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Virtual reality offers vast possibilities to enhance the conventional approach for delivering engineering education. The

introductionof virtual reality technology into teaching can improve the undergraduatemechanical engineering curriculum

by supplementing the traditional learning experience with outside-the-classroom materials. The Center for Aviation and

Automotive Technological Education using Virtual E-Schools (CA2VES), in collaboration with the Clemson University

Center forWorkforceDevelopment (CUCWD), has developed a comprehensive virtual reality-based learning system.The

available e-learning materials include eBooks, mini-video lectures, three-dimensional virtual reality technologies, and

online assessments. Select VR-based materials were introduced to students in a sophomore level mechanical engineering

laboratory course via fourteen online course modules during a four-semester period. To evaluate the material, a

comparison of student performance with and without the material, along with instructor feedback, was completed.

Feedback fromthe instructor and the teachingassistant revealed that thematerialwas effective in improving the laboratory

safety and boosted student’s confidence in handling engineering tools.
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1. Introduction

The undergraduate engineering teaching process
needs to actively adapt with changing education

trends to better prepare students for a competitive

global environment. Mechanical engineering stu-

dents receive classroom theory and laboratory

instruction in addition to a wide array of supple-

mental knowledge to help prepare them for diverse

roles after graduation. An important goal for aca-

demic institutions is the full employment of gradu-
ates in the workforce with life-long learning skills

and aptitude to contribute in a corporate environ-

ment. The problem-solving demands in manufac-

turing facilities typically differ from university

scenarios. For instance, when designing a machine

component in class, all relevant information is

generally provided within the problem description.

The student then uses this data to apply a rigorous
solution method which is graded based on how

efficiently the design works. Whereas in industry,

the parameters and/or designmethodmust be either

deduced from past practices, taken from industry

codes, and/or in some cases assumed from experi-

ence, all of which constantly evolve due to current

technology, government regulations, and other fac-

tors. Further, an important consideration in the
component approval process is likely the return on

investment. This leads to varying expectations

between university and industry which can be

reduced by providing students with amore practical
and extensive hands-on approach.

Although student performance expectations may

vary between faculty and employers, it is the con-

sensus of both groups that fresh graduates lack

multiple key skills. These skills were analyzed by

Danielson et al. [1] in an effort to categorize weak-

nesses among new mechanical engineering gradu-

ates conducted a survey of nearly 3000 university
educators and industry supervisors. The authors

listed 15 key skills as weaknesses among the

BSME graduates fromwhich three will be discussed

in this paper as they arise due to a lack of hands-on

experience. Figures 1 shows the percentage of edu-

cators and supervisors who feel that a given skill is

lacking among the graduates. As illustrated, a

higher percentage of industry supervisors feel there
is a lack of practical experience and experimental

procedure knowledge as compared to university

educators. This can be attributed to the specialized

nature of industrial jobs, and the fact that industries

often update their technology and equipment at a

much faster pace than universities in their labora-

tories. On the other hand, the percentage of both

educators and supervisors who feel a lack of an
overall system perspective among graduates is simi-
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lar. Overall, this disparity in the opinions between

university educators and industry supervisors infers

that the standards of expectations are different in

these two environments. Regardless of the above

perspectives, these three skills are important for a

competent mechanical engineer and can be gained
through hands-on experience in the laboratories

and/or in a controlled virtual environment.

The lack of adequate practical experience among

ME graduates can generally be attributed to infra-

structural lags, curriculum limitations, and/or

safety concerns. The stringent industry standards

and codes coupled with funding limitations to

upgrade university equipmentmake it often difficult
for schools to stay up-to-date with industry. More-

over, even if the proper equipment is available it is

often difficult for an instructor to impart the theo-

retical concepts while simultaneously demonstrat-

ing them in the laboratory during a semester.

Finally, proper precautions must be taken while

training new students on how to handle sensitive,

and occasionally dangerous, equipment in a safe
manner. A virtual environment can bypass these

limitations by providing the teacher with a repre-

sentative system that is safer, cheaper, and easier to

update when required. Virtual Reality (VR) as

defined byFeiner et al. [2] is ‘‘A system that attempts

to replace much or all the user’s experience of the

physical world with synthesized 3Dmaterial such as

graphics and sound’’ (p. 52). VR based technologies
are expected to have a bright future in serving as a

supplement in the engineering education field as

they offer many advantages over traditional meth-

ods. Specifically, this education methodology offers

students quick feedback, diverse and challenging

practice opportunities, and a self-study-based envir-

onment which is expected to be more efficient,

facilitate standardization, and support distance
learning.

