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Abstract – 

There is a continual challenge within the 
construction industry to achieve schedule, budget, 
and quality expectations at a time when projects are 
more complex and their designs and assembly 
involve some measure of abstract spatial skills. In 
postsecondary institutions, these abstract spatial 
skills have routinely been taught through drafting 
and plan reading courses. The outcomes of this 
approach often fall short of meeting the needs of 
industry, therefore an alternative solution is 
necessary. As such, this research advocates the use of 
a group of technologies, collectively known as 
augmented reality, which allows one to view the 
“real” world with the addition of information 
intended to provide a new understanding of what is 
being seen. Augmented reality is fast proving 
advantageous in many industries (e.g. Architecture, 
Robotics, Entertainment, and Military). With the 
availability of smaller, more powerful consumer 
mobile devices, augmented reality can become a 
ubiquitous, practical tool for the construction 
industry as well. Research surrounding augmented 
reality is primarily focused on ways to improve the 
construction process; however, this study is focused 
on improving the learning process. The researcher 
studied the use of a mobile augmented reality tool 
during a spatial skills classroom assignment to 
determine if there was an improvement in the 
accuracy of these skills and retention of the concepts 
over time. A separate analysis was conducted to 
determine if the teaching tool was a benefit or 
disruption to the overall learning experience. The 
research and analysis resulted in significantly 
improved assessment scores for the group utilizing 
the mobile augmented reality tool during their 
completion of the spatial skills assignment. 
Additionally, a post-survey indicated that the 
introduction of this tool was non-disruptive to the 
students’ overall learning experience. Therefore, the 

addition of these technologies, as a complement to 
drafting and plan reading, can enhance the 
postsecondary educational preparation of the future 
construction industry workforce. 
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1 Introduction 

The success of today’s construction process is 
sensitive to errors, mistakes, omissions, and 
inexperience that affect safety, cost, schedule, and 
quality of a construction project [1][2][3]. While some 
of the problems could be attributed to outside factors 
such as fluctuating demand of raw materials, changes in 
the financial markets, and unpredictable weather 
conditions, one should also appreciate the ongoing 
challenges of educating the next generation of 
construction managers. The newly graduated 
construction management (CM) student needs basic 
skills to solve unique, complex problems and visualize a 
finalized project in an empty three-dimensional (3D) 
space [4][5][6][7]. These skills are called spatial skills. 
The spatial skills required to visualize the unfinished 
product is an important part of construction; it becomes 
a skill set that constituents of the building process use to 
communicate new ideas and resolve issues. The 
problem in not refining these skills is that the CM 
student is less likely to meet the needs of industry when 
they join the workforce. Therefore, a focus on 
improving these skills is essential. 

As early as the mid-90s, researchers concluded that 
visualization of abstract objects on paper and on 
computer screens was required to be a good 
communicator within the engineering trades [8]. Later, 
building information modeling (BIM) would replace 
paper by constructing the project in a virtual space [9], 
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however, this transition did not replace a need for good 
spatial skills, in fact, it could be argued that it increased 
the need for better spatial skills. This technology has 
made a positive impact on the way that the architectural, 
engineering, construction and facility management 
(AECFM) industry communicates; however, one still 
needs to possess good spatial skills in order to create 
these models. While the increasing universality of BIM 
is significant, there are still many instances where 
communicating visually is done through two-
dimensional (2D) sketches and verbal communication 
without the aid of BIM. Therefore, instances such as 
these illustrate the continual need for innate spatial 
ability. Fortunately, research has shown that spatial 
skills can be improved [10][6][11] and although 
experience is one way in which this can happen, many 
tests and studies have been conducted to show that 
spatial skills can also be learned [12][13][14][15][16]. 

Because the market demands higher quality 
graduates and having good spatial skills is essential in a 
growingly abstract and complex design world, 
improvements in spatial skills could benefit from a new 
pedagogical tool that supports active learning and 
engages the students visually. Augmented reality (AR), 
although not a new technology, has found more 
applications in today’s world, especially with the 
increasingly widespread use of mobile technologies 
(smartphones, tablet computers, and ultra-light laptops). 
The benefit of using AR in the classroom is that learners 
can see supplemental digital information [17], assisting 
them in the understanding of highly abstract and 
complex assemblies [18]. As a result, students become 
active participants in their learning and by adding 
interactive visualizations while encouraging students to 
ask questions about their learning rather than being told 
what to learn [19] we enhance the overall learning 
experience. 

