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Abstract 

This study investigated the comparative effects of Scaffolding and 5E instructional strategies 

on students’ critical thinking in Physics in Otukpo Local Government Area of Benue State, 

Nigeria. Three research questions guided the study, while three hypotheses were formulated 

and tested at 0.05 significant level.  The study adopted a non-equivalent group pre-test post-

test, quasi-experimental design. The population comprised 4,598 Senior Secondary (SS) Two 

students (2834 male and 1764 female) across the 24 public co-educational Schools out of 

which 87 SS two students offering Physics in two intact classes were sampled using multi-

stage sampling. Critical Thinking Test (CTT) was adapted. Face and content validation was 

done by three experts and correction and observation effected. The instrument was trail tested 

and the reliability of CTT was .91 determined using Kuder-Richardson formula 21. Research 

questions were answered using mean and standard deviation and bar chart, while the null 

hypotheses were tested with Analysis of Covariance (ANCOVA). The findings revealed 

significant difference between the mean critical thinking (p= 0.000<0.05)of students taught 

Physics using Scaffolding Instructional Strategy (SIS) and 5E Instructional Strategy (5EIS) in 

favour of scaffolding instructional strategy. There was no significant difference in the mean 

critical thinking scores(p= 0.963>0.05) of male and female students taught Physics using SIS 

and no significant difference between the mean critical thinking (p= 0.947>0.05)of male and 

female students taught Physics using 5EIS; The study has shown that Scaffolding Instructional 

strategy is superior to 5E Instructional Strategy in fostering critical thinking but both are 

gender friendly. It was recommended, among others that, Physics teachers should endeavour 

to use Scaffolding Instructional Strategy to teach Physics to foster critical thinking and 

improve performance. 
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Introduction 

Science is a window to a sustainable national development and a gateway to economic growth 

and strength of a nation. This is because, science provides the framework for inquiry, critical 

reasoning and rational thinking in students through observation, classification, measuring, 

communicating, experimentation, inference, among others that could help students solve real life 

problems (Omole & Ozoji, 2014; Udu, 2018; Samba, 2019). 

 On the opinion of Abdullahi, Anuka, Musa and Yaro (2015) science is the cornerstone of a 

nations’ social and economic development. This means that acquisition of appropriate scientific and 

technological skills is necessary to cope with the challenges presented by the evolving needs of 

modern work place in all sectors of the economy. Science education is a field of study 

concerned with producing a scientifically literate society. Samba (2019) defined science education as 

the foundation for sustainable national development and a key to national economic growth and 

prosperity. Science education also deals with the acquisition of scientific knowledge which helps in 

protecting human societies from ignorance, illiteracy, disease and poverty. This implies that science 

education is useful to the development of any nation.  
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The desire of Nigeria to advance in science education for sustainable national development is 

of dire necessity. The introduction of science subjects in senior and upper basic, schools such as; 

Biology, Agricultural Science, Physics, Chemistry and Basic Science respectively among others is 

integral for national development in Nigeria. 

 Physics is one branch of science that was developed through the steps of observation, problem 

identification and hypotheses formulation and testing through experimentation and drawing 

conclusions leading to the discovery of theories and concept. Physics as a subject is very important in 

the development of the economy of nations of the world including Nigeria. Physics is the most basic 

tool of science, and its concepts and techniques underpin the progress of all other branches of science. 

It is a cross-cutting discipline that has application in many sectors of a nation’s economic 

development including health, agriculture, water, energy, information and communication 

technologies (Ashiq, Muhammad & Azra, 2011). Physics therefore occupies a central position in 

science education and plays a very important role in scientific advancement of nations.  

 Supporting students to learn concepts, formulae and principles in Physics could be an 

effective reinforcement, motivation and stimulation that may get students to acquire the skills and 

abilities they need in Physics to take practical decision to be useful to themselves and the nation’s 

advancement. Nzewi and Ibeneme (2011) asserted that scaffolding is a support or assistance given to 

students by teachers by providing temporary guide that will assist the students to explore and discover 

new knowledge themselves. It enables students to solve a task or achieve a goal that would be beyond 

their effort if left alone. This means the help given to students by More Knowledgeable Other (MKO) 

could aid learners achieve maximum acquisition of new knowledge.  

