
 1 

Virtual Reality Application to Aid Civil Engineering 
Laboratory Course: A Multi-Criteria Comparative 

Study 
 

 

 

Abstract 
The social distancing measure imposed wordwide to combat the outbreak of the novel 

coronavirus has seen a rapid adoption of technologies to support online education. Compared to 

traditional lecture-based courses, online teaching is particularly more challenging for laboratory courses 

where hands-on activities are essential to achieve the learning outcomes. To deal with this issue, the 

study presented in this paper was aimed to: (1) to develop a VR application to aid a civil engineering 

laboratory course, and (2) to measure the potential of the VR-aided learning application in civil 

engineering education by assessing the learners’ preferences toward VR-aided learning (VRAL) 

compared to instructor-aided learning (IAL) and video-aided learning (VAL). Using the Analytic 

Hierarchy Process (AHP), a comparison was conducted with 21 civil engineering students from both 

undergraduate and graduate levels. The results indicated that VRAL was more preferable than VAL by 

the participants based on the aspects of “interactivity” (the ability to provide theoretical and practical 

learning environments to the learners), “cognitive interest” (the ability to drive learners to engage in 

learning activity), “ease of understanding the content” (the ability to provide a clear lecture 

interpretation that is easy to understand), and “support for learning” (the ability to help learners to 

achieve the learning goal). Although VRAL was comparatively less preferable than IAL by the 

participants overall, it was viewed as better in terms of cognitive interest and “accessibility” (the ability 

to provide learners with better access to the learning approach in terms of time and location). 

Complementing previous research, the findings supported the benefits of VR applications to aid civil 

engineering education. 

 

Keywords: Virtual Reality, Training, Construction, Head-mounted devices, Analytic Hierarchy 

Process. 

 

1. Introduction 
The architectural, engineering, and construction (AEC) industries play an important role in 

accelerating the speed of development of all countries. The demand for human resources in the 

construction sector has gradually increased, leading to an increasing quantity of students in 

construction-related fields, notably civil engineering. Because civil engineering is a professional field, 

sound practical training is required to supplement a solid foundation of theoretical learning. Essentially, 
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a combination of classroom-based learning with actual practical learning should be incorporated into 

the educational curriculum to reinforce the learners’ ability and understanding of practical issues 

required in a professional environment [1].  

Recently, educational learning and working processes have improved due to the capability of 

the current advanced technologies. Virtual Reality (VR) has emerged as a disruptive technology that 

plays a significant role in various industries. VR is generally known as three-dimensional (3D) 

computer-generated graphics that digitally imitate the actual world and objects [2, 3]. This technology 

is considered by many researchers as a powerful visualization tool that could be used in diverse fields. 

VR could be used to enhance digital communication, including training and education, entertainment 

productions, tourism, healthcare services, and the gaming industry [2, 4]. For instance, in civil 

engineering education, by integrating pedagogical approaches with VR technology, the construction 

curriculum could be effectively enhanced [5]. Various VR research studies were conducted on either 

non-immersive VR or fully immersive VR, consequently producing effective outputs for training and 

educational purposes. For example, Okeil [6] introduced a non-immersive VR approach ( with a limited 

sense of presence in a virtual environment without being fully isolated from the real world environment) 

for an architectural design using Computer-Aided Design (CAD) and 3D modeling software. The author 

identified some major advantages including a smooth design process, providing users with some 

cognitive advantages (including cognitive interest, promoting creative thinking). The author also 

compared immersive VR and conventional desktop computer interfaces. The result indicated that 

immersive VR is better at supporting the architectural design process at an early design stage due to its 

ability to present complex information about a building. Moreover, VR can deal with unpredictable 

practical issues in construction learning at the university level and vocational training [7]. Messner and 

Horman [8] found that the utilization of VR technology could enhance students' understanding of 

construction project planning; however, the installation of the VR system was too costly. Wong, Yip 

[9] indicated that the integration of VR technology with Building Information Modeling (BIM) in 

engineering education could produce positive results including (1) enhancing the learners’ interest and 

enthusiasm, and (2) promoting collaborative learning by allowing lecturers and students to work 

together in a virtual environment despite being physically in different locations.  

In civil engineering education, there is room for more research to investigate how VR 

technology can help to enhance civil engineering education.  The social distancing measure imposed 

wordwide to combat the outbreak of the novel coronavirus has seen a rapid adoption of technologies to 

support online education. Given its potential benefits reported in the literature, VR could be considered 

as a promising technology to support online teaching. Nonetheless, the efficacy of VR technology in 

laboratory courses has not been well investigated despite the their being generally compulsory for civil 

engineering education. 

To address the above research gap, this research focused on developing a VR application and 

assessing how it can be used to aid civil engineering laboratory learning. The development of the VR 
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application was carried out in accordance with educational pedagogy principles. Construction education 

was supplemented with VR while dealing with the current encountered issues in the laboratory course 

including risk of property damage, lack of students’ engagement, lack of training tools, and most 

recently, the need for physical distancing through online education as a preventive measure against a 

pandemic. The present study has two main objectives: (1) to develop a VR application to aid a civil 

engineering laboratory course, and (2) to measure the potential of VR-aided learning (VRAL) to aid 

civil engineering education and training by assessing the learners’ preference toward VRAL in 

comparison with traditional instructor-aided learning (IAL) and video-aided learning (VAL). At the 

institution where this research study was taken place, instructor-aided learning with actual laboratory 

equipment is a standard approach for teaching laboratory classes. Due to the novel coronavirus 

pandemic, instructor-aided learning could not be performed due to the closure of the campus. Hence, 

video-aided learning was used to teach the laboratory classes as it provides a convenient means for the 

student to learn and is very cost-effective. However, this approach could not well capture the learners’ 

attention and could not produce effective learning results [10]. The IAL and VAL were then considered 

as traditional approaches to be compared with the developed VRAL. 

 

2. Literature Review 
This section provides necessary theoretical background of VR and its alignment with a 

pedagogical context that were considered in the development of VR-aided learning (VRAL), as well as 

the review of the Analytic Hierarchy Process (AHP) technique.  Section 2.1 provides background 

information, benefits, and challenges of VR technology. Section 2.2 introduces some pedagogical 

aspects that could be used to support the integration of VR into the educational field. Section 2.3 

delineates the adaptation of existing pedagogical aspects for developing the VR-aided learning 

approach. Section 2.4 provides an overview of the AHP that was used as a technique for data analysis. 

 

2.1 Virtual Reality 
Over the past decades, a variety of VR equipment has been invented. The Sensorama Machine, 

an instrument equipped with fully immersive capability and sensory feedback, was the first VR 

machine. It was introduced in 1962 by Morton Heilig whose occupation was a cinematographer [4, 11]. 

