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Abstract—Collaborative working is a fundamental feature
of contemporary organizations and is increasingly being
supported by technology. Its main goal is to enable each of
the collaborating group members to bring and to contribute
ideas and knowledge to the group and then to share it with
them in order to combine it into a final result. In engineer-
ing education, concepts taught through lectures are often
complemented by lab experimentation, through which stu-
dents can observe phenomena that are often difficult to ex-
plain by written material. This contribution presents a col-
laborative working environment for remote experimenta-
tion, which allows two students or more to conduct remote
experiments at the same time as a team. The lab can be ac-
cessed via Internet from any place and at any time, and
enables the students to obtain an automated help by either a
human tutor or a rule-based e-tutor.

Index Terms—Collaborative working; e-collaboration; re-
mote labs; evaluation; multi-user environments

L INTRODUCTION

The term “collaborate” means “to work”. Literally, to
collaborate means to “co-work” or work together. Light et
al. [1] define collaboration more precisely as: “Collabora-
tion is the process of two or more people working together
toward a common purpose or goal, where the participants
are committed and interdependent and work in a common
context, physically co-located and using shared re-
sources”. Collaboration is a process by which individuals
and/or groups work together on a practical endeavor. Col-
laborative working is a fundamental feature of organiza-
tions and is increasingly being supported by technology
[2]. As people often work with others and with the in-
creasing importance of computers in our work and every-
day lives, it is natural to expect computers to play an im-
portant role in facilitating collaborative working [3].

Electronic collaboration (e-collaboration) is the com-
puter mediated process of two or more (dislocated) people
working together on a common purpose or goal, where the
participants are , on the one hand, committed and interde-
pendent and, on the other, work in a common context us-
ing shared resources, which supported by (Web-based)
electronic tools [4]. In short, the goal of any collaborative
working is that each of the group members brings and
contributes ideas and knowledge to the group and shares it
with them in order to combine it into the final result. In
engineering education, concepts taught through lectures
are often complemented by lab experimentation. Students
can observe phenomena that are often difficult to explain
by written material. Furthermore, interactive experimenta-
tion on real world improves the motivation of the students
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and also develops an engineering approach to solve realis-
tic problems.

Many universities nowadays offer off-campus and dis-
tance learning programs such that the lab equipment or
instruments are geographically located away from the
student. The need to increase a collaborative learning in
engineering education by means of delivering experi-
mental data to people in different parts of the world has
become a priority among students. Methods such as email
do provide such a facility but they lack the ability to pro-
vide this data in a real time environment. Therefore, it is
necessary to probe other approaches such as chat tools to
provide data in a real time. Without collaboration, many
computer users have felt introversive and isolated, but as
in any human community, there is also controversy and
slander. In a collaborative environment, goals of collabo-
ration are to allow two or more students in conjunction
with a tutor to communicate with each other at the same
time, where they are distributed in space. Before begin-
ning to discuss how we can improve and develop the field
of collaborative working e-learning, it was very necessary
to study and analyze other socio-technical systems, where
collaboration is successfully realized such as air traffic
control systems [1], team-oriented military systems [5],
chat tools [6], and, last but not least, share desktop and
share applications [7].

Complex problem solving tasks without instructional
support will often demand too much from the students and
will lead to ineffective learning. As long as students need
instructions and help in solving scientific problems, the
learning environment must provide knowledge for solving
these problems. Instructional support is an important ele-
ment especially in Web-based learning settings; therefore,
remote labs should provide support for students. In remote
labs, a tele-tutor communicates via synchronous or asyn-
chronous communication tools with his students, resulting
as a central role regarding instructional support. One form
of communication between students and tutors is asyn-
chronous; this kind of communication has several disad-
vantages [8]. First, students will not get any support from
the tutor during the lab session; therefore, students might
not able to find answers and solutions for their questions
and problems in the experiment. Second, students have to
accept time delays for getting answers to their questions,
and therefore, if time delays are too long, they could lose
their motivations. By contrast, the synchronous communi-
cation bypasses the above mentioned problems in such a
way that, on the one hand, the synchronous communica-
tion restricts the time flexibility of the students and, on the
other, upcoming problems can then be solved immediately
by using chat tools and rule-based approach.

http://www.i-joe.org



PAPER
A REMOTE ENGINEERING LAB FOR COLLABORATIVE EXPERIMENTATION

Hands-on lab enables the students to discuss problems,
where each student complements the other to achieve so-
lutions easily. Although remote e-labs have several ad-
vantages, distributed labs including these with collabora-
tive characteristics suffer from some problems such as [9]
inequality in task division between students, students feel
isolated because of lack of feed-back from other students,
and groups without supervision will face a lot of difficult
problems left unsolved. According to previous studies, the
majority of current existing real labs are not constructed to
allow the participants to collaborate in real time and are
not designed to support students through an automated
help in any time [10].

