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ABSTRACT

The merge training programs process is challenging the academic core of teacher education.
For this purpose, content of chemical knowledge is important both in teacher training and in schools
teaching/learning. This article investigates the effects of chemistry programs' merger on the training
competencies, objectives, disciplinary content knowledge, and feelings of trainees on resultant
modules. Methodology includes mixed research combining content analysis based on purposive
sampling, including four documents, and the quantitative survey research involving thirty-six
prospective physics-chemistry teachers. Data collected show that the merger process affects the
teaching context required to define the training competencies, orients the training objectives towards
the cognitive domain, and changes the levels of representation exploited in chemistry modules. Also,
trainees’ reactions show higher overall satisfaction in terms of meeting needs, improving levels of
knowledge acquisitions, and using knowledge during the field placements. Four research
perspectives were identified at the end of the paper. [African Journal of Chemical Education—AJCE
15(2), July 2025]
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INTRODUCTION

The merger of institutions is one of the most common phenomena widely used in many
systems to modernize public services [1]. Teacher training and educational organizations were
positioned around the world as the main motivations of a large number of recent mergers [2, 3]. This
act, attempting to combine two or more institutions into one single entity, aims to achieve efficiency
in administration and the improvement of social and academic experiences of learners [4, 5]. Mergers
have led to huge reductions in the number of school district institutions in many countries [6]. Three
favor merger types have been described between very similar institutions, structurally isomorphic
institutions, and universities and research institutes [3]. However, the merger process affects the
quality of instruction offered to students [7] and the school merging has been qualified as the most
dramatic trend in American education [8]. Also, mergers can have positive or negative effects on the
quality of education, depending on the institutional incentives [9]. This formal joining affects
numerous aspects of education from curriculum/program to students, staffing, and organizational
and physical integrations [10, 11]. Nevertheless, the training curriculum is considered secondary in
merger processes to larger financial and organizational benefits [11, 12]. The resolution of
curriculum problems is rarely targeted in mergers [11]. Thus, it is important to understand the
influence of teachers' training programs' merger on the content of subject matter knowledge.

In Morocco, since the beginning of the second decade of the 21st century, four types of mergers
have been conducted in the teacher training sector [13]. Heading to enhance the quality of teachers
and students’ acquisitions, the first one consists of merging regional educational centers (REC) and
teachers training centers (TTC), leading to the creation of region one institution called regional
center for education and training jobs (RCETJ). Through the second merger, two different

competitions for the recruitment of middle and high school teachers have been replaced with one
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single teacher recruitment for secondary school. Another merger involves the legal combination of
two professional statuses of middle and high school teachers into one target unified status that
continues to exist. The last merger is based on the use of the same training curriculum for two
different fields of employment. Some teachers work in middle schools (age 12-15) and others in
high schools (age 15-18). For a long time, the secondary teacher training system was characterized
by the existence of two streams: middle school education teacher (MSET) and high school education
teacher (HSET). Since 2016, a single secondary school education teacher (SSET) curriculum has
replaced both MSET and HSET curricula, and one unified training teachers’ system has been

designed to address the unique needs of all prospective teachers (Figure 1).

Middle school
education teacher

Secondary school

— | Merger Training |—> i
education teacher

High school
education teacher

Figure 1: Teacher training merging process

To implement SSET system, different teacher education models have been adopted [14]. The
resultant training curriculum obtained from partial compromise showed notable differences in
several variables, such as the training system structuration, purposes, the duration of training, course
modules, the content disciplinary knowledge, and evaluation approaches [15]. However, school
discipline features according to education cycles constitute a major challenge that prospective
teachers are asked to take into account.

In the case of prospective physics-chemistry teachers (PPCTs) training, several modules
described using syllabuses are included in curricula (Table 1). Those devoted to the specialty

disciplines that teachers will teach in schools appear in curricula before (M5, M6, M11, M12) [16,
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17] and after (M1, M2, M10, M11) [15] the training merger. The contents of these modules aim to

enhance the degree of academic and intellectual understanding of matter related to teacher education

at each school level. Thus, four modules have been dedicated to strengthening the physics and

chemistry teachers’ knowledge for each specific specialty (MSET, HSET). After the merger process,

all modules dedicated to support knowledge in the teaching subjects have been replaced in SSET by

four other modules aiming to reinforce the teaching discipline knowledge of the new generation of

teachers [18]. The reinforcement modules before and after merger are divided between physics and

chemistry. These teaching matters require the assistance of theoretical and practical courses to help

trainees deepen their understanding of fundamental knowledge. The difficulties that result from the

combination of support chemistry modules' contents into only two modules constitute a real

challenge for physics-chemistry teacher training.

Table 1: Teacher training modules before and after merging

MSET

Semester-1: Planning (M1); management-1 (M2); methodology of educational action
research (M3); information and communication technology in education (M4); training
supplement-1 (MS5); training supplement-2 (M6); Semester-2: Management-2 (M7);
Evaluation (M8); professional legislation and ethics (M9); School life (M10); training
supplement-3 (M11); training supplement-4 (M12)

Before merger (34 h)

HSET

Semester-1: Planning (M1); management-1 (M2); methodology of educational action
research (M3); information and communication technology in education (M4); training
supplement-1 (M5); training supplement-2 (M6); Semester-2: Management-2 (M7);
Evaluation (MS8); professional legislation and ethics (M9); School life (M10); training
supplement-3 (M11); training supplement-4 (M12)

After merger (34 h)

