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Abstract: Currently, it is taken for granted that teachers have to take into account the conceptions in order to achieve some efficient
learning, the latter are generally resistant and may hinder the learning. Studies have shown that learning amounts to make
conceptions evolve which play a determining role in the appropriation of scientific concepts such as neurotransmission, which is the
subject of our study. This concept is present in the Life Science syllabus as early as high school. The aim of this study is to assess the
impact of an interactive approach on the evolution of students' conceptions of neurotransmission. For this purpose, a questionnaire
was administered to the first two years’ students (second year) in the Life Sciences stream at Dhar El Mahraz Faculty of Science in
Fez during the academic year 2016-2017. This questionnaire was in the form of a pre-test and a post-test on learning/teaching of
neurotransmission. The results of the study showed that the approach which was adopted had a positive effect on the evolution of
the students' conceptions of neurotransmission in that it apparently contributed to a conceptual change for them.
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Introduction

Although pedagogical innovation is in vogue, the masterful method that is the subject of various criticisms (Bireaud,
1990) remains the main mode of knowledge communication in higher education (Bouchard & Parpette, 2007). In fact,
these innovations insist to foster new forms of learning and new teaching methods based on student-centered
approaches which focus on the student and what he learns (Bertrand, 2014). Indeed, it shows that the traditional
pedagogical model based on the linear transmission of knowledge is becoming increasingly inadequate and unsuited to
the new training issues and the nature of the current student population (Felouzis, 2003). However, this masterful
method is essential in pedagogical contexts that know a massification in the higher education, such as Morocco. Indeed,
it relies on transmissive teaching where the student tends to remain passive and not engaged in the processes of
reflection and construction of his knowledge (Kaddari, 2005).

Through this work, we aim to measure the knowledge learned by students after adopting an interactive approach in the
teaching/learning of neurotransmission at university. In this sense, the question is what are the tools and pedagogical
strategies that the teachers must adopt in order to make these students more interactive and bring them to be involved
in the learning process.

The interest was focused, more particularly, on a neurophysiology course articulated around neurotransmission, which
is a fundamental concept in biology that allows to be located in the neuroscience field (Glickstein, 2006), representing
today the tip of the scientific research.

Neuroscience, which appeared in the middle of the 20th century, brings together the scientific disciplines whose
research aims to understand the nervous system and its functioning (Clarac & Ternaux, 2008).This area of investigation
is expanding every day, to give birth to a new discipline called "cognitive neuroscience” that focuses on the neurological
bases of functions such as language, learning, reasoning, etc. The intersection between neuroscience and education
sciences has given rise to many current debates. In fact, neuroscience taken in a broader context, can allow
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understanding of the learning phenomena (Doudin & Tardif, 2016). However, neuroscience, as all other scientific
disciplines, does not escape complexity, and the understanding of cerebral phenomena will progress only through a
constructivist approach (Clarac & Ternaux, 2008).

Neurotransmission is an exciting crossroads and represents a crucial moment in the history of biology. It is first and
foremost a major mode of cellular communication and a key in understanding the language of cells (Dupont, 1999).
Neurotransmission refers to the passage of a nervous message across a synapse through the discharge of a
neurotransmitter stored in pre-synaptic vesicles released from the pre-synaptic surface into the synaptic cleft and its
fixation by specific receptors present on the post-synaptic surface (Loewi, 1935).

In the Moroccan context, this concept is introduced in High School through a didactic transposition adapted to the
cognitive level of pupils, and its teaching continues at university according to an appropriate didactic and pedagogical
progression. However, in an earlier study of student conceptions, this content seems unattractive and uninteresting to
students. It has been found that, in principle, students' conceptions of basic concepts are unchangeable and do not
evolve despite intense learning at university. It was also noted that the results of the summative evaluations are still
unsatisfactory and below expectations.

On this basis, we hypothesized that the adoption of an active pedagogical approach in the Teaching/Learning of the
neurotransmission concept may contribute to developing conceptions of students and induce a conceptual change in
order to build their scientific knowledge.

Conceptual Framework

As mentioned above, in this research it was tried to revitalize the lecture through an interactive pedagogical approach.
For this, the researchers relied on two main criteria which are the basis for effective learning:

» The consideration of previous conceptions of the learner. Indeed, the latter arrives in the classroom with
conceptions more or less in line with scientific reality and which can hinder his learning (Giordan, 1994).