The advantages of using virtual reality technol-

ogy have been proactively demonstrated by various

researchers in their respective disciplines. For

instance, the efficiency of using multiple dimensions

for training purposes was demonstrated by Per-

domo et al. [3] when they studied the impact of 3D
visualization as a tool for construction education. It

was reported that students found it more helpful to

visualize structures in three dimensions when com-

pared to studying 2D drawings. The researchers

also mentioned that this approach facilitated dis-

tance learning without any significant manpower or

financial/technological investments. Lee et al. [4]

revealed that the use of virtual reality was easier to
implement in other non-educational institutions for

training as well as research collaboration. In their

study, the internet allowedmultiple users to utilize a

Virtual Reality Modeling Language (VRML) to

create amodel of the humanbrain and study various

neurological diseases. This approach proved advan-

tageous in remotely educating a diverse group and

promoting research and understanding of a com-
plex three-dimensional entity. Similarly, Bell and

Fogler [5] developed virtual environments that

helped in teaching students about hazardous con-

ditions and accidents that can take place in a

chemical plant. This approach eliminated the risk

of placing the students in a hazardous or harmful

environment.

Shelton and Hedley [6] demonstrated statistically
that the use of virtual reality methods can help to

improve student performance. These authors used

augmented reality to teach students about earth-sun

relationships and found that the students under-

stood the concept better with virtual reality. The

cost reduction benefits of virtual reality were inves-

tigated by Caudell and Mizell [7] by applying

augmented reality to manufacturing processes.
This approach eliminated the use of templates for

manufacturing and increased efficiency in human

involved operations such as aircraft maintenance.

Angelov and Styczynski [8] developed virtual rea-

lity-based teaching material for electrical plants.

They concluded that such an approach has the

advantage of representing a complex system in a

simple manner and keeping the schooling system
up-to-date with the latest industry trends. The

advantage of virtual reality for self-online learning

was demonstrated by Ou et al. [9] who developed an

engineering course on hydrology with the help of a

virtual learning environment. Similar successes

were achieved by Sampaio et al. [10], Kerawalla et

al. [11], Sims [12], Piekarski and Thomas [13], and

Bajura et al. [14] in the fields of civil engineering
education, primary school education, aircraft

design, civil construction, and medical imaging.

Per Zelaya et al. [15], the younger generation relies
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Fig. 1. A Comparison of industry supervisor’s and educator’s
opinions (In percentage) about weaknesses in mechanical engi-
neering curriculum and preparation of its graduates (Adapted
from S. Danielson et al., 2011) [1].



heavily on the internet for information seeking and

learning. The availability of online materials helps

in reaching a wider audience. Bertrand et al. [16]

reported that an immersive virtual environment

with higher degrees-of-freedom can be beneficial

for the training of technicians. Ota et al. [17] state
that using VR in surgical education has several

benefits, including reducing length of surgical resi-

dency program from to 5 to 3 years thus saving

approximately $600,000/trainee. The authors attri-

bute this to the ability of VR in assisting trainees to

be placed in virtual environments for rarer surgical

procedures.

The above discussion provides a compelling
reason to study virtual reality’s effectiveness as a

teaching tool in the mechanical engineering field.

This article analyzes the impact of developed VR

materials in an undergraduate laboratory course

(ME2220) at Clemson University. For the study,

sophomore mechanical engineering undergraduate

students were invited to use the learning materials

created byCA2VES as a supplement to their course-
work. The research objective was to analyze the

developed material in terms of learning impact on

fundamental laboratory skills. The remainder of the

paper is organized as follows: Section 2 gives a

summary of the materials that were created by

CA2VES, Section 3 illustrates the implementation

and evaluation procedure of the materials into the

course, Section 4 presents the data and its inferred
results, and Section 5 provides the feedback

obtained from the faculty who teach the course.

Finally, Section 6 presents the conclusions of the

research.

2. Virtual reality based learning materials
in undergraduate laboratory

Clemson University is a land grant institution with

students studying in the fields of agriculture, busi-

ness, engineering, nursing, and science. TheDepart-

ment of Mechanical Engineering graduates an

average 175 students per year. With the goal of

improving the standard of education for technology

and engineering students, the Clemson University

Center for Workforce Development (CUCWD) in
collaboration with the Center for Aviation and

Automotive Technical Education using Virtual E-

School (CA2VES) have developed a complete vir-

tual environment based educational system for

training. The developed material and delivery plat-

form facilitate distance education; the architecture

is shown in Fig. 2. These e-learning resources are

composed of e-books, virtual reality interaction
modules, training videos, self-assessment modules,

3D visualizations, etc. which cover automotive,

aerospace, and manufacturing disciplines. The

material was then compiled and released on the

website www.educateworkforce.com for distribu-

tion in support of industry training programs as

well as college courses. Amore detailed explanation

of theworkhas been explained by Schkoda et al. [18]
and Patel et al. [19]. The various components of the

material are as follows:

� Self or Instructor Led Section

These materials provide a brief introduction of

the target content that the students are going to

learn including the goal, objectives, and expected

learning outcomes. It also includes instruction
about how to use the Graphical User Interface

(GUI).