SSET

Period-1: Initial training supplement-1 (M1); initial training supplement-2 (M2);
educational sciences (M3); didactics (M4); planning (M5); management-1 (M6);
educational research methodology (M7); information and communication technology
in education (M8); field internship-1 (M9)* (64 h)

Period-2: initial training supplement-3 (M10); initial training supplement-4 (M11);
Management-2 (M12); evaluation (M13); didactic production (M14); professional
practices analysis of (M15); School life (M16); professional legislation and ethics
(M17); field internship-2 (M18)*

* Duration: 64 h
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RESEARCH PROBLEM

The obsession to implement a single secondary school teacher education in Morocco must be
viewed with a broader lens to achieve an efficient institutional structure landscape. The negative or
positive influences of the teacher training combined systems can be studied according to numerous
aspects. The generalization of this novel training system involves the mergers of curricula and
programs that have becoming the subject of an intense core challenge [14, 15, 18]. The research
object will focus on the curricula combining two primitive secondary teacher training systems. This
innovative program targeting to improve the quality of teacher training requires comparison with
those used before the merger process. Therefore, the effects of program mergers on the contents of
the chemistry modules planned for physics chemistry teachers’ education constitute a relevant
research problem.
Purpose and research questions

This work is carried out to examine the effects of training programs merger on the teachers’
chemistry content knowledge in the light of the Moroccan secondary curriculum. The purpose was
focused on the exploration of the effects of the combined training program on teacher performances.
The paper will take a closer look at the experience of using one single secondary teacher training
curriculum in Morocco, and the implications that may have, in the first hand, on the module contents,
especially the skills, objectives, and scientific knowledge targeted by the curriculum, and in the
second hand, on the trainees' satisfaction. Consequently, our attention was guided by two research
questions: (i) How does the merging of training teacher programs affect the scientific chemistry
modules' contents? (i) What are the feelings of future teachers about the merging of training

programs?
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Relevance of research

Everywhere in the world, the literature on the merger of institutions and curricula is more
abundant. However, according to our knowledge, no studies have been focused on the effects of
merger on the discipline content knowledge. Two key types of relevance explain the motivations for
conducting the present research. The first scientific relevance aims at the pursuit of knowledge and
career development for teachers. The study builds new knowledge on curriculum mergers, promotes
teacher learning, and the findings help to resolve problems generated by the merger of teacher
training programs. The study certainly increases the scientific understanding of the teacher training
curricula merger process. This article takes an original look at the studied object and raises the
question of the chemistry curricula merger of secondary school teacher training programs focused
on the development of skills. The second motivation includes local relevance. Research as well as
country reports allow determining whether physics-chemistry teacher training merger has achieved
its intended objectives. The current available studies don't provide answers to the questions raised
during the training of secondary school teachers based on the resulting program of the combined
training course [14, 19].
METHODOLOGY
Research Methods

This work integrates a mixed research method combining both qualitative and quantitative
approaches, including two separate sections to provide a better understanding of the research
problem than each alone data by itself [20]. Research was conducted using content analysis and
survey based on Kirkpatrick model case study method integrating a questionnaire to answer the
research questions [21-23]. The first method refers to content analysis as a method of analyzing
written, verbal or visual communication messages belonging to several areas, such as teacher

education [24]. It involves pre-analysis, the use of material, the results treatment, inference and
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interpretation [25-27]. The second method found justification since the case research study is
appropriate for in-depth, particular research involving a single individual cohort of prospective
teachers. The case study has been reported as very effective to attain fixed goals in a reasonable and
short time [28].

Sampling
Content analysis samples have been selected using a non-probabilistic strategy based on

purposive sampling, which is suitable to collect best knowledge concerning the research topic [29].
The sample size was determined based on unit of analysis, inducing competencies, objectives, and
chemistry knowledge needed to address the research question [30, 31]. Aiming at the effects of
programs training merger on chemistry content knowledge, official disciplinary syllabi are used.
After the merger, two chemistry modules' syllabi were included in the sample [32, 33]. However,
before the merger, syllabi describing the chemistry training supplement modules in MSET and
HSET courses were not currently available. For this reason, two ancient chemistry training “modules
guides” including chemistry syllabuses were exploited [34, 35].

Survey research data were collected from thirty-six (36) prospective physics-chemistry
teachers PPCT volunteers aged 21-30 years, accounting for a return higher rate of 73.5% and lower
mean rates of item nonresponse (8.5%). There were more female (52.8%; 19) than male (47.2%; 17)
respondents. All respondents graduate with a license (bachelor) diploma in the areas of physics
(72.2%), chemistry (19.5%), and education (8.3%). They have obtained the license grade between
2023 and 2017, and they have undertaken at least three years of university studies from eight
Moroccan institutions. Nineteen (52.8%) of PPCTs have a level of master’s degree attainment. The
respondents successfully passed the training center entrance exam in Morocco (year 2023). Then,
people recruited follow training courses for teaching physics-chemistry in secondary school
(2023/24) in the Eastern regional center for education and training jobs (ERCETJ). Obtaining an

Educational qualification certificate degree enables employment as secondary school teachers.
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Data Collection Tools
Content analysis approach involves three main categories generated from the documents

studied in this research [36]: prospective teachers’ competencies [37]; objectives of a training
modules using Bloom's taxonomy of learning domains [cognitive knowledge (COK), psychomotor
learning (PSL) and affective knowledge (AFK)] [38]; and levels of chemistry knowledge
[macroscopic knowledge’s (MAK), sub-microscopic knowledge’s (SMIK), symbolic knowledge’s
(SYK)] [39, 40].

