Remote Labs: An Innovative Leap in the World of Distance Education

Bassem Alhaabi
Center for Innovative Distance Education Technologies, CSE Dept., Florida Atlantic University
Boca Raton, FL 33431, USA

and

David Marcovitz
Education Department, Loyola College in Maryland
Batimore, MD 21210

and

Khalid Hamza
Educationa Technology and Research Department, Florida Atlantic University
Davie, FL 33314, USA

and

Maria Petrie
Center for Innovative Distance Education Technologies, CSE Dept., Florida Atlantic University
Boca Raton, FL 33431, USA

ABSTRACT

As computer and networking technology has improved, computer-mediated communication and distance learning (DL) have
become more prevalent. While software simulation is often used in a DL environment to replace traditional laboratory
exercises, innovative alternatives are needed to help match the cognitive needs of students. This paper presents an alternative
to simulation, which the authors are developing. This paper is shows examples of how real laboratory facilities can be accessed
remotely via the Internet. Two prototype laboratories from electrical engineering and physics are described. These real physical
laboratories provide the one dimension that simulation cannot: real response of real physical elements to real inputs.
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1. INTRODUCTION

Distance learning (DL) has become a powerful educational tool to reach students at times and places that are not strictly
dictated by the educational institution. New technology has made it possible to overcome many of the obstacles of distance.
Electronic mail, chat rooms, and live interactive video conferencing, for example, help to bring together the people involved in
the educational process. The World Wide Web has made available many of the resources that used to be reserved for use on an
educational campus. Some resources, however, are difficult to transfer electronically to students. Hands-on laboratories are
designed to provide students with the experience of manipulating real inputs to observe real responses of rea physical
elements.

To avoid the problems of hands-on laboratories and distance, many institutions use simulation. Simulation is an inexpensive
way to provide some of the power of real laboratories without requiring travel. Internet-based simulations can be used any time
and anywhere.

Simulation serves important purposes, but it is not an adequate substitute for real labs. Simulation serves well the purpose of
initial experimentation, but it does not provide the same range of possibilities that manipulating real physical material does.
Being able to explore a wide range of possible outcomes is necessary once students go beyond initial experimentation. Thisis



especialy important in some fields, such as electrical and mechanical engineering and physics, in which the real response of
real physical elementsis crucial.

In a study that investigated currently available Internet-based educational modalities, the authors surveyed a large number of
online courses, distance education and virtua universities, and electronic online universities that are involved and actively
taking part in DL programs. None of the researched universities and publications discussed or investigated the idea or the
concept of real labs via the Internet. Most of the tools used for distance learning over the Internet are primarily simulation
software; i.e. “virtual labs.” Virtual labs, by design, place limitations on students’ and teachers' abilities to experiment in real
lab environments.

This paper suggests a unique and creative learning technology environment in which actual lab experiments can take place over
the Internet. These remote labs (RL) allow students to use a software interface to remotely manipulate real lab experiments.
This paper describes two RLs developed by the authors at the Center for Innovative Distance Education Technology (CIDET):
an electrical engineering logic design lab and a physics lab for performing motion and friction experiments. In addition, this
paper describes the instructional design process used to develop the RLs and SoftBoard, a computer-supported collaborative
work system to allow an RL to be used at a distance for laboratory demonstrations.

2. SOFTWARE SIMULATION: THE OLD WAY TO DO LABSIN DISTANCE LEARNING

The Internet is a great source of information and is growing at an accelerated rate. In the United States alone, over 100 million
adults are now connected to the Internet, and by 2003, the number of Internet users worldwide is projected to be 502 million
[8]. The Internet has made our world much smaller by providing constant, up-to-date, instantaneously transmittable information
that can be cost-effectively reproduced [5] [6] [12] [3]. As an $8.25 billion industry [9] [2], DL has been attracting some of the
best universities. Despite the immense popularity of DL, some specialized fields are missing out on the advantages of DL.
Many courses like Logic Design, Microprocessors, and Electronic Circuits require hands-on laboratory experiments that are
crucia to understanding the basic concepts through experimentation. Software simulations have become the leading solution to
provide for such needs.

Simulation software is intended to deliver laboratory facilities to the door of the student [4]. Constant upgrades in software
make aggregate improvements in the domain of DL [11]. In the past few years, for example, the Multiverse Project [7]
developed student-friendly software that provides step-by-step explanations of lab assignments and expected results of the
experiments. This process offers the student additional time to complete the coursework. Software available in WEB/JAVA
has, to some extent, met these requirements but is not devoid of shortcomings.

