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Abstract- The paper investigates the effect of the 
proposed course map and its three-phase implementation, 
which is supported by a flipped classroom method and 
asynchronous lectures, on Moroccan pupils' learning 
electrolysis concepts. As part of a quasi-experimental 
design, pre- and post-tests were performed before and after 
the pedagogical interventions. The sample consists of two 
groups of pupils: experimental (34) and control (31). The 
experimental group employed the flipped classroom 
method to learn the lesson subjects, whereas the control 
group used traditional face-to-face teaching method. To 
describe and compare the obtained data, descriptive and 
inferential statistics were utilized with the appropriate 
software. The obtained results show that the experimental 
group performed the control group significantly. Indeed, 
the post-test results indicate a significant difference in 
mastery of new learning related to the electrolysis course 
between the experimental group (mean rank=38.76) and 
control group (mean rank=26.68) groups, with the EG 
pupils excelling the CG ones. Summative test results show 
a significant difference in pupil performance between 
experimental group pupils (mean rank=38.72) and control 
group (mean rank=21.11). This study concludes that the 
suggested flipped classroom method has direct and 
favorable effects in learning, retention and effective 
assimilation of electrochemical concept and principals. 
 
Keywords: Pupils, Flipped Classroom, Chemistry, Redox, 
High School, Performance. 
 

1. INTRODUCTION 
The flipped classroom instructional approach has 

garnered substantial attention as    a pioneering method for 
teaching and learning, particularly noted for its impact on 
science education [1]. This innovative methodology, 
characterized by the inversion of traditional classroom 
activities, holds promise in enhancing students' 
comprehension and retention of intricate concepts. The 
primary aim of integrating the Flipped Classroom model 
in science education is to foster active engagement and 
profound understanding among students. By reshaping the 
conventional structure, where in-class lectures are 

supplemented with at-home exercises, learners are 
provided with preparatory materials, such as pre-recorded 
video lectures and readings, ahead of class. This equips 
them to grasp foundational concepts and underlying 
principles at an individualized pace. Classroom time is 
thus utilized for interactive activities, collaborative 
problem-solving, and discourse, allowing pupils to apply 
their knowledge, seek clarification, and receive 
personalized guidance from educators. 

Empirical research has demonstrated encouraging 
outcomes in terms of student achievement and 
involvement when applying the Flipped Classroom 
approach to teaching chemistry’s principles. For example, 
[2] explored the influence of this approach on students' 
grasp of Redox reactions, revealing higher performance 
levels and enhanced enthusiasm for learning chemistry 
compared to traditional methods. In spite of its prominence 
in technology-integrated learning, the empirical 
substantiation for the flipped classroom's efficacy remains 
limited. Nonetheless, case studies indicate its positive 
impact on STEM subjects, particularly in the Science, 
Technology, Engineering, and Mathematics domains [3]. 

Recent findings, such as [4] study examining first-year 
students' readiness for the flipped classroom and [5] 
analysis of its impact on motivation and academic 
achievement, carry our interest to this research. Moreover, 
[6] emphasize the need for tailored designs, stressing that 
thoughtful planning significantly influences outcomes. In 
light of the evolving educational landscape, these 
contributions elucidate the potential advantages of the 
flipped classroom and offer insights for effective 
implementation.  

On the other hand, traditional lectures provide few 
opportunities for pupils to interact with lecturers and ask 
questions, and the content cannot be adjusted to match the 
needs of different pupils [7]. Pupils find it difficult to focus 
during lectures [8]. But interactive tutorials might be 
problematic if they are not designed properly consist solely 
of informal discussion on readings or lectures: There could 
be a proclivity for the same pupils to speak up/silence, low 
quality due to a lack of preparation, as well as inadequate 
engagement and talents development is hindered due to a 
lack of variety in learning activities. 
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However, comprehensive investigation and in-depth 
research are imperative to establish the flipped classroom 
effect on pedagogical approaches. Despite, the favorable 
outcomes, implementing flipped classroom techniques in 
science education, specifically chemistry, presents certain 
challenges. Significantly, the demand for technological 
infrastructure and resources poses a hurdle, especially in 
contexts with limited internet access and appropriate 
devices. Additionally, educators must acquire new skills to 
create engaging preparatory materials, facilitate active 
learning experiences, and offer personalized support.  

