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Abstract: This study investigates how effective it is to combine flipped classroom and game-based learning strategies for 

teaching the intricate subject of hybridization in organic chemistry for the third semester of Chemistry Department students, 

Faculty of Education, University of Zawia, academic year 2024-2024. The research involves 60 participants, who are split 

into two groups: a main group (MG), which was taught using the combined approach of flipped classroom and game-based 

learning, and a comparison group (CG), which received conventional instruction. The MG was provided with pre-class 

instructional videos and PowerPoint slides, which were later reinforced through engaging activities in class, including 

competitive games aimed at applying the concepts learned. A post-test assessing memorization and understanding of 

hybridization concepts indicated that the MG surpassed the CG in both aspects. The MG obtained an overall score of 73.51% 

on memorisation questions, in contrast to the CG's 65.00%. The Percentage gap was 8.51%. For comprehension questions, 

the MG achieved an impressive 85.15%, while the CG managed only 48.95%. Percentage gap 36.2%.The results indicate 

that the combined strategies are effective in promoting a deep comprehension of the material. Moreover, qualitative responses 

from a questionnaire revealed a pronounced preference for the flipped classroom and game-based learning methods, as 

students noted enhanced engagement and understanding. This research underscores how innovative teaching methods can 

enhance the quality of chemistry education, stressing that interactive and adaptable learning environments are crucial for 

student success. Moreover, the study recommends employing such methods in chemistry education to enhance learning 

outcomes and boost student motivation. 
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Introduction 

  
Improving the quality of education influences many 

aspects in modern societies. States, regardless of their 

financial capabilities, look for better ways to enhance their 

educational systems. Thus, the aim of education is to equip 

high-quality youth for the future is a vision shared by all 

countries [1]. Chemistry education poses distinctive 

challenges due to its reliance on abstract concepts, such as 

atomic structure and chemical bonding, alongside 

algorithmic processes like mole calculations and reaction 

rate determinations. These complexities can often 

overwhelm students, highlighting the critical need for 

educators to incorporate relatable analogies and practical, 

real-world examples to enhance understanding and 

engagement [2]. Hybridization is a process in which the 

orbitals of a single atom  form new orbitals of identical shape 

and energy, enabling the formation of chemical compounds.  

Understanding hybridization in organic chemistry involves 

complex concepts such as atomic orbitals, electron 

configuration, and bond formation. Students need to 

distinguish different types of hybridization, each with unique 

geometries and properties. Visualizing molecular structures 

and comprehending how hybridization affects bonding and 

geometry requires spatial reasoning and practice. 

Additionally, connecting hybridization theory to the physical 

and chemical properties of compounds adds further 

complexity[3] .Teaching these concepts can be challenging, 

particularly when relying solely on traditional methods, 

which often fail to engage students effectively. Therefore, 

modern, innovative strategies are essential. Combining 

game-based education with the flipped classroom model 

offers a dynamic approach to enhancing understanding.  

Game-based learning fosters active participation, 

problem-solving, and collaboration in a fun, low-stress 

environment. This method provides immediate feedback, 

helping students assess their comprehension. Meanwhile, the 

flipped classroom allows students to review material 

independently through online resources like videos and 

readings  before class. Class time then focuses on deepening 

understanding with interactive exercises, such as games, 

discussions, and problem-solving activities that reinforce the 

material. The development of technology towards all-digital 

is currently accelerating. As AI makes the teaching and 

learning process easier, educators are increasingly interested 

in incorporating it into their classrooms [4]. Humanity has 

adopted a new way of life that is inseparable from electronic 

devices. Technology serves as an instrument that can assist 

with various human needs. Humans have been able to utilize 

technology to simplify the performance of any tasks and 

jobs. It is the significant function of technology that ushers 

human society into the digital age. [5].  
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This study explores the effectiveness of combining 

the flipped classroom and game-based learning approaches 

to teach hybridization. The aim is to increase students' 

understanding of this intricate subject, rendering it more 

captivating and participatory, with the end goal of elevating 

learning results. This could lead to enhancements in 

educational quality, service quality, and a decrease in 

education-related expenses [6]. In order to aid the teaching 

and learning process, “educators require a well-functioning 

learning plan that is conveyed to students via the curriculum. 

As a result, the curriculum is a key component of the learning 

process [7]. Modern innovative strategies in teaching and 

learning are essential both inside and outside classrooms. 

