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Abstract 

 

Metacognition is the process of thinking about thinking. This is a process of developing self-

awareness and self-assessment. Students with good metacognitive skills have flexibility in 

their learning skills. They have many strategies to best handle the information they need to 

interact with. The present study was conducted to compare the 5E instructional model and 

problem solving model for developing metacognitive skills in learning science at secondary 

school level. Objectives of the study included comparing the effect of 5E instructional model, 

problem solving model and traditional instructional model for developing metacognitive 

skills among secondary school students and finding the gender difference on developing 

metacognitive skills using 5E instructional model, problem solving model and traditional 

instructional model. True Experimental design was used for the study. All the secondary 

school students of class IX of District Rawalpindi formed the population of the study. Three 

sections of class IX of Govt. Boys High School Tehsil Kahuta and three sections of Govt. 

Girls High School Tehsil Kahuta were selected as sample for this study. The sample size 

consisted 180 students (90 boys and 90 girls). The duration of experiment was limited to 

eight weeks. There were four experimental and two control groups to conduct the experiment. 

Experimental groups were taught units of General Science through 5E instructional model 

and problem solving model while control groups were taught through traditional instructional 

model. Data were collected before and after experiment. Analysis of data was carried out, 

using both descriptive and inferential statistics. Analysis of variance (ANOVA), t-test, mean 

and standard deviation were used to analyze the data obtained from the subjects. The results 

indicated that both the 5E instructional model and problem solving model yielded better 

results in developing metacognitive skills among students. While, no difference was 

witnessed in the metacognition skills of male and female students. It is recommended to train 

the teachers  to use the 5E instructional model and problem solving model.  
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Introduction 

The twenty first century has brought about the concept of globalization in the world. 

The globalized world has affected the education system by producing a number of challenges 

from policy directions to teachers for instructional delivery while globalization demands 

achieving international standards. Globalization focuses critical internationalization based on 

local context and indigenous conditions. The former sets out goals and the later relevance to 

meet these challenges. It is pertinent to generate changes in the pedagogy and create new 

paradigm which suits the globalized generation. In the local context, the work of Shaheen and 

Kayani (2015) suggests that the new paradigm is likely to work on creating ways for lifelong 

learning for students and competing the challenges, contrasting the customary paradigm of 

education which focuses on providing knowledge and skills to a local community.  

In connection to this, it is worth mentioning here that the science education is striving 

to develop the students who consider themselves the inhabitants of the world. According to 

Shaheen and Kayani (2015), the science education develops curiosity among the students by 

stimulating inquiry skills, to discover new horizons. Hence, they appear thoughtful about the 

scientific concepts (Shaheen, 2017).  

In this connection the concepts of metacognition are of great importance. Flavell 

(1979) was the one who used the term „metacognition‟ for the first time in literature. He and 

some of his followers considered three components of metacognition i.e. the knowledge, 

control and monitoring (Augustyn & Rosenbaum, 2005; Garner, 2009; Hacker et al., 2009; 

Halpern, 2014; Nelson, 1999; Tarricone, 2011).  

It is noted in a local study that the traditional approaches to teaching are insufficient 

to meet the needs of individuals and their development to become productive members of the 

society (Chaudry & Ayyaz, 2016). Today‟s teacher is considered as a designer who is 

responsible to take all the decisions of teaching and learning in a classroom. He/she decides 

what is to learn by the students, what should be the context of their learning, what strategies 

they should use for learning and how they are to be evaluated (Gros, 2002). In contrast, the 

constructivist framework does not emphasize teaching but it focuses on creating environment 

conducive for learning. Using this framework, the students try to create their own knowledge 

and use what they already know (Richardson, 2003). The role of teachers is to facilitate the 

learners in organizing their own stock of information that helps them to reflect what they 

have (Vighnarajah et al., 2008). The constructivist theory focuses on the use of different ways 

to learn a concept (von-Glassersfeld, 1996). In this connection, some of the students may use 

their cognitive thoughts to solve a scientific problem while others may not (Ericsson & 

Simon, 1993).  

The constructive approach uses instructional models which are based on inquiry and 

uses naturalistic ways to learn new things (Cavallo & Laubach, 2001). As these models are 

based on constructivism, they have been modified by the researchers over time. The 

literatures cite many versions of such instructional models (e.g. 3E, 4E and 5E etc). Settlage 

(2000) mentioned that irrespective of the number of stages, every model works on the 

construction of knowledge, skills and thoughts among students.  