� eBooks

The eBooks were compiled by experts with rich

experience in STEM education fields. They con-

tain many diagrams and illustrated text along

with detailed theory about the subject matter.

The computer interface also provides the users
various navigation tools and research options. To

accommodate students with special needs, extra
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Fig. 2. Overview of automotive and aerospace e-learning materials.



features have been added to the interface (e.g.,

variable font size, audio subtitles, etc.)

� Mini-Video Lectures

As an additional means to provide students a

better understanding of the theory concepts,

multiple mini-video lectures were developed
based on the eBook content. To make the section

more interactive and easily viewable, the lectures

offer interactive subtitles so that students can skip

to any part of the lecture and/or review a specific

topic.

� Virtual Reality Simulations

A project goal is to apply virtual reality concepts

for teaching, and this section plays the most
crucial role of all. Various virtual reality simula-

tions have been created to provide students with a

safe virtual environment to practice the more

hazardous technical learning tasks. For example,

the safe operational procedure to use power tools

including grinders with a magnetic part lock?

These simulations were created using 3D CAD

tools and virtual reality software packages. Prior
to entering the virtual environment, the students

are provided with the learning objectives and the

specific tasks required to complete the exercise.

For instance, Fig.3 shows the virtual environ-

ment simulation for using a grinding machine.

� Activities and Assessments

To self-assess their progress, this section provides

students with various activities and assessment
tools. Exercises have been added at the end of

each module for participants to practice what

they learn in the module before moving to the

next section. In this manner, they receive immedi-

ate performance feedback and can choose to

review the content again if necessary.

3. Integration into undergraduate
mechanical engineering course at Clemson
University

The effective validation of a new learning paradigm

typically requires a case study to assess and improve

the product. To validate the CA2VES developed e-

learning materials, sophomore mechanical engi-

neering students were invited to voluntarily use

this online content as a supplement for their labora-

tory course with an incentive for extra credit. The

successful completion of each module added a 0.02

bonus point to the student’s course scorewith a total
possible addition of 0.28 to amaximum score of 4.0.

The successful completion of a module required the

student to watch a short instructional video and

then complete the assessment activities with a score

of 80% or above. The available modules for this

course have been listed in Table 1.

4. Assessment of e-learning materials

The parameters chosen for assessing the learning

impact of the e-learningmaterials were the student’s

course grade and overall university GPA. The

university GPA was taken as a normalizing factor

whereas the subject grades presented the student’s

performance in the course. The usage of thematerial

was quantified based on the number of learning
modules completed. The course grades and the

overall GPA used a 4-point scale, with A being 4

and D being 1. A total of six semesters were taken

into consideration with the initial two semesters

being ones in which no VR material was used.

This was to establish a baseline for comparison

purposes.

Table 2 shows the distribution of the grades and
GPA along with the average number of modules

completed by each grade category. An initial drop

was observed in the number of students receiving A

and B which can be attributed to the fact that the

previous course structure was based on theory

explanations rather than practical demonstrations.

This was confirmed through an interview of the

instructorwho stated that the coursewas redesigned
in successive semesters to better accommodate the

learning modules. The performance of the students
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Fig. 3. Virtual reality simulation demonstrating a grinding
machine.

Table 1. Mechanical engineering laboratory supplemental e-
learning modules

Module Title

1 Popular Measuring Instruments
2 Industrial Instruments: Temperature & Pressure
3 Industrial Instruments: Force, Torque, & Flow
4 Electrical Measuring Instruments
5 Properties of Engineering Materials
6 Engineering Materials
7 Production Process
8 Machining Operations
9 Special Processing
10 Safety at Facilities
11 Environmental Control and Noise
12 Material Handling and Electrical Safety
13 Machinery, Hand Tool and Equipment Safety
14 Personal Protection and First Aid



in the course was analyzed for each of the grade

categories from A through C whereas the students

who failed the class with a Dwere not considered as
part of the analysis since they constituted a very

small percentage of the class. Fig.4 through Fig.6

display the study findings which are summarized in

Table 2.