In the Morocco context, "GENIE" program, introduced 
in 2006 by the Ministry of Education, marked the start of 
the digital revolution of the educational landscape in 
Morocco, but the Covid-19 health crisis gave it a 
tremendous boost. In fact, the Moroccan Ministry of 
Education adopted alternating face-to-face and distance 
learning as the new pedagogical strategy for the 2020-2021 
academic year in response to the pandemic situation 
(Ministerial Note 039x20), developing materials on its 
official “TelmidTICE” platform or airing them on national 
television to reach as many pupils as possible, especially 
those without internet access.  

However, some writers [9] and the thematic report of 
the Higher Council for Education, Training and Scientific 
Research [10] have criticized this experience, citing 
significant challenges and restrictions with distance 
learning. Through two strategic objectives, the Ministry's 
digital plan for 2030 is to establish a school that is forward-
thinking, outfitted, linked, and integrated into the 
knowledge society. These aim to build students' 
Information and communication Technology (ICT) 
abilities and integrate ICT into the curriculum from the 
start. As part of the implementation of Framework Law 51-
17 [11] several goals are stated. As a result, it will be 
possible to include digital technology into the updated 
curricula for schools as well as to keep schools equipped 
and connected, train instructors, and create new content 
and uses through annual action plans at the federal, 
provincial, regional, and local levels. A platform (e-
takwinetanmia) for digital classroom pilot has been 
introduced this academic year, with plans to expand it if 
the experiment is successful. 

The purpose of this study is to design and investigate 
the effect of a proposed planning and managing chemistry 
course in various flipped classroom applied phases on 
pupils' problem-solving abilities related to redox concepts 
(electrolysis). The flipped classroom method is supported 
by the Learning Management System (LMS) may increase 
students' interest and performance in chemical concepts to 
obtain better academic achievements. The main research 
questions as follow: 
- Does the design and implementation chemistry course 
with flipped classroom delivered via the LMS significantly 
exceed the conventional face-to-face way of instruction in 
terms of improving learners' understanding of chemistry?  

2. LITERATURE REVIEW 
 

2.1. Flipped Classrooms 
Instruction moves from the group learning space to the 

individual learning space, and the resulting group learning 
space is transformed into a dynamic, interactive learning 
environment where the teacher supports students as they 
apply concepts and engage creatively in the subject matter 
[12]. This definition is illustrated in Figure 1, where we 
show the flipped class’s method derives from the inversion 
of Bloom’s revised taxonomy low learning levels in the 
traditional approach based on the workspace [13].  

The "flipped classroom" strategy, also called as the 
"inverted classroom" or "reverse instruction," is a way of 
using technology to "flip" or "reverse" what is typically 
done in class with what is typically done as homework, 
supporting educational material for pupils that can be 
accessed online. The fundamental idea behind the flipped 
classroom is to move the "delivery" of material outside of 
scheduled class time while allowing pupils to engage in 
collaborative and interactive activities during scheduled 
class time that are related to the material. 

 

 
 

Figure 1. Traditional (TCM) and Flipped Classroom (FCM) Framework 
of Bloom’s Revised Taxonomy [13] 

 
2.2. Practices for Teaching Online 

Teaching online has become increasingly prevalent in 
today's educational landscape, necessitating the 
implementation of effective practices to ensure quality and 
engagement in virtual learning environments. Educators 
are faced with the challenge of adapting their teaching 
methods to suit the digital realm while maintaining high 
standards of instruction. Several research studies have 
shed light on best practices for teaching online that 
promote active learning and student success. In the online 
education domain, several essential practices have 
emerged to enhance teaching effectiveness and foster 
meaningful learning experiences.  

One such practice is the establishment of a strong 
online presence, as emphasized by [14]. Engaging with 
pupils through regular interactions and providing timely 
feedback contributes to a supportive and engaging learning 
environment [15], promoting a sense of instructor 
availability and active involvement in the virtual 
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classroom. Furthermore, leveraging technology 
appropriately plays a critical role in successful online 
teaching. [16] research highlights the significance of 
incorporating multimedia elements, such as videos and 
interactive simulations, to facilitate better comprehension 
and engagement among students. By utilizing these 
technological tools strategically, educators can enhance 
the overall online learning experience. Moreover, well-
designed course structures are equally vital for effective 
online teaching. [14] stress the importance of clear 
learning objectives and organized content to guide pupils 
systematically through their learning journey. Ensuring 
intuitive navigation and a logical sequence of topics 
contributes to a seamless learning experience for students. 