2.1 Software Simulation Drawbacks

The design of a smulation depends largely on the student’s perception as anticipated by the designer. Potentially, the various
procedures that the student must perform might be more advanced than what the student can capably perform. One step out of
sequence renders the entire exercise a futile attempt. The knowledge gained by simulation experiment largely depends on the
design, authenticity, limitations, and cost of the software.

Simulation software at its best might only produce an approximation that can yield erroneous results. Under these conditions,
the understanding of the student will depend on the quality of the software more than the comprehension capability of the
student.

As such, the results of experiments conducted through simulation software must be programmed for use within the scope of DL
parameters. This learning scenario places the students in an environment where they must adhere to prescribed inputs that deny
the freedom to experiment with disparate criteria that are more likely to accompany a real laboratory setting. The thrill of
spontaneity from autonomous experimentation vanishes under such orchestrated and antiseptic conditions. Interest, excitement,
and curiosity ebb, directly affecting the student’s ability to absorb new information. When curiosity ebbs and listlessness
prevails, students rush through prescribed steps to arrive at the ultimate results. Such behavior deprives the student the
opportunity to appreciate the concepts learned in the act of experimentation.

Further, simulations introduce an element of fiction. The knowledge gained is narrow and the freedom to study various
possibilities is wanting. There are no answers to “what if,” because the student simply cannot attempt them. The ability of the
student to produce genuine thinking or to try different approaches to the experiment is absent.

Using software that produces the best results depends on the student’s understanding of its usage. A student who clearly



understands the software is more likely to achieve better results than the student whose understanding falls short. Hence, the
proficiency of software becomes more significant than the proficiency of the student. This outcome is undesirable.

For these reasons, the authors believe that simulation has its place but not as a substitute for the real laboratory. In those cases
when the real laboratory is best, an alternative is needed. The following section describes our experiences with and prototypes
of remote labs: real laboratories that can be accessed from a distance.

3.REMOTE LABS: A STEP BEYOND SOFTWARE SIMULATION!

Remote Lab (RL) experiments stimulate higher order thinking skills in ways that simulations cannot. Real lab environments
involve the student’s individual senses and learning abilities that foster the learning process. The element of reality is included
within RL environments to involve the student as a learner, not an observer. In the fields of practical studies such as science
and engineering, there may be no acceptable prominence for smulated environments.

The RL design is based on the principles of Instructional Systems Design (1SD), a vital key that makes this type of learning
environment both effective and creative. 1SD refers to the systematic and reflective process of trandating the principles of
distance education, learning, and instruction into instructional materials, activities, information resources, presentations,
process evaluation, and revision [10]. The ISD process used by the researchers includes a cycle of needs analysis, design and
development, and evaluation and revision. The 1SD process is essential in remote distance education and for effective RL
instructions where students have minimal face-to-face contact with the teacher and may never physically step into a classroom
or lab. The following are examples of some areas in which real labs, and thusin DL, remote labs, are instructionally superior to
simulations. In some of these areas, the researchers have developed working prototypes.

3.1 RL Online: The Logic Design Laboratory

To illustrate this new idea, it is advantageous to use the Logic Design (LD) Laboratory as an example. In the real LD lab,
students use breadboards to mount LD chips, such as NAND and NOR gates, and they connect the chips with wires. Then, the
students connect the board to the power supply and verify by observation whether the circuit is functional. If it is not, which is
almost always the case for the first few trials, the students rewire the board and run it again.

During their physical presence in the lab, students are merely rewiring the breadboard, staging certain inputs, and observing
the resulting output. If these three actions are performed remotely, the online LD Remote Lab is born. The first and third
actions are simply the I/O part of the experiment, which could be replaced by a standard computer interface with the proper
instrumentation device. Any computer on the Internet can perform these 1/O operations, once handled by alocal computer with
software interface. The second action of wiring and rewiring offers the true challenge. Standard breadboards are replaced by
specia interactive breadboards whose pins are connected to a programmable interconnect network controlled by a local
computer with a proper software interface. A connection between any pin to any pin is accomplished by a click of a mouse on
the software interface. If al necessary LD components (NANDs, NORs, etc.) are placed on the interactive breadboard, then a
full experiment is conducted through the computer software interface without touching the breadboard. Again, anything that
can be performed on alocal computer could be done on any computer on the Internet. This method liberates students from the
physical labs; hence, real engineering experiments can take place through distance learning.

The use of a host computer in these instances should not be confused with software simulation because students are till
manipulating physically working electronic parts and till have the freedom to make any connections they choose. The
computer simply acts as a front-end interface to lay out the connection on-screen and for downloading it to the board.

