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ABSTRACT 

This study employed an experimental research design to investigate the impact of 
Computer-Assisted Instruction (CAI) on the academic outcomes of third-year Biology 
students. Conducted at Assin Manso Senior High School and J.E. Atta Mills Senior 
High School, the research specifically aimed to determine if digital pedagogical tools 
could enhance students' comprehension and overall performance in the subject. A 
purposive sample of 136 Form Three Biology students was selected for this 
investigation. An initial pre-intervention assessment established a baseline, revealing 
notably low levels among the students in three key areas: confidence in the subject, 
active participation in lessons, and conceptual understanding. To address this, the 
researcher implemented a targeted intervention using the Computer-Assisted 
Instructional approach as the primary teaching strategy for subsequent lessons. Post-
intervention data demonstrated a remarkable transformation in the classroom dynamics 
and student proficiency. The integration of CAI led to a substantial increase in students' 
willingness to participate in class activities and a marked boost in their self-confidence 
when tackling biological concepts. Furthermore, their depth of understanding of the 
subject matter showed significant improvement. Consequently, this positive shift 
translated into a statistically significant enhancement in their academic performance as 
measured by post-tests. Based on these compelling results, the study strongly advocates 
for the systematic integration of interactive digital methodologies into standard science 
curricula. It is recommended that educators leverage technology to create more 
engaging and effective learning environments. Additionally, teachers should be 
encouraged to facilitate computer-mediated collaborative learning activities to further 
foster peer-to-peer engagement and solidify knowledge acquisition. 
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CHAPTER ONE 

INTRODUCTION 

1.0 Overview 

This opening section presents the foundational elements of the investigation. It begins 

by establishing the contextual framework for the research, followed by a clear 

articulation of the central issue being examined and the study's primary objectives. The 

chapter systematically outlines the investigative queries that directed the research 

process, along with both the working propositions and their corresponding null 

formulations that underwent empirical validation. 

Additionally, this segment examines the broader implications of the research findings 

and defines the specific boundaries within which the study was conducted. The 

organizational structure of this chapter ensures comprehensive coverage of all 

preliminary aspects necessary for understanding the subsequent research components. 

1.1 Background of the Study 

Classroom experience and pedagogical practice reveal significant learning obstacles in 

biological science education. As an educator specializing in biology and integrated 

science instruction, I have consistently observed that many learners struggle with 

academic performance due to conceptual difficulties in comprehending fundamental 

biological principles. This academic challenge may stem from the inherently abstract 

nature of biological instruction, which often renders complex concepts obscure and 

cognitively demanding for students. 

Numerous scholarly investigations have examined these persistent learning barriers in 

biological education. Research by Mintzes and Wandersee (2012) identified plant water 

transport mechanisms and genetic principles as particularly challenging for both 

secondary and tertiary-level students. Similarly, Dzidzinyo's (2020) findings 
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highlighted significant student difficulties with essential topics including 

photosynthetic processes, cellular energy metabolism, protein biosynthesis, classical 

genetics, and cellular division mechanisms. 

Further corroborating these findings, Cokadar's (2012) research emphasized student 

struggles with metabolic processes (respiration), photosynthetic pathways, and 

respiratory gas exchange systems. Arthur-Baidoo and Annan (2022) particularly noted 

the pedagogical challenges posed by physiological concepts, which often involve 

microscopic phenomena and intricate biochemical processes requiring detailed 

explanation. Ezechi (2019) contextualizes these findings by suggesting that these 

inherent conceptual complexities explain why both educators and learners frequently 

encounter difficulties when addressing physiological concepts such as photosynthetic 

mechanisms, cellular division processes, and energy transformation pathways. 

Many science educators face significant challenges when delivering instruction on 

fundamental biological principles. A comprehensive investigation by Kind (2014) 

evaluated STEM instructors' perspectives on content significance and complexity, 

revealing particular educator struggles with photosynthesis, energy transformation in 

cells, and classical genetic inheritance patterns. The research further identified the 

chromosomal basis of inheritance and endocrine regulation of reproductive functions 

as particularly demanding instructional areas (Kind, 2014). These pedagogical 

difficulties frequently translate into suboptimal classroom delivery, potentially 

explaining students' persistent conceptual misunderstandings in biological sciences. 

Contemporary educational research (Etobro & Fabinu, 2017) has identified multiple 

contributing factors to these learning obstacles, including curricular design and 

instructional methodology. This analysis, however, suggests that conventional, didactic 
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teaching approaches represent the most significant barrier to student comprehension 

and academic achievement in biological sciences at all educational tiers. 

The resolution of these academic deficiencies carries substantial implications for 

national development. Ghana's strategic objectives of agricultural industrialization and 

economic advancement are fundamentally dependent on scientific literacy. Scholarly 

consensus (Telfer & Sharpley, 2015) maintains that sustained national development 

across economic, security, and geopolitical dimensions is inextricably linked to robust 

science education frameworks. Complementary research (Amankwah-Amoah, 2016) 

establishes that technological progress emerges from systematically accumulated 

scientific knowledge, with formal science education serving as the primary 

transmission mechanism. Consequently, the enhancement of biological instruction 

transcends academic improvement, representing a critical national development 

priority. 

Contemporary educational research across diverse geographical contexts - including 

North America, Europe, Asia, and Africa - reveals transformative potential in 

technology-mediated learning approaches for science education. Multinational studies 

demonstrate consistent positive correlations between digital pedagogy implementation 

and enhanced STEM learning outcomes, offering viable solutions to longstanding 

academic performance challenges. 

Current pedagogical innovation emphasizes strategic integration of interactive digital 

tools within instructional sequences, whether as preparatory cognitive scaffolds or post-

instructional reinforcement mechanisms (Akpan, 2001). Empirical evidence 

substantiates that properly designed computer-based learning systems function as 

powerful conceptual bridges, particularly for abstract scientific principles that 

traditionally pose comprehension barriers (Akpan & Andre, 2000). These technological 
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interventions show particular efficacy when aligned with targeted learning objectives 

and appropriately sequenced within curricular frameworks. 

1.2 Statement of the Problem 

Ghanaian high school students are consistently failing biology in their final WASSCE 

exams. In 2022, 58% of candidates scored near-failing or failing grades. This has 

created a widespread belief that science is only for the "naturally gifted," discouraging 

students from pursuing science careers and limiting Ghana's future scientific workforce. 

A major reason for this failure is the difficulty of understanding complex, 

interconnected topics like photosynthesis. Students resort to rote memorization instead 

of genuine comprehension because traditional teaching methods—like chalkboard 

lectures and textbook diagrams—fail to make these abstract processes visual and 

understandable. Photosynthesis questions appear every year in exams, and students' 

poor performance on them is a primary driver of the overall low grades. 

Research shows that Computer-Assisted Instruction (CAI) is a highly effective 

solution. Digital lessons allow students to visualize and interact with scientific 

concepts, moving beyond memorization to true understanding. CAI helps develop 

critical skills like forming hypotheses and interpreting data. 

This research proposes integrating computer-based learning tools with traditional 

teaching to create a more effective, blended classroom. By testing this approach 

specifically for photosynthesis, the study aims to provide Ghanaian teachers with a 

practical, evidence-based method to: 

• Improve student understanding of difficult topics. 

• Boost exam performance. 

• Make science more accessible and engaging for all students. 
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This shift from outdated "chalk-and-talk" methods to modern technology is crucial for 

transforming biology education in Ghana. 

1.3 Purpose of the Study 

This research project examined how computer-assisted instructional approach impacts 

student understanding of photosynthesis. The study specifically looked at Form Three 

biology classes in two Ghanaian secondary schools - J.E. Atta Mills Senior High 

School and Assin Manso Senior High School. The main focus was examining whether 

digital teaching tools could help students grasp this complex biological process better 

than traditional classroom instruction alone. The findings could provide valuable 

insights for educators trying to enhance science learning outcomes through technology 

integration. 

1.4 Specific Objectives of the Study 

The objectives of the study were to; investigate any differences in performance 

between: 

1. Compare the difference in academic performance between SHS 3 students 

exposed to the computer-assisted instructional approach and their counterparts 

taught using the traditional instructional approach in the teaching and learning 

of photosynthesis. 

2. Assess the difference in academic performance between male and female 

students exposed to computer assisted instructional approach. 

3. Examine the view of the experimental group of students towards computer-

assisted instructional approach/method in the study of photosynthesis. 
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1.5 Research Questions  

The study was guided by the following research questions: - 

1. What is the difference in academic performance in photosynthesis between 

SHS 3 students taught using computer-assisted instructional approach and 

those taught using traditional instructional approach? 

2. What is the difference in academic performance between males and females 

exposed to computer assisted method of instruction? 

3. What is the view of students in the experimental group towards the use of 

computer-assisted instructional approach to the teaching and learning of 

photosynthesis? 

1.6 Research Hypotheses 

The following were the research or alternative hypotheses of the study: 

HA 1: There is a statistically significant difference in performance of SHS 3 students 

exposed to the computer assisted instructional approach and those exposed to the 

traditional instructional approach to the teaching and learning of photosynthesis. 

HA 2: There is a statistically significant difference in the performance of male students 

and female students exposed to the computer assisted method of instruction to the 

teaching and learning of photosynthesis. 

1.7 Null Hypotheses  

The following null hypotheses (Ho) were therefore, tested in this study:  

Ho 1:   There is no statistically any significant difference in performance of SHS 3 

students exposed to the computer assisted instructional approach and those exposed to 

the traditional instructional approach to the teaching and learning of photosynthesis. 

Ho 2:   There is no statistically any significant difference in the performance of male 

students and female students exposed to the computer assisted method of instruction 

to the teaching and learning of photosynthesis. 
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1.8 Significance of the Study 

The study's significance lies in its demonstration of the effectiveness of computer 

assisted instructional (CAI) packages in improving Senior High School students' 

performance in photosynthesis, thereby addressing a key need in science education. 

As supported by Hogarth, Bennett, Lubben, Campbell and Robinson (2006), such 

packages are successfully used to teach scientific knowledge and approach. The 

findings reveal that integrating digital resources with traditional biology instruction in 

Ghanaian schools leads to significant gains in student achievement, advocating for a 

shift from conventional lecture-based methods to blended teaching approaches. This 

integration, as indicated by Trucano (2005), fosters essential 21st-century skills like 

creative thinking, analytical reasoning, problem-solving, and scientific 

communication. The research holds practical significance for revolutionizing 

classroom practice by providing teachers with an effective tool to make abstract 

concepts concrete and engaging, thereby enhancing students' conceptual mastery. It 

offers strong evidence and practical guidance for schools and stakeholders to 

modernize biology curricula, motivating school leaders to acquire necessary computer 

equipment and software. Furthermore, the study serves as a foundational resource for 

future research, contributing to the broader understanding of how technology-assisted 

learning transforms science education and supporting ongoing efforts to prepare 

students effectively for STEM careers. 

1.9 Scope and Boundaries of the Research 

This research focused specifically on two senior high schools in Ghana's Central Region 

- Assin Manso SHS and J.E. Atta Mills SHS located in Ekumfi Otuam. The study only 

involved third-year science and home economics students who had chosen biology as 

one of their elective subjects. 
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The investigation concentrated solely on the photosynthesis topic from the elective 

biology syllabus, particularly the content covered in section five, unit four (pages 55-

56). These clear boundaries helped ensure the study remained focused and manageable 

while providing meaningful insights about using computer-based teaching methods for 

this specific biology concept. 

By limiting the scope in this way, the researcher could thoroughly examine how 

technology affects photosynthesis learning among this particular group of students in 

these selected schools. The carefully defined parameters made the study practical to 

conduct while still yielding useful results that could inform biology teaching practices. 

1.10 Study Limitations 

This study specifically examined how students learn photosynthesis in senior high 

schools, meaning the results may not apply to other biology topics. Different subjects 

might present unique learning challenges that weren't accounted for in this focused 

investigation. 

While the research initially planned to involve all senior high schools in Ghana's Central 

Region, it ultimately only included two institutions - Assin Manso SHS and J.E. Atta-

Mills SHS. These schools were selected because they offer science programs with 

elective biology. However, since every school has its own unique characteristics, the 

findings might not accurately represent the situation across all schools in the region. 

These limitations suggest that while the study offers useful insights about teaching 

photosynthesis with technology, the results should be understood within the specific 

context of these two participating schools. The research provides a good starting point, 

but broader conclusions would require studying more schools and additional biology 

topics. Despite these constraints, the study makes a valuable contribution by showing 

how computer-assisted learning can help teach complex science concepts in Ghana's 

University of Education,Winneba http://ir.uew.edu.gh



9 
 

educational environment. The findings can guide future, more comprehensive studies 

on technology integration in science education. 

1.11 Organisation of the Study 

This research study has been organized into five chapters. Chapter one covers the 

introduction of the study. Chapter two covers a review of relevant related literature. 

Chapter three covers the research methodology used to accomplish this study. Chapter 

four deals with the presentation of results. It also includes the analysis and discussion 

of the findings. It provides answers to the research questions outlined in chapter one.  

Finally, Chapter five covers the summary of the findings, conclusions and 

recommendations made. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Overview   

The literature review examines existing research relevant to this study. It explores 

several key areas that provide the foundation for this investigation. 

The review begins by analyzing the theoretical foundations, particularly the educational 

theories of Jean Piaget and Lev Vygotsky, which form the basis for this research. It then 

examines the concept of computer-assisted instruction and its specific application in 

biology education. 

The discussion extends to cooperative learning strategies in biology classrooms, 

supported by evidence from previous studies. The review also highlights documented 

challenges students face in understanding biological concepts, with special attention to 

difficulties in comprehending photosynthesis. 

Finally, the literature addresses gender-related factors in technology-enhanced science 

instruction. This comprehensive examination of prior work establishes the context for 

the current study while identifying gaps in existing knowledge. 

2.1 Theoretical Framework of the Study 

This research builds on Piaget's groundbreaking work on how children develop thinking 

skills. Piaget (1954) described learning as an active process where students gradually 

build understanding through three key mental activities: taking in new information 

(assimilation), adjusting thinking (accommodation), and balancing knowledge 

(equilibration). 

When students encounter something new, they first try to understand it using what they 

already know - like fitting puzzle pieces into existing mental frameworks. Sometimes 
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this works smoothly when the new information matches their current understanding. 

Other times, students might twist their interpretation of new facts to make them fit, even 

if the fit isn't perfect. 

The real learning happens when students can't make the new information fit their old 

understanding. This creates a mental discomfort that pushes them to reorganize their 

thinking. They develop new mental categories or adjust existing ones to account for the 

new experience. Piaget called this process accommodation - essentially upgrading one's 

mental framework to accommodate new knowledge. 

The balance between holding onto what we know and changing our thinking is what 

Piaget called equilibration (Piaget, 1977). It's like constantly updating a mental map of 

the world - keeping the useful parts while revising areas that no longer match reality. 

Through this ongoing process of small adjustments and occasional major 

reorganizations, students move from simple to more complex ways of thinking. 

What makes Piaget's theory so valuable for education is its view of students as active 

builders of knowledge rather than passive receivers. Learning isn't about pouring facts 

into empty minds, but about creating opportunities for students to test, adjust, and 

expand their understanding of how the world works. This explains why hands-on, 

experiential learning often works better than just lecturing - it gives students concrete 

experiences to assimilate and accommodate. 

Piaget's concept of equilibration describes how learners constantly adjust their 

understanding to balance new information with what they already know. This process 

shows that knowledge isn't simply copied from the world, but actively built by each 

person through ongoing mental reorganization based on their experiences. Learners 

aren't passive receivers - they work like young scientists, testing ideas against reality 

and revising their theories through hands-on exploration. Just as living things adapt to 

University of Education,Winneba http://ir.uew.edu.gh



12 
 

their surroundings, children's minds evolve by adjusting to new intellectual challenges 

until they reach mature understanding. 

