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Abstract- This study aims to highlight the contributions
of computer-assisted experimentation in physical sciences
among qualifying secondary school students. Our
problem is structured around the following questions:
What are the perceptions of physical science teachers on
Computer Aided Experimentation? Does Computer-
Assisted Experimentation help develop certain abilities in
learners? To do this, we have opted to visualize the
opinion of teachers concerning the CAEx. The results
show that the latter would further promote student
learning and success. It should be noted that this
technique fits perfectly with the thinking of technology-
oriented young people. In this study, we were able to
clearly distinguish the didactic benefits attributable to the
CAEx through the answers of the teachers questioned
who showed that the latter facilitates the construction of
skills and the development of certain capacities in the
student such as: application of a scientific approach,
problem solving, wuse of information processing
technologies, group work, etc.
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1. INTRODUCTION AND PROBLEM

In Moroccan physical and chemical science
laboratories, data collection is difficult and experimental
induction with a hypothesis formulated by the learner is
often rare. We see in the school environment that
experiments only allow us to verify a law and do not
favor an inductive approach or scientific investigation. To
save time, the teacher often proceeds deductively and
takes a shortcut by proposing the protocol himself, which
leads to depriving the student of opportunities for
reflection and investigation. The use of computers for
control laboratory experiments in education is indicated
by the acronyms  CAEx (computer-assisted
experimentation), which stands for Porter Robot in
robotics education, RBL or MBL for robot-based

laboratories, and microcomputer-based laboratories. The
computerization of conventional experiments was the
only emphasis of the initial such labs. The settings,
visualization, and data analysis for each of these activities
were severely constrained, and each activity had a unique
interface and program for each experiment. The
development of Windows and Macintosh information
processing systems, has enabled the conversational and
graphical components of the CAEx tutorials to be
enhanced and made more easily accessible. A more open
technological and didactic interface wasn't made until
1990 with Orphy, which was developed at the
Conservatoire National des Arts et Métiers (CNAM) by
Guy Lefévre and the EVARISTE group. See Leroux
(2002).

The CAEx typically includes: a sensor making a
measurable physical quantity (electrical voltage, current
intensity, etc.), an acquisition interface (analog-digital
converter, motion sensor, magnetic field, etc.) and a
computer capable of processing the measurements
obtained using dedicated software. This technique is
widely used in video-mechanics, from the 2000s using a
webcam, a mini-film is built to determine the position,
speed or acceleration of a moving object, (AVImeca is
the most used by teachers of physical sciences). The
particularity of the CAEX is to present the results in the
form of graphs in real time, which helps the student to
visualize the evolution of the experiment and the
interaction of the variables at the same time. The
complete  experimental  device authorizes the
configuration of the experiment, being responsible for
starting it, controlling its progress, acquiring the
dependent variable and representing its evolution as a
function of time or as a function of the independent
variable.

According to the majority of studies (Viau, 1987,
Barton, 2005; Page, et al, 2000; Alberganti, 2000;
Marcotte and Sabourin, 2000), computer-assisted
instruction aids in students' learning. But according to
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other studies (Tilidetzke, 1992; Yea and Zadnick, 2000;
Burchfield and Gifford, 1995), employing CAx has
drawbacks. Despite some contradictory results, all of
these writings emphasize the pedagogical importance of
using CAEXx as valid pedagogical tools in the illustration
of scientific concepts; potential that we have exploited in
this research. The experimental teaching of the physical
sciences in our establishments is increasingly neglected in
favor of theoretical teaching. The reasons often
mentioned are: the dizzying increase in the number of
students, the under-equipment of laboratories with
adequate equipment for practical work, the lack of
training in the field of practical work.

For this reason, it seemed interesting to us to ask these
questions:
e What are the perceptions of physical science teachers
on Computer-Assisted Experimentation?
e Does Computer-Assisted Experimentation develop
certain abilities in learners?

To answer this problem, we will first focus on the
methodology used. To address the issues raised by the
situation, we shall present and evaluate the data gathered.

