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Abstract—The need for adopting virtual and remote labs in
engineering education is high in Algeria, Morocco and Tuni-
sia. This paper proposes the evaluation plan of a network of
remote labs in the Maghrebian countries. This plan is based
on the significant research that has been done until now
concerning the evaluation of remote labs. More specifically
the proposed evaluation strategy of the project will focus on
five different but interrelated directions (a) usability of
remote labs; (b) learners’ attitude towards remote labs; (c)
technical evaluation of remote labs operation; (d) evaluation
of the e-learning content namely the teaching units previous-
ly described; and (e) learning outcome. Furthermore, this
paper presents preliminary evaluation results based on this
evaluation plan and resulted from a pilot case study.

Index Terms—Remote labs, Network of remote labs, Engi-
neering education, Evaluation.

L INTRODUCTION

This paper proposes the evaluation plan of a network of
remote labs in the Maghrebian countries Morocco, Tunisia
and Algeria. This work is carried out within the frame-
work of the European Tempus project called “eSience”.

The consortium of this project involves many partners
from different countries of different cultures and educa-
tional systems. More specifically, the consortium of the
project consists of sixteen different partners from seven
different countries (France, Austria, Greece, Romania,
Morocco, Tunisia and Algeria).

The main challenge of this paper is

a. (a) to review the state of the countries where the
eSience project is implementing the network of
remote labs art solution;

b. (b) to set off the characteristics of such a network
that should be evaluated and measured, in order to
prove that this network is successful or not;

c. (c) to present a suitable evaluation plan of such a
distributed network of remote labs in the Maghre-
bian countries.

This paper is structured as follows: in the next section it
describes the overall and specific objectives of the eSience
project; afterwards, it presents the related work in the area
of evaluation of remote labs. Next, it presents the situation
in the Maghrebian countries that are participating in the
project (i.e. Morocco, Tunisia and Algeria), in order to
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present the difficulties of the application of the evaluation
plan. Afterwards, it presents the evaluation strategy along
with the instruments that will be used in order to support
this evaluation plan. The next two sections present the
case study along with the results.

II.  ESCIENCE PROJECT DESCRIPTION

eSience Tempus project "Maghreb Network of remote
labs (2012-2015)" launched in January 2013. The objec-
tive of the project is to create an efficient remote labs
network in the Maghreb region for the modernization of
higher education in technological sciences. Morocco,
Tunisia and Algeria are involved in this TEMPUS project
to create a network of remote labs whose goal is efficien-
cy and the sharing of high performance instrumentation.
In addition, the development of teaching units related to
distance will train a larger number of technicians and
engineers.

This approach enables the implementation of a training
system at the international level and the creation of a new
generation of versatile graduates able to adapt to a chang-
ing global context. This is fully inline with the develop-
ment strategy of university education in the Maghreb.
Among the specific goals of the project are the following:
(a) Adaptation of content to the development in science
and technology, taking into account the expectations of
the professional word; (b) Creation of 3 remote laboratory
platforms in the Maghreb and their networking; (c) Im-
plementation of practical courses for on-distance educa-
tion; (d) Creating teaching units in the e-learning format;
(e) Setting up and using an LMS (Learning Management
System); (f) Evaluation of the newly created educational
resources; (g) Use of the pedagogical resources.

A main objective concerning the development is the in-
terconnection of a well-known Learning Management
System (LMS) (e.g. moodle) to specific remote lab archi-
tectures. Examples of such type of architecture are the
following: iLab (http://www.ilab-europe.net/) and Lab2go
(http://www.lab2go.net/fr/). More information about the
technical solution of eScience project is available at [9].
General information about eSience Tempus project is
available at http://www.esience.org/.

