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Abstract—The use of remote labs in undergraduate courses
has been reported in literature several times since the mid
90’s. Nevertheless, very few articles present results about
the learning gains obtained by students using them, espe-
cially with a large number of students, thus suggesting a
lack of data concerning their pedagogical effectiveness. This
paper addresses such a gap by presenting some preliminary
results concerning the use of a remote laboratory, known as
VISIR, in a large undergraduate course on Applied Physics,
with over 500 students enrolled.

Index terms—remote laboratories, weblabs, learning as-
sessment, engineering education.

I. INTRODUCTION

In the engineering curriculum, remote labs are becom-
ing a popular learning tool. Based on computers and the
Internet we come to new types of laboratories which offer
greater flexibility and allow access by more students
within a given time frame while reducing the total acquisi-
tion, operating and maintenance costs.

As education and technology merge, the opportunities
for teaching and learning expand even more. However, the
very rapid rate of change in the fields of technology poses
special problems for academic institutions, specifically for
the engineering disciplines. There is of course a continual
need to update and augment the content of lecture courses
to keep pace with this change, but it is in the area of engi-
neering education and experimental work that major con-
cerns arise. The central problem still remains the same:
providing for students meaningful and relevant practical
experiences while being limited by very finite resources in
the provision of laboratory hardware and infrastructure.
One solution to this problem is to use computer-based
techniques to interface the students with the physical
world, with suitable front end design to provide increasing
sophistication and increased flexibility. Many academic
courses that teach engineering subjects have already be-
gun incorporating computer-based educational tools for
student use, either in the lectures or in the laboratory prac-
tices or both. Furthermore, information and experience
sharing are becoming increasingly critical to educational
institutions as well as to practicing engineers, mainly
driven by the advancements in computer technology and
the Internet. The advantages of these laboratories and the
different deployments have been analyzed many times [1,
2, 3]. Since 2000, a huge number of remote laboratories
have been designed, implemented and set up over the
world. [1, 2, 3, 4, 5]. Papers and books about remote labs
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focusing on their advantages/disadvantages, state of art,
technologies, and didactic have been published. Most of
these works are focused on the technology and only few
articles are focused on the didactic utility of remote labs
as a didactic tool.

When technology-intensive teaching tools become
widely available, the traditional roles of the university
lecturers will change from pure classroom-based teaching
to one of consultation, advice and direction giving. How-
ever, it is believed that the technology-based course will
not eliminate the educators; instead it will change the type
of activities the educators carry out. In the technology-
based teaching/learning practice, the major activities of
the lecturers may include preparation of the software
packages, adopting new concepts and new teaching prac-
tices, modifying existing materials to suit the changes
introduced by the latest version of the multimedia tools,
and above all these they can spend time to continuously
evaluating the teaching/learning outcomes.

The roles of teachers and students are changing, and
there are undoubtedly ways of learning not yet discovered.
However, the computer and software technology may
provide a significant help to identify the problems, to pre-
sent solutions and life-long learning. It is clear that the
computer-based educational technology has reached the
point where many major improvements can be made, and
significant cost reductions can be achieved, specifically in
the area of engineering education. In engineering, the full-
course (lecture, laboratory component, etc.) may replace
the existing lecture-based courses, and the virtual instru-
ments may provide a highly interactive user interface and
advanced analysis facilities that were not deliverable in
the conventional methods.

The proper use of techniques and methodologies is
critical in any technology intensive teaching/learning de-
velopment system. In addition, it should be ensured that
the designed work keeps up with the curriculum review
and update, and the laboratory work should be relevant to
the material taught in lectures. These may require con-
tinuous update of the material, which may change the role
of the educator. Furthermore, the Internet has the potential
to provide a highly supporting learning environment. It
can enable students to access without time and distance
limitations, and can allow them to use expensive labora-
tory experiments to which they usually have no access.
However, it is not sufficient to expect that existing tools
and techniques will translate simply and quickly. They
have to be transformed in ways that learners and educators
perceive to be useful and effective.
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One reason for the limited research on instructional
laboratories may be a lack of consensus on the basic ob-
jectives of the laboratory experience [1]. While there
seems to be a general agreement that laboratories are nec-
essary, little has been said about what they are expected to
accomplish. In most papers about laboratories, no course
objectives or outcomes are listed, even though it is not
unusual for the author to state in the conclusion that the
objectives of the course were met. An accepted set of fun-
damental objectives for laboratories would help engineer-
ing educators focus their efforts and evaluate the effec-
tiveness of laboratory experiences.