One of the instructional models which uses constructive approach, the 5E 

instructional model, has been used worldwide since its emergence in late 1980s (Bybee et al., 

2006). Each step of the 5E instructional model has been crafted for the construction of 

knowledge, skills and thoughts among students. These steps of the 5E instructional model are 

in a proper sequence which provides opportunities for the learners to construct their 

knowledge.  
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Concurrently, another instructional model 'the problem solving model' allows active 

participation of the students to solve the educational problems (Malinowski & Johnson, 2001; 

Major, Baden & Mackinnon, 2000). The problem solving model creates critical thinking 

among students by providing them opportunity to inquire and find solution to the problems 

by using scientific process (Kemertaş, 2001). This is closely linking with creativity. In 

developing scientific thinking and conceptual understanding the problem solving ability 

enables the students to cope with problems that occur in our environment. It is linked with the 

scientific reasoning and making appropriate decision while solving scientific problems 

(Abdullah & Shariff, 2008). For teachers, the role is to provide proper feedback and guidance 

and introduce ways to stimulate the problem solving ability of the students (Collins, Brown & 

Newman, 1989; Asieba & Egbugara, 1993; Keith, 1993). It is necessary for them to spot the 

problem solving abilities of their students and guide them the ways to nurture their problem 

solving abilities (Jeon, Huffman & Noh, 2005). 

Several experimental studies in Science level highlighted the importance of using 

instructional models to develop scientific concepts, reasoning skills, metacognition, scientific 

learning and achievements (Davis, 1978; Lawson & Thompson, 1995; Davidson, 1989; 

Shadburn, 1990; Scharmann, 1991; Cumo, 1992; Klindienst, 1993; Gang, 1995; Cavallo, 

1996; Lord, 1997; Boddy et al., 2003; Akar, 2005; Garcia, 2005; Wilder & Shuttlewoth, 

2005; Balcı et al., 2006; Mecit, 2006; Marek et al., 2008; Kaynar et. al., 2009; Bulbul, 2010; 

Shaheen & Kayani, 2015; Shaheen, 2017; Aziz & Hassan, 2018). 

Aforementioned research studies also revealed that the metacognitive skills of 

students are severely affected due to the use of conventional pedagogical techniques at 

secondary level. In addition, effective use of metacognition by the students may enable them 

to enhance their conceptual learning. It is believed that the students need to use metacognitive 

skills as it may also affect their academic performance. The conceptual change among the 

students is likely to increase by using strategies which promote metacognition. Unfortunately, 

at secondary level, the students are unaware of using their metacognitive skills (Ormrod, 

2000; Eluemuno & Azuka, 2013; Qureshi, Hassan & Akhtar, 2018). It is a fact that the science 

teachers lack sufficient teaching strategies and often use reading method in traditional 

classrooms. Hence, it becomes necessary for a secondary school teacher to practice those 

pedagogical techniques which may enhance students' metacognitive skills. This needs 

experimental evidence. In this perspective, this study was conducted to compare effects of 

traditional instructional model, problem solving model and 5E instructional model on 

students' metacognitive skills in General Science at secondary level.  

Objectives of the Study 
Following were the objectives of the study. 

1. To compare the effects of problem solving model, traditional instructional model and 

5E instructional model on students' metacognitive skills at secondary level. 

2. To explore gender difference in developing metacognitive skills using 5E 

instructional model, problem solving model and traditional instructional model. 

Hypotheses of the study 

Following null hypotheses were developed for the study; 

Ho1: There is no significant difference in the mean metacognitive scores of students taught 

through problem solving model, traditional instructional model and 5E instructional 

model. 

Ho2: There is no significant difference in the mean metacognition scores of male and female 

students taught through 5E instructional model. 

Ho3: There is no significant difference in the mean metacognition scores of male and female 

students taught through problem solving model. 
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Ho4: There is no significant difference in the mean metacognition scores of male and female 

students taught through traditional instructional model.  

Ho5: There is no significant difference in the mean metacognitive scores of male and female 

students.  

Review of the Related Literature 

Constructivism 

The main principles of constructivism often emphasize that students build their own 

knowledge rather than swallowing off-the-shelf knowledge from outside (Hatano, 1996). In 

general, constructivists agree that 1) knowledge is obtained above the limitations; 2) 

knowledge association reorganizes when new knowledge is acquired; 3) knowledge is 

acquired through construction, not just communication; 4) knowledge is controlled both 

internally and externally; and 5) Knowledge acquisition follows some well-defined criteria 

(Rysz, 2004). 