III. RELATED WORK

There are several studies about the impact of remote la-
boratories in the learning outcomes. Gomes and Bogosyan
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[13] refer that “most existing remote laboratories...offer
stand-alone solutions, with limited or no capability to
cooperate with other platforms”. From this point of view,
eSience objective to interconnect LMS with a remote lab
platform seems to be a significant advantage. To this di-
rection, various issues should be resolved either form the
technical point of view or from the educational point of
view. According to [13], the issues that should be investi-
gated are interoperability, accessibility, availability, con-
figurability, and interconnection with collaborative appli-
cations. Similar findings are presented in [13]. In this
research, the authors refer that there are many significant
“logistical” factors that should be considered, such as
flexibility, cost, and resource sharing. However, as it is
referred in [13], there are many factors that may have an
impact on learner’s satisfaction and achievement [15],
and, thus, they should be investigated. This research
showed that “giving learners authority over the physical
learning environment and offering different formats for
collaboration, either online or in person, contributed to the
learners’ overall satisfaction with the course structure”.
Other factors include the relationships between the user
and the technology, between the instructor and students,
and among the students [13], [16].

A significant work has been presented in [17], concern-
ing a model for evaluating the effectiveness of remote
engineering laboratories and simulations in education.
This model investigates key aspects about the effective-
ness such as (a) Adoption of the lab experiment; (b) Lab
procedure/guide; (c) Teamwork; (d) Lab supervision; (e)
Data acquisition; (f) Reliability of experiment set-up; (g)
Lab report writing; and (h) Experience gained for future
career. According to this model, Balakrishnan and Woods
[18] have elaborated comparative study on real lab and
simulation lab in communications engineering from stu-
dents’ perspective. They found that real and simulation
labs are complementary and not competitors.

IV. RATIONALE OF EVALUATION STRATEGY

The need for adopting virtual and remote labs in engi-
neering education is high in Algeria, Morocco and Tunisia
nowadays according to [9]. Furthermore, the urban popu-
lation in Algeria, Morocco and Tunisia represents a very
high percentage of the total population. More specifically,
the urban population in Algeria is 67.7%, in Morocco is
59.4%, and in Tunisia is 68% of the total population.

Therefore, by adopting and evaluating remote labs in
urban places we can cover a rather high percentage of the
population in all three countries. According to OECD
Global Competitiveness Index 2013, these countries have
a rather low rank in the Technology readiness rankings
among 148 countries. The percentage of individuals using
Internet is 15.2% in Algeria [10], 41.4% in Tunisia [12]
and 55.0% in Morocco [11]. According to this data we can
notice that there is diversity concerning the percentage of
individuals using the Internet. However, the technology
readiness index in the Maghrebian countries is rather low
in general.

The participants of the evaluation will be students and
teachers of Universities from Maghrebian countries that
are participating in the project (i.e. Morocco, Tunisia and
Algeria). The main test bed universities are the following
(Figure 1):
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Figure 1. Test beds

¢ Universitét HASSAN I Settat (Morocco)

e Universitt HASSAN II Mohammedia — Casablanca
(Morocco)

* Institut Supérieur d'Electronique et de Communica-
tion de Sfax (Tunisia)

* Université Virtuelle de Tunis (Tunisia)

* Institut Supérieur des Systémes Industriels de Gabés
(Tunisia)

* Université Mentouri Constantine (Algeria)

* Université de Bordj Bou Arreridj (Algeria)

Due to the large geographical scale and the number of
participating organizations, the limited familiarization of
the target groups with remote labs, as well as, the low
technology readiness, the evaluation will be conducted in
two sequential phases:

* Phase I - pilot evaluation
* Phase II - large scale evaluation

The first phase will be the pilot evaluation of all remote
labs in small scale usage. During this phase we plan to
assess the remote labs’ usability and proper functioning as
well as learners’ attitude towards remote labs.

The remote labs operation and the user interface will be
improved according to the results of the first evaluation
phase, and they will be deployed in a large scale usage.
After that period of usage, the large scale evaluation will
be accomplished. This evaluation will focus on: the usa-
bility of the remote labs; learners’ attitude towards remote
labs; the evaluation of the e-learning content; and the
assessment of the learning outcome.

