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Abstract—Virtual Reality (VR) is often used to describe a 3D environment
wherein objects and images of the real world are simulated through technology.
In architectural or civil engineering, the design process with 2D planes could
lead to error owing to misinterpretation in the visualization of elements. The
civil engineering program of a university in Lima, Peru, mandates the teaching
of the building information modeling (BIM) methodology in all the courses,
thereby allowing the students to learn about the organization and optimization
of projects from the design phase to construction phase. The engineering stu-
dents are required to manage many variables with the BIM methodology, espe-
cially in mechanical, electrical, and plumbing systems. Nevertheless, the teach-
ing method of BIM could be enriched by analyzing 3D project models using
VR. Whereas BIM organizes and optimizes a project through a 3D model, VR
can introduce the user to a model that is very close to the reality, thereby im-
proving the interpretation and analysis of the details. This study contributes to
the implementation of a plumbing engineering course under a civil engineering
program. The proposed methodology was applied in an experimental group of
undergraduate students, and the test results obtained were compared with those
of a control group that had used a traditional approach. The results of this study
show that students, by using the VR-BIM method proposed, can successfully
visualize the accessories and recognize a satisfactory design in a creative and
innovative manner.

Keywords—Virtual design, BIM, plumbing systems, virtual reality, architec-
ture, civil engineering

1 Introduction

The world has witnessed technological advances in many areas, affecting our lives:
social, educational, and industrial. According to Stals et al. [1], in the early 21st cen-
tury, a new generation of tools (such as parametric software) began to emerge that
deeply impacted the design processes for architectures and engineering applications,
thereby defining a parametric design as a methodology that enables one, among other

20 http://www.i-jet.org


https://doi.org/10.3991/ijet.v16i06.13535
mailto:vrossado@ulima.edu.pe

things, to create forms based on the exploitation and manipulation of a large amount
of environmental, acoustic, structural, social, or urban data recorded as ‘parameters’.
These methodologies are gradually transforming the construction industry and build-
ing design processes with 3D models, such as the building information modeling
(BIM). Raiola [2], while discussing architectural engineering construction (AEC),
states that the advantage of BIM lies in its ability to reshape the workflow of the de-
sign and construction processes through the virtual design of a structure. Historically,
workflow was linear (pass-over method); i.e., one AEC discipline finishes and passes
work to another discipline (p.1).

The BIM methodology endows a project team the ability to coordinate and collabo-
rate in real-time design. Zaker et al. [3] affirmed that collaboration is a key factor for
successful project delivery and that lack of a comprehensive and efficient collabora-
tive workflow may cause delays, attract extra costs, and deteriorate the project quality
(p-2). A successful project often depends on an adequate visualization on different
media: a computer screen or multimedia projector. The mechanical electrical and
plumbing (MEP) components are generally located in the building space. According
to Ganapathi [4], visualizing MEP components on a single screen is significantly
challenging because the user has to constantly tilt the model to change the orientation
for bringing the overhead components to the current focus (p.2).

Wang et al. [5] asserted that two-dimensional (2D) drawing was a common form to
show the basic layout of all the areas of a proposed building design; however, the
owners could only obtain simple architecture geology information and building loca-
tion and layout information from a 2D drawing. Likewise, for engineering students,
the interpretation and visualization of floorplans are highly complicated, especially
when they have to analyze several variables on a computer screen. Badrinath et al. [6]
stated that prior to the industrial revolution, the architect was the master of all the
practices involved in the building process. However, with modern trends and industri-
alization, a paradigm shift occurred to a multiplicity of specializations in the field of
architecture: this shift has altered the teaching and training processes for architecture
students (p.11).

