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Abstract: Nowadays, Information and Communication Technologies in Education (ICT) have become
essential pedagogical tools in any quality education system. While their integration becomes a necessity, especially
in the scientific disciplines in general and chemistry in particular, which were the subject of this study. The current
article aims to present the attitudes of physics-chemistry teachers of secondary education facing the integration of
the information and communication technologies (ICT) in the teaching-learning process during the sessions of
chemistry, on the one hand. On the other hand, it highlights the advantages and obstacles to the integration of ICT
in the teaching-learning of chemistry, and identifies the conditions that promote the integration of ICT in teachers’
practice. For this, we conducted a questionnaire survey with 41 teachers of secondary education from various high
schools in the region Casablanca-Settat. The research results suggest that teachers have positive attitudes toward the
integration of ICTE into teaching practices, and the majority of teachers emphasize the benefits of ICTE in
chemistry lessons. However, the study revealed certain constraints and obstacles that hinder the integration of ICTE,
including the lack of computer equipment in schools, overcrowded classrooms, and the absence of educational
software adapted to the curriculum. Furthermore, the study proposes some perspectives that would allow for the
implementation of a learning environment integrating ICTE in chemistry courses.

Keywords: information and communication technologies, attitudes, ICT integration, theory of reasoned
action, theory of planned behavior.
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1. Introduction

In recent years, the new information and
communication technologies (ICT) are evolving
rapidly and are being introduced in all domains and
affect remarkably the domain of education. It is during
this perspective that the Ministry of Education of
Morocco has invested considerably for integrating ICT
in its educational system to adapt to the changes
governed by globalization on the one hand. On the
other hand, the need for change toward ICT is inspired
by the national curriculum of education and training.

To improve the quality of teaching and learning,
Morocco is among the countries that are adopting a
strategy to generalize information and communication
technologies in education (ICT) through the
Generalization of Information and Communication
Technologies in Education program in Morocco
(GICTE). This strategy aims specifically at equipping
all schools with computer equipment, training teachers,
directors, administrative staff, and pedagogical
supervisory bodies, acquiring and producing quality
digital educational resources adapted to the Moroccan
educational context by the management of the
engineering program [1].

The field of education must absolutely take
advantage of the contribution of these technologies and
must be aware that these ICTs provide innovative
means, not only for the dissemination of a prodigious
amount of knowledge but also to consider new
directions to enrich, improve, and even transform
certain educational practices [2]. The findings of
numerous studies show that the appropriate integration
of these technologies in education can bring multiple
benefits [3]-[5] internationally and nationally [6]-[10].

The mastery of some basic concepts in chemistry is
essential, especially during the cycle of secondary
education qualifying of the key and fundamental
concepts of chemistry. In addition, numerous studies
have shown that some concepts such as chemical
bonding, geometry of molecules ... are perceived as
difficult concepts to teach and to be acquired by
students [11]. Therefore, the integration of ICT is
strongly desired in the discipline of chemistry as one of
the means to address the most difficult concepts to
teach, molecular visualization and allows to move from
the microscopic to the macroscopic or from the

invisible to the visible [12], the realization of molecular
simulations to understand other concepts such as
chemical reaction and reaction mechanisms and to
reinforce the quality of the pedagogical contents and
the approaches used in order to make learning more
active and efficient and to enrich scientific concepts.

Nevertheless, the successful integration of ICT has
not been an easy task. The results of research that are
conducted in the Moroccan context indicate that ICT is
little used for pedagogical purposes by teachers [13]-
[16], [24].

For this reason, it is critical to question this situation
of weak integration of ICT in the classroom despite the
massive efforts at the institutional level to generalize
the use of these technologies in Moroccan education.

In this respect, the objective of this research is to
realize an exploratory study of the attitudes of physics-
chemistry teachers toward the integration of the ICT
during the sessions of chemistry courses and to bring
out the advantages (degree of importance) that the ICT
bring to the learning of chemistry, and the obstacles
that would present brakes to their integration in the
teaching of chemistry at the secondary education in
Morocco.

We are interested in integrating ICT in chemistry
teaching in secondary school because of the very
significant lack of rigorous research conducted to better
understand the reality of ICT integration in the teaching
of this discipline in Morocco. We hope to answer the
following main question: To what extent does the
integration of ICT enhance the teaching-learning
process in chemistry courses?