3.2 RL Online: Forceand Motion Experiment

In the area of physics, force and motion experimentation is well-suited to the remote-lab environment. The Force and Motion
Experiment consists of two major components. The first is the hardware device using a ramp, a pulley, a motor, numerous
sensors and controls, and a microcontroller to enable force and motion testing. This device, known as the RPM, is detailed in
Figure 1. The microcontroller is the electronic stage between the mechanical/physical components and the software running on
aPC.
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The second part of the experiment is the software Graphical User Interface (GUI) that students will use to perform and analyze
the numerous force and motion experiments of the RPM. The GUI will also be web-enabled to allow for experimentation from
remote locations. A prototype of the GUI is shown in Figure 2.
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Figure2. GUI Prototype

With this GUI, the student has complete control over the experiment and complete information about the results. The student
can specify the type of surface on the ramp with the "surface" pull-down menu, and he or she can specify the mass by typing a
value in grams. Additionally, the motor power can be adjusted with a slide control. The speed sensor reading is displayed.
Any variable (speed surface type, motor power, mass, or angle, can be made unknown, in which case, the computer will
calculate that variable by using the remaining variables.

The angle sensor must be calibrated before beginning the experiments (just like it would have to be done if the student were
physically present in the lab); this can be done by adjusting the angle of the ramp to zero degrees and clicking on the "calibrate
angle” button. The angle sensor measures the angle, and the GUI displays that value. Additionaly, the picture that is
displayed is updated based on the current angle. The interface allows the student to build different types of graphs using one or
more variables by clicking on the "make graph” button. The "start experiment" button begins the experiment.

In conjunction, the RPM and the GUI make up the Force and Motion Experiment System. By interchanging different aspects of
the RPM and the GUI, teachers can vary the difficulty of the experiment. A sample experiment could allow younger students to
experiment with the pulley and weight system. A more involved experiment could measure the power generated by the motor
to lift an unknown weight up the incline. Students could then be asked to determine the weight of the object and or the
coefficient of friction of a mat placed on the incline. Data from the GUI can be used to generate graphs of velocity and
acceleration. Advanced tests could be conducted from a remote location via the web. For example a group of students could
try to determine loads, angle, and friction coefficients of the RPM by running remote tests via the GUI without ever coming into
contact with the RPM. A second group of students could be responsible for setting up the RPM to challenge the first group,
and vice-versa. Competitions could be established to see which team could out-stump the other teams.

This physics experiment is used as a proof of concept where many layers of technology (mechanical, physical, electrical,
software, computers, and the Internet) are creatively put together to create educational systems, namely remote labs. The
authors, through their work at the Center for Innovative Distance Education, are using all available technologies to develop the
necessary links and interfaces to create complete system solutions for all disciplines of learning.



3.3 SoftBoard: A Subsystem of Remote Labs

Remote Labs (RL), as described to this point, are very powerful tools for alowing students to perform rea laboratory
experiments from a distance. With an additional tool, the RL environment can not only be used for asynchronous
experimentation by students, but synchronous teaching. That additional tool is SoftBoard.

SoftBoard, a Web-based application sharing system, is based on the concept of electronic whiteboards that exist today, but
SoftBoard can be easily invoked from a standard Web browser. A light pen can be used with SoftBoard to provide a convenient
way for creating non-textual free-hand content. The SoftBoard system will be of great value in enhancing a teacher’s capability
to convey ideas to the students while teaching an online course.

A light pen is a pen-like device that the user can use to sketch a diagram or write down the derivation of an equation without
using the keyboard or the mouse. The electronic pad can be a norma computer screen or an externa peripheral, such as a
tablet, that can be plugged into the computer. With the light pen, SoftBoard can draw pixels on the screen, allowing users to
draw or write freehand on the local screen while the writing will also be displayed on remote terminals.

A major application of this system is to give teachers an added convenience in explaining their ideas to students while teaching
classes online (see Figure 3). With the provision to write freehand, a teacher can explain and illustrate ideas more effectively to
the audience. This effect is similar to writing on a blackboard in a conventional classroom setting.
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Figure 3. General Remote Labs Architecture

SoftBoard is standalone software, developed in Java and is implemented using Java's Remote Method Invocation (RMI) for
networking support. SoftBoard is a Web-based application-sharing system designed specifically for DL purposes.