From this point, our contribution in this research will be
about the development of education through the use of
distributed e-labs for collaborative working; so after our
previous discussion, the main problem caused by the
asynchronous approach is that if the student groups are
not under enough control by their teachers, they could
have a time delay for getting the answers to their ques-
tions. Once the delay becomes too long, the students could
lose their motivation, and could face many problems left
unsolved. One way the discussed problems can be solved
is by making a remote human tutor to support students
available over a distance via synchronous communication
tools, such as chat tools that allows quicker assistance.
However, a remote human tutor cannot support students at
any time and will not be available throughout the day.
Therefore, it was intended to implement an automated
helping system in the form of a rule-based e-tutor for user
support in remote experiment environments. A rule-based
system embraces a rule-base including stored knowledge
about the correct experiment configuration. The rules de-
termine what should be done in different situations and
are initially designed by a human experiment, where each
rule has two parts: conditions and action.

This contribution presents a collaborative working en-
vironment for a remote lab. Students have access to the
remote lab via Internet from anywhere at any time. The
collaborative environment allows the experimentation in a
team, where the group is able to interact and to discuss the
results of their work. The implementation of the devel-
oped e-lab was possible after having suggested a well-
known architectural model, the client-server architecture,
which fits into the designing of collaborative working e-
learning environments [11]. It facilitates what is called
multi-user e-learning environment, where more than one
student and a tutor have access to an experiment at the
same time and from different places. During an experi-
ment, collaborated students are not only supported by a
human tutor, but by a rule-based e-tutor as well. One
widely used technique to establish the synchronous com-
munication in our collaborative working environment is
chat tools in addition to visualization techniques; they
make it possible to establish an effective interaction be-
tween students and tutor.

Hence, after we have implemented a proposed architec-
ture to support collaborative working, the objectives we
had are providing the students with an automated help at
any time, putting students in a real environment lab, dis-
tinguishing students’ contributions from each other, tar-
geting the system at a real interaction between students
and tutor, and accessing the lab from any place and at any
time.
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1L COLLABORATIVE WORKING ENVIRONMENTS

Before we begin to establish and development of the
collaborative working of the e-lab, it is necessary to study
and analyze the technical systems in various social fields,
and benefit the study of these systems, in terms of means
of collaboration such as coordination and communication
between the collaborators, etc.; however, collaboration is
successfully in many fields, for example, airport control
towers [1] with the major functionality to provide infor-
mation and instructions, in the form of clearances, to air-
crafts in certain areas of the airport and airspaces immedi-
ately around it for ensuring the safe and efficient move-
ment of traffic. In the tower control room as common in-
formation space, the most of the collaborative works take
place as follows. The tower controller is responsible for
controlling aircraft on the runway. The ground controller
is responsible for certain other areas of the airport. The
planner (or coordinator) typically maintains contact, by
telephone, with other air traffic control facilities that man-
age the airspace around the airport. Communication be-
tween different parts of the airport is achieved through the
radar screen showing traffic in the region of airspace sur-
rounding the airport. Coordination is also clear from the
collection of flight strips indicating information about
departing flights are relayed by a closed-circuit television
link to the offices that providing services in the airport. In
other words, it is clear that the activity of the airport is a
highly distributed activity. Another example is team mili-
tary systems [5], in which advanced technologies are used
to facilitate military team work collaboration through
communication and information exchange for enabling
remote operations. Collaborative technologies currently
used in remote military operations, such as email, and
desktop conferencing, assist explicit communications be-
tween distributed team members around the world as part
of physically distributed teams. Through chat tools [12],
millions of people meet online to chat, to find like-minded
people, to debate topical issues, to play games, to give or
ask for information, to find support, to shop, or just to
coupling with others. They go to chat rooms, discussion
groups to participate by sending short messages in the
form of text, as commonly used in the world. The system
provides a chat facility students can use to communicate
in real time with each other. The chat of every course pro-
vides students with a generic channel on which they can
talk together. Beside the conversation space, a list of the
users currently on the channel is shown. It is to note, that
chat tools are an integral part of many collaborative envi-
ronments as they mostly sample instant messenger and
allow chatting with all participants. As a last example is
share desktops and share applications [7]. A share desktop
displays what you see on your desktop to all other partici-
pants and can both give control to others and take back
control. Whereas share applications in addition to their
ability to allow participants to see your application on
their screen, they make it possible for a participant to con-
trol someone's application such as PowerPoint and Word.
In other words, other participants can make their own ed-
its and updates. Principles and techniques suggested in
share desktop and share applications have been success-
fully applied in Web conferencing. The previous exam-
ples show that the shared features for any system support-
ing collaborative working are communication between
partners, coordination of roles and task attributions, and
production representing the task itself.
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III. THE STATE-OF-THE-ART E-LABS

Engineering courses normally include the lab compo-
nents, which are essential to the learning process. Where
using technology and the Internet could be for real labs or
simulated labs to enhance the learning/lab concept and
theory, a remote lab is suitable for engineering courses
offered within distance learning and real lab environment.
It differs from simulation approach which employs pro-
gramming code to simulate the result of the lab experi-
ment such as Pspice, Electronic Work Bench and Lab-
VIEW.