» The motivation of the learner which allows him to find himself in the proposed context, to gauge his own
knowledge and skills (Viau, 1994). Indeed, Houssaye (1993), defined as “any intervention that leads the
learner to express himself, which allows him to take care of himself freely, promotes his personal growth and
helps to increase his motivation for success”.

Conceptions

Researches in science didactics are unanimous on the fundamental role of conceptions for organizing the learning
situations of scientific concepts. Jean 'Migne (1994) was one of the first to introduce the notion of conception into
didactics. The definitions attributed to this notion "conceptions"”; even if they are multiple, all converge towards the
knowledge of the learner. Thus, for Paccaud (1991), conceptions are "what we have left when we have forgotten
everything", for Astolfi and Peterfalvi (1993) a student's conceptions function as "a system of interpretation of the
scientific situations encountered"”. As for Giordan (1996), he defines conception as "the fruit of a previous experience of
the learner”.

Taking into Account of Conceptions in Learning

The pupil does not come to class as a blank page but with already established ideas and knowledge, as wrote Bachelard,
in1938. These prior conceptions have an importance in later learning because they can promote learning or block it
when they do not evolve (Ozmen, 2004), that being why a better account of these conceptions in lessons would be
beneficial from the perspective of the effectiveness of learning. Indeed, several researchers are agreeing that the failure
to take learners' conceptions into account can lead the teaching run into a number of obstacles (Viennot, 1988;
DeVecchi, 1992; Giordan, 1994; Giordan, 1998; Soudani, 1998; Kaddari, 2005; Kochkar, 2007; Laribi et al., 2010; El
Hassouny, 2014; Sadi, 2014; Bouayad, 2015; Schneider & Stern, 2010; Abraham, Perez & Price, 2014; Kampourakis,
Silveira & Strasser, 2016).

The Conceptual Change

All learning achieved by the learner implies a sustainable transformation of its conceptions "conceptual change" which
was designated by Joshua and Dupin (1999) as the passage of a conception from a primitive to a more advanced state
and more abstract. For DiSessa (2002), it consists in moving from fragmented knowledge to a well-structured
knowledge, and for Vosniadou (2002), it is an assimilation of new knowledge to the existing structures. As for Duit
(1999), it is the evolution of learners' initial conceptions towards more reflective or closer to those from the scientists,
or both at the same time.

In this respect, several pedagogical strategies such as Hewson and Thorley (1989), Vosniadou and Ioannides (1998),
Hewson, Beeth and Thorley (1998) and Macbeth (2000), are taken as models to promote conceptual change.

Indeed, according to the model of Hewson and Thorley (1989), the original conception, which is initially relevant,
gradually loses its status and is replaced by another conception close to that of scientists. Within this framework, the
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teaching intervention recommended for the teacher mainly consists in creating a cognitive conflict at learning, which
causes dissatisfaction on their premises and thereafter the remainder of the process of conceptual change is carried out
naturally. Thus, for the second model of Hewson, Beeth and Thorley (1998), the teacher must encourage the expression
of a variety of ideas from a group of learners in the class, and he must also invite them to explain their ideas through
discussion which is also a strategy that encourages conceptual change (Driver, 1989).

Method

The first step of this work consisted of the determination of the neurotransmission content in the knowledge taught at
university level. For this, we used the curriculum and course materials written by the teachers. This showed us how the
concept is defined and presented. Indeed, the neurotransmission concept is treated in the course of physiology of the
nerve and muscle cells, through the functional anatomy of the neuromuscular junction or neuromuscular synapse at the
base of the motor command. In this study, we focused on the following concepts: neuron, synapse, neurotransmitter
and neurotransmission.

Thereafter, we examined the syllabus content of the high school curriculum dealing with neurotransmission or synaptic
transmission. For this, we relied on “life and earth science” school textbook used in the first year of baccalaureate
pupils, where this subject is treated. This review allowed us to identify the basics of this concept and, therefore, have an
insight into the level of the concept formulation in high school and the estimated conceptual profile among students at
the beginning of the university curriculum.

Subsequently we developed a questionnaire as a diagnostic tool articulated around the basic fundamental notions of
neurotransmission. The questionnaire was administered to students:

- Upstream of neurotransmission teaching for a determined student population, in order to have an idea about the
knowledge and the prerequisites of the students about the concept before the beginning of their neurotransmission
learning at university.

- Downstream of this course for the same population already surveyed, in order to evaluate the impact of an interactive
approach on the evolution of these students’ conceptions. It should be noted that we adopted this approach in the
lecture and practical work sessions.