If virtual reality (VR) tools were used to simulate projects and analyze alternative
solutions, architects, engineers, or owners would be able to improve the design pro-
cess. Richert et al. [7] studied the challenges that the future engineers will face and
their need to acquire new qualifications and specialized skills; their findings showed
that virtual learning environments “bear a promising potential for the successful im-
plementation of virtual worlds within higher education.” In [8], the authors verified
that upon using virtual laboratories in the fields of chemistry and molecular biology,
the link between the theory and practice was reinforced. According to Wang et al [9],
VR technologies have been rapidly recognized in construction engineering education
and training programs because of its effectiveness in enhancing the quality of such
programs (p.1). VR enables students to discover and explore their knowledge. It also
makes the learning process more interesting, as it motivates students and improves
their attention. The findings of Alfalah [10] revealed that technology training may be
optimized for the integration of the VR technology (p.1).
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This study proposes a teaching methodology with BIM using VR to develop a sat-
isfactory plumbing engineering system design. It further presents the manner in which
BIM-VR can promote collaborative working and facilitate the learning of a plumbing
engineering course. The new method was tested on an experimental group of architec-
ture students.

2 Literature Review

2.1  Virtual reality and BIM

Within computer science, the field of VR dates back to the early 1960s when the
first applications were created allowing combat pilots to be trained under simulated
flying conditions. The goal of VR is to entirely replace the real world with a virtually
generated reality that provides the subject with an immersive experience. Broadly, VR
can be used in different types of experiences, including architecture and civil engi-
neering. According to Whyte [11], VR has the potential to improve the visualization
of building design and construction, although its implementation in the industry is yet
to reach maturity (p.1).

In the field of education, students traditionally need to possess advanced visual
thinking skills to create 3D models, although this is not always the case for all stu-
dents. The application of the BIM methodology makes a civil engineering curriculum
comprehendible to students that lack this skill, that too without avoiding the tradition-
al learning methods [12]. At the university level, future engineers experience several
difficulties while learning plumbing designs. One of these difficulties is to identify the
correct usages of accessories and connectors in a plumbing project.

However, the BIM methodology involves different technologies for project man-
agement through a 3D model. The collaborative workflow with BIM allows for the
coordination and development of the design at all the stages of construction, improv-
ing the overall construction process. This methodology can become a powerful and
attractive approach for designers and engineering students. If BIM is used with the
VR technology, buildings and high-quality scenarios can be recreated, as demonstrat-
ed by Zaker et al. [3], introducing people to an almost real world. Greenwood et al.
[13] demonstrated that it was advantageous to use BIM—VR to examine a building
from different perspectives, as the approach improved the traditional visualization
methods.

Hempe [14] highlighted that the concepts and prototypical implementations real-
ized thus far already had demonstrated that a modern multi-domain VR simulation
system could provide not only accurate simulations at the scientific level but also
attractive, high-quality visualizations for the comprehensive understanding of the
results (p.225). Indeed, people can be isolated from any external stimulus by using
certain specialized devices that create a credible and natural reality that the subject
can interact with.

Furthermore, Asgari et al. [14] stated that the integration of sensor technologies in-
to BIM would shift the focus to the construction field. Investment in the IT sensing
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technologies would result in major cost and time savings and provide higher control
and safety than before (p.1132).

Technological advances applied to the architecture design and construction pro-
cesses ensure the quality and optimal operation of a building. Using new tools en-
hances the professional work quality of all the project members. According to Wang
et al [16], visualization can improve a user's cognition and facilitate communication
while discussing an abstract concept or physical object from the viewpoint of real-
world situations. VR, which is an immersive multimedia technology, uses VR head-
sets to create realistic images, sounds, and other sensations to simulate a user's physi-
cal presence in a virtual environment such that the user can interact with digital ob-
jects in real time (p.3). The system proposed by Wang was applied to a case project
located in Northern Taiwan by using a VR model with 3D information to perform
field quality inspections. In their application, the VR model could be freely toured
with the construction project team to learn in advance what needed to be checked.
Sampaio [17] stated that introducing VR interactive capabilities into 3D/BIM models
in the construction process was the main way to virtually test and correct a construc-
tion project before the realization thereof, as the walkthrough and the visualization of
data linked to each parametric object were available, thereby improving the necessity
collaboration within the design team (p.77).