 The method adopted by Physics teachers may either promote or limit learning effectiveness. 

Muodumogu (2018) posited that it is impossible for students taught using teacher-centered 

instructional strategies to possess critical thinking and problem solving skills. It then means that 

students exposed to such teaching strategies like the conventional chalk and talk method may not 

acquire important practical skills such as critical thinking and interpersonal skills and objective 

reasoning abilities needed for abstract thinking and high order problem –solving skills in Physics. 

 Scaffolding provides help which could enable the improvement of learning objectives that 

covers the domain of critical thinking process and contents in Physics (Podolefsky, Moore & Perkins, 

2013). It is a strategy that does not only guide learners through the complexities of learning task, but 

also stimulates students in the process of learning as they engage in critical thinking (Saputri & 

Wiluyeng, 2017). In Physics lessons, scaffolding instructional strategy (SIS) may be used to stimulate 

critical thinking skills in students. In this method, the teacher gives out the behavioural objectives of 

the lesson, the instructional materials and some evaluation questions to students as advanced 

organizer ahead of the lesson period, during the lesson period. Students are divided into groups and 

each group is given a task, then a leader is chosen from each of the groups for presentation and the 

teacher finally explains further and evaluates the students. This process helps the students to interact 

with each other. 

 The 5E Instructional strategy (5EIS) is another strategy considered in this study. The strategy 

is based on constructivist approach of learning (Vygotsky, 1978). It is a learning strategy that involves 

five stages of learning process. These include; Engage, Explore, Explain,Elaborate and Evaluate (5E) 

(Bunkure, 2019). 

According to Bunkure (2019), the teacher actively engages students with critical thinking 

questions that stimulate them to explore Physics knowledge and concepts by sharing ideas with one 

another in small groups and explaining the concepts using practical illustrations and real life situations 
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to elaborate on what they may have known about the task. Students therefore, evaluate their answers 

in groups for presentation. The teacher is only a facilitator of learning in 5E Instructional strategy in 

Physics classroom. 

 Developing students’ critical thinking abilities and skills in Physics could be crucial to 

effective learning. Samba and Kpiranyam (2021) posit that critical thinking is the process of applying 

reasoned and disciplined thinking to a subject. Most times, people, students and Physics experts are 

faced with decisions that require reasoning, understanding, interpreting and evaluation of information 

before them. This process involves critical thinking. This is because it enables one to make reliable 

and valid decisions or adapt to changes in any given environment like the school.  

 Critical thinking is a complex concept that involves cognitive skills and affective dispositions. 

It requires one’s effort to collect, interpret, analyse and evaluate information for the purpose of 

arriving at a reliable and valid conclusion (Samba, Kyeleveh & Agamber 2020). In Physics class, 

developing students’ critical thinking may include engaging students meaningfully in activities that 

develop their spirit of enquiry, creativity and inference. Other skills include logicality, and the ability 

to process information, Knowledge, principles and concepts in Physics education. This could help 

students to understand difficult and abstract concepts in Physics.  

Physics lessons are characterized by male and female students. Gender to education is an 

important variable in learning. Ezeh (2013) asserted that gender is a socio-cultural phenomenon of 

ascribing roles, responsibilities and duties to male and female individuals. Findings in Sciences on 

gender such as Marni, Aliman, Suyono and Roekhan,(2020) revealed that male and female students 

have same level of critical thinking. Perdana, Budiyono,Sajidan and Sukarmin, (2019) declared that 

female students have higher critical thinking skills than male students. Nahid and Marzieh (2016) 

observe no significant difference between the mean critical thinking scores of male and female Iranian 

English as Foreign Language learners. There seems to be an inconsistency in the findings on gender 

and these needs to be filled by other studies. This calls for studies to investigate further on the variable 

of gender. This study therefore, seeks to investigate the comparative effects of scaffolding 

instructional strategy and  5E Instructional strategy on students’ critical thinking in Physics based on 

gender. 