Descriptive of the Adopted Interactive Approach

Inspired by the Hewson and Thorley (1989) and Hewson, Beeth and Thorley (1998) models, previously described in
the conceptual framework as models to promote conceptual change among students, we have adopted an interactive
approach based on a strategy of taking into consideration the initial conceptions of students and then on questioning
and investigation which are fundamental in the construction of an adequate knowledge close to the scientific reality
one. It should be noted that this interactive approach was adopting during the lecture session and even in the practical
session of work.

Indeed, the adopted instruction consists of a new presentation of the lecture course by introducing relevant and
pertinent questions by the teacher during the learning process to stimulate students’ cognition without making them
physically active in order to find responses and solutions for the proposed situations. We had tried to create a cognitive
conflict among students which can cause dissatisfaction through their initial conceptions about neurotransmission
concept. This dissatisfaction stimulates the conceptual change process among these students who are becoming more
engaged and motivated to learn and contributes to an effective learning.

A part of the session was devoted to discussion and scientific debate to invite students to express their conceptions and
ideas in order to create an interactive atmosphere between them and teacher. Also, students were brought to answer
an evaluation test to involve them more in their learning and to build a coherent knowledge.

The lecture course has been enriched by explanatory diagrams to facilitate the learning process and help the
memorization of scientific concepts by students.

In the practical work session of neurotransmission, the teacher used filmed sequences, videos and even the Internet
sites in order to better visualizing the studied concepts and capture the students attention. In this session students are
invited to practice the experiment with their pairs to be more engaged in their learning.

Description of the Questionnaire

To better understand the conceptions of the students surveyed, we have diversified the types of questions: Closed-
ended questions, open-ended questions and schema requests:

- Six closed-ended questions (Q1, Q2, Q3, Q4, Q5 and Q7) in the form of multiple-choice questions, which the
students surveyed, choose the appropriate answer proposed. These multiple-choice questions limit the type of
answers and facilitate their treatments.

- Two questions for students to draw the schemas of both concepts (synapse (Q6) and neuron (Q8)).
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- Two open-ended questions (Q9 and Q10) were used. Since the students surveyed are free to answer as they
wish, it allows to get a closer view at what students think exactly and to collect a wide variety of answers,
including the ones we did not expect.

This choice of multiple types of questions was to check the implication of the subjects questioned and, thus, the validity
of the questionnaire and the coherence of the answers.

Sampling and Conditions of Administrating the Questionnaire

The questionnaire was administered to 120 second-year, (semester-4) students of the Life Science major at Dhar El
Mahraz Faculty of Science during the 2016-2017 academic year. As already mentioned, the questionnaire was
administered twice: Upstream and downstream of neurotransmission learning. We first gave out the questionnaire to
students in an amphitheater before they started learning about the concept as a pre-test.

Then, after a month and half of learning the concept, we repeated the questionnaire in an amphitheater for the same
population.

In both cases the students took 30 to 45 minutes to complete the questionnaire. We also told them that the
questionnaire is anonymous, and that it is not evaluated.

Treatment of Results
- The results of the collected data for the closed questions have been processed by Microsoft Excel Software 2007.

- For the open-ended questions (Q9) and (Q10), the analysis was based on the key words of each concept definition
given by students and using Microsoft Excel Software 2007 for the results treatment.

Data were submitted to ANOVA analysis for each sampling in order to determine significant differences between the
means and to find out if the experiment results are significant. Basically, we're testing the evolution of students
conceptions between the pre-test and post-test to see if there is a significant difference between them and to visualize
the impact of the adopted interactive approach on the progression of students conceptions about neurotransmission
concept. A multiple range test at the 95% confidence level was performed using Tuckey’s method. It should be noted
that the correct answers were coded by (True) and incorrect answers by (False). The statistical processing of the data
was carried out with the software XLSTAT 2014 that uses Microsoft Excel Software for inputting data and displaying
results.

Results

In Question 1 (Q1), which focuses on the propagation of nervous message, the data obtained (Fig.1) showed that,
upstream of the neurotransmission teaching, 72% of students opted for the incorrect proposition which says that the
nervous message propagates continuously while 28% say that it propagates in a discontinuous manner. Downstream of
this teaching with an interactive approach, we note an increase in the percentage of correct students’ responses that
reaches 63%.
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Figure 1. Percentages of Responses: Propagation of nervous message.

