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ABSTRACT 

This study investigated the comparative effects of analogy-based and lecture-based teaching methods on 

students' academic achievement and retention in Chemistry within the Delta Central Senatorial District. 

Four research questions and hypotheses guided the study. The research utilized a quasi-experimental 

design with a 2x2x2 factorial pretest-posttest structure, incorporating planned variations. The population 

consisted of 18,691 SSII Chemistry students in the district, with a sample of 319 students selected from 

intact classes in six public schools. Data collection involved the use of the Scholastic Ability Test in 

Chemistry (SATC) and the Chemistry Achievement Test (CAT). Reliability coefficients for these 

instruments were calculated using the Kuder-Richardson 21 formula, resulting in values of 0.79 for SATC 

and 0.85 for CAT. The two experimental groups were taught Chemistry using either analogy-based or 

lecture-based instructional methods. Pretests were administered before the treatment, followed by 

posttests after the intervention. A delayed posttest was conducted four weeks later to measure retention. 

The collected data were analyzed using mean, percentage, t-test, and ANCOVA. The findings revealed 

that students taught with the analogy method performed better in both achievement and retention 

compared to those taught with the lecture method. The study concluded that while both methods 

positively impacted student achievement and retention in Chemistry, the analogy-based approach was 

more effective. Based on these results, the study recommended that Chemistry teachers adopt analogy-

based teaching strategy to improve students' understanding and retention of Chemistry concepts, as it 

yielded better learning outcomes than the lecture-based method. 

Keywords: Analogy instructional method, Lecture method, Academic Achievement, Retention, 

Chemistry. 

 

INTRODUCTION 

Chemistry is a branch of science that focuses on the study of matter's composition, properties, structure, 

and transformations. It plays a crucial role in enhancing our understanding of the world and explaining 

how different substances interact. Through the study of Chemistry, students acquire fundamental 

knowledge about matter and energy, which is essential for pursuing careers in areas like medicine, 

pharmacy, engineering, and environmental sciences. Additionally, Chemistry offers various career paths, 
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including chemical engineering, biotechnology, pharmaceuticals, and research. In Nigeria, the economy 

benefits greatly from chemical industries such as oil and gas, agrochemicals, and manufacturing. 

Teaching Chemistry at the secondary school level equips students with valuable skills that enable them to 

contribute to these key sectors. 

The National Policy on Education (Federal Republic of Nigeria, FRN, 2013) defines specific goals for 

teaching Chemistry in senior secondary schools. These objectives include helping students make the 

transition from Basic Science and Technology to Chemistry, providing essential knowledge of Chemistry 

principles, highlighting the connections between Chemistry and other subjects, demonstrating its 

relevance to industry and everyday life, and offering a comprehensive course for students who do not 

pursue Chemistry at the post-secondary level. As a result, Chemistry is a compulsory subject for science 

students in senior secondary schools (Efe, 2023). 

However, despite its significance, students' performance in Chemistry on external exams such as the West 

African Senior School Certificate Examination (WASSCE) has been consistently poor and fluctuating. 

Reports from the Chief Examiner (2017–2023) show varying success rates. For example, 49.98% of 

students achieved grades A1–C6 in 2018, rising to 52.97% in 2019, but dropping to 50.83% in 2020, with 

further declines in the following years. Among the contributing factors to these challenges are the 

inadequate teaching methods used in Chemistry instruction. 

Teachers use various instructional methods to enhance Chemistry learning. One commonly employed 

approach is the lecture method, a teacher-centered approach rooted in idealism (Garcia & Martinez, 

2019). In this method, the teacher delivers information with limited student participation, resulting in 

passive learning. While traditional and widely used, the lecture method has been criticized for its lack of 

interactivity and engagement (Efe, 2023). In subjects like Chemistry, where understanding complex 

concepts and critical thinking are essential, this method often fails to inspire enthusiasm and high 

achievement. 