2.2 Virtual reality and education

According to Nersesian et al. [18], educational technologies have the potential to
improve learning, not only as a collaborative tool but also as a simulation application.
As a means to complement the traditional teaching methodologies, they performed
comparison between monitor-based (MB) technologies, like animations and video
games, and VR educational technologies. Accordingly, they compared three teaching
technologies, namely, MB, VR, and traditional, among one another, and evaluated the
comprehension of chemistry topics among 300 third-year K12 students in NJ, USA,
for 18 weeks. Their results showed that the students that used the VR technology
obtained better final exam grades, and these students could also understand the chem-
istry concepts better by visualizing microscopic chemical interactions (p.89).

In other STEM related study [19], a cell biology class of 65 students participated in
a 12-min VR experience workshop called “Journey Inside a Cell” created by The
Body VR (http://thebodyvr.com/products/), which allowed the students to “manipu-
late” cells, navigate through the virtual environment, and even “shoot” antibodies into
virus cells. The researchers emphasized that “cell biology is a challenging course,
significantly exacerbated by the fact that a cell is so tiny that its parts cannot be
viewed under a typical light microscope” (p.1). While this study did not measure the
students’ academic outcomes, it did conduct a voluntary survey to measure their per-
ceived VR experiences and to find whether the VR experience had affected their
learning process. The results indicated that 90% of the students considered that VR
enhanced their learning experience in the cell biology course, and that 95% of them
would recommend using VR technologies in other courses as well.
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Huang et al. [20] aimed to assess which technology, augmented reality (AR) or
VR, had a more profound effect on the retention of science information. To that end,
they tested the science-knowledge retention of 109 college students upon exposing
them to auditory and visual information. The students, from a large university in the
United States, were divided in two groups (57 in the AR group and 52 in the VR
group) and used a model of the solar system. The study results showed that, although
AR seemed to be a more effective mechanism for communicating auditory infor-
mation, VR was more immersive and engaging owing to its mechanism of spatial
presence.

Finally, Tsichouridis et al. [21] performed an extensive literature review to gather
the state of the art regarding the use of VR and AR laboratories in the field of science
teaching and learning. They aimed to investigate the extent to which VR and AR
environments had been investigated in that field, and they also intended to explore the
relative effectiveness of both techniques (p.195) during the actual educational prac-
tice. While they identified and reviewed 19 papers dating from the year 2008 to 2017,
there were 7 papers (specifically related to tertiary education) whose findings were as
diverse as showing an increased spatial competence, better conceptual perceptions,
improved practical and cognitive skills, and an excellent interactive and practical
experience with positive learning outcomes. The researchers concluded that educa-
tional VR and AR contents simulate the reality so closely that it is becoming increas-
ingly difficult to differentiate between VR/AR and the reality, although there is still a
room to investigate the optimum use of VR and AR.

3 Methodology and Procedure

This study presents the findings from an experimental study for the application of
BIM to solve plumbing engineering systems using VR. The hypothesis: teaching the
BIM methodology using VR can improve the design skills of architecture students in
solving plumbing engineering systems. We have applied an experimental method,
with qualitative and quantitative approaches. For this method, two groups of 22 and
21 architecture students enrolled in a plumbing engineering course were selected. This
research complied with the local laws and has received approval from the institutional
review board.

The experimental project was applied to two groups of third-year architecture stu-
dents during one semester. Initially, a quantitative method was employed as a pre-test
in the classroom among students. The results were compared with those of a post-test
after the application of the BIM—VR method. The control group maintained its tradi-
tional teaching form. The experimental group used 21 students, while the control
group had 22 students (see Figure 1).
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Fig. 1. Methods applied during the experimental phase

The quantitative test results were statistically analyzed. They revealed the impact
of the method in the classroom and verify the research hypothesis.