Additionally, fostering student interaction and 
collaboration is key to building a sense of community in 
the online learning environment. [17] advocate for the use 
of various collaborative tools, including virtual group 
projects and peer discussions, to encourage active 
participation and knowledge-sharing among students. 
Lastly, regular assessments and timely feedback are 
essential components of successful online instruction. [13] 
research emphasize the significance of formative 
assessments in providing valuable insights into student 
progress and identifying areas for improvement. By 
embracing these evidence-based practices, educators can 
create robust and engaging online learning environments 
that support students' academic growth and cultivate a 
positive and successful virtual learning experience. 
Through intentional implementation of these practices, 
instructors can make a significant impact on the 
effectiveness and outcomes of online education. 

 
3. MATERIALS AND METHODS 

 
3.1. Design an Online Flipped Classroom Lesson 
 
3.1.1. Flipped Learning Lesson Planning 

The following five stages are included in electrolysis's 
online lesson planning based on the flipped classroom   
approach that is the subject of this study:  
• Stage1: Write a list of clear, measurable learning 
objectives for our lesson. Based on the official Moroccan 
instructions for 2nd year baccalaureate physics and 
chemistry, we draw up a list of clear, measurable learning 
objectives for the electrolysis lesson, indicating what 
pupils should be able to do once the lesson is over. 
• Stage 2: Divide the learning objectives into “Basic” 
objectives and “Advanced” objectives. This stage defines 
what pupils should be able to perform before, during, and 
after class, according to the zone of proximal development 
approach (ZDP) [18]. To accomplish this, we establish a 
line between the before-class and during-class objectives 
according to Bloom's revised taxonomy. Taking into 
consideration the items on our list of learning objectives, 
which moment on our list of learning objectives is the 
lower task (Basic learning objectives) we can reasonably 
expect a pupil to complete before class, thanks to an 
independent self-learning structure, and which moment on 
our list of learning objectives is the higher task (Advanced 

learning objectives) we expect pupils to tackle thanks to 
their active work in class? 
• Stage 3: Design and construct the pre-class activity 
around the basic objectives. To proceed, pupils are 
required to pass a diagnostic exam on the prerequisite 
knowledge needed to understand the redox and Daniel cell 
concepts. This is followed by an overview that gives a 
quick introduction to the lesson on "electrolysis" by 
connecting it to previously learned material. The 'Basic' 
and 'Advanced' 'Learning Objectives' are displayed to 
illustrate the expectations of pupils. Following that, a list 
of "Learning Resources" offers a suggested selection of 
text (who pupils be expected to complete in the course), 
video (recorded asynchronous lectures), and multimedia 
resources (online chemistry educational videos from 
various websites, mobile application, simulations, and 
interactive software’s) to aid learners in effectively 
interacting with their basic learning objectives 
(Remembering and Understanding). Learners can share 
and exchange knowledge with each other in a teacher-
moderated an asynchronous discussion forum (peer-to 
peer and pupil to teacher interactions). Training exercises 
for the basic objectives are also planned, and learners are 
invited to do them after reading and watching the 
aforementioned resources. 
• Stage 4: Design of the in-class/group space activity 
around the advanced objectives. The components in the 
middle of revised Bloom's Taxonomy (Apply, Analyze 
and Evaluation) are typically used in class activities. 
Active learning should be incorporated into these 
activities: "anything that involves pupils in doing things 
and thinking about what they are doing" [19]. We select 
in-class activities (formative assessments) in such a way 
that they consolidate the basic objectives related to pre-
class work, and are consistent with the course's advanced 
learning objectives, and facilitate students' development of 
desired skills and knowledge. The selection of main 
classroom activities considers one formative assessment 
per lesson objective, adheres to a progressive scale of 
difficulty, and avoids redundant elements that do not 
contribute significantly to the learning objectives (e.g., 
quizzes, examinations of high difficulty points, exercises 
and problems). 
• Stage 5: Design and construct any post-class activities. 
Create activities that take place after the group 
space/classroom activities are completed. Bloom's 
taxonomy components (create) are commonly utilized for 
post-class activities. Following the in-class practice, we 
identify advanced learning objectives that require more 
attention. Activities are identified (problems to solve, real-
life applications of electrolysis to research, models, 
documentation link, final group project and summative 
assessment) that enable continual engagement with 
advanced learning objectives within the time it would take 
an average learner to accomplish each activity. 