The evaluation strategy of the project will focus on five
different, but interrelated directions (a) usability of remote
labs; (b) learners’ attitude towards remote labs; (c) tech-
nical evaluation of remote labs operation; (d) evaluation of
the e-learning content namely the teaching units described
previously; and (e) learning outcome.

V. INSTRUMENTS

Table I presents the eSience evaluation strategy along
with the instruments proposed to be used during each
phase, in order to achieve each goal.

The instruments that were proposed to be exploited in
each phase are presented in Table 3 as well. As referred in
[13], the nature of the learning outcomes arising from
laboratory experiences has a complex relationship with the
characteristics of the interaction modality. Therefore, a
research on the impact of remote labs in education should
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consider, among other things, the way in which the tech-
nologies that are used affect the nature of the interaction.
More specifically, in order to measure usability we plan to
exploit the “USE Questionnaire” presented by Lund [1] in
both evaluation phases I and II. USE stands for Useful-
ness, Satisfaction, and Ease of use. For many applications,
Usability appears to consist of Usefulness and Ease of
Use, and Usefulness and Ease of Use are correlated.

TABLE L
ESIENCE EVALUATION INSTRUMENTS

Evaluation Phase I: Pilot Phase II: Large scale
Goal/Phase evaluation evaluation
(a) Usability of |USE USE Questionnaire [1]

remote labs

(b) Learners’
attitude towards
remote labs

(c) Technical ISO/IEC [5]

evaluation of SQuaRE - func-
remote labs opera-|tional suitability
tion

Questionnaire [1]

Learners attitude
questionnaire [6]

Learners attitude
questionnaire [6]

Checklist for a Didacti-
cally Sound Design of
eLearning Content [2]

(d) E-learning
content evaluation

(e) Learning -
outcome

Knowledge test adapted
in every course; [3]

Concerning learners’ attitude towards remote labs we
plan to use an instrument adapted from Douka [6] in order
for the students to rate the remote labs regarding the fol-
lowing characteristics: Comprehensive, Sensible, Educa-
tional, Easy, Enjoyable, Interesting, Satisfactory, Well
done, Scientific, Serious, Well prepared, Important, Inno-
vative, Pedagogic, Modern, and Different.

Regarding the technical evaluation of remote labs, the
main focus will be given on functional suitability which
according to ISO/IEC [5] (SQuaRE) is the "degree to
which a product or system provides functions that meet
stated and implied needs when used underspecified condi-
tions”. It has the following sub-characteristics: functional
completeness; functional correctness; and functional ap-
propriateness

The e-learning content evaluation is proposed to be
done by experts in every field in order to make a forma-
tive evaluation. The proposed instrument in this field is
the “Checklist for a Didactically Sound Design of eLearn-
ing Content” [2]. This checklist covers the content, seg-
menting, sequencing and navigation, adaptation to target
audience, design of text and graphics, learning tasks and
feedback, and motivation.

The evaluation of the learning outcome will be con-
ducted by exploiting a knowledge test in two different
groups of students: control group and experimental group.
The knowledge test will be created by the tutors of each
course. The experimental group will use remote labs and
e-learning content in order to learn the concepts that will
be assessed by the knowledge test, whereas the control
group will learn the same concepts by following the tradi-
tional educational process. To ensure that the subgroups
are equally distributed according to the factors affecting
the results, the Felder-Soloman Individual Learning Style
(ILS) questionnaire [3] will be performed. This question-
naire finds the preferred learning style of participants.
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This questionnaire is conducted to isolate the effects that
preferred learning styles could have on learning outcomes
for the different lab access modes [7].

VI. CASE STUDY

The evaluation of the learning outcome will be con-
ducted in parts. In particular, every educator will under-
take to use the knowledge test in a control and a treatment
group as mentioned in the previous subsection. Therefore,
a pilot case study was conducted at the Hassan 1. Universi-
ty — Khouribga — Morocco in order to examine differences
between the performance of students who used the tradi-
tional method of learning and those that used the remote
labs. Moreover, possible correlations between the results
from the USE questionnaire were also examined. The
desired outcome of this case study was an equal, at least,
performance between the two groups and not a better
learning outcome from the experimental group. Thus, the
null hypothesis of this study is the following:

HO: There is a statistically significant difference be-
tween the performance of the control and the experimental
group.