2. METHODOLOGY

In two provincial directorates of the Ministry of
Education and National Training - Sidi Bernoussi and My
Rchid, which are part of the Casablanca-Settat regional
academy - the surveys are conducted during the 2020-
2021 academic year. The rationale behind selecting these
paths is to aid in the research process. The population
targeted by our study is made up of 100 qualified
secondary school physical science teachers. In order to
know their perceptions on the use of CAEx in the
teaching of physical sciences, and the relationship of this
teaching to the development of certain abilities in
learners, we collected their opinions by means of an
anonymous questionnaire which contained closed
questions. We processed the results with Excel software.

The questionnaire includes the following axes:
o General information (sex, age group, university degree);
e Perceptions of teachers on the use of CAEx in the
teaching of physical sciences;
The relationship between CAEx and capacity
development;

3. RESULTS AND DISCUSSION

3.1. Profiles of Our Population

76% of our population are male and 24% are female.
This difference is due to the nature of the school subject,
which is preferred by men rather than women. According
to a study by Y. El Madhi in 2014 in the Khemissat
region (Morocco) women are more attracted to life and
earth sciences (SVT). For the age group, we notice that
Figure 1 shows that the majority of our population (78%)
is made up of young teachers, which is an interesting
factor, since they are part of the connected generation. In
fact, the Ministry of Education and Training recently
hired 102,000 contract teachers recruited between 2017
and 2021, these are usually laid off, with an average age
of 24.
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Figure 1. Distribution of physical science teachers by age

Regarding the university degree, Figure 2 shows that
more than half of the teachers (56%) have a bachelor's
degree, which correlates with the results found before,
since half of the population is young, and entry into the
regional centers of Education and training professions in
recent years requires a license.

Diploma of studies

m Two-year
University

B Three-year
University

Master

=Ph.D

Figure 2. Percentage of SSC teachers by university level

3.2. Perceptions of Physical Science Teachers on the
Use of CAEx

Table 1 indicates the degree of agreement of teachers
with these statements:

Table 1. Perceptions of teachers on the use of CAEx in physical
sciences

Rather Rather
Yes Yes No No
The CAEx allows us to get closer to the 24% | 2% 6% | 8%
laboratory equipment
'When the interface is unknown,‘lt is difficult] 18% | 319% 140%| 11%
to locate the malfunction
The visual aspect of data in graphical form | o o o
helps students better understand 8% 46% | 6% | 0%
Problems at the beginning of t_he experiment 5200 | 40% | 6% | 2%
become rarer over time
Classes with CAE?( are mte_restl_ng becquse 22% | 33% 20%| 25%
you can see what is happening in real time
Use of the soflz\gsifl ;(eic;glres computer 20% | 21% 159%| 0%
The use of CAEX saves time 45% | 45% | 6% | 4%

Teacher responses confirm that computer-assisted
experimentation is a highly valued teaching tool. For the
first statement, we note that the majority of respondents
(86% the sum of Yes and Rather Yes answers) declare
that the CAEx remains a very relevant laboratory
instrument, but it is necessary to note the importance of
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maintaining certain laboratories with the traditional
experimental method, because students must learn to
handle laboratory instruments well, and they must also
understand the why and how of the steps of the protocol.
(Caron, 2007). Concerning the second statement, the
teachers are divided into two groups, the first group (49%
sum of yes and rather Yes) affirms that if the interface is
unknown, it is difficult to locate the dysfunction, whereas
the second group (51% sum of no and rather no) think the
opposite. According to Aubrun and Ruby (in Levy, 1995,
p. 41), the difficulties encountered can come from several
different sources, namely: hardware (possible defects in
sensors, in particular adapters, interface, card, disturbing
electrical environment), software (software defect) and
computer hardware, teacher workload (several different
requests from students, difficulty in quickly identifying
the level of malfunction).