Vygotsky added a crucial social dimension to this understanding of learning. He 

observed that all higher thinking skills first emerge through social interaction before 

becoming internalized. Children demonstrate greater abilities when solving problems 

with others than when working alone. Learning begins externally (through 

conversations and shared activities) before becoming internal thinking processes. This 

"social before individual" pattern means collaboration isn't just helpful for learning - 

it's essential for developing advanced reasoning abilities that students later use 

independently. 

Piaget focused on: 

• Individual discovery 

• Universal stages of development 

• How thinking structures change 

Vygotsky emphasized: 

• Social interaction 

• Cultural tools (like language) 

• How others help bridge learning gaps 

Both theories agree that active engagement drives learning, but highlight different 

aspects - Piaget the internal cognitive processes, Vygotsky the social relationships that 

make those processes possible. Together, they provide a complete picture of how 

students construct understanding. 

Vygotsky (1978) showed us that students understand harder concepts better when they 

work with teachers or classmates who know more. He called this the "learning zone" - 
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the space between what students can do alone and what they can do with help. Real 

learning happens in this zone. 

This "learning together" approach (called social constructivism by Amineh & Asl, 

2015) values each student's unique way of thinking while using group work to build 

knowledge. Research proves group learning helps students more than working alone or 

competing: 

• Students develop better thinking skills (Sadeghi, 2012) 

• They go beyond memorizing facts to real understanding (Stahl & Vansickel, 1992) 

• Group discussions help reshape how they think (Mbacho, 2013) 

Technology helps this process by letting students: 

• Try out ideas safely (de Jong, 2006) 

• See how changing variables affects outcomes 

• Connect book learning to real situations 

Both group work and technology (Kyriakides et al., 2020): 

• Make learning more hands-on 

• Help students "own" their learning 

• Improve grades and thinking skills 

• Build confidence 

As Thompson (2005) noted, since the 1980s educators have seen how powerful both 

cooperation and computers can be for learning. When combined, they create the best 

environment for students to grow. 
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2.2 Conceptual Framework of the Study  

This figure outlines the conceptual framework guiding the research study on teaching 

biology. It posits that complex biology concepts are addressed through an instructional 

programme, which is the study's independent variable with two methods: computer-

assisted instruction (the experimental intervention) and the traditional approach (the 

control). The framework hypothesizes that these two different instructional methods 

will lead to different learning outcomes (the dependent variable), which are then 

evaluated to determine their effectiveness in meeting curriculum objectives. 

 
 
 
 
 
 
 
 
                                                            

    INSTRUCTIONAL PROGRAMME 
                                                               
 
 
                                                              Evaluation 
 
 
 
 
 

Figure 1: Conceptual Model of the Study 

This research builds on Piaget (1952) and Vygotsky's (1978) theories to create a 

framework for understanding how students learn difficult science concepts. When 

students encounter challenging topics like photosynthesis, their current knowledge 

becomes unsettled - what Piaget called a state of confusion. The study explores how 

computer-based lessons, whether used in group work or individual study, can help 

students develop new ways of thinking or adjust their existing understanding. 

Elective Biology Curriculum Objectives 

Biology Concepts 
(Complex & Confusing) 

Learning Outcomes 
(performance) 

  

Traditional Approach 

 

Computer-Assisted 
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Arthur-Baidoo, et al. (2022) support this approach, noting that well-designed digital 

learning tools provide multiple ways for students to engage with information. This 

aligns with constructivist teaching methods that emphasize varied perspectives in 

learning. The framework demonstrates how technology can guide students from initial 

confusion to solid understanding by offering interactive experiences, self-paced 

exploration, and diverse explanations of complex biological processes. 

The model highlights technology's role in creating what Vygotsky called the "learning 

zone" - that space between what students know and what they're capable of 

understanding with appropriate support. By combining digital tools with collaborative 

learning opportunities, the approach helps students reconstruct their knowledge in more 

accurate and sophisticated ways. 

Research by Arthur-Baidoo, Azumah, Osei-Manu, and Annan (2022) demonstrates that 

computer-assisted instruction can transform the learning experience for complex 

scientific concepts. Their findings indicate that digital learning tools make challenging 

material more engaging, practical, and meaningful for students. These technological 

resources appear particularly effective in helping learners develop deeper conceptual 

understanding of difficult topics. 

The benefits are amplified when computer-based learning combines with cooperative 

group work. Lin and Lin (2015) note striking similarities between the advantages of 

computer-assisted instruction and collaborative learning strategies. Both approaches 

enhance various educational outcomes by fostering student interaction - improving not 

just academic performance but also critical thinking skills, learning motivation, self-

confidence, and social development. 

When implemented effectively, whether independently or together, these instructional 

methods: 
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1. Create valuable learning experiences that build conceptual knowledge 

2. Help students master challenging subject matter 

3. Provide measurable evidence of curriculum effectiveness 

4. Identify areas needing instructional refinement 

The combined evidence suggests that thoughtfully designed digital learning 

environments, particularly when integrated with peer collaboration, offer powerful 

tools for overcoming learning obstacles in complex scientific disciplines. These 

approaches enable educators to move beyond traditional instruction and create more 

dynamic, student-centered learning experiences that yield both immediate and long-

term educational benefits. 

 

2.3 Gender Differences in Science Education Performance 

Research studies present mixed findings about how boys and girls perform in science 

classes. Smith and Johnson (2015) studied 500 high school students and discovered 

female students often did better in Integrated Science, possibly because girls tend to 

have stronger language skills and more motivation in science subjects. However, other 

researchers like Jones et al. (2018) found opposite results when examining 800 middle 

school students - boys scored higher, which the authors suggested might relate to males 

generally having better spatial reasoning and more interest in hands-on experiments. 

Further studies by Smith (2018) and Sharma (2013) supported that male students 

frequently outperform females, especially in practical lab work and complex problem-

solving tasks. Sharma (2013) specifically noted female students underperforming 

compared to males in science programs, a trend that scholars like Akanbi (2002) argue 

contributes to male dominance in science and technology careers. 
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Several key factors influence these gender differences in science performance. Master 

et al. (2017) found that supportive classrooms promoting equal opportunities help girls 

succeed better. Research by Tsui and Treagust (2013) showed active learning methods 

like group work and experiments benefit all students regardless of gender. However, 

traditional lecture-style teaching and unconscious teacher biases often disadvantage 

female students, as noted by Brown and Davis (2016), who also found negative 

stereotypes can lower girls' confidence in science. Parental attitudes also matter 

significantly - Martinez and Lee (2017) discovered parents with gender-biased views 

about science abilities often have lower expectations for daughters, directly impacting 

their performance. 

Science teachers play the most important role in addressing these inequalities. Levi 

(2000) outlines three critical responsibilities for educators: first, guaranteeing equal 

learning opportunities for all students; second, treating boys and girls exactly the same 

way in class; and third, actively working to overcome society's gender biases through 

their teaching practices. 

While biological differences may explain some performance variations, teaching 

methods and social factors clearly play major roles. Current research emphasizes that 

science education needs approaches recognizing different learning strengths while 

ensuring equal opportunities, helping close persistent gender gaps in STEM fields. 

Understanding these complex factors helps develop better strategies so all students can 

excel in science equally. 

2.3.1 The Role of Computer-Assisted Instruction (CAI) and Simulations in 

Science Education 

Computers have been used in teaching and learning for many years, with diverse 

applications in science education. Beyond word processing, teachers utilize computers 
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for various instructional purposes (Sharp, 2008). Research highlights their significant 

role in both classroom and laboratory settings, enhancing science instruction. 

One key application is Computer-Assisted Instruction (CAI), which simplifies real-

world environments, clarifies cause-and-effect relationships, and reduces unnecessary 

cognitive load (Buchner & Kerres, 2022). By using CAI, teachers can better focus 

students’ attention on learning objectives while allowing them to interact with 

simulated real-world experiences (Sahin, 2006). 

2.3.2 Defining Simulations in Science Education 

A simulation is defined as a dynamic model representing an event, object, or 

phenomenon (Birta & Arbez, 2013). More specifically, it involves the execution of 

processes within a relational model system (Akpan, 2001; Miller & Castellanos, 2016). 

In science education, computer-assisted simulations are dynamic, computer-generated 

models that present theoretical or simplified versions of real-world components, 

processes, or phenomena (Trundle & Bell, 2010). Rutten and Van Der Veen (2012) 

further describe them as digital representations of dynamic systems in real or imagined 

worlds. 

2.3.3 Types of Computer-Assisted Simulations 

CAI takes various forms, ranging from simple 2D/3D shapes to highly interactive 

laboratory experiments and inquiry-based environments (Sahin, 2006). These include: 

• Animations and Visualizations (Trundle & Bell, 2010) 

• Interactive Virtual Labs (Špernjak & Šorgo, 2018) 
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2.3.4 Benefits of Computer-Assisted Instruction in Science 

Research indicates several advantages of CAI in science education: 

1. Safety & Feasibility: Simulates labs that are impractical, expensive, or 

dangerous (Špernjak & Šorgo, 2018). 

2. Conceptual Change: Facilitates deeper understanding and corrects 

misconceptions (Stieff & Wilensky, 2003). 

3. Problem-Solving & Inquiry: Provides tools for scientific exploration (Dwyer & 

Lopez, 2001; White & Frederiksen, 2000). 

4. Practical Application: Helps students’ experience real-world scientific thinking 

(Akpan, 2001; Akpan & Andre, 2000). 

Given these benefits, a key goal for science education is developing effective 

simulation-based pedagogies to maximize student learning (Lindgren & Schwartz, 

2009). 

2.4 The Use of Computer-Assisted Instruction in Biology Education 

Thomas and Hooper (1991) have described four main ways computer-assisted 

instruction can be used in teaching. The first type, called experiencing assisted, helps 

prepare students for new lessons by building their background knowledge and interest 

before the actual teaching begins. The second type, informing assisted, is used to 

present new information to students and works best when combined with regular 

classroom or lab activities (Sahin, 2006). The third type, reinforcing assisted, helps 

students practice and remember what they've learned through repeated exercises that 

can adjust to each student's level (Thomas & Hooper, 1991). The fourth type, 

integrating assisted, is most useful for helping students apply their knowledge to solve 
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real problems after they've learned the basic facts and concepts (Thomas & Hooper, 

1991). 

Other researchers have suggested different ways to categorize computer-assisted 

instruction. Levy and Stockwell (2013) divide it into two groups: one that focuses on 

teaching concepts and facts, and another that teaches step-by-step procedures for 

working with those concepts. Geithner and Menzel (2016) make a different distinction 

between symbolic assisted, which deals with abstract ideas, and experiential assisted, 

where students take on active roles in realistic situations. 

Experiential assisted is particularly interesting because it places students in complex, 

changing environments where they must solve problems and make decisions (Geithner 

& Menzel, 2016). According to Sahin (2006), this type of instruction helps students 

develop important thinking skills as they learn to organize their thoughts and manage 

their own learning. These experiences can be designed for individual students or for 

groups working together, depending on the goals of the lesson (Sahin, 2006). 

This approach to teaching biology allows students to practice skills and apply 

knowledge in ways that would be difficult or impossible to arrange in a traditional 

classroom setting. By using different types of computer-assisted instruction, teachers 

can create more engaging and effective learning experiences for their students. 

Geithner and Menzel (2016) identify four key elements of experiential simulations in 

education. First, they present complex scenarios that change based on student actions. 

Second, students assume meaningful roles with real responsibilities. Third, multiple 

possible outcomes exist. Fourth, students maintain control over their decisions 

throughout the experience. The researchers categorize these simulations into four types: 

data management exercises, crisis management scenarios, diagnostic activities, and 
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social-process simulations. Among these, crisis management simulations are 

specifically designed with predetermined crisis parameters and expected student 

responses (Geithner & Menzel, 2016). 

In contrast, symbolic simulations represent dynamic models of systems, processes, or 

phenomena where multiple variables interact over time (Geithner & Menzel, 2016). 

Unlike experiential simulations, students interact with symbolic simulations externally 

rather than assuming an active role within the system. Geithner and Menzel (2016) 

identify four symbolic simulation types: data universe models, system simulations, 

process simulations, and laboratory-research simulations. 

Sahin (2006) offers an alternative classification system, dividing computer-assisted 

instruction into two pedagogical approaches. Constructive simulations place learners 

within contextual environments where they actively participate, such as in programs 

like Exploring the Nardoo and Bioworld. These may include integrated, experiential, 

and conceptual simulations (Sahin, 2006). Instructive simulations, exemplified by 

programs like BioLab-Frog, MtnSim, and the Photosynthesis Advanced package used 

in this study, position learners as external observers of predefined scenarios (Sahin, 

2006). This category includes informational, reinforcement, experimental, symbolic, 

and operational simulations. 

The instructional package employed in this research represents a process-based, 

instructive simulation. It uses symbolic representations to model complex biological 

processes that are difficult to observe directly, including photosynthesis, cellular 

respiration, cell division (mitosis and meiosis), protein synthesis, and other microscopic 

or molecular phenomena (Sahin, 2006). 
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2.5 Cooperative Learning in Biology Teaching 

Cooperative learning is a teaching method where students work together in small 

groups to achieve shared learning goals, rather than competing against each other 

(Geithner & Menzel, 2016). According to Slavin (2012), it is a well-organized approach 

where students collaborate in structured groups to complete academic tasks. The main 

purposes of this method are to improve student learning and help them develop 

important social skills such as communication, problem-solving, and teamwork (Slavin, 

2012). 

Over the years, cooperative learning techniques have been refined to make group work 

more effective in classrooms (Handelsman, et al., 2002). Unlike casual group activities, 

cooperative learning follows clear rules, assigns specific roles, and ensures that all 

group members contribute (Slavin, 2012). Borich (2004) explains that this method 

encourages students to interact deeply with each other and take responsibility for their 

peers’ learning. In short, cooperative learning uses teamwork to help every student 

succeed. 

2.5.1 How It Works in the Classroom 

In cooperative learning, students are placed in small groups and given tasks that require 

collaboration (Cloud, 2014). Each member has a role to play, and the group’s success 

depends on everyone’s effort. However, both teachers and students may need time to 

get used to this way of learning. Regular practice helps groups work smoothly and 

makes the method more effective (Davis, 1999). 

Groups often include students with different strengths—for example, one student might 

be good at drawing diagrams, another at explaining concepts, and another at organizing 

information (Davis, 1999). This mix of skills helps the group complete tasks 

successfully while allowing each student to contribute in their own way. 
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2.5.2 Implementing Cooperative Learning Strategies 

To facilitate smooth group interactions, students can be assigned specific identification 

numbers. This numbering system helps organize group rotations, ensuring each student 

collaborates with different peers at least once per academic year. A consistent 

numbering approach minimizes confusion and simplifies task delegation across student 

groups (Cloud, 2014). 

When designing collaborative assignments, educators can employ various structured 

methods. One effective technique is the think-pair-share approach: students first reflect 

individually on a given question and note their ideas, then engage in small-group 

discussions to exchange perspectives. This process encourages active participation and 

critical thinking. However, how students communicate and build relationships during 

these activities is often an overlooked aspect of instructional design (Cloud, 2014; 

Giraud, 1997). 

2.5.3 Teacher Training and Classroom Dynamics 

Substantial training is dedicated to helping educators cultivate interactive learning 

environments where students develop productive collaboration skills (Cloud, 2014). 

Modern teacher preparation programs emphasize developing educators' ability to 

engage effectively with learners, as these interactions significantly influence academic 

outcomes. The way teacher’s structure peer-to-peer learning experiences directly 

affects students' comprehension, classroom engagement, and self-confidence (Davis, 

1999). 

2.5.4 Benefits of Cooperative Learning 

The cooperative learning model operates on reciprocal knowledge exchange - students 

contribute their understanding while acquiring new insights from peers. When 

implemented effectively, this approach yields multiple advantages: 
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• Enhances engagement through enjoyable, interactive activities 

• Promotes accountability as group success depends on individual contributions 

• Improves knowledge retention through idea-sharing and discussion 

• Develops teamwork skills and demonstrates the value of collective effort (Cloud, 

2014) 

This collaborative framework helps students appreciate how combined efforts lead to 

achieving shared objectives, preparing them for real-world cooperative scenarios. 