The research questionnaire conducted in French is based on thirteen closed-ended questions
[23] which are developed in three steps. The first one includes the development of a set of questions.
Research items were classed into three sections related to the effect of training programs' merger on
the chemistry content knowledge (Table 2). The first section aims to understand PPCTs’ reactions
to their feedback towards the two chemistry modules (Q1-4). The main types of accumulated
acquisitions were identified in the second section (Q5-10). Questions (Q11-13) belonging to the third
part aim to assess the usefulness of chemistry knowledge in middle school (MS) and high school
(HS) during the field placements under the supervision of a practicing teacher in educational
establishments.

Table 2: Questionnaire Items

Items Contents
| Trainees' reactions to chemistry modules (TRCM)
Ql Objectives sparked trainee interest
Q2 Contents meet trainee needs for teaching
Q3 Contents cover the knowledge taught in MS
Q4 Contents cover the knowledge taught in HS
Knowledge acquired through chemistry training (KATCM)
Q5 Development of COK
Q6 Development of PSL
Q7 Development of 4FK
Q8 Improvement of MAK
Q9 Improvement of SMIK
Q10 Improvement of SYK
Usefulness of acquisitions during field placements (UADFP)
Ql1 Theoretical knowledge teaching
Q12 Conduction of practical knowledge teaching
Q13 Management of personal qualities
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The three variables explored in the present paper (TRCM, KATCM, UADFP) were measured
using a modified literature scale [41]. Responses to all questions were scored on a four-point Likert
scale measuring respondents’ agreement or disagreement with the item [4 = strongly agree (SA), 3
= agree (A), 2 = disagree (D), 1 = strongly disagree (SD)]. Items with no response (NR) have not
been scored.

The second step aims to check the validity and reliability of a questionnaire. Thus, two experts
and two experienced secondary school teachers were asked to comment on the questionnaire tool.
Analyzing whether the items measure the content of the studied object and their validity to answer
research questions was commented. The third step consists of pilot testing of the first questionnaire
[23]. Three (3) PPCTs enrolled during 2022/23 in teacher qualifying training at the ERCETJ were
invited to complete the instrument that sought research data on the program's merger on the
chemistry content knowledge. The pilot tested whether the questions were well defined,
comprehensible and appropriate, clearly understood, and presented consistently [42], and the time
required to complete the survey was estimated to be about 10 minutes. Pilot study helps to ensure
the adequacy and ordering of the questions, comprehensiveness of the contents, instructions are clear
and adequate [43]. Based on identified pilot testing problems, and experts' and teachers' comments,
errors were amended, and a revised questionnaire has been produced. Research data were collected
from a target population including PPCTs at the end of the training year (13 July 2024 to 31 July
2024) using an online survey as the most cost-effective, straightforward in its implementation, and
leading to the collection of large amounts of data efficiently within relatively short time frames [43].
Participants were invited via email to complete the questionnaire, and they were warned that they

could refuse to answer any item or withdraw from participation.
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Data Analysis
Data analysis transforms collected information using two different methods into meaningful

insights. The content analysis data involves making sense of the three categories studied. From the
data, inferences and presentation of reconstructions of meanings were made. This activity involves
the exploration of the properties and dimensions of categories, identification of probable
relationships between categories [44]. This analysis has been performed two times to maintain the
quality and trustworthiness of the results. Analysis and discussions were conducted separately, and
a consensus on the results has presented [30].

Quantitative data collected from the survey involving numerical values (Frequencies) and
structured responses has been analyzed to ensure it aids towards the end research objective.
Histograms plotted using Excel 2010 software program have been created to visualize the
distribution of responses for each categorical variable. Data analysis involves extraction,
interpretation, and conclusion on the results. The percentages and correlations were computed to
uncover statistically significant relationships. Quantities have been determined independently by
two researchers. Results have been verified, analyzed and discussed within our laboratory group,

and a consensus was reached on the reported data.

RESULTS AND DISCUSSION

The effects of training programs' merger on the content of chemical knowledge in the case of
PPCT have been investigated. This section starts with the effects of merger on the content of
chemical knowledge and ends with the feelings of future teachers about the merging of chemistry

programs.
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Effect of merger on the content of chemical knowledge

The chemistry PPCT training programs before the merger were replaced by two modules after
the merger process. Orientations describing chemistry in both MSET and HSET training pathway
programs were linked to the middle [45] and high [46] school physics-chemistry curricula. The
effects of merger on the content of chemistry training were studied according to three components:
firstly, analysis of core competencies targeted by the chemistry training modules; secondly, study
training objectives assigned to the chemistry modules; and finally, exploring chemistry academic
content knowledge.
Competencies analysis

It is important to point out that the studied competencies are focused on mastery of the teaching
discipline which constitutes the main required condition to exercise the profession of teacher [47].
Table 3 shows the main competencies defined for the chemistry modules before [34, 35] and after
[32, 33] the merger of teacher training systems. This training system has generated multiple
characteristics. Indeed, the specialized training process in MSET and HSET includes modules
aiming to complete or support the university's initial training in chemistry. The fundamental aim of
chemistry teacher training programs is to enable PPCTs to acquire the basic unit or components of
chemistry and to use them competently in a classroom setting. The competencies were identified
according to daily activities that future physics-chemistry teachers will perform in professional
situations to practice of a profession [48]. Achievement of trainees’ chemistry competencies requires
the development of school knowledge within one single educational cycle (middle education or
secondary education). At each level of education, chemistry courses cover a wide specific particular
of basic concepts for which the descriptions and explanations are very different. Moreover, official