Distance learning has taken on many forms and mean-
ings. Early techniques for distance learning involved
printed materials, including tutorials, assignments, and
exams, passed between student and educators through the
mail in order to complete course. Over time, this experi-
ence was enhanced through the use of other media includ-
ing radios, television, audio and video tapes, and the tele-
phone. Current practices are incorporating the Internet to
bring multimedia interaction to students everywhere, any-
time, in real time [13].

The Internet has become a widespread tool for teaching
and learning because of the facts that it enables more flex-
ible delivery (anytime), distance education (anyplace),
new visualization possibilities (interactivity), and cost
reduction. The Internet becomes increasingly important as
a learning environment, and Internet-based technology is
rapidly being adopted in engineering education as a tool
for enhancing the educational experience enabling access
to remote labs and performing real experiments.

There are several studies comparing the different phi-
losophies and technologies used in contemporary remote
labs [14]. Others concentrate on trends in remote labs
[15]. The recent trends and advancements in technology
show that there is a need user-friendly environment to
increase the efficiency of the learn process. The basic
problem faced by the engineering student during the lab
classes is that they have to perform the experiments in the
lab in a group of three or four students. Such as normally
gives negative support to some of the students and hence
create a lack of interest. In order to rectify such problems
students try to copy the results of their batch mates which
degrades the student’s performance. Such problems can
be rectified if the student is allowed to perform the exper-
iments throughout the day by either being physically pre-
sent in the lab or by performing the experiments via Inter-
net [16]. Educators create these online labs to help stu-
dents acquire hands-on lab experience without requiring
physical access to a building with specific experimental
equipment. Remote and virtual labs are two effective
techniques for the use of the Internet in engineering edu-
cation, previously introduced as computer-assisted in-
struction and computer-assisted experimenting. Specifi-
cally, the software involved in creating such online labs
either allows a user to interact with an experimental setup
located in another geographical location, i.e. a remote lab,
or uses numerical simulation tools to emulate the behavior
of experimental system, i.e. a virtual lab [17]. R-labs offer
remote access to real lab equipment and instruments in
real time [18]. It is the experiment/lab which is conducted
and controlled remotely through the Internet. The experi-
ments use the real components or instrumentation at a
different location from where it is controlled or conduct-
ed. In brief, R-labs are the realness of systems learners
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work on. On the contrary, V-labs are based on simulations
of real systems [19]. Where a simulation commonly re-
places the real system, virtual labs typically resort to
simulation software such as Matlab [20] or LabVIEW
[21] or specific applications. These simulations can be run
directly on a client host such as with Easy Java Simula-
tion, but we could envisage server-side simulations when
specific software or calculus power is required and not
easily available on client side. The main drawback is that
it is not a real system, but it is a relatively realistic model
of a real system. We can find both remote or virtual lab
experiments in various scientific and technical topics such
as automatic control [22], electronics, chemicals and me-
chanicals [23] , [24], and in robotics [25].

IV. ELECTRONIC COLLABORATION

As people often work with others and with the increas-
ing importance of computers in our work and everyday
lives, it is natural to expect computers to play an im-
portant role in facilitating collaborative working [3]. Elec-
tronic collaboration (e-Collaboration) is the computer
mediated process of two or more (dislocated) people
working together on a common purpose or goal, where the
participants are, on the one hand, committed and interde-
pendent and, on the other, work in a common context us-
ing shared resources, which is supported by (Web-based)
electronic tools [26]. We can set the goals of any collabo-
rative working as:

* The group members each bring knowledge to the
group.
* Share that knowledge between them.

* Each person can contribute ideas and desired work to
be combined into a final result.

In engineering education, concepts taught through lec-
tures are often complemented by lab experimentation.
Students can observe phenomena that are often difficult to
explain by written material. It is worth mentioning that
collaborative learning in engineering education is of great
significance because of the following reasons. First, stu-
dents acquire various skills, such as the ability to work in
teams and to achieve objectives in collaboration with oth-
ers. Second, students learn to communicate with each oth-
er using technical expressions that are specific of their
professional engineering domain. Third, students learn to
integrate the know-how of others in order to accomplish a
given work task. Fourth, students acquire remote collabo-
ration skills, when the teamwork is carried out from sev-
eral locations.