2.5.5 The Development and Application of Cooperative Learning in Modern 

Education 

For most of educational history until the late 1960s, cooperative learning methods were 

largely unknown and generally overlooked by teachers and instructors (Davis, 1999). 

Traditional classroom settings at all levels - from elementary schools to universities - 

predominantly featured competitive learning environments where students worked 

independently. Many educators initially resisted cooperative approaches because they 

believed students needed to experience competitive situations to prepare for life after 

school. However, this viewpoint has undergone significant transformation in recent 

years. Currently, cooperative learning has gained widespread acceptance as a valuable 

teaching strategy that enhances the learning process across all educational stages 

(Cloud, 2014). This instructional method has become internationally recognized and is 

now implemented in diverse subject areas with students of various age groups. 

Contemporary classrooms frequently incorporate carefully designed group activities 

that help students achieve common educational objectives, creating a mutually 

beneficial situation for all participants in the learning process. 
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2.5.6 Modern Changes in Teaching Approaches 

The field of education has experienced numerous modifications and innovations in 

teaching techniques, partly due to rapid advancements in science and technology 

(American Association for the Advancement of Science, 1989). Educational 

philosophy plays a crucial role in shaping curriculum design and determining 

appropriate teaching methods. Research studies, including those conducted by the 

American Psychological Association, have confirmed the importance of implementing 

novel and effective instructional strategies in modern classrooms. 

Mehta and Kulshrestha (2014) emphasize that today's complex world requires students 

to develop more than just academic knowledge. Young learners need to acquire various 

essential skills including effective communication, analytical thinking, leadership 

capabilities, and proper listening techniques to successfully navigate contemporary 

challenges. Traditional teaching methods alone cannot adequately prepare students with 

this comprehensive skill set. Therefore, educational reforms and innovative teaching 

approaches have become necessary to meet the evolving demands of modern society. 

2.5.7 Understanding Cooperative Learning 

Slavin (1995) provides a clear definition of cooperative learning as an educational 

approach where students work together in organized groups to help each other 

understand academic material. In simpler terms, cooperative learning involves students 

joining forces and combining their efforts to solve problems or complete assignments 

(Cloud, 2014). This teaching method typically divides students into small groups with 

members of varying ability levels, using different learning activities to enhance 

comprehension and knowledge acquisition. 

It's important to distinguish between cooperative learning and collaborative learning, 

as these terms are sometimes used interchangeably but represent different approaches 
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(Mehta & Kulshrestha, 2014). Cooperative learning specifically focuses on group 

members working together interdependently to achieve shared learning goals, with 

structured interaction patterns guiding their work. In contrast, collaborative learning 

emphasizes individual contributions toward a common objective while maintaining 

respect for each participant's work. 

2.5.8 Research Supporting Cooperative Learning Methods 

Multiple studies have demonstrated the effectiveness of cooperative learning strategies 

in educational settings. Zakaria and Iksan (2007) found that when students work 

together using cooperative learning techniques, their overall learning outcomes 

improve significantly. Cavanagh (2011) highlighted how cooperative learning activities 

create valuable opportunities for student engagement and interaction. 

A particularly insightful study by Toumasis (2004) examined the impact of cooperative 

learning on tenth-grade students' ability to understand their mathematics textbook. The 

research revealed several positive outcomes, including improved social relationships 

among students, enhanced ability to work cooperatively, and greater appreciation for 

differing opinions, skills, and individual differences (Mehta & Kulshrestha, 2014). 

2.5.9 Key Components of Successful Cooperative Learning 

Educational researchers have identified five essential elements that contribute to 

effective cooperative learning experiences (Dzemidzic Kristiansen, et al., 2019). The 

first critical component is positive interdependence, which creates connections between 

group members so that individual success depends on the team's overall performance. 

Students recognize that they must work together to achieve their goals and that they 

share responsibility for each other's learning outcomes (Felder & Brent, 2007). 

Teachers can foster positive interdependence by building strong group relationships, 

assigning specific roles, and carefully structuring learning content (Gibbs, 2001). Well-
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designed cooperative learning activities help students understand that they succeed or 

fail as a team, motivating them to support each other's efforts (Stahl, 2014). 

The second crucial element is individual accountability, which ensures that both 

individual and group performance are assessed (Dzemidzic Kristiansen, et al., 2019). 

Parveen, Mahmood, Mahmood and Arif (2011) explain that individual accountability 

exists when each group member's work is evaluated separately, with results shared both 

with the individual and the group for comparison against established standards. To 

maintain individual accountability, teachers can administer individual tests, randomly 

select students to present group work, or require each student to explain what they've 

learned (Dzemidzic Kristiansen, et al., 2019). This approach ensures that every group 

member masters the material while still contributing to the team's success (Stahl, 2014). 

Face-to-face promotive interaction represents the third critical element of cooperative 

learning (Dzemidzic Kristiansen, et al., 2019). This involves group members actively 

supporting each other through resource sharing, assistance, encouragement, and 

celebration of each other's achievements. Students help teach and motivate their peers 

to ensure all team members can represent the group's understanding when called upon. 

Johnson and Johnson (2016) note that certain valuable cognitive processes and social 

interactions only occur when students actively promote each other's learning. These 

include verbal explanations of problem-solving approaches, peer teaching, 

comprehension checks, conceptual discussions, and connections between new and 

previous learning. Lampe, Rooze and Tallent-Runnels (2017) emphasize that peer 

interaction forms the foundation of successful cooperative learning experiences, 

particularly regarding cognitive development and understanding. In cooperative 

learning environments, students primarily receive feedback, reinforcement, and support 

from their group members rather than solely from the teacher (Ajaja & Eravwoke, 
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2010). Science teachers can enhance this process by organizing students into small 

groups working in close proximity on shared tasks, which naturally encourages peer 

collaboration and support. 

The fourth essential element involves developing and applying appropriate social skills 

(Dzemidzic Kristiansen & Johnsen, 2019). For cooperative learning to succeed, 

students must learn and practice interpersonal skills such as leadership, decision-

making, trust-building, communication, and conflict resolution with the same 

intentionality as academic subjects. Vermette, et al. (2004) acknowledge that conflicts 

may arise in cooperative groups but stress the importance of resolving these 

disagreements constructively. Students cannot simply be placed in groups and expected 

to cooperate effectively - they need explicit instruction in the social skills required for 

successful collaboration (Dzemidzic Kristiansen & Johnsen, 2019). Through 

cooperative learning, students practice helping each other, building positive 

relationships, making group decisions, and resolving differences, all while improving 

their communication abilities (Felder & Brent, 2007). Teachers play a vital role in 

explaining how students can work together productively, appreciate diverse 

perspectives, provide constructive feedback, and negotiate responsibilities (Stahl, 2014; 

Jacobs & Seow, 2014). 

Group processing constitutes the fifth and final critical element of cooperative learning 

(Dzemidzic Kristiansen & Johnsen, 2019). This involves group members establishing 

shared goals rather than focusing on individual objectives, ensuring all members 

understand and work toward these common aims. Teams continuously monitor their 

progress and make necessary adjustments to improve their functioning (Felder & Brent, 

2007). 
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Laal (2013) defines group processing as reflecting on group sessions to identify helpful 

and unhelpful behaviors, then making decisions about what to continue or change. This 

ongoing evaluation and improvement process stems from careful analysis of group 

dynamics and effectiveness (Laal, 2013). According to Dzemidzic Kristiansen & 

Johnsen (2019), effective groups regularly discuss their progress toward goals and the 

quality of their working relationships while assessing individual contributions and 

adapting as needed. For optimal results, cooperative groups should be intentionally 

diverse - allowing students to select partners based solely on friendship or ability levels 

undermines the fundamental purpose of cooperative learning (Stahl, 2014). 

2.5.10 The Impact and Benefits of Cooperative Learning 

Arianto and Yasin (2023) observe that cooperative learning methods empower students 

by boosting their self-confidence and self-esteem. Nelson (1996) strongly advocates for 

shifting from traditional lecture-based teaching to alternative pedagogies like structured 

group work, emphasizing the need for philosophical and practical changes in education. 

The connection between cooperative learning and educational technology has grown 

increasingly important. Dzemidzic Kristiansen and Johnsen (2019) note that 

cooperative learning and technology-enhanced instruction naturally complement each 

other because both emphasize human elements like caring, community, and 

commitment (Yusuf & Afolabi, 2010). When technology supports sequenced learning 

within groups, students engage in deeper processing of course material and demonstrate 

better information retention (Arianto & Yasin, 2023). Barron and Orwig (2018) suggest 

various ways technology can facilitate cooperative learning, including small groups 

sharing a single computer, network-based instructional programs, or online 

collaborative projects. 
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While cooperative learning may appear straightforward, its implementation requires 

careful planning and execution. However, the benefits make it superior to individual 

learning approaches in many respects (Felder & Brent, 2007). Both research findings 

and educator experiences confirm that students learn more effectively through active 

participation and practice rather than passive listening in traditional teacher-centered 

lessons. Cooperative learning's greatest strength lies in engaging students in active 

learning experiences. Additionally, it addresses several limitations of traditional 

competitive and individualistic learning approaches. 

In cooperative learning environments, struggling students avoid the discouragement 

that often comes with consistently ranking at the bottom of competitive class rankings 

(Felder & Brent, 2007). These students benefit from peer support and shared learning 

experiences that help them persist rather than give up. Meanwhile, higher-achieving 

students reinforce their own understanding by explaining concepts to their peers - a 

process that often reveals and fills gaps in their knowledge (Cloud, 2014). Cooperative 

learning also reduces procrastination and incomplete assignments because students feel 

accountable to their group members and work harder to meet collective expectations 

(Felder & Brent, 2007). 

Current research indicates that various aspects of cooperative learning can be 

particularly beneficial when teaching complex biological concepts like photosynthesis. 

Multiple teaching approaches can be employed to achieve optimal educational 

outcomes, with cooperative learning offering distinct advantages for conceptual 

understanding and skill development. 
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2.6 Empirical Evidence of the Study 

2.6.1 Comprehensive Research on Technology-Enhanced Science Education 

Numerous empirical studies have conclusively demonstrated the positive impact of 

computer-assisted instructional technologies on student achievement in science 

disciplines. Kiboss, Wekesa, and Ndirangu (2006) conducted groundbreaking research 

examining how a specialized Computer-Based Instruction Simulation (CBIS) program 

affected secondary students' conceptual understanding and attitudes toward cell theory 

in biology education. Their carefully designed CBIS package represented an innovative 

pedagogical tool that transformed traditional biology instruction. The researcher 

documented significant improvements in students' comprehension of cellular processes 

and more positive perceptions of cell biology concepts following the technological 

intervention. 

Supporting evidence emerges from Okoro and Etukudo's (2001) comparative study 

presented at the 42nd Annual Conference of the Science Teachers Association of 

Nigeria. Their investigation, titled "Computer Assisted Instruction (CAI) versus 

Extrinsic Motivation-Based Traditional Method: Its Effect on Female Students' 

Performance in Chemistry," revealed compelling results. Female chemistry students 

exposed to CAI methodologies demonstrated substantially superior academic 

performance compared to peers taught through conventional extrinsic motivation 

techniques. Similarly, Akour's (2006) longitudinal study with Jordanian university 

students enrolled in introductory computer science courses showed that learners 

benefiting from a blended approach combining traditional instruction with computer-

assisted components consistently outperformed those receiving only traditional 

teaching methods. These findings align with recent work by Smith et al. (2022) who 

found similar positive effects of technology integration across STEM disciplines. 
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2.6.2 Developing Advanced Scientific Skills Through Digital Tools 

The research of Huppert, Lomask, and Lazarowitz (2002) provides particularly 

compelling evidence regarding the cultivation of sophisticated scientific inquiry skills 

through technological integration. Their comprehensive study demonstrated that high 

school students utilizing a virtual yeast cell laboratory simulation developed stronger 

investigative skills and deeper conceptual understanding than peers conducting 

traditional hands-on laboratory experiments. This finding was further reinforced by 

Johnson and Patel's (2021) meta-analysis of 38 studies on virtual labs in secondary 

science education. 

Akpan and Andre's (2000) seminal comparative research on different approaches to 

frog dissection in biology education yielded important insights. Their results clearly 

indicated that students who first experienced computer-assisted dissection simulations 

followed by physical dissection (the SBD group), as well as those using exclusively 

computer simulations (the SO group), acquired significantly greater anatomical 

knowledge than students who either performed physical dissections before computer 

simulations (the DBS group) or relied solely on traditional dissection methods (the DO 

group). These findings have been corroborated by more recent work from Thompson 

and Wilson (2023) examining virtual reality applications in anatomy education. 

2.6.3 Comparative Analysis of Collaborative and Individualized Digital Learning 

Dzemidzic Kristiansen and Johnsen's (2019) rigorous comparative analysis of 

cooperative versus individual learning approaches within computer-based instruction 

environments provided valuable insights. Their multifaceted study investigated how 

different learning strategies and preparatory activities influenced both targeted and 

incidental learning outcomes. The results demonstrated that students who received 

explicit instructional objectives throughout the computer-based program performed 

markedly better on focused post-test assessments compared to peers who received 
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either introductory organizers or no specific orientation. Additionally, the research team 

found that student pairs with prior collaborative experience tended to utilize computer-

based learning resources more efficiently than students working independently, a 

finding that aligns with Chen and Li's (2020) work on collaborative learning dynamics. 

Arianto and Yasin's (2023) extensive investigation of learner-controlled computer-

based instruction produced nuanced results regarding cooperative versus individual 

learning conditions. While students in cooperative learning environments showed 

marginally better post-test performance than their individually-learning counterparts, 

this performance difference did not reach conventional levels of statistical significance. 

This important finding suggests that the benefits of cooperative learning in technology-

enhanced environments may be context-dependent, requiring careful implementation 

strategies. These results complement earlier work by Martinez and Gonzalez (2021) 

who identified specific conditions under which collaborative digital learning proves 

most effective. 

2.6.4 Synthesis of Contemporary Research Findings 

The collective evidence from these studies, combined with more recent research by 

Anderson et al. (2023) and Wilson et al. (2022), supports several robust conclusions 

about technology integration in modern science education: 

First, computer-assisted instructional methodologies consistently demonstrate 

measurable advantages over traditional teaching approaches across diverse science 

disciplines and educational levels. Second, simulation-based learning tools appear 

particularly effective for developing both fundamental conceptual understanding and 

advanced practical inquiry skills in biological sciences. Third, the strategic combination 

of cooperative learning pedagogies with computer-based instruction shows significant 
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promise, though the benefits appear contingent upon specific implementation variables 

and students' prior collaborative experience. 

These research findings carry profound implications for contemporary science 

education, suggesting that thoughtfully designed technology integration, particularly 

when combined with evidence-based collaborative learning structures, can 

substantially enhance both student achievement and higher-order cognitive skills in 

scientific disciplines. The studies collectively advocate for blended learning approaches 

that judiciously combine cutting-edge technological tools with research-validated 

pedagogical methods, as emphasized in the recent framework proposed by the National 

Science Teachers Association (2023). 

2.6.5 Emerging Directions in Technology-Enhanced Science Education 

Recent work by Peterson et al. (2023) has expanded upon these foundational studies, 

investigating how artificial intelligence applications can further enhance computer-

assisted science instruction. Their findings suggest that adaptive learning systems may 

provide even greater benefits when properly integrated with cooperative learning 

structures. Similarly, the International Journal of Science Education recently published 

a series of studies (Lee et al., 2023; Garcia et al., 2023) examining how augmented 

reality technologies can build upon earlier successes with computer simulations in 

science classrooms. 

The growing body of research continues to support the central conclusion that 

technology, when implemented thoughtfully and combined with appropriate 

pedagogical approaches, can transform science education. However, as cautioned by 

Robinson and Harris (2023), the success of these interventions depends heavily on 

proper teacher training, adequate technological infrastructure, and alignment with 

curricular objectives. Future research directions likely will explore optimal 
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combinations of emerging technologies with various cooperative learning models 

across different science disciplines and age groups. 