 
3.1.2. Managing Flipped Learning Lesson 

Effectively managing a flipped classroom requires an 
integrated approach encompassing various work spaces to 
optimize the learning experience, as shown in Figure 2. 
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 Pre-classroom preparation: Pupils are required to 
complete individually a diagnostic test of the prerequisites 
for the concepts of a spontaneous transformations lesson 
in the out-of-class environment after logging in with their 
personal accounts to the "MySchool" 
platform(https://myschool.anappios.com/).  Following 
that, they are directed to read pre-reading materials from 
textbooks and curricula and view video sequences of the 
"electrolysis" course and simulations of electrolysis 
operating, in which key themes, definitions, and 
instructive examples are addressed. Formative 
assessments (quizzes and exercises) have been integrated 
into these resources, which learners are asked to complete 
and submit. The teacher will then create and manage an 
online discussion forum to give pupils a place to interact 
with the pre-reading material and video contents. Through 
the sharing of queries and points of view, this forum 
encourages peer-to-peer interaction, teamwork in study, 
and the pursuit of clarification. 
 In-classroom facilitation: Once within the classroom 
environment, an interactive blend of activities facilitates 
deeper understanding. A succinct review of the pre-
reading materials and video content is conducted, 
reinforcing comprehension and addressing queries raised 
in the online forum and the observed difficulties in the pre-
class performances and formative assessment. Active 
participation is cultivated through interactive group 
activities, wherein learners collaborate in experiments 
centered on electrolysis. Detailed instructions guide pupils 

through each step of these hands-on experiments, 
promoting hands-on engagement. Collaborative problem-
solving sessions are introduced, presenting intricate 
challenges linked to electrolysis for groups to collectively 
resolve. This approach nurtures teamwork, critical 
thinking, and the practical application of theoretical 
concepts. Guided discussions transition the focus to real-
world applications of electrolysis in industries. Here, 
pupils are encouraged to bridge theoretical understanding 
with real-world scenarios, fostering a holistic grasp of the 
subject matter. 
 Post-classroom enrichment: Following the in-class 
activities, a range of activities and assessments contribute 
to the consolidation and extension of learning outcomes. 
Supplementary resources such as articles, videos, and links 
to online simulations are shared to encourage further 
exploration and self-directed learning. To foster individual 
reflection, pupils are assigned a task to summarize key 
takeaways, identify challenges encountered, articulate 
newfound insights, and outline areas for improvement. 
This reflective exercise nurtures metacognition and self-
awareness. Subsequently, a comprehensive assessment is 
administered to gauge pupils' comprehension and 
application of electrolysis principles to real-world 
scenarios. To conclude the flipped lesson, a final online 
discussion is orchestrated. This forum addresses any 
lingering questions, provides closure to the topic, and 
strategically connects the acquired knowledge to 
subsequent lessons or potential applications. 

 

 
 

Figure 2. Designing the Research Framework for three phases Flipped Lesson Management 
 

3.1.3. Educational Platform 
In the context of the educational framework, the 

specialized "MySchool" platform 
(https://myschool.anappios.com/) was developed to 
facilitate an effective electrolysis lesson using the Moodle 
Learning Management System. This platform featured a 
dedicated control panel comprising key elements designed 
to create an engaging learning experience. The platform 
began with the integration of "Official Pedagogical 
Objectives" aligned meticulously with the curriculum, 

outlining essential learning outcomes for the electrolysis 
lesson. To assess pupils' initial understanding, a "Pre-test" 
was administered, consisting of five problem-solving 
questions, providing insights into areas requiring further 
attention.  

The lesson contents encompassed a comprehensive 
"Study of Electrolysis," covering relevant concepts and 
formulae. A structured "Video course" by an expert 
professor was presented in three parts, facilitating 
manageable comprehension.  
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Real-life experiments were showcased through 
"Experimental Videos," categorized into microscopic and 
macroscopic scales. The lesson culminated with a "Post-
test" of seven questions to evaluate pupil’s progress. By 
thoughtfully integrating these components, the 
"MySchool" platform provided an interactive and 
comprehensive approach, enhancing students' 
understanding and engagement with electrolysis concepts. 

 
3.2. Methods   
 
3.2.1. Participants 

The study included a total of 65 pupils in their second 
year of the baccalaureate program in the second semester 
of the academic year 2022-2023, majoring in Physics and 
Chemistry. Among them, 34 pupils were assigned to the 
experimental group, while 31 pupils formed the control 
group. 