Moroccan curricula show several notable differences between chemistry teaching in middle and high
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school [45, 46]. Thus, the competency that should be built in chemistry over the MSET course is
structured around the chemistry experiments that allow the mastery of knowledge related to the
content taught in MS, and to successfully pass the chemistry exam. A similar result is obtained in
the case of HSET. The prospective teachers in chemistry curriculum must develop skills of
adaptation and development relating to the teaching of physics and chemistry in secondary school.
Thus, the competency that should be developed in trainees is described according to the chemistry
knowledge taught in the classroom in a well-defined professional environment. These results are in
good agreement with the literature reporting that competencies integrate know-how covering a wide
range of skills mobilized during the authentic learning situations requiring a real school context [49].

In contrast to this finding, after the course’s merger, training chemistry programs have
seriously underestimated the role of the establishment category as a privileged main environment to
build competencies. From this perspective, definitions of competencies did not consider the type of
education environment as an essential exercise factor to accomplish the tasks required in indoors in
classrooms [50]. The aim of module M1 is to focus on the design of experimental protocols, carrying
out organic syntheses and extraction of organic compounds from natural substances. Regarding M10
content, the attention was directed towards qualitative and quantitative analysis of reactions in
aqueous solutions, in particular acid-base, oxidation-reduction, and precipitation reactions, and their
evolution over time. This strategic institutional framework for competency acquisition conditions
raises a major challenge for the contribution of the school environment to acquiring skills in
chemistry. However, competency requires reflection in school daily practice for the benefit of the
trainee and the students being served. Consequently, this approach to managing chemistry
competence acquisition can't be in favor of improving the learning of scientific processes involving

the development of cognitive, affective, and psychomotor skills [51, 52]. The competency in the
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physics-chemistry teaching “refers to the ability of a teacher to exhibit on-the-job skills and
knowledge gained because of training” [53, 54].

In summary, the training chemistry programs merger has neglected the workplace to acquire
chemistry competencies. The absence of this work environment probably leads to a decrease in the

ability to innovate and adapt to professional changes.
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Table 3: Chemistry competencies before and after merging

ISSN 2227-5835

Before merger (2016)

After merger (2016)

At the end of the module, the trainee teacher must be able to carry out

At the end of this module, the trainee is able to mobilize resources related to the structure

E chemistry experiments enabling them to assimilate a set of knowledge — of matter and organic chemistry in order to design an experimental protocol, carry out an
% and concepts relating to the courses offered in college: Solution = organic synthesis and extract organic compounds from natural substances
chemistry and organic chemistry.
Develop the trainee teacher’s adaptability and development At the end of this module, the trainee is able to mobilize necessary resources to
competencies in teaching physical sciences: Design and carry out qualitatively and quantitatively analyze reactions in aqueous solutions, in particular acid-
experiments using teaching tools in their professional environment; Use E base, oxidation-reduction and precipitation reactions and their evolutions over time.
the results of an experimental activity to compare the predictions of a 3
E theoretical model with experimental results and use these results to —
cﬁ refine a theoretical model; Master the process of constructing the =
knowledge taught and promote the sense of observation which is at the
origin of great discoveries and develop in the student a taste for
experience and the concrete; Recognize their mediating role in the
development of ideas in class.
Table 4: Objectives before and after merging
Before merger (2016) After merger (2016)
. . . N To appropriate the concepts of particle, atom and molecule; Master the nomenclature
Describe and carry out decantation, filtration, distillation, etc.; Know pp ‘p . p. P . . . .
. . . . of families of organic and inorganic compounds; Establish the electronic configuration
how to explain the chemical behavior of some materials; Prepare .. .
. . . of atoms; Represent a molecule taking into account geometry and stereochemistry;
— colored indicators and titrated solutions; Become aware of the . . . L.
m . . . . —  Know the different types of chemical bonds: covalent, ionic, metallic, inter and
vn  dangerous properties of solutions that are very acidic or very basic.; = . . . . . .\
s e . . . intramolecular; Know the types of synthesis reactions in organic chemistry (addition,
Carry out oxidation-reduction and combustion experiments; Carry out . o oy . . .
. .. . . . elimination, substitution, oxidation, reduction) and their applications; Understand the
a quantitative and qualitative analysis of air; Prepare a gas in the . . . . . . .
. . . methods of extraction, purification and identification of natural organic compounds;
laboratory; know how to explain the meaning of balanced equations . . . .. . . .
E Know the physicochemical and structural particularities of certain organic species.
7 Promote the experimental approach to physical and chemical phenomena of solutions;
Identify and exploit the physical quantities controlling the chemical phenomena of
Use of safety measures in the laboratory; measure a chemical aqueous solutions ; Analyze qualitatively and quantitatively chemical reactions in
S quantities and estimate uncertainties,; handling technique; analyze and ©  aqueous solutions; Master general knowledge of chemical equilibrium and control the
Ef-; use the structure of matter; determine the enthalpy of a chemical = direction of evolution of a chemical system; List the species present in a solution;

reactions; analyze the evolution of a chemical system over time

Define chemical kinetics and express the volumetric rate of a chemical reaction;
Appropriate the physicochemical methods for monitoring the evolution of a reaction;
Know the kinetic factors and their influence on the speed of a chemical reaction.
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Changes in training objectives