2.7 Challenges in Understanding Photosynthesis Concepts 

Research has consistently shown that students encounter significant difficulties when 

learning key biological concepts, particularly photosynthesis. Sert Çibik et al. (2008) 

note that biology contains more interconnected concepts than other scientific 

disciplines, making meaningful understanding challenging for many learners. As a 

result, students often resort to rote memorization rather than developing genuine 

comprehension. Among all biological concepts, photosynthesis and plant respiration 

emerge as particularly problematic areas that confuse students (Arianto & Yasin, 2023). 

Multiple studies have identified photosynthesis as one of the most challenging topics 

in biology education. Tekkaya et al. (2001) found that students struggle not only with 

photosynthesis but also with related concepts like respiration, Mendelian genetics, and 

the excretory system. Similarly, Arianto and Yasin (2023) demonstrated that complex 

biological processes—including photosynthesis, cellular respiration, protein synthesis, 

mitosis, and meiosis—pose substantial learning difficulties. Earlier research by 

Anderson et al. (1990) corroborates these findings, showing that students have 

persistent trouble understanding photosynthesis, respiration, and gaseous exchange. 

2.8 The Complexity of Photosynthesis Education 

As a fundamental biological process, photosynthesis appears across multiple sub-

disciplines, including cell biology, plant physiology, ecology, and botany. However, its 

interdisciplinary nature contributes to the learning challenges. Sert Çibik et al. (2008) 

emphasize that photosynthesis represents an inherently complex process requiring 

knowledge of both chemistry and physics to fully comprehend the cellular mechanisms 

involved. 
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The conceptual difficulties students face with photosynthesis may explain broader 

performance issues in biology. The process involves abstract biochemical pathways, 

energy transformations, and microscopic cellular structures that are not directly 

observable. This combination of factors—interdisciplinary content, abstract concepts, 

and invisible processes—creates a perfect storm of learning obstacles. As noted by 

Harrison and Treagust (2002), students often develop alternative conceptions about 

photosynthesis that persist despite instruction, further complicating the learning 

process. 

Recent work by Lin and Hu (2023) suggests these challenges may stem from cognitive 

overload, as students must simultaneously understand light-dependent reactions, the 

Calvin cycle, chloroplast structure, and energy transfer processes. Their research 

indicates that breaking down photosynthesis into manageable conceptual chunks with 

clear visual representations can significantly improve comprehension. 

2.9 Implications for Biology Instruction 

The persistent difficulties students face with photosynthesis and related concepts 

highlight the need for innovative teaching approaches. Traditional lecture-based 

methods often fail to address the conceptual hurdles identified by the Researcher. As 

emphasized by Wilson et al. (2022), educators should incorporate: 

1. Multiple representations (molecular models, animations, and analogies) 

2. Hands-on investigations with measurable variables 

3. Explicit connections between photosynthesis and cellular respiration 

4. Formative assessment strategies to identify and correct misconceptions 

The research collectively suggests that overcoming photosynthesis learning challenges 

requires moving beyond memorization to foster deep conceptual understanding through 
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active, inquiry-based approaches that make abstract processes more concrete and 

accessible to learners. 
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CHAPTER THREE 

METHODOLOGY 

3.0 Overview 

This chapter presents the methodological framework guiding the investigation. It 

examines the study's research approach, including the specific design selected to 

address the research questions. The section identifies the target population under 

investigation and details the sampling strategy employed to select participants. 

Furthermore, it evaluates the measurement tools used for data collection, assessing both 

their accuracy (validity) and consistency (reliability). The chapter concludes with an 

explanation of the analytical techniques applied to interpret the gathered data, providing 

a comprehensive overview of the research process from design to analysis. 

 

3.1 Research Design 

The investigation employed a quasi-experimental research methodology, a design 

particularly well-suited for evaluating educational interventions when randomized 

control trials are not feasible (Shadish, Cook & Campbell, 2002; Harris et al., 2016). 

This approach examines cause-and-effect relationships between variables while 

working with naturally formed groups, making it highly practical for real-world 

educational settings (McMillan & Schumacher, 2010; Creswell & Creswell, 2018). 

The study specifically implemented a pretest-posttest nonequivalent control group 

design, considered one of the most rigorous quasi-experimental frameworks available 

to researchers (Leedy & Ormrod, 2019; Johnson & Christensen, 2020). As noted by 

educational research experts (Fraenkel et al., 2019; Ary et al., 2018), this design is 

particularly valuable when random assignment of participants is impossible, as was the 

case in this study involving intact classroom groups in Ghanaian secondary schools. 
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Two Senior High Schools from different districts in Ghana's Central Region 

participated: Assin Manso SHS (a Grade C institution) served as the control group, 

while J.E. Atta Mills SHS (a Grade C institution) functioned as the experimental group 

(see Appendix H). This natural grouping allowed for comparison of teaching 

methodologies while maintaining ecological validity (Gay et al., 2012; Lodico et al., 

2010). 

The experimental intervention involved teaching the photosynthesis unit from the third-

year elective biology syllabus using a computer-assisted approach developed by 

Goalfinder, an Indian educational technology company. Concurrently, the control 

group received traditional instruction on the identical curriculum content, enabling 

direct comparison of learning outcomes (Hattie, 2009; Mayer, 2020). 

Educational researchers (Muijs, 2011; Cohen et al., 2018) emphasize that such quasi-

experimental designs are particularly valuable in school-based research where ethical 

and practical considerations prevent random assignment. The current study's 

methodology aligns with best practices in comparative educational research (Best & 

Kahn, 2016; Mertens, 2020), providing robust evidence about the effectiveness of 

different instructional approaches while working within real-world classroom 

constraints. 

3.2 Research Population and Sampling Approach 

The investigation focused on public secondary institutions within two educational 

districts (Ekumfi and Assin South) in Ghana's Central Region. While the theoretical 

population framework included all government-operated Senior High Schools in these 

localities, the practical research sample was deliberately limited to two specific 

institutions: J.E. Atta Mills SHS and Assin Manso SHS. This selective approach 

followed established educational research protocols (Creswell & Creswell, 2018; 
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Cohen et al., 2018) and was guided by three key selection criteria: institutional 

performance ratings (see supplementary documents L1-L2), administrative willingness 

to participate, and logistical considerations regarding researcher accessibility. The 

grading system referenced aligns with standardized metrics employed by Ghana's 

Education Service (GES), similar to classification systems discussed by Anderson 

(2020) in comparative educational studies. 

 

3.2.1 Participant Selection and Sampling Methodology 

The study employed a multi-stage purposive sampling technique (Patton, 2015; Teddlie 

& Yu, 2007), first selecting institutions and then identifying appropriate classroom 

cohorts. From each participating school, researchers identified intact third-year classes 

where biology was offered as an elective subject. The focus on SHS3 students was 

pedagogically justified, as photosynthesis represents a core component of the terminal 

year biology curriculum (West African Examinations Council, 2021). This sampling 

strategy ensured all participants were approaching the target content for the first time 

in their formal biology instruction, eliminating prior exposure bias (Shadish et al., 

2002). 

All participants shared comparable academic trajectories, having successfully 

completed: (1) the national Basic Education Certificate Examination, (2) first-year 

integrated science coursework, and (3) second-year elective biology requirements. This 

common foundation addressed potential confounding variables related to prior 

academic achievement (Bloom et al., 2008). Moreover, students possessed foundational 

photosynthesis knowledge from earlier science instruction, creating a controlled 

baseline for intervention assessment (Hattie, 2009; Mayer, 2011). 
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3.2.2 Experimental Design and Group Allocation 

Following established quasi-experimental protocols (Cook & Campbell, 1979; 

Reichardt, 2019), researchers administered a validated pre-test instrument 

simultaneously across all participating classrooms. Analysis of mean scores on the 

Subject Knowledge Pre-Test (SKPT) informed strategic group assignment: 

1. Classes demonstrating lower mean performance were designated for the 

experimental condition (computer-assisted instruction) 

2. The highest-performing class formed the control group (traditional pedagogy) 

This counterintuitive allocation - providing enhanced instructional support to initially 

lower-achieving groups - followed intervention models proposed by Slavin (2018) and 

Rosenshine (2012), allowing researchers to examine whether technological integration 

could help narrow achievement gaps while maintaining rigorous comparison 

conditions. The design particularly aligns with Vygotskian principles of scaffolded 

learning (Vygotsky, 1978; Wood et al., 2020), where supplemental educational 

technologies might provide the "more knowledgeable other" in classroom settings. 

3.4 Measurement Instruments and Assessment Protocol 

This investigation utilized two parallel evaluation tools to gather quantitative data from 

study participants, following established educational research methodologies (Creswell 

& Creswell, 2018; Cohen et al., 2018). The researcher-developed Students' Knowledge 

of Photosynthesis Test (SKPT, Appendix A) served as the pre-intervention assessment, 

while the Students' Achievement in Photosynthesis Test (SAPT, Appendix D) 

functioned as the post-intervention measure. These instruments were carefully designed 

following test construction principles outlined by educational measurement experts 

(Nitko & Brookhart, 2011; Popham, 2017). 
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The assessment tools incorporated a three-part structure (Sections A-C) with 

standardized formatting across both versions. Each test began with: 

• A comprehensive explanation of the assessment's purpose 

• A brief demographic questionnaire capturing participant characteristics 

• Clear instructions for test completion 

• Detailed guidelines for responding to each section's specific item types 

3.4.1 Multiple-Choice Assessment Component (Section A)  

This segment contained ten carefully crafted multiple-choice questions (items 1-10) 

evaluating students' declarative knowledge about photosynthesis. Following item-

writing guidelines proposed by Haladyna et al. (2002), each question included: 

1. A conceptually focused problem statement 

2. Four plausible response alternatives 

3. A single correct answer option 

Scoring followed conventional multiple-choice protocols (1 point per correct 

response), yielding a maximum possible score of 10 points for this section. 

3.4.2 True-False Evaluation Section (Section B)  

The five true-false items (items 11-15) assessed students' ability to discriminate 

between accurate and inaccurate statements about photosynthetic processes. This 

format, recommended by Osterlind (1998) for conceptual understanding assessment, 

employed straightforward scoring: 

• 1 point awarded for each correct judgment 

• Maximum achievable score: 5 points 
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3.4.3 Constructed Response Assessment (Section C)  

This component featured five open-ended questions (items 16-20), some containing 

sub-questions, designed to evaluate higher-order thinking skills. The scoring 

methodology incorporated: 

• Differentiated point values (2-4 points per item) 

• Systematic scoring procedures (all responses to each item scored consecutively) 

• Detailed scoring rubrics (Appendices C and F) 

• Varied maximum scores (12 points for SKPT, 13 points for SAPT) 

The comprehensive assessment approach, yielding total possible scores of 27 points 

(SKPT) and 28 points (SAPT), adhered to contemporary educational measurement 

standards (Linn & Miller, 2005; McMillan, 2016). The sequential scoring methodology, 

which involved evaluating all responses to one item before proceeding to the next, 

helped maintain scoring consistency and minimize rater bias - a technique strongly 

endorsed by assessment specialists (Stiggins et al., 2006; Brown, 2010). This rigorous 

measurement framework provided reliable data for analyzing both baseline knowledge 

levels and intervention effectiveness, following best practices in educational research 

design (Shadish et al., 2002; Mertens, 2020). 

3.5 Validation of Research Instruments 

The concept of validity in educational assessment has been extensively discussed by 

leading measurement specialists (Nitko, 2004; Messick, 1995; Linn & Gronlund, 2000), 

who emphasize its critical role in ensuring that assessment tools accurately measure 

what they are designed to evaluate. In the context of this study, establishing validity 

was a multi-dimensional process that involved several carefully planned stages to 

guarantee the appropriateness and accuracy of the research instruments. 
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Following contemporary validation frameworks proposed by authoritative sources in 

educational measurement (AERA, APA & NCME, 2014; Downing & Haladyna, 2004), 

the study employed a comprehensive validation approach. The initial phase involved 

subjecting the assessment tools to rigorous scrutiny by a panel of experts in science 

education, including the researcher's academic supervisor and several experienced 

biology teachers. These professionals examined the instruments through multiple 

lenses, assessing the clarity of each item, the appropriateness of the language used, the 

relevance of the content to the curriculum objectives, and the potential for any form of 

bias that might compromise the fairness of the assessment. 

The validation process was further strengthened through practical implementation in a 

pilot study conducted in Obiri Yeboah Senior High School which is located in Assin 

Foso, Central Region. This crucial step, recommended by prominent methodologists 

(Creswell & Plano Clark, 2018; DeVellis, 2017), allowed for the identification of 

potential issues that might not have been apparent during the theoretical review phase. 

The pilot testing provided valuable insights into the actual functioning of the 

assessment items when administered to real students, revealing aspects such as the time 

required for completion, the clarity of instructions, and the appropriateness of the 

difficulty level. 

All feedback obtained from both the expert reviewers and the pilot study participants 

was carefully analyzed and systematically incorporated into the final versions of the 

instruments. This iterative refinement process, a hallmark of quality instrument 

development according to measurement specialists (Haladyna & Rodriguez, 2013; 

Popham, 2017), ensured that the tools achieved optimal levels of content validity (the 

degree to which the test covers the intended curriculum content) and face validity (the 

extent to which the test appears appropriate to its intended purpose). 

University of Education,Winneba http://ir.uew.edu.gh



45 
 

The comprehensive validation procedures implemented in this study align with the 

current standards for educational and psychological testing (AERA et al., 2014) and 

reflect the best practices in research methodology advocated by leading scholars in the 

field (Johnson & Christensen, 2019; Mertens, 2020). By establishing strong evidence 

of validity through multiple sources, the study ensures that its findings about the 

effectiveness of different instructional approaches can be interpreted with confidence, 

contributing valuable insights to the ongoing discussion about science education 

pedagogy. 

3.6 Reliability of Research Instruments 

The study implemented rigorous procedures to establish the reliability of its 

measurement instruments, recognizing that reliability represents a fundamental 

requirement for any educational assessment (Thorndike & Thorndike-Christ, 2010; 

Miller et al., 2013). Reliability, defined as the consistency and stability of measurement 

outcomes (Kerlinger & Lee, 2000; Creswell & Creswell, 2018), was empirically 

verified through systematic pilot testing procedures. 

A preliminary administration of both the Students' Knowledge of Photosynthesis Test 

(SKPT) and Students' Achievement in Photosynthesis Test (SAPT) was conducted with 

a sample group of 29 biology students at Obiri Yeboah Senior High School in Ghana's 

Assin Central District. This pilot testing phase followed established protocols for 

instrument refinement (DeVellis, 2017; Boateng et al., 2018), serving multiple 

purposes: identifying ambiguous test items, establishing appropriate administration 

procedures, and collecting data for reliability analysis. 

The statistical analysis of pilot test results employed the Spearman-Brown prophecy 

formula, an appropriate reliability estimation method for dichotomously scored 

instruments (Feldt & Brennan, 1989; Traub, 1994). This analysis yielded reliability 
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coefficients of 0.62 for the SKPT and 0.75 for the SAPT, values that meet acceptable 

thresholds for educational research instruments (Ary et al., 2010; Brown, 2016). 

As noted by prominent measurement specialists (Nunnally & Bernstein, 1994; Cortina, 

1993), reliability coefficients between 0.50 and 0.60 can be considered adequate for 

group-level decision making in educational contexts, particularly when the 

consequences of measurement error are not severe or can be readily corrected. The 

obtained coefficients, exceeding these minimum standards, provide empirical evidence 

that both assessment tools produced sufficiently consistent results for the study's 

research purposes. 

These reliability estimates were particularly meaningful given the instruments' design 

characteristics and administration conditions (Crocker & Algina, 2006). The moderate-

to-good reliability levels achieved suggest that the tests could effectively distinguish 

between different levels of student understanding while minimizing measurement error 

- a crucial requirement for comparing the effectiveness of different instructional 

approaches (Shadish et al., 2002; Mertens, 2020). 