 

Statement of the Problem 

 Most science senior secondary school students find the learning of Physics difficult, tasking 

and full of abstract concepts. Learning Physics to them is only possible through memorization. This is 

because physics is considered to be a subject that is abstract, tasking poses a big problem to most 

senior secondary school students. This is evident in the poor performance of students in Physics.  

 Going by the West African Examination Council (WAEC, 2018) chief Examiner’s Report, 

Students’ performance in Physics is poor. This is blamed on the shallow thinking abilities of students 

caused by inappropriate use of teaching methods that may not have developed students’ critical 

thinking skills to solve Physics abstractive and high order thinking tasks. Efforts have been made by 

Physics educators and researchers (Aina & Akintunde, 2013; Wheeler & Blanchard, 2019) to improve 

students’ performance and develop critical thinking abilities across male and female students. This 

study therefore, focuses on the effects of scaffolding instructional strategy and 5E instructional 

strategy on students’ critical thinking and academic performance based on gender. The problem of 

this study, therefore, posed in question form is, what would be the comparative effect of 5E 

instructional strategy and scaffolding instructional strategy on students’ critical thinking and 

performance in physics? 

 

Research questions 

The following research questions guided the study; 

Comparative Effects Of Scaffolding And 5e Instructional Strategies On Students’ Critical Thinking In 

Physics 
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1. What is the comparative effect of Scaffolding Instructional Strategy and 5E Instructional 

Strategy on students’ mean Critical Thinking scores in Physics? 

2. What is the difference in the mean Critical Thinking scores of male and female students’ 

taught Physics using Scaffolding Instructional Strategy? 

3. What is the difference in the mean Critical Thinking scores of male and female students’ 

taught Physics using the 5E Instructional Strategy? 

 

Hypothesis  

The following hypothesis were tested at 0.05 level of significance. 

1. There is no significant difference between the mean critical thinking scores of students taught 

Physics using Scaffolding Instructional Strategy and those taught using 5E Instructional Strategy. 

2. There is no significant difference in the mean critical thinking scores of male and female 

students taught Physics using Scaffolding Instructional Strategy. 

3. There is no significant difference in the mean critical thinking scores of male and female 

students taught Physics using the 5E Instructional Strategy. 

 

Research method 

The non-equivalent pretest-posttest quasi experimental design was used for the study. The 

population of the study comprised 4,598 from 24 schools. A sample of 87 senior secondary II Physics 

students drawn from two senior secondary schools in Otukpo Local Government Area of  Benue state 

was selected using purposive sampling technique. The researcher developed instrument, Critical 

thinking test (CTT) was used for data collection. The instrument was validated by three experts (two 

in science education and one in measurement and evaluation) from the department of Science and 

Mathematics education, Benue State University, Makurdi. The validated instrument was trial tested. 

The test scores from CTT were subjected to analyses using Kuder -Richardson formula 21 (K-R 21) 

to determine the reliability index of the instrument. Reliability coefficient for CTT was .91. 

  

Twelve lesson plans were developed by the researcher for experimental group one and two. 

The treatment lasted for eight weeks during which data were collected at appropriate intervals. The 

data collected were analysed using mean and standard deviation to answer research questions and 

Analysis of covariance to test hypotheses at 0.05 level of significance. 