To answer this question, we go through the
following questions:

- What are the attitudes of physics chemistry
teachers toward the integration of ICT?

- What are the benefits of the pedagogical
integration of ICT in chemistry teaching?

- What are the constraints to the effective and
efficient integration of ICT in the teaching-learning
process of chemistry?

- What are the conditions for the successful
integration of ICT in a secondary school chemistry
classroom?
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2. Theoretical Framework

2.1. Concept of Attitude

The notion of attitude is a state of mind (sensation,
perception, idea, conviction, feeling, etc.), an inner
disposition acquired by a person with respect to himself
or herself or to any element of his or her environment
(person, thing, situation, event, ideology, mode of
expression, etc.) that encourages a favorable or
unfavorable way of being or acting. In terms of the
integration or use of ICT by teachers, we can therefore
consider an attitude as a state of mind or an inner
disposition that would encourage (or not) the use and
integration of ICT in teaching practice [3], [17].

The attitude of an individual has its origin in the
environment in which he or she evolves; indeed, it is
built on a set of experiences lived or learned
throughout his or her life. Thus, several factors
participate in the formation of an individual's attitude
and thus make it possible to understand how the
individual manages to synthesize his beliefs about an
object into a global evaluation: physical factors,
psychosocial factors, and personal factors [18].

2.2. Theory of Reasoned Action (TRA)

The Theory of Reasoned Action (TRA) developed
by Ajzen and Fishbein [19], is a psychosocial theory,
presents behavior as a variable directly determined by
the intention to perform that behavior. In their basic
model and as shown in the figure (Fig. 1), Ajzen
explains that behavioral intention depends on two basic
constructs: attitude toward the behavior and subjective
norm [20].

Behavioral > Attitude

beliefs \
’ Normative Subjective /

Intention Behavior

—

beliefs norm

Fig. 1 Theory of reasoned action (TRA) [19]

Therefore, human behavior is a reasoned, thoughtful
action being studied resulting, on the one hand, from
the internal beliefs of individuals with regard to the
action and its consequences and, on the other hand,
from the perception of the surrounding environment

and its degree of favorability to the realization of said
action. Thus, measurement scales have been proposed
to anticipate behavioral intention, these scales are
presented in the form of confirmation of favorability to
statements representative of beliefs and subjective
norms regarding a given behavior [17], [20]-[21].

The main criticism of the theory of reasoned action
is that only the simplest behaviors are under the control
of the will. Perceived behavioral control is then
included in the theory of planned behavior to deepen
the concept.

2.3. Theory of Planned Behavior (TPB)

The theory of planned behavior is a variant of the
theory of reasoned action. It consists of predicting
behavioral intention in contexts where the individual
does not have total control over a given behavior (in a
situation of forced use of an information system, for
example); in particular, it studies the relationship
between perceived control over the behavior and
behavioral intention. Ajzen considers that the more
external constraints the individual is subjected to in the
performance of a behavior, the less he intends to
perform it (Fig. 2).

. Altitude
Behavioral toward the

beliefs behavior \
Behavioral

.\‘(u'n?n1i\'e- Subjective > ' » Behavior
beliels norm Intention

Perceived
—*  behavioral
control

Fig. 2 Theory of planned behavior (TPB) [19]

Control
beliefs

According to this theory, behavioral intention is
jointly related to the individual's attitudes, subjective
norms, and perceived control over the behavior. This
perception of control reflects the degree to which the
individual believes that performing or not performing a
behavior is under his or her control and will, lack of
control or total control respectively influences the
intention to perform or avoid performing a behavior,
even if attitudes and subjective norms are favorable
[22].

Table 1 represents a synthesis of the theories
mobilized to better explain the concept of appropriation
and its contribution to the ICT integration process.

Table 1 The synthesis of theories mobilized to explain ICT integration behavior [22]

Item Proportion

Theory of reasoned action

- Behavior under the control of the will.

- Directly determining the intention of the behavior.
- Intention has two antecedents: attitude and subjective norm.

Theory of planned behavior

- Not all behaviors are entirely under control.