Interactive experimentation on real world improves the
motivation of the students and also develops an engineer-
ing approach to solve realistic problems. A collaborative
environment must allow the experimentation in a team,
where the group is able to interact and to discuss the re-
sults of their work.

V. DEFINITION, SOCIAL AND PSYCHOLOGICAL ASPECTS OF
COLLABORATIVE LEARNING

Collaboration between learners can have a positive im-
pact in a learning session only if learners can exchange
efficiently. Discussions and advices given by a co-learner
are good means to help a learner in knowledge under-
standing. Web-based collaborative environments are a
special category of e-learning tools that support a group of
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learners in achieving a common learning goal. In local lab
experiment, students usually work together in groups of
two or more. This learning paradigm is often called col-
laborative learning. Collaborative learning develops skills
for solving problems in a team. The premise of collabora-
tive learning is based upon consensus building through
collaboration by group members. Members of the learning
group will usually organize their activities themselves and
decide upon the roles of the different members via consul-
tation and negotiation. With the rapid expansion and
availability of communication and information technolo-
gies, collaborative learning can also be done effectively in
a remote environment at different places. Collaborative
working environments bring together users, which are
geographically distributed, but connected via a network
[27]. Different social and psychological aspects deal with
collaboration in learning processes [28]:

* Cognitive Learning: Learning produces sustainable
results when external information or the require-
ments of a task can be embedded in already existing
cognitive structure. In other words, it must serve as
confirmation, modification or contradiction of the
learner’s existing knowledge. It is to note that cogni-
tive science is an interdisciplinary science that draws
on many fields such as psychology, artificial intelli-
gence, linguistics, and philosophy that are combined
together to develop theories about human perception,
thinking, and learning.

* Motivation: The learning process will be better ac-
cepted and will lead to sustainable knowledge when
learning can be experienced as the result of one’s
own activity, not as a mere adaptation to the
knowledge of other people.

* Social construction: The construction of the three so-
cial elements: understanding, knowledge acquisition
and production are mainly based on collaborative
knowledge-sharing interaction with others.

VI. LEARNING WITH INSTRUCTIONAL SUPPORT

Complex problem solving tasks without instructional
support will often demand too much from the students and
will lead to ineffective learning. The ability to engage in
two-way communication with an instructor and other
learners allows distance learners in facilitated courses to
solve in more complex learning problems. As long as stu-
dents need instructions and help in solving scientific prob-
lems, the learning environment shall provide knowledge
for solving these problems. Instructional support is an
important element especially in problem-based learning
settings; therefore, remote labs must provide support for
students.

In remote labs, a tele-tutor communicates via synchro-
nous or asynchronous communication tools with his stu-
dents, resulting as a central role regarding instructional
support. The Web makes it possible to integrate synchro-
nous and asynchronous technologies so that students can
benefit from both. These combinations of technologies
and the Web site provide a richer basis for collaborative
course. However, technologies choices must ensure that
all students will be able to use these technologies, and that
software is straightforward and pleasant to use [30].
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A. Asynchronous courses

In courses that are delivered asynchronously, learners
can each make use of the communications medium at a
time and place most convenient to them; because of this,
these courses are available to others who have difficulty
scheduling attendance in traditional classroom environ-
ments. In addition, asynchronous classes can be easily
made available to a collaborative learning of learners who
can share information and experiences with one another
without regard to geographic boundaries or time limita-
tions. In the simplest configurations, asynchronous cours-
es can make use of extremely communications media such
as e-mail. Some instructors and learners are not suitable to
collaborate in asynchronous interactions. For one thing,
asynchronous communications are largely text-based,
which can limit the effectiveness of discussions delivered
through this medium. Students who are not native speak-
ers of the language used for course delivery face not only
special difficulties, but cultural and language barriers can
more easily lead to miscommunication and misunder-
standings in text-based communications [29].

B.  Synchronous courses

Synchronous courses that employ two-way video or
audio technologies can allow instructors and learners to
collaborate demonstration and observation of practices for
a variety of skills-based learning activities in a way that it
would not be possible in other forms of distance classes
because of the fact that teachers and learners can engage
in nearly all traditional learning activities through voice,
text, and video. In these instances, the online classroom
can begin to seem more like a traditional classroom in
many respects, and teachers can begin to employ many of
the same approaches used to teach face-to-face classes, as
well as being able to respond to visual and verbal forms
from students [31].