In this paper we address the role of the laboratory envi-
ronment while conducting experiments for perceiving
some fundamental concepts of electrical circuits, namely
the behavior of simple circuits built with resistors, coils
and capacitors, when powered with Direct Current (DC)
and Alternate Current (AC) sources. We have used a set of
tools for assessing the learning gains obtained by students
enrolled in a large Physics course of an undergraduate
degree on Informatics Engineering. Students were divided
into two natural groups: one attending both hands-on and
remote lab classes and another simply using the remote
lab. Preliminary results indicate that both students groups
presented learning gains, which suggests the remote lab
used to be a good learning tool for developing experimen-
tal skills in the taught topic. The rest of this paper is or-
ganized as follows: section II describes the assessment
scenario, namely the remote lab environment, i.e. VISIR
(Virtual Instrument Systems in Reality), the course cur-
riculum and structure, and the assessment methodology;
section III presents the preliminary assessment results,
organized in two categories, namely the integration of
VISIR in the target course and the students’ results; fi-
nally, section IV concludes the paper.

II. SCENARIO AND METHODOLOGY

A. The VISIR system

VISIR is an open remote lab dedicated to experiments
on electrical and electronic circuits, acquired by and in-
stalled at the Polytechnic Institute of Porto — School of
Engineering (IPP/ISEP), Portugal, in July 2010. Its archi-
tecture and characteristics are well described in several
articles, namely in [6] and [7]. In this paper, we concen-
trate on describing the actions done by persons using this
system under three different roles (administrator, teacher,
and student), to emphasize its simplicity, minimal learning
curve, and reduced institutional impact, namely on inte-
gration and maintenance aspects.

Fig. 1 illustrates the three main components used at
ISEP to store and manage institutional data (Portal), peda-
gogic contents (Moodle), and, most recently, to provide
remote experiments (VISIR). All components are ac-
cessed through a secure connection (https), although not
necessarily sharing the same certificate. All these compo-
nents have an administrator, which, again, may not be the
same for all. When starting a new semester, teachers have
access to structured information on both Portal and
Moodle, i.e. they will have access to the course(s) they
will be lecturing, and all the students enrolled in those
courses will also have access to teaching & learning mate-
rials made available by teachers. The login credentials
used by teachers and students to access both Portal and
Moodle are the same, although there is no direct path be-
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Figure 1. Sites used for institutional and teaching and learning pur-

poses at ISEP

tween these two components, i.e. if individuals log into
Portal and later need to check something on Moodle, they
will need to reintroduce their login credentials. The addi-
tion of a new third component (VISIR) implied some or-
ganizational rearrangement, namely on how to manage
teachers and students access to the remote lab, and on how
to manage the courses created on VISIR. The next para-
graphs will therefore describe the actions done by admin-
istrators, teachers, and students, in VISIR, following a
sequential timeline.

Administrators start by creating a given course. They
then add (i) the responsible for the course (a given
teacher), (ii) other teachers / instructors (typically, courses
with hundreds of students have a team of several teach-
ers), and finally (iii) the students enrolled on that course.
Presently, this last action simply implies copying & past-
ing the list of e-mails of those students enrolled in the
same course, into VISIR, as depicted in Fig. 2. In conclu-
sion, although VISIR is a fairly new component, it implied
a reduced extra effort into current ISEP administrators’
tasks. This fact is thought to be crucial to convince institu-
tional managers that remote labs do not represent an addi-
tional cost, in terms of workload, to the Communications
and Informatics Service [8].