To address these limitations, alternative instructional methods, such as the analogy instructional method, 

have been recommended (Efe, 2023; George & Agboghoroma, 2023). This approach involves drawing 

comparisons between familiar and unfamiliar concepts to help students grasp new material more 

effectively. The familiar concept, or "analog," serves as a base for understanding the unfamiliar "target" 

concept. Analogy fosters cognitive connections and enables knowledge transfer, making abstract 

Chemistry concepts more relatable and understandable. For example, teachers might compare rusting to 

oxidation in chemical reactions or explain pH by relating it to the acidity of everyday substances like 

lemon juice and vinegar. Encouraging students to create their own analogies further deepens 

understanding and enhances academic achievement and retention. 

Student achievement and retention are central to educational success. Achievement reflects students' 

academic performance, while retention refers to their ability to recall and apply learned information over 

time (Roediger & Karpicke, 2016; Hattie, 2017). Effective instructional methods—those that involve 

clear explanations, interactive activities, and constructive feedback—play a vital role in improving both 

achievement and retention. Moreover, supportive learning environments that cater to diverse student 

needs can enhance engagement and learning outcomes. 

Students’ ability levels, encompassing cognitive, emotional, and physical capacities, also influence how 

well they respond to different teaching methods (Smith, Brown & Williams, 2020). High-ability students 

may excel, while those with lower abilities might struggle without appropriate instructional strategies. 

Effective teaching methods should therefore accommodate varying ability levels, ensuring all students 

can succeed. This study compares the effects of analogy and lecture instructional methods on students’ 

achievement and retention in Chemistry in Delta Central Senatorial District. It aims to identify the most 

effective teaching approach and assess how students’ ability levels impact their learning when taught 

using these methods. 

Statement of the Problem 

Chemistry is a core scientific subject essential for shaping students’ future careers in various science-

related fields. However, persistent poor performance by students in Chemistry in WASSCE has raised 

concerns among educators and policymakers. Factors contributing to these poor results include the 
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complexity of the subject, ineffective instructional methods, and variations in students’ ability levels, 

among others. Teachers use a variety of instructional strategies to enhance learning in Chemistry and 

ensure students contribute meaningfully to their communities and the world. The lecture method remains 

the most commonly employed approach for teaching Chemistry in many Nigerian schools. Despite its 

widespread use, research indicates that the lecture method may not effectively foster students' 

understanding or retention of challenging scientific concepts. This method often involves passive 

information delivery by the teacher, leaving students less engaged in the learning process. 

In recent years, using analogies as an instructional approach has been suggested as a better alternative for 

improving students' understanding and retention of scientific concepts. Analogies work by relating 

unfamiliar concepts to familiar ones, enabling students to draw connections and deepen their 

comprehension of the material. Although the potential advantages of analogy-based instruction are 

recognized, there is limited research on whether it is more effective than the lecture method in improving 

students' achievement and retention in Chemistry within public secondary schools in Delta North 

Senatorial District. Therefore, this study aims to explore the following questions: Does the analogy 

instructional method lead to better student achievement and retention in Chemistry compared to the 

lecture method? Furthermore, does students' ability level have an impact on their achievement and 

retention when taught using either the analogy or lecture instructional methods? 

Purpose of the Study 

This study aims to evaluate the effects of analogy and lecture methods on students' achievement and 

retention in Chemistry. Specifically, the research sought to: 

 compare the mean achievement scores between students taught using analogy-based and lecture-

based methods; 

 examine the differences in mean retention scores between students taught with analogy-based and 

lecture-based methods; 

 examine the interaction effects between instructional methods and students' ability levels on mean 

achievement scores in Chemistry; 

 analyze the interaction effects between instructional methods and students' ability levels on mean 

retention scores in Chemistry. 

Research Questions 

The study is guided by the following research questions: 

1. What is the difference in mean achievement scores in Chemistry between students taught using 

analogy and lecture instructional methods? 

2. What is the difference in mean retention scores in Chemistry between students taught using 

analogy and lecture instructional methods? 