Maulidiya et al. argue that the flipped classroom strategy can 

address the challenges of limited in-class learning time and 

the disparity in students' learning styles[8].  

In flipped classrooms, students receive learning 

materials prior to class in order to familiarize themselves 

with the content and engage in student-centered activities 

during class, which frequently involve collaboration and 

interaction  [9]. In this regard, Akmar et al. add that this 

method enables students to utilize learning materials 

designed to visualize abstract concepts, such as reaction 

rates, through animations and simulations  [10]. Lauren R. 

Holloway et al. argue that the flipped classroom structure has 

the potential to foster higher-order learning outcomes in 

large-enrollment undergraduate organic chemistry courses, 

and enhancing students' emotional and/or social engagement 

during in-class activities could broaden the impact of these 

module activities  [11]. This body of literature underscores 

the effective synergy of game-based learning and flipped 

classroom methods to improve students' understanding of 

hybridization in organic compounds. The challenges and 

factors that educators need to consider when implementing 

these innovative teaching methods are emphasized. Utilizing 

the flipped classroom model, students engage with 

interactive learning materials such as videos and pre-class 

activities before class. This allows for the use of dynamic, 

interactive exercises and games during class to reinforce key 

concepts and provide students with enjoyable and motivating 

opportunities to apply what they have learned  [12]. Both 

teachers and researchers are strongly encouraged to 

incorporate technology-based learning for their young 

learners. Moreover, the flipped classroom approach has 

room for further development [13]. 

 

Research Methods  
 

This study employed a quasi-experimental design 

with a mixed-methods approach to analyze the effectiveness 

of combining flipped classrooms with game-based learning. 

The research was conducted with third-semester chemistry 

students at the University of Zawia during the 2024-2025 

academic year. 

 

Participants 

 

A total of 60 students were divided into two groups: 

40 in the main group (MG) receiving flipped classroom and 

game-based learning instruction, and 20 in the comparison 

group (CG) receiving traditional instruction. 

 

 

Sampling Technique 

 

A stratified random sampling method was used to 

ensure balanced representation across different academic 

performance levels. 

 

Instructional Design 

 

Flipped Classroom Preparation: Students accessed 

pre-recorded video lectures and PowerPoint slides via 

Telegram three days before class. 

 

Game-Based Learning Activities 

 

In-class activities included matching games, puzzle 

challenges, and "who answers fastest" competitions, all 

designed to reinforce hybridization concepts. Students are 

encouraged to participate more actively in the learning 

process by interactive media, which also enhances cognitive 

abilities  [14]. By integrating both approaches, the aim was to 

maximize comprehension and deepen understanding to the 

highest level. At both schools and universities, collaborative 

learning is successfully taken into account for students' 

comprehension of chemistry[15].  

 

Data Collection and Analysis 

 

Quantitative Analysis 

 

Post-test results were analysed using descriptive 

statistics to compare memorisation and comprehension 

performance between MG and CG. 

 

Qualitative Analysis 

 

A questionnaire and structured interviews assessed 

student engagement, preferences, and perceived 

effectiveness of the teaching method. 

 

In-lecture Activities 

 

During the lecture, activities centered on game-based 

learning were designed to create an engaging and enjoyable 

environment, motivating students to respond to questions 

with enthusiasm and a healthy sense of competition. A card-

based guessing game was introduced, with the remaining 

details being revealed on the back and a portion of the 

information displayed on one side (figure 1).   A matching 

game was played, where students were given a set of organic 

compounds and tasked with matching each compound to its 

correct type of hybridization and geometric shape. In 

addition to a "who answers fastest" game and some puzzle 

games, along with other games. 

 

 
Figure 1: example of card-based guessing game 
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Traditional Approach 

 

The same content was covered in another lecture, but 

this time using the chalkboard method, and incorporating 

some simple teaching aids. 

 

Descriptive Quantitative Approach 
 

The post-test was conducted at the end of the activity 

lecture, consisting of 13 questions (Tables 1 and 2) that 

focused on key concepts of organic compound hybridization. 

The assessment measured and compared the percentage of 

correct answers between the groups. The use of tables to 

present these results underscores the study's quantitative 

nature. 