The study used Unity 3D editor (version 2018.3.9); the scripts were written in C#
(version 7.3), and the BIM models were designed in Revit Architecture (version
2018). The students used VR devices to view different models and plumbing system
solutions for typical private and public toilets. The VR device used for the experiment
was a Samsung Gear VR, selected because of its relatively low price and a better
immersive experience (compared with the extremely low-cost devices like Google
Cardboard) owing to the strap that kept the Gear VR securely on the wearer’s face
and the foam cushioning that helped prevent too much light from seeping in. This
device also uses a single small hand-held controller that was configured to command
the point-of-view movements of the student inside the virtual model (see Figure 2).
Noteworthily, this VR device relies on a cellular phone to work, and thus we em-
ployed a Samsung Galaxy S8 smartphone, which was considered a high-end device at
the time of the experiment.

Fig. 2. Virtual Reality device used (left)
and the accompanying controller (right, not to scale)

In the house model, students were asked to visualize the best plumbing solutions in
different sectors: kitchens, bathrooms, swimming pool systems, and laundry. This

1JET — Vol. 16, No. 06, 2021 25



Paper—Virtual Reality and BIM Methodology as Teaching-Learning Improvement Tools for Sanitary...

environment emphasized water connections and drainage systems. The systems for
hot water, cold water, and drainage, respectively, used different highlighted colors
and tags with connectors and accessory names (see Figure 3).

Fig. 3. Bathroom model with plumbing networks

3.1 Research activities

The research process was divided into the following activities:

[y

. Survey the teachers to recognize the importance of the research topic

. Identify the problems experienced by student in solving plumbing engineering sys-
tems

. Design a teaching method to solve the problems experienced

. Prepare BIM models with several plumbing solutions

. Generate a VR environment with BIM plumbing systems using Unity 3D

. Divide the students into two study groups

. Apply the pre-test in the control and experimental student groups

. Perform network simulation using VR

. Apply the post-test to the control and experimental student groups after applying
the teaching method in the experimental group

10. Process and analyze the results of the experimental project

11. Reformulate and readjust the method on the basis of the results obtained

N

O© oo ~NO O~ Ww

A descriptive method was used to study the data of the questionnaire in both the
groups. The qualitative and quantitative results obtained confirmed that VR systems
could be included as a teaching—learning aid in plumbing engineering courses, with a
positive effect on student learning. However, a small group of students in the experi-
mental test preferred the traditional method, stating that the use of VR was not neces-
sary to understand the development of water networks but only more useful in solving
drainage system problems.
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3.2  Data collection and analysis

Chalhoub [22] stated that it was not clear how this mode of visualization would
impact the performance of the practitioner (p.1-2). This research attempts to address
the following: How can BIM-VR influence the quality of the teaching—learning pro-
cess in plumbing engineering courses? An experimental procedure was designed. The
target audience were third-year architecture students enrolled in a plumbing engineer-
ing course. As a pre-requisite for participation in the study, the students had basic
skills in reading architectural plans. Two groups were formed: group A with 22 stu-
dents and group B with 21 students. The participants performed similar tasks by using
BIM-VR and the traditional method, respectively. All the activities were scheduled in
two phases: the first one evaluated the topic of cold and hot water networks, while the
second one evaluated the topic of sanitary networks. The backgrounds and percep-
tions of the students were identified and analyzed by tests and surveys (see Figure 4).

. First - Network
Phase 1 —_ o . ;
(Trial) Activity simulation

s Second Students
Activity survey
First — Entry

: —>

Phase 2 Activity test
— i Second & Network
Activity simulation

Third - Exit

Activity test

Fig. 4. Experimental procedure for data collection

3.3  Phase 1: Fist activity

The first activity was executed during the fifth academic week when the students
had visited the construction laboratory to participate in a network simulation. The
goal of this activity was to build cold and hot water networks. During this phase, the
behaviors of the students were observed and documented, including the task per-
formed by each member, the time spent during the activity, and their spontaneous
reaction to the use of VR. Images and handwritten notes by the teacher were also
taken as a part of the documentation.

