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Abstract - Distance learning is developing rapidly in recent years due to the development of technology and
instructional systems. With the recent budget limits and decreasing in enrollment, distance learning is even more
critical. Most of the present distance learning practice is in the fields of liberal arts and science programs, while that
in technology programs is much different, because almost all technology degrees require substantial hands-on skills,
which are traditionally obtained in laboratory environments. The requirement for hardware laboratories in turn
restricts greatly distance learning experience. The Electronics Engineering Technology program in the University of
Southern Mississippi is in the process of implementing a project which will provide distance learning through
LabVIEW platform. Senior undergraduate students and graduate students took part in developing learning
environment; therefore, the project gave them opportunities to develop skills in programming in virtual
instrumentation. Users who were usually lower-level undergraduate students improved their experimental skills.
This project also aims to enhance the interest in electronics and computer engineering and technology of the high
school students in southern Mississippi. This paper provides some details of the project and discusses its effect on
student learning outcomes from students’ perceptions.
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INTRODUCTION

Projects and experiments in technical curricula components, such as telecommunications, analog and digital
electronics, instrumentation, data and acquisition control, microprocessor control, and robotic control systems, are
used to simulate actual job conditions. The projects and experiments provide EET students hands-on experience
necessary for entering workplace. The electronics engineering technology program is built around technology,
which obviously undergoes rapid change. Frequent curriculum modifications must be implemented to be consistent
with the best industry practices, which request a faster and more efficient acquisition of practical skills and
knowledge. The technical aspects of the EET program make practical education difficult because technical curricula
consists of aforementioned projects and experiments that are bound to a specific time and place. Traditionally,
laboratory experiments were handled with breadboard circuits or modular systems. It is found increasingly difficult
to provide students with meaningful design experiences using traditional breadboard approaches. In such labs,
students spend much time wiring and debugging circuits. Unfortunately, only the simplest circuits are feasible due to
time constraints, and student understanding of theory is thus reduced by the necessary focus on getting circuits to
work. Modular systems have some distinct advantages over bread-boarding in being able to examine more complex
topics. The disadvantages of the modular systems are that they are usually very expensive and specific to only one
area. For example, we use Lab-Volt modules in electric power course and TIMS modules in our analog and digital
communications courses.

However, due to the present economical situation and sudden reduction in laboratory budget, more hardware
investment is difficult. On the contrary, in addition to increasing enrollments, there is a large need for online courses
from part-time students. Possible solutions include virtual laboratory and remote laboratory.
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LabVIEW is a commercial program developed by National Instruments (NI), which allows the experimenter to
design a data acquisition system using a graphical user interface. It has become the de facto standard of visual
programming languages. Significant capabilities have been added to LabVIEW in recent years. There are a great
number of libraries of measurements and automation experiments. These libraries were written by educators to show
the use of NI products in academic labs around the world. Users use their computers to automate measurements,
control instrumentation, design/deploy control systems, signal analysis, data acquisition, motion control, DSP,
image acquisition/processing, or perform high-end mathematical calculations in their applications.

The LabVIEW-based laboratory enables students to integrate data acquisition, analysis and presentation with a
virtual instrument. Virtual instrumentation can simulate a strip chart recorder, an oscilloscope, a spectrum analyzer,
etc. and provide real-time analysis of data. Pedagogically, it provides an ideal learning environment. No experiment
can be performed until the student has worked out the details of the experiment, including the methods of data
analysis. In addition, the student can make modifications to the experiment while the experiment is progressing
based on results from real-time data analysis. Most importantly, it greatly simplifies the process of collecting and
analyzing scientific data so the emphasis can be placed on the science rather than the methodology of the
experiment. Complex interfacing projects can now be performed in a matter of hours.

REVIEW OF RELATED WORK

There have been numerous LabVIEW applications in literature. To name a few, LabVIEW has applied to integrated
design laboratory [1] for lab improvement; a LabVIEW based instrumentation system for a wind-solar hybrid power
station [2] for electrical engineering application; in radioactive decay simulation for physics education [3]; for
analysis of vibrations from industrial environment [4] for mechanical engineering; position control system with
radio telescope [5] for control systems; and digital signal processing [6]. However, most of these applications have
been developed by researchers or educators. Student involvement has been limited in the usage of the developed
program.