 

Descriptive Qualitative Approach 
 

A qualitative descriptive analysis technique is used in 

the data analysis process, which entails describing, 

explaining, or characterizing the data in issue formulations 

across several stages using intelligible language and 

sentences [16]. The questionnaire was a crucial tool for 

qualitative analysis, offering valuable insights into students' 

attitudes toward the teaching method [17]. Their level of 

comprehension and their preferences compared to traditional 

approaches. It also explored the reasons behind these 

preferences. A Google Forms link, sent via email, included 

multiple-choice and opinion-based questions (Figure 3). 

Obtaining students' opinions on the teaching method under 

study through direct questioning (a brief interview) proved 

to be highly impactful. Their responses were natural and 

sincere, offering authentic insights into their feelings about 

the method. 

 

Observation and Engagement Metrics 

 

The researcher noted that all students watched the 

instructional video and expressed strong interest in exploring 

this innovative teaching method, hoping it would enhance 

their learning. Many students shared video clips, provided 

feedback, and suggested additional content to deepen their 

understanding. They showed enthusiasm for the interactive 

games, actively engaging with the material and eagerly 

answering questions. Some students even prepared their own 

questions based on the shared videos, which they discussed 

with peers. 

 

Results and Discussion  
 

Qualitative Analysis 

 

To ensure accurate collection and analysis of the 

results, the exam was administered separately to both student 

groups. This approach allowed for a clear comparison of the 

test outcomes between the two groups. The questions 

categorized into two types: comprehension questions and 

memorization-based questions. The assessment was  

unannounced, as the researcher did not inform the students 

in advance, enhancing the reliability of the results. The 

percentage of correct answers for each group is presented in 

Tables 1 and 2. 

 

Table 1: The percentage of correct answers for the memorization questions for MG and CG 

 

Memorization Questions 

 

Choices 

% of correct answer 

MG* 

% of correct answer 

CG** 

1- Which of the following hybridizations 

occurs in a methane (CH₄) molecule? 

sp 

sp2 

sp3 

no hydridization 

 

 

84.2 

 

 

 

 

83.5 

2- How many sigma bonds are there in an 

ethyne (C₂H₂)? 

2 

3 

4 

No sigma bonds 

 

 

74.6 

 

 

70 

3- What is the type of hybridization of the 

carbon atoms in a benzene (C₆H₆)? 

sp 

sp2 

sp3 

sp3d2 

 

 

55 

 

 

50 

4- Which of the following molecules 

contains a carbon atom that is sp 

hybridized? 

CH₄ 

 C₂H₂ 

 C₂H₄ 

C₆H₆ 

 

 

61.6 

 

 

42.2 

5-What is the molecular geometry of the 

ammonia (NH₃)? 

 

Tetrahedral  

Trigonal Pyramidal 

Linear 

Trigonal Planar 

 

 

80 

 

 

73.6 

6- In sp3d hybridization, how many hybrid 

orbitals are formed? 

2 

3 

4 

5 

 

 

72.2 

 

 

70.7 
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7- How many pi (π) bonds are present in 

an ethene (C₂H₄) molecule? 

 

1 

2 

3 

No pi bond 

 

 

80 

 

 

60 

8- How many sigma (σ) bonds are present 

in an ethyne (C₂H₂)? 

 

1 

2 

3 

No sigma bond 

 

 

66 

 

 

51 

9- What is the bond angle between the 

hybridized orbitals in sp2 hybridization? 

109o 

120o 

180o 

107o 

 

 

88 

 

 

84 

MG*=Main Group , CG**= Comparison Group 

 

Table 2: The percentage of correct answers for the Comprehension questions for MG and CG. 

 

Comprehension questions 

 

Choices 

% of correct 

answer MG* 

% of correct 

answer CG** 

 1- Which of the following represents 

the main reason for hybridization in 

atoms? 

 

-Maintaining the original electronic 

configuration. 

-Reducing the attraction between atoms. 

-Reducing the repulsion between electrons. 

 

 

 

70.1 

 

 

 

40.5 

2- Which of the following molecules 

has a sp3 hybridization with a bent 

molecular geometry? 

H2O 

CH2Cl2 

NH3 

CH4 

 

 

 

88.5 

 

 

 

50.6 

3- What type of hybridization occurs in 

the atoms of a carbon dioxide (CO₂)? 

sp(O), sp2(C) 

sp2(O), sp2(C) 

sp2(O), sp (C) 

no correct answer 

 

 

90.1 

 

 

49.3 

4- How does a pi bond formed? -Bonding electrons and participation in 

hybridization. 

-Unhybridized electrons involved in 

bonding. 