Once the course is created, the teacher responsible for it
is able to add new experiments according to the course
practical component. This follows a procedure described
in [9], where the teacher needs to be aware of the compo-
nents physically available in the VISIR matrix, or, if not
available, indicate his/her needs to the lab technician, re-
sponsible for configuring and updating the matrix. Assum-
ing that the components are available in the matrix and
that their images are also available in the list of compo-
nents depicted by the VISIR interface, in teacher mode,
the teacher may then add a new experiment to its course
and then add a direct link to it, into the corresponding
Moodle course page. These actions are illustrated in Fig.
3.

Students access VISIR either through the link provided
in the Moodle course page, where in each case they will
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be required to enter their login credentials and after that
will be directed to the related experiment or, through the
VISIR URL (see Fig. 1). In this last situation, students
will also have to indicate their login credentials and then
will be directed to a page that contains a navigation menu
on the left side, where students can see the courses they
are enrolled in. Selecting a particular course will open a
page displaying the list of experiments currently available
on that course. Students may then select one experiment,
ending up on the same page they would get if following
the direct link provided in Moodle. In both situations,
VISIR will track the students’ access by incrementing a
counter indicating the number of sessions done by each
student, as depicted in Fig. 4. This figure illustrates the
administrators’ and teachers’ view of the list of users en-
rolled on a particular course. Administrators may use this
page to access a user profile or to simply remove him/her
from the course by selecting the cross on the page right
side (see Fig. 4).

The number of sessions done by each user and the indi-
cation of whether a user account has been (or not) enabled
and/or activated is also displayed. Students activate their
accounts by indicating their e-mail addresses on the
VISIR login window and then clicking on the “Activate
account” button, which causes the VISIR system to gener-
ate and send messages to the provided e-mail addresses,
containing the students’ passwords. An activated account
with zero accesses indicates a peculiar situation where a
student has accessed VISIR to activate his/her own ac-
count but then performed no remote experiment at all.

B. Scenario description

ISEP is an engineering school offering a large number
of bachelor degrees in areas like Electronics, Informatics,
Chemistry, Mechanics, Medical Instrumentation, Metrol-
ogy, Civil and Geotechnical Engineering. Many of these
degrees are complemented by a variety of Master degrees
and Post-graduate courses. Since VISIR is a system con-
structed on top of computer-based resources, the target
environment chosen for our experiment was the Applied
Physics course of the Informatics degree, since these stu-
dents naturally like this type of tools and resources. The
Informatics degree is one of the degrees with a large num-
ber of students, over 220 new students enrolling every
year. This is still one of the areas that keeps attracting an
increasing number of students. Like all engineering de-
grees at ISEP, this is also a 3-year degree where, in the 1%
year, students acquire mathematical, programming and lab
work skills. Ap]dolied Physics is only taught in the 1* se-
mester of the 2™ year. It is only at this time students have
contact with physics at university. Our study was devel-
oped over this period of time, with students enrolled in the
course.

Applied Physics in the Informatics degree has a dura-
tion of 12 weeks with three types of weekly classes: 2 hrs
of lab work, 1 % hrs of problem solving and 1 hr of theo-
retical classes. The course program starts with units and
dimensions, followed by electricity, waves and heat trans-
fer, therefore covering a large variety of topics in a rather
short period. Students are assessed by two evaluation
components: (i) by their lab work performance, which has
an overall weight of 40% and (ii) by final examination
with an overall weight of 60%.

For the purpose of our study, the 561 students enrolled
were divided in two groups accordingly to the conditions
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Course name Start End Max Users
novo_teste 2010-11-18 2010-11-18 100
_FSIAP > 2010-09-24 2011-03-28 550
Teste Config 2010-09-16 2011-08-16 20
test 2010-01-01 2020-01-01 100
Guest course 2010-01-01 2020-01-01 10
Basic_circuits 2010-07-14 2020-08-14 10

[Add course

h

C 1. Select course ;

Start  2010-09-24 |
| End  2011-03-28 !
| Max Users 550 H
| Max Seats 16 !
f LMS link Copy this i : Add

2. Add teachers to
list of users of
target course

3. Add students to
list of users of
target course

Figure 2. Adding a list of users to a given course, in VISIR
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This option has to be enabled explicitly by the responsible teacher pf the course

The generated password is only valid for one week, after which @ new one needs to be
generated.