- Many behaviors require opportunities and resources.
- The perception of control over the behavior influences the intention and directly affects the behavior.
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3. Design/Methodology/Approach

3.1. Characteristics of the Sample

We chose a sample of 41 secondary school teachers
belonging to the Regional Academy of Education and
Training of the Casablanca-Settat region of the
Kingdom of Morocco. They are distributed over the
different provincial directorates of the region, from the
discipline of physics chemistry, and practicing in
schools in urban areas.

On the gender side, the teachers who responded to
our survey were 38 men (92.7%) and 3 women (7.3%).
This difference between the rates for men and women
can be explained by the fact that the respondents were
selected at random.

On the other hand, the sample of our study is
formed mostly by young teachers: the table below
(Table 2) shows that 58.5% of the respondents are in
the average age between 31 and 40 years, 24.4% are in
the average age between 41 and 50 years and only
about 9.8% have an age higher than 51 years and 7.3%
of the respondents have an age lower than 30 years.

Table 2 Distribution of respondents by age
Age Percentage
Under 30 years old 7.3%
Between 31 and 40 years old  58.5%
Between 41 and 50 years old  24.4%
Over 51 years old 9.8%

Regarding the teaching experience of the teachers
who responded to our questionnaire, 26.8% have more
than 21 vyears of seniority, which shows more
experienced teachers in the sample, 29.3% have
seniority between 11 and 20 years, a third of the
sample (34.1%) have seniority between 6 and 10 years,
and only 9.8% have less than 6 years of seniority. This
result can be explained by the fact that an electronic
guestionnaire was used (Table 3).

Table 3 Distribution of respondents by the length of time in

teaching
Length of time in teaching  Percentage
Under 6 years old 9.8%
Between 6 and 10 years 34.1%
Between 11 and 20 yearsold  29.3%
Over 21 years old 26.8%

3.2. The Research Process

For the choice of a data collection tool, we opted for
a questionnaire. The questionnaire was distributed to
50 teachers belonging to the AREF of Casablanca-
Settat. We collected 41 completed and returned
questionnaires, which explained a successful response
rate of 82%, which we considered very satisfactory.

We developed a questionnaire with several
questions following the objectives of the study. The
questionnaire was divided into four parts:

The first part entitled “teachers’ attitude toward the
integration of ICT in chemistry courses”.

The second part entitled “the benefits that ICT
brings to the learning of chemistry”.

The third part entitled “the obstacles to the
integration of ICT in the chemistry course”.

The last part entitled “the conditions for successful
integration of ICT in chemistry teaching”.

3.3. Data Analysis

The collected data were coded and analyzed using
SPSS 25 and Microsoft Office Excel 2010. Thus,
descriptive statistics of the different variables were
performed.

The table below shows the results of Cronbach's
Alpha reliability test on the questionnaire. The results
show that the themes are highly acceptable given that
the Cronbach’s Alpha values are quite higher than the
value of 0.700, which is often considered to be highly
correlated (Table 4).

Table 4 Cronbach’s alpha values for the three items

Items Number  Cronbach’s
of items Alpha

The benefits of integrating ICT into 13 0.975

the chemistry course.

Constraints and obstacles to the 20 0.961

integration of ICT in the chemistry

classroom.

Conditions for supporting improved 8 0.978

classroom practices by integrating
ICT in the chemistry classroom.

4. Results

4.1. Teachers’ Attitudes toward the Integration of
ICT in Chemistry Courses

Teachers’ attitudes toward the integration of ICT
are manifested in the training on ICT integration, the
degree of importance of ICT in chemistry courses, the
preferred mode of teaching in the classroom, and the
degree of ICT integration during chemistry teaching
sessions.

4.1.1. Training Specifically Related to the Integration
of ICT

The results in Table 5 show that 53.7% of the
respondents (physics chemistry teachers) opt for self-
training to complete their initial or in-service training
related to ICT integration. Additionally, only 29.9% of
the teachers were trained during initial professional
training in training centers, as well as 24.4% have
benefited from in-service training. However, a low rate
of 14.6% of respondents who have never received
training regarding the integration of ICT in education.