 
3.2.2. Methodology 

In this study, a quasi-experimental design was used to 
examine the effectiveness of our lesson supported by the 
flipped classroom method. A pretest, posttest and 
summative test were deployed for both control and 
experimental groups towards the end of the 2022/2023 
school year. 
• Experimental group: The experimental group (EG) 
received instruction using the flipped classroom pedagogy. 
Each student in this group was provided with an individual 
account on the "MySchool" platform, which allowed them 
to access the lesson materials, including video lectures, 
experimental videos, and other relevant resources. They 
were also able to complete the required tasks, such as the 
pre-test and post-test, remotely at home. In the classroom, 
the pupils in the experimental group engaged in exercises 
and applications that were specifically designed to 
reinforce the concepts covered in the lesson. The teacher 
provided supervision and guidance during these activities. 
The pupils' responses and solutions to the exercises were 
recorded on paper for later analysis. 
• Control group: The control group (CG), on the other 
hand, received instruction using conventional face-to-face 
teaching method in a traditional classroom setting. The 
lessons were delivered face-to-face by the teacher, and the 
pupils' learning activities. 
• Assessments: Assessments were performed on both the 
experimental and control groups to measure learning 
outcomes. The assessments, which were given in the form 
of a continuous control, covered two types of levels skills: 
low (basic learning objectives) and high (advanced 
learning objectives). The post-test low-level skills consist 
of determining the chemical species in solution and the 
redox couples involved in the electrolysis in question, 
whereas the high-level skills measure pupils' ability to 
write the balance equation for the electrolysis of an 
aqueous solution of NaCl and calculate the value of the 
maximum quantity of hypochlorite ions (ClO-) that the 
device can supply over a period of t= 1.0 hour of operation. 
The low-level skills in the sum-test consist of determining 
the description of the electrolysis in question (anode, 

cathode, direction of current and electron, species), 
whereas the high-level skills assess pupils' abilities to write 
the balance equation of the electrolysis, find the mass (m) 
of magnesium deposited over the time t, and calculate the 
volume V of chlorine released under the conditions of the 
experiment over t. The experimental group took the pre 
and post-tests remotely via the "MySchool" platform, 
while the control group took the tests face-to-face manner. 
The specified total time for the electrolysis lesson is 150 
minutes. Table 1 illustrates the time gained by flipped 
learning (FCM) compared to the traditional face-to-face 
method (TCM). 

 
Table 1. The time allocation for electrolysis lesson using both TCM and 

FCM methods 
 

Tasking Timing 
TCM FCM 

Diagnostic assessment 20 min 20 min 
Lesson and formative 

assessment 60 min (conventional) 60 min 
(video/text/quizzes) 

Experiences 10 min (Theoretically) 10 min (Video) 
Application activities 

(exercises and problems) 60 min 120 min 

Summative assessment 40 min 40min 
Total 190min 250 min 

 
3.2.3 Data Collection and Analyses 

Data collection involved the collection of pre-test, 
post-test and summative test scores for both groups. 
Descriptive statistics were used to analyze and compare 
the performance of the experimental and control groups. 
Statistical analysis, including inferential test (Mann-
Whitney U-test), conducted to determine the significance 
of any observed differences between the two groups. The 
study adhered to ethical guidelines and obtained 
appropriate consent from the participants or their 
guardians. Confidentiality and privacy of the participants' 
data were maintained throughout the study. 

 
4. RESULTS AND DISCUSSION 

 
4.1. Results and Interpretation 

Our main goal is to investigate the effect of our 
suggested electrolysis course map and its management, 
supported by three phases of flipped classroom method 
(FCM), on the performance of pupils. To that purpose, we 
first examined and compared the pre-test results to ensure 
that the experimental and control groups were 
homogeneous. Second, we studied and compared the 
obtained post-test and sum-test results to reach 
conclusions. 

 
4.1.1. Describing Pre, Post and Summative-Tests 
Results 

Table 2 presents the outcomes of the descriptive 
analysis in terms of mean and standard deviation for the 
three assessments conducted on both the experimental and 
control groups. For the pre-test phase, our study involved 
administering pre-test assessments to each participant in 
the experimental groups (n = 34). These assessments were 
administered individually through pupil’s mail and an 
online access code via the educational platform 
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"MySchool". On the other hand, the control group (n = 31) 
undertook the pre-test within the classroom setting. 
Observing Table 2, it is evident that the mean score for 
problem-solving (spontaneous transformations-cells) 
among the experimental group was (8.70) with a standard 
deviation (4.12), in which the averages scores for lower 
and higher levels skills are (8.50) and (8.93), respectively. 