Lately, various modern VR hardware products have been introduced into the international market 

including Google Cardboard, HTC VIVE head-mounted devices (HMDs), and Oculus HMDs. In 

general, VR is known as an environment that is produced by a computer system in the form of two-

dimensional (2D) and three-dimensional (3D) graphics that represent the actual world and/or purely 

imaginary world [12]. It refers to an experience where special instruments were used by the users to 

visualize and partially or fully immerse users into a specific virtual environment. Farshid, Paschen [3] 

presented the term “reality continuum” which involves the “actual reality continuum (consisting of 
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reality, augmented reality)” and the “virtual reality continuum” (consisting of virtual reality, mixed 

reality, augmented virtuality, and virtuality). 

• Reality: refers to the real world and/or objects that exist and can be physically interacted with. 

• Augmented Reality (AR): the superimposition of virtual objects or digital information into the 

actual environment. 

• Virtual Reality (VR): refers to a complete 3D virtual representation of the actual world and/or 

objects (for example, a 3D drawing of an actual object). 

• Mixed Reality (MR): an environment that can be real or virtual with the combination of digital 

information displayed as augmented reality and virtual reality. 

• Augmented virtuality: the superimposition of actual objects into a virtual environment. 

• Virtuality: refers to a virtual representation of a world, object, or scenario that can actually exist 

(e.g., a 3D visualization of a house during the design stage) or purely fictional (e.g., riding a 

3D VR rollercoaster game). 

 

VR consists of four key elements including “virtual world”, “immersion”, “sensory feedback”, 

and “interactivity” [13]. First, 3D computer graphics representing the real-world or an imaginary world 

is regarded as the “virtual world”. Second, “immersion” refers to the process of simulating oneself into 

a nonphysical 3D world. VR technology with the least immersive capability generally produces little or 

no effect on users’ performance while a fully immersive VR application can produce a psychological 

effect that helps to enhance the users’ engagement and perception. With advanced immersive capability, 

students’ learning could be raised to a higher level [8]. Immersion includes mental immersion and 

physical immersion. Mental immersion is considered as a unique experience of being mentally present 

and engaged in the nonphysical world. Physical immersion refers to the ability to interact with virtual 

objects as if the interactivity took place in the actual physical world [13]. The third element of VR 

technology is “sensory feedback”, which refers to the computer system’s detection of object orientation 

and movement. This element tends to make the VR experience more engaging and compelling for users. 

The fourth element, “interactivity”, is described as the user’s ability to manipulate and interact with the 

virtual world. The interactivity feature of VR technology helps to produce a more robust feeling, which 

is close to the actual environment. All these elements were considered and incorporated into the VR 

application developed in this study. 

VR technology has become a trending research topic. An example of a VR use case is a virtual 

museum in Italy which allows the visitors to navigate and visualize the 3D environment of the actual 

museum through a web browser [14]. VR technology was also adopted for surgical simulation learning, 

which allows learners to repeat the learning activities and avoid potential risks that could happen during 

the actual practice; most importantly, it was stated that the cost of VR simulation training is much less 

than training in the actual operating room [15]. Tarng, Chen [16] found that the integration of VR with 
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learning content enhanced teaching effectiveness and generated a positive point of view from the users. 

VR technology can produce a sense of realism which makes the learning process more interesting and 

engaging [17]. Additionally, various studies on the integration of VR into construction training and 

education have been performed. For example, Lucas and Thabet [18] used an immersive VR powered 

by smart handheld devices for teaching the assembly of wood frame construction. They received overall 

satisfaction from the users toward the VR learning approach. An investigation of VR potential on 

construction safety performance by Li, Yi [19] identified major challenges, including cyber-sickness, 

insufficient VR instruments, and insufficient safety information. 

Despite many VR use-cases presented above, the application and assessment of VR in the 

context of civil engineering laboratory courses, such as a material testing course which is considered as 

an essential part of a civil engineering curriculum is limited. Hence, further study is needed to examine 

the potential of VR technology in civil engineering education to address the current challenges 

mentioned in Section 1. 

Besides VR, AR technology could also be employed in this study [3]. According to Liou, Yang 

[20], VR and AR have positive effects on enhancing learners' understanding. Huang, Ball [21] indicated 

that VR is more immersive and engaging, while AR provides better auditory information. However, 

VR could provide better cognitive and psychological responses compared to AR, and was considered 

to have greater potential in providing an immersive learning experience of situations that could not be 

physically attended [22]. As a result, VR was considered as more suitable to support online teaching of 

laboratory-based course.  

 

2.2 Linking VR Technology with Pedagogical Context 
According to the cognitive learning theory, acquiring knowledge is dependent on the process 

of thinking, experiencing, and sensing [18]. Baddeley and Hitch [23] stated that learning through 

experiencing and sensing can help to produce working memory. Appelman and Robert [24] further 

added that to develop an efficient VR application that positively affects learners’ performance and 

understanding, there is a need to bridge VR development with pedagogical aspects that involve teaching 

and learning theories, methods, and epistemology. According to Zhou, Ji [17], the relationship between 

educational pedagogy and VR technology can be established through four key characteristics: learning 

styles, learning objectives, learning activities, and motivating learning outcomes. These four key 

characteristics were defined based on constructivist theories and Bloom’s taxonomy [25, 26]. Based on 

the constructivist learning theory, the learning process should be both experimental and experiential, 

according to real case scenarios [27]. Winn [28] further supported that the characteristics of VR 

technology are fully compatible with the axioms of constructivist learning theories. Research by 

Maghool, Moeini [29]  shows that the integration of classroom-based learning with VR technology 

could assist in transferring theoretical knowledge into practice, which consequently increases the rate 

of memory recall. 
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2.3 Consideration of Pedagogical Aspects for VR-aided Learning (VRAL) 
According to Huang et al. (2010), to construct an efficient VRAL environment, four factors of 

educational pedagogy were considered: interactive learning (the ability of the VR technology in 

providing interactive learning experiences), problem-solving to promote creativity (the ability to 

transfer knowledge into practice), motivating learners to engage in the learning process (the ability of 

the VR technology to increase learners’ interest and motivation in learning), and VR as a scaffolding 

tool for learning (the ability of the VR technology in guiding learners to improve their ability) [25]. 

These factors were incorporated into the framework adapted from Zhou, Ji [17] to guide the 

development of the VR application in this reearch, such that pedagogical aspects can be adequately 

integrated. As presented in Figure 1, each aspect is described below. 

 

2.3.1 Learning objectives 
Based on Vygotsky’s Zone of Proximal Development (ZPD), learners’ ability could be 

enhanced when proper guidance or a supporting tool is provided [30]. The study by Pantelidis [12] 

indicated that VR can be used for teaching or training that is dangerous, difficult to perform, too time-

consuming, and too costly. The author added that VR could also be used to prevent causing property 

damage, material wastes, or harmful effects on the actual environment through learning activities. 