In relation to science, students may begin to realize that general science may be useful 

for getting real-life knowledge. In this context social constructivism plays an important role. 

The students who believe in social constructivism apply the socially accepted concepts to 

organize their knowledge. Students use the established knowledge which may be considered 

by some experts as a fact to shape their understanding. In short, constructivism focuses on 

learning, not teaching (Verschaffel, Greer, & De Corte, 2000); it requires a critical reflection 

on the truths accepted by society. It is worth mentioning here that those students who use 

their metacognition for building knowledge need to four all four paradigms (von-

Glassersfeld, 1996). The students are required to use good metacognitive skills which can be 

very useful in assisting the learning process (Rysz, 2004). 

Metacognition 
 Taylor (1987) defines metacognition as an understanding of known things, 

combining the correct understanding of learning tasks, the knowledge and skills required, and 

the application of one's strategic knowledge to ensure the correctness of specific content. If 

the student wants to review, he/she needs to re-read, think and take some psychological 

action or ask questions to deal with conditions. Hence, this internal guide will take action to 

help the student to do all that (Lester, 1994). 

 Metacognition has been researched extensively during last four decades ever since 

Flavell's (1979) pioneering article. Van Overschelde (2008) argues that metacognition has 

been used by the researchers of educational psychology as it allows them to follow scientific 

rules to monitor and control the power of mind, or, in other words, to study the ability of 

understanding the knowledge. In this connection Halpern (2014) and Tarricone (2011) 

proposed a three-way model of metacognition. The components of this model included 

knowledge, control, and monitoring. Furthermore, building levels of taxonomy of 

metacognition, Tarricone (2011) points out that controlling, monitoring and adjusting strategy 

to achieve the learning goals are considered as main connection between metacognition and 

self-regulation. Hacker et al. (2009) argued that students‟ intellectual skills were focused in 

past metacognitive studies, and there was a great deal of research on metacognition in the 

educational achievements. However, Augustyn and Rosenbaum (2005) challenged this very 

approach of metacognitive researcher by explaining whether intelligence and perceived motor 

skills depend on metacognition or not. The world expects metacognition to be applied in 

developing perceptual motor skills, just like knowledge and skills (Weil et al., 2013; Palmer 

et al., 2013).  

Development of Metacognition  
 Research in the field of metacognitive development proposes a conceptual map that 

evolves with age and is related to psychological theory (Flavell, 2004). However, different 
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aspects appear to develop at different times and it is unclear how each aspect affects the 

development of others (Veenman et al., 2006). 

 Wimmer and Perner (1983) argue that the theory of mind states that pupils‟ mental 

state usually lasts for three to five years and they also recognize their own mental state is 

dissimilar from other people's mental state. Children gradually realize that others see things in 

different ways and that certain things are real and there is no guarantee that they are real. To 

understand that others can see the world in different ways, children must be aware that their 

own views can represent their views of the world. Lockl and Schneider (2006) argue that 

there are evidences which suggest that there is a strong relation between the theory of mind 

and metacognition, as both are concerned with the age-linked attributes that change with 

phase and familiarity. This development trajectory persists in childhood and adulthood. In 

addition to the initial development of psychology, metacognitive awareness is also evident in 

young children and increases with age (e.g., Flavell, 1979). 

 Lockl and Schneider (2006) argue that in order to understand children‟s own 

cognition in the form of metacognitive knowledge, they first need a representative 

understanding of the state of mind. In other words, they must implement the theory of mind. 

They believe that theory of mind can predict metacognitive knowledge in the next few years. 

To test this hypothesis, Lockl and Schneider (2006) tested the theory of mental capacity of 

children aged 4 and 6 months. A year later, they tested children's metacognitive knowledge. 

The results of the study showed that children who acquired psychology early had a deeper 

understanding of these factors when they determined their commemorative ability after 18 

months. This developmental trajectory persists in childhood and adulthood. In addition to the 

initial development of psychology, metacognitive awareness is also evident in young children 

and increases with age (e.g. Flavell, 1979). 

 The next section provides details of the models used in science teaching for the 

development of metacognition and enhancement of students‟ achievement in general science. 

Instructional Models of Teaching Science  
 Odom and Kelly (2001) state that adopting a scientific results-oriented teaching 

strategy to improve scientific outcomes; promoting the role of students and teachers as active 

participants and facilitators is an important area of interest for science educators. 