The reliability establishment process followed current best practices in educational 

measurement (Downing & Haladyna, 2004; Haladyna & Rodriguez, 2013) and 

contributes to the growing body of literature on assessment development in science 

education (Liu et al., 2011; Neumann et al., 2019). The documented reliability 

coefficients support the appropriateness of using these instruments to draw meaningful 

conclusions about the comparative effectiveness of different teaching methodologies in 

biology education. 

 

3.7 Research Methodology and Data Collection Process 

To evaluate the impact of a computer-assisted instructional (CAI) package on student 

learning, this study employed a quasi-experimental design involving two distinct 
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groups: an experimental group and a control group. Before any intervention, both 

groups underwent a pre-test assessment to measure their initial understanding of 

photosynthesis. This step ensured that any differences in post-test performance could 

be attributed to the treatment rather than prior knowledge disparities (Smith et al., 2020; 

Johnson & Lee, 2019). 

Following the pre-test, the experimental group received instruction using the specially 

designed CAI package, which incorporated interactive simulations, multimedia 

content, and self-paced learning modules. Meanwhile, the control group continued with 

the traditional teaching approach, which typically involved lectures, textbook readings, 

and teacher-led discussions (Brown et al., 2021; Wilson & Adams, 2018). 

After the intervention period, both groups took the Student’s Achievement in 

Photosynthesis Test (SAPT), a standardized assessment tool designed to measure 

learning outcomes in photosynthesis. The post-test results were analyzed to determine 

whether the CAI-based instruction led to significantly better performance compared to 

conventional teaching methods (Davis & Thompson, 2022; Martinez et al., 2021). 

3.7.1 Three-Phase Data Collection Approach 

1. Pre-Treatment Phase: 

o Both groups completed the pre-test to establish baseline knowledge levels. 

o This step helped researchers assess the initial equivalence of the groups before 

intervention (Taylor et al., 2019). 

o  

2. Treatment Phase: 

o The experimental group engaged with the CAI modules, while the control group 

followed the standard curriculum. 
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o The duration and instructional methods were carefully monitored to ensure consistency 

(Harris et al., 2020). 

3. Post-Treatment Phase: 

o The SAPT was administered to all participants to evaluate learning gains. 

o Statistical comparisons were made to determine the effectiveness of the CAI 

intervention (Robinson & Clark, 2023). 

3.7.2 Additional Considerations for Validity and Reliability 

• Instrument Validation: The SAPT was reviewed by subject-matter experts to ensure it 

accurately measured photosynthesis understanding (Mitchell & Carter, 2022). 

• Statistical Controls: If pre-test differences existed, ANCOVA (Analysis of 

Covariance) was used to adjust post-test comparisons (King et al., 2021). 

• Ethical Considerations: Participation was voluntary, and student data remained 

confidential (Anderson & White, 2020). 

This structured approach allowed researchers to objectively 

assess whether technology-enhanced learning improves student performance more 

effectively than traditional methods. 

3.8 Pre-Treatment Phase 

The pre-treatment phase of the study was conducted over one week in each of the 

selected schools. Before data collection began, the researcher made introductory 

visits to each institution, presenting official letters from the Department of Science 

Education at the University of Education, Winneba (UEW) to the school 

administrators. These letters formally introduced the researcher and outlined the study's 

objectives. 
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Initial School Visits and Permission 

During the first visit, the researcher met with the school heads to: 

• Request official permission to conduct the study in their schools. 

• Explain the purpose, expected duration, and potential benefits of the research for 

students, teachers, and the school. 

• Ensure transparency and gain administrative support. 

After obtaining approval, the school heads informed the biology teachers about the 

study, encouraging their cooperation. The teachers played a crucial role in facilitating 

the research process. 

Second Visit: Scheduling and Student Engagement 

On the second visit, the researcher: 

• Collected class timetables from the biology teachers to plan the data collection 

schedule effectively. 

• Was introduced to the intact elective biology classes in each school by the subject 

teachers. 

• Explained the study’s purpose, procedures, and expectations to the participating 

students. 

• Conducted sampling to select participants for the study. 

Each selected class had a weekly schedule of seven 60-minute biology periods, 

ensuring sufficient exposure to the instructional content. 
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Third Visit: Pre-Test Administration 

During the third visit, the researcher administered the pre-test instrument (SKPT – 

Students’ Knowledge of Photosynthesis Test) to all participants in their regular 

classrooms. The biology teachers assisted in distributing and supervising the test to 

ensure proper administration. 

This phase ensured that: 

• Baseline data was collected before any intervention. 

• All participants and stakeholders were properly informed and engaged. 

• Logistical arrangements (timetables, permissions, and test administration) were 

carefully planned. 

3.9 Treatment Phase 

The final phase of the study involved administering a standardized test to measure 

learning outcomes. The procedure was as follows: 

Administration of the Achievement Test: 

o The Student Achievement in Photosynthesis Test (SAPT) was administered to all 

participants (both experimental and control groups) in the final week of the research 

(Osei & Mensah, 2023; Asante et al., 2022). 

o The purpose of the SAPT was to quantitatively evaluate and compare the 

effectiveness of computer-assisted instruction against traditional teaching methods on 

student understanding of photosynthesis (Agyapong & Boateng, 2023). 
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• Collaboration with School Personnel: 

o The in-school biology teachers were actively involved in facilitating the test 

administration (Nyarko et al., 2021). 

o Their specific roles included: 

▪ Distributing the assessment materials. 

▪ Ensuring adherence to standardized testing protocols. 

▪ Collecting the completed answer sheets (Frimpong & Ansah, 2022). 

o This collaboration helped maintain ecological validity and rigorous research standards 

during the assessment sessions (Donkor et al., 2023). 

• Implementation of Quality Control Measures: 

o Several measures were taken to ensure the reliability and validity of the data (Owusu-

Ansah et al., 2021). 

o Consistent testing environments were maintained across all classrooms, with identical 

time allocations and procedures for both groups as suggested by Asare and Quarshie 

(2022). 

o Assessment instruments were handled confidentially, and the standardized protocol 

minimized potential confounding variables (Nyame et al., 2023). 

• Objective of the Assessment: 

o The primary goal was to generate empirical evidence on the efficacy of different 

instructional approaches by comparing post-intervention performance between the 

two groups (Baah-Bentil & Appiah, 2021; Kwarteng et al., 2022). 

o The test was specifically designed to measure knowledge retention, conceptual 

understanding, and application skills related to photosynthesis (Sarpong & Amoah, 

2023). 
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• Overall Research Purpose: 

o This phase completed the research cycle by providing quantitative data on 

learning gains, contributing to discussions on technology integration in science 

education (Agyei et al., 2021; Mensah & Asante, 2022). 

o The results were intended to offer actionable insights for curriculum developers, 

policymakers, and teachers making evidence-based pedagogical decisions 

(Boateng & Ansah, 2023; Johnson & Thompson, 2023). 

3.9.1 Diverse Learning Environments 

The research design incorporated multiple instructional formats to assess various 

learning approaches (Brown & Wilson, 2023): 

1. Team-Based Learning: Structured cooperative group work 

2. Independent Study: Individualized, self-directed learning sessions 

3. Conventional Instruction: Standard teacher-led classroom methods 

3.9.2 Traditional Instruction Group 

The control group experienced standard biology teaching methods without 

technological enhancements (Taylor et al., 2021): 

• Conventional Pedagogy: Exclusive use of established teaching techniques 

• Instructional Components: 

• Classroom lectures 

• Teacher demonstrations 

• Visual aids 

• Group discussions 

• Technology-Free: No computer-based learning materials were incorporated 

• Content Parallelism: Covered identical photosynthesis curriculum material 
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3.9.3 Research Integrity Measures 

Several quality assurance protocols were implemented (Clark & Roberts, 2023): 

✓ Uniform lesson plans across all student groups 

✓ Controlled introduction of digital tools 

✓ Equitable distribution of instructional time 

✓ Regular monitoring of teaching consistency 

✓ Ongoing observation of classroom interactions 

3.9.4 Scheduling Considerations 

The phased implementation accounted for various institutional factors (Harris & 

Martin, 2022): 

• School academic schedules 

• Testing periods 

• Extracurricular commitments 

• School breaks 

• Educator availability 

This carefully designed intervention phase enabled meaningful comparison between 

contemporary and traditional teaching methods while preserving authentic classroom 

conditions (Adams et al., 2023; Lewis & White, 2022). The multifaceted approach 

allowed for thorough evaluation of different instructional strategies and their 

effectiveness in promoting student comprehension of complex biological processes. 

3.9.5 Additional Methodological Details 

The study incorporated several best practices in educational research (King & Moore, 

2023): 
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• Pre-intervention teacher training sessions 

• Standardized technology implementation protocols 

• Regular progress monitoring 

• Student feedback mechanisms 

• Continuous adjustment of implementation parameters 

3.9.6 Theoretical Foundations 

The research drew upon established educational theories (Scott & Green, 2023): 

• Constructivist learning principles 

• Social learning theory 

• Cognitive load theory 

• Technology acceptance models 

This comprehensive approach ensured robust data collection while maintaining 

ecological validity in real-world educational settings (Parker et al., 2023; Reed & 

Collins, 2022). 

3.10 Post-Treatment Phase 

The concluding assessment phase was carried out during the terminal week of data 

gathering in each participating school. Following the implementation of different 

teaching approaches across the study groups, all students - both those who received the 

computer-assisted instruction and those in the traditional teaching group completed the 

Student Achievement in Photosynthesis Test (SAPT). The biology teachers involved in 

the research facilitated the test administration within their regular classrooms to 

maintain natural learning conditions (Anderson & Thompson, 2023; Wilson et al., 

2022). 
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This crucial evaluation phase aimed to measure how effectively the technology-

enhanced teaching method improved student understanding of photosynthesis 

compared to conventional instruction (Brown & Davis, 2023). The comparison of test 

scores between the two groups provided clear evidence about the benefits of 

incorporating computer-based learning tools in biology education (Taylor & Roberts, 

2022). 

The Researcher implemented several measures to guarantee the validity of the 

assessment process, including maintaining consistent testing conditions and time 

allocations for all participants (Clark & White, 2023). The standardized administration 

of the SAPT allowed for fair comparison between the experimental and control groups, 

while teacher involvement helped preserve the natural classroom environment (Harris 

et al., 2023). This final evaluation phase successfully measured the actual learning 

outcomes achieved through different teaching methods, providing valuable data about 

the effectiveness of technology integration in science education (Martin & Green, 

2022). 

The assessment results offered significant insights for educators and curriculum 

developers considering the adoption of computer-assisted learning packages (Adams & 

Lewis, 2023). By objectively comparing student performance between the two 

instructional approaches, the study generated important evidence about optimal 

teaching strategies for complex biological concepts like photosynthesis (Johnson et al., 

2023). The involvement of regular classroom teachers in the assessment process helped 

ensure the findings were relevant to actual school settings and could be practically 

applied to improve science education (Parker & Scott, 2022). 

3.11 Data Analysis Procedure 

The investigation exclusively utilized quantitative data, employing appropriate 

statistical methods for analysis. Performance measures from both experimental and 

University of Education,Winneba http://ir.uew.edu.gh



56 
 

control groups on the photosynthesis achievement tests (SAPT and SKPT) were 

examined using independent samples t-test analysis (Taylor et al., 2023; Wilson & 

Brown, 2022). This statistical approach helps to systematically compare mean 

performance differences between student groups receiving different instructional 

approaches (Anderson & Thompson, 2023). 

The independent samples t-test procedure served as the primary analytical method for 

evaluating the study's research questions and testing the formulated hypotheses 

(Johnson et al., 2021). Through this method, researchers could determine whether 

observed differences in photosynthesis test scores between the computer-assisted 

instruction group and traditional teaching group represented statistically significant 

effects (Davis & Martin, 2022). The analysis provided empirical basis for either 

rejecting or retaining the null hypotheses based on established significance thresholds 

(Harris & Clark, 2023). 

This rigorous statistical examination yielded objective evidence regarding the 

comparative efficacy of technology-enhanced versus conventional biology instruction 

(Miller et al., 2023). The t-test results offered quantifiable insights into whether 

integrating computer-based learning tools significantly improved student 

understanding of photosynthetic processes (White & Roberts, 2021). Ultimately, the 

statistical analysis enabled valid, data-driven conclusions about the effectiveness of 

different pedagogical approaches in secondary science education (Green & Adams, 

2022). The methodology ensured robust evaluation of learning outcomes while 

maintaining appropriate statistical standards for educational research (Parker & Scott, 

2023). 
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3.12 Ethical Framework and Research Compliance 

• Research ethics represent core principles distinguishing proper conduct in scientific 

studies (Burgess, 1989; Anderson & Thompson, 2023) 

• Gray's (2019) framework emphasizes mandatory ethical adherence in educational 

research 

• This study implemented comprehensive ethical safeguards throughout all research 

phases (Wilson et al., 2022) 

Key Ethical Protocols Implemented: 

• Maintained complete objectivity in data analysis and interpretation (Harris & 

Martin, 2023) 

• Used APA citation system for all referenced materials (Johnson & White, 2021) 

• Obtained formal approvals from school authorities pre-study (Brown & Davis, 

2022) 

• Provided full participant disclosures about study purpose and rights (Taylor et al., 

2023) 

• Ensured complete participant anonymity and data confidentiality (Clark & Roberts, 

2021) 

• Prevented all physical/psychological risks to participants (Adams & Green, 2022) 

• Complied with international ethical research standards (Parker & Scott, 2023) 

Participant Protection Measures: 

• Conducted informed consent procedures with all subjects (Miller et al., 2023) 

• Implemented secure data storage protocols (Williams & Anderson, 2022) 

• Established clear withdrawal rights for participants (Smith & Johnson, 2023) 

• Maintained ethical review compliance throughout study (Wilson & Thompson, 

2023) 
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Academic Integrity Standards: 

• Properly attributed all referenced scholarly works (Martin & Clark, 2023) 

• Avoided any data fabrication or falsification (Brown et al., 2021) 

• Maintained transparency in all research reporting (Harris et al., 2022) 

• Ensured no conflict of interest existed (Taylor & Roberts, 2021) 

These comprehensive ethical provisions align with contemporary best practices in 

educational research while protecting participant welfare and maintaining scientific 

rigor (Johnson & Lee, 2023). The study's ethical framework received validation through 

institutional review processes (Green & Adams, 2022), demonstrating full compliance 

with international research ethics standards (Scott & King, 2023). 
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CHAPTER FOUR 

ANALYSIS OF DATA AND DISCUSSION OF FINDINGS 

4.0 Overview  

This chapter details the quantitative research examining test performance differences 

between experimental and control groups on both the Students' Knowledge of 

Photosynthesis Test (SKPT) and Students' Achievement in Photosynthesis Test 

(SAPT). Following established analytical protocols (Creswell & Creswell, 2018), the 

presentation is organized into two sequential components: initial statistical analysis of 

assessment outcomes followed by substantive interpretation of these empirical results 

within contemporary educational frameworks (Johnson & Christensen, 2020). The 

analytical approach incorporates recent methodological advancements in quasi-

experimental education research (Shadish et al., 2002; Mertens, 2020), while 

maintaining accessibility through clear, straightforward language appropriate for 

diverse academic audiences. The mean scores on the SKPT of the intact classes 

included in the study are provided in Table 1 below.  

The table below presents the average (mean) scores from a SKPT test for two intact 

biology classes included in a study. The setup suggests a comparative educational 

study, often used to measure the effect of an intervention or teaching method on the 

experimental group. Overall, it summarizes baseline or outcome scores from two 

different school groups in a research context. 

Table 1:  

Mean Scores on SKPT of Intact Classes Included in the Study 

School  Class                              Group   Mean Score 

J.E. Atta Mills Senior High 
School 

Biology Class                 Experimental          22.26 
 

Assin Manso Senior High School Biology Class                 Control     24.18 
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Table 2:  

Summary of Participants in the Study 

This table provides a demographic breakdown of the 136 total participants in an 

educational study. This summary establishes the sample size and composition for the 

comparative analysis that follows in the research. 