The students from group A were distributed into five sub-groups according to their
personal preferences. Each group received a paper plan with information of a bath-
room and its cold and hot network design. All the five sub-groups received a VR
device to view the same bathroom with the sanitary network model.
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The tasks performed by each participant were identified. In case 1, the main task of
the subject was to collect items needed for the network simulation and to assemble
them. In case 2, the students visualized the model for approximately 30 s and then
switched to another task. In case 3, the students had the task of using the VR device to
verify whether the network being built was correct; if not, the participant showed
where the mistakes were located. This type of behavior denoted some leadership
skills. Case 4 was more participatory in nature, as the students temporarily had initial-
ly the same task and then changed to another task.

An unexpected behavior was detected: one sub-group preferred to use paper plans
instead of working with the VR device. This behavior could be attributed to the top-
ranking students of the class, as they might have considered themselves self-
sufficient, hence regarding the technology as unnecessary to achieve the goal. This
situation was similar to the one that occurred in Chalhoub’s [22] research about mixed
reality (MR) in which he quotes, “nearly all the participants agreed that MR was easy
to use, although most still felt that they would prefer to use paper plans” (p.1).

Although all the sub-groups could correctly build water networks within the class
duration (i.e., 100 min), the sub-groups that used the VR devices achieved the most
detailed assembled models.

3.4  Phase 1: Second activity

During the ninth academic week, a survey about visualization was conducted
among 21 students of the experimental group, revealing that 42% agreed that the use
of paper plans was sufficient to obtain the knowledge of the design required for the
plumbing engineering course. However, 79% deemed 3D visualization as necessary in
better understanding the course, and 60% opined that 3D designs help visualize errors
in models. Additionally, 84% asserted that materials and accessories could be the
estimated better using a 3D model. When the participants were asked about the skills
required to visualize or imagine a plumbing network by using paper plans, 48% were
hesitant about it, while 42 % believed that they could do it. Finally, 90% agreed that a
3D design was necessary to be taught during the plumbing engineering course (see
Figure 5).

Agree m 3D visualization is necessary to obtain a better
understanding of the course.

Hesitant ® Helps visualizing errors in the model.

m The cstimate of materials and accessories is

Disagree better using a 3D model.

Is necessary to be taught during the course.

5 10 15 20 25 30 35 40
Number of students

Fig. 5. Survey answers about incorporating a 3D technology in the
plumbing engineering courses
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Additionally, 64% had previously heard about the BIM methodology; 96% consid-
ered it as a resource that reduces the number of mistakes in a project; 89% considered
that this tool contributes to the learning process of a plumbing engineering course.
Finally, 85% agreed with the use of tools, such as VR, allowing students to visualize
plumbing networks in real scale (see Figure 6).

Agree m BIM methodology is a resource that reduces
the number of mistakes in projects.

m Contributes to the learning process of

Hesitant Plumbing Engineering course.
m The use of tools, such as virtual reality, to
Disasree visualize plumbing networks in real scale.

5 10 15 20 25 30
Number of students

Fig. 6. Survey on the use of the BIM methodology in plumbing engineering courses

With all the previously gained experience and knowledge, phase 2 was modified
with a view to obtaining reliable results. For this phase, group A was selected as the
control group and group B as the experimental group. The control group used the
traditional method, and the experimental group combined the same traditional method
with VR. In this phase, we collected and evaluated information about three activities:
network simulation, entry test, and exit test.

3.5 Phase 2: First activity

The entry test was performed during the ninth academic week when the students
participated in an evaluation test to assess their knowledge about the subject. Data
were collected from the 22 students of the control group and 21 students of the exper-
imental group. The students were graded in a scale of 0 to 20, where the grade of
10.50 or higher was considered a passing grade. In the entry test, the control group
passed by obtaining an average grade of 10.61, and the experimental group failed by
obtaining an average grade of only 9.455. To validate the statistical significance of the
results, Bonett’s method and Levene’s method were applied with a significance level
of 0.05 (see Table 1). These methods were valid for any continuous distribution of the
entry test. The results are shown in Figure 7.
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Table 1. Statistical significance analysis of the entry test for the control

and experimental groups.

