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The Impact of 3D Virtual Laboratory on Engineering Education

Abstract

The virtual lab project aim was to address the need for a hands-on component in sophomore
engineering classes, without the cost-prohibitive physical laboratory. The success rate in engineering
courses at this level is pretty low, and the idea was to improve the comprehension of the material
studied to lead to a better success rate. Computer simulations of experiments were developed by an
international team of faculty and students with a clear goal of making it affordable at different sites
(only a laptop is needed), and user friendly, so that the user does not need an instructor to
successfully run the lab. At our home institution, the virtual lab is conducted in the physical lab
space to make it possible to demonstrate samples/equipment and concepts. Priority in
development was given to experiments that are essential for the sophomores, and to those that are
based on very expensive equipment (e.g. X-ray diffraction). The experiments were developed and
implemented at several sites, and assessment data shows positive impact on student learning.
Simulations are also used in recruiting trips, attracting high-school students to STEM. The lab is
distributed free of charge to individuals and institutions around the world. Assessment of student
learning compared the use of virtual lab, to that without any lab, and to one with a physical lab
experience was conducted.

Introduction

A recent report to the president concludes that in order to maintain the current status of the US
as a leader in science and technology, there is a need for about one million more STEM
professionals than what is expected at the current rate of graduation over the next decade. What
makes the situation worse is that most of the students who begin their undergraduate education in
pre-engineering do not complete their degree®*. To improve engineering learning effectiveness, a
laboratory experience is highly beneficial; it reinforces the material comprehension,
complements the theory, and provides an active, interactive learning. However, issues such as
high cost and high credit-hour engineering curricula have resulted in elimination of many of the
engineering teaching laboratories, especially at the sophomore level. Our project goal was to
improve student success rate by providing them a set of virtual experiments that we develop to
adequately simulate the physical laboratory.

Guiding Principles in Developing the Virtual Laboratory:

1. The virtual laboratory modules must mimic reality and the learning experience in the
virtual environment needs to create an experience similar to manually manipulating
laboratory equipment. This was accomplished by:

a. Creating modules that are interactive; the student operates the simulated
equipment in a similar way one would operate the physical equipment.

b. Incorporating real data from physical experiments. Then, during the simulated
experiments, the student collects data and later analyzes it.

c. Emphasizing safety both as separate topics, such as general lab practices and
radiation safety, as well as throughout the virtual experiments (such as a radiation
badge is necessary to start the x-ray simulation.
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d. Understanding of statistical distribution of results is accomplished by
incorporating measurements in the simulated laboratory which are based on real
pre-recorded data with statistical distribution.

e. Report writing is a requirement; it is graded and feedback is provided to the

student for continued improvement.

f. Familiarizing the student with equipment is accomplished in two ways; first the
sight, motion and sound of the 3D simulated equipment are made very similar to
the physical one. Also, the virtual lab at the home institution is located in the
physical lab where examples of the equipment and samples are for the student to

See.

2. The modules have to be able to run on low-cost equipment. The modules can be
downloaded into any PC or laptop, so no special VR gear is needed. We have provided
the modules to variety of educational institutions around the US and internationally.

3. Students should be able to conduct the experiments with no assistance. Every laboratory
has an instructions file for the students that contains both theoretical background and
links to the virtual module. The experiments themselves have embedded instructions.

Fig. 1 A six-year old in the
lab running an experiment
unassisted.

Methods Used In Developing Virtual Laboratory Modules

The virtual experiments were developed using several

different tools. In common, though, the first step was
performing the experiments in the physical lab, using
existing procedures and collecting data. For example,
the X-ray diffraction experiment was developed using
LabVIEW (Laboratory Virtual Instrument Engineering
Workbench), a system-design platform and
development environment®. Part | of the lab is a
mandatory X-ray training (that includes radiation
safety), then the student takes a quiz to demonstrate
sufficient knowledge to run the experiment. The
student must put on a radiation badge to continue,

select a sample, set the experimental parameters, and
collect the data. Some of the data for the simulation
was collected experimentally, and some was simulated

Fig. 2 Virtual XRD experiment. The
switch is on, the power light lit, and the
voltage and current are set for the run.
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using PowderCell® and noise was added to make it realistic. The last step is the use of the
database (excerpts from ICDD)° to identify the sample and crystalline structure.

