Quarterly Scientific Journal of National University of Skill

National

Winter 2025, Vol. 21, No. 4, p. 279-305 University

Journal Homepage: https://karafan.nus.ac.ir/?lang=en

d- :10.48301 A.2025.473937.297

A Comparative Study of A ugmented Reality, Prototyping, and
Conventional Teaching Methods in Enhancing Spatial Skills
and Problem-solving Abilities of Architecture Students

Abbas Sedaghatil*”, Babak Motiei2, Arash Mohammadi Fallah3

123Assistant Professor, Department of Architecture, Urmia Branch, Islamic Azad University, Urmia, Iran.

ARTICLE INFO ABSTRACT

Article Type:
Original Research

Received: 08.27.2024
Revised: 12.08.2024
Accepted: 02.09.2025

Keyword:
Architecture
Augmented Reality
problem Solving
Prototyping
Spatial Skills

*Corresponding Author:

Abbas Sedaghati

Email: a.sedaghati@iau.ir

Problem-solving skills and spatial intelligence have always been among
the most critical abilities required by architects. Finding ways to enhance
these skills is essential in the education of architecture students. This
applied research, categorized as a quasi-experimental study with a control
group, examined the effects of three teaching methods based on
augmented reality, experimental prototyping, and conventional methods,
comparing their impact on students' spatial, problem-solving, and
cognitive skills. In this study, the intervention group consisted of students
from the Technical Design course at Urmia University of Islamic Azad.
Using a convenience sampling method, 51 students who had enrolled in
the building technical design course were selected as the sample size. Data
were collected using a questionnaire, and after assessing reliability and
validity, the data were analyzed using multivariate analysis of variance
and post hoc Scheffe tests. The findings indicate that in the spatial
intelligence component, there was no significant difference in mental
rotation between students trained with augmented reality and those
trained with prototyping; however, there was a significant difference
betweenboth groups and the conventional method. The use of augmented
reality was more effective than the other two methods in enhancing visual
imagery. There was no significant difference in perceptual ability among
the three groups. In the problem-solving foundation, students who used
the experimental prototyping method, like those who used augmented
reality, demonstrated higher abilities compared to the conventional
method. This was also observed in cognitive load. This study showed that
the use of virtual augmented reality increased the spatial intelligence and
problem-solving abilities of architecture students while reducing
cognitive load. However, there is still no significant difference compared
to the use of prototyping. However, the risk of over-reliance on technology
can lead to alack of practical experience and the development of practical
skills. It is essential for educators to balance the use of digital tools as
auxiliary tools and ensuring that students acquire fundamental design
skills through conventional methods.
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EXTENDED ABSTRACT

Introduction

Problem-solving has always been a critical skill for architects, and the process has been
widely discussed in numerous studies. The impact of prototyping has been the subject of
some research. In most of these studies, where prototyping is discussed in the design
process, one issue to consider is the effect of fixation. Design fixation is defined as a
designer's inability to move away from an idea to solve a problem in a new way. When
cognitive load decreases, the effect of fixation in design also decreases. At the same time, this
reduction in cognitive load allows the designer to avoid fixation. Some studies have shown
that prototyping increases fixation. Designers may focus on one design during the time
spent building a physical model, considered a low-cost prototype. Therefore, it is necessary
to explore the possibility of using alternative prototyping techniques. Kim and Maher
suggest that digital prototyping using tangible user interfaces provides opportunities for
greater inference of visual-spatial features, which frees designers from the effects of fixation.
However, others argue that the widespread use of technology in education can lead to a
decrease in hand use, engagement with digital tools, and reduced learning, which can
potentially hinder students' critical thinking and problem-solving skills. Critics argue thatin
architectural education, these technologies are an unrealistic substitute for hands-on
learning experiences and separate students from understanding the subtle nuances of
design and construction. In this study, we aim to assess the impact of using three methods
traditional, prototyping, and virtual AR on the spatial skills and problem-solving abilities of
architecture students as one of the key components of architectural education.

Methodology

This applied research, categorized as a quasi-experimental study with a control group,
was conducted with a sample of 51 architecture students at Urmia Azad University. The
participants were randomly assigned to three groups: an AR group, a prototyping group,
and a traditional drawing group. The control group (traditional drawing) continued with
their regular curriculum, while the experimental groups (AR and prototyping) followed
their respective 12-session programs. At the end of the instruction, a post-test was
administered to compare changes in problem-solving skills, spatial abilities, and cognitive
load among the groups. The questionnaire's reliability was established using Cronbach's
alpha, which yielded a coefficient of 0.79. Content validity was assessed using the (CVR) and
(CVI). Cronbach's alpha for the problem-solving skill assessment was 0.84. Cronbach's alpha
for cognitive load questionnaire was 0.81 and 0.78, respectively.