Descriptive statistics

o1: standard deviation of the control group
o2: standard deviation of the experimental group
Ratio: 61/65

Variable N St. Dev. Variance 95% CI for ¢
Control 22 5.272 27.794 (4.224; 7.194)
Experimental 21 3.764 14.165 (2.881; 5.398)

Ratio of Standard Deviations

Estimated Ratio

95% ClI for ratio
using Bonett’s method

95% Cl for ratio
using Levene’s method

1.40081 (0.941; 2.170) (0.802; 2.259)
Test
Null hypothesis Ho:61/02=1
Alternative hypothesis Hi:ci/c2#1
Significance level a=0.05
Method Test Statistics DF1 DF2 p-value
Bonett’s * 0.091
Levene’s 1.46 1 43 0.234

95% Cl for o(CONTROL) /

O(EXPERIMENTAL)

Banatt

Levens

Bonett's Test
P-Value 00
Levene’s Test

P-Value 0234

95% Cl for o

CONTROL

ITAL

3 4 5 3 7

Boxplot of CONTROL; EXPERIMENTAL

— [

CONTROL

ITAL

a 5 10 15 20

Fig. 7. Entry test and CI for two variances: control and experimental
(ratio = 1 vs ratio # 1)

3.6 Phase 2: Second activity

The 2nd activity was performed on the 11th academic week when the students vis-
ited the construction laboratory to participate in a network simulation, similar to the
visit during the previous phase. This activity aimed to build sanitary networks. The
students from the control group were organized into five sub-groups according to their
personal preferences; each group received a paper plan, which contained information
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about a bathroom and its sanitary network design. The students built the network
without using any VR device, based on the proposed methodology. The students from
the experimental group were also organized into five sub-groups according to their
personal preferences, and all of them also received a paper plan with the same infor-
mation as that received by the control group students. In this case, each of the four
sub-groups received a VR device, on which they saw the bathroom with the sanitary
networks, while another group could not use the device owing to limited supply. Dur-
ing the activity, the behaviors of the students were observed and documented like in
the previous phase.

3.7 Phase 2: Third activity

The last activity was performed during the 30th academic week when the students
participated in an evaluation test to determine their obtained knowledge. Data from
the 22 control group students and 21 experimental group students were collected,
considering the same qualification criteria as those for the entry test. For this test, the
control group obtained an average grade of 12.91 and the experimental group an aver-
age grade of 16.10.

The population size was 67 students who were enrolled in the plumbing engineer-
ing course in the second semester of 2018. The sample size was 35 students consider-
ing a confidence level of 95 % and an error margin of 12 %. Noteworthily, some other
variables, including but not limited to, that could affect the experimental results are as
follows: disinterest among the students to participate in the tests (resulting in them not
obtaining a satisfactory score in the course), or the fatigue that decreases the perfor-
mance of the students during the tests.

Table 2. Statistical significance analysis of the exit test for the
control and experimental groups

Descriptive statistics
o1: standard deviation of the control group
o2: standard deviation of the experimental group
Ratio: 61/62

Variable N St. Dev. Variance 95% CI for ¢
Control 22 5.546 30.753 (4.830; 6.990)
Experimental 21 3.192 10.190 (2.829; 3.973)
Ratio of Standard Deviations
Estimated Ratio 195% ClI for ratio _95% ClI for ratio
using Bonett’s method using Levene’s method
1.73719 (1.347; 2.199) (1.141; 3.967)
Test
Null hypothesis Ho:61/02=1
Alternative hypothesis Hici/oc:#1
Significance level a=0.05
Method Test Statistic DF1 DF2 p-value
Bonett’s * 0.000
Levene’s 6.57 1 41 0.014
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The statistical analysis proves that the results of the exit test of the experimental
group are better than those of the control group (see Tables 1 and 2). All the students
considered BIM-VR as a highly useful tool, which allowed them to overcome many
barriers during the design and execution processes and also provided them with an
instrument to improve the quality of their work as future engineers, thereby making