To evaluate student performance trends, each

grade category has been analyzed individually

over six semesters. Figure 4 shows that the

number of students receiving A and B letter grades
increased significantly after the VR modules were

implemented. For instance, the number of students

with anA grade increased from 26.4% (Fall 2013) to

48.9% (Fall 2017). On the other hand, the number of

students with aC grade decreased.When this data is

analyzed along with the data from Fig.5, it can be

observed that the grades improved despite a slight

decrease in the average university GPA. This leads

to the conclusion that the students who performed

lower at the university level achieved better grades

in this course. This pattern also correlates with the
finding by Shelton and Hedley [6] that show that

virtual reality-based learning helps students with

lower grades understand better. Moreover, a spike

in the gradeswas observedwhen four of themodules

were mandatory assignments during the Fall 2015.

Lastly, students with better grades generally com-

pleted more modules and showed a remarkably

higher performance improvement as per Fig.6. In
other words, the increase in students with grade A is

much higher than other grade categories. But once

four of themodulesweremademandatory therewas

a sharp increase in the average number of students

who completed those modules in the lower grade

groups. This shows the inherent lack of drive of the

lower percentile students to put in extra effort

towards their courses without incentive.
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Table 2. Distribution of student grades prior to virtual reality supplemental materials

Semester
(Total Enrollment)

Student Class
Grade

Number of
Students

Average Number of
Modules Completed

Average Student
GPA

Fall 2013
(129)

A 34 N/A 3.6
B 73 3.1
C 19 3
D 3 1.7

Spring 2014
(150)

A 37 N/A 3.5
B 93 3.1
C 21 2.7
D 0 0

Fall 2014
(126)

A 23 4.9 3.6
B 71 1.5 3.1
C 30 1.2 2.8
D 2 5.5 2.4

Spring 2015
(149)

A 33 4.4 3.6
B 94 1.3 3.10
C 18 0.7 2.8
D 4 0.3 2.7

Fall 2015
(149)

A 63 4.5 3.4
B 81 2.8 2.9
C 5 1.8 2.5
D 0 0 0

Spring 2016
(160)

A 63 4.9 3.3
B 84 2.5 2.9
C 12 1.7 2.5
D 1 1 1.9

Fall 2016
(117)

A 43 2.4 3.4
B 66 2 2.9
C 8 1.9 2.6
D 0 0 0

Spring 2017
(144)

A 59 2.5 3.4
B 82 1.55 3
C 3 2.3 2.6
D 0 0 0

Fall 2017
(135)

A 66 4.6 3.4
B 66 2.9 3
C 3 1.6 2.6
D 0 0 0



Figure 7 gives a better representation of the

modules completed by each individual student

with respect to their grade. The right-hand Y-axis

shows the total completed modules (stem plot), left-
hand Y-axis the grade (line plot) and the X-axis

represents individual students. The data has been

sorted in the descending order of overall university

GPA in each grade category. As observed, students

with better grades and GPA generally completed

more modules although there were some exceptions

at random. However, most of these exceptions were
concentrated around the points where grades chan-

ged fromB toA andC to B due to the extra effort by

the student to boost their grade. It is also seen that a
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Fig. 4.Distribution trend of course letter grades before (Fall 2013 and Spring 2014) and after (Fall
2014 through Fall 2017) introduction of virtual reality supplemental material.

Fig. 5. Distribution trend of average student GPA in each grade category.

Fig. 6. Distribution trend of virtual reality modules completed in each grade category.
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Fig. 7.ME 2220 course scores versus completed modules.



few students chose not to use the material at all

despite the modules being made into a compulsory

assignment from fall 2015.

5. Student feedback survey

To complete any pilot study, it is essential to obtain

feedback from the participants. For this purpose, a

brief postmodule surveywas handed to the students
at the end of each module. Student participation

was voluntary with no added incentive for response.

A total of 9 questions on a Likert response scale

were used to assess the modules. In addition to this,

two subjective questions were added. The survey

form is presented in the Appendix of the paper. The

Likert responses were scaled 1 through 5, with 1

being ‘no gain’ and 5 being ‘great gain’. The Likert
responses for eachmodulewas analyzed.The results

are as shown in Fig.8 using a box and whisker plot.

The median of each module gives the overall per-

formance as per the students’ views. To be consid-

ered a success, amedian value of at least 3 is needed.

Accordingly, modules 10 and 11 had the lowest

rating. Looking at the individual subjective

responses, it was found that students found some
minor problems with how the questions were

phrased and few minor data errors.