 
Table 2. Descriptive results according to group and level skills 

 

Tests Pre-test Post-test Sum-test 
Groups CG EG CG EG CG EG 

N 34 31 34 31 34 31 
Mean 9.67 8.70 9.49 13.22 11.25 16.87 

SD 4.23 4.12 3.57 5.74 4.83 4.71 
Mean lower 
level skills 10.20 8.50 8.60 14.00 12.20 18.20 

Mean higher 
level skills 9.73 8.93 9.50 12.40 10.30 15.06 

 
The control group, in comparison, displayed a slightly 

higher mean score of (9.67) with a standard deviation of 
(4.23), while the averages scores for lower and higher-
level skills are (10.20) and (9.73), respectively. These 
initial findings underscore that, prior to any intervention or 
treatment; the control group performed slightly better than 
the experimental group in the pre-test. Therefore, 
statistical tests will be used to compare the two groups' 
equivalency. 

Furthermore, Table 2 provides insights into the post-
test outcomes for mean scores in problem-solving 
(electrolysis activity) for both the experimental and control 
groups. The experimental group obtained a mean score of 
(13.22) with a standard deviation of (5.74) and averages 
for lower and higher-level skills of (14.00) and (12.40), 
respectively, while the control group received a mean 
score of (9.49) with a standard deviation of (3.57) and 
averages scores for lower and higher-level skills of (8.60) 
and (9.50), respectively. An initial reading of the post-test 
results show disparities in performance between the two 
groups after implementation of the experimental 
intervention. To validate these descriptive analysis results, 
we will use inferential analysis.  

Additionally, the final exam serves as a comprehensive 
evaluation conducted at the conclusion of the study to 
assess overall learning outcomes and participant 
performance. In this context, the exam took place two 
weeks subsequent to the post-test phase, thereby enabling 
the assessment of the enduring effects of employing the 
flipped classroom method. With regard to the summative 
assessment, it should be noted that the absence of five 
pupils resulted in a total participant count of 60 learners, 
comprising 32 in the experimental group and 28 in the 
control group, as outlined in Table 2. The averages scores 
achieved by pupils in both experimental and control 
groups are elaborated upon. Specifically, the experimental 
group attained an average score of (16.87) with a standard 
deviation (4.71) and means for lower and higher-level 
skills of (18.20) and (15.06), respectively, while the 
control group obtained a mean score of (11.25) with a 
standard deviation (4.83), in which the averages for lower 
and higher levels skills are (12.20) and (10.30), 
respectively.  

Noteworthy is the considerable variance in mean 
scores observed between the two cohorts. Evidently, the 
experimental group demonstrated a markedly superior 
mean score of (16.87) in the final exam, presenting a 
substantially contrast to the control group's notably lower 
mean of (11.25). These findings underscore the enduring 
and positive effect of the experimental intervention on 
learners' academic performance. To confirm the results of 
the descriptive analysis, we will use an inferential analysis 
using the Mann-Whitney test to verify the statistical 
significance of the results between the two groups. 

 
4.1.2. Distribution of Pupils' Performances in Tests 
Based on the Teaching Utilized Method 

The main purpose is to study the effect of the flipped 
classroom method (FCM) on the teaching and learning of 
chemistry by second-year baccalaureate pupils. In fact, we 
first examined and compared the results of the pre-test and 
the post-test, as well as the final tests, according to the 
method adopted for solving chemical problems involving 
redox concepts. All analyses were performed using SPSS 
Statistics 23. The results showed a non-normal distribution 
for both the control (CG) and experimental (EG) groups, 
as presented in Table 3. The Kolmogorov-Smirnov test 
was used to determine the normality of the data, 
considering that the number of samples is greater than 50. 
Obtained Data is considered to have a normal distribution 
if the Kolmogorov-Smirnov value is greater than the 
significance value of 0.05. 

As shown in Table 3, the p-values for the pre-test, post-
test and sum-test results were all smaller than 0.05 for both 
the control group (0.002; ˂0.001; 0.029) and the 
experimental group (0.053; 0.006; ˂0.001) respectively, 
indicating that the corresponding data does not follow a 
normal distribution. The Mann-Whitney U test was 
therefore carried out for the results of the three tests. 