Fig. 8. Exit test and CI for two variances: control and experimental

(ratio = 1 vs ratio # 1)

them stand out.
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Fig. 9. Probability plot for the exit test of the control group
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4 Results

The experimental analysis proved the hypothesis that the BIM teaching methodol-
ogy using VR can improve the design skills of architecture students and help solve
plumbing engineering systems. According to Nandavar [23], the combination of BIM
and VR enables “a range of interactions with the BIM model in the VR environment,
making it potentially useful as a layout planning tool” (p.9). This research attempted
to demonstrate the usefulness in the academic area of the BIM methodology com-
bined with VR by applying it into a plumbing engineering course.

Remarkably, during the first test application, a small group of four students decid-
ed to solve the test without using VR devices and still achieved satisfactory results. It
can be interpreted that some students do not need additional technological support;
they are generally outstanding students who reject change and believe they already
know the subject. However, these students can be viewed as exceptional cases be-
cause the qualitative surveys revealed that most students (90%) considered the BIM—
VR method important to be taught in plumbing engineering courses.

The following activities were executed when the students used VR devices:

Observe the behaviors of the students toward the devices
Take images of the process

Record the time of the experiment

Collect test and survey data

Analyze the data and generate statistical graphics
Interpret the results
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After the initial experience using VR to visualize and analyze a plumbing system
structure, the teams built a water system using pipes, connectors, and accessories in a
real scale. The general satisfaction level reported by the students was high when com-
pleting the tests using the BIM—VR method, demonstrating an improvement in the
academic performance and positive effect in the development of the skills required by
the course.

Sampaio et al. [24] proved that the VR construction model allowed the presentation
of each step by comparing what was planned against the real situation observed
through images taken in situ. The model, therefore, helps designers and owners rede-
fine the early plan by introducing changes to the work in progress. Thus, economic
benefits of updating the planning schedule, along with the advantages associated with
a better, error-free construction with no unnecessary delays, are achieved (p. 149).

Furthermore, through the experimental project, it was proved that students can de-
velop other competences from the attitudinal, procedural, and conceptual viewpoints.

The attitudinal-competence aspects that developed in the experimental group were
as follows: communication among the students, teacher—student empathy, interest for
the course, low distraction, responsibility, more effort, work and homework comple-
tion, feeling of contribution when searching for solutions, classroom teamwork organ-
ization, and better behavior.

The procedural-competence aspects that improved were as follows: working in
group, learning by collaboration, visualization of plumbing systems, organization and
distribution of accessories, and detailed analysis of water and drainage systems.

The conceptual-competence aspects that improved in the teaching—learning process
were as follows: interest in the utilization of innovative methods, high level of re-
search, exploration of new topics, and self-learning.

Interestingly, when interacting with the imaginary environment, the VR project
participants thought they were somewhere else and lost the notion of their real physi-
cal location. Some stated that they thought of falling down the stairs or hitting a wall
while using the VR device. Students recognized virtual models as the representative
of what they would see in a real construction.

On the basis of the observations made during the experimentation phase of this re-
search, it can be said that BIM—VR methods can improve the 3D visualization capa-
bilities of students and can also reduce the gap between 2D paper plans and final im-
plementation in a real construction process, thereby contributing to the formation of
highly learned future engineers and architects.

5 Conclusion

According to the experimental research presented in this study, many advantages
are offered upon combining VR with BIM in a plumbing engineering course. On the
basis of the findings of this study, it can be said that students can successfully use the
BIM-VR method to visualize plumbing accessories and recognize a satisfactory de-
sign in a creative and innovative manner. Onime, Uhomoibhi, and Pietrosemoli [25]
demonstrated that this type of virtual tools enhanced “several learning outcomes in a
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practical and hands-on manner, ensuring that learners (engineers and professionals)
are better equipped with the relevant skills for meeting the challenges and demands of
the professional practice.”