VII. DISTRIBUTED SYSTEM ARCHITECTURE AS A BASIS FOR
E-COLLABORATIVE REMOTE ENGINEERING LABS

A. Introduction

Remote lab can be considered as a well-established
teaching structure and learning environment for develop-
ing skills required for the efficient collaborative learning
environment to achieve collaboration and communication
between students [32]. The concept of the learning ser-
vices and their deployment through technologies are ex-
cellent means to integrate real lab into collaborative e-
learning environments for engineering education [33].
This chapter describes in-depth a suggested architecture
based on .NET technologies to support the software de-
velopment process of Web-based collaborative working
environment, in addition to an interactive graphical user-
interface (GUI) environment. This GUI facilitates the re-
mote control and access of various instruments and exper-
iment setups.

Our proposals have emphasized on the collaboration
aspects between two students or more. Collaboration can
be achieved when students work together. It will be
shown how we have implemented an e-collaborative envi-
ronment for remote experimentation supplemented by a
rule-based e-tutor, based on Microsoft Visual Basic 2010
.NET framework [34] that gives support in order to facili-
tate the implementation of the Web-based collaborative
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working. A suggested architecture can be built around an
existing lab components and equipment in a general uni-
versity/ engineering college without much difficulty. It is
required to design an experiment set-up and to write soft-
ware control code for interfacing it with both a lab server
and the Internet. It was necessary to program controls to
interface our experiment with the lab server and the Inter-
net. The lab experiment set-up is attached to a server,
which provides the Web interface to the remote clients.
Multiple clients are able to get connected through remote
login into the system.

It is undeniable that programming libraries included in
visual programming environments that are used to create
windows applications are more powerful to its corre-
sponding Web-based tools, that is, it will be easier to cre-
ate powerful user-interfaces for virtual instrumentations
and remote monitoring of remotely located technical sys-
tems such as production processes or remote labs that
resemble the reality as much as possible. To this end, this
allows the student to move seamlessly from virtual repre-
sentations of test equipment in a remote lab environment
to actual test equipment in a real lab and to be capable of
using this equipment competently as a direct result of their
online experiences [35]. Fortunately, Visual Studio 2010
allows developers to create user-interfaces with the de-
sired features previously mentioned in the form of a win-
dow application, and, in a further step, to transform with a
few instructions to a Web-based one. All that is needed is
to build the windows control library, take the resulting
dynamic link library (d/l) and placing it in root of your
Web based application and then add the following line of
code to the source of your Web page:

<object id="myName" classid = "http: WindowsControl-
Libraryl.dli#WindowsControlLibraryl.UserControll"
height="469" width="702" > </object>

B.  System structure for collaborative working

System that was designed, developed and implemented
for the purpose of remote access to lab equipment and to
enable experimental collaborative work for on-line sup-
port of e-learning is called e-collaborative environment
for remote experimentation. It is a prototype system that is
intended to support experiments in the area of electronics,
but its structure poses no limitations on other types of
experiments also, such as in physics, mechanical engi-
neering, or some similar fields of engineering or science.
The purpose of the work described in this research was to
consider the ability to provide a remote collaborative
learning facility via an Internet link as an alternative ap-
proach for the course delivery. In this case, electronic cir-
cuit arrangement hardware was modified for connection to
a remote collaborative lab.

In lab experiments of the faculty of engineering, solv-
ing tasks without instructional support will often demand
too much from the students and will lead to ineffective
learning. As long as students need instructions and help in
solving scientific problems, the learning environment
shall provide knowledge for solving these problems. In-
structional support is an important element especially in
problem-based learning settings; therefore, a remote lab
should provide support for students. In the remote lab, a
tele-tutor communicates via synchronous or asynchronous
communication tools with his students, resulting as a cen-
tral role regarding instructional support. An automated
helping system is implemented in the form of a rule-based
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e-tutor for user support in complex remote experiment
environments. A rule-based system embraces a rule-base
including stored knowledge about the correct experiment
configuration. Doing so, we have found the solution to the
problem of supervision of the instructor to give feedback
directly to students, as well as provision of dialog box text
messages to be feedback to the students who did not find
any information feedback from the other students. In order
to solve the problem inequality in task division between
students color coding was used.

C. Distributed system architecture for collaborative e-
learning

The architecture applied to this system follows the sim-
plest client-server architecture, where an application is
organized as a server and a set of clients. Figure 1 illus-
trates the system architecture accommodated to the special
needs of this research for establishing a collaborative
working e-learning environment, which is not only sup-
ported by a human tutor, but by a rule-based e-tutor as
well. This architecture enables the different users such as
students and tutors to carry out the following activities:
performing on real (physical) experiments remotely
whenever they want and anywhere they are, collaborating
by two students or more and attribute the tasks between
them, developing remote experiments and hardware facili-
ties based on an existing course structure and require-
ments to facilitate the collaborative work remote learning
scenario, establishing synchronous interaction between
students and tutor, and providing the students with an au-
tomated help at any time.