 

 

Results  

Research question 1 

What is the comparative effect of Scaffolding Instructional Strategy and 5E Learning Strategy on 

students’ mean Critical Thinking scores in Physics? 
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Table 1:Mean and Standard Deviation of Critical Thinking Scores of Students taught using 

Scaffolding Instructional Strategy and 5E Instructional Strategy in Physics 

Group  

   N 

      Pre-CTT 

    SD 

       Post-CTT 

    SD 

Mean Gain 

   

Scaffolding  47 8.06 2.44 21.02 4.52 12.96 

5E Strategy 

 

  40 7.78 2.86 15.28 6.29 7.50 

Mean 

Difference 

 0.28  5.74  5.46 

 

 Table 1 reveals that students taught using Scaffolding instructional strategy had a mean 

critical thinking score of 8.06 with standard deviation of 2.44 in the Pre-CTT and mean critical 

thinking score of 21.02 and standard deviation of 4.52 in the Post-CTT. Students taught using 5E 

instructional Strategy had a mean critical thinking score of 7.78 with standard deviation of 2.86 in the 

Pre-CTT and mean critical thinking score of 15.28 and standard deviation of 6.29 in the Post-CTT 

respectively. Summary data on the table further shows that students taught using Scaffolding strategy 

had a mean gain of 12.96 while those taught using 5E instructional strategy had a mean gain of 7.50 

with a mean gain difference of 5.46 in favour of students taught using Scaffolding instructional 

strategy. This indicates that students taught using Scaffolding instructional strategy developed higher 

critical thinking and gained more thinking abilities compared to those taught using 5E instructional 

strategy.  

 

Research question 2 

What is the difference in the mean Critical Thinking scores of male and female students’ 

taught Physics using Scaffolding Instructional Strategy? 

 

Table 2: Mean and Standard Deviation the Mean Critical Thinking Scores of Male and Female 

Students’ taught Physics using Scaffolding Instructional Strategy 

Group  

   N 

      Pre-CTT 

    SD 

       Post-CTT 

    SD 

Mean Gain 

   

Male   21 8.33 2.69 20.86 5.71 12.53 

Female 

 

 26 7.85 2.26 21.15 3.39 13.30 

Mean 

Difference 

 0.48  0.29  0.77 

 Table 2 shows that male students taught Physics using Scaffolding Instructional Strategy had 

8.33 and 20.86 as Pre-CTT and Post-CTT mean scores with standard deviation of 2.69 and 5.71 

respectively. Female students taught Physics using Scaffolding instructional strategy had Pre-CTT 

and Post-CTT mean scores of 7.85 and 21.15 with corresponding standard deviation of 2.26 and 3.39 

respectively. Data on the table further reveals mean gain of 12.53 and 13.30 for male and female 

students taught Physics using Scaffolding instructional strategy respectively. The mean gain 

difference was 0.77 in favour of female students taught using Scaffolding instructional strategy. This 

indicated that male and female students taught using Scaffolding Instructional strategy gained 

Comparative Effects Of Scaffolding And 5e Instructional Strategies On Students’ Critical Thinking In 

Physics 
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thinking abilities. However, female students taught using Scaffolding Instructional strategy gained 

more (0.77).  

 

Research Question three 

What is the difference in the mean Critical Thinking scores of male and female students’ 

taught Physics using the 5E Instructional Strategy? 

 

Table 3: Mean and Standard Deviation mean Critical Thinking Scores of Male and Female 

Students’ taught Physics using the 5E Instructional Strategy 

Group  

   N 

      Pre-CTT 

    SD 

       Post-CTT 

    SD 

Mean Gain 

   

Male  21 8.71 2.31 15.33 6.20 6.62 

Female 

 

  19 6.74 3.11 15.21 6.55 8.47 

Mean 

Difference 

 1.97  0.12  1.85 

 Table 3 reveals the mean critical thinking scores of male students taught Physics using 5E 

strategy as 8.71 and 15.33 in Pre-CTT and Post-CTT with Standard deviation of 2.31 and 6.20 

respectively. Female students taught Physics using 5E strategy had Pre-CTT and Post-CTT mean 

scores of 6.74 and 15.21 with corresponding standard deviation of 3.11 and 6.55 respectively. Data 

from Table 3 further reveals that male students taught Physics using 5E strategy had mean gain of 

6.62 while female students had mean gain of 8.47 in the Critical Thinking Test. The difference 

between the mean gain scores of the two groups is 1.85 in favour of female students taught using 5E 

strategy. This indicates that male and female students taught using 5E strategy gained thinking 

abilities. However, female students taught using 5E strategy gained more (1.85). 