The methodology that was followed in this case study is
described in the following subsections.

A. Research design

The research design that was followed in this study was
based on the “Posttest Control Group” [19] model, includ-
ing one control and one experimental group of randomly
assigned subjects. This design offers high levels of inter-
nal validity and is often used in educational studies.

B. Measures

The collection of the data was conducted using a
knowledge test and the USE questionnaire [1], evaluating
the learning outcome and the usability of the remote labs,
respectively. The knowledge test was paper-based, where-
as the USE questionnaire was answered online. Both ques-
tionnaires were administered to the students after the
treatment period. Apparently, the USE questionnaire was
answered only from the experimental group.

C. Participants

The participants of this study were 72 undergraduate
students. There were 39 male and 33 female students and
their ages ranged from 18 to 20. The control group con-
sisted of 43 students whereas the participants of the exper-
imental group were 29.

D. Procedure

Khouribga OnlineLab is being used by more than 200
students from different Engineering degrees: Physical
Sciences, Industrial Engineering, and Automatic & Tele-
communications during the 2013 academic year in the
polydisciplinary faculty in Khouribga, and this was their
first experience in working with a remote laboratory. This
study profiles the Khouribga OnlineLab experience with
about 29 students (Treatment Group) from the Electrical
Engineering and Industrial Informatics curricula, enrolled
in electrical machine and power electronics Modules.
These 29 students used the OnlineLab to handle and
measure the machine laboratory. This course was distrib-
uted over 80 hours. The students could remotely conduct
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synchronous machines and measure parameters and char-
acteristics at flexible times from remote locations.

These experiments can be conducted across OnlineLab
intranet or via Internet. Students performed 3 experiments
as part of the lecture class, which focused on the reactance
experiment, Load test experiment and Open test experi-
ment.

To perform an experiment, students browse to the ser-
vice broker domiciled at http://www.onlinelab-
uhp.ma/ilabservicebroker to register and request member-
ship to the group associated with the laboratory. To do
this, students must access the service broker, login page
and ask to supply their user names and passwords. In
addition, The Learning Management System (LMS) Moo-
dle provides students with all the theoretical documenta-
tion and other complementary resources.

Another group of 33 students (Control Group) followed
the traditional method. Fig. 2 depicts the procedure in
detail.

E. Data analysis

The analysis of the data concerning the learning out-
come was conducted using an independent samples t-test.
This test is a parametric test and it is used for comparing
the means between two independent groups on the same
continuous, dependent variable. In this study the depend-
ent variable for the two groups was the achievement in the
knowledge test. Preliminary checks were conducted to
ensure that there was no violation of the assumptions for
the use of parametric tests. The statistical analysis was
performed using the SPSS 19 statistical package and the
level of significance was set to 0.05.

Furthermore, measures of central tendency were com-
puted for all USE questionnaire items as well as the four
questionnaire dimensions (combined variables). The latter
dimensions, which reflected an overall satisfactory relia-
bility, included 8 ‘usefulness’ items (Cronbach’s alpha =
0.72), 11 ‘ease of use’ items (Cronbach’s alpha = 0.80), 4
‘ease of learning’ items (Cronbach’s alpha = 0.83) and 7
‘satisfaction’ items (Cronbach’s alpha = 0.63). Moreover,
a Pearson product-moment correlation coefficient test was
conducted measuring the relationships among the ques-
tionnaire dimensions.

VII. RESULTS AND DISCUSSION

The results from the independent samples t-test showed
that there was no statistically significant difference be-
tween the learning achievement of the control group (M =
13.41, SD = 2.91) and the experimental group (M = 12.52,
SD = 2.91) having the following results: t (70) = 1.29, p =
0.200. Therefore, the null hypothesis (HO) of the study is
rejected.