Table 5 Trainings specifically related to the integration of ICT by

teachers
Proposals Percentage  Number of
participants
No ICT training 14.6% 6
Basic academic training 22% 9
Continuing education 24.4% 10
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(training offered by the
GICTE program)

Initial vocational training
Self-training

29.3% 12
53.7% 22

4.1.2. The Degree of Importance of ICT to the
Discipline Being Taught

The results of this test show that 85% (58% very
useful and 27% somewhat useful) of the teachers
surveyed expressed great interest in integrating ICT
into their teaching practices in the subject they teach.
However, only 15% of them reject the importance of
integrating ICT into classroom practices (Figure 3).

not useful
5%

rather useless
10%

Very useful
58%
somewhat useful
27%

Fig. 3 Degree of the ICT importance for the discipline taught

4.1.3. The Mode of Teaching Preferred in the
Classroom by Teachers

Table 6 summarizes the most appropriate teaching
mode during chemistry class sessions. The results show
that 80.5% of the surveyed teachers opt for alternate
teaching integrating several teaching aids (board,
handout, ICT). Nevertheless, 19.5% prefer modern
teaching based on ICT, and only 7.3% of teachers
prefer the traditional process (no integration of ICT).

Table 6 Teachers’ views on the most appropriate teaching mode for
better learning in chemistry courses

The teaching method adopted Percentage
Alternate teaching integrating several supports ~ 80.5 %
(blackboard, handout, ICT).

Modern teaching based on ICT only 195%
Traditional teaching (no integration of ICT) 7.3%

4.1.4. The Degree to Which Teachers Integrate ICT in
the Classroom

The degree of integration of ICT in the classroom
during the chemistry sessions is represented in Table 7.
The results indicated that the percentage of ICT
integration ranged from 20% to 60%. These results
revealed that the percentage of integration of ICT in the
teaching-learning process by the surveyed teachers in
the classroom remains limited. 29.27% of the
respondents stated to integrate ICT in their classrooms
with a rate below 20% and 36.59% of the respondents
with a rate between 20% and 40%. And 29.27% of
respondents with a rate between 40% and 60%.

Table 7 Percentages of physics chemistry teachers integrating ICT
in the classroom

Rate of ICT integration  Percentage
Less than 20% of the total 29.27%
Between 20% and 40% 36.59%
Between 40% and 60% 29.27%
Between 60% and 80% 2.44%
More than 80 2.44%

4.2. Benefits of Integrating ICT during Chemistry
Sessions

The teachers answered a 13-item questionnaire on
the main contributions and benefits derived from the
pedagogical integration of ICT in chemistry, each item
is represented under a five-point Likert scale ranging
from “Strongly disagree” to “Strongly agree”.

The following table (Table 8) presents the responses
obtained from each item in terms of mean and standard
deviation in descending order. The results show that
the majority of the teachers opt for all benefits derived
from the integration of ICT in chemistry since the
means vary between [3.46; 3.98] out of 5. Furthermore,
the results show that 4 items out of 13, are considered
the most beneficial: these are better visualization of
situations (3.98), facilitating the understanding of
abstract concepts of the course (3.95), students better
understand representations in space such as three-
dimensional molecules (3.93) and student motivation
(3.93). However, the last three items are less important;
they are assimilation and memorization of knowledge,
autonomy in learning, and self-evaluation (interactive
eXercises).

Table 8 Benefits of ICT integration in chemistry for teachers

Items Average SD

1. Better visualization of situations (3D 3,98 1,172
molecules).

2. Facilitate the understanding of 3,95 1,071
abstract concepts in this course.

3. Students have a better understanding 3,93 1,170

of representations in space (Cram
representation).

4, Motivate students. 3,93 0,985
5. To make these courses more 3,83 1,138
attractive to my students.

6. To save time. 3,83 1,202
7. Reduce difficulties and 3,80 1,100
misconceptions of concepts.

8. Richness and diversity of resources. 3,76 1,157
9. To put the student in a meaningful 3,73 1,073
situation.

10. Adaptation to the student's rhythm. 3,66 1,063
11. Assimilation and memorization of 3,59 1,095
knowledge.

12. Autonomy in learning. 3,51 1,052

4.3. Barriers to the Integration of ICT in Chemistry
Courses

The quantitative analysis of the collected data
allowed us to identify four main categories of barriers
to the integration of ICT in chemistry teaching in
Morocco, namely: barriers related to ICT infrastructure
and equipment, barriers related to technical support and
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professional development, barriers related to the
Moroccan educational system, and factors related to
psychological and pedagogical barriers (Table 9).
Teachers were asked to respond to each item using a
five-point Likert scale ranging from "strongly disagree"
to "strongly agree". The following table groups the
responses obtained for each item according to the mean
and standard deviation in the order of priority.