More specifically, this research was conducted to 
respond to three questions: 

 

1. Can a mobile augmented reality pedagogical tool 
be used to improve the accuracy of spatial skills in 
CM students at the postsecondary level? 

2. Can a mobile augmented reality pedagogical tool 
be used to improve the retention of newly acquired 
spatial skills in CM students at the postsecondary 
level over time? 

3. Will the use of a new pedagogical tool be an 
interference to the overall learning experience? 

2 Literature Review 

Modern day construction projects call for more 
advanced use of mathematical models, data analysis, 
and 3D modeling software, which in turn needs to be 

converted to a plan of execution by a construction 
manager. To interpret this kind of data, a CM employee 
needs good spatial skills that will allow them to visually 
predict where and how components of the project will 
be assembled. In the classroom, construction 
management (CM) students are often required to 
interpret complex and abstract images into 3D images in 
order to solve construction related problems [20][7]. 
However, past research [21][22][23] indicates that 
students struggle with visualization tasks and in today’s 
CM classroom, educators would not hesitate to argue 
that shortcomings still exist.  

2.1 BIM and Spatial Skills 

There is no doubt that BIM has become an important 
part of the construction industry, and there is a steep 
learning curve that comes in making sure it is used to its 
greatest effectiveness. In “BIM Handbook: A Guide to 
Building Information Modeling for Owners, Managers, 
Designers, Engineers, and Contractors”, 2nd Edition [9], 
there are over 560 pages dedicated to successfully 
implementing BIM in all aspects of the AECFM space, 
and this does not include the software, which may 
require several days of training to begin using. 
Unfortunately, reading this handbook and undergoing 
days of training, still does little to enhance one’s spatial 
skills, leaving them inadequately prepared to render 
objects and create complex models useful in the 
coordination of a construction project. While research 
has shown BIM to have a positive impact on the quality 
of learning, there is still an element of visualization 
necessary to support BIM itself [24]. 

2.2 Augmented Reality as a Mobile Teaching 
Tool 

Augmented reality (AR) is the addition or 
subtraction of virtual (computer-generated) images 
superimposed on a real-world view [25].  Liarokapis & 
Anderson [17] define AR as harmonizing the virtual and 
real environment in order to provide an understandable 
and meaningful view. AR is a vision-based technology 
that requires a “marker” to create a connectedness 
between the real environment and the one that is 
generated by the computer [26]. A marker, also known 
as a fiducial, is a machine-readable optical label that 
contains information that can be decoded to produce an 
image on a device running software capable of 
interpreting the label [25]. However, if the AR software 
is unable to properly connect the real environment to the 
virtual one, the illusion that the two worlds coexist will 
be compromised [25]. Therefore, in this research, the 
use of markers that can be placed in very specific and 
controlled locations is a preferred method of rendering 
the augmented view because it eliminates complexity in 
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setup and the need for high-powered computing 
currently necessary in non-fiducial rendered AR.  

A survey of mobile applications available to most of 
today’s mobile devices will show that several are 
making use of AR technology - for entertainment, 
marketing, and education. With today’s visually 
motivated generation of media-conscious students [27], 
the application of the latest AR technology, along with 
mobile devices with which students are already familiar, 
will provide a visually active learning environment that 
has the greatest potential to improve spatial skills. In 
fact, some postsecondary CM students are already 
aware of AR and have good knowledge about the terms 
surrounding this technology. However, according to 
Shirazi & Behzadan [28] they are unable to relate the 
use of these tools to their own learning experience and 
therefore, rely on universities and schools to make this 
connection.  Therefore, the researcher decided that the 
use of a mobile device would be fitting for this study 
because students are 1.) already familiar with its use, 2.) 
it is a platform that has the ability to easily render AR 
media when used with a simple to configure “marker” 
and 3.) because students are already familiar with 
mobile devices; their introduction in the learning 
experience will involve less distraction so as to provide 
clearer results during the experiment’s intervention. 