Y
1. In the Moodle course page,
add a resource
(Compose web page)
and copy & paste this text

Figure 3. Embedding a direct link in Moodle, to a remote experiment

in VISIR
e —
E-Mail User Type Sessl Activated Enabled

‘@isep.pp.pt Teacher i x
Teacher 11 x

Teacher 16 x
@isep.ipp.pt Teacher 2 x
@isep ipp.pt Teacher 15 x
@isep.ipp.pt Teacher 18 x
Teacher 0 »

Student 0 x
@isep.ipp.pt Student 2 x

Figure 4. VISIR users tracking information system

they were attending the course. Group A, with a total of
288 students, corresponds to those students performing
hands-on lab work during some of the laboratory classes,
while group B, with 273 students, develops a comparative
analysis with values taken from the remote system and
hypothetic ones in those same classes. Since every student
has to be assessed by the same two components just de-
scribed, it happens that group B students already have a
lab work mark from previous years. A valid condition for
all the students is to accomplish a minimum mark of 8, out
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of 20, in the final examination to be considered for course
approval. Finally, the course was organized in 15 class-
rooms corresponding to group A and 4 classrooms for
group B. Since students from group A are expected to
mount real circuits, in each classroom they are organized
in 6 groups of 3-4 students each, with a maximum of 24
students per classroom.

Since VISIR is a remote system targeting the acquisi-
tion of experimental skills with electrical circuits, students
were using it during the time-period the topic on electric-
ity was being Eresented and studied in classes, i.e., from
September, 27" to November, 1%, in a total of 6 weeks, as
shown in TABLE L.

In the first week, students were introduced to electricity
in theoretical classes, where concepts like resistors asso-
ciations and Ohm’s and Kirchhoff’s laws for DC circuits
were taught. At the same time, in the first laboratory class,
VISIR was introduced by teachers, starting with a small
presentation of the VISIR interface and explanation about
its usage. After this introduction, teachers asked their stu-
dents to try for themselves, in order to accomplish the
designed circuit of the laboratory task. Every student was
provided with a lab guide describing the experimental
procedure for a DC circuit, which apart from being im-
plemented, they had to take measurements from. Only
group A students had hands-on lab classes during the
week after, specifically to mount the same circuit (for
real), as depicted in TABLE I. During the following two
weeks, this procedure was repeated for an AC circuit, with
the help of the corresponding lab guide. 24 hrs after each
real-circuit implementation class, every group had to
hand-over a lab report, where they had to include hands-
on circuit measurements and VISIR measurements. Dur-
ing week 5, every student, individually, had to write an
extended report on one of the experiments done with the
measurements previously taken. This was done in order to
distinguish between students of the same group and since
every group implemented two experiments. This proce-
dure was only applied to group A students. Group B stu-
dents were similarly introduced to VISIR in the same
week as previously described. Nevertheless, and as stated
before, while group A was doing hands-on lab work group
B was developing a comparative analysis on the same two
circuits, DC and AC, using components’ nominal values
and values obtained from measurements in VISIR.

Apart from being used to encourage students to gain
confidence and practice in the matter, VISIR was also
used by teachers in week 5, to demonstrate the behavior of
passive RC and RL filters as a practical application of the
circuits previously mounted.

C. Assessement Methodology

Our goal was to assess the use of VISIR in a large un-
dergraduate course with two natural groups of students
due to the course constraints: group A — students who
necessarily had laboratory classes, and group B — students
who already attended those classes in previous years (but
got no course approval) and only had recitation classes
(with a larger number of students). This implementation
was complementary to the real laboratory classes for
group A and the only laboratory contact for group B.

Apart from the five teachers involved in lecturing this
course, two other teachers handled the system coordina-
tion. Our methodology targeted the acquisition of a broad
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TABLE L.
LABORATORY CLASSES PLAN FOR TOPIC ON ELECTRICITY.