 
Table 3. Kolmogorov-Smirnov normality of Tests according to the 

groups 
 

Groups EG CG 

Pre-test 
Stat. 0.149 0.205 
df 34 31 

Sig. 0.053 0.002 

Post-test 
Stat. 0.182 0.259 
df 34 31 

Sig. 0.006 0.000 

Sum-test 
Stat. 0.339 0.166 
df 34 31 

Sig. 0.000 0.029 

 
The findings Mann-Whitney U-test results of the 

obtained data from the pre-test, post-test and sum-test are 
presented in Table 4. The mean ranks assigned to the 
experimental and control groups were 31 and 35.19 
respectively for the pre-test assessment. The associated 
significance level of 0.349, determined at U(MW) with a 
value of 459, is notably higher than the predetermined 
alpha threshold of 0.05. This outcome implies that there 
was no statistically significant distinction in the pre-test 
within both the experimental and control groups. As a 
result, the initial null hypothesis was upheld. 
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Furthermore, Table 4 underscores that the mean ranks 
observed in the experimental group exhibit statistically 
significant elevation in both the post-test and sum-test 
(38.76 and 26.68) evaluations when compared to those in 
the control group (26.68 and 21.11), respectively. The 
corresponding significance levels are denoted as 0.008 and 
˂0.001 p values, each linked to U(MW) values of 331 and 
185, respectively. These significance levels are 
appreciably lower than the predefined alpha value of 0.05. 
This distinction indicates that learners who engaged with 
the proposed lesson using FCM method achieved 
markedly superior academic outcomes in contrast to their 
counterparts who were exposed to the TCM face-to-face 
approach. Consequently, the initial null hypothesis was 
rejected, and the first hypothesis, which posits a favorable 
influence of the flipped teaching method on the 
comprehension of electrolysis concepts, was substantiated. 

 
Table 4. Mann-Whitney U-test results for the three tests according to the 

teaching methods used 
 

Groups EG CG 
Methods FCM TCM 

Pre-test 

N 34 31 
Mean rank 31.00 35.19 

U Mann-Whitney 459.000 
W Wilcoxon 1054.000 

Z –0.936 
Asy. sig 0.349 

Post-test 

N 34 31 
Mean rank 38.76 26.68 

U Mann-Whitney 331.000 
W Wilcoxon 827.000 

Z –2.633 
Asy. sig 0.008 

Sum-test 

N 34 31 
Mean rank 38.72 21.11 

U Mann-Whitney 185.000 
W Wilcoxon 591.000 

Z –4.074 
Asy. sig 0.000 

 
4.2. Discussion 

This study investigated the effect of a proposed course 
map and its implementation supported by three phases of 
flipped classroom method, using an asynchronous learning 
management system (LMS), on pupils' performance and 
learning outcomes in electrolysis lesson of 2nd year 
baccalaureate learners. The findings from the post-test 
show a substantial difference in mastery of new learning 
related to the electrolysis lesson between EG (mean 
rank=38.76) and CG (mean rank=26.68) groups, in favor 
of the EG pupils. This difference is apparent in both 
obtained means scores of low and high levels of skills 
(Table 2). We can, therefore, conclude that the suggested 
FCM method has direct and favorable effects. 

The course map and its management, assigned to the 
experimental group, are based on learning through 
individual work, self-learning and a student-centered 
pedagogical approach using an asynchronous learning 
management system (LMS) in the pre-class phase, 
followed by collaborative efforts, instructor-led learning, 
and knowledge sharing in the classroom space, and finally 
in-depth assimilation and research in the post-class phases.  

Several authors state that a well-designed flipped 
classroom has been shown to promote learning outcomes 
such as superior learning achievement in revised Bloom’s 
taxonomy, increased behavioral engagement, enhanced 
peer-to-peer interactions, and overall learning experience 
[20, 21, 22]. Indeed, based on Bloom's revised taxonomy 
and Vygotsky's theory of the Zone of Proximal 
Development: 
- The dividing of learning objectives into basic objectives 
(lower levels of skill learning) from which the learner can 
learn independently and advanced objectives (higher 
levels of skill learning) from which the learner needs 
assistance and helps to enhance their self-learning, 
working in a group, and problem-solving skills; 
- The significance of clearly defined learning objectives;  

- Well-organized information in guiding students 
methodically through their learning education [23]. 