3. What is the effect of the interaction between instructional method and students’ ability on the 

mean achievement scores in Chemistry? 

4. What is the effect of the interaction between instructional method and students’ ability on the 

mean retention scores in Chemistry? 

Hypotheses 

The following null hypotheses were formulated and tested at a 0.05 level of significance: 

HO1: There is no significant difference in mean achievement scores in Chemistry between students 

taught using analogy and lecture instructional methods. 

HO2: There is no significant difference in mean retention scores in Chemistry between students taught 

using analogy and lecture instructional methods. 

HO3: There is no significant effect of the interaction between instructional method and students’ ability 

on the mean achievement scores in Chemistry. 

HO4: There is no significant effect of the interaction between instructional method and students’ ability 

on the mean retention scores in Chemistry. 
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METHODOLOGY 

The study adopted a pretest-posttest quasi-experimental design, utilizing a 2x2x2 factorial model that 

included two teaching methods (analogy and lecture) and two ability levels (high and low). The study 

population consisted of 18,691 Senior Secondary two (SSII) Chemistry students from public schools in 

the district, with a sample of 319 students drawn from six intact classes. Data were gathered using two 

instruments: the Scholastic Ability Test in Chemistry (SATC) and the Chemistry Achievement Test (CAT), 

which covered topics such as Ionic Theory and Redox Reactions. The SATC was validated by experts 

from the Delta State Ministry of Basic and Secondary Education, while the CAT underwent face 

validation by a panel of professionals, including a senior Chemistry teacher, a Chemistry educator from 

Delta State University, and a Measurement and Evaluation expert from the same institution. Reliability 

was assessed using the Kuder-Richardson 21 formula, yielding coefficients of 0.79 for the SATC and 0.85 

for the CAT after a pilot study. Prior to the experiment, the SATC was used to classify students into high, 

medium, and low ability groups. The CAT was administered as a pretest, posttest, and delayed posttest. 

The data were analyzed using mean scores, percentages, t-tests, and ANCOVA. 

 

RESULTS 

Research Question One: What is the difference in mean achievement scores in Chemistry between 

students taught using analogy and lecture instructional methods? 

Table 1: Mean Pretest and Posttest Achievement Scores of Students Taught Chemistry Using 

Analogy and Lecture Instructional Methods 

Group N Pre-test Mean Posttest Mean Mean Gain MGD Pretest SD Posttest SD 

Analogy 148 21.73 59.88 38.15 
11.00 

9.23 10.08 

Lecture 171 22.18 49.33 27.15 8.76 10.57 

MGD = Mean Gain Difference 

 

Table 1 reveals that the mean gain difference between students taught with the analogy and lecture 

methods is 11.00, favouring the analogy instructional method. 

HO1: There is no significant difference in mean achievement scores in Chemistry between students taught 

using analogy and lecture instructional methods. 

 

Table 2: Independent Samples t-test on Difference between the Chemistry Mean Pretest Scores of 

Students Taught Using Analogy and Lecture Instructional Methods 

Group N Pretest Mean Pretest SD df t-cal Sig.(2-tailed) 

Analogy 148 21.73 9.23 
317 0.395 0.693 

Lecture 171 22.18 8.76 

 

The results in Table 2 indicate no significant difference between the pretest mean scores of the analogy 

and lecture groups (t = 0.395, p = 0.693 > 0.05). 

Table 3: Independent Samples t-test on Difference between the Chemistry Mean Posttest Scores of 

Students Taught Using Analogy and Lecture Instructional Methods 

Group N Posttest Mean Posttest SD df t-cal Sig.(2-tailed) 

Analogy 148 59.88 10.08 
317 9.080 0.000 

Lecture 171 49.33 10.57 

 

The results in Table 3 show a statistically significant difference in the posttest mean scores between the 

two groups (t = 9.080, p = 0.000 < 0.05). Thus, the null hypothesis is rejected, confirming a significant 

difference in achievement scores favoring the analogy instructional method. 
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Research Question Two: What is the difference in mean retention scores in Chemistry between students 

taught using analogy and lecture instructional methods? 