Some of the other experiments use Unity 3D, a game design engine’. We chose it because of its
popularity with professional game designers. The Unity 3D scripts were programmed using C#
and JavaScript. The virtual experiments development started with the creation of realistic 3D
models of the equipment, furniture and environment. The 3D models were created using Adobe
Photoshop and 3ds Max (formerly 3D Studio Max, a professional 3D computer graphics
program)®, then imported into Unity 3D and paired with the scripts. One example of a Unity 3D-
developed experiment is the concrete compression test. The concrete experiment begins with a
requirement to wear safety glasses (Fig. 3).

The simulation does not let the student
continue until this is done. In the test, the
student mixes different aggregates and cement
and pour a bucket of water to create concrete
cylinders. The simulation then guides the
student through the process of mixing the
different aggregates together for the concrete
mixture. Now the mixture is poured into the
mixing barrel, the barrel is spun, and the .

concrete is poured into the mold. The student  Fig. 3 The safety glasses and mixing table in
then carries the cylinder to the curing chamber. the concrete experiment

Instead of lengthy curing time, the simulated experiment labels the sample with its “curing time”
(7 days for the first sample) and it is ready for the compression test (tester is shown in Fig. 4).
The student then presses the green button on the control panel to operate the tester. The cylinder
is compressed until it breaks and the strength is displayed on the monitor. The student then goes
back to the curing room and repeats the testing with a sample that was “cured” for 28 days.

Fig. 4 The concrete compression tester
and computer.

i /.

Other experiments developed with Unity 3D were asphalt and scanning electron microscopy
(SEM).

Another tool used in several simulated experiments was EON reality (an interactive 3D
software)’. EON Studio is a state-of-the-art VR development tool'°. The development process of
the EON modules was similar to that used for modules developed with Unity 3D. The
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development steps, after the
physical experiments and testing

Application
knowledge

CAD design
3D

procedure  development, are

illustrated in Fig. 5. For example, Existing

the tensile testing laboratory (Fig. Develop Systems

6), the student selects the sample, modeling Components Peripheral

places it in the machine, and starts

the test. The progression of the test @ @

IS seen on the computer screen, the Build :

. . . . N Integrating

inset, and the machine itself. The simulations components ﬂ

sample continuous shape-change is
watched on the inset. At the end,
the student obtains the stress-strain
data digitized.

VR Simulation
Application

Fig. 5 Steps in the development of
the EON-based modules.

Fig.6 Tensile testing simulation.
The machine, sample, and graph,
are all synchronized.

All the modules, using the tools described, were developed in iterative process of feedback and
improvement. The experiments are all launched from an html or PowerPoint that provide
background and instructions for the lab. In addition, the continuous assessment of the lab, has led
to constant improvement. In a way, the modules are never ‘finished’ but rather are subject to
more modification and improvement.

Assessment

To ensure that the objectives are being met in the VR environment, the research team conducted
a series of experimental studies to validate the usefulness of the developed module and to obtain
feedback for further improvement of the simulations. Comparisons were made between a group
of students that performed the virtual lab, a second group that conducted the same experiment in
a physical laboratory, and a third group that did not have any lab component at all. Prior to
conducting the experiment in the laboratory and immediately after submitting the lab report, all
students were given multiple-choice tests to assess knowledge gain. Comparisons were made
between the groups, as well as within the group (before and after the lab experience). Although
the sampling is still relatively small, the assessment results at all three major sites, over a couple
of semesters, were very consistent in demonstrating that the virtual laboratory was on par with
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the physical laboratory in improving student learning and both groups (virtual and physical labs)
faired significantly better than the comparison group that performed no lab at all.

In addition, an on-going evaluation was used for a continuous improvement feedback loop
between module developers, lab instructors, and pilot student users. External feedback was also
obtained by providing lab modules to instructors at other institutions. Also, a very helpful
critique was provided by lay people (with no science or engineering education) that were asked
to run the lab.

We have provided the developed modules to a large number of individuals and institutions
around the world. As their numbers grow, and our modules are improved, we will distribute the
latest version of the labs and will seek further input.

Conclusions

Virtual laboratory modules were developed to mimic physical laboratory and provide students a
valuable hands-on experience for better comprehension. The iterative process of developing,
assessment, and improvement, proved to produce a good learning experience that is cost
effective, attractive, and is not significantly time consuming as a traditional lab. Preliminary
assessment results are compelling, but more assessment data will be collected.
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