For the third statement, we see that the majority of
teachers (94% sum of Yes and rather Yes) find that the
visual aspect of data in graphical form helps students to
understand better. According to Durey (in Toussaint,
1996, p. 210), the visual representations associated with
real-time captures make it possible “to assemble and
reinforce relationships between real physical phenomena
and the meaning of representative curves”. It is clear that
the CAEx makes it possible to concretely see the
measurements taken and the results on clear graphics. As
for the fourth statement, most of the teachers surveyed
(92% sum of Yes and Rather Yes) affirm that the
problems at the start of the experiment become rarer over
time. In general, the CAEx remains easy to use despite
the malfunctions that they can occasionally cause.
Concerning the fifth statement more than half of the
teachers (55% sum of Yes and rather Yes) find that the
courses with the CAEx are interesting because we can see
in real time what is happening what is correlated with the
results found for the third statement.

According to Marchand (1999, p. 90), “software
dedicated to the teaching of physical sciences is very
interesting since it is more favorable to the development
of the student's autonomy, asking him to mobilize his
intellectual faculties to solve with his own ways of
thinking the problem he encounters”. For the sixth
statement, more than half of the answers (59% percentage
of No) declare that the use of the software does not
require computer knowledge. A study carried out by
(Beaufils and Salame, 1989) shows that part of the
difficulties encountered when using computerized means
in the physical sciences came from an insufficient
mastery of the basic uses of software, in particular at the
level of the syntax of expressions. mathematics for use in
modeling software. Concerning the last statement, 90%
(percentage of Yes and rather Yes) of the teachers
affirmed that the use of the CAEx saves time. The time
saved by CAEx makes it possible to use and compare
several measurement methods (Reisenauer, 2016).
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3.3. CAEx and the Development of Capacities in
Learners

We note that more than 90% (the sum of Yes and
Rather Yes) of these teachers agree that the CAEx helps
to apply a scientific approach, solve the problems
encountered, facilitates the development of capacities to
use appropriate technologies of information processing,
to adopt attitudes useful for scientific teamwork and to
deal with new situations based on what they have learned.
Based on research on educational robotics, we can infer
that the primary goal of using CAEx with students is to
help them develop specific skills like problem-solving
techniques, formalizing their thoughts, socializing, and
learning a range of concepts (Denis, 1993a; Denis and
Baron, 1993). We can also find other positive effects of
the use of CAEx such as developing the autonomy of the
student and his rigor, training in communication and
developing motivation (Page, et al., 2000).

Table 2. Capacities developed by learners with regard to the use of
CAEX in physical sciences

Yes |Rather Yes| No |Rather No
Apply a scientific approach | 64% 32% 4% -
Solve problems 56% 43% 1% -
Use appropriate techpologles 45% 46% 99, )
for data processing
Reason rigorously 55% 35% 6% 4%
Work as a team 67% 29% 3% 1%
Adopt attitudes useful for 46% 7% 4% 39
scientific work
Dealing with new situations o N N o
based on what has been learned 60% 3% % 2%
4. CONCLUSION

In this work, we questioned the contribution of the
CAEX in the teaching of physical and chemical sciences
in high schools in the region of Casablanca - Settat,
through an anonymous questionnaire. We can deduce that
when computer-assisted experimentation is used in the
physical sciences, designed by Nonnon (1986) as an aid
to the development of scientific thought, promotes
autonomous learning in the student, the acquisition of
new skills and the transfer of these skills to other learning
objects. In this study, we were able to clearly distinguish
the didactic benefits attributable to the CAEx through the
answers of the teachers questioned who showed that the
latter facilitates the construction of skills and the
development of certain capacities in the student such as:
application of a scientific approach, problem solving, use
of information processing technologies, group work, etc.
In conclusion, it can be said that teaching with
pedagogical tools based on CAEx would further promote
learning and, therefore, student success compared with
experimental teaching using traditional experience. It
should be noted that this technique fits perfectly with the
thinking of technology-oriented young people.

RECOMMANDATIONS
This study can provide support for different didactic
views on experimental practice, particularly when it
comes to the growth of practical work in the physical
sciences employing CAEX, for research in didactics. In an
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effort to encourage students' autonomy and involvement
in the creation of their own knowledge, it can facilitate
reflection on interactions between student groups and
between students and teachers. To be able to draw a more
general conclusion, it would be an intriguing line of
inquiry to try to corroborate these results with a larger
sample by carrying out more such studies in different
scientific areas.
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