Consequently, Bülbül (2010) states that instructional has gained the attention of many 

researchers and educators as well. Following is the a brief description of the models used in 

this research. 

Traditional Instructional Model   
 Teachers in the traditional learning environment adhere to the central map, followed 

by the traditional learning model (Vighnarajah, et al., 2008). Although it has witnessed some 

learning (Ertmer & Newby, 1993). Aronson (2005) argues that traditional education shows a 

unique flow of information from teachers to students. Learning from memory is a hallmark of 

this teaching method. Classroom teaching with chalk and dialogue is a form of information 

circulation. Teachers often talk for an hour without making the students' reactions and 

reactions meaningful. The materials provided are entirely dependent on the teacher's notes 

and textbooks. Further, the traditional learning environment makes students a passive learner, 

providing them with the opportunity to retain and master information (Shaheen and Kayani, 

2015). 
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Figure 1. Traditional Instructional Model (Shaheen & Kayani, 2015) 

The 5E instructional model 

 Over time, different studies have been carried out due to the widespread use of 

learning models, which has led to revisions and additions to the new phase. Therefore, a five-

stage model called 5E teaching model was developed, namely participation, exploration, 

interpretation, elaboration and evaluation (Bybee et al., 2006).  

Table 1 

BSCS 5E Instructional Model: A Brief Description 

Stage  Brief Description 

Engaging Teachers or core course assignments attempt to acquire prior 

knowledge of the student. Therefore, they look into small 

activities to inspire their curiosity and recall their previous 

information. Therefore, these activities must bridge the gap 

between past and present learning. 

Exploring  The exploration process involves the concepts of the past to 

establish the concepts acquired by the tasks currently completed. 

Participation in the exploration phase provides students with a 

common starting point at which to build existing ideas, 

procedures and expertise. Completing lab activities supports the 

use of prior knowledge to generate new concepts, extend queries 

and possible options to design and communicate initial search 

levels. 

Explaining The phase emphasizes that students focus on the specific 

characteristics of the experience gained during the exploration 

process. It also provides an opportunity to know about 

understanding based on concepts, planning expertise and 

performance. This stage also provides opportunities for teachers 

to publicly present concepts, procedures or expertise. Here, 

students are free to express their understanding. 

Elaborating The interpretation of the teacher or core curriculum can also 

prove its value in a deep understanding, because this is the 

relevant step at this stage. Teachers are also testing and 

expanding the theoretical foundations of student knowledge and 

expertise. Therefore, the development of new skills has given 

people a deep and broad understanding of other facts and 

important expertise. The learner understands this idea by taking 

on additional tasks. 

Lecture 

Explanation 

Discussion 

Demonstration 
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Evaluating The evaluation phase motivates students to assess comprehension 

skills. It also provides opportunities for teachers to assess 

students' improvements in achieving their guiding goals. 

Problem Solving Model 

 The essential elements of problem solving models are found in the experimental 

psychological work of Woolfolk (1998). He describes a general problem-solving strategy as a 

starting point, an outline. There are usually five stages in such a strategy. Bransford and Stein 

(1984) use the acronym IDEAL to determine five steps: 

 I = Identification of opportunities and problems  

 D = Defining goals and representing the problem 

 E = Exploring possible strategies 

 A = Anticipating outcomes and acting upon the procedure 

 L = Looking back to learn. 

Methodology 

A brief description of the methods and procedures of the study is discussed below. 

Research design  

The study was experimental in nature. According to Gay (2009) 'true experimental 

design' provides an opportunity to the researchers to randomly select the participants of the 

study. Hence, the researcher chose true experimental design for this study (Afridi, 2015). 

Furthermore, to be precise, a type the true experimental design named 'pretest posttest control 

group design' was used to conduct the study. 

Population 
The population of the study consisted of all students of 9

th
 class, studying General 

Science as elective subject at secondary level in the District Rawalpindi.  

Sample 

For the selection of sample, two schools named Government Boys High School 

Kahuta and Government Girls High School Kahuta were selected as a sample frame using 

purposive sampling technique. Further, the researcher selected 180 students (90 boys and 90 

girls) from aforementioned schools for the conduction of experiment using random sampling 

technique. These 180 students were further assigned in two control and four experimental 

groups. Each group had 30 students. 