Table 4 presents the training objectives described for the chemistry modules before and after
the merger process. Comparative study is based on Bloom's taxonomy using actions verbs as
analyzed indicators [55-57]. According to this approach, the objectives of teaching chemistry in
training institutions were classified into three domains of learning (cognitive, affective and
psychomotor) which are affected by the merging curricula process. Indeed, the chemistry programs
in MSET aim to develop the trainees' basic cognitive knowledge in chemistry, leading to influence
students’ science achievement [58]. Several actions verbs such as describe, know and explain
(separation operations taught in middle school, chemical behaviors, the meaning of balance
equations) are exploited. Also, the psychomotor domain includes carrying out some routine
laboratory activities: perform separation operation, preparation of gas in laboratory, performing
analyses. The last affective domain reflects the awareness of the dangerous properties of
concentrated product such as acid or basic solutions. Concerning the HSET, the training objectives
in chemistry were based on two domains of learning. The cognitive domain has been built based on
two action verbs: determine, analyze. A second psychomotor level aims to develop the motor skills
induced during the teaching of chemistry as the use of safety measures, and measurement of
quantities during practical activities.

After the merger of training system, the objectives of chemistry modules were mainly focused
on the cognitive domain, making the mastery of chemistry knowledge’s, skills and intellectual
capacities as the learning priority areas. Indeed, for the organic chemistry module (M1), five action
verbs (to appropriate, master, establish, represent, know) have guided the formulation of the training
objectives. The term "know" has scored the highest using frequency (three quotes). These results

can constitute a major obstacle to developing trainees’ practical skills in chemistry, requiring
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practical training as well as theoretical studies [54]. Likewise, in module M10 named “Chemistry in
solutions and kinetics”, training knowledge was oriented towards the cognitive domain (identify,
analyze, master, list, define, express, appropriate, and know). However, two exceptions have been
distinguished. The first case aims to promote the experimental approach to physical and chemical
phenomena of solutions; and the second exception emphasizes the exploitation of physical quantities
controlling the chemical phenomena of aqueous solutions.

To conclude this section, the MSET and HSET merger has reduced the domains of chemistry
learning. The training within SSET courses gives priority to cognitive knowledge. The psychomotor
and affective objectives are rarely cited in the syllabuses of modules M1 and M10. In addition, the
importance given to disciplinary knowledge may be relevant for the training of a specialist in this
subject while the modules are planned to support the mastery of disciplinary knowledge among
future teachers [59, 60]. Finally, knowledge-based training was the key to choosing training
objectives.

Scientific knowledge’s comparison of module contents

The disciplinary knowledge of the chemistry modules before and after the merger begins with
a description of the academic content and ends with a comparison of the levels of knowledge in
chemistry. Regarding the MSET course offered from teacher training centers, the chemistry
curriculum aims to improve the basic scholarly knowledge of future teachers in MS education
according to several areas (supporting data). The first subject envisages characterizing the states of
matter using examples from everyday life. Also, water separation and purification techniques
constitute other chemistry training themes. Scientific chemistry contents also examine the
mobilization of the basic principles of thermometer uses in the study of changing states of water and

choose appropriate glassware for solution preparation. The differences between the physical states
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of matter on the one hand, and between the object and the material on the other hand constitute other
training themes. In addition, the program deals with the explanation of chemical behavior of some
materials in nature. Also, the chemistry training content gives great importance to combustion
reactions (plastics), and to their chemical modeling (balance equations equation). Otherwise, the
preparation and titration of solutions from commercial chemicals, and preparation of colored
indicators are other knowledge of the chemistry program. Therefore, considering the dangerous
properties of very acidic or very basic solutions as well as their action on metals is described by the
content. Carrying out oxidation-reduction experiments and preparing gases in the laboratory are also
planned to enhance PPCTs acquisitions. Other knowledge, such as the identification of constituents
of a solution, the quantitative and qualitative analysis of air, test for water, and lime water test, is
reported as other skills in chemistry. The chemistry in HSET program provides an initial training
supplement targeting five units. Courses begin with safety measures in the laboratory and the
quantities used in qualifying secondary school. The second unit plans to develop scholarly
knowledge relating to the structure of matter. Then the program presents the basic notions of
quantitative analysis of reactions and follows by the study of energy aspects and the laws of evolution
of chemical systems. The last unit aims the temporal analysis of the evolution of chemical systems.
After the merger processes, the chemistry modules become more specialized. The first module (M1)
focuses on the field of organic chemistry and articulates five parts. The first one deals with the
structure of matter and the stereochemistry of organic molecules. The second part stipulates
deepening the knowledge aimed at the study of the macroscopic and microscopic aspects of a
chemical transformation. The subject of the last part articulates the processes of extraction of organic
products from natural substances. Another part provides for the study of the synthesis and reactivity

of some families of organic compounds. The module is closed by the study of safety and
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environmental preservation instructions. The second module (M10) entitled “solution chemistry and
chemical kinetics” is structured around five units. Content begins with the study of the states of
matter and its macroscopic characteristics. Then, it presents generalities on aqueous solutions.
Another unit develops scholarly knowledge relating to acid-base reactions. The fourth unit deals
with precipitation and dissolution reactions. The final unit examines chemical equilibrium and
oxidation-reduction reactions. In short, chemistry in MSET and HSET courses plan to develop the
basic knowledge that future teachers will use in MS and HS. But, after the merger, the training
content in chemistry became more specialized and did not focus on the scholar knowledge that future
teachers need to master.