These results meet the desired outcome that was set for
this study. In particular, the control group did not achieve
better learning outcome than the experimental group.
Thus, it is safe to conclude that a remote lab can efficient-
ly replace the traditional method of teaching. This re-
placement will produce the same learning outcome for
students and it will also provide several advantages such
as the opportunity to access special equipment and tools
from a distance, the opportunity to use expensive tools
with no cost, and the safety to participate remotely, in an
experiment that may otherwise expose humans to danger.
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Figure 2. A part of the research plan proposed for the evaluation of a
network of remote labs in the Maghrebian countries

However, these results are preliminary and a more
thorough investigation, by implementing more case stud-
ies, is required. As aforementioned, the effects on learning
outcome will be examined in parts until we have data
from all the educators. Then, it will be possible to have a
more complete understanding and therefore to generalize
the results.

Table II depicts the results emerging from the analysis
of all the post-task USE questionnaire variables.

Likewise, Tables III present the descriptive statistics
calculated for the four post-task questionnaire dimensions.
The study findings reveal a positive students’ opinion
towards the usefulness, ease of use, ease of learning and
satisfaction of the remote labs session.

Table IV illustrates the statistically significant results of
the Pearson product-moment correlation tests that were
conducted to assess the relationship among the USE ques-
tionnaire combined variables. It was indicated that the
students who were satisfied or perceived the remote lab
interface as easy-to-use believed that the remote lab ses-
sion was useful. Additionally, two positive correlations
were reported between the ‘ease of learning’ and both the
‘usefulness’ and ‘ease of use’ variables. This result shows
that the students that are able to readily understand how
remote labs are operated tend to rate the remote lab ses-
sion as considerably more usable and useful.

A Pearson product-moment correlation coefficient was
also computed to investigate the relationship between the
learning outcomes and the USE questionnaire variables.
The results of the correlation analysis did not yield any
statistically significant correlations among the compared
variables.
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No. Questionnaire Items M (SD)
Usefulness
1 | It helps me be more effective. 4.28 (0.53)
2 | It helps me be more productive 3.97(0.63)
3 |Itis useful. 4.31 (0.89)
4 Lte%i;/;in r;leiirtgf)re control over the activi- 3.48 (0.89)
5 ita rsr;:i(f; g:;, (tjl(l)i;lgs I want to accomplish 403 (0.73)
6 | It saves me time when I use it. 4.28 (0.96)
7 |1t meets my needs. 3.79 (0.82)
] éto(.ioes everything I would expect it to 3.72 (0.80)
Ease of Use
9 |Itis easy to use. 4.17 (0.85)
10 |Itis simple to use. 4.10 (0.90)
11 |Itis user friendly. 3.97(0.78)
12 | dccomplish what Lnant to dowith 1. | 376 0:69
13 | Itis flexible. 4.03 (0.50)
14 | Using it is effortless. 3.72(1.13)
15 |Ican use it without written instructions. | 3.59 (1.24)
16 isef)ﬁl,t notice any inconsistencies as | 3.5 (0.95)
17 Elgéhit(')ccasional and regular users would 3.97 (0.78)
18 2 2S:irllyr-ecover from mistakes quickly and 403 (0.78)
19 |Ican use it successfully every time. 3.66 (1.04)
Ease of Learning
20 |Ilearned to use it quickly. 4.07 (1.00)
21 |Ieasily remember how to use it. 4.38 (0.73)
22 |Itis easy to learn to use it. 4.31 (0.76)
23 | I quickly became skillful with it. 3.90 (0.72)
Satisfaction
24 |1 am satisfied with it. 4.31 (0.60)
25 |1 would recommend it to a friend. 3.86 (0.83)
26 |Itis fun to use. 4.07 (0.59)
27 | It works the way I want it to work. 3.83(0.93)
28 |Itis wonderful. 4.24 (0.64)
29 |Ifeel I need to have it. 4.07 (0.65)
30 |[Itis pleasant to use. 4.41 (0.50)
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TABLE III.
POST-TEST QUESTIONNAIRE DIMENSIONS
Combined Variables M (SD)
‘Usefulness’ 3.98 (0.46)
‘Ease of Use’ 3.87(0.52)
‘Ease of Learning’ 4.16 (0.66)
‘Satisfaction’ 4.11(0.37)
TABLE IV.
SIGNIFICANT CORRELATIONS
Correlated Variables r? p°
‘Usefulness’ - ‘Ease of Use’ 0.56 0.00
‘Usefulness’ - ‘Satisfaction’ 0.67 0.00
‘Usefulness’ - ‘Ease of Learning’ 0.45 0.02
‘Ease of Use’ - ‘Ease of Learning’ 0.73 0.00
‘Ease of Use’ - ‘Satisfaction’ 0.42 0.02