Table 4: Mean Posttest Achievement and Delayed Posttest Scores of Students Taught Chemistry 

Using Analogy and Lecture Instructional Methods 

Group N Posttest 

Mean 

Posttest 

SD 

Delayed 

Posttest Mean 

Delayed 

Posttest SD 

% Retained 

(R) 

% Lost 

(L) 

Analogy 148 59.88 10.08 57.22 8.87 95.56 4.44 

Lecture 171 49.33 10.57 46.85 10.63 94.97 5.03 

SD = Standard Deviation, %R = Percentage Retained, %L = Percentage Lost 

Table 4 indicates that students taught Chemistry with the analogy method scored 59.88 on the posttest and 

57.22 on the delayed posttest, retaining 95.56% of their learning. In contrast, students taught with the 

lecture method scored 49.33 on the posttest and 46.85 on the delayed posttest, retaining 94.97% of their 

learning. 

HO2: There is no significant difference in mean retention scores in Chemistry between students taught 

using analogy and lecture instructional methods. 

Table 5: Independent Samples t-test on Chemistry Mean Retention Scores of Students Taught Using 

Analogy and Lecture Instructional Methods 

Group N Retention Mean Retention SD df t-cal Sig. (2-tailed) 

Analogy 148 57.22 8.87 317 9.367 0.000 

Lecture 171 46.85 10.63    

 

Table 5 demonstrates a statistically significant difference in retention scores between the two groups (t = 

9.367, p < 0.05), favoring the analogy method. Therefore, the null hypothesis is rejected. 

Research Question Three: What is the effect of interaction between instructional method and ability on 

the mean achievement scores of students in Chemistry? 

Table 6: Descriptive Statistics of Mean Showing Interaction Effect Between Instructional Methods 

and Ability Level on Achievement 

Testing Ability 

Teaching Methods 

Analogy Lecture  

N  Mean  SD MD N Mean SD MD 

Pretest 

High 27 25.90 8.60 
5.58 

50 21.90 8.74 
0.55 

Low 41 20.32 7.77 72 21.35 9.14 

Total 68    122    

Posttest 

High 27 64.59 12.01 
6.54 

50 50.60 9.33 
2.80 

Low 41 58.05 7.11 72 47.80 12.38 

Total 68    122    

MD = Mean Difference 

In pretests and posttests, high-ability students consistently outperformed their low-ability counterparts 

under both instructional methods. No evidence of interaction effects between methods and student ability 

on achievement was observed. 
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HO3: There is no significant interaction effect between instructional methods and ability on students' 

Chemistry achievement. 

Table 7: ANCOVA for Testing Significance of Interaction Effect Between Instructional Methods and 

Ability Level on Students’ Achievement in Chemistry 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 16315.392a 6 2719.232 32.104 .000 

Intercept 79640.514 1 79640.514 940.267 .000 

Pretest 5448.352 1 5448.352 64.325 .000 

Methods 9023.152 1 9023.152 106.531 .000 

Ability 735.237 2 367.619 4.340 .014 

Methods * Ability 454.189 2 227.095 2.681 .070 

Error 26426.357 312 84.700   

Total 980738.000 319    

Corrected Total 42741.749 318    

 

Results in Table 7 show no significant interaction effect (F(2, 312) = 2.681, p = 0.070 > 0.05). Thus, HO8 

is upheld. 

Research Question Four: What is the effect of interaction between instructional method and ability on 

the mean retention scores of students in Chemistry? 

Table 8: Descriptive Statistics of Mean Showing Interaction Effect Between Instructional Methods 

and Ability Level on Retention 

Testing Ability 

Teaching Methods 

Analogy Lecture  

N  Mean  SD MD N Mean SD MD 

Posttest 

High 27 64.59 12.01 
6.54 

50 50.60 9.33 
2.80 

Low 41 58.05 7.11 72 47.80 12.38 

Total 68    122    

Delayed 

Posttest 

High 27 60.98 10.69 
5.91 

50 50.30 9.25 
8.05 

Low 41 55.07 5.52 72 42.25 11.35 

Total 68    122    

 

Similar trends were observed, with high-ability students scoring consistently higher than low-ability 

students. No interaction effects were evident. 