Organization of topic electricity for lab classes
Weeks

Group A Group B

Week 1 |Introduction to VISIR. Taking measurements in remote sys-
27/9  |tem for a DC experiment described in the lab guide.

Real DC circuit mounting and
Week 2 |making measurements.

4/10  |24h to hand-over the group lab
report.

Comparative DC analysis
with values from previous
class and components nomi-
nal values.

Week 3 |Introduction to VISIR. Taking measurements in remote sys-
11/10  |tem for an AC experiment described in the lab guide.

Comparative AC analysis
with values from previous
class and components nomi-
nal values.

Teachers use VISIR to
demonstrate previous AC
circuit as a passive filter.

Week 4 Real AC circuit mounting and
18/10 making measurements. 24h to
hand-over the group lab report.

Week 5 |Individual lab report related to
25/10 |one of the two experiments done.

Week 6

11 1st partial examination related to this topic. (a)

(a) For group A the 1 partial examination is done in the problem solving classes.

data collection, enabling a large perspective of this im-
plementation. These data not only regards students’
knowledge and competency gain in this subject, but also
students’ usage of VISIR and students and teachers per-
ceptions along the course.

1. VISIR Usage: Teachers and students usage of the sys-
tem was registered and allowed us to analyze the to-
tal amount of sessions run by each student and the
global long term (during the six weeks) frequency of
usage.

2. Teachers Perceptions: All teachers involved in the
course were interviewed and shared their experience
about their real practice with VISIR. Some of them,
who had past experience lecturing this course, com-
pared some of the characteristics.

3. Knowledge and Competence Assessment:. The
knowledge and competence questionnaire was con-
structed by the course head-teacher in conjunction
with other teachers/researchers and meant to assess
some of the most significant issues of the taught sub-
ject. Some of the questions were addressed to di-
rectly infer the common knowledge of the students
(questions 1 and 2); other questions meant to infer
some laboratory competences development (ques-
tions 3 and 4); we identified a last set of questions
(questions 5, 7 and 8) which was more specific to the
characterization of DC and AC circuits. The other
two questions (6, 9) were procedural, about parallel
and series components in a circuit. All teachers de-
livered those questionnaires in class, on paper, before
and after the lectured subject. In order to allow us to
compare results for each student, these question-
naires were not anonymous. An explanation of its
goals (simply for research purposes) was made by
every teacher. Even though the questions were the
same in the pre test and post test, their order was
changed to avoid memorization.

4. Students Perceptions: All students were subject to a
second questionnaire (based on some literature with
similar purpose [7], [10], [11]) which meant to assess
students’ satisfaction and their perception of learning
outcomes using VISIR. This questionnaire was done
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anonymously, accessing a Google page in a class, at
the end of the course. In addition to this large in-
quiry, some students of each teacher’s class were in-
terviewed in order to reach a more personal view of
the class implementation of VISIR and to better un-
derstand students’ autonomous usage of the system.
These students were chosen because of their higher
number of sessions run at VISIR, a more significant
gain or exactly the opposite.

5. Course Results: Preliminary results included the
laboratory reports assessment.

III. PRELIMINARY ASSESSMENT RESULTS

We organized our preliminary results into two catego-
ries: the first one concerns the implementation of the sys-
tem in a large course, including the report of how it was
used, the encountered problems, the usage along the proc-
ess and also the teachers’ point of view about the VISIR
integration in the course; the second part concerns the
students’ results while using this system, their competence
and knowledge developments, as well as their own per-
ception of its utility and learning improvement.

A. On VISIR Course Integration
1) VISIR Usage

Using the information available in the VISIR users ac-
tivity tracking system (Fig. 5), we analyzed the total num-
ber of accesses, the number of activated accounts, and the
number of daily accesses of both students (groups A & B)
and teachers. This information was recorded nominallX
(i.e. including the user id), every two days, from Sep. 28"
till Nov. 7™ Considering the course numbers presented in
section II-B, a preliminary appreciation of the charts re-
veals the following:

There is a considerable number (40%) of students that
did not activate their accounts in VISIR. This may be ex-
plained by the fact only one student per workgroup (in
group A) had to access VISIR to obtain the needed meas-
urements and that, in group B, only few students had ac-
cess to a computer to connect to VISIR.