Furthermore, a study by Huang, Rauch [25] showed that VR can be used as a scaffolding tool to support 

students in learning and improving their abilities. Hence, this study focused on using VR technology to 

assist students in learning a civil engineering laboratory course. VR technology was mainly used to 

overcome various issues associated with the teaching of a laboratory course, such as the risk of property 

damage, lack of students’ engagement, insufficient training tools, and most recently, the need for 

physical distancing through online education as a preventive measure against a pandemic. The course 

that is the focus of this research consists of experiments such as “Mechanical Properties of Materials”, 

“Non-destructive Test of Concrete Materials”, “Non-destructive Test of Steel Materials”, and “Tensile 

Test of Continuous Fiber Sheet”. Specifically, the “Non-destructive Test of Concrete Materials” was 

chosen and two pieces of equipment, the “rebound hammer” and the “resistivity meter”, were selected 

for this study. In fact, there are two more pieces of non-destructive testing equipment available in the 

selected course including the “ultrasonic pulse velocity meter” and “infrared camera”. The rebound 

hammer and the resistivity meter were chosen due to their simplicity to be used for developing the VR 

application to achieve the research objectives. These two pieces of equipment are also more commonly 

used in practice based on the consultation with the course coordinator. 
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2.3.2 Learning style 
According to Wong, Yip [9], VR technology could promote active and collaborative learning. 

VR allows users to actively learn and interact with virtual objects within the virtual environment instead 

of allowing users to passively learn. The use of VR, therefore, promotes “active learning”, which refers 

to a learning style that engages learners in a variety of activities, including receiving learning 

information and putting that information into practice rather than idly learning through listening [31]. 

This is in contrast to “passive learning”, which is generally based on lectures taught by an instructor 

[32]. 

In the developed VR application, the learners are required to go through the descriptions, which 

include the learning objectives and instrument-usage procedures of the rebound hammer and resistivity 

meter. Following this, the learners can view the 2D and 3D animations of the equipment utilization 

process before conducting the virtual practice. The learners can also navigate freely within the virtual 

environment using the teleportation functionality (a function that allows the users to move from one 

location to another by clicking the trackpad on the controllers). They can also interact with the virtual 

objects by touching, throwing, grabbing, and interacting with the User Interface (UI) buttons using the 

controllers. 

 

2.3.3 Learning activities and tasks 

According to Bashabsheh, Alzoubi [33], VR could help to promote learner-centered 

methodology. In learner-centered methodology, learners actively learn through a variety of activities 

that help them develop their conceptual understanding and thinking skills [34]. VR simulation learning 

and training can enhance users’ ability to detect problems and increase the quality and speed of their 

performance in a real environment [35]. Hence, VR could offer an opportunity for learners to learn and 

simultaneously apply what they have learned into practice, to enhance their understanding and thinking 

skills. In this study, the developed VR-aided learning consists of both “instructional-based” and “task-

based” learning. The “instructional-based learning” allows users to: (1) view the descriptive contents 

of the course (including objectives of the course, instructions, guidelines, and specifications); (2) view 

3D virtual objects and animation of the non-destructive testing equipment, showing its utilization 

process; (3) navigate freely using the teleportation function during the learning process; and (4) interact 

with 3D objects (including touching, grabbing, and throwing) within the virtual environment. In 

addition, built-in voice instruction can assist the learners during the learning process to complete tasks. 

Augmenting the “instructional-based learning”, the “task-based learning” was built into the VR 

application to offer learners the opportunity to actively practice, using non-destructive testing 

equipment. The developed VR application allows learners to theoretically learn and to apply the 

theoretical knowledge into practice within the virtual environment. 
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2.3.4 Constructing motivated learning outcomes 
Based on the result from the existing literature, learning through VR could help learners to: (1) 

produce better memory recall, compared to using a traditional desktop learning approach that is 

controlled by a mouse [36]; (2) enhance learners’ performance in learning, in comparison with gamified 

2D and 3D learning approaches [37]; (3) produce better knowledge acquisition and retention [38]; and 

(4) promote learners’ engagement in the learning environment [39]. Furthermore, learners’ interest and 

enthusiasm in learning can be increased when adopting the VR teaching and learning approach [9].  

In this study, the learning outcome, in terms of how well the learners perform in the laboratory 

course, was not directly measured. Instead, five formative criteria, “interactivity”, “accessibility”, 

“cognitive interest”, “ease of understanding the content”, and “support for learning”, were considered. 

These criteria were used to measure the capability of the learning aids in capturing the learners’ 

preferences (with respect to their learning experience) rather than a summative learning outcome (i.e., 

how well they score in the laboratory assessment). The development of these criteria is presented in 

Section 3.2.1. 

 
Figure 1 Pedagogical framework for VR application development. 

 

2.4 Analytic Hierarchy Process 
This study focused on using AHP for assessing the designed learning approaches. AHP is a 

widely used technique that is used for multi-criteria decision making. It is based on pairwise 

comparisons analysis of the formulated criteria/alternatives to achieve the decision goal [44]. For 

example, AHP was used for the evaluation of an E-learning platform for higher education, based on 

students’ perspectives [45]. It was also used for measuring the usability of a web-based virtual tour, 
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based on general users’ evaluations [46] for selecting mobile health applications (mHealth) [47], and 

for measuring the usability of an E-learning application [48]. Based on the literature review, a variety 

of assessment techniques, used for evaluating VR technology and its impacts on education, were 

identified. These techniques included the pre/post questionnaire survey in the form of Likert scale and 

open-ended questions, and observation, interview, discussion, and exercise-based evaluation 

techniques. However, these techniques are not effective in conducting systematic multi-criteria 

assessment. Other existing approaches such as Fuzzy Logic (an approach used to deal with imprecise 

information to make a rational decision [40]) may also be used as an alternative approach. However, 

“Fuzzy Logic” could not be used to measure the consistency of the users’ judgments [42]. AHP was 

chosen for the study. 

To carry out the pairwise comparison between criteria/alternatives in AHP, absolute scale 

factors from 1 (Equally Important/Preferred) to 9 (Extremely Important/Preferred) are used. According 

to Saaty [44], the decision-making process can be decomposed into six steps. 

1. Defining the problem needed to be solved. 

2. Structuring the decision hierarchy that consists of a goal in the upper level, criteria, sub-

criteria, and alternatives in the lower level. 

3. Formulating and calculating the pairwise comparison matrix. 

4. Calculating the relative weight of each element with respect to the immediately-above 

level. 

5. Checking the consistency of the decisions from the respondents. 

6. Finalizing the decisions. 

 

3. Methodology 

To achieve the study objectives, the study was organized into three main stages as 

presented in Figure 2. The first stage defined the goal and objectives which requires a thorough 

problem identification (Section 1), review of the literature (Section 2), and the consideration 

of education pedagogy (Section 2.3). The second stage involved “VR application development” 

as presented in Section 3.1. The third stage, “application testing, and evaluation”, is explained 

in Section 3.2. 
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Figure 2 Methodology. 

