engineering
graphics faculty have used the test since the late 1970s to measure the construct of
spatial visualization (Branoff, 2000; Connolly, 2009; Sorby, 2006; Sorby & Baartmans,
2007; Yue, 2008).

Students were administered an electronic version of the PSVT:R within the Moodle
learning management system. One class during the semester was dedicated to a
practical exercise in reading assembly drawings. After the lecture, students were given
the rest of class to model as many parts as possible. Later in the semester students
were given the test assembly drawing and asked to model as many parts as possible
during the 110 minute class period. Once the data was collected, the researchers
evaluated all of the models produced by the students based on the rubrics pilot tested in
the spring 2011 semester (Branoff & Dobelis, 2012). The assessment rubric
spreadsheet was created to account for model accuracy and time required to model
each part.

Results

The data were examined to see if there were identifiable differences in the means
between the scores on the modeling test and the scores on the PSVT:R. Tables 1 and 2
display the descriptive statistics for scores on the PSVT:R and the modeling test.
Figures 2-3 display scatterplots for these data to provide a visual representation.

Table 1. Scores on the PSVT:R.

School N Mean SD Min Max

RTU 35 25.71 5.044 7 30
NC State 33 25.85 3.154 16 30

TOTAL 68 25.78 4203 7 30

Table 2. Scores on the Modeling Test.

School N Mean SD Min Max

RTU 35 53.03 20.792 9 86
NC State 33 4733 24.757 1 93

TOTAL 68 50.26 22.811 1 93
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Figure 2. Modeling Test & PSVT:R by School.
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Figure 3. Modeling Test & PSVT:R by Gender.

The scatterplots for the data display a relationship between the PSVT:R and the
modeling test. It appears that students who score higher on the modeling test also tend
to score higher on the PSVT:R. The scatterplots also reveal some outliers in the data.
The standard deviations of the data show that the scores on the modeling test were
much more spread out than the scores on the PSVT:R.

The main research question for this study was “is students’ ability to interpret and model
information from an assembly drawing related to their spatial visualization ability?” Since
the data do not meet the assumptions of parametric tests, a non- parametric
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Spearman’s Rho was used to test the hypotheses. The analysis revealed a significant
correlation between scores on the PSVT:R and scores on the modeling test (p = .258, a
=.033).

Discussion

The analysis of the data revealed that there is a significant correlation between
students’ scores on the PSVT:R and their scores on the modeling test. This makes
sense since the interpretation of the information in an assembly drawing requires one to
mentally manipulate the two-dimensional information given in the drawing, visualize the
part in three-dimensions, and then break down the geometry for so it can be
reconstructed in the 3D modeling program. One must be cautious not to assume that a
high score on the PSVT:R will assure a student will perform well on the modeling test.
The scatterplots revealed a positive correlation between the two variables, but they also
show many outliers.

The main research question for this study was whether a relationship exists between
reading engineering drawings and spatial visualization ability. In this study students who
scored higher on the PSVT:R tended to score higher on the modeling test. Although
other factors such as symbol recognition and understanding standards and conventional
practices influence how well students read engineering drawings, it appears that spatial
visualization ability plays a significant role it how well they visualize part geometry.

One of the main concerns for conducting future studies is the ability to scale-up to
handle more students. Although the rubric used in the pilot study and in this study
delivered accurate assessments of the students’ modeling abilities, the time required to
assess student work was very high. This potentially could prevent other faculty from
using the instrument. The researchers plan on investigating alternative methods for
accurately assessing student models such as automated programs for gathering the
desired data from the models.
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