-Lone electrons involved in hybridization. 

-All answes are correct  . 

 

 

 

 

 

87.4 

 

 

 

 

 

45.0 

5- Which of the following statements is 

correct? 

 

- A sigma bond is stronger than a pi due to 

the sidewise overlap orbitals 

 - A pi bond is stronger than a sigma bond. 

- A pi bond and a sigma bond together are 

stronger than a single sigma bond. 

 

 

 

 

89.2 

 

 

 

 

69.5 

6-The repulsion between: -A lone electron pair is the least. 

-A bonding electron pairs is the highest. 

- A bonding electron pair and a lone electron 

pair is very high. 

- A lone electron pairs is the highest due to 

the influence by a single atom. 

 

 

 

 

 

85.6 

 

 

 

 

 

38.8 

MG*=Main Group, CG**= Comparison Group

 

The overall percentage for each table can be calculated and 

compared based on the correct answer percentages shown 

in Tables 1 and 2, as follows: 

 

Average Percentage= 
  ∑ Individual Percentages 

Total Number of Values
 

Where: 

  ∑ Individual Percentages = the sum of all the individual 

percentages.  

Total Number of Values = the total number of values or 

items for which the percentages were calculated. 
 
• Average Percentage of Table 1 (Memorization 

Questions)is as follows: 

Main Group (MG - Flipped Classroom & Game-Based 

Learning): 73.51% 

Comparison Group (CG - Traditional Method): 65.00% 

• Average Percentage of Table 2 (comprehension 

Questions) is as follows: 

Main Group (MG - Flipped Classroom & Game-Based 

Learning): 85.15% 

Comparison Group (CG - Traditional Method): 48.95% 

 

In the case of memorization questions, the 

performance gap between the two groups is not as 

pronounced as for comprehension questions, with the flipped 

classroom group achieving only an 8.51% advantage. 

However, in comprehension questions, the flipped learning 

group outperforms the traditional method group by a 

significant 36.2%. This highlights the effectiveness of 
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flipped classroom and game-based learning methods in 

fostering a deep understanding of concepts, rather than 

simply enhancing memorization. The larger gap in 

comprehension questions indicates the strong impact of 

flipped learning and educational games in promoting a 

deeper grasp of the material. A noticeable difference in the 

overall percentage of correct answers in the assessment test 

was observed between the two groups. It is important to note 

that the percentage of correct answers in the memorization 

questions was similar for both groups. This can be attributed 

to the fact that memorization questions require less focus or 

prior preparation and can easily be answered during a 

traditional lecture. In contrast, the comprehension questions 

in Table 2 show a significant disparity in correct answers. 

These questions demand focus and understanding of key 

concepts related to hybridization, which are difficult to cover 

thoroughly in a traditional lecture format. With the flipped 

classroom method, students can watch videos provided by 

the researcher multiple times at their own convenience, 

allowing them to take notes and extract important 

information about hybridization before the activity lecture. 

Additionally, other video resources can be used to further 

deepen their understanding. The integration of game-based 

learning further supported the flipped classroom group's 

success by encouraging students to work in independent, 

competitive groups, facilitating information sharing and 

collaborative learning. This comprehensive approach led to 

a more effective grasp of complex concepts compared to 

traditional lecture-based learning . 

 

Game-Based Learning Activities 

 

The questionnaire on this teaching method included 

10 Likert-type questions to gather students' opinions, 

enabling them to express their views freely. The questions 

were categorized into three types as follows:  

 

Understanding of Concepts 

 
1-What is your level of understanding of hybridization 

before watching the videos  ? 

a. poor    b. average     c.  good     d. excellent 

2- How much did the videos help you understand concepts 

before the lecture? 

  a. a little         b. somewhat    c. quite a bit      d. very much 

3-What is your level of understanding of hybridization after  

watching the videos  ? 

a. poor    b. average     c.  good     d. excellent 

 
Figure 2:  chart of percentage and responses of 

Understanding of Concepts questions 

 

From the graph, it can be observed that the percentage 

difference in understanding hybridization changed 

significantly between before watching the video (Q 1) and 

after it(Q3). Most students acknowledged, to varying 

degrees, that these videos helped them understand more 

easily(Q2).  