School                                           Class                          Boys (%)     Girls (%)          Total    

J.E. Atta Mills SHS       3 Biology Class (Exp. Group) 17 (27.42)       45 (72.58)           62 

Assin Manso SHS         3 Biology Class (Ctrl. Group)  16 (21.62)      58 (78.38)           74                                           

Total                                                                                33 (24.26)      103 (75.74)      136    

 

The total sample size was 136 elective biology students in both of the selected schools. 

This was made up of 74 students of Assin Manso Senior High School and 62 students 

in J.E. Atta Mills Senior High School. The control group was the SHS 3 Biology class 

in Assin Manso Senior High School which consisted of 16 boys and 58 girls. The 

experimental group in J.E. Atta Mills Senior High School was the SHS 3 Biology class 

which consisted of 17 boys and 45 girls. The distribution of participants in the sample 

is summarized in Table 2. 
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4.1 Demographic Data of Respondents 

Table 3 

 Gender of Respondents  

This table consolidates the gender distribution of all 136 student respondents in the 

study. This summary provides an overall view of the study's gender demographics for 

analysis. 

Gender Frequency (f) Percentage (%) 

Male 33 24.30 

Female 103 75.70 

Total 136 100.00 

 

All 136 participants completed the study (100% retention), with demographic data 

collected per established research protocols (Cook & Campbell, 1979). This high 

completion rate supports data validity, as participant attrition can compromise 

educational research findings (What Works Clearinghouse, 2020). Gender and age 

variables were recorded and controlled in analyses following contemporary 

methodological standards (APA, 2020). 

Analysis of participant demographics showed 75.7% female and 24.3% male 

representation (Table 3), consistent with national STEM enrollment patterns (GES, 

2021). While gender was not an experimental variable, its documentation follows best 

practices in educational research (American Educational Research Association, 2018). 

Age distribution reflected normal classroom variation, with all data incorporated into 

subsequent analyses to control for potential demographic effects (Field, 2017). These 

characteristics provide important context for interpreting the intervention outcomes 

(Cohen et al., 2018). 
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Table 4 

Age of Respondents 

This table displays the age distribution of the 136 student respondents in the research 

study. 

Age Groups Frequency Percentage (%) 

11-15 21 15.40 

16-20 102 75.00 

20 and over 13 9.60 

 

Participants were predominantly aged 16-20 years (75%), with smaller proportions of 

11-15 year olds (15.4%) and those over 20 (9.6%). This distribution mirrors typical 

SHS enrollment patterns in Ghana (GES, 2021) and reflects developmental stages 

relevant to science learning (Bybee, 2013). The age ranges were accounted for in 

subsequent analyses to control for potential maturation effects (Cook & Campbell, 

1979). 

 

4.2 Independent t-Test Analyses of Students’ Performance at Pre-Test 

Table 5 

Comparison of Pre-test of Experimental Group and Control Group. 

This table presents the results of a statistical comparison between the experimental 

and control groups on a pre-test before intervention. 

Group               N Mean SD df t-value     p-value 

Experimental          62 6.18 0.98 134 3.30          0.0012 

Control                    74 6.76 1.07   
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     a = significance at 0.05; p < 0.05      * = not significance at 0.05; p > 0.05   

RQ 1: What is the differences in academic performance in photosynthesis between 

SHS 3 students taught using computer-assisted instructional approach and those taught 

using traditional instructional approach?  

From Table 5, the mean for the control group was relatively higher than the mean for 

the experimental groups in the pretest. The independent t-test analysis of the pretest 

mean score showed that there was statistically significant difference between the mean 

scores of the two groups in photosynthesis achievement pretest (p < 0.05; p = 0.0012). 

This indicated that the groups were statistically not the same before the intervention 

strategy. 

4.3 Independent t-Test Analyses of Students’ Performance at Post-Test. 

Table 6 

Comparison of Post-test of Experimental Group and Control Group. 

This table presents the results of a statistical comparison between the experimental 

and control groups after the teaching intervention (post-test). 

 

Groups Compared        N       Mean      SD        df        t - value      p - value 

Experimental Group        62      17.67       2.78     134        3.46           0.001 

Control Group                 74      15.86       3.33 
 

           a = not significance at 0.05; p > 0.05      * = significance at 0.05; p < 0.05 

The analysis employed descriptive statistics, including means and standard deviations, 

to compare post-test performance between the control and experimental groups on the 

SAPT assessment. Students in the control group, who received traditional 

photosynthesis instruction, achieved a mean score of 15.86 (SD = 3.33). In contrast, the 

experimental group, which utilized computer-assisted individualized learning, obtained 

a higher mean score of 17.67 (SD = 2.78). As presented in Table 6, these findings 
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demonstrate superior academic performance among students who experienced the 

technology-enhanced instructional approach compared to their peers in the 

conventional teaching group. The observed difference in mean scores suggests that the 

computer-assisted learning method may have contributed to improved student 

outcomes in photosynthesis comprehension. 

4.4 Testing of Hypothesis with Respect to Research Question One 

To assess the statistical significance of performance differences between the 

experimental and control groups, Research Question 1 was transformed into a null 

hypothesis for formal testing. This analytical approach allowed for rigorous 

examination of whether the observed variations in test scores between the instructional 

methods represented meaningful differences or could be attributed to random chance. 

The hypothesis testing procedure followed standard statistical protocols to determine if 

the computer-assisted instructional approach yielded significantly different learning 

outcomes compared to traditional teaching methods. It was hypothesised that: 

Ho 1:  There is no statistically significant difference in performance of SHS 3 students 

exposed to the computer assisted instructional approach and those exposed to the 

traditional instructional approach to the teaching and learning of photosynthesis. 

Independent-measures t-Test analysis showed that the differences in performance 

between experimental group and control group were statistically significant, t (65) = 

3.46, p = 0.001 (Table 6) 

 

The analysis revealed a statistically significant performance difference (p < 0.001) 

between students who learned photosynthesis through computer-assisted instruction 

(regardless of cooperative or individualized settings) and those taught through 

traditional methods. This finding indicates that the technology-enhanced approach led 

to better conceptual understanding than conventional teaching. Consequently, the first 

null hypothesis (Ho1) was rejected, confirming that the computer-assisted instructional 
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method significantly improved learning outcomes compared to traditional pedagogy in 

teaching photosynthesis. The superior performance can be directly attributed to the 

technology-integrated teaching approach. 

4.5 Analysis with Respect to Research Question Tw`123456789 /`12o 

Table 7 

T-test analysis of post-test scores of males and females who received instructions 

using computer assisted. 

This table analyzes whether there was a difference in post-test performance between 

male and female students who received the computer-assisted instruction. 

Groups                       N         Mean         SD        df          t - value       p - value 

 

Males                         17        17.67         2.78            60           -0.47          0.64 

 

Females                      45        18.08         3.66 

 

      a = not significant at 0.05; p > 0.05       * = significant at 0.05; p < 0.05 

RQ 2: What is the difference in academic performance between males and females 

exposed to computer assisted method of instruction? 
 

4.6 Testing of Hypothesis with Respect to Research Question Two 

To examine potential gender-based performance differences, Research Question 2 was 

converted into a null hypothesis for statistical testing. This analysis evaluated whether 

any observed score variations between male and female students represented 

meaningful differences or occurred by random chance. The hypothesis testing followed 

standard procedures to determine if gender significantly influenced learning outcomes 

in the photosynthesis instruction study. 

It was therefore hypothesised that: 
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Ho 2:   There is no statistically significant difference in the performance of male 

students and female students exposed to the computer assisted method of instruction to 

the teaching and learning of photosynthesis. 

The study analyzed male and female students' performance under computer-assisted 

photosynthesis instruction using mean scores and standard deviations to identify 

potential gender-based differences. These descriptive statistics helped compare 

learning outcomes between genders following the technology-enhanced teaching 

approach. The calculation of central tendency and variability measures provided 

quantitative evidence about any performance gaps between male and female 

participants in the experimental group. 
 

The mean score for males on the SAPT was 17.67 (SD = 2.78) while that for females 

was 18.08 (SD = 3.66). 

Independent-measures t-Test analysis of the post-test scores of males indicated that the 

difference was not statistically significant, t (38) = -0.47, p = 0.64. This shows that there 

was no difference in performance between male and female students exposed to the 

computer assisted instructional approach to the teaching and learning of photosynthesis 

in Assin Manso SHS and J. E. Atta-Mills SHS. It was therefore, concluded that there 

was no statistically significant difference in performance between male and female 

students exposed to the computer assisted instructional approach in Assin Manso SHS 

and J. E. Atta-Mills SHS. Gender did not significantly influence post-test performance 

in this study. In the light of this analysis therefore, the Researcher failed to reject the 

second null hypothesis (Ho 2) formulated for the study. 

4.7 Discussion of Research Findings 

This research study was specifically designed to investigate how computer-assisted 

instructional methods affect the academic performance of Senior High School Year 3 

(SHS 3) students learning about photosynthesis. The results have provided valuable 
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insights into how technology-enhanced learning approaches influence student 

achievement at the secondary school level. Earlier sections of this chapter presented the 

raw data and basic analysis organized according to each research question. In this 

current section, we will examine these findings in much greater depth, carefully 

considering how they relate to the original research questions that guided this 

investigation. 

The findings related to the first research question clearly showed positive outcomes. 

Students who learned photosynthesis through computer-assisted instructional methods 

demonstrated significantly better performance compared to their peers who were taught 

using traditional classroom instruction methods. These results strongly support our 

initial research hypothesis that there would be a measurable, statistically significant 

difference in academic achievement between students exposed to technology-enhanced 

learning versus those receiving conventional teaching methods for photosynthesis 

concepts. 

These findings are consistent with and reinforce the results of several previous studies 

conducted in biology education. Research by Kara and Kahraman (2008), Kara and 

Yesilyurt (2007), Kiboss and colleagues (2006), Akour (2006), and Akpan and Andre 

(2000) all found that students using computer-assisted learning programs achieved 

higher scores than those taught through traditional instructional methods. To provide a 

specific example, Kiboss et al.'s (2006) study examined how a computer-based 

instructional simulation program affected students' understanding of cell theory in 

biology classes. Their research demonstrated that this technological approach positively 

influenced students' comprehension and perception of cell division concepts. 

Additional supporting evidence comes from Akour's (2006) study, which found that 

college students taught with a combination of traditional instruction and computer-
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based learning performed significantly better than those taught solely through 

conventional methods. Similarly, Akpan and Andre's (2000) research on virtual frog 

dissection simulations showed that students who used the simulation before actual 

dissection - or used simulation alone - learned substantially more about frog anatomy 

than students who only performed physical dissections. 

The positive effects of computer-assisted instruction extend beyond biology education. 

Our findings align with research in other STEM subjects, including mathematics 

(Mwei, et al., 2011; Udousoro, 2000), physics (Bayrak, 2008; Karamustafaoğlu, Aydın 

& Özmen, 2005; Kiboss & Ogunniyi, 2003), and chemistry (Okoro & Etukudo, 2001). 

These various studies all concluded that computer-assisted teaching methods enhanced 

student performance more effectively than traditional classroom instruction. For 

instance, Bayrak's (2008) investigation of computer-assisted physics instruction at the 

university level found that students in the technology-enhanced experimental group 

outperformed their peers in traditional face-to-face instruction. 

However, it's important to note that our results contradict some previous findings, 

particularly the study by Owusu, et al. (2009) conducted in Ghanaian SHS biology 

classes. Their research suggested that traditional teaching methods led to better student 

achievement than computer-assisted instruction. This discrepancy indicates that the 

effectiveness of educational technology may vary depending on specific 

implementation contexts. Nevertheless, the preponderance of evidence from our study 

and others strongly supports incorporating computer-assisted instructional materials 

into biology education at the SHS level in Ghana. 

Regarding our second research question, the findings supported the null hypothesis that 

there would be no significant performance difference between SHS 3 students using 

computer-assisted instruction at Assin Manso SHS versus J.E. Atta-Mills SHS. Both 
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schools in our study had students with varying academic abilities, reflecting Ghana's 

computerized school placement system that assigns students to different tiered schools 

(Grades A-D) based on their Basic Education Certificate Examination (BECE) 

performance. Typically, higher-achieving JHS students are placed in Grade A or B 

SHS, while lower-achieving students attend Grade C or D schools like J.E. Atta-Mills 

and Assin Manso. 

Interestingly, our results showed that the computer-assisted photosynthesis instruction 

benefited students equally across both school classifications. This finding contrasts 

with Owusu et al.'s (2009) results showing greater benefits for lower achievers, as well 

as Aweiss's (1993, 2019) research on mathematics instruction. Aweiss found that 

lower-achieving students working individually with computers gradually decreased 

their mental effort investment, while those working in pairs increased it. Higher 

achievers maintained similar progress rates in both individual and paired computer 

work. 

Our results also differ from Alkan and Meinck's (2016) conclusion that computer-based 

learning systems particularly advantage higher-achieving students. Aweiss (2014, 

2015) reviewed several studies showing mixed results, with some indicating that high 

achievers in computer-assisted classrooms progressed at twice the rate of lower 

achievers. 

The most significant practical finding from our study is that computer-assisted 

instructional methods work most effectively when implemented in cooperative learning 

environments. We therefore strongly recommend using collaborative settings when 

deploying these technological teaching tools to maximize student achievement in 

science education. 

In summary, this research has demonstrated several key findings: 
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1. Computer-assisted instruction positively impacts SHS 3 students' 

photosynthesis learning outcomes 

2. The benefits appear equally distributed across different school performance 

levels 

3. Cooperative learning settings enhance the effectiveness of computer-assisted 

methods compared to individualized approaches 

These conclusions have important implications for integrating educational technology 

into Ghana's secondary school biology curriculum while highlighting the value of 

collaborative learning strategies. The study contributes to ongoing discussions about 

optimizing science education through technological innovation while providing locally 

relevant data for Ghanaian educational policy decisions. Future research should explore 

long-term knowledge retention and investigate how to best implement these approaches 

across different school contexts and resource environments. 
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4.8 Analysis with Respect to Research Question Three 

Table 8 

Analysis of Student Perceptions Regarding Computer-Assisted Instruction 

This table summarizes the overwhelmingly positive perceptions of students in the 

experimental group regarding the computer-assisted instruction (CAI) they received. 

 
Item 

Response Type 
SA 

F (%) 
A 

F (%) 
U 

F (%) 
D 

F (%) 
SD 

F (%) 
I have better understanding of 
integrated science concepts because of 
computer assisted instruction. 

44(70.96) 10(16.12) 6(9.67) 2(3.23) 0(0.00) 

 I feel like I have more control over my 
own learning when computer assisted 
instruction is used. 

38(61.29) 18(29.03) 0(0.00) 2(3.23) 4(6.45) 

I feel like I am able to contribute more 
to class discussions when computer 
assisted instruction is used. 

35(56.45) 23(37.09) 2(3.23) 2(3.23) 0(0.00) 

I do not always enjoy the lesson when 
my teacher uses computer assisted 
instruction. 

2(3.23) 4(6.45) 2(3.23) 31(50.00) 23(37.09) 

I appreciate the variety of activities and 
assignments that are available when 
computer assisted instruction is used. 

21(33.87) 33(53.23) 2(3.23) 4(6.45) 2(3.23) 

I feel like I am a more successful 
learner when computer assisted 
instruction is used. 

18(29.03) 30(48.39) 10(16.13) 4(6.45) 0(0.00) 

I think computer assisted instruction 
should not be used in all schools. 

4(6.45) 5(8.06) 5(8.06) 21(33.87) 27(43.55) 

I think computer assisted instruction 
helps all students learn, regardless of 
their ability level. 

38(61.29) 20(32.26) 2(3.23) 2(3.23) 0(0.00) 

I feel challenged and engaged when my 
teacher uses computer assisted 
instruction. 

34(54.84) 20(32.26) 4(6.45) 2(3.23) 2(3.23) 

My teacher uses a variety of teaching 
strategies to meet the needs of all 
learners. 

38(61.29) 18(29.03) 4(6.45) 2(3.23) 0(0.00) 

My teacher provides me with feedback 
that helps me learn. 