Additionally, the Platform provides pupils the chance 
to revisit the course material (recorded videos, 
simulations) multiple times, download course documents 
and take part in the discussion forum, all of which increase 
learner engagement, motivation and self-paced learning 
[24]. Notably, the EG group received 120 minutes for 
enrichment activities compared to the CG group's just 60 
minutes, providing the experimental group with additional 
opportunities for both peer-to-peer 
exchanges/communication and resources interactions, as 
well as problem-solving situations (Table 1). 

The summative test results taken 15 days following the 
post-test reveal a significant difference in pupils’ 
performance in favor the EG pupils (mean rank=38.72) 
CG compared to CG (mean rank=21.11). However, the 
sum-test results of both groups improved noticeably when 
compared to the post-test. In reality, the EG scored a sum-
test mean score of 16.87 versus 13.22 for the post-test, 
while the CG received a sum-test average mark of 11.25 
versus 9.49 for the post-test. However, in terms of 
averages earned at the low and high skill levels, EG pupils 
performed significantly better than CG ones. 

There was, however, a substantial difference between 
the two groups in favor of the experimental one who had 
been taught electrolysis using the novel approach. These 
findings indicate strong retention and effective 
assimilation of learning concept and principals, especially 
for the experimental group, which was invited in phase 
three of the flipped classroom process (post-class) to 
submit online the completion of activities requested by the 
teacher (additional problems to be solved, research into 
electrolysis applications).Given that every pupil in the 
experimental group has access to the platform (Myschool) 
through a single individual account, and based on the LMS 
management system's traceability and statistics, we can see 
that nearly all EG pupils have watched the videos and 
materials, taken the quizzes, and downloaded the 
documents, but the discussion on the forum has been 
insufficient. We may conclude that all members of the 
experimental group were devoted to the success of this 
study, whereas the pupils' reticence to participate in the 
forum can be explained by the fact that, given their modest 
levels of French, they cannot express themselves online in 
front of their peers. 
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The commitment of the pupils in both groups and the 
fact that they invested the necessary time in intensive 
preparation for summative test (the sum-test that counts 
towards the student's success) and the national exam are 
two reasons why the results of the summative tests are 
better than those of the post-tests. However, commitment 
alone is insufficient: the tools, teaching methods, and 
materials used make all the difference [25]. These three-
phases teaching planning, supported by the flipped 
classroom method, resulted in a significant improvement 
in the experimental group's post-test and sum-test 
outcomes when teaching the second-year baccalaureate 
electrolysis course. 

We can use the outcomes of many comparative 
previous research projects to support our findings. The 
academic performance of students in chemistry is said to 
be improved by the flipped classroom approach, according 
to several authors. Indeed, [26] observed that the success 
of the flipped chemistry course can be attributed to a range 
of factors, including the reinforcement of teacher and 
student responsibilities through pre- and in-class activities, 
the ability to quickly identify students with learning 
difficulties, and the enhancement of student-centered 
learning, collaborative skills, problem-solving abilities, 
communication confidence, and higher-order reasoning 
skills. We also cite [27, 28], which examined the 
difficulties that students encounter when studying 
electrochemistry and how the flipped classroom can 
support them and meet the needs of various students. 
Recently, [29], reported that flipped classroom's ability 
improve learning outcomes in redox reaction teachings. 
Other authors stated that the flipped classroom method 
increased student performance and knowledge retention in 
secondary chemistry instruction [30]. 

 
5. CONCLUSION 

The current study focuses on the proposal of a course 
map and its implementation of Moroccan second-year 
baccalaureate program "electrolysis," with a purpose of 
improving students' learning performance using a flipped 
classroom method. The Learning Management System 
(LMS) was utilized for this design, which was carried out 
in three phases: pre-class preparation, in-class 
collaboration/training, and post-class research and 
consolidation. Two groups (control and experimental) 
were used and evaluated by a pre-test, a post-test and 
summative test. 

The obtained data on the control and experimental 
groups in the tree tests were compared and analyzed using 
the Mann-Whitney U-test. The study found a substantial 
difference between groups in mastering levels of skill 
learning in favor of the experimental group. In the post-
test and summative assessments, the experimental group 
earned higher mean scores than the control group (face-to-
face teaching). These findings show positive results for the 
experimental group, which supports the effectiveness of 
implementing the proposed course map and its 
management supported by a flipped classroom method in 
improving learning outcomes in electrochemistry 
concepts. 
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