HO4: There is no significant interaction effect between instructional methods and ability on retention. 

Table 9: ANCOVA for Testing Significance of Interaction Effect Between Instructional Methods and 

Ability Level on Students’ Achievement in Chemistry 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 36116.206a 6 6019.368 589.980 .000 

Intercept 250.351 1 250.351 24.538 .000 

Posttest 23918.525 1 23918.525 2344.342 .000 

Methods 31.056 1 31.056 3.044 .082 

Ability 686.918 2 343.459 33.664 .000 

Methods * Ability 425.313 2 212.656 1.843 .091 

Error 3183.230 312 10.203   

Total 890680.000 319    

Corrected Total 39299.436 318    
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Table 9 indicates no significant interaction effect (F(2, 312) = 1.843, p = 0.091 > 0.05), confirming HO9. 

 

DISCUSSION 

When comparing the two methods, the analogy method was found to have a considerably greater effect 

on students' achievement in Chemistry than the lecture method. Specifically, students who learned 

through analogies outperformed those taught using traditional lectures. This highlights the advantage of 

using analogies, which allow students to relate new concepts to familiar ones, making challenging topics 

more accessible. The analogy method also promotes active involvement and critical thinking, which 

likely results in better learning outcomes compared to the more passive nature of the lecture approach. 

These results are in line with the findings of Naseriazar et al. (2021), who observed that students taught 

chemical equilibrium through analogy-based instruction outperformed those taught via lecture, as well as 

Saleem and Akbar (2023), who found that analogy-based teaching significantly improved Chemistry 

achievement. 

Moreover, the study revealed a significant difference in retention scores between the two methods, with 

the analogy method yielding better retention. This suggests that students taught using analogies were 

better able to recall and retain the material compared to their peers who received lecture-based instruction. 

The use of relatable scenarios and visual aids in analogy-based teaching likely helped in deepening 

students' conceptual understanding, thus improving memory retention. Additionally, the engaging and 

relatable nature of analogies may have increased student motivation and interest, further enhancing 

learning outcomes. These results support Emmanuel et al. (2019), who found that analogy methods led to 

higher retention scores compared to lectures, and Kyado et al. (2020), who noted that analogies were 

more effective in promoting retention and achievement in Basic Science. 

Finally, the study found no significant interaction between instructional method and ability level 

regarding students' achievement or retention. This indicates that both the analogy and lecture methods 

were equally effective across different ability levels, benefiting students of varying capabilities. These 

findings suggest that both methods can accommodate a wide range of learners, offering effective 

instruction regardless of students' prior ability levels. This result corroborates the findings of Efe (2023), 

who reported no significant interaction effect between teaching methods and ability level on students' 

achievement and retention in Chemistry. 

 

CONCLUSION  

The study concluded that both analogy and lecture methods positively influenced students' achievement 

and retention in Chemistry. However, the analogy method was found to be more effective than the lecture 

method. The study further concluded that the effectiveness of both teaching methods on achievement and 

retention was independent of students' ability levels. 

 

RECOMMENDATIONS 

Based on the findings, the following recommendations were made: 

1. Chemistry teachers should incorporate the analogy instructional method into their teaching, as it 

has been shown to significantly improve students' achievement and retention, proving more 

effective than the traditional lecture method. 

2. School administrators should provide training and resources to support teachers in mastering the 

analogy method. Organizing workshops, seminars, and collaborative teaching sessions would 

help educators develop the skills necessary to apply this method effectively. 

3. Chemistry teachers should be encouraged to use a variety of instructional methods to 

accommodate students with diverse ability levels, ensuring that all students have the opportunity 

to achieve their full potential. 
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