This system is organized into subsystems and compo-
nents. It also includes the end users of the system and the
user-interfaces through which the users can interact with
the system in order to complete tasks. In brief, overall
decisions are made about actors /sub-systems interaction,
data storage, and implementation.

Hardware Architecture: The remote users (collabora-
tors) can login to the e-collaborative server using TCP/IP
link over the Internet and can select and perform an exper-
iment. At the server end, hardware setup of all the lab
instruments and the experiments are attached to the server,
instruments and devices are also connected with the pro-
grammable instruments through a PCI General Purpose
Interface Bus (GPIB) card and GPIB cables. An experi-
mental board containing different components and elec-
tronic elements are connected to the parallel port of the
server to view real-time experimental setup.

Software Architecture: The software design for the e-
collaborative environment for remote experimentation
system focuses on a client-server software model whose
primary functionality is to interface the remote users (col-
laborators) with the server and controlling of the actual
lab experiments / instruments. The GUI for the client side
has been developed using Microsoft Visual Basic
VB.NET. The underlying protocol for communication
between server and client side is TCP/IP. The server side
controls the server process as well as modifies the config-
urations of the instruments. It handles all the tasks of
communication to and from the instruments using the in-
strument controller, namely a PCI GPIB card. Standard
command for language library has been used in vb.net
environment to send commands to and receive data from
the instrument driver, which uses the GPIB IEEE 488.2
standard protocol to drive the instruments.
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The clients’ side control the experiment interface by
sending command to the parallel port for selection of dif-
ferent points related to the experiment board. The client
side GUI allows the student to control various functions of
the instruments associated with the experiment in real-
time. For each instrument as well as experiment at the
server end, corresponding GUI has been designed at the
client end using vb.net control toolbox. The client’s com-
mand generator for instrument issues commands accord-
ing to the parameter set specified by the student for a par-
ticular instrument and transmits them to the server. The
experiment results checked by e-tutor then sent back by
the server are then handled and displayed in the client
GUI. The architecture proposes that our distributed appli-
cation should be made of the following components.

Web server and Web-based user-interface: The Web
server provides several services for the clients through a
Web browser. In addition to its role as a middleware to
communicate with the clients and the other system com-
ponents via the Internet, it represents the central unit of
the collaborative e-learning and functions as a coordinator
between the various components. All clients of the dis-
tributed e-collaborative system, students and tutors, use
the same Web-interface. In our case, the clients will be
mediated by a conventional Web browser such as the Mi-
crosoft Internet Explorer. When the Web-based user inter-
faces were designed, several human-computer interaction
rules for user-interface design had to be taken into account
such as consistency of data display such as labeling and
graphic conventions, minimal memory load on user, flexi-
bility for user control of data display, presentation of in-
formation graphically where appropriate, standardized
abbreviations, presentation of digital values only where
knowledge of numerical value is necessary and useful,
minimal surprise, user guidance, that is, the interface
should provide meaningful feedback when errors occur
and provide user help facilities, user familiarity meaning
that the interface should use terms and concepts drawn
from the experience of the people who will make most use
of the system [36].

Rule-based e-tutor: Main goal of this research is help-
ing students to execute experiments remotely at any time
and from anywhere. This goal can be fulfilled when the
synchronous human tutor is continually available. Realis-
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Figure 1.  Distributed system architecture of the e-collaborative

environment for remote experimentation
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tically, a remote human tutor will not be online all day.
Therefore, we want to implement an automated help sys-
tem (e-tutor) for user support in complex remote experi-
ment environments. Hayes-Roth [37] notes that rule-based
systems automate problem-solving know-how and provid-
ing a means for capturing human expertise. In our re-
search, the e-tutor is realized as a simplified rule-based
system because our focus is mainly on collaborative sys-
tems and not on knowledge-based systems. Knowledge-
based systems, which represent an important class of in-
telligent systems, can be especially useful for solving
complex problems in cases where purely algorithmic or
mathematical solutions are either unknown or demonstra-
bly inefficient.

Recording component: It is important to have a compo-
nent that records the students' interactions with the user-
interface. The importance of this component includes the
following. First, storing the work of each student during
the course of the experiment, and storage to be corrected
by the teacher and whether the connection is true or not.
Second, if the instructor was not found on-line and the e-
tutor could not correct the connections of the students
through the experiment, sometimes the human tutor is an
assessment or correction after the students had finished
their work, for this reason we have a need for recording of
experiment at work. Third, it can also record the experi-
ment as a video and store it in the format “Movi file”,
which would be beneficial to students for reference when
needed.