 

3.1 VR Application Development 
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• RESULT ANALYSIS 
• DISCUSSION 
• CONCLUSION 

DEFINING GOAL AND OBJECTIVES 

• Problems identification 
• Literature review 
• Consideration of pedagogical aspects 

VR APPLICATION DEVELOPMENT 

Determine the application 
development tools 

Gather information of the 
material testing course 

Determine the required 
functionalities 

Application design and 
development 

APPLICATION TESTING AND EVALUATION 

Determine assessment 
technique 

Determine target participants 

Experiment and assessment 

• AHP 
• Interview 

• Experimental design 
• Data analysis using 

SuperDecisions  

• Graduate students 
• Undergraduate students 



 11 

• Unity game engine: Unity game engine was used as the base platform for designing the VR 

application. It is a commonly used platform for developing both 2D and 3D games, VR 

applications, and simulations that can be deployed across multi-devices. 

• Microsoft Visual Studio and C-Sharp (C#) programming language. C# is a programming 

language required to develop various features in Unity, while Visual Studio is a free extension 

that offers support for C# scripting. These two pieces of software are integral parts of Unity 

used for coding interactive functionalities. 

• Autodesk applications including Sketch-Up, AutoCAD, and Blender for 3D modeling. There 

pieces of software are necessary for developing a laboratory building model. Blender is a free 

open-source 3D creation suite for creating and rendering 3D objects as well as animations. 

Hence, it was chosen for developing 3D models of the laboratory equipment (including 

resistivity meter and rebound hammer). 

• A VR-compatible computer that allows developing and running the VR simulation; and 

• An HTC VIVE HMD unit, which is considered one of the most popular headsets for VR 

applications. 

 

Essential information from the material testing course outline was obtained to develop the VR 

application. This information was organized in sequence, to produce a clear learning scenario and 

procedures. The VR application development process was designed, following the process presented in 

Figure 3. There were three main 3D object models used in designing the VR application including a 

laboratory building (modeled using Sketch-Up and Autodesk AutoCAD), and two non-destructive 

testing equipment including a resistivity meter and a rebound hammer (modeled using Blender software 

version 2.81). The 3D models were then saved in Filmbox format (.fbx file) then imported into the 

Unity game engine (Version 2018.3.2f1). Various components were also incorporated into the Unity 

game engine, including off-the-shelf assets, textures, and voice records. Microsoft Visual Studio and 

the C# programming language were then used to create the necessary scripts required to build 

functionalities as well as to trigger and toggle interactivities in the application. Various functionalities 

were designed in the VR application including a “navigation functionality” that allows the users to 

move from one place to another, “virtual interaction functionality” allows the users to interact with 

objects within the virtual environment (including visualizing, touching, grabbing, holding, and 

throwing), “3D animation functionality” allows the users to visualize and inspect the process of utilizing 

the “rebound hammer” and the “resistivity meter” through 3D animation effect, “voice instruction 

functionality” was built for guiding the users during the learning process. Other functionalities were 

built that allow the users to click the UI button to toggle events (such as to show 2D text information 

and to trigger animation) using the controllers. Upon the completion of development, the VR application 
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was then converted into an executable file format (.exe) that could be installed and run on any VR-

compatible computers, without the need for the installation of the above software components. 
 

 
Figure 3 VR application development workflow. 

 

3.2 Application Testing and Evaluation 

3.2.1 Formulating AHP criteria and diagram structure 
The AHP technique was used for the evaluation of learners’ preferences toward the developed 

VR application, in comparison with the traditional learning approaches including instructor-aided and 

video-aided learning. The evaluation of the learning aids (VRAL, IAL, and VAL) was performed with 

respect to five criteria: “interactivity”, “accessibility”, “cognitive interest”, “ease of understanding the 

content”, and “support for learning”. These criteria were considered useful for evaluating digital and E-

learning approaches [45-49], VR learning [50], and other learning approaches (e.g.[51] and [52]). These 

criteria were then structured as a hierarchy, as shown in Figure 4. The descriptions of these criteria are 

provided below (with respect to the framework presented in Figure 1). 

• Interactivity (INT): For “interactive learning and problem-solving”, this criterion is used to 

consider which of the learning aids can provide a better theoretical and practical learning 

environment to learners during the learning process. 
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• Accessibility (ACC): For “VR as a scaffolding tool for learning”, this criterion is used to 

measure which of the learning aids is more accessible, in terms of time and place convenience 

for learners. 

• Cognitive Interest (CI): For “motivating learners to engage in the learning process”, this 

criterion is used to measure which of the learning aids has more potential in capturing learners’ 

interest and motivating them to engage in the learning activities.  

• Ease of Understanding the Content (EUC): Similar to the ACC criterion, the EUC criterion is 

also used to deal with the “VR as a scaffolding tool for learning”. This criterion is used to 

measure which of the learning aids is more capable of providing learners with learning content 

that is clear and easy to understand. 

• Support for Learning (SL): Selected to deal with “VR as a scaffolding tool for learning”, this 

criterion is used to evaluate which of the learning aids is more effective and capable of helping 

the learners to learn and achieve the learning objectives. 

 

 
Figure 4 AHP diagram. 

 

3.2.2 Experiment and assessment 
This research study focused on learners’ perspectives toward the three learning approaches: 

VR-aided learning, instructor-aided learning, and video-aided learning. The targeted participants 

involved in the experiment were civil engineering students from graduate and undergraduate levels at 

the university where the corresponding authors were based. The recruited 26 participants were asked to 

randomly experience the following three learning approaches during the experiment and later compare 

them using the pairwise comparison technique. 

• VR-aided learning (VRAL): The participants were asked to independently conduct the 

learning activity using the developed VR application. There was no instructor involved in this 

learning approach. The participants were invited to the experimentation room where space, 

hardware, and software installation had already been prepared for the experiment. 
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• Instructor-aided learning (IAL): The participants were taught and explained how to utilize 

the non-destructive testing instruments (Schmidt hammer (PROCEQ) and Resipod resistivity 

meter (PROCEQ) by an instructor. Then, these participants were allowed to conduct actual 

practice using the real equipment while the instructor was on standby to assist them during the 

learning process.  

• Video-aided learning (VAL): The participants were asked to independently conduct the 

learning activity by watching two video tutorials on the utilization of both instruments. There 

was no instructor involved in this learning approach. The videos were prepared in advance for 

the experiment. 

 

After experiencing the above three learning approaches, each participant was requested to 

complete the AHP assessment form (Figures 5 to 7 demonstrate the major parts of the assessment 

instrument) to compare the three approaches based on their perspectives and preferences using the 

criteria mentioned previously. The assessment form contained two parts. The first part was the 

evaluation of the importance level of each criterion, using the AHP pairwise comparison. An absolute 

scale from 1 (Equally Important/Preferred) to 9 (Extremely Important/Preferred) was used for the 

evaluation. The second part also included a pairwise comparison, but it was conducted with the three 

learning approaches with respect to each criterion, as presented in Figure 4. A guideline was provided 

to each of the participants for a better understanding of the AHP evaluation process. The guideline 

consists of a preface that indicates the research study objectives, a confidentiality statement, and a 

guideline and instruction on how to complete the assessment form. Within the evaluation process, the 

participants were asked to fill in some information including educational level, academic year, age, and 

gender. In the first part, the participants were asked to circle a scale factor that indicates the importance 

of one criterion over another (an explanation of each criterion was attached to the evaluation form to 

assist the participants during the evaluation process). There were ten pairwise comparisons (five 

criteria) in this part. Followed by the second part, the participants were asked to evaluate the three 

learning approaches with respect to each of the criteria. Since there were five criteria (three pairwise 

comparisons each), the number of partwise comparisons in overall is equal to 15. By the end of the 

assessment, a brief interview was held with each participant to obtain descriptive feedback on each 

participant’s experience with the VRAL, compared to the other two learning approaches.  
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Figure 5 Multi-criteria assessment form: Criteria evaluation. 