Hypothesis 1 

There is no significant difference between the mean critical thinking scores of students taught 

Physics using Scaffolding Instructional Strategy and those taught using 5E Instructional Strategy. 

 

Table 4: Summary of ANCOVA Result of the Difference in the Post-Critical ThinkingTest 

Mean Scores of Students taught using Scaffolding and 5E Instructional Strategies in Physics. 

Source 

Type III 

Sum of 

Squares Df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 731.192
a
 2 365.596 12.457 .000 .229 

Intercept 2403.271 1 2403.271 81.887 .000 .494 

Pre-CTT 17.663 1 17.663 .602 .440 .007 

Strategy 699.089 1 699.089 23.820 .000 .221 

Error 2465.291 84 29.349    

Total 32585.000 87     

Corrected Total 3196.483 86     

a. R Squared = .229 (Adjusted R Squared = .210) 
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 Table 4 indicates that F(1,86) = 23.820; p = 0.000 <.05. Since the probability level is less than 

the specified alpha level of .05 the null hypothesis is rejected. Thus, it implies that, there is a 

significant difference between the mean critical thinking scores of students taught Physics using 

Scaffolding Instructional Strategy and those taught using 5E Instructional Strategy in favour of 

scaffolding instructional strategy.  

Hypothesis two 

There is no significant difference in the mean critical thinking scores of male and female 

students taught Physics using Scaffolding Instructional Strategy 

Table 5: Summary of ANCOVA Result of the Difference in the Post-Critical Thinking Test 

Mean Scores of Male and Female Students taught using Scaffolding Instructional Strategies in 

Physics 

 

Source 

Type III 

Sum of 

Squares Df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 15.898
a
 2 7.949 .378 .687 .017 

Intercept 1394.008 1 1394.008 66.304 .000 .601 

Pre-CTT 14.876 1 14.876 .708 .405 .016 

Gender 1.939 1 1.939 .092 .763 .002 

Error 925.080 44 21.025    

Total 21710.000 47     

Corrected Total 940.979 46     

a. R Squared = .017 (Adjusted R Squared = -.028) 

 Table 5 indicates F value for strategy as F(1,46) = 0.092; p = 0.763 >.05. Since the probability 

level is greater than the specified alpha level of .05 the null hypothesis is not rejected. This result 

indicates that, there is no significant difference between the mean critical thinking test scores of male 

and female students taught Physics using Scaffolding Instructional Strategy.  

 

Hypothesis three 

There is no significant difference in the mean critical thinking scores of male and female 

students taught Physics using the 5E Instructional Strategy.  

  

Comparative Effects Of Scaffolding And 5e Instructional Strategies On Students’ Critical Thinking In 
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Table 6: Summary of ANCOVA Result of the Difference in the Post-Critical Thinking Test 

Mean Scores of Male and Female Students taught using 5E Instructional Strategy in Physics 

Source 

Type III 

Sum of 

Squares Df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 5.322
a
 2 2.661 .064 .938 .003 

Intercept 848.972 1 848.972 20.442 .000 .356 

Pre-CTT 5.172 1 5.172 .125 .726 .003 

Gender .187 1 .187 .004 .947 .001 

Error 1536.653 37 41.531    

Total 10875.000 40     

Corrected Total 1541.975 39     

a. R Squared = .003 (Adjusted R Squared = -.050) 

 Table 6 indicates F value for strategy as F(1,39) = 0.004; p = 0.947 >.05. Since the probability 

level is greater than the specified alpha level of .05 the null hypothesis is not rejected. This result 

indicates that, there is no significant difference in the mean critical thinking scores of male and female 

students taught Physics using the 5E Instructional Strategy. 