3 Methodology 

The research questions presented in this study 
were developed to validate the use of a mobile 
augmented reality (MAR) tool that could be used in a 
conventional classroom setting. Moreover, this research 
is set to determine if the use of a MAR tool would 
improve the spatial skills of postsecondary CM students.  
Therefore, this study followed a quantitative between-
group double-blind experiment model using pre-
assessment and post-assessment surveys (see Figure 1.). 
The students completed a background survey followed 
by a pre-assessment and then the researcher conducted 
an educational lecture for both groups simultaneously. 
Immediately following, the group was divided into 
separate rooms. Both groups were administered a lab 
assignment that they were allowed to complete in 
smaller groups of 2 to 3 students per group. The test 
group intervention included a mobile hand-held device 
equipped with augmented reality software that the 
students could use to aid in the completion of their lab 
assignment. Following the lab assignment, and with the 
students still segregated, the post-assessment was 
administered along with a survey to ascertain the effort 
(self-perceived) that students underwent during the 
experiment. This procedure, start to finish, was 
completed twice to obtain a total population of twenty-
five students (n=25). 

 

Figure 1. Experiment procedure workflow. 
 

3.1 Setting and Sampling 

This study took place at a U.S. postsecondary 
institution in Gwinnett County, Georgia; an adjacent 
surrounding county to Atlanta, Georgia. This 
postsecondary institution operates as a technical college 
and has an overall student population of 10,068 students 
as of 2015. The technical college operates a two-year 
construction management program that has an 
enrollment population of 60 students as of 2015. The 
sampling procedure used by the researcher was a 
nonrandom convenience sampling. The students for this 
study were restricted to willing students that were 
available at a predetermined time as coordinated with 
the students’ instructor, hence, the sampling took place 
during the students’ normally scheduled class time. 

3.2 Student Demographics 

A background survey was used to obtain the 
demography of the sampling. Of the 25 students, 76% 
were male and 24% were female. Within the control 
group, 85% reported male and 15% reported female, 
while within the test group, 67% reported male and 33% 
reported female. Age was nearly evenly distributed. 
Within the control group, 31% reported 18-25 years, 
38% reported 26-35 years and the remaining 31% 
reported 36 years or older, while within the test group, 
42% reported 18-25 years, 17% reported 26-35 years 
and the remaining 42% reported 36 years or older. In 
terms of previous work experience within the AECFM 
industry, a combined 68% reported more than one year 
of experience. Conversely, 20% of the students in the 
control group reported having less than one year of 
experience and 12% had no experience. This is 
important to note in that it may have an effect on the 
outcome of the assessment scores given the correlation 
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between more work experience and improvement in 
spatial skills [20][7]. While all of the students reported a 
high school or equivalent education level, 19% had 
earned another Associates Degree and 5.4% had earned 
a Bachelor’s Degree. All of the students were pursuing a 
Construction Management Associates Degree and 
reported some level of past experience with courses that 
used visual skills or visual technology. In an effort to 
gauge comfort level with the use of technology in the 
classroom, the students were asked if they were 
agreeably comfortable using mobile technology to 
obtain more information about things they had questions 
about. 80% of the students responded as “Strongly 
Agree” and the remaining 20% responded with “Agree”. 
The students were asked to self-report their skill level in 
plan reading, as this skill, if practiced often, could have 
an effect on the students’ spatial skills proficiency. The 
proficiency was spread between 12% claiming “Highly 
Proficient”, 28% “Advanced Experience”, 24% 
“Intermediate Experience” and 36% “Basic Experience”. 
No one reported, “No Experience”. 

3.3 The Marker (Lab Assignment) and AR 
Software 

Components used in this study included a marker 
(fiducial), 3D modeling software and augmented reality 
web platform. Markers were used by both the control 
and test groups as a lab assignment handed out in paper 
form (see Figure 2.). 

 

Figure 2. “Marker” (lab assignment) required for 
the AR software to render 3D images on the 
screen of a mobile device. 

 
The marker was created using a standard off-the-

shelf word processor editing package. The content on 
the marker was a standard spatial skills assignment. The 
3D models used in this study were created by 

Autodesk’s 123D Design 
(http://www.123dapp.com/design); a commercially 
available desktop software package capable of creating 
and editing 3D models. Once a 3D model was created in 
123D Design, it was exported for use in the AR 
software. The AR software used in this study was 
Augment (http://www.augment.com); a commercially 
available mobile software package used to scan a 
marker (fiducial) and render a 3D model on the screen 
of a hand-held mobile device (HHMD). A student, 
along with a HHMD and the AR software, would scan 
the paper-form of the marker using the AR software 
(see Figure 3.). Once the image was recognized and 
matched with the inventory of stored marker images 
from the server, the HHMD’s AR software would call 
the corresponding 3D model from the server and 
combine it along with the image of the marker being 
captured by the HHMD’s back-facing camera (see 
Figure 4.). 