The number of activated accounts has a daily growth,
suggesting that students pass the word about VISIR and
its benefits, although simple curiosity may also explain
this phenomenon.

Fig. 5 (top) indicates the accumulated number of stu-
dents accesses in weeks 1 & 2 (DC circuits) and weeks 3
& 4 (AC circuits), to be roughly the same, i.e. circa 420
compared to approximately 430, respectively. In week 5,
where students from group A just had to do an individual
report, there was a considerable reduction in the number
of accesses, i.e. only 80 accesses, which represents nearly
20% of the accumulated number of accesses in each of the
two previous periods (weeks 1 & 2, and weeks 3 & 4).

Weeks 1 & 3, where teachers had to demonstrate the
usage of VISIR for DC and AC circuits, respectively, are
clearly visible in Fig. 8 (bottom). Again, the demonstra-
tion in week 5 for students in group B is also visible, con-
sidering the almost absence of teachers’ accesses in weeks
4 and 6, where teachers were not supposed to use the sys-
tem, according to the information presented in TABLE I.

Not many students have used VISIR outside real
classes, i.e. typically during weekends. This derives from
an examination of the chart depicted in Fig. 6, where the
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TABLE II.
VISIR ACCESSES SORTED BY INTERVALS
Number Percentage
0 34 10%
1-4 228 68%
5-8 60 18%
9-15 12 4%
Total 334 100%

Total number of B students accesses M Total number of A students accesses
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Figure 5. Chart with VISIR access data, divided by groups A and B,
including total number of accesses (top) and non-activated accounts
(bottom)

2-days number of accesses counted on Sundays or Mon-
days is always lower than in other weekdays. The gap
from the last Saturday to the last Tuesday comes from an
accidental episode where the system was down due to a
power failure, during Sunday and Monday (an holiday, 1*
November).

The number of accesses in week 6, where students had
a 1% partial examination related to this topic (see TABLE
I, i.e. they did not have to use VISIR), is purely residual,
with only 40 accesses, i.e. 10% of either the weeks 1 & 2
period or weeks 3 & 4 period.

TABLE II indicates students have used VISIR accord-
ing to what was expected from the course planning (com-
pulsory use in weeks 1 to 4, one student per workgroup, in
group A), with a small percentage of enthusiastic users,
i.e. 4% of all students that have used VISIR have accessed
it more than the double of the expected times.
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Figure 6. VISIR daily accesses for students (top) and teachers (bot-
tom)

2) Teachers Perceptions

The course teachers view of this integration and how it
influenced the learning development of their students was
crucial to better understand its benefits and limitations. All
teachers were interviewed and shared their class experi-
ence and their perception about students learning concern-
ing VISIR usage. Due to the course planning, VISIR was
used along 5 weeks, two for a DC circuit, and the other
two for an AC circuit, as explained in section II-B. The
initial class of each subject was common for groups A and
B (TABLE I). Teachers referred that only some students
had their personal computers with them, and that this fact
minimized their capability of personally working with it,
having a more spectator view of what their colleagues
were doing. According to the teachers, especially in group
B, this fact prevented a more focused learning develop-
ment. All teachers agreed that students of group A
showed, in general, more laboratory competences in as-
sembling the circuits’ components and indeed a much
lower percentage of burning multimeter fuses was found
(nearly half of the one encountered in previous years).

As to students’ knowledge of the subjects, teachers do
agree that even though this is more difficult to infer, it is
not likely that a greater benefit has been produced. This
fact, as teachers emphasize, is due to the lack of time for
remotely experimenting different things in order for the
students themselves to be able to link those experiments to
the concepts developed.