There is a vast of work in literature discussing the differences between traditional, virtual, and remotes laboratories
[7, 8,9, 10]. In both virtual laboratories and remote laboratories, students can login and perform experiments from
any place of the world. However, differences exist between the two. For example, remote labs provide extended
access to expensive or highly specialized devices, and it has been claimed that unlike simulations remote
experiments provide real lab experience [7].

LABVIEW-BASED EXPERIMENTS

The work described in the paper represents an important step towards establishing a LabVIEW-based environment
capable of more rapidly transitioning the EET curricula consistent with industry technology changes. In our practice,
both instructors and students contribute to the implementation of virtual experiments and projects. Therefore, while
the quality of the simulations are guaranteed, undergraduate students and graduate students who have participated in
developing the learning environment are given opportunities to develop skills in programming in virtual
instrumentation. They will integrate their skills learned from previous lecture courses and lab sessions into a
LabVIEW-based software environment.

The developed experiments and projects are used by and demonstrated to undergraduate students, and familiarizes

freshman, sophomore, and junior students with specific experiments before they go into the hardware labs to
perform them.

Several experiments or projects are illustrated below as examples.

Simulation of Power factor
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A LabVIEW simulation is implemented for student to learn the concepts of active power, reactive power, and power
factor correction. The front panel of the simulation is plotted in Figure 1.
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Figure 1: Study of Power Factor

Simulation of Induction Motor

The front panel of the simulation of an induction motor is plotted in the Figure 2. The impedances of the windings
are based on measurement in the physical lab.
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Figure 2: Simulation of Induction motor

LabVIEW Simulation in Senior Project

In a senior project, a student simulated a dynamometer that can be adjusted to work with virtually all types of
vehicles (engine types: V4, V6, V8, etc.) with gasoline powered engines that are controlled by a spark timing
system. It uses an inductive pick-up clamped around the main coil wire to pick up the pulses emitted. These pulses
can be translated into RPM. They first run through an amplifier circuit and then an analog to parallel digital
converter. The digital value converted is connected to the NI DAQ board. The project report claimed that “knowing
gear ratio and RPM, you can calculate speed. Knowing Speed and RPM, you can approximate acceleration and get
an approximation for torque value. Horsepower can be directly calculated from torque.”

2010 ASEE Southeast Section Conference



- EX] |

ity b

¥

Eecton Wik
TR R

—CEE |

Instance

15 STl
Siprals
Tected Signals =

Fanced

-
Point Evaluaton b

Tristance I
clats
et pul ——[ﬁh T E‘}
Lo st e ——
T e
M
i W
Trrtarmces L
[framny Ratic] X Lnput
[ ¥ Enput
Xy Graph b
@ O O "l
> Ersbile

| rrmnny Ratio

J

FerTor s (ho eTror)

BLOWCR DGR AN

Figure 3: Simulation of a Dynamometer
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USER RESPONSES

In our practice, students have been asked to perform both traditional and virtual experiments. An exploratory study
has been carried out to investigate the effectiveness of the LabVIEW based virtual laboratories.

Method

There were three experiments in communications class and three experiments in power class from the last two
semesters. In some of the experiments students were required to perform the physical experiments or LabVIEW
simulation only; in others the students were asked to perform both. The purpose of the arrangement was to obtain a
better assessment by students after they were given opportunities to compare each method.

Data Collection

A student survey has been completed recently to evaluate the perceptions of the effectiveness of the virtual
laboratory. The survey consists of 20 Likert-type items. Each item has five choice that are scaled as one to five,
respectively, representing for “strongly disagree,” “disagree,” “neutral,” “agree,” and “strongly agree”. In addition to
the Likert-type questionnaire, there were also several open-ended questions that allowed students to express their
comments.

Sample Likert-type questions in the survey are
o Virtual experiments are useful addition to traditional laboratory exercises.
e Virtual experiments can replace the traditional laboratory exercises.
e Virtual experiments are suitable for strengthening knowledge you have already gained.
o Virtual experiments are suitable for gaining new knowledge.

e If virtual experiments are online, you will spend more time studying the labs than you spend on traditional
labs.

o Virtual experiments will have better learning results than traditional experiments.