The second Question 2 (Q2) focused on the nature of the nervous message (Fig.2): Upstream of this teaching, only 23%
of students opted for the correct proposition stating that the nervous message is both electrical and chemical.

This finding seems to be improved downstream of the teaching of neurotransmission since 76% of the students were
able to give the correct answer of the nature of the nervous message (electrical and chemical nature).
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Figure 2. Percentages of Responses: The Nature of the nervous message.

The question (Q3) aims to determine the structure responsible for the transmission of nervous message (neuron,
synapse or axon). Student responses (Fig. 3) showed that upstream of this teaching, 68% of them opted for the correct
proposition with knowing that the synapse is the structure responsible for the transmission of nervous message. As for
the 32% of the remaining students, they opted for incorrect answers. Percentages close to these were found
downstream of this teaching (70% of students opted for the correct proposal).
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Figure 3. Percentages of responses: the structure responsible for the transmission of nervous message.

For Question 4 (Q4) about the definition of the synapse (Fig.4), the results obtained upstream of teaching the concept of
neurotransmission show that 36% of students surveyed selected the correct definition of the synapse ((a) Contact area
specialized in the transmission of nerve messages) while the rest of students (64%) checked incorrect synapse
definitions ((b) formed by a pre-synaptic and postsynaptic elements for 22% of students, or (c) the space between the
pre-synaptic element and post-synaptic element for 42% of students surveyed). The data obtained downstream of this
teaching show that the percentages of the correct answers have increased to reach 52%.
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Figure 4. Percentages of responses: the definition of the synapse.

In Question 5 (Q5), concerning the number of the synapse types (Fig. 5), the results obtained upstream the teaching of
the neurotransmission concept show that 40% of the students interviewed answered correctly to knowing that there
are two functional types of synapse. In contrast, 60% of students checked incorrect definitions (3 synapse functional
types or 5 synapse functional types). Downstream of this teaching, the majority of the students (53%) opted for the
correct answer (2 functional types of synapse).
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Figure 5. Percentages of responses: the number of the functional type of the synapse.

In Question 6 (Q6), students were asked to give the diagram of a synapse (Fig.6). The results show that the majority of
students (94%) upstream of teaching neurotransmission could not draw the correct diagram of the synapse.
Downstream of this teaching, even with a little improvement, the students who could not schematize the synapse
remain a majority (64%).
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Figure 6. Percentages of responses: the diagram of the synapse.



European Journal of Educational Research | 573

Question 7 (Q7) is articulated around the neuron (Fig.7). A student who has acquired the concept of the neuron must
tick simultaneously the two correct and complementary propositions (a + c) namely that: (a) the neuron is a nerve cell
composed of a nucleus surrounded by structures in the form of stars (dendrites) and a long prolongation (axon) and (c)
endowed with specific properties which are excitability, propagation and transmission of nervous message. This is the
case for 26% of students surveyed, which seems to indicate that the concept is not acquired. We note that 64% chose
the definition (a) which consists of the anatomical description of the neuron, these students are, therefore, limited to
the declarative level of the concept.

Downstream of this teaching, we observed an increase in the percentage of correct answers that reaches 50%, where
students ticked both definitions (a + c) to give the complete definition of the neuron concept. In contrast, 47% students
ticked a single correct but incomplete proposal to fully acquire the concept of the neuron, which shows that a priori
these students were able to reach a certain level of conceptualization, allowing them to acquire the concept of the
neuron.
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Figure 7. Percentages of Responses: The Definition of the Neuron.

Question 8 (Q8) consists of giving the diagram of the neuron (Fig.8). The answers were in line with the previous
question, namely that the surveyed students do not really have the ability to schematize the concept of the neuron.
Indeed, the majority of student in the pre-test (62%) and the post-test (58%) could not give the correct diagram of the
neuron.
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Figure 8. Percentages of Responses: The Neuron diagram.

In Question 9 (Q9), it was requested from the students to define the concept of neurotransmetter (Fig. 9). The first
finding is that 27% of students have given incomplete correct definitions while 73% of the rest gave incorrect
definitions.

The correct and complete answer (the neurotransmitter is a chemical substance synthesized by a neuron at the level of
a synapse and capable of transmitting or carrying information (nervous message) from a neuron towards a target cell)
has only been formulated by 9% of the surveyed population. As for the 18% of the remaining students, they gave
fragments of definition such as chemical substance for 8% of students; chemical substance synthesized by a neuron for
5% of them and transmits information from one neuron to another for 5% of students surveyed.
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This finding improved after teaching, there was a decrease in the percentage of incorrect answers reaching 42% and an
increase in the percentage of students who formulated complete or incomplete correct answers reaching 58%.
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Figure 9. Percentages of Responses: The Definition of the Neurotransmitter.