Table 9 Categories of barriers to the integration of ICT in chemistry
education

classroom

management when

integrating ICT.

A sense of fear about  2.95 1.499
the use of ICT.

Categories Items Average SD

Barriers related to  Insufficient 4.22 1.255
ICT infrastructure  equipment in these

and equipment facilities.

The lack of the 417 1.116
renewal of

technological

equipment.

The lack of Internet 4,02 1.275
connections and

access difficulties.

The absence of the 3.93 1.292
GICTE room

(multimedia) or

always closed.

The equipment is 3.80 1.308
unreliable enough,

there is always a risk

of a breakdown in the

presence of the

students.

The lack of 3.61 1.302
specialized and

adapted software.

The lack of technical 3.85 1.442
support and

maintenance of

Barriers to
support and
professional

development equipment.
The lack of ICT skills ~ 3.49 1.267
among teachers.
Insufficient training 3.44 1.361
for integrating ICT.
The lack of 3.27 1.304
pedagogical support.

Obstacles related ~ The too crowded 3.85 1.295

classes do not favor

the integration of ICT.

The ICT integration 3.76 1.392
strategy is poorly

translated into the

school environment.

to the Moroccan
educational
system.

The lack of adapted 3.73 1.304
curricula to integrate

ICT.

The pedagogical 3.05 1.448

approach not adapted
to the use of ICT.

Factors related to ~ Time constraints with ~ 3.63 1.299
psychological and  a program to

educational complete.

barriers The low motivation of  3.51 1.502

these teachers toward

the pedagogical use of

ICT in the classroom.

Students are more 3.10 1.546
capable than teachers

of using ICT.

Difficulties related to 3.00 1.378

Barriers related to ICT infrastructure and
equipment: The analysis of the teachers' results allowed
us to divide the barriers related to ICT infrastructure
that hinder the integration of ICT in teaching into six
main sub-categories. In particular, three factors among
them are considered major obstacles that hinder the
integration of ICT by the majority of the participants.
Indeed, the first factor concerns insufficient equipment
in schools (4.22), the second factor concerns the lack of
renewal of technological equipment (4.17), and the
third factor concerns the lack of internet connections
and access difficulties (4.02). Other factors considered
less important are the absence of the GICTE room
(multimedia) or always closed (3.93), the equipment is
unreliable enough (3.80), there is always a risk of
breakdown in the presence of students and the lack of
specialized and adapted software (3.61).

Barriers to support and professional development:
According to most teachers the major obstacles to the
integration of ICT in teaching related to support and
professional development in order of priority, we find
that the first obstacle is the lack of technical support
and maintenance of equipment (3.85), the second is the
lack of competence of teachers in ICT (3.49), the third
factor is the insufficient training for integrating ICT
(3.44), and finally the lack of pedagogical support
(3.27).

Obstacles related to the Moroccan educational
system: According to the responses of the teachers
participating in our survey, classes are too crowded
(3.85) on the one hand, on the other hand, the strategy
of integration of ICT is poorly translated on the school
ground (3.76). Moreover, the lack of curricula adapted
to integrate ICT (3.73) and the pedagogical approach
adopted unsuited to the use of ICT (3.05) constitute
real obstacles to the integration of these technologies in
teaching.

Factors related to psychological and educational
barriers:  Concerning the factors related to
psychological and pedagogical barriers, the teachers
declare time constraints (3.63), and the low motivation
of these teachers toward the pedagogical use of ICT in
the classroom (3.51) are major obstacles hindering the
integration of ICT in education. Similarly, participants
believe that students are more capable than teachers to
use ICT (3.10). Moreover, participating teachers
consider difficulties related to classroom management
in case of ICT integration (3.00), and as the last factor,
a feeling of fear toward the use of ICT (2.95)
constitutes a considerable obstacle to the integration of
ICT in Moroccan schools.
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4.4. Conditions to Support Improved Classroom
Practices by Integrating ICT in the Chemistry
Classroom

Conditions for the successful integration of ICT in
the classroom, we selected 8 modalities representing
the main conditions to support the improvement of

classroom practices by integrating ICT. Teachers
should respond to each modality using a four-level
Likert scale ranging from “unimportant” to “very
important”. Table 10 groups the responses obtained
according to each modality.