B. On Students’ Results

1) Knowledge and Competence Assessment

Even though these tests were delivered in class, allow-
ing everyone to participate, we only got 227 matches of
the same student pre and pos test, which represents nearly
41%. There were 178 results from group A and 49 from
group B. Comparing the results for the total amount of
questions (Fig. 7), we can observe that there is a large
percentage of students who present positive gains — the
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majority has gains between 0-40%. These data was treated
according to Marx & Cummings gain lines [12], which
means positive gain lines of 20%, 40%, 60% and 80%,
successively, in the upper left triangle and similar negative
gain lines in the lower right triangle. The results are simi-
lar if we take only students from group A (Fig. 8), but are
slightly improved in group B students (Fig. 9), where the
majority has a gain between 20% and 40%.

As explained in section II, questions addressed different
objectives. In order to be able to recognize and identify
more clearly those gains, we analyzed these data sepa-
rately. Figs. 10 to 12 refer only to questions 3 & 4, which
addressed directly the development of laboratory compe-
tences, respectively for both students groups, A and B.
The general gains in these two questions are the greatest
in all sets of questions delivered. It is once again per-
ceived a similar distribution for the total amount of stu-
dents and those of group A. Group B shows less problems
in handling those questions before and after working with
VISIR, not even showing cases of 0% in the post test (left
bottom corner of Fig. 12).

2) Students Perceptions

A group of students who were identified as enthusiastic
users were invited to an interview. They all recognized
VISIR as a good instrument to improve their laboratory
skills. Some of them compared with their previous experi-
ence at the course and stated that it had improved and that
this year they understood better the subject due to it.

At the end of the course, students were asked to com-
plete a questionnaire about their perception of the utility
VISIR had to their learning and motivation. This was not
mandatory, yet 185 students choose to share their opinion,
which represents a sample of 33 %. As can be seen in
TABLE III, students agree that VISIR was most helpful in
developing laboratory competences. Even though they did
not feel it helped with their motivation, a great percentage
would like to extend its usage to other subjects, showing
their palatability towards the system. These results also
indicate that the system has not shown many irregularities,
but students felt that a formal tutorial could have been
helpful, as some of them stressed out in the interviews.

3) Course Result

Our preliminary results show that the students’ labora-
tory report results were improved. Even though this is a
positive indicator, a more consistent analysis needs to be
done when the students submit themselves to the final
examination.

TABLE III.
STUDENTS’ PERCEPTION QUESTIONNAIRE RESULTS
Questions Results
| Us_mg a Lllgert sca.le Average Standard
(minimum) - 5 (maximum) 8€| Deviation
Did VISIR help you on:
Q1 a) concepts and problem solving? 3.40 1.07
b) handing the equiment? 3.57 1.22
¢) Mounting the circuits? 3.84 1.20
Did VISIR motivate you to the learning ob-
Q2 jectives? 271 1.26
Q3 a) Provided usage information was sufficient? | 2.61 1.10
b) Was VISIR operating in stable conditions? | 3.66 1.26
Would you like to have similar systems for
Q4 other course subjects? 3.34 144
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IV. CONCLUSIONS

Even though these results are preliminary and a more
complete analysis has to be made when the course is com-
plete and students’ grades are available, some indicators
point to the success of this experience but also lead to the
identification of some problems.

Regarding the VISIR usage, the students felt a lack of
tutorials. This role was thought to be exclusively from the
teacher, when he/she presented VISIR in class, but clearly
for the students that was not enough. As to VISIR integra-
tion in the Applied Physics course, it became clear that in
order to increase the effectiveness of this procedure, these
classes should have been taken in a computer room, in
order to guarantee every student to really practice with
VISIR. Concerning the students learning and development
of competences, the majority of students presented gains
between 0-40%, and students who simply used VISIR
presented similar or better results as those who used
VISIR and had laboratory classes, which is in agreement
with the other results obtained, but cares of completeness
with further results from the course. Finally, our initial
belief that VISIR would help students improve their abil-
ity in mounting electrical circuits, in hands-on classes,
was clearly confirmed by the students’ perceptions gath-
ered in the final questionnaire and the teachers’ feedback
provided during their interviews.
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