 

 
Figure 6 Multi-criteria assessment form: Alternatives evaluation. 
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Figure 7 Multi-criteria assessment form: Alternatives evaluation with respect to  

“support for learning criterion”. 

 

4. Data Analysis and Result 

4.1 The developed “VR-aided Learning” (VRAL) Application 
The final version of the developed VRAL application consists of a variety of features. These 

features include the 3D models of the laboratory building and the material testing equipment, interactive 

User Interface (UI) which allows users to trigger events (including animation, hide or show 

information/objects), 2D textual information (including objectives, usage, specifications, and the 

guidelines of the material testing course), voice instructions which help guide the learners to properly 

conduct the virtual learning, 3D animation effects that show the utilization process of non-destructive 

testing instruments, and interactivity (including navigation capability, touching, grabbing, and throwing 

virtual objects). 
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4.1.1 Delivery of learning content 
To effectively deliver the content to the learners, 2D textual information (VR HMD hardware 

utilization procedure and the content of the material testing course) was included in the developed 

application, as shown in Figure 8. Furthermore, voice instructions were created to assist the learners 

throughout the learning process. Additionally, the application was built to allow the learners to freely 

navigate and interact with 2D and 3D objects and to repeat the learning process. The VR application 

also offers an opportunity for the learners to view 3D animations of how to use the testing equipment. 

 

 
Figure 8 Delivery of learning content through 2D-textual displays. 

 

4.1.2 Execution of task-based practice 
The “VR-aided learning” application was built with the capability to provide learners with the 

opportunity to transfer their theoretical knowledge into practice. The learners were allowed to freely 

inspect the features of the testing instruments and interact with them by using the HTC VIVE 

controllers. The users were allowed to practice the use of the equipment. The application provided a 

simulated result of the testing in the form of a 2D-text display, as shown in Figures 9 and 10. 
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Figure 9 Instrument utilization practice of the “resistivity meter”: displayed result. 

 

 
Figure 10 Instrument utilization practice of the “rebound hammer”: displayed result. 

 

4.2 Data Collection and Analysis 
The undergraduate and graduate civil engineering students at the university where the 

corresponding authors were based were invited to participate in the experiment. In total, 26 students 

were recruited for the experiment (Figure 11 indicate the VR-aided learning experiment by the 

participants). Each participant was required to use, in random order, the three learning approaches 

(VRAL, IAL, and VAL) in accordance with the design experiment (Section 3.2.2) stated in the 

methodology. The pairwise comparison from each participant was checked to ensure the consistency of 

the data. According to Saaty [44], the consistency ratio (CR) of the data should be less than 10%. 

However, the individual responses’ consistency ratio is allowed to be up to 20% [53]. Consequently, 

five responses were excluded due to their high level of inconsistency (CR>20%). Thus, 21 remaining 

responses were retained for further analysis. The sample size was considered small in number. However, 

according to Melillo and Pecchia [54], the number of samples involves in AHP analysis could be from 
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a few to hundreds. Moreover, the AHP approach does not always need sample size to establish statistical 

significance [55]. Many research studies adopt the AHP approach with small sample size, for example, 

19 experts for evaluating the factors that affect construction productivity [55], 14 doctorate students for 

evaluating innovative educational projects [56], and three experts for the selection of mobile health 

applications [57]. 

 

 

 
Figure 11 VR experiment by research participants. 

 
For comparative analysis, the data from the 21 participants were categorized into three groups, 

undergraduate students, graduate students, and all 21 participants combined. The undergraduate 

students’ group consisted of 12 students whose ages were from 19 to 22 years old, while the graduate 

students’ group consisted of 9 students who were from 24 to 30 years old. For each group, the geometric 

mean method was used to aggregate the pairwise comparison results, to further calculate the weights of 

criteria and alternatives. The geometric mean values calculated from the pairwise comparison of the 

criteria and alternatives of each group were inserted into the SuperDecisions software where the 

consistency ratio (CR) and the weight of the criteria and alternatives could be calculated. Given the 

length of the paper, the details of the AHP calculation are not presented herein. Readers are referred to 

[58] for the detailed calculation process. 

 

4.3 Perception Comparison between Undergraduate and Graduate Students 

4.3.1 Criteria weights: comparisons 
The data retrieved from the participants were initially divided into two groups, “undergraduate 

students” and the “graduate students”, for measuring the similarity and differences between the two 

groups’ perceptions in evaluating the three learning approaches (VRAL, IAL, and VAL). 
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As shown in Table 1, the result from the undergraduate students’ responses indicates that SL, 

which is one of the five criteria used for evaluating the three learning aids, was the most important 

criterion with a relative weight of 0.3195. The second most important criterion was EUC with a relative 

weight of 0.2817, followed by the CI, INT, and ACC. 

Similarly, the result generated from the graduate students’ responses also indicates that the 

graduate students viewed SL as the most important criterion. INT and ACC were the fourth and fifth 

most important criteria, respectively. The graduate students considered CI as the second most 

significant criterion, while EUC was the third most important criterion that influenced their evaluation.  

 

Table 1 Criteria weights: Comparison between undergraduate and graduate students’ perceptions. 

Criteria 
Undergraduate Students  

(n = 12) 
Graduate Students  

(n = 9) 
Weight Rank Weight Rank 

INT 0.1547 4 0.1884 4 
ACC 0.0698 5 0.0790 5 

CI 0.1743 3 0.2518 2 
EUC 0.2817 2 0.1955 3 
SL 0.3195 1 0.2853 1 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning. 

 

4.3.2 Alternative weights: comparison 
 Based on the criteria weights defined by each group (graduate and undergraduate students), the 

local weights, global weights, and the ranking of the alternatives could be generated. The local weights 

refer to the value obtained from each element (criteria and alternatives) in the hierarchy. The global 

weights refer to the multiplication of the local weights of each element in the lower level with the local 

weights of each element in the higher level (in the same hierarchy) [59]. The obtained weights were 

then used for ranking all the elements. Table 2 compares the local weights of the alternatives (i.e. the 

three learning aids) with respect to each criterion, as a result of the pairwise comparisons performed by 

the graduate and undergraduate students. According to the table, the graduate and undergraduate 

students had identical views in ranking SL, EUC, and CI criteria. However, there were noticeable 

ranking differences between INT and ACC criteria.  