To compare the training modules contents, three levels of representation in chemistry (MAK;
SMIK; SYK) were recorded [39, 40]. Table 5 presents the percentages of level knowledge reported
in chemistry programs.

Table 5: Effect of merger on the evolution of levels of representation

Levels\Courses MSET HSET SSET-M1 SSET-M10

MAK 90.0% 38.7% 54.2% 84.0%
SMIK 2.5% 29.0% 20.8% 4.0%
SYK 7.5% 32.3% 25.0% 12.0%

Results obtained for the chemistry modules in the case of specialized training cycles show a
diversity of scholarly knowledge. Indeed, before the merger process, the knowledge planned for
future college teachers in MSET presents a dominance of the macroscopic aspect (90.0%). The
chemistry content attributes priority to the physical aspect of matter relating to perceptible
phenomena. The sub-microscopic (2.5%) and symbolic (7.5%) levels scored very low percentages.
Few concepts (balanced equations, molecular models, air composition) describing these levels are
examined in chemistry modules. Conversely, the training in the case of qualifying cycle is based on

a program that articulates the three levels of knowledge with identical rates (MAK: 38.7%; SMIK:
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29.0%; SYK: 32.3%). These results highlight the importance given to the mastery of skills to
mobilize the multiple facets in the teaching of chemistry. This diversification of knowledge levels
can also be very useful to overcome the difficulties encountered by teachers in the interpretation of
phenomena that can harm student learning. After the merger process, all trainees in SSTE are subject
to a single training course. The program contents for M1 are divided into three levels of knowledge
[MAK (54.2%) > SYK (25.0%) > SMIK (20.8%)]. More than half of the contents belong to the
macroscopic level, and a quarter belongs to the symbolic level. Knowledge belonging to the sub-
microscopic level represents 20.8% of the training program. As for module M10, which aims to
deepen the acquisitions of trainees in the field of solution chemistry and chemical kinetics, we note
an increase in the use of the macroscopic level (84%) compared to the symbolic (12%) and sub-
microscopic (4%) levels. Briefly, the training merger process influences the levels of representation
exploited in chemistry courses. Before the merger, the contents were dominated in MSET by the
macroscopic level of representation, and showed a diversity of levels according to similar
percentages in the case of HSTE. After the merger, contents of M1 cover the three levels of
representations, and those of M 10 are centered on the macroscopic level of representation.
The feelings of PPCTs about the merging of chemistry training programs

Trainees' reactions to training merger, referring to subjective evaluations, are based on how
well a training program is liked. As the first level of Kirkpatrick’s Model [61], the PPCT satisfaction
identifies the feelings of future teachers toward the overall training program. The measurement
taking place at the end of chemistry course includes three main dimensions: Trainees' reactions to
chemistry modules, knowledge acquired through chemistry training, and the use of acquisitions

during field placements.
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Trainees' reactions to modules M1 and M10

Trainees' satisfaction with chemistry training modules studied after the merger is the subject
of four items. Table 6 displays the response percentages, means (M), and standard deviation (STD)
scores for the whole sample.

Table 6: Chemistry modules satisfaction scores for whole sample

Items SA A D SD NR M  STD
Q1 30.6% 52.8% 13.9% 2.8% 0.0% 3.11 0.74
Q2 13.9% 52.8% 30.6% 28% 0.0% 278 0.65
Q3 19.4% 16.7% 25.0% 5.6% 333% 183 0.30
Q4 16.7% 333% 19.4% 5.6% 25.0% 211 040

Indeed, the coherence between the chemistry training that participants have received and their
interests (Q1) has exhibited a high level of overall satisfaction. The mean score for the whole sample
was 3.11 (STD = 0.74) out of a maximum score of 4. Respectively 16.7% and 83.4% of respondents
scored below and high the midpoint of the overall satisfaction with training objectives scale. The
majority of PPCTs agree (52.8%) and strongly agree (30.6%) with the relevance of the learning
objectives set for the chemistry modules. Thus, PPCTs’ interest in training chemistry might be a
crucial factor in effective science teaching, inducing an increase in motivation [62]. Only 16.7% of
the population believes that training objectives do not correspond to their expectations. These results
can be linked to the diversity of trainees’ university courses, where the majority (72.2%) come from
physics courses, and 20% have initial training in chemistry. The item Q2 measures the link between
the scientific content of the chemistry modules and the needs for providing teaching. The average
score on the measure of perceived training efficiency was less positive (M = 2.78, STD = 0.65), but
still above the midpoint on the scale. The survey data revealed that 66.7% of participants are satisfied
with the content of courses in chemistry, implying that the PPCTs can easily engage with the

students, and allow them to focus on the learners' problems and dominate all aspects of the teaching
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activity. Also, this significant satisfaction processes a higher demand on PPCTs to improve their
practical and teaching skills [63]. The learning service received in the chemistry learning process is
appropriate to the expectations of the trainees. This result generates an improvement in satisfaction,
leading to an increase in the quality of the training [64]. However, more than a quarter share of
trainees (33.4%) perceive that the disciplinary content in chemistry did not meet their needs to
provide teaching. Thus, these contents are not adapted to the level of scholarly knowledge mastered
by this population. The last two items (Q3 and Q4) explore the links between the training contents
and the chemistry school knowledge, respectively, middle and high schools. As can be seen,
significant non-response rates were obtained for Q3 (33.3%) and Q4 (25.0%). The average score of
the relationship of chemistry training modules with the knowledge taught in classrooms was
significantly higher for the HS (M =2.11, STD = 0.40) compared to the MS (M =1.83, STD = 0.30),
which has obtained a result slightly lower than the midpoint. The learning subjects have scored a
higher average percentage of knowledge planned for HS (50.0%) than MS (36.1%). However, an
important percentage of the trainees surveyed (MS: 30.6%; HS: 25.0%) indicate that the
reinforcement learning preparation they received in chemistry does not allow them to have a broad
knowledge of the content of the chemistry subject they teach. The divergence between the training
knowledge and the chemistry school programs is very pronounced for college teaching (30.6%).
This discrepancy between the contents proposed for the training with the school knowledge can
constitute a source of problems in chemistry teaching. Future teachers will be confronted with
conceptual foundations instability, which can lead to alternative conceptions, incorrectly explaining
the behavior of matter and making inaccurate predictions in chemistry [65, 66].