The experiment. The remote experiment can be any one
of an engineering lab covering topic related to electric
circuits or electronics and so on. Fortunately, most of the
current instrumentations such as oscilloscopes and multi-
meters are provided with control through PCI GPIB (Gen-
eral Purpose Interface Bus) card and GPIB cable [38].

D. User-Interface design for remotely collaborating
Students

Before discussing the Web-based user-interface for the
clients, it will be of great significance if we clarify some
term definitions related to human factors that must be tak-
en into account when we have designed the user-interface.
The prototype is the basis for a Web-based user-interface
for the clients: the students and the tutor. Ergonomically,
we have to distinguish between aspects of perceptive and
cognitive ergonomics [39]. The cognitive ergonomics
relates to reasoning, memory, and knowledge [40]. Here,
we are more concerned with perceptive ergonomics focus-
ing on designing issues such as color, shape form, dimen-
sion and allocation, highlighting and so on. The desktop
of the Web-based user interface is divided into several
windows for representing different functionalities. Some
of these windows are the experiment and the chat tool
window. The experiment window represents the remote
tool kit and the instrumentation necessary for that experi-
ment, which will be virtually visualized. The instrumenta-
tion area includes the equipment such as oscilloscopes to
pursue the signals after building the circuit; as well as
various function generators to feed the circuit with input
signals. The students are able to connect the inputs and
outputs of a virtual oscilloscope with other electronic ele-
ments. After every building step the students can select
the accept button, the user-interface sends the circuit con-
figuration to the server, where the e-tutor initially carries
out a consistence check to the sent circuit data. If these
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data passes the check, this data is used to control the real
experiment. The chat tool window provides our system
with a chat tool which stimulates collaboration among
students while executing an experiment. After starting the
chat application in our implementation, a Web page based
on “aspx” technology will be started, which appears once
a student clicks either the continue button. After that, the
student enters her/his name to be used in conversations
between students. By means of the chat-text window, a
student can send a text message to a particular student or
to all students at once.

E.  Circuit-wiring electronics

The normal procedure for performing a single experi-
ment includes the following steps [41]. First, every stu-
dent team wires the circuit specified in the instruction
manual using a voltage source, the breadboard, and some
of the components provided. At least one of the instru-
ments must be connected to test points in the circuit in
order to collect experimental data. Second, the instructor
checks each circuit formed to avoid possible damage. If
the circuit is safe, the student team is allowed to continue
by activating the source. Once the source is activated, they
begin to deliver the required experiment. Third, the stu-
dents read the instruments. A snapshot during an experi-
ment using the remote lab configuration is shown in Fig-
ure 2. A type of circuit-wiring, e.g., a switching point
must be used.

VIII. DISCUSSION

Lab experiments are vital and cannot be separated from
science and engineering education. In most cases, students
were and still are coming to the lab to test the theory they
learnt during lectures or had gained from different
knowledge sources. In most cases, they work in groups
and, ideally, they learn how to collaborate as a team. In
some cases, they just follow instructions from their super-
visors. Collaboration in a remote lab, which allows more
students to work simultaneously, can be very similar to
the real one except that one entity could be missing;
namely, the supervisor might not be on hand. However in
some cases, the supervisor’s help is still available via the
communication channel. There are several benefits
achieved through introducing distributed collaborative e-
learning systems. First, students can perform on real
(physical) experiments remotely whenever they want and
from anywhere. Second, two students or more supported
by an experiment tutor are enabled to collaborate together,
leading to facilitate the collaborative work of the remote
learning scenario. Third, synchronous interaction between
students and tutor is possible. Fourth, students are always
provided with an intelligent automated help.

One of the problems faced by engineering students dur-
ing the lab classes is that they have to perform the exper-
iments in the lab in groups of three or four students. This
sometimes gives negative support to some of the students,
inequality in task division between them, and hence cre-
ates a lack of interest. In order to rectify such problems,
students try to copy the results of their batch mates what
might degrade the student’s performance. Demonstrating
a difficult concept to a learner who is having trouble un-
derstanding in traditional classroom, the instructor can
adapt materials to meet individual student needs, so that
flaws and deficiencies in both course design and the in-
structional materials used to support teaching can usually
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Figure 2. The remote lab configuration

be compensated. Sometimes, if the number of students in
the classroom is large, there is no opportunity to answer
all questions and queries from asked by the students to
their instructor; therefore, students do not receive feed-
back from their instructor. All the problems we have
talked about previously do not only occur within the tradi-
tional classroom, but also occur in e-labs for collaborative
working as well. Such problems we have addressed so far
can be rectified if the students are allowed to perform the
experiments throughout the day via the Internet. These
online labs help students to acquire experience achieved
by conventional hands-on labs, but requiring a physical
access to a building. Therefore, we have proposed in this
research distributed system architecture for collaborative
e-learning.