Research instrument 
Metacognitive Awareness Inventory developed by Schraw and Dennison (1994) was 

used in this study as a research instrument for the collection of data.  

Data collection 

For the collection of data the Metacognitive Awareness Inventory was applied as pre 

and post tests. All the participants (90 boys and 90 girls) attempted the pre and post tests, 

hence, the response rate was hundred percent. 

Conceptual Framework  

 The purpose of conceptual framework of the study is to explain relationship 

between the study variables. Figure 1.1 clearly describes that the independent variables i.e. 

traditional instructional model, problem solving model and 5 E instructional model might 

affect the dependent variable i.e. Students' metacognitive skills. 
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Independent Variables     Dependent Variable 

      

    Problem Solving Model 

 5 E Instructional 

Model 

 Traditional 

Instructional Model 

 

Students’ Metacognitive 

Skills 

 

Figure 2. Conceptual Framework of the Study 
 

Results 

This portion describes results of the basis of analysis and interpretation of data. For 

this both descriptive and inferential statistical techniques were used.  

Table 2 

Descriptive Statistics on Pre-Metacognition Scores  

Groups N Mean SD 

Problem Solving Model 60 217.68 35.245 

5E Instructional Model 60 217.85 34.796 

Traditional Instructional Model 60 220.02 35.233 

Table 2 indicated that there was a slight difference in the mean scores of students 

taught by traditional instructional model (M=220.02, SD=35.233), 5E Model (M=217.85, 

SD=34.796) and Problem solving model (M=217.68, SD=35.245). This means all the 

students in the groups were almost equally distributed. 

Table 3 

One Way ANOVA: Pre Metacognition 

 df F Sig. 

Between Groups 2 0.083 0.921 

Within Groups 177   

Total 179   

Table 3 indicated the results of One Way ANOVA. It shows that there was no 

statistically significant difference in the mean scores of students‟ Metacognition using 

Traditional instructional model (M=220.02, SD=35.233), 5E Model (M=217.85, SD=34.796) 

and Problem solving model (M=217.68, SD=35.245), F (2, 177) = 0.083, p = 0.921) before 

the treatment carried out. 

Table 2 and 3 indicated that all the groups were equal before the start of the treatment. 

Table 4 

Descriptive Statistics related to post Metacognition Scores 

Groups N Mean SD 

Problem Solving Model 60 232.20 24.209 

5E Instructional Model 60 234.73 37.664 

Traditional Instructional Model 60 178.63 29.042 

 Tables 2 and 4 indicated that there was a 41.39 decrease in the mean scores of 

students taught by Traditional instructional model. While, the same tables indicated a 16.88 

increase in the mean scores of students taught by 5E Model. Furthermore, a 14.52 increase in 

the mean scores of student taught by Problem Solving Model.  

Table 5  

One Way ANOVA: Post Metacognition 

 df F Sig. 
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Between Groups 2 63.443 0.000 

Within Groups 177   

Total 179   

The results indicated that there was a statistically significant difference between post 

mean scores of students‟ metacognition using traditional instructional model, 5E instructional 

model and problem solving model (F (2, 177) = 63.443, p= 0.000). So, the first null 

hypothesis was rejected. Hence, Post Hoc Tucky test was applied. 

Table 6 

Post Hoc Tucky test: Post Metacognition 

(I) Type of Model (J) Type of Model Mean Difference (I-J) Sig. 

5E Model Problem Solving Model 2.533 .894 

Traditional instructional 

model 
56.100 .000 

Problem Solving Model Traditional instructional 

model 
53.567 .000 

 Table 6 indicated results of Post Hoc Tucky test for checking difference between 

groups w.r.t. post mean scores of students‟ metacognition. It is clear from Table 6 that there 

was no significant difference in the mean metacognition scores of the students taught through 

5E Model (N=60, M=234.73, SD=37.664) and Problem solving model (N=60, M=232.20, 

SD=24.209), as p=0.894>0.05. Furthermore, there was a significant difference in the mean 

metacognition scores of the students taught through Problem solving model (N=60, 

M=232.20, SD=24.209) and Traditional instructional model (N=60, M=178.63, SD=29.042), 

as p=0.000<0.05. While, there was a significant difference in the mean metacognition scores 

of the students taught through 5E Model (N=60, M=234.73, SD=37.664) and Traditional 

instructional model (N=60, M=178.63, SD=29.042), as p=0.000<0.05. 