Finally, the trainees’ satisfaction with their qualifying chemistry training shows a high effect

on trainees’ interests (83.4%), good satisfaction (66.7%) of individual needs for educational
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intervention, and different relationship between the chemistry training courses and the school content
to work with students in MS and HS who have recorded respective satisfactions of 36.1% and 50.0%.
Knowledge construction through chemistry training modules

PPCTs outcomes are a very important part of this paper because they highlight the effects of
training modules in enhancing trainees’ chemistry skills, leading to improved teaching practice and
learning process. The objectives of chemistry initial training supplement modules are to provide a
solid conceptual basis for the PPCTs who will teach chemistry in classrooms. The contribution of
chemistry programs in trainees’ knowledge building was studied using two components. The first
one measures the COK (Q5), PSL (Q6), and AFK (Q7) acquired after the application of chemistry
modules. Results are presented in Table 7.

Table 7: Development of cognitive, psychomotor, and affective skills

Items SA A D SD NR M STD
Q5 333% 52.8% 83% 28% 28% 3.11 0.79
Q6 16.7% 30.6% 333% 11.1% 83% 236 034
Q7 25.0% 41.7% 11.1% 5.6% 16.7% 2.53  0.58

The basic chemistry contents planned in chemistry modules were very useful to improve
trainee’s acquisitions and learning outcomes. Indeed, participants show in COK a high value of
overall satisfaction with the chemistry training (M = 3.11, STD = 0.79). This satisfaction remains
low for personal qualities (4FK) (M = 2.53, STD = 0.58) and lower in the case of PSL (M = 2.36,
STD = 0.34). For this last component, about half (44.4%) of the sample has expressed their
disagreement with the contribution of chemistry content to the development of their practical skills.
Minor parts of trainees [2.8% (Q5), 8.3% (Q6), 16.7% (Q7)] were unable to self-evaluate their
abilities at the end of the training process, probably due to their uncertainties about their performance
improvements. The second component (Table 8) evaluates the effect of chemistry courses mergers

on the deep-level knowledge [67] involving the levels of representations, requiring in teaching
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chemistry to move between the symbolic, the macroscopic world and to understand what is
happening at an atomic level [68].

Indeed, the training made a positive contribution to enhancing the trainees' acquisition of
apprentices at all levels of representation. The overall mean satisfaction ranges between 2.25 and

2.83.

Table 8: Improvement of knowledge linked to levels of representation in chemistry

Items SA A D SD NR M STD
Q8 333% 36.1% 194% 28% 83% 283 0.60
Q9 83% 41.7% 30.6% 5.6% 13.9% 2.25 0.51
Ql0 25.0% 41.7% 19.4% 2.8% 11.1% 2.67 0.56

The chemistry training knowledge contributes favorably to improving the acquisitions of
trainees. MAK had the highest score (M = 2.83, STD = 0.60) followed by SYK (M =2.67, STD =
0.56) and SMIK (M = 2.25, STD = 0.56). Global satisfaction changes in the following order: MAK
(69.4%) > SYK (66.7%) > SMIK (50.0%). However, dissatisfaction percentages varying between
22.2% and 36.2% believe that these trainees failed to build knowledge including the levels of
representations in chemistry at macroscopic, symbolic, and sub-microscopic levels. Their
understanding remains unchanged over time after the chemistry training. The highest non-response
percentage (13.9%) was scored in the case of the sub-microscopic level of representation.

In short, the combined chemistry modules have been very efficient to enhance the future
teacher’s acquisitions of in terms of cognitive knowledge (86.1%). The lowest satisfaction towards
knowledge’s related to the levels of chemical representation was recorded for the level based on

particulate properties (50.0%).
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This paragraph shows and discusses the usefulness of PPCT knowledge acquired in chemistry

courses in field placements during three types of activities: teaching theoretical knowledge (TTK),

carrying out practical works (CPW), and managing behaviors in classrooms (MBC). Tables 9 and

10 describe the global and results scored in MS and HS chemistry classrooms. Three different

teaching activities were studied: theory lessons, practical work activities, managing classroom

behavior. Globally, results show a global average (M = 2.89) of using chemistry knowledge closer

to level 3. The differences in overall satisfaction depending on the educational level (MS: 2.69; HS:

2.98) and the nature of the activities (77K: 2.83; CPW: 2.76; MBC: 2.92) are not very large.

Approximately more than a quarter (30.1%) of the population formulates a negative judgment about

the usefulness of the content accumulated in chemistry during field placements.