While having explored and experimented collaborative
working environments for remote experimentation, we
found that it was necessary to consider other collaborative
systems successfully applied in other fields such as air
traffic and the military. This architecture puts students in a
real environment for manipulating their experiments via
the Internet. Our distributed e-collaborative system could
be made of the following components: a server, Web-
based user-interfaces, a management component, a rule-
based system (e-tutor), a recording component, and the
experiment itself. The Web-based user-interfaces play a
central role within the distributed e-collaborative system
as it represents the window to the experiment. Their de-
sign takes various human-computer interaction rules for
user interface into account. The Web-based interface,
which is realized as an integrated desktop, includes win-
dows for displaying the experiment, a chat tool, a window
for active users, and a dialog frame for session control.

In an e-lab, the interaction between instructor and stu-
dents are indirect and the communication between them
takes place through any form of media. Therefore, we
proposed the use of a chat tool, which was implemented in
vb.net for allowing effective interaction between students
and instructor as it is the case in real environments. Due to
this, the students can receive feedback or any assistance
needed, sampling studying in traditional classrooms.
Since a remote human tutor can't be online every time to
support students, it was necessary to implement an auto-
mated helping system (e-tutor) to support students, and to
provide a feedback to them when they need clarification
on their work. In this research, the e-tutor is realized as

http://www.i-joe.org
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TABLE L.

A COMPARISON BETWEEN OUR RESEARCH CONTRIBUTIONS WITH OTHER COLLABORATIVE E-LABS

Automated help Coordination Synchronous/ Asynchro- . .

Property (e-tutor) Share desktop (roles attribution) nous Communication Real/Virtual Environment lab
Synchronous . . .

[10] none none none (chat tool) Virtual (Simulation results)

[27] none none none Asynchronous Virtual (Simulation results)
Synchronous

[33] none none none (chat tool & video Virtual (Simulation results)
conference)
Synchronous

Our distribution ~ Rule-based e-tutor Available “logmein”

Color coding

(chat tool) Real results

TABLE II.
DIFFERENCES BETWEEN CONVENTIONAL COLLABORATIVE AND IN-
TERNET-BASED E-COLLABORATIVE LEARNING ENVIRONMENTS

Conventional collaborative
environments

E-collaborative learning envi-
ronments

Instructor-centered Learner-centered

Lecture-oriented Collaborative and discussion-based

Student participates in team learning
through learning from other learners
and collaborates with the facilitator
to create the learning process

While teachers act as experts,
students are perceived as
novices

Learning content is static Content is dynamic

Emphasis is focused on eval-
uation and testing

Emphasis is focused on perfor-
mance

simplified rule-based system because our focus is mainly
on collaborative systems and not on knowledge-based
systems. The rules of the rule-based system consist of two
parts: conditions and action. The e-tutor functions as an
observer for students' actions manipulated on the experi-
ment. Once the connections of the electronic elements on
the virtual experiment are incorrect, the e-tutor displays a
warning message and prevents contacting elements to be
connected on the remote experiment board. According to
previous studies, the majority of current existing real labs
for collaborative working are not constructed to allow the
participants to collaborate in real time and are not de-
signed to support students through an automated help at
any time [10], [33]. Table 1 demonstrates a comparison
between the methodologies and techniques of other col-
laborative e-labs compared with our research contribution,
showing the advantages and disadvantages of each philos-
ophy.

Concluding that for collaborative e-learning systems,
the synchronous approach is superior to the asynchronous
one regarding instructional support. Table II shows the
differences between the conventional collaborative and
Internet-based e-collaborative learning environments.
Concluding that for collaborative e-learning systems, the
synchronous approach is superior to the asynchronous one
regarding instructional support.

Table II shows the differences between the convention-
al collaborative and Internet-based e-collaborative learn-
ing environments.

IX. CONCLUSION

It would be interesting if we can test our ideas with
more complicated experiments. Complicated engineering
experiments with many electronic devices and equipment
can be easily implemented through scaling by adding new
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programmable devices, electronic components and PCs.
One way the complexity of experiments can be reduced is
the usage of programmable devices, which can manage a
large number of experiments. For new experiments, new
programmable devices must be installed and used. It
would be of great interest to measure how the introduction
of complex experiments affects the interaction between
students, the human tutor, and the system; as well as
whether the feedback returned from the simplified rule-
based e-tutor to the students is satisfied and correct ac-
cording to their mistakes manipulated on complex exper-
iment circuits. Another problem that might appear through
monitoring of complicated experiments is the clearness
regarding inequality in task division between students that
has been solved by means of color coding. Accordingly, a
better version of the e-tutor based on knowledge-based
techniques could be implemented to serve as an automat-
ed help system for user support in complex remote exper-
imentation environments.
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