Table 7 

t-tests: Post Metacognition of male and female students 

Group Category N Mean SD t df p 

Overall Male 90 213.39 39.442 -0.600 178 0.549 

Female 90 216.99 40.980    

5E Instructional 

Model 

Male 30 229.33 37.967 -1.113 58 .270 

Female 30 240.13 37.207    

Problem Solving 

Model 

Male 30 232.20 24.417 .000 58 1.000 

Female 30 232.20 24.417    

Traditional 

Instructional Model 

Male 30 178.63 29.291 .000 58 1.000 

Female 30 178.63 29.291    

The results of this independent sample t-tests analyses indicated that there was no 

significant mean difference between male and female students‟ Metacognition in any group 

as p > 0.05 (Table 7). Hence, null hypotheses 2 to 5 were accepted. Moreover, the values of 

standard deviation  showed that there was a slight difference in the dispersion from the mean 

scores of male and female students‟ metacognition scores.  

Discussion and Conclusions 

Powerful learning is essentially caused and the causing factors are grounded in three 

fold components: curriculum materials, teacher competencies, delivery and student 

assessment. Here delivery was considered in employing a set of instructional models; 

traditional, problem solving and 5E instructional models for gaining metacognitive skills in 

learning General Science in secondary schooling.  
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Three instructional models i.e. problem solving model, traditional instructional model 

and 5E instructional model were employed concurrently to the groups to measure 

metacognitive skills. Analysis of data yielded that 5E instructional model was more effective 

in developing metacognitive skills. The study results collaborate with a number of similarities 

that support work previously performed by other researchers (Seyhan & Morgil, 2007; Marek 

et al, 2008; Bevevino, Dengel & Adams, 1999; Lord, 1997; Sungur, Tekkaya & Geban, 

2001).  

The study conducted by Saglam (2006) concluded that the activities designed by 

keeping in view the 5E instructional model were more effective in developing scientific 

attitude in the students as compared to the activities designed by using traditional methods of 

teaching. Along the lines a study conducted by Saka and Akdeniz (2006) found effects of 5E 

instructional model accompanied with computer-aided materials on the subject of Genetics. 

The results of the study concluded that the classroom activities designed keeping in view the  

5E instructional model were likely to decrease conceptual errors among the students. It was 

also found that the students felt themselves released from monotonous class environment by 

those activities. It also revealed that the teachers also felt an intensive experience to teach 

using 5E instructional model. Thus from wide range of studies a sample drawn here, it can be 

concluded that the 5E instructional model seemed more effective mode in developing 

metacognitive skills of students.  

The results of the present study indicated that problem solving model was an effective 

way of instruction at secondary level as compared to traditional method of teaching. Many 

collaborative studies endorsed the finding of present study e.g. Nuzum (1991) and Ozsevgec 

et al., (2006). Review of related researches maintained that metacognition can be developed 

in the classroom. Several Studies undertaken in cross cultural environment support this 

proposition. They include: by Schraw et al. (2006), Haidar and Al Naqabi (2008), Joseph 

(2009), Wilson and Smetana (2010), Akyol, Sungur and Tekkaya (2010), Iiskala et al. (2011), 

Efklides (2011), Devaki and Pushpam (2011), Schofield (2012) and Papantoniou et al. 

(2012). All established that metacognition was important for the improvement of students‟ 

Academic Achievement, especially Achievement in Science. Hence, it was concluded that the 

problem solving model was fairly effective in developing metacognitive skills in General 

Science. 

Gender differences have equally been observed in many conditions. It is generally 

found that the male students got more interest in General Science as compare to the female 

students, while no significant difference was witnessed between male and female students 

with respect to their metacognition scores. The results of the present study are also consistent 

with the studies conducted by Saka and Akdeniz (2006) and Seyhan and Morgil (2007). 

Contrary to this, the studies conducted by Shaheen (2017) and Shaheen and Kayani (2015) in 

local context also concluded that the gender had no effect on students‟ attitude while using 

instructional model. While, the study conducted by Haidar and Al Naqabi (2008) on 162 (80 

boys and 82 girls) found that both the groups of gender used their metacognition equally. 

Furthermore, the study conducted by Akyol, Sungur and Tekkaya (2010) yielded a significant 

difference in metacognition and achievement of 7
th

 grade students in Science.  

The discussion disclosed that the previous research studies showed a variety of results 

regarding gender difference. This might be due to demographic variations of learners‟ 

parental effects and school learning environment. Hence, it was concluded that the male 

students got more achievements in General Science as compared to the female students, while 

no significant difference was witnessed between male and female students with respect to 

their metacognition scores. 