Results and discussion

After verifying the assumptions for inferential analysis (MANOVA) was employed. The
mean score of the first experimental group was17.50 with a standard deviation of1.63, and
for the second experimental group, it was17.50 with a standard deviation of1.66. The mean
and standard deviation of the control group were17.50 and1.61, respectively. According to
Tablel, significant differences between groups were found for all components (p<.0001).
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Table 1. Results of (MANOVA) among groups.

Variable Sum of squares.  Degrees of freedom  Mean of squares F Significance level
Mental rotation 2684.180 3 894.727 5.966 0.00001
mental perception 3924.640 3 1308.213 9.462 0.00001
Mental imagery 3446.720 3 1148.907 7.473 0.00001
problem-solving 334.276 3 111.425 15.984 0.00001

Since the groups did not have the same number; Scheffe post hoc tests was used to check
the differences and pairwise comparisons.

Table 2. Results of Scheffe post -hoc tests for spatial intelligence among groups.

Variable Group comparison group mean difference Significance level
A B 4678 P-0.224
(8 11.864 P<0.0001
Mental B A -4.678 P-0.224
rotation C 7.840 P<0.0001
c A -11.864 P<0.0001
B -7.840 P<0.0001
A B -6.743 P-0.137
C 5.275 P-0.215
mental B A 6.743 P-0.137
perception c 6.143 P-0.189
c A -5.275 P-0.215
B -6.143 P-0.189
A B 8.335 P<0.0001
Mental C 12.148 P<0.0001
imagery B A -8.335 P<0.0001
C 7.464 P<0.0001
c A -12.148 P<0.0001
B -7.464 P<0.0001

The results in Table 2 reveal significant differences in spatial intelligence abilities among
students trained using AR, those trained using prototyping, and those who engaged in
traditional design methods.

Table3. Results of post-hoc tests for problem-solving variable among groups

Group comparison group mean difference Significance level
A B 2.387 P-0.211
C 6.459 P<0.0001
B A -2.387 P-0.211
g 6.822 P<0.0001
C A -6.459 P<0.0001
B -6.822 P<0.0001

Table 3 indicates no significant difference in problem-solving abilities between students
in Group A and Group B(p=.211). However, students in Group A exhibited significantly
higher problem-solving abilities compared to those in Group C, with a mean difference of
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6.459. Similarly, students in Group B outperformed those in Group C, with a mean difference
of 6.822.

Table 4. Results of post-hoc tests for cognitive load among groups.

Group comparison group mean difference Significance level
A B -2.167 P-0.288
C 5.268 P<0.0001
B A 2.167 P-0.288
c 5.642 P<0.0001
C A -5.268 P<0.0001
B -5.642 P<0.0001

Table 4 indicates no significant difference in cognitive load between students in Group A
and Group B(p=.288). However, both Group A and Group B experienced a significantly
reduced cognitive load compared to Group C, with mean differences of 5.268 and 6.642,
respectively.

Conclusion

The AR and prototyping groups demonstrated a significantly higher overall problem-
solving score compared to the traditional group. However, no significant difference was
found between the first two groups. This suggests that both methods operate in a similar
way, allows students to interact with and manipulate the environment, leading to a deeper
understanding. Additionally, the ability to visualize designs, either as physical models or on
a screen, and receive immediate feedback helps students identify errors and shortcomings
more quickly, thus accelerating the problem-solving process. The study also examined
differences in the components of spatial intelligence among students. Results showed
significant differences in the mental imagery subcomponent, with the first group scoring
higher than the other two, and the second group scoring higher than the third. In the mental
rotation subcomponent, the first and second groups were similar, although a slight
advantage was observed in students who used the prototyping method, possibly due to
building physical models and being fully engaged with the project. Both groups differed
significantly from students who used hand drawings. However, there was no significant
difference between the three groups in the mental perception dimension.

The development of spatial intelligence and problem-solving skills is closely linked to
cognitive load in the learning process. The creation of engaging AR models and
environments captures students' attention, reducing the extra mental effort associated with
distractions and leading to higher concentration. This study shows that the use of AR
increases the spatial intelligence and problem-solving abilities of architecture students
while reducing cognitive load. However, there is still not a significant difference compared
to using physical prototypes. Overreliance on these technologies for architecture education
is not without its challenges. There is a risk of excessive dependence on technology, leading
to a lack of practical experience and the development of practical skills. It is essential for
educators to strike a balance between using digital tools as aids and ensuring that students
acquire fundamental design skills through traditional methods.
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