For the INT criterion, the undergraduate students viewed the IAL as the most capable learning 

approach, followed by VRAL. The graduate students considered VRAL as the most preferred learning 

approach. The graduate group viewed IAL as less desirable, compared to VRAL. A noticeable similarity 

between the two groups’ perspectives was the ranking of VAL, which was considered as the least 

preferred learning approach in terms of interactivity. 
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 For the ACC criterion, the two groups gave the highest weight to VAL. The undergraduate 

group considered VRAL as the second most preferred learning approach. VRAL allows learners to 

access the learning independently based on their preferences, while IAL was found to be less effective. 

In contrast, the graduate students perceived IAL as better than VRAL with respect to the ACC criterion. 

 

Table 2 Local alternative weight comparison: Undergraduate versus graduate students. 

Criteria Alternatives 
Undergraduate Students 

 (n = 12) 
Graduate Students 

 (n = 9) 
Local Weight Rank Local Weight Rank 

INT 
VRAL 0.2448 2 0.4347 1 
VAL 0.1358 3 0.1861 3 
IAL 0.6193 1 0.3792 2 

ACC 
VRAL 0.3845 2 0.2374 3 
VAL 0.4612 1 0.5171 1 
IAL 0.1543 3 0.2456 2 

CI 
VRAL 0.4251 1 0.6044 1 
VAL 0.1749 3 0.1938 3 
IAL 0.3999 2 0.2018 2 

EUC 
VRAL 0.2478 2 0.3602 2 
VAL 0.2075 3 0.2641 3 
IAL 0.5448 1 0.3757 1 

SL 
VRAL 0.3029 2 0.3508 2 
VAL 0.1545 3 0.2502 3 
IAL 0.5426 1 0.3990 1 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning, VRAL = VR-aided learning, VAL = video-aided learning, IAL 

= instructor-aided learning. 

 

4.3.3 Final alternative weights: comparison 
 Table 3 and Table 4 present the final weights of all the learning aids as determined by the 

graduate and undergraduate students, respectively. It should be noted that the weight of an alternative 

is the sum of the global weights of all the criteria associated with the alternative. According to Table 3, 

the graduate students considered VRAL as the most preferred learning approach with a weight of 0.4233 

(42.3%), followed by IAL, which was the second most preferable learning approach with a weight of 

0.3289 (32.9%). As presented in Table 4, the undergraduate students considered IAL as the most 

preferred learning approach with a weight of 0.5031 (50.3%). Additionally, this group viewed VRAL 

as the second most preferred learning approach with a weight of 0.3054 (30.5%). The commonality in 

the perspectives between both groups was that they gave the lowest weight to VAL. 

 

Table 3 Final alternative weights: Graduate students. 
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Criteria Alternative 

Criteria Weight 
VRAL VAL IAL 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

INT 0.1884 0.4347 0.0819 0.1861 0.0351 0.3792 0.0714 
ACC 0.0790 0.2374 0.0188 0.5171 0.0409 0.2456 0.0194 

CI 0.2518 0.6044 0.1522 0.1938 0.0488 0.2018 0.0508 
EUC 0.1955 0.3602 0.0704 0.2641 0.0516 0.3757 0.0734 
SL 0.2853 0.3508 0.1001 0.2502 0.0714 0.3990 0.1138 

Total Global Weight   0.4233  0.2477  0.3289 
Ranking  1  3  2 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning, VRAL = VR-aided learning, VAL = video-aided learning, IAL 

= instructor-aided learning. 

 
Table 4 Final alternative weights: Undergraduate students. 

Criteria Alternative 

Criteria Weight 
VRAL VAL IAL 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

INT 0.1547 0.2448 0.0379 0.1358 0.0210 0.6193 0.0958 
ACC 0.0698 0.3845 0.0268 0.4612 0.0322 0.1543 0.0108 

CI 0.1743 0.4251 0.0741 0.1749 0.0305 0.3999 0.0697 
EUC 0.2817 0.2478 0.0698 0.2075 0.0585 0.5448 0.1535 
SL 0.3195 0.3029 0.0968 0.1545 0.0494 0.5426 0.1734 

Total Global Weight  0.3054  0.1915  0.5031 
Ranking  2  3  1 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning, VRAL = VR-aided learning, VAL = video-aided learning, IAL 

= instructor-aided learning. 

 

4.4 Decision Weights from All 21 Participants (Combined) 

4.4.1 Criteria weights: comparison 

This section presents the AHP analysis result from the combined data from all 21 participants. 

According to Table 5, the SL criterion received the highest weight of 0.3069. EUC was the second most 

significant criterion with a weight of 0.2428. The ability to capture the users’ interest and motivation in 

learning (known as CI) received the third-highest weight of 0.2058. The INT criterion was viewed as 

the fourth preferred criterion that affects students’ decisions. The INT criterion received a weight of 

0.1702, while ACC was ranked as the least preferred criterion with a weight of 0.0743.  

 



 23 

Table 5 Criteria weights for the 21 participants (combined). 

Criteria Weight Rank 
SL 0.3069 1 

EUC 0.2428 2 
CI 0.2058 3 

INT 0.1702 4 
ACC 0.0743 5 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning. 

 

4.4.2 Local alternative weights: comparison 
Table 6 presents the local weights of an alternative with respect to each of the five criteria, 

based on the aggregated data from all 21 participants. For the INT criterion, IAL was considered by the 

overall participants as the most preferable learning approach in distributing an interactive learning 

environment with a weight of 0.5172. The developed VRAL received a weight of 0.3227, while the 

weight of VAL was 0.1602, which is approximately half of VRAL. Thus, it can be concluded that 

VRAL is more desirable than VAL with respect to INT.  

The ACC criterion emphasized the capability of the learning aids in providing an opportunity 

to access the learning activities at any time and location based on the learners’ preferences. VAL (for 

ACC) was regarded by the participants as the most preferable learning approach with a relative weight 

of 0.4916, followed by VRAL with a weight of 0.3173. The least capable learning approach was IAL 

with a relative weight of 0.1911.  

The CI criterion is focused on the capability of the learning-aid in motivating, encouraging, and 

capturing the learners’ interest in learning. VRAL (for CI) was rated as the most capable and preferred 

learning approach. VRAL received a weight of 0.5068, while IAL received a weight of 0.3058. 

According to the analyzed data, VAL received a weight of 0.1874, which is much lower than the other 

two alternatives.  

The EUC criterion measures the capability of the learning aids in distributing a learning content 

that is clear and easy to understand to the learners. IAL (for EUC) was the most preferable to the 

participants with a weight of 0.4714. VRAL was the second most preferable learning approach with a 

weight of 0.2952. VAL was considered as the least preferable learning approach with a weight of 

0.2334.  

The SL criterion concerns the capability of the learning aids in helping students to achieve the 

learning goal. The overall participants (for SL) considered IAL as the most effective and preferable 

learning approach among the three learning aids with a weight of 0.4813. In contrast, VRAL was the 

second most effective and preferable learning approach with a weight of 0.3265. VAL was considered 

as the least preferable learning approach in leading the learners to achieve the learning goal (weight = 

0.1923).  
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Table 6 Local weight of the alternatives, based on aggregated data from 21 participants. 