Recommendations 
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On the basis of conclusions following recommendations are suggested for 

endorsement of 5 E Instructional model and problem solving model in teacher training 

structures both at micro and macro levels.   

1. As a classroom teacher, the role of a person becomes vital and it is prudent for a 

teacher to cause scientific learning students by choosing appropriate teaching 

strategies. Conclusions of the study yielded that both the 5E instructional model and 

problem solving model improved students' metacognition. Hence, designing forceful 

activities based on 5E instructional model and problem solving model attach a higher 

degree of vitality for a teacher. In addition, teachers training institutes may train 

novice teachers to develop such activities. 

2. Transfer of learning is another important feature of students learning. Students may 

use their metacognition to develop a link between previous and new knowledge. In 

this respect, the 5E instructional model (stated by conclusions) may be helpful for 

them. The students may become aware of the effective use of their metacognition for 

the transfer of information and visualizing events occurring around them. In this 

connection, the teachers are recommended to use instructions based on 5E 

instructional model in their classrooms. 

3. Metacognition skills bear productive ingredients to generate for better learning and 

enhance understanding the process of learning. In educational institutions 

metacognition skills may be introduced and applied both in professional and academic 

courses of study. 

REFERENCES 

1. Abdullah, S., & Shariff, A. (2008). The effects of inquiry-based computer simulation 

with cooperative learning on scientific thinking conceptual understanding of gas laws. 

Eurasia Journal of Mathematics, Science and Technology Education, 4(4), 387–398. 

2. Afridi, M. A. (2015). Impact of Small Dams on Agricultural Productivity in Frontier 

Regions of Peshawar Pakistan (FATA) (Master‟s Thesis). Arid Agricultural 

University Rawalpindi, Pakistan. 

3. Akar, E. (2005). Effectiveness of 5E learning model on students’ understanding of 

acid-base concepts (Master‟s Thesis). Middle East Technical University Turkey. 

Available online at https://etd.lib.metu.edu.tr/upload/12605747/index.pdf 

4. Akyol, G. Sungur, S. & Tekkaya, C. (2010). The contribution of cognitive and 

metacognitive strategy use to students' science achievement. Educational Research 

and Evaluation, 16(1), 1-21, DOI: 10.1080/13803611003672348 

5. Aronson, E. (2005). The jigsaw classroom. Retrieved from http://www.jigsaw.org  

6. Asieba, F. O., & Egbugara, O. U. (1993). Evaluation of secondary pupils' chemical 

problem solving skills using a problem-solving model. Journal of Chemical 

Education, 70, 38–39. 

7. Aziz, A.A., & Hassan, M.U. (2018). Growing Trends of Using Mobile in English 
Language Learning. Mediterranean Journal of Social Sciences. Vol. 9 (4), 235-239. 

8. Augustyn, J. S. & Rosenbaum, D. A. (2005). Metacognitive control of action: 

Preparation for aiming reflects knowledge of Fitts‟s law. Psychonomic Bulletin & 

Review Volume, 12(5), 911–916. https://doi.org/10.3758/BF03196785 

9. Balcı, S., Çakıroğlu, J. & Tekkaya, C. (2006). Engagement, Exploration, Explanation, 

Extension, and Evaluation (5E) Learning Cycle and Conceptual Change Text as 

Learning Tools. Biochemistry and Molecular Biology Education, 34(3), 199-203. 

Available online at http://www.ncbi.nlm.nih.gov/pubmed/21638670 

10. Bevevino, M. M., Dengel, J. & Adams, K. (1999). Constructivist Theory in the 

Classroom. Internalizing Concepts through Inquiry Learning. The Clearing House, 

72(5), 275-278. 

https://doi.org/10.1080/13803611003672348


Developing Metacognitive Skills among Secondary  -- Al-Qalam  

 

411|                      Volume 25, Issue, 1, 2020 

 

11. Boddy, N., Watson, K. & Aubusson, P. (2003). A trial of 5Es: A referent model for 

constructivist teaching and learning. Research in Science Education, 33(1), 27-42. 

12. Bransford, J. & Stein, B. (1984). The IDEAL Problem Solver. New York: W. H. 

Freeman.  