a. Correlation coefficient, b. Sig. 2-tailed

VIIL.

This paper had as goal to present an evaluation plan of a
network of remote labs in the Maghrebian countries.
Following a short description of the eScience European
project along with its remote lab network, a brief over-
view of relative evaluation strategies has also been pre-
sented. It seems that a considerable amount of research
work concerning the evaluation of remote labs has been
done until now. Based on this work this paper has present-
ed an evaluation plan that tries to meet the special charac-
teristics of Maghrebian countries concerning their tech-
nology readiness. More specifically, the authors have
outlined an evaluation model for testing the relative effec-
tiveness of remote laboratories in these countries. We
expect this model to form the basis for more robustly
designed future case studies, which could be valuable for
educators seeking to understand how the choice of labora-
tory technology can affect the educational outcomes.

Moreover, we have presented a preliminary case study
exploring the impact of both the remote and hands-on labs
in the context of a university course offered by the Hassan
I. University — Khouribga — Morocco. Though limited in
scope, this case study was based on the evaluation plan
proposed in this paper. The study findings showed that
there was no statistical difference between the learning
outcomes of the control (students using traditional labs)
and treatment groups (students using remote labs). In
addition, the results revealed that the students who partici-
pated in the remote labs session were satisfied and had a
positive opinion about the ease of use, ease of learning,
and usefulness of the remote labs used.

CONCLUSION

ACKNOWLEDGMENT

This project has been funded with support from the Eu-
ropean Commission. This publication reflects the views
only of the author, and the Commission cannot be held
responsible for any use which may be made of the infor-
mation contained therein.

19



(1]

(6]

(7]

[10]
[11]
[12]

[13]

20

SPECIAL FOCUS PAPER
EVALUATION PLAN AND PRELIMINARY EVALUATION OF A NETWORK OF REMOTE LABS IN THE MAGHREBIAN COUNTRIES

REFERENCES

A. M. Lund, “Measuring Usability with the USE Questionnaire,”
STC Usability SIG Newsletter, 8:2, 2001, available at:
http://www.stcsig.org/usability/newsletter/0110_measuring_with
use.html

C. Schoor, H. Korndle, “Checklist for a Didactically Sound De-
sign of eLearning Content”, eLearning Papers, elearningeuro-
pa.info, ISSN: 1887-1542, 2012, available at:
http://www.elearningeuropa.info/en/download/file/fid/24918

R. M. Felder, B. A. Soloman, “Index of Learning Styles”, from
http://www.ncsu.edu/felder-public/ILSpage.html

T. Tsiatsos, K. Andreas, A. Pomportsis, “Evaluation Framework
for Collaborative Educational Virtual Environments”, Educational
Technology & Society, v13, n2, pp 65-77,2010

ISO/IEC 25010:2011, Systems and software engineering -- Sys-
tems and software Quality Requirements and Evaluation
(SQuaRE) -- System and software quality models. (2011). (p 34).
International Organization for Standardization. Available at:
http://www.iso.org/iso/iso_catalogue/catalogue tc/catalogue detai
Lhtm?csnumber=35733

S. Douka, “The teaching of Greek traditional dances in the context
of physical education lessons”, 11th Panhellenic Conference Sport
Management, Recreation & Sport Tourism, Serres, 2010.