Criteria 
Alternative 

Description Local Weight Rank 

INT 
VRAL 0.3227 2 
VAL 0.1602 3 
IAL 0.5172 1 

ACC 
VRAL 0.3173 2 
VAL 0.4916 1 
IAL 0.1911 3 

CI 
VRAL 0.5068 1 
VAL 0.1874 3 
IAL 0.3058 2 

EUC 
VRAL 0.2952 2 
VAL 0.2334 3 
IAL 0.4714 1 

SL 
VRAL 0.3265 2 
VAL 0.1923 3 
IAL 0.4813 1 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning, VRAL = VR-aided learning, VAL = video-aided learning, IAL 

= instructor-aided learning. 

 

4.4.3 Final alternative weights: comparison 
 Table 7 presents the ranking of the three learning aids, based on the final weight (total global 

weight) of each alternative. According to the table, IAL was the most desirable learning approach for 

aiding the learning process, receiving an overall weighting of 0.4273. The developed VRAL was the 

second most preferred learning approach with an overall weighting of 0.3547. The final result indicates 

that VAL received an overall weighting of 0.2181. 

 In summary, IAL, VRAL, and VAL were ranked as the first, second, and third most desirable 

learning approaches, respectively. The final result indicates that VRAL had more potential and was 

more preferable than VAL in terms of INT, CI, EUC, and SL criteria. Even though IAL received the 

highest weighting, VRAL was more advantageous in terms of ACC and the ability to capture the 

participants’ interest and motivation in learning (CI). 

 

Table 7 Final weights of the alternatives. 

Criteria Alternative 

Criteria Weight 
VRAL VAL IAL 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

Local 
Weight 

Global 
Weight 

INT 0.1702 0.3227 0.0549 0.1602 0.0273 0.5172 0.0880 
ACC 0.0743 0.3173 0.0236 0.4916 0.0365 0.1911 0.0142 
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CI 0.2058 0.5068 0.1043 0.1874 0.0386 0.3058 0.0629 
EUC 0.2428 0.2952 0.0717 0.2334 0.0567 0.4714 0.1145 
SL 0.3069 0.3265 0.1002 0.1923 0.0590 0.4813 0.1477 

Total Global Weight  0.3547  0.2181  0.4273 
Ranking  2  3  1 

Note: INT = Interactivity, ACC = Accessibility, CI = Cognitive Interest, EUC = Ease of Understanding 

the Content, SL = Support for Learning, VRAL = VR-aided learning, VAL = video-aided learning, IAL 

= instructor-aided learning. 

 

4.5 Interview Results 
Following the AHP assessment, a brief interview was conducted with each of the participants. 

The main purpose of the interview session was to measure the impression of the participants toward the 

VRAL approach. The participants were asked to express their positive and negative viewpoints and 

their recommendation for the future improvement of the VRAL approach. Overall, the participants had 

positive impressions toward VRAL as listed below: 

• The VR application provides very realistic 3D views. 

• The VR application is interesting and engaging. 

• The VR application is useful for learning activities. 

• The VR application could help reduce the length of the learning process for complex laboratory 

learning activities that consist of too many steps. The VR application is more useful and 

practical, compared with the VAL approach. 

 

The developed VR application was criticized mainly in terms of textual instruction and 

interactive functionalities. The participants commented that there was too much text and the font size 

was not large enough to read from a distance. Even though the VR application could produce a realistic 

virtual environment, the interactivity between the users and the virtual objects was considered hard to 

control. Thus, an improvement in the interactivity functionality and guidelines is needed to enhance the 

quality of the VR application. The participants also recommended:  

• Separating each virtual instrument into different scenes to avoid confusion during learning,  

• Adding important construction equipment into the VR application so that they could learn about 

all the material testing equipment,  

• Constructing online VRAL, to allow the users to ask questions and obtain answers through 

collaborative learning.  

 

Even though the HTC VIVE HMDs consist of two optical lenses with a field of view (FOV) 

capacity of 1080 pixels in each lens, it does not fully support users with vision impairment. Three 

participants who were nearsighted said they could not see the VR scene clearly during the use of the 
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developed application. Additionally, 24 out of 26 participants found it difficult to use the VR tool to 

control the learning environment, as they were non-experienced VR users. The other two VR 

experienced users had no problems in using the VR technology. Six participants encountered motion 

sickness during the experiment, as reported during the interview.  

 

5. Discussion 

5.1 Similarities and Differences between the Results from Graduate and Undergraduate 

Students 
According to Table 1, both the graduate and the undergraduate students viewed SL, INT, and 

ACC as the first, fourth, and fifth most important criteria that influenced their decisions in evaluating 

the learning aids. In each of these three criteria, there is no difference in the ranking of the three learning 

aids given by the graduate and undergraduate students. 

Noticeably, the graduate and undergraduate students have a contrasting perception regarding 

the CI and EUC criteria. Based on the undergraduate students’ perception, EUC was considered as the 

second most essential criterion among all the five criteria. Additionally, the undergraduate students 

viewed CI as the third most important criterion. In contrast, the graduate students considered CI and 

EUC as the second and third most important criteria, respectively. 
From Table 3 and 4, both groups regarded VAL as the least useful and preferable learning 

approach despite being widely used these days. Based on the interview result, two of the participants 

criticized VAL as a boring learning approach. The result also indicates that VAL was found to be the 

least effective learning approach, compared with VRAL and IAL, in terms of the ability to provide the 

learners with an interactive learning environment that involves both theoretical and practical learning 

(INT), the ability to capture learners’ interest and motivation to learn (CI), the ability to provide a clear 

learning content that is easy for learners to learn (EUC), and the ability to help learners to achieves the 

learning goals (SL). An existing study indicates that video-based learning that is passively conducted 

cannot hold learners’ attention for long and will not be effective enough in transferring knowledge to 

the learners [10]. Furthermore, the effectiveness of the video-based learning approach in enhancing 

learners’ skills was shown to be less effective than the VR learning approach [60]. 

The graduate students considered VRAL to be the most preferable and useful learning 

approach, followed by IAL and VAL. It could be implied that learners from a higher education level 

prefer independent learning rather than being guided by an instructor in an actual classroom. In contrast, 

undergraduate students viewed IAL as the most preferred learning approach. VRAL was the second 

most preferable learning approach, followed by VAL. Although VRAL was evaluated by the 

undergraduate students as better than IAL in terms of ACC and CI, it is still not a replacement for the 

current IAL. 
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It is worth noting that the differences between the undergraduate and graduate students might 

be influenced by maturity (age factor). According to a study by Paes, Arantes [61],  learners at an age 

of 26 or above gain a better understanding when using immersive VR technology, compared with 

conventional learning approaches. The finding is considered relevant to the result in this study since the 

undergraduate group consists of 12 participants whose ages were from 19 to 22, while 55.6% (5 

participants) of the graduate students were from 26 to 30 years old, 33.3% (3 participants) had an age 

of 25, and 11.1% (1 participant) was 24 years old. 