Table 10 Conditions to support improved classroom practices by integrating ICT in the chemistry classroom

Items Unimportant  Quite Important Very
important important

The periodic implementation of colloquiums (presentations, conferences...) 7.3% 17.1% 31.7% 43.9%

on the need to innovate through the integration of ICT

The adoption of specific training for integrating ICT 12.2% 12.2% 26.8% 48.8%

Provide teachers with standardized and indexed digital resources adaptedto ~ 9.8% 12.2% 31.7% 46.3%

the curriculum

Provision of a bank of appropriate digital practices 4.85% 21.95% 24.4% 48.8%

Encouraging innovative teachers by adopting their digital projects and 9.8% 14.6% 19.5% 56.1%

integrating them into the MEN digital practice system

Individual or collective accompaniment of teachers in the experimentation 4.9% 14.6% 31.7% 48.8%

of good digital practices in class

Logistical support (equipment, Internet connection) 4.9% 14.6% 19.5% 61%

Establishment of workshops for the exchange and analysis of good digital 2.4% 19.5% 14.6% 63.4%

practices in science education

For the conditions that would allow the
implementation of learning integrating ICT in the
chemistry course, 3 items out of 8 are considered by
the teachers as very important, the answers underline
the establishment of workshops for exchange and
analysis of good digital practices in the teaching of
science (63.4%), logistical support (material, Internet
connection) (61%), and the encouragement of
innovative teachers by adopting their digital projects
and their integration in the system of digital practices
of the MEN (56.1%).

The secondary conditions that would allow the
implementation of the integration of ICT in education
for teachers are the individual or collective support of
teachers in experimenting good digital practices in the
classroom (48.8%) and the adoption of specific training
for integrating ICT (48.8%) and provision of a bank of
appropriate digital practices (48.8%).

Finally, we find the periodic implementation of
colloquiums (presentations, conferences...) on the need
to innovate through the integration of ICT (43.9%) and
provide teachers with standardized and indexed digital
resources adapted to the programs taught (46.3%).

5. Discussion

The research confirmed that most teachers
interviewed expressed great interest in the integration
of ICT in teaching-learning during the chemistry
course. Moreover, most of the teachers of physics
chemistry testify that they have not benefited from
solid initial or continuous training in the field of ICT.
However, the integration of ICT in the teaching of
chemistry remains insufficient as specified by [7], [13]-
[15], [23], [24], this paradox between the interest and
integration of ICT in the pedagogical activity of the
teacher is due to several constraints that we have
detected in this work.

All item averages are between 3.46 and 3.98, these
results showed positive attitudes of teachers toward the
integration of ICT in chemistry courses and has several
advantages for most teachers of secondary education
and that they can improve the quality of teaching and
learning.

Indeed, the integration of ICT has a positive impact
on teaching and can strengthen the motivation of
students. This result is consistent with the results of
international studies [1], [3], [25]-[26], which showed
that the integration of ICT can promote student
learning in science. In addition, Moroccan researchers
confirmed that the integration of ICT has a positive
impact on student learning [1], [5]-[6], [8], [27]-[28],
thus saving time [26].

The integration of ICT in education is a complex
process that encounters several obstacles even within
Western countries [23]. Indeed, several studies have
been conducted to identify and classify these obstacles
into two main categories or three. The results of our
research reveal many barriers to the integration of ICT
in the chemistry classroom in four categories:

The first category of barriers is that of insufficient
technological equipment. This result is consistent with
findings that confirm that the lack or inadequacy of
technological equipment and the availability of Internet
access are among the most significant constraints to the
successful integration of ICT in education [29]-[33].

The second category of barriers is that related to
support and professional development, some research
conducted around the world has concluded that the lack
of teacher training in ICT is a major obstacle to the
integration of technology into teaching practices [25],
[29], [33]-[34]. Similarly, the lack of technical support
to help teachers overcome the difficulties that
accompany the use of ICTs is an obstacle to the
integration of ICTs into educational practices [35]and
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the lack of in-service training for teachers in the
integration of ICTs into their practices [36].