In Question 10 (Q10), students were asked to define the concept of neurotransmission (Fig. 10). Upstream of this
teaching, the majority of students (82%) gave an incorrect definition of the concept (34% of students defined it as a
synapse, and (48%) of other students receive it as a nervous message). In contrast, 18% of students surveyed were able
to give a correct definition of the neurotransmission concept (it refers to the passage of nervous message across a
synapse through the release of a neurotransmitter liberated into the synaptic cleft and fixed by specific receptors
present on the postsynaptic surface).

Downstream the teaching of neurotransmission, we observed an increase in percentage of students surveyed, who
formulated the correct definition of the neurotransmission concept which reached 55%. According to this question, it
appears that the majority of the surveyed students integrated the concept of neurotransmission after a reinforced
teaching by adopting an interactive approach in the course.
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Figure 10. Percentages of responses: The Definition of Neurotransmission.

The results obtained upstream (pre-test) of the neurotransmission teaching shows that the average value of the
incorrect answers percentage of students reached 65% whilst the percentage of the correct answers record an average
value of 33%. Indeed, this indicates that there is a dominance of misconceptions among these students (Fig. 11).

The results obtained from the post-test show that there is a significant difference between the average values of the
percentages of the correct answers and the incorrect ones. Moreover, there is a significant increase in the average value
of the correct answers percentages which reached 60%. On the contrary, there is a decrease which reached 40% of the
average value of the incorrect answers percentages (Fig. 11).

These data show a positive and significant evolution in the students' conceptions after adopting an interactive
approach in the teaching of neurotransmission. It seems that they have reached an acceptable level of conceptualization
and have assimilated the concept of neurotransmission and these associated concepts.
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Figure 11.Percentages of True and False student responses upstream (pre-test) and downstream (post-test) of
neurotransmission learning. The boxes (Box-plots) represent the minimum and maximum values, the median the 25th and
95th quartiles. Mean values (+); Outliers (.). Values with different letters (a and b) are significantly different (p <0.05).

Discussion

The results obtained from the pre-test highlight the dominance of misconceptions and incomplete conceptions about
concepts related to neurotransmission among the majority of surveyed students.

Indeed, for the two questions (Q1) and (Q2), we noted a dominance of the electrical conception (propagation and
nature of the nervous message). This finding can be explained by the fact that these concepts are introduced for the
first time in high school (1st year of the Baccalaureate of Life and Earth Sciences) by the electrical register, and that
these students, therefore, remain focused on the electrical conception even if they have approached the chemical part
of the concept. This same result was reported by Laribi et al. (2010) in explaining the conception construction of the
nervous message transmission by high school pupils that highlights the persistence of electrical conception among
these students.

For the question (Q3) about the students’ conceptions concerning the structure responsible for the transmission of
nervous message. The results obtained upstream of the neurotransmission teaching showed that this competence
seems mastered by the majority of surveyed students.

The student responses to questions (Q4), (Q5) and (Q6) about the synapse (definition, synapse number and synapse
pattern) and questions (Q7) and (Q8) concerning the definition of the neuron and its explanatory diagram, showed that
these two concepts are not assimilated by the majority of students since they did not opt for the correct definitions and
could not schematize these concepts. This highlights the dominance of misconceptions among the majority of these
students, which shows the limited effect of the sequence of learning on the appropriation of these two notions (synapse
and neuron). This result is consistent with a study on the nervous system conducted by Bec and Favre (1996), who
showed that the Biology course has a limited effect on the appropriation of concepts by the pupils of the final year of
higher school. Also, the results of the two questions (Q6) and (Q8) dealing with the schematization of the synapse and
the neuron showed that this competence is not mastered enough by the surveyed students. This finding is consistent
with a study conducted by Kaddari (2005), highlighting the difficulties of atomistic iconic perception by students at
university.

For the results of the two open-ended questions (Q9) and (Q10), it appears that the majority of surveyed students did
not integrate the chemical conception since high school to be able to define correctly the concepts of neurotransmitter
and neurotransmission. Some of them confuse the neurotransmitter with neuron and neurotransmission with synapse.
These confusions showed the presence of problems related to the scientific vocabulary used among these students
(Thouin, 2004). The rest of surveyed students have tried to define the two concepts (neurotransmitter and
neurotransmission), but their proposals remain fragmented, which shows that their scientific knowledge is not well
structured and not consistent.