Discussion of findings 

The purpose of the study was to determine the comparative effects of scaffolding instructional 

strategy and 5E instructional strategy on senior secondary students’ critical thinking in Physics.   

 The result from hypothesis one shows that there is a significant difference between the mean 

critical thinking scores of students taught Physics using Scaffolding Instructional Strategy and those 

taught using 5E Instructional Strategy in favour of scaffolding instructional strategy. This is because 

advanced organizer as a scaffold trains students to think critically ahead of time to solve or 

comprehend physics tasks or concepts. The finding agrees with the finding of Samba, Kyeleveh and 

Agamber (2020) who found that there was a significant difference in the mean critical thinking among 

the students taught Biology using two constructivists instructional strategies (science –based puzzle 

and Spaced teaching approach) in favour of spaced teaching approach. The findings of this study 

disagrees with the study of Samba, Achor, Bash and Iortim (2018) that there is  no significant 

difference in the mean critical thinking test scores of students taught using graphic organizer used as 

scaffolds and Experiential learning  strategies. Furthermore, the findings is also  not in agreement with 

the result of Samba and Kpiranyam (2021) who found that there was no significant difference in the 

Critical thinking test scores of students taught Biology using Assertive Questioning Instructional 

Strategy and Student Team Achievement Division.  

 The findings of the study also revealed that there was no significant difference between the 

mean critical thinking scores of male and female students thought Physics using scaffolding 

instructional strategy. The findings is similar to that of Samba, Kyeleve and Agamber (2020) who 

found that there was a slightly higher critical thinking scores among males than females students 

taught using innovative instructional strategy. This finding also tallies with the finding of Samba and 

Kpiranyam (2021) that there was no significant difference in the mean performance scores of male 

and female students taught Biology using Assertive Questioning Instructional Strategy. This is 

because AQIS is a type of scaffolding instructional strategy that is activity based and engages students 

to think critically and discover knowledge themselves. 

 The findings of the study further revealed that there is no significant difference in the mean 

critical thinking scores of male and female students taught Physics using the 5E Instructional Strategy. 
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The finding supports the result of Marni, Aliman, Suyono and Roekhan (2016) who found no 

significant difference in the critical thinking scores of male and female students. Similarly, the finding 

also coincides with the findings of Nahid and Marzieh (2016) that there was no significant difference 

in the mean and critical thinking scores of male and female students. The likely explanation for this 

finding may be that 5E instructional strategy provides an opportunity for both male and female 

students to interact during learning process that facilitate active participation of male and female 

students. However, the finding disagrees with the findings of Perdana, Budiyono, Sajidan and 

Sukurmin (2019) that gender has a significant effect on critical thinking skills and creativity of 

students. This is because male students were found to be better than female students in creative 

thinking while female students were said to be better than male students in critical thinking. This 

means that gender is an inconsistent variable of learning influencer. 

Conclusion  

 It was concluded that scaffolding instructional strategy is more effective in enhancing 

students’ critical thinking skills of students in Physics than the 5E instructional strategy. Both 

scaffolding and 5E instructional strategies are effective strategies that are gender friendly in teaching 

and improving students’ critical thinking skills in Physics. This is an indication that teaching Physics 

needs meta-cognitive strategies that engages students meaningfully to learn and discover knowledge 

themselves. 

Recommendation 

 Based on the findings it was recommended that:  

1. Physics teachers in Senior Secondary school level should endeavour to use Scaffolding 

Instructional Strategy to teach Physics to foster critical thinking of students. 

2. Physics teachers in Senior Secondary school level should always promote interaction among 

male and female students as this will enable them share ideas as they learn to discover 

knowledge themselves as this would help to improve their critical thinking. 

3. Secondary School administrators should organize school based workshops that will expose 

teachers to innovative instructional strategies such as scaffolding and 5E instructional 

strategies thatthat would help Physics and other science teachers to teach effectively. 

4.  
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