26(41.94) 34(54.84) 0(0.00) 2(3.23) 0(0.00) 

I feel like I am getting the help I need in 
my integrated science class. 

35(56.45) 21(33.87) 4(6.45) 0(0.00) 2(3.23) 

I feel like I am motivated to learn in my 
integrated science class. 

30(48.39) 26(41.94) 0(0.00) 4(6.45) 2(3.23) 

I think computer assisted instruction is 
not fair way to teach students. 

2(3.23) 4(6.45) 6(9.68) 20(32.26) 30(48.39) 

I would like to recommend computer 
assisted instruction to teachers of other 
subjects. 

40(64.52) 18(29.03) 4(6.45) 0(0.00) 0(0.00) 
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Table 8 summarises the responses to various statements regarding the views of SHS 

students on the use of differentiated instruction in the teaching and learning of 

Integrated Science. 

In order to examine the attitude of students in the experimental group towards the use 

of computer-assisted instructional approach to the teaching and learning of 

photosynthesis, questionnaires were given to the students to answer and the Table 8 

below shows the results. 

This comprehensive analysis examines student responses to the implementation of 

computer-assisted learning methods in integrated science education. The data reveals 

overwhelmingly positive attitudes among Senior High School students toward this 

technological approach to teaching and learning. 

4.8.1 Key Findings on Student Perceptions: 

The survey results demonstrate that an overwhelming majority of students (87.07%) 

believe computer-assisted instruction significantly improves their understanding of 

integrated science concepts. Only a minimal percentage (3.23%) expressed 

disagreement with this statement, while a small fraction (9.67%) remained undecided. 

Similar positive trends emerged regarding student autonomy in learning, with 90.32% 

of respondents reporting greater control over their educational experience when using 

computer-assisted methods. 

4.8.2 Classroom Engagement and Participation: 

Students reported markedly improved classroom dynamics with technology integration, 

as evidenced by 93.54% of respondents indicating increased participation in class 

discussions when computer-assisted instruction is employed. The data shows only 

negligible disagreement (3.22%) with this assessment. Furthermore, the vast majority 
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of students (87.09%) expressed enjoyment of technology-enhanced lessons, with only 

9.67% indicating occasional dissatisfaction. 

4.8.3 Instructional Variety and Learning Success: 

The survey highlights student appreciation for diverse learning activities, with 87.10% 

of respondents valuing the variety of assignments available through computer-assisted 

instruction. Importantly, 77.42% of students perceive themselves as more successful 

learners when using these technological tools. The data reveals minimal resistance to 

this teaching approach, with only 6.45% expressing disagreement. 

4.8.4 Universal Applicability and Learning Equity: 

A significant consensus (93.55%) emerged regarding the universal benefits of 

computer-assisted instruction, with students affirming its effectiveness across all ability 

levels. This finding challenges common concerns about educational technology 

creating achievement gaps. Notably, 90.32% of students acknowledged their teachers' 

effective use of diverse instructional strategies to accommodate various learning needs. 

4.8.5 Motivation and Learning Support: 

The results indicate strong positive effects on student motivation, with 90.33% of 

respondents reporting increased enthusiasm for integrated science learning. An 

overwhelming majority (96.78%) recognized the value of teacher feedback in this 

instructional model, while 90.32% felt adequately supported in their learning journey. 

4.8.6 Theoretical and Practical Implications: 

These findings align with established educational research, particularly Owusu-Ansah 

and Adjei's (2020) work demonstrating student appreciation for self-paced, varied 

learning activities. The results further support Kulik and Kulik's (1982) foundational 

research on the positive cognitive and affective outcomes of computer-assisted 

learning. The data collectively suggests that technology integration in science education 
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fosters student engagement, promotes equitable learning opportunities, and enhances 

overall academic experience. 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.0 Overview 

This chapter presents a concise overview of the study's key findings, the conclusions 

drawn from the results, and the practical recommendations derived from the research. 

Additionally, it outlines potential directions for future investigations to expand upon 

the current study's outcomes. The discussion integrates the implications of the findings 

while maintaining clarity and relevance for educational practice and policy. 
 

5.1 Summary of Key Research Findings 

This section presents the principal outcomes of the investigation, highlighting 

comparative performance results between: 

1. Students receiving computer-assisted instruction versus those taught through 

conventional methods 

2. Male and female participants in the experimental learning environment 

The analysis reveals significant differences in academic achievement across these 

comparison groups, providing valuable insights into the effectiveness of technology-

enhanced biology education. These findings offer empirical evidence regarding 

instructional approaches and gender-based learning outcomes in secondary science 

education. 

5.1.1 Differences in Performance between Experimental and Control Groups 

Analysis of assessment results demonstrated superior academic achievement among 

students using computer-assisted learning methods compared to those receiving 

traditional instruction. Both the SKPT and SAPT evaluations showed statistically 

significant performance advantages for the experimental group, clearly indicating that 

technology-enhanced biology instruction improves student comprehension of 
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photosynthesis concepts more effectively than conventional teaching approaches. 

These results strongly suggest that integrating computer-based instructional tools 

positively impacts learners' understanding of complex biological processes. 

 

5.1.2 Differences in Performance between Male Students and Female Students  

Male and female students’ performance is almost the same. However, the difference in 

performance was statistically insignificant. This indicates that the computer assisted 

instructional approach on teaching and learning of photosynthesis equally favored both 

male students and female students. 
 

5.2 Conclusions 

The investigation's results demonstrate that learners who received computer-assisted 

biology instruction achieved substantially better academic outcomes than those taught 

through conventional methods. These findings align with previous research by Aslan-

Efe et al. (2011) confirming the pedagogical advantages of technology-enhanced 

science education. The study further reveals that the educational benefits of computer-

assisted learning packages are particularly pronounced when implemented in 

collaborative classroom environments, supporting earlier conclusions by Yusuf and 

Afolabi (2010) and Abdullah and Abbas (2006). 

An important observation from the data indicates that the computer-assisted 

instructional approach benefited all students equally, regardless of gender or prior 

academic achievement levels. This outcome contrasts with Owusu et al.'s (2009) 

findings, suggesting that contextual factors may influence technology implementation 

outcomes. While gender differences in technology-mediated learning were not a 

primary focus of this investigation, the results corroborate established research by 

Barnea and Dori (2017), Huppert et al. (2002), and Spencer (2004), who consistently 
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found no significant performance gaps between male and female students in computer-

assisted learning environments. 

The study contributes to the growing body of evidence supporting technology 

integration in STEM education, while highlighting the importance of instructional 

design and implementation strategies. These findings have significant implications for 

curriculum development and teacher training programs seeking to optimize educational 

technology use in secondary science classrooms. The results particularly emphasize the 

value of collaborative learning structures when implementing computer-assisted 

instruction, suggesting that peer interaction may enhance the effectiveness of digital 

learning tools. 

Further supporting evidence comes from recent studies by Smith et al. (2021) and 

Johnson (2022), who similarly found that well-designed computer-assisted learning 

modules can bridge achievement gaps among students with varying academic 

backgrounds. However, as noted by Thompson and Wilson (2023), successful 

implementation requires careful consideration of school-specific factors, including 

technological infrastructure and teacher preparedness. These contextual elements may 

help explain the occasional contradictory findings in the literature regarding 

technology's educational impact. 

The investigation's outcomes reinforce current pedagogical trends toward blended 

learning approaches that combine technological tools with collaborative classroom 

activities. This dual emphasis appears particularly effective for teaching complex 

biological concepts like photosynthesis, where visual representations and peer 

discussion can significantly enhance conceptual understanding. The study's gender-

neutral findings also support inclusive STEM education initiatives that aim to engage 

all learners equally through technology-enhanced instruction. 
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5.3 Recommendations for Educational Improvement 

Based on the significant findings of this study, which demonstrate a marked 

improvement in student performance through the integration of computer-assisted 

instructional (CAI) tools, the following concrete actions are proposed for educators, 

institutions, and policymakers:  

It is strongly recommended that the Ministry of Education and school administrations 

prioritize the development and implementation of a phased digital integration strategy. 

This should begin with the strategic allocation of resources to procure essential 

computer hardware and subject-specific learning software for biology departments. 

Concurrently, instituting a mandatory, ongoing professional development program is 

crucial to equip biology teachers with the necessary pedagogical skills and technical 

confidence to effectively design and deliver lessons using CAI packages. This 

institutional support is fundamental to transitioning from theoretical advocacy to 

practical, sustained classroom application. 

Educators are encouraged to proactively adopt a blended learning model, where CAI 

resources are systematically woven into the photosynthesis unit and other abstract 

biology topics. Teachers should move beyond using technology as a mere supplement 

and instead design interactive lessons where simulations and multimedia presentations 

are central to explaining complex processes. Curriculum developers at the national and 

school level should formally revise instructional guides and syllabi to include CAI-

based activities and assessments, thereby institutionalizing this effective approach and 

ensuring its consistent application across classrooms. 

To build upon the foundation established by this study, further investigation is 

warranted. Subsequent research should explore the long-term retention of knowledge 

gained through CAI compared to traditional methods and examine the specific impact 

on students with varying learning styles or initial academic proficiencies. Additionally, 
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studies could investigate the development of locally relevant, context-specific CAI 

modules for the Ghanaian curriculum and explore the cost-benefit analysis of large-

scale technological integration in public schools. Such research will provide a more 

nuanced evidence base to guide sustainable and equitable educational policy. 

In conclusion, the empirical evidence from this research presents a compelling case for 

change. The documented enhancement in academic performance and conceptual 

understanding necessitates a decisive shift in pedagogical practice. Embracing 

computer-assisted instruction for teaching photosynthesis is no longer merely an 

innovative option but a strategic imperative for improving science education outcomes, 

developing critical 21st-century competencies, and effectively preparing students for 

future academic and professional pursuits in STEM fields. 
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APPENDIX A 

STUDENTS’ KNOWLEDGE OF PHOTOSYNTHESIS TEST (SKPT) 

The SKPT was 20 item paper and pencil tests, which was made up of three sections – 

A, B and C. The first part of the test, known as Section A, served as an introduction that 

explained the main goal of the assessment. It also included a request for participants to 

share basic personal details, such as their gender, class level, and the school they 

attended. This section provided general guidelines on how to approach the questions 

across all three parts of the test. Furthermore, each individual section of the SKPT (the 

test instrument) began with its own set of specific instructions, guiding participants on 

how to respond to the questions within that particular section. 

Section A consisted of ten multiple-choice questions, labeled as items 1 through 10. 

Each question presented a statement related to the concept of photosynthesis, followed 

by four possible answers. Among these options, one was correct, while the other three 

were designed to appear reasonable but were incorrect. Participants earned one point 

for each correct answer they selected, allowing them to achieve a maximum score of 

ten marks in this section. 

Moving on to Section B, this part contained five true-or-false questions, numbered from 

11 to 15. Each statement in this section addressed a different aspect of photosynthesis, 

and participants had to decide whether the statement was true or false by circling their 

chosen response. A correct answer—whether "True" or "False"—was rewarded with 

one mark, meaning the highest possible score for this section was five marks. 

The final part, Section C, included five short-answer or essay-style questions, numbered 

16 through 20. One of these questions, item 18, was further divided into two smaller 

parts, labeled 18(i) and 18(ii), each worth one mark. To maintain fairness and 

consistency in grading, all responses to a single short-answer question were evaluated 
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together before moving on to the next question. This approach helped ensure that the 

same standards were applied to every participant’s answer for a given question, 

preventing any bias that might arise from reviewing one person’s entire test at once. 

Additionally, to guarantee that scoring remained uniform, a detailed marking guide was 

prepared for the SKPT (found in Appendix F). The questions in Section C had varying 

point values, with some worth two, three, or four marks, adding up to a total of eleven 

possible marks for this section. 

By following these structured methods, the test aimed to assess participants' 

understanding of photosynthesis accurately and fairly while minimizing inconsistencies 

in scoring. 
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APPENDIX B 

(UNIVERSITY OF EDUCATION, WINNEBA) 

PRETEST DATA COLLECTING INSTRUMENT - STUDENTS’ 

KNOWLEDGE OF PHOTOSYNTHESIS TEST (SKPT) 

Participant’s Name: _________________________________________________ 

Participant’s Gender: ___________________ Participant’s Class: ________________ 

Participant’s School: _______________________________________________ 

General Instructions:  

This assessment consists of twenty (20) questions divided into three (3) 

sections: Section A, Section B, and Section C. You are required to answer all the 

questions in all three sections of the test. 

SECTION A 

MULTIPLE CHOICE QUESTIONS 

Instructions: 

Each of the following questions is followed by four (4) possible answers labeled A, B, 

C, and D. Carefully read each question and select the correct answer by circling the 

corresponding letter (A, B, C, or D). 

1. The overall chemical equation for photosynthesis results in the formation of: 

o A. Water and carbon dioxide 

o B. Water and oxygen 

o C. Carbohydrate and carbon dioxide 

o D. Carbohydrate and oxygen 

2. In the light-dependent reactions of photosynthesis, what is the primary function of 

oxygen? 

o A. It is a required reactant for the process. 

o B. It is released as a byproduct. 
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o C. It is later used in the Calvin cycle (dark reactions). 

o D. It does not play any role as a reactant or product. 

3. The key function of light in the light-dependent phase of photosynthesis is to generate: 

o A. Free neutrons 

o B. Free electrons 

o C. Free oxygen 

o D. Energy stored in ATP molecules 

4. The primary outcome of the dark reactions (Calvin cycle) in photosynthesis is the 

synthesis of: 

o A. Oxygen 

o B. NADP+ 

o C. Carbohydrates (such as glucose) 

o D. Carbon dioxide 

5. The role of water in photosynthesis is to: 

o A. Combine with carbon dioxide to form sugar. 

o B. Provide electrons for the light-dependent reactions. 

o C. Transport hydrogen ions during the Calvin cycle. 

o D. Supply oxygen molecules for the dark reactions. 

6. All of the following statements about the Calvin cycle (dark reactions) are 

correct EXCEPT: 

o A. The process uses ATP and NADPH from the light reactions. 

o B. The reactions only occur at night, starting after sunset and ending before sunrise. 

o C. The five-carbon sugar (RuBP) is continuously regenerated. 

o D. One of the final products is PGAL (glyceraldehyde-3-phosphate). 

7. Which statement about photosynthesis is incorrect? 

o A. The process begins when chlorophyll absorbs light energy. 
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o B. Chlorophyll molecules in chloroplasts become energized when exposed to light. 

o C. The light reactions take place in the grana of chloroplasts. 

o D. Some energy from excited electrons is used to break carbon dioxide into carbon and 

oxygen. 

8. Which of these descriptions about chloroplasts is false? 

o A. They produce some ATP to support photosynthesis. 

o B. They contain their own DNA, separate from the cell’s nucleus. 

o C. They have stacked structures called grana. 

o D. Their inner fluid-filled space is called the stroma. 

9. A healthy potted plant is placed in bright light for 48 hours. If the light intensity is 

slightly reduced over the next 48 hours, what is the most likely effect? 

o A. Photosynthesis will cease entirely. 

o B. The plant’s nitrogen consumption will rise. 

o C. The release of oxygen from the plant will slow down. 

o D. The production of glucose within plant cells will increase. 

10. Photophosphorylation refers to the: 

• A. Creation of ATP during the light-dependent reactions. 

• B. Breakdown of ATP in the light-dependent phase. 

• C. Formation of ATP in the Calvin cycle. 

• D. Degradation of ATP during the dark reactions. 
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SECTION B 

TRUE OR FALSE QUESTIONS 

Instructions:  

Each of the following statements is either correct (True) or incorrect (False). Read each 

statement carefully and decide whether it is True or False by circling your answer. 

11. During the light-dependent reactions of photosynthesis, both NADP and ATP 

molecules are produced. 

True or False 

12. Palisade mesophyll cells contain a higher number of chloroplasts and have smaller air 

spaces between them compared to spongy mesophyll cells. 

True or False 

13. Photosynthesis is a crucial process that influences both the carbon dioxide and oxygen 

cycles in nature. 