Table 9: Global acquisitions use

TTK CPW  MBC M
MS 272 258 2.78 2.69
HS 294 294 3.06 2.98
Average  2.83 2.76 2.92 2.84

Table 10: Particular future teachers' acquisition uses during field placements

Items School SA A D SD NR M STD
011 MS 25.0% 41.7% 194% 83% 5.6% 2.72 0.54
HS  33.3% 38.9% 16.7% 11.1% 0.0% 294 0.60
012 MS  83% 472% 222% 16.7% 5.6% 2.58  0.55
HS 27.8% 30.6% 25.0% 16.7% 0.0% 294 041
Q13 MS 25.0% 444% 194% 5.6% 5.6% 278 0.58
HS 30.6% 50.0% 13.9% 5.6% 0.0% 3.06 0.70

For the details, a very low non-response rate (5.6%) was obtained for the three categories of

knowledge in the case of MS. Acquired knowledge has led to significant uses and benefits for

individual needs in classroom teaching. Uses have recorded high satisfaction percentages for the
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three components studied in the case of high schools (BMC: 80.6%; TTK: 72.2%; CPW: 58.4%).
Also, all studied components show slightly higher usefulness level in the case of qualifying
secondary schools compared to middle schools. The gap is higher for the behaviors management
(MS: 69.4%; HS: 80.6%) and weaker in the case of conducting practical works (MS: 55.5%; HS:
58.4%). However, the uselessness changes between the high value of 41.70% (HS, CPW) and to
lower value of 19.50% (HS, MBC). For the teaching of theoretical knowledge, this variable remains
the same for both MS (27.70%) and HS (27.80%). These unsatisfactory scores obtained for the low
levels of the measurement scale raise profound questions about the relevance of the merged
chemistry content for this population of trainees. Personal factors can probably explain this result.
To sum up, knowledge built from the chemistry modules merged shows very encouraging uses
during field placements. The higher overall mean of usefulness (3.06) has been scored for MBC in
the case of HS, and 80.6% of trainees are satisfied with the use of affective knowledge to manage
behaviors in chemistry classrooms. Furthermore, the highlighted uselessness may be related to

factors specific to the trainees.

CONCLUSION AND PERSPECTIVES

The merger of secondary school teacher training systems has been embarked by abandoning
specialized training according to school cycles and implementing one single transversal curriculum
for both MSET and HSET. Chemistry knowledge is very important as well as in MS and HS, and in
teacher training. This paper explores the merger of chemistry training programs and investigates its
effect on the trainees’ knowledge and the reactions of trainees about chemistry modules.
Methodology based on mixed research involves the content analysis of a corpus of four official
documents and the survey questionnaire including thirteen questions distributed to a sample of thirty-

six PPCTs. The merger of chemistry training programs considerably affects the competencies of
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learning modules, the training objectives and the academic content knowledge’s. The chemistry
competencies in ancient training system were defined according to activities that future teachers will
perform in MS or HS. After the merger, competencies did not consider the work environment as an
important factor in accomplishing the tasks required in classrooms. Also, objectives of chemistry
modules in the case of MSET and HSET describe cognitive, affective, and psychomotor domains of
learning. However, after the training merger, the objectives were focused on cognitive knowledge,
promoting the mastery of academic chemistry knowledge. Lastly, the training merger influences the
levels of representations used in chemistry modules. In the case of training specialized per scholar
cycles, results show several particularities in the chemistry contents. The macroscopic level of
representation dominates the chemistry knowledge planned for the trainees in MSET. However, the
chemistry training program in HSET includes three levels of representations according to similar
percentages. After the merger process, all trainees in SSTE are subject to a one single training course.
The contents of M1 are distributed over the three levels of representations, and most of the
knowledge in M10 belongs to the macroscopic level of representation.

The satisfaction measurements about the chemistry content merging based on the first level
of Kirkpatrick’s Model include three variables. For the first one (TRCM), high level (83.4%) of
overall satisfaction has been obtained toward the link between the objectives of M1 and M10
chemistry modules and the own training interest of trainees. The content of chemistry training has
generated a satisfaction of 66.7% to meet the necessary needs of providing education. The average
score showing the relationship of chemistry courses with school knowledge is significantly higher
in the case of HS (2.11) compared to the MS, revealing a lower average than the midpoint of 1.83.
The second variable aiming to quantify KATCM shows that the chemistry contents contribute to

improving trainees’ acquisitions related to three levels of knowledge as the following descending
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order COK (3.11, 86.1%) > AFK (2.53, 66.7%) > PSL (2.36, 47.3%). The chemistry training
modules are very efficient at enhancing the trainees’ acquisition at all levels of representation where
the overall satisfaction means are 2.83, 2.67 and 2.25 respectively for MAK, SYK and SMIK. The
last variable (UADFP) highlights that the chemistry acquisitions are used during the field placements
with an overall mean closer to level 3. The means of satisfaction depend on the level of education
(MS: 2.69; HS: 298), and the nature of the activities (COK: 2.83; PSL: 2.76; AFK: 2.92) are not very
large.

To close this research, four pertinent perspectives focusing on the merger of teacher training
programs are drawn up. Firstly, the determination of difficulties that trainees encounter to using their
acquired knowledge during the exercise in classrooms. Secondly, the exploitation of the second level
of Kirkpatrick to evaluate the trainees’ acquisitions submitted to the merged programs. Then, the
influence of the merger process on the evolution of future teachers' manipulative skills to ensure the
chemistry practical teaching in secondary school. Finally, the long-term consequences of the merger
for educational systems are important to highlight the benefits or weaknesses of this strategy. Thus,
the effects of teacher training merger on the academic performance of learners in middle and high
schools constitute a pertinent challenge for educational actors.
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