This finding seems to highlight that students have approached their course on neurotransmission with alternative
conceptions and misconceptions which may hinder the learning and deepening of this content. This result is in
agreement with a previous study during 2015-2016 academic year, where the concepts of neurotransmission were far
from being mastered by the majority of students. In fact, the results of present study are very consistent with data from
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literature review on teaching and learning scientific concepts showing that initial conceptions sometimes constitute
barriers/obstacles to learning (Ozmen, 2004; Schneider & Stern, 2010; Abraham, Perez & Price, 2014; KampouraKkis,
Silveira & Strasser, 2016).

In this year's (2016-2017) ongoing experiment, the same test was administered to students at the end of
neurotransmission course. Unlike the previous year, the post-test data indicate that the adoption of an interactive
pedagogical approach during the teaching/learning process of neurotransmission concept could promote a conceptual
change among these students. Indeed, for both questions (Q1) and (Q2), the percentage of correct answers that has
increased, indicates that they have integrated the chemical conception into their interpretation of the
neurotransmission concept. These results showed that these students are able to go beyond their initial conceptions
and to build a coherent knowledge about the neurotransmission concept taught with an interactive pedagogical
approach. This finding is in line with the data of the study conducted by Potvin and Thouin (2003) on the qualitative
understanding of physics-mechanics and the evolution of learners' conceptions after the adoption of an appropriate
approach in the learning sequence.

The progression of students’ conceptions was also noted in the questions of (Q3), (Q4) and (Q5) about the concept of
the synapse and also for the question (Q7) on the neuron concept. These two concepts seem to be mastered by half of
the surveyed sample. The same observation was noted in the two open-ended questions of (Q9) and (Q10) where
students were able to better define the notions of the neurotransmitter and neurotransmission. There is an evolution in
the correct students’ conceptions, which points the positive impact of the interactive approach on the learning of
neurotransmission at university.

The evolution of conceptions was less apparent in questions of (Q6) and (Q8) inviting students to give explanatory
diagrams of the synapse and the neuron. Indeed, the students seem not to have developed the ability to schematize
these concepts. This finding is consistent with a study conducted by Kaddari (2005), highlighting the difficulties of the
atomistic iconic perception by students at university.

The adopted instruction during the learning sequence of neurotransmission has a positive effect on the evolution of
students' conceptions. It, therefore, seems that they have reached an acceptable level of conceptualization, and they
have assimilated the concept of neurotransmission and these associated concepts. Indeed, the process of conceptual
change has, therefore, taken place which validated the hypothesis at the origin of this study stating that this interactive
approach could help students to progress and build a coherent scientific knowledge. The result of this experiment
confirms the reflection of DiSessa (1993, 1996) stipulating that the conceptions would rather be built when they are
solicited. Thus, we can stimulate the process of conceptual change among students so that they continually build and
reconstruct explanations that serve to interpret and understand the concepts studied and go beyond the static and rigid
sets of long-standing and ingrained conceptions.

Conclusion

According to the pre-test data, the foundations of neurotransmission are far from being assimilated by students even
they have already studied these notions in high school. Indeed, the persistence of pre-acquired knowledge, the
dominance of misconceptions about the concept of neurotransmission among these students and the limited effect of
the learning sequence on the appropriation of this concept can block the evolution of the students’ conceptions to
properly acquire the concept of neurotransmission with adding the difficulty of schematizing the concepts. This finding
seems to highlight that these difficulties may hinder the learning and deepening of this content by students.

However, the results obtained from the post-test after adopting an interactive approach on the learning process shows
that there is a significant evolution of students 'conceptions, which confirmed the positive effect of this interactive
approach which allows students to build and reconstruct explanations that serve to interpret and understand the
concepts studied and go beyond their initial conceptions. This induces to stimulate the conceptual change process
among students to build an adequate and coherent scientific knowledge.

In the light of the results obtained from this study, it would be necessary for teachers to introduce tools and strategies
which focus on the students by taking into consideration their initials conceptions during the learning process. In order
to stimulate the conceptual change process among these students as well as to achieve an effective learning of scientific
content at the university.

Then, it would be interesting to privilege the teaching of transdisciplinary notions by making students acquire a
scientific culture based on the practice of the procedures instead of too encyclopedic notional contents.
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