The third category of obstacles related to the
Moroccan education system. Particularly overcrowded
with students per class, this problem makes the
integration of ICT difficult, if not impossible in
learning and evaluation situations. Other constraints
that are related to working conditions, the lack of
curricula adapted to integrate ICT, in some levels of
education at the secondary level, and the
incompatibility of some pedagogical approaches with
successful integration of ICT, could hamper the
effective use of ICT in education [3], [15], [35].

The fourth category of barriers corresponds to
psychological and pedagogical barriers, negative
attitudes among teachers, such as a feeling of fear
toward the use of ICT (lack of self-confidence), fear of
failure in front of students (students are more capable
than teachers to use ICT), and low motivation of
teachers toward the pedagogical use of ICT in the
classroom. This result is in line with the results [25],
[37] that point out that among the frequent obstacles
are the management of teaching time and the overload
of work required by the intensive preparations of the
ICT session [38].

The most important conditions indicated by the
respondents of our survey are mainly, on the one hand,
the exchange of experiences and good digital practices
in science teaching with colleagues in the workshops,
on the other hand, logistical support (hardware
equipment should be sufficient) can help and
encourage teachers to integrate ICT [39]. In addition,
teachers must have the basic knowledge in the use and
operation of educational software for this it is
necessary to adopt specific training for integrating ICT
[2], [13], [41]-[42], then the respondents insist on
encouraging innovative teachers by adopting their
digital projects and their integration into the system of
digital practices of the MEN [39]-[40] expressed to
make available to teachers standardized and indexed
digital resources adapted to the programs taught [30],
[39].

The survey of Moroccan physics and chemistry
teachers revealed several advantages that could be
derived from the integration of ICT into the learning
process of chemistry courses. These results are similar
to those obtained by national [1], [6], [8], [27]-[28] and
international [3], [25]-[26] studies. Furthermore, our
investigation allowed us to identify the main factors
hindering teachers' successful integration of ICT,
which is consistent with research [23], [25], [29], [33],
[34], [36].

Finally, there are other factors that can encourage
the use of ICT in education: individual or collective
support for teachers in experimenting with good digital
practices in the classroom and provision of a bank of
appropriate digital practices.

While this research has produced important results,

it has its limitations. Indeed,

- The study focused on teachers working in schools
in only one regional education and a training academy
was selected for data collection,

- Only a minority of teachers responded to the
guestionnaire,

- One limitation of the current study is that it
focuses on the opinions of teachers only.

- Another limitation of the current study is that it
focuses on teachers who practice in public schools with
very high percentages.

6. Conclusion

This study aimed at identifying the attitudes of the
physics-chemistry teachers in secondary education
toward the integration of ICT in the teaching-learning
process.

The main results of this study show that the
integration of ICT constitutes indispensable tools in the
pedagogical  practice  of  chemistry  courses.
Additionally, there is a positive impact of the
integration of ICT on the teaching of chemistry to
strengthen the understanding of abstract concepts,
motivate students, and make the courses more
attractive to students.

Also, the results of the research show the existence
of many obstacles mentioned by the teachers
interviewed. As a result, four categories of obstacles
are identified, namely: obstacles related to ICT
infrastructure and equipment, obstacles related to the
support and professional development of teachers,
obstacles related to the Moroccan educational system,
and obstacles related to psychological and pedagogical
obstacles.

Based on the results of the study, curriculum
developers should consider teachers' attitudes when
preparing content and ensure the essential conditions
for the successful integration of ICT in the chemistry
classroom.

In the light of the results obtained, it can be said that
the integration of ICT are indispensable tools for
learning chemistry in the secondary cycle in Morocco,
however, in this work there are limitations to be taken
into consideration, the study focuses on the opinions of
teachers only, the sample size that responded to the
questionnaire is limited, and the study to focus on the
opinion of teachers practicing in public schools and
only one regional academy of education and training in
Morocco were selected for data collection among 12
academies.

In view of the results obtained, it appears that the
successful  integration  of  information  and
communication technologies into classroom practices
requires the improvement of the conditions for
integrating educational technologies and an awareness
of the didactic and pedagogical aspects of ICTE
integration.

Finally, it seems very relevant to us to continue
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researching this topic, in a further, more in-depth study,
aimed at a better understanding of these attitudes,
among school headmasters, educational inspectors, and
students, and to study the impact of ICT on the
understanding or assimilation of microscopic concepts
of chemistry among apparent.
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