 

5.2 Overall Perceptions of the 21 Participants (Combined) 

Based on the results from the 21 participants (combined), a comparison of the ranking of the 

learning aids with respect to each criterion is illustrated in Table 7. The interpretation of the comparison 

is provided below. 

• In terms of INT, VRAL was the second most preferable learning aid. This evaluation and 

ranking could be affected by several factors. First, during the experiment, it was found that 19 

out of 21 participants did not have any experience in using any forms of VR technology 

including the HTC VIVE device. Thus, these participants found it difficult to use the VR 

hardware and adapt to the virtual environment. Second, the interactive functionalities of the 

developed VR application do not fully resemble the actual activities. Therefore, the interaction 

between the user and virtual objects lacks realism. Hence, these two factors should be 

considered in a future study. Nonetheless, the VRAL was considered better than VAL, in terms 

of its ability to provide theoretical and practical learning environments to the learners. 

According to Rahimian, Arciszewski [62], using immersive VR could enhance users’ 

understanding of real-life AEC problems. 

• In terms of ACC, the participants viewed VRAL as the most preferred learning approach after 

the VAL approach. 

• In terms of CI, VRAL was evaluated as the most preferable learning approach. According to 

the result from the interviews, the participants viewed VRAL as hi-tech, interesting, useful, and 

the virtual environment was close to reality, compared to VAL. However, the amount of 2D-

text within the virtual environment was highlighted by a majority of participants as being 

excessive, which lowered their interest in using the VR application. Hence, the amount of 2D-

text information should be minimized for future improvement. 

• In terms of EUC, VRAL was seen as the second most effective and preferred learning approach, 

compared to the other two learning aids. VR could provide an immersive learning environment 

that can help learners to improve their technical and problem-solving skills and their creativity 

[63]. In this study, a majority of the participants commented that VRAL is useful and practical, 

especially when compared to VAL. To improve the quality of VRAL, the participants suggested 
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that all useful construction training equipment be integrated into the VR application. The 

participants also suggested separating the equipment into different scenes to prevent any 

misunderstanding during learning. 

• In terms of the SL criterion, VRAL was evaluated as the second most desirable learning 

approach. Hamilton, Scott [60] indicated that the VR learning approach could enhance learners’ 

skills that could be applied in real practice. Despite being ranked as the second most effective 

and preferable learning approach, the VR technology still consists of some features that may 

affect learner’s experiences. According to the interviews, the HTC VIVE headset was 

considered difficult to use, and six participants encountered motion sickness upon the 

completion of the simulation. 

 
Overall, based on the final (combined) result from the 21 participants (see Table 6 and Table 

7), the participants viewed IAL as the most preferred learning approach. The developed VRAL was 

ranked as the second most preferred learning approach, while VAL was the least preferred approach to 

aid civil engineering laboratory learning. The result indicates that VRAL was potentially more useful 

than VAL, in terms of delivering an interactive learning environment (INT), capturing learners’ interest, 

and motivating the learners to engage in the learning activities (CI), delivering a well-organized learning 

content that is easy to understand (EUC), and contributing stronger support to help the learners to 

achieve the goal of the study (SL). The finding supports the previous study by Jensen [39] and Zhou, Ji 

[17]. Although IAL was considered as the most satisfying and useful learning approach, VRAL was 

seen as more powerful with respect to the CI and ACC criteria. A previous study done by Samarasinghe, 

Abd Latif [64] shows that VR technology could be used to motivate students and facilitators to engage 

in construction education and to provide a safe and enjoyable learning experience. VR technology was 

found to be effective in enhancing learners’ perception of the classroom and teaching equipment, as 

well as increasing learners’ interest, attention, and involvement in the classroom [65]. 

 

6. Conclusion 
This research incorporated VR technology into civil engineering education, to assess how the 

technology can assist the learning process in comparison with other traditional learning approaches. 

The VR application was constructed based on the general specifications of the two non-destructive 

testing instruments that were used in the civil engineering material testing course conducted at a 

university. The development of “VR-aided learning” (VRAL) was completed by combining 

technological and pedagogical aspects, to aid the laboratory learning process and to offer the learners 

an alternative approach for learning the course. Upon the development of the VR application, the 

“Analytic Hierarchy Process (AHP)” technique was adopted to assess the students’ preferences toward 

VRAL in comparison with “video-aided learning” (VAL) and “instructor-aided learning” (IAL).  
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An experiment was conducted with 21 participants including 12 undergraduate students and 9 

graduate students, to evaluate the students’ perceptions towards the three learning approaches. The 

result indicated that for both the undergraduate and graduate student groups, VRAL was considered as 

more desired and beneficial than VAL in terms of “Interactivity” (INT), “Cognitive Interest” (CI), “Ease 

of Understanding the Content” (EUC), and “Support for Learning” (SL). The graduate students viewed 

VRAL as the most preferred learning approach. In contrast, the undergraduate students preferred IAL 

the most (with VRAL as the second most preferable).  

By analyzing the responses from all 21 participants (combined), the result indicated that IAL 

was the most favorable to the learners overall, followed by VRAL and VAL. Compared to VAL, VRAL 

was more favorable, with respect to the CI, INT, EUC, and SL criteria. VRAL was regarded as a better 

learning approach compared to IAL with respect to CI and ACC, despite being ranked as the second 

most capable and desirable learning approach.  

In conclusion, VR can be considered as a useful technology that can be integrated into civil 

engineering education due to its ability to trigger the learners’ interest, motivation, and engagement in 

the learning process. In this study, a VR application was developed to allow learners to immerse 

themselves in a virtual environment where theoretical and practical learning could be achieved. 

Although the VRAL approach may not be viewed as a complete substitution for traditional IAL, it can 

be an effective supplement that can help encourage independent learning. Learners could conduct 

learning independently, anywhere and anytime. Due to various constraints, the present study can be 

further expanded to include more laboratories, to fully explore other possible aspects that should be 

considered when integrating VR technology into civil engineering curricula. 

 

7. Research limitations 

Even though the “VR-aided learning” was ranked as the second most preferred and useful 

among the three learning aids and was satisfied by the overall participants, the current state of the VRAL 

still consists of some major limitations. First, the VR interaction functionalities do not completely 

imitate actual interactions. Consequently, the participants felt that the interaction between themselves 

and the instruments still lacked realism. Second, the application was built as an offline single-user 

application which limits the ability to produce a sense of teamwork as well as reduce the communication 

opportunity between the learners. Moreover, in this study, the AHP approach was only used to measure 

the usefulness in terms of the learners’ preferences through their decision-making. It is acknowledged 

that the full effectiveness and usefulness of the learning aids over learners’ performance were not 

measured in this study. Lastly, the study did not observe the effect from the order of the learning 

approaches, which was randomly assigned to the participants to experience during the experiment. 
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