 

Evaluation of the Approach  

 

1`- How fulfilled are you with the flipped classroom and 

game-based learning approach? 

  a. Unfulfilled        b. Neutral       c. fulfilled        d. Very 

Fulfilled 

2`- Did the flipped classroom offer more flexibility in 

learning? 

 a. strongly disagree   b. neutral   c. agree   d. strongly agree 

3`- What is your overall assessment of the flipped classroom 

method as a teaching tool? 

a. poor    b. average     c.  good     d. excellent 

4`- Do you think this method is more beneficial than 

traditional methods? 

a. strongly disagree   b. neutral   c. agree   d. strongly agree 

5`- What is your overall assessment of game-based learning 

as a teaching tool? 

a. poor    b. average     c.  good     d. excellent 

 
Figure 3:  chart of percentage and responses of Evaluation 

of the approach questions 

The questionnaire enabled students to assess this study, with 

the majority of responses emphasizing its significance and 

effectiveness in delivering high-quality education. It 

garnered an exceptionally high percentage of 'excellent' and 

'good' ratings (Q1, Q3, and Q5). This is further corroborated 

by a substantial percentage of students who agreed that 

flexibility and gamification are essential for effective 

learning (Q2). These elements should be prioritized in future 

implementations to maximize educational outcomes. A clear 

positive trend confirms the effectiveness of these methods as 

viable replacements or enhancements to traditional teaching 

approaches (Q4). Student responses reveal that flipped 

classrooms and game-based learning are viewed as more 

effective than conventional methods. 

 

Group Work and Interaction 

 

1``- Is working in groups and sharing information beneficial? 

a.no benefit             b. some benefit          c. significant benefit           

d. exceptional benefit 

2`` - Did educational games improve your interaction with 

classmates? 
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a. strongly disagree     b. neutral     c. agree   d. strongly Agree 

 
Figure 4:  chart of percentage and responses of Group 

Work and Interaction questions 

 

Group work (collaborating in teams) enabled students 

to consult one another and share information, fostering a 

spirit of collaboration that enhanced understanding and 

increased focus. Its importance was clearly reflected in the 

high percentage of students who agreed with it in the group 

work and interaction questions, particularly in questions ( 

Q1`, Q2).  

In the end of the activity lecture, the researcher asked 

the students a question to directly gather their opinion on this 

teaching method. "Do you find this teaching method useful, 

or do you prefer traditional methods? Please justify your 

answer." The most common  responses were as follows: 

- "Yes, it's very useful because it gave me an idea about 

the topic... and when I returned to the lecture, solving 

the problems was very easy." 

- "Yes, it's a very useful method as it gives the student 

enough time to understand and easily absorb and solve 

the information." 

- "Very useful. It gave me the opportunity to understand 

through video clips, allowing me to watch them multiple 

times." 

- "It's somewhat good, but more practice on many 

problems is necessary for better understanding." 

- The method is somewhat useful." 

- "It is a good method. Traditional methods have become 

boring and routine. " 

- "Both methods are fine." 

 

Based on the general feedback, students find this 

approach beneficial, particularly for understanding and 

reviewing the material. However, some students emphasize 

the need for more hands-on experience to fully grasp the 

content. In contrast to the traditional lecture-based approach, 

students in flipped classrooms study new content at home 

before applying it in interactive, practical ways in class[18]. 

Since traditional methods are seen as less engaging, the 

comparison with this more flexible and interactive approach 

highlights a clear preference for it. 

 

Conclusion  
 

The study indicates that combining the flipped 

classroom approach with game-based learning can 

significantly enhance students' comprehension of 

hybridization in organic chemistry. Compared to those who 

received traditional instruction, students using this method 

achieved significantly higher scores in memorization 

(73.51% vs. 65.00%) and comprehension (85.15% vs. 

48.95%). The findings demonstrate that interactive, student-

centered learning strategies are effective in improving 

conceptual mastery. Qualitative feedback demonstrated a 

robust student preference for the flipped classroom and 

game-based approach, pointing to heightened engagement 

and motivation. This research promotes the wider 

application of blended learning in chemistry teaching and 

proposes investigating its effects on additional scientific 

fields. The main goal of the flipped classroom approach in 

this particular classroom is to "transform the teacher's role 

from a primarily didactic function focused on instruction and 

demonstration of subject matter to a facilitative role that 

guides and supports students in their learning journeys[19]. 

By engaging in active, collaborative learning in class and 

connecting with multimedia resources before class, students 

developed a better respect and love for organic 

chemistry[20]. 
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