Table 3 presents the number of responses for each

module. It canbeobserved thatmodules 3 through 6

(mandatory modules) had relatively more

responses. Some of the other subjective responses

mentioned the videos to be shorter to cut down time

taken per module.

6. Feedback of the course instructor and
laboratory teaching assistants

To further evaluate the e-learning materials, the

course instructor and teaching assistants for the

course provided their observations. The instructor
indicated that the created modules provided better

coverage of the industrial safety content. The

instructor also stated that one of the challenges in

delivering laboratory classes is promoting consis-

tency across multiple sections. The e-learning mod-

ules addressed this challenge by providing uniform

delivery of the material to all students regardless of

the faculty assigned to cover that section. Also, the
comprehensiveness of the content alongwith assess-

ment and automatic scoring at the end of each

module reduced the burden required to integrate

the modules into the course. One of the advantages

of the modules that the instructor felt was most

important addressed the ability to prepare students

for the hands-on industrial safety activities. The

students were required to complete the industrial
safety modules prior to the start of laboratory, so

they arrived to class with the vocabulary and funda-

mental concepts required to promote deeper learn-

ing and exploration. This knowledge was especially

important considering the near miss safety incident

that occurred in the laboratory prior to emphasizing
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Fig. 8. Summary of Likert Responses for individual modules.



the industrial safety content. Themodules that were

optional were used to reinforce, or supplement,

concepts learned in laboratory.

The laboratory teaching assistants reported that

the use of the modules beforehand helped in boost-

ing the confidence level of the students when hand-

ling the equipment for the first time. The online

material coveredmost of the basic safety procedures
that were to be followed in the laboratory which

reduced the risk for any accidents. In addition, the

VR modules also helped the students in preparing

for the final assessment. However, the teaching

assistants mentioned that using a different website

for uploading grades was a hindrance and requested

greater back end support for easier integration.

They stated that a more easily accessible website
would help the instructors better embrace the mate-

rial. The comments by the instructor and the teach-

ing assistants were found to be similar regarding the

safety advantages in using the VR based teaching

supplements.

7. Conclusion

Virtual Reality is an emerging technology with

unlimited potential in the engineering education
field. This paper analyzed student learning perfor-

mance in an undergraduate mechanical engineering

course at Clemson University to gain insight into

the effectiveness of virtual reality as a teaching

supplement. The analysis showed that VR based

material helped students to better grasp the subject

matter and allowed the instructor to design the

course without costly laboratory upgrades. How-
ever, from the initial drop in grades it was concluded

that some effort is required to integrate the material

in the conventional teaching environment. How-

ever, the time needed to integrate the two is quite

short, about two semesters, and hence it is quite easy

to shift to the more robust VR based teaching

methods. The faculty feedback shows that the

integration process requires some outside assistance
as it involves using new technologies which the

instructor may or may not be familiar with. This

assistance was provided by CA2VES in the form of

back end support (grade uploads, website mainte-

nance and troubleshooting). Once the framework

was setup, it was easy for the instructor to focus his

efforts in engaging the class in more creative and

interactive experiments. This approach can be used

overall for any technical college, university or

industry. Once the initial setup and troubleshooting

is completed, the VR material integrates well with

any educational system. For a more global impact,
the material may be disseminated via the internet in

the form of software packages. In conclusion, it can

be said that virtual reality is a great asset in the field

of engineering education and research. Its use is

expected to benefit engineering students and

enhance their knowledge base and make them

more readily hirable by industries.
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Appendix

Module Title: ______________________________________ Date: _______________________

Score Received: ____________________________________

As a result of your work on this module, what GAINS did you make in your UNDERSTANDING,

ATTITUDES, and SYNTHESIS of each of the following? Please select the most appropriate response by

checking the box.

Your understanding of class content through the VR module.

No Little Moderate Good Great Not
gain gain gain gain gain applicable

1. Safety precautions while handling setup/equipment. � � � � � �
2. Principle behind the operation of setup/equipment. � � � � � �
3. Material properties subjected to the given process. � � � � � �
Module impact on your attitudes.

4. Confidence in handling equipment independently. � � � � � �
5. Interest in handling setup/equipment. � � � � � �
6. Ability to visualize in 3 dimensions.

7. Developing a sense of presence in the virtual
environment. � � � � � �

Integrating your learning.

8. Applying what I learned in this class to other

situations. � � � � � �
9. Ability to decide which process is best suited for the

design requirements. � � � � � �
Please share your thoughts with written comments regarding the two questions.

10. What would you recommend improving in the module � � � � � �
11. Would you recommend this online module to a

friend—yes/no? Why? � � � � � �
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