E. Lindsay, D. Liu, S. Murray, D. Lowe. Remote laboratories in
Engineering Education: Trends in Students' Perceptions. Proceed-
ings of 18th Annual Conference for the Australasian Association
for Engineering Education, Melbourne, Australia, 2007.

OECD. African Economic Outlook 2011. Available at:
http://www.africaneconomicoutlook.org/en/

T. Zimmer, D. Geoffroy, A. Pester, R. Oros, Th. Tsiatsos, S.
Douka. “eSience: Setting up a network of remote labs in the ma-
grebian countries”. International Conference on Engineering Edu-
cation and Research (iCEER 2013), Marrakesh, Morocco, 1-5 Ju-
ly, 2013.

OECD, Technology readiness - Algeria, available at
http://www3.weforum.org/docs/GCR2013-14/Algeria.pdf

OECD, Technology readiness - Morocco
http://www3.weforum.org/docs/GCR2013-14/Morocco.pdf
OECD, Technology readiness -
http://www3.weforum.org/docs/GCR2013-14/Tunisia.pdf
L. Gomes and S. Bogosyan, “Current Trends in Remote Laborato-
ries”. Industrial Electronics, IEEE Transactions on , vol.56, no.12,

Tunisia

pp. 4744, 4756, Dec.
2009.2033293

D. Lowe, S. Murray, E. Lindsay, D. Liu, “Evolving Remote
Laboratory Architectures to Leverage Emerging Internet Technol-
ogies”. Learning Technologies, IEEE Transactions on , vol.2,
no.4, pp.289,294, Oct.-Dec. 2009.

D.S. Stein and C.E. Wanstreet, “Role of Social Presence, Choice
of Online or Face-to-Face Group Format, and Satisfaction with
Perceived Knowledge Gained in a Distance Learning Environ-
ment,” Proc. Midwest Research-to-Practice Conf. Adult, Continu-
ing, and Community Education, pp. 193-198, 2003.

2009, http://dx.doi.org/10.1109/TIE.

[14]

[15]

[16] W.J. Gibbs, “Implementing On-Line Learning Environments,” J.
Computing in Higher Education, vol. 10, pp. 16-37, 1998.

http://dx.doi.org/10.1007/BF02946984

J. V. Nickerson, J. E. Corter, S. K. Esche, C. Chassapis. “A model
for evaluating the effectiveness of remote engineering laboratories
and simulations in education”. Computers & Education, Volume
49, Issue 3, November 2007, Pages 708-725, ISSN 0360-1315,
http://dx.doi.org/10.1016/j.compedu.2005.11.019

B. Balakrishnan, P. C. Woods. “A comparative study on real lab
and simulation lab in communication engineering from students’
perspectives”. European Journal of Engineering Education, Vol.
38, Iss. 2, 2013

M.D. Gall, W.R. Borg, J.P. Gall, Educational Research: An Intro-
duction, New York, 1996.

[17]

[18]

[19]

AUTHORS

T. Tsiatsos, S. Douka, A. Mavridis, and S. Tegos
are with Aristotle University of Thessaloniki, Thessalo-
niki, Greece, tsiatsos@csd.auth.gr.

A. Naddami is with University HASSAN 1 Settat,
Morocco, ahmed.naddami@gmail.com

T. Zimmer and D. Geoffroy are with University
Bordeaux, Talence, France, thomas.zimmer@ims-
bordeaux.fr.

This work was supported in part by eSience (rESeau maghrébln de
laboratoirEs a distance) European Project under Tempus IV Programme.
Project No: 530341-TEMPUS-1-2012-1-FR-TEMPUS-JPCR. Submitted
09 May 2014. Published as resubmitted by the authors 13 September
2014.

http://www.i-joe.org



	call1.pdf