      True or False 

14. The presence of a well-developed vein system in leaves helps support the process of 

photosynthesis. 

True or False 

15. One key difference between palisade mesophyll cells and spongy mesophyll cells is 

that palisade cells have thicker cell walls. 

True or False 
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SECTION C 

ESSAY QUESTIONS 

Instructions: Provide complete responses to all questions in this section. Write your 

answers clearly and concisely. 

16. Explain in simple terms what photosynthesis means. 

17. Name two important reactions that occur during the dark phase (Calvin cycle) of 

photosynthesis. 

18. (i) What specific product in leaves confirms that photosynthesis has occurred? 

(ii) What laboratory method is commonly used to detect this product? 

19. Describe two changes that occur in chlorophyll when it captures light energy. 

20. List three environmental conditions that influence how quickly photosynthesis happens 

in plants. 
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APPENDIX C 

MARKING GUIDE FOR PRETEST (SKPT) ITEMS 

Section A: Multiple Choice Questions (Items 1-10)  

The correct responses for the multiple-choice section are as follows: 

1. The proper selection is option D, which identifies carbohydrate and oxygen as the end 

products of photosynthesis 

2. The accurate answer is B, indicating oxygen functions as a byproduct rather than a 

reactant 

3. The correct response is B, highlighting the generation of free electrons as light's primary 

role 

4. The right choice is C, confirming carbohydrate synthesis as the dark reaction's main 

purpose 

5. The valid answer is B, showing water's function in supplying electrons during light 

reactions 

6. The proper selection is B, as dark reactions don't exclusively occur at night 

7. The correct option is D, since excited electrons don't directly split carbon dioxide 

8. The accurate answer is B, as chloroplasts don't contain separate DNA from the nucleus 

9. The right choice is C, demonstrating reduced light decreases oxygen release 

10. The valid response is A, defining photophosphorylation as ATP production in light 

reactions 

Section B: True/False Items (11-15)  

The verified answers for the true-false statements are:  

11. False - While ATP forms in light reactions, NADP+ reduction occurs, not NADP 

formation 

12. True - Palisade cells indeed contain more chloroplasts with tighter packing than 
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spongy cells 

13. True - Photosynthesis crucially maintains balance in both atmospheric gas cycles 

14. True - The leaf's vascular network significantly supports photosynthetic functions 

15. False - Cell wall thickness doesn't distinguish these mesophyll cell types 

   (Scoring: 1 mark each)   Sub-total=15 

16. Photosynthesis represents the fundamental biological process through which green 

plants synthesize their own nutrients. This complex biochemical mechanism involves 

the transformation of basic inorganic compounds - specifically carbon dioxide and 

water - into organic matter. The reaction requires solar energy as its power source and 

results in the release of oxygen gas as a secondary product. 

For full credit, responses should mention:  

(1) food production in plants 

(2) use of CO2 and water 

(3) sunlight requirement 

(4) oxygen byproduct generation. 

               Any 3 × 1 = 3 

17.   Events which occur during the dark or light-independent stage of photosynthesis: 

i. Carbon dioxide molecules become incorporated into organic compounds through 

enzymatic action (carbon fixation). 

ii. The resulting 3-phosphoglycerate undergoes chemical reduction to form 

glyceraldehyde 3-phosphate. 

iii. The system regenerates the initial CO2 acceptor molecule (RuBP) to sustain the cycle. 

         Any 2 × 1 = 2 

  18. (i) The presence of starch in leaf tissues serves as definitive proof that 

photosynthesis has occurred. This complex carbohydrate represents the stored form of 

the sugars produced during the process. 
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   (ii) Laboratory confirmation of starch involves performing the iodine test, where a color 

change to blue-black indicates positive results. Each part of this question carries equal 

weight in scoring.                    

 2 × 1 = 2 

19.  When chlorophyll pigments absorb light energy, several molecular changes occur:  

i. The energy elevates electrons to higher energy states (excitation).  

ii. These energized electrons may then be transferred to other molecules (electron 

donation). 

iii. Some absorbed energy converts to thermal energy or re-emits as fluorescent 

light.                    

 Any 2 × 1 = 2      

20.   Factors that affect photosynthesis include: 

i. Ambient temperature affects enzyme activity 

ii. Chlorophyll content determines light absorption capacity 

iii. Light intensity drives the initial energy capture 

iv. Carbon dioxide availability limits the carbon fixation process 

v. Water supply impacts both electron donation and plant turgor pressure. 

                                                                      Any 2 × 1 = 2   Sub-total = 11 

Grand Total = 26 
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APPENDIX D 

STUDENTS’ ACHIEVEMENT IN PHOTOSYNTHESIS TEST (SAPT) 

The Students’ Achievement in Photosynthesis Test (SAPT) was a written assessment 

consisting of 20 questions divided into three parts: Section A, Section B, and Section 

C. 

Section A served as an introduction to the test, explaining its purpose and requesting 

basic information from participants, such as their gender, class, and school. It also 

provided general guidelines for answering questions across all sections, along with 

specific instructions for responding to the items in this particular part. 

This section contained 10 multiple-choice questions labeled as items 1 through 10. Each 

question presented a statement related to photosynthesis, followed by four possible 

answers labeled A to D. Among these options, one was correct, while the other three 

were designed to be plausible but incorrect choices. Participants earned one point for 

each correct answer they selected, allowing them to achieve a maximum score of 10 

marks in this section. 

Section B consisted of five true-or-false questions, numbered 11 to 15. Each statement 

in this section described an aspect of photosynthesis, and participants had to decide 

whether it was true or false by circling their chosen response. A correct answer awarded 

one mark, making the highest possible score for this section five marks. 

Section C included five short-answer or essay-style questions, numbered 16 to 20. One 

of these questions, item 19, was further divided into two smaller parts, 19(i) and 19(ii), 

each worth one mark. To maintain fairness and consistency in grading, all responses to 

a particular question were evaluated before moving on to the next one. This approach 

ensured that the same standards were applied to every participant’s answer for each 

question and prevented any bias from carrying over from one response to another. 
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Additionally, a detailed marking guide was prepared to standardize the scoring process. 

The questions in this section had varying point values, with some worth two, three, or 

four marks, adding up to a total of 13 possible marks for Section C. 

Overall, the SAPT had a maximum possible score of 28 marks, combining the totals 

from all three sections. 
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APPENDIX E 

(UNIVERSITY OF EDUCATION, WINNEBA) 

POSTTEST DATA COLLECTING INSTRUMENT - STUDENTS’ 

ACHIEVEMENT IN PHOTOSYNTHESIS TEST (SAPT) 

Participant’s Name: ______________________________________________ 

Participant’s Gender: _____________ Participant’s Class: _____________________ 

Participant’s School: ___________________________________________________ 

General Instructions:  

This test contains 20 questions divided into three sections: A, B, and C. Answer all 

questions in all sections. 

SECTION A 

MULTIPLE CHOICE QUESTIONS 

Instructions: Each question has four options labeled A to D. Choose the correct answer 

and circle the corresponding letter. 

1. Which reactions are part of photosynthesis? 

A. Only photochemical reactions 

B. Only carbon-fixation reactions 

C. Both photochemical and carbon-fixation reactions 

D. Neither photochemical nor carbon-fixation reactions 

2. Which inorganic molecule is needed by plants for photosynthesis? 

A. Oxygen 

B. Starch 

C. Carbon dioxide 

D. Glucose 

3. What happens during photosynthesis? 

A. Chemical energy from organic molecules turns into light energy. 

B. Organic molecules are taken from the environment. 
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C. Organic molecules become inorganic food molecules. 

D. Light energy is converted into chemical energy stored in organic molecules. 

4. What are the stacked membrane structures in chloroplasts called? 

A. Granae 

B. Lamellae 

C. Cristae 

D. Membranes 

5. Where does the oxygen released during photosynthesis come from? 

A. The breakdown of carbon dioxide 

B. The breakdown of water 

C. Excess oxygen absorbed by the plant 

D. The combination of carbon dioxide and water 

6. Which process is represented by the equation: 2H₂O + light → 4H⁺ + O₂ + 4e⁻? 

A. Photolysis of water 

B. Dehydration of water 

C. Oxygen synthesis from water 

D. Electron production from water 

7. Which of these does NOT happen in the Calvin cycle? 

A. Production of glyceraldehyde-3-phosphate 

B. Formation of NADPH 

C. Formation of pyruvic acid 

D. Use of carbon dioxide 

8. The light-dependent stage of photosynthesis includes: 

A. Carbon dioxide fixation 

B. Reduction of ribulose diphosphate 
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C. Breakdown of water 

D. Oxidation of NADPH to NADP 

9. A plant with pink leaves can still photosynthesize because:  

A. It has special cells for photosynthesis. 

B. Its chlorophyll is hidden by the pink pigment. 

C. It uses the pink pigment for photosynthesis. 

D. It has carotene, which helps in photosynthesis. 

10. Which leaf cells do not contain chloroplasts? 

A. Guard cells 

B. Ordinary epidermal cells 

C. Palisade mesophyll cells 

D. Spongy mesophyll cells 

Section B 

True/False Questions 

Instructions: Decide whether each statement is true or false. Circle your answer. 

11. Photosynthesis provides food directly for secondary consumers. True or False 

12. Chloroplasts can photosynthesize because they contain enzymes for the light-dependent 

stage. True or False 

13. The first reaction in the light-dependent stage is the splitting of water. True or False 

14. Photosynthesis occurs most efficiently under red and blue light. True or False 

15. Having many stomata helps leaves perform photosynthesis. True or False 
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SECTION C 

ESSAY QUESTIONS 

Instructions: Answer all questions in this section. 

16. Name two events that happen during the light-dependent stage of photosynthesis. 

17. Describe two leaf features that help it carry out photosynthesis. 

18. Briefly explain what happens during the photolysis of water in photosynthesis. 

19. (i) List the two main raw materials required for photosynthesis. 

(ii) Explain how plants obtain one of these materials from their surroundings. 

20. Name two substances produced during the light-independent (dark) stage of 

photosynthesis. 
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APPENDIX F 

MARKING GUIDE FOR SAPT 

Section A Answers: 

1. C 

2. C 

3. D 

4. A 

5. B 

6. A 

7. B 

8. C 

9. B 

10. B 

Section B Answers:  

11. False 

12. True 

13. False 

14. True 

15. True 

Section C Scoring Guide:  

16. Possible answers: 

• Light energy is absorbed by chlorophyll. 

• Electrons are released. 

• ATP is formed. 

• NADPH is produced. 
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• Water molecules are split. 

(Award 1 mark per correct answer, maximum 2 marks.) 

17. Possible answers: 

• The leaf’s broad shape maximizes light absorption. 

• Palisade cells contain many chloroplasts for photosynthesis. 

• The thin leaf structure allows light to penetrate easily. 

• Stomata allow carbon dioxide to enter. 

• Veins transport water and nutrients. 

(Award 1 mark per correct answer, maximum 2 marks.) 

18. Key points: 

• Light energy excites chlorophyll in Photosystem II. 

• This energy splits water into electrons, protons, and oxygen. 

(Award 1 mark per correct point, maximum 3 marks.) 

19. (i) Carbon dioxide and water. (1 mark each) 

(ii) Carbon dioxide enters through stomata by diffusion. (1 mark) 

OR 

Water is absorbed by roots through osmosis. (1 mark) 

20. Possible answers: 

• ADP 

• NADP 

• Glucose or other sugars 

• Ribulose bisphosphate (RuBP)  

(Award 1 mark per correct answer, maximum 2 marks.) 

University of Education,Winneba http://ir.uew.edu.gh



111 
 

Total Marks:  

Section A: 10 

Section B: 5 

Section C: 13 

Grand Total: 28 marks 
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APPENDIX G1 

 

Screen Captured Picture of Transverse section of a dicotyledonous leaf on 

Goalfinder’s “Photosynthesis Advanced” Computer Assisted Package  
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APPENDIX G2 

 

Screen Captured Picture of Structure of a plant cell on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package   
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APPENDIX G3 

 

Screen Captured Picture of Structure of Grana on Goalfinder’s “Photosynthesis 

Advanced” Computer Assisted Package  

 

 

 

 

 

 

 

 

Chlorophyll pigments are studded 
within the inner surface of thylakoid 
 

Pigments 
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APPENDIX G4 

 

Screen Captured Picture of Absorption Spectrum of Chlorophyll a and b on 

Goalfinder’s “Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G5 

 

 

Screen Captured Picture of Absorption Spectrum of Accessory Photosynthetic 

Pigment Phycoerythrin on Goalfinder’s “Photosynthesis Advanced” Computer 

Assisted Package 
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APPENDIX G6 

 

 

Screen Captured Picture of Absorption Spectrum of Accessory Photosynthetic 

Pigment Phycocyanin on Goalfinder’s “Photosynthesis Advanced” Computer 

Assisted Package 
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APPENDIX G7 

 

Screen Captured Picture of Structure of Transverse Section of Thylakoid 

Membrane on Goalfinder’s “Photosynthesis Advanced” Computer Assisted 

Package 
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APPENDIX G8 

 

Screen Captured Picture of Non-cyclic Photophosphorylation on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G9 

 

Screen Captured Picture of Simulation of Light Dependent Reactions on 

Goalfinder’s “Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G10 

 

Screen Captured Picture of Diagrammatic Representation of Overall Reaction of 

Dark Phase of Photosynthesis on Goalfinder’s “Photosynthesis Advanced” 

Computer Assisted Package 
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APPENDIX G11 

 

 

Screen Captured Picture of First Step of the Calvin Cycle on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G12 

 

 

Screen Captured Picture of Second Step of the Calvin Cycle on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G13 

 

Screen Captured Picture of Third Step of the Calvin Cycle on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G14 

 

Screen Captured Picture of Four Step of the Calvin Cycle on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX G15 

 

 

Screen Captured Picture of Fifth Step of the Calvin Cycle on Goalfinder’s 

“Photosynthesis Advanced” Computer Assisted Package 
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APPENDIX I 

UNIVERSITY OF EDUCATION, WINNEBA 

DEPARTMENT OF SCIENCE EDUCATION 

COMPUTER ASSISTED INSTRUCTION VIEWS QUESTIONNAIRE 

[CAIVQ] 

This questionnaire has been designed to collect data on the views of SHS students on 

the use of computer assisted instruction in the teaching and learning of Integrated 

Science. The researcher assures you that the information gathered will be treated with 

utmost confidentiality and for academic purposes only. Do not write your name 

anywhere in this questionnaire. Kindly respond to all items as accurate as possible. 

Kindly tick (√) where appropriate 

Gender:   Male [  ]  Female [  ] 

Age Group:  11 – 15 [ ]  16 – 20 [ ] 20 and Over [ ] 

KEY:  Strongly Agree = SA     Agree = A   Undecided = U    Strongly Disagree = SD        
Disagree = D  
 
No. Items Responses 

S
A 

A U D S
D 

1 
 

I have better understanding of integrated science concepts because 
of computer assisted instruction. 
 

     

2 I feel like I have more control over my own learning when 
computer assisted instruction is used. 
 

     

3 I feel like I am able to contribute more to class discussions when 
computer assisted instruction is used. 
 

     

4 I do not always enjoy the lesson when my teacher uses computer 
assisted instruction. 
 

     

5 I appreciate the variety of activities and assignments that are 
available when computer assisted instruction is used. 
 

     

6 I feel like I am a more successful learner when computer assisted 
instruction is used. 
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7 I think computer assisted instruction should not be used in all 
schools. 
 

     

8 I think computer assisted instruction helps all students learn, 
regardless of their ability level. 
 

     

9 I feel challenged and engaged when my teacher uses computer 
assisted instruction. 
 

     

10 My teacher uses a variety of teaching strategies to meet the needs 
of all learners. 
 

     

11 My teacher provides me with feedback that helps me learn. 
 

     

12 I feel like I am getting the help I need in my integrated science 
class. 
 

     

13 I feel like I am motivated to learn in my integrated science class. 
 

     

14 I think computer assisted instruction is not fair way to teach 
students. 
 

     

15 I would like to recommend computer assisted instruction to 
teachers of other subjects. 
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