 

Figure 3. Scanning a “Marker” (Lab 
Assignment). 

 

Figure 4. After scanning a “Marker”. 



34th International Symposium on Automation and Robotics in Construction (ISARC 2017) 

 
The combined image on the HHMD showed the 

marker with a 3D AR model displayed on it. Lastly, the 
3D model displayed on the HHMD’s screen was 
superimposed over, and attached to, a live image of the 
marker that was being displayed by using the HHMD’s 
back facing camera. The student could then interact by 
moving the HHMD or the paper-form marker (see 
Figure 5.). 

 

Figure 5. Students interacting with HHMD and 
“Marker”. 

4 Results 

The results of this study measure the student’s 
spatial skills by using isometric projections, 3D to 2D 
orthographic translations, building elevation translations 
and mental rotation of shapes in the form of a lab 
assignment.  The content for the assessments and 
activities was modeled from a series of spatial tests that 
have current basis in ongoing research about spatial 
skills.  Content from the following spatial skills research 
was used in this experiment: the Purdue Spatial 
Visualization Tests: Visualization of Rotation (PSVT:R) 
[14], Differential Aptitude Tests: Spatial Relations 
(DAT:SR) [12] and the Mental Rotations Test (MRT) 
[16]. The results of the assessment scores on the pre-
assessments, post-assessment and the long-term 
assessment have been tabulated below in Table 1. 

Table 1. Statistical analysis of results of pre-assessment, 
post-assessment and long-term assessment. Note: 

Maximum possible score = 10. 

 Pre Post Long Term 
Group M SD n M SD n M SD n 
Control 5.2 1.6 13 5.8 2.1 13 7.2 2.3 9 

Test 5.3 1.4 12 7.2 1.6 12 8.8 1.4 9 

 
To further evaluate the data in Table 1, an 

improvement percentage (IP) was calculated and 
tabulated in Table 2. The following formula was used to 

derive a measurement of improvement between the 
assessments. 

 

Mean (New) – Mean (Original) 
X 100 = IP 

Mean (Original) 

 

Table 2. Tabulation of improvement percentages (IP) of 
assessment scores. 

 Pre to Post Pre to Long Term 
Group IP n IP n 
Control 11.5% 13 38.5% 9 
Test 35.8% 12 66.0% 9 

 

It has been suggested that a certain measure of 
applied technology in the classroom can have an 
interfering effect on the learning experience [24]. When 
deploying new technology in the classroom, will its use 
equate to a better and more active learning experience 
[28]? For this facet of pedagogy to be measured in this 
study a NASA Task Load Index (TLX) survey was 
administered for the purpose of measuring the student’s 
perceived effort on six independent sub-scales. The sub-
scales and their associated results have been tabulated in 
Table 3. 

Table 3. NASA TLX survey results data. In the NASA 
TLX scale -10 = very low demand and +10 = very high 

demand within the sub-scales measured. 

 Control Test Mean 
Variance 

Sub-scale M SD M SD  
Mental 1.5 5.2 0.2 5.4 1.3 
Physical -7.7 5.3 -8.7 2.7 1 
Temporal -5.8 5 -5.3 3.5 -0.5 
Performance 4.4 5.6 6.3 2.8 -1.9 
Effort 0.8 4 1.6 6.1 -0.8 
Frustration -7.5 3 -7.2 3.4 -0.3 
 

5 Discussion 

5.1 Effect on Accuracy 

Analyzing the mean assessment scores between the 
pre-assessment and the post-assessment, the data 
indicates an improvement in spatial skills for the test 
group’s post-assessment scores (M = 7.2, SD = 1.6, 
n=12) compared to their pre-assessment scores (M = 5.3, 
SD = 1.4, n=12) (see Table 1). Furthermore, when 
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comparing the IP of the test group (35.8%) to that of the 
control group (11.5%) the data indicates a greater 
improvement for those that used the MAR pedagogical 
tool to complete the lab assignment. For the purposes of 
this study, and in response to the research question, 
“Can a mobile augmented reality pedagogical tool be 
used to improve the accuracy of spatial skills in CM 
students at the postsecondary level?” an independent 
sample t-test was performed to measure the statistical 
significance of the mean scores for the test group. 
Assuming a Confidence Interval percentage of 95% (CI 
= 95%) then t(11) = -4.095, p = .002 (p ≤ .05), resulting 
in a significant improvement between the tests. 