4.RL: ADDITIONAL APPLICATIONSFOR ACADEMIC QUALITY

Remote Labs can improve instructional quality in three ways: asynchronous laboratory experimentation, synchronous laboratory
demonstrations, graduate and undergraduate research. The practicality of allowing students remote access to laboratories at any
time and from any location is very powerful. Students are able to attend an RL at different hours without disruption to the
classroom or to the actual lab’s conventional hours and without creating extra work for lab operators or teachers. Students have
the freedom to experiment at atime that is convenient.

Unlike time-shift instruction (experiencing instruction following the live lesson, i.e., videotape, or a software simulation), RL
or real-time instruction (experiencing instruction at some point during the live lesson or experiment) are much more effective
and provide students the ability to receive instruction with or without the teacher’s direct presence. Using SoftBoard, teachers
can provide online demonstrations of the laboratory. Additionally, students in RL environments have the freedom to analyze
their experiments at a distance and compare them with the settings that produced the results.

RL can be used to provide cost-effective sharing of laboratory set-ups. The physics example is appropriate for high school
physics students, but most high schools would have limited capability to purchase this set-up as well as other many other
experiments. By sharing resources via RL, many schools can use the same laboratory equipment.

Moreover, RL via the Internet furnishes state-of-the-art research environments for graduate and undergraduate research.
Students at various academic levels can use the RL setup for repetitive experimentation through automated procedures. The



repeated experiments can be automated through software control. These will reduce the tediousness and time consumption
making research more effective and rewarding.

5. CONCLUSION

Many real laboratories are designed to alow for student experimentation. It is the act of experimenting that reveals the various
concepts involved. The flexibility of the real lab environment--and in distance settings, the flexibility of Remote Labs--is
necessary for fostering cognitive and intellectual skills in students [1]. Hence, experiments conducted in real laboratories tend
to stimulate and intensify all types of learning skillsin students.

While simulation packages have a significant place in DL, they can never replace the need for real |abs where students are able
to construct their own knowledge and put their theory and practice to a real test. Hence, the authors of this paper believe
Remote Labs will expand the efficacy of DL by making available laboratory courses that were unavailable via DL and by
making available effective instructional strategies for those distance courses that were otherwise forced to rely on inferior
replacements for real |abs.

Through powerful GUI interfaces, such as the one demonstrated in the Force and Motion Experiment, and powerful
communication tools, such as SoftBoard, Remote Labs combine the best of real physical labs and simulations with powerful
distance learning tools.

REFERENCES

[1] R.H. Barba, "The Effects of Embedding on Instructional Map in Hypermedia Courseware”, Journal of Research on
Computing in Education, Vol. 25, 1993, pp. 405-412.

[2] G. Ferate, "The Open University of Catalonia, A Dedicated Distance Teaching University on a Virtua Campus’,
Proceedings of the World ICDE Conference, State College, PA, Vol. 18, 1997.

[3] B.R. Gaines,. "Convergence to the Information Highway", Proceedings of the WebNet Conference, San Francisco, 1996,
[Onling], Available: http://aace.virginia.edu/aace/conf/webnet/html/K Gaines/gaines.htm

[4] J. Gorrell, "Outcomes of using computer simulations”, Journal of Research on Computing in Education, Vol. 24, 1002, pp.
359-366.

[5] L.Harasim, SR. Hiltz., L. Teles,. and M. Turoff, Learning Networks: A Field Guide to Teaching and Learning Online.
Cambridge, MA: The MIT Press, 1995.

[6] A.Hirumi and A. Bermudez, "Interactivity, Distance Education, and Instructional Systems Design Converge on the
Information Superhighway", Journal of Research on Computing in Education, 29, 1996, pp. 1-16.

[7] Institute for Computer Based Learning. "Software engineers: Multiverse Project”, 1999, [Onling], Available:
http://www.icbl.hw.ac.uk/jobs/mverse.html

[8] Internet Users Now Exceed 100 Million, EDUCAUSE, November 12, 1999, [Onling], Available:
http://listserv.educause.edu/archives/edupage.html

[9] G.R. Jones, Cyber Schools: An Education Renaissance, Englewood, CO: Jones Digital Century, 1997.

[20] P. Smith and T.J. Ragan, Instructional Design (2nd ed.). Upper Saddle River, NJ: Prentice-Hall, Inc, 1999.

[11] R. Thomas and E. Hooper, "Simulations: An Opportunity We Are Missing", Journal of Research on Computing in
Education, 23, 1991, pp. 497-513.

[12] M. Turoff, "The Marketplace Road to the Information Highway", Boardwatch Magazine, 1994, [Onling], Available:
http://boardwatch.internet.com/mag/95/apr/bwmd7.html.