¢ If you have choice, you prefer virtual experiments than traditional experiments.

e You still want to do the traditional experiments after you performed the virtual one.

o  After you performed the virtual experiments, you will be faster to do the physical lab if required.

e If you know some virtual experiments are offered by other universities (other sources), you will try to
perform them even you are not required.

o Virtual experiments designed by instructors are better than those designed by your fellow students.

o Virtual experiments setup is the future trend, which means, more and more virtual experiments will be
offered.

e Traditional experiments setup is old-fashioned, which will be phased out in the future.

e Suppose we offer online degree in electronics engineering technology, including labs through virtual
experiments. You want such an online degree other than the traditional on-site degree.

Sample open-end questions are

e What are the major differences between virtual and physical experiments?

e What suggestions do you have for me if we want to implement virtual experiments?

e Do you want to perform some virtual experiments offered by other universities if not required? Why or
why not?

e When you are required to perform virtual experiments offered by other universities, what are your
concerns?

e What merits of virtual experiments do you think are important?

e Suppose we offer online degree in electronics engineering technology, including labs through virtual
experiments. How do you think the online degree is equivalent to the on-site degree?
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Survey Result Analysis

Nineteen feedbacks were collected from the classes, spring and fall semesters, 2009. From the survey we know that
95% of the students have necessary hardware equipment for virtual experiments (e.g., computers with high speed
internet connections).

The results for the comparison of traditional and virtual experiments are showed in Table 1. While all of the students
agreed or strongly agreed that virtual experiments are useful addition to traditional experiments, only about one third
indicated that virtual experiments can replace the traditional experiments and have better learning results. Most of
the students surveyed still prefer to do experiments in a traditional laboratory environment.

Table 1: Results on comparison of virtual and traditional experiments

Survey ltem Average Standard Percent of agreed and
Score deviation strongly agreed

Virtual experiments are useful addition to traditional 4.16 0.37 100.00
laboratory exercises
Virtual experiments can replace the traditional 3.21 0.71 36.84
laboratory exercises
Virtual experiments will have better learning results 3.32 0.48 31.58
than traditional experiments
If you have choice, you prefer virtual experiments than 3.37 0.50 36.84
traditional experiments

On the usefulness of virtual experiments, the results are tabulated in Table 2. A large percentage agreed or strongly
agreed that virtual experiments are suitable for strengthening knowledge they have already gained; a less number of
students said virtual experiments are suitable for gaining new knowledge. Unlike in [11], the two percentages are
close, however, the average scores have a larger discrepancy, which indicates that most students agreed, not strongly
agreed, that virtual experiments are suitable for gaining new knowledge. Students will get familiar with the subjects
from virtual experiments, an advantage that will help them solve practical problems promptly.

Table 2: Results on usefulness of virtual experiments

Survey ltem Average Standard Percent of agreed and
Score deviation strongly agreed
suitable for strengthening knowledge you have already 4.47 0.61 94.74
gained
suitable for gaining new knowledge 411 0.57 89.47
After you performed the virtual experiments, you will 4.32 0.67 89.47
be faster to do the physical lab if required

Another result obtained from the survey is that, even given a chance, students will be reluctant to do virtual (or
remote) experiments that are offered by other institutions, if the task is not required by the instructors. Majors
concerns are irrelevancy to the courses they are currently taking, lack of knowledge to perform to simulation, and
lack of help in case problems occur, described by students in the open-end survey questions. However, students have
showed interest in designing virtual experiments if they are familiar with the language. They said that virtual
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experiments designed by fellow students are almost as effective as those designed by instructors, in terms of
learning outcomes.

The students agreed or strongly agreed (68.42%) that virtual experiments setup is the future trend, which means,
more and more virtual experiments will be offered. However, a very small number (21.05%) agreed that traditional
experiments setup will be phased out in the future.

SUMMARY

More and more EET programs are offering online degrees. The important laboratory component is handled mainly
by family lab kits or virtual simulation. In the paper, we introduced our practice of implementing LabVIEW-based
simulation of technical experiments. The purpose of the study is to investigate the perceptions of virtual experiments
from students’ point of view. Within two semester’s period, students and instructors have developed virtual as well
as traditional experiments. Student survey results are given after they have carried out both. The survey showed that
virtual experiments are helpful in both strengthening old and gaining new knowledge. However, traditional
laboratories are still irreplaceable. Even for online degrees, students still prefer traditional face-to-face lab
environments. There is still a long way to go if traditional laboratories are to be substituted by virtual laboratories.
Virtual laboratories, especially those that aim to a large audience across multi-institutions, should be designed as
student-oriented. The author agrees that institutional collaborations and student involvement in the design process
are necessary.
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