 
Likewise, analyzing the mean assessment scores 

between the pre-assessment and the long-term 
assessment, the data indicates an improvement in spatial 
skills for the test group’s long-term assessment scores 
(M = 8.8, SD = 1.4, n=9) compared to their pre-
assessment scores (M = 5.3, SD = 1.4, n=12) (see Table 
1). Furthermore, when comparing the IP of the test 
group (66.0%) to that of the control group (38.5%) the 
data indicates a greater improvement for those that used 
the MAR pedagogical tool to complete the lab 
assignment. For the purposes of this study, and in 
response to the research question, “Can a mobile 
augmented reality pedagogical tool be used to improve 
the retention of newly acquired spatial skill in CM 
students at the postsecondary level over time?” an 
independent sample t-test was performed to measure the 
statistical significance of the mean scores for the test 
group. Assuming a Confidence Interval percentage of 
95% (CI = 95%) then t(8) = -6.932, p = .000 (p ≤ .05), 
resulting in a significant improvement between the tests. 

5.2 Perceived Student Effort 

The resultant measurements shown in Table 3 
indicate that overall, the perceived effort between the 
control group and the test group were similar. The slight 
exceptions (the variance was greater than or equal to |1|) 
included mental, physical, and performance workloads. 
For the purposes of this study, and in response to the 
research question, “Will the use of a new pedagogical 
tool be an interference to the overall learning 
experience?”, the data indicates the control group 
expended more mental effort and physical effort than 
the test group during the lab assignment. And the test 
group perceived higher performance from the lab 
assignment than the control group. In order to derive a 
benefit from this type of intervention, it should be 
expected that there is either a negligible effect on these 
sub-scales (no difference between groups) or that the 
test group perceives lower levels of mental and physical 
effort than the control group. Likewise, higher levels of 
perceived performance for the test group over the 

control group would also prove this pedagogical tool as 
a benefit. Overall, having similar data between the 
groups indicates no additional perceived effort was 
expended because of the intervention, an outcome that 
has potential benefit for this intervention as a 
pedagogical tool. 

6 Conclusion 

The author has identified augmented reality as a 
technology with the potential of becoming a useful 
academic tool for improving spatial skills in 
construction management students. However, as noted 
earlier in this paper, there were several students that had 
significant work experience that could lead to results 
that would favor those with better spatial skills coming 
into the study. While the results of this study are 
significant, the author would suggest a broader sampling 
to include more students of varying background to 
validate the research questions. Nevertheless, this study 
presents a methodology for the introduction of a simple-
to-configure mobile AR tool that can be easily 
employed within the CM classroom. 

The outlying expectation of this research is to 
bring awareness and applicability of AR to the 
construction industry. It is the opinion of the author that 
in order for AR to gain acceptance in the greater 
AECFM industry there needs to be a workforce that is 
already familiar with the technology, therefore, the 
introduction of AR at all levels of the education 
spectrum is a great first step in bringing this awareness. 
As noted by Holt & Kearney [30],  
 

“BIM continues to be the leader of advancing 
technology, and a lot of emerging technology 
falls under the BIM umbrella. Augmented 
reality [is] about more efficiently gathering 
and communicating information about the 
project.”  

 
This statement implies that there is a future for AR 

within the AECFM industry as it continues to find a 
foothold in the way that BIM has. And similarly, to the 
way BIM improves the quality of learning by supporting 
visualization [24], AR can also support visualization 
and therefore the learning experiences of CM students. 
There is optimism that AR will gain momentum in the 
construction industry by way of preparing CM students 
for this technology while they are in the classroom. As 
the graduating CM students become more familiar with 
AR technology and its ability to benefit complex 
visualization and collaboration, they are likely to be 
more comfortable with realizing its potential within the 
industry, thereby minimizing some of the barriers to its 
use. 
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