The overwhelming extent of the existing technological advances in the field of
construction precludes an adequate selection of tools and a proper work methodology
and skills that are included in the professional career profile, which should be ac-
quired by students. In an industry that requires the integration of engineers, architects,
builders, and clients, analytical skill development and collaborative working envi-
ronment must be guaranteed during the training of the students.

The traditional methods applied to the process of teaching a construction project
and its subdomains do not allow the students to quickly understand all the factors that
influence the construction, as in the case of plumbing systems. Because of the signifi-
cant amount of data and technical specifications that must be considered to perform
the design and calculation of an efficient system consisting of hot water, cold water,
and drainage, the student must clearly handle the technical information and be able to
accurately present the network system in 2D planes. This work requires time for cal-
culation, analysis, revision, and correction to avoid errors, where the 3D visualization
and introduction of data with a computer support are of substantial help.

The VR experience provided the students an approach that is both dynamic and
very close to the reality, thereby motivating classroom activities and creating a posi-
tive environment in which the groups worked collaboratively and showed great inter-
est in the subject. The difficulties generally observed among students when trying to
visualize a complex plumbing network can be, at least, mitigated and, at best, re-
solved by utilizing VR devices that translate and convert those 2D models to a 3D
environments in which the user can navigate and view along different directions.
Using virtual labels with technical information, along with the pipes, also helped with
the educational aspect of the experience. Additionally, the ability to switch between
“a transparent view” and “a more realistic view with solid walls” contributed to the
understanding of how the plumbing system is implemented in relationship with the
environment.

6 Recommendations

Technological developments applied to the design and construction processes can
increase the building quality and the optimal operation thereof. Additionally, the work
of the professionals involved is strengthened by using new technologies, and the nec-
essary skills to use these technologies can be acquired early during their university
training. Teachers and students have at their current disposal a myriad of tools and
applications that build up their abilities at various stages of their academic lives and
push them toward professional success. Because this research focused on the use of
VR devices in combination with BIM, some of the recommendations for the devel-
opment of a BIM—VR teaching product for a plumbing engineering course are listed
as follows:
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For the BIM 3D model:

Design a 3D project on Revit

Design plumbing systems on Revit MEP

Model plumbing accessories according to the national standards

Organize and encode new pipes and families of accessories

Develop plumbing systems for a house

Develop plumbing systems for a typical bathroom in a house (private) and a mall
(public)

Organize the information according to the level of complexity

Model environments that are of common use for students

For the unity system:

Set the position of the virtual camera based on the height of an average person
Maintain the time it takes to navigate in each simulation within reasonable limits,
usually less than five minutes, so the user does not suffer from motion sickness

Use the head tracking technology and allow the person to move along the direction
he or she is looking at

Place text labels that indicate the characteristics of the accessories

Highlight the types of pipes by colors (for example, red for hot water pipes and
blue for cold water pipes)

Do not saturate the virtual environment with large areas or too many objects be-
cause it can affect the system performance, giving a bad experience for the user
Use a transparent material for walls and floors to be able to see the pipes inside
them

Provide the freedom to go around anywhere they want

For the teaching materials:

Print floorplans with system schemes

Make a list of accessories according to their brands, models, and utilities
Prepare several tests for each level of complexity

Print a building model highlighting the plumbing systems

Tools used to support the plumbing design using BIM-VR:

PC compatible with Windows or Mac for development

Oculus VR devices

A projector or television connected with the VR system provided a real-time expe-
rience to other students who were not using the VR devices at the moment

Photorealistic visualizations are being increasingly used in industries so that build-

ing environments can be analyzed without having to physically move. Light effects,
space proportions, colors, and the details of and conflicts between plumbing or elec-
trical systems can be analyzed by VR. Notably, VR is a new technology widely used
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in computer games, and it can also prove to be very attractive for engineering students
who can learn via dynamic interactions.
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