13. Bulbul, Y. (2010). Effects of 7E Learning Cycle Model Accompanied with Computer 

Animations on Understanding of Diffusion and Osmosis Concepts (doctoral 

dissertation). Middle East Technical University Turkey. Available online at 

https://etd.lib.metu.edu.tr/upload/12612299/index.pdf 

14. Bybee, R. W., Taylor, A. J., Gardner, A., Van Scotteer, P., Powell, J. C., Westbrook, 

A., & Landes, N. (2006). The BSCS 5E Instructional Model: Origins, Effectiveness 

and Applications (Full report). Colorado Springs.  

15. Cavallo, A. M. L. & Laubach, T. A. (2001).Students‟ Science Perceptions and 

Enrollment Decisions in Differing Learning Cycle Classrooms. Journal of Research 

in Science Teaching, 38(9), 1029-1062. Available online at 

http://onlinelibrary.wiley.com/doi/10.1002/tea.1046/abstract?userIsAuthenticated=fals

e&deniedAccessCustomisedMessage= 

16. Cavallo, A. M. L. (1996). Meaningful learning, reasoning ability, and students‟ 

understanding and problem solving of topics in genetics. Journal of Research in 

Science Teaching, 33, 625-656. Available online at 

http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1098-

2736(199608)33:6%3C625::AID-TEA3%3E3.0.CO;2-Q/full 

17. Chaudry, L. S. & Ayyaz, A. M. (2016). Students’ Conceptual Understanding in 

Biology and the Effectiveness of Constructivist Approach (Master‟s Thesis). Arid 

Agricultural University Rawalpindi, Pakistan. 

18. Collins, A., Brown, J. S. & Newman, S. E. (1989). Cognitive apprenticeship: 

Teaching the craft of reading, writing and mathematics. In L.B. Resnick (Ed.), 

Knowing, learning, and instruction: Essays in honor of Robert Glaser. Hillsdale, NJ: 

Erlbaum. 

19. Cross, D. R. & Paris, S. G. (1988). Developmental and instructional analyses of 

children‟s metacognition and reading comprehension. Journal of Educational 

Psychology, 80(2), 131-142. 

20. Cumo, J. M. (1992). Effects of the learning cycle instructional method on cognitive 

development, science process, and attitude toward science in seventh graders 

(doctoral dissertation). Kent State USA.  

21. Davidson, M. A. (1989). Use of learning cycle to promote cognitive development 

(doctoral dissertation). Purdue University USA.  

22. Davis, J. O. (1978). Effects of three approaches to science instruction on the science 

achievement, understanding, and attitudes on selected fifth and sixth grade students. 

Dissertation Abstracts International, 39, 211A. 

23. Devaki, V., & Pushpam, A. M. L. (2011). Metacognitive Ability and Academic 

Achievement in Chemistry among XI Standard Students. Edu tracks, A Monthly 

Scanner of Trends in Education, 11(4), 25-29. 

24. Efklides, A. (2011). Interactions of Metacognition with Motivation and Affect in Self-

Regulated Learning: The MASRL Model. Educational Psychologist, 46(1), 6-25. 

25. Eluemuno, A. & Azuka-Obieke, U. (2013). The Effect of Metacognitive Skills on 

Performance in English Language among Senior Secondary School Students in 

Anambra State, Nigeria. J. Emer. Trend. Educ. Res. Pol. Stu., 4(4), 678-68. 

26. Ericsson, K.A. & Simon, H. A.  (1993). Protocol analysis: Verbal reports as data.  

Cambridge, MA:  The MIT Press. 



Developing Metacognitive Skills among Secondary  -- Al-Qalam  

 

411|                      Volume 25, Issue, 1, 2020 

 

27. Ertmer, P. A., & Newby, T. J. (1993). Behaviorism, cognitivism, constructivism: 

Comparing critical features from an instructional design perspective. Performance 

Improvement Quarterly, 6(4), 50-72. 

http://www.csiss.org/SPACE/workshops/2007/UCSB/docs/ertmer_newby1993.pdf 

28. Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new area of 

cognitive-developmental inquiry. American Psychologist, 34(10), 906-911. 

29. Flavell, J. H. (2004). Theory-of-mind development: Retrospect and prospect. Merrill-

Palmer Quarterly, 50(3), 274–290. 

30. Gang, S. (1995). Removing preconceptions with a “learning cycle”. The Physics 

Teacher, 33(6), 346-354. 

31. Garcia, C. M. (2005).Comparing the 5Es and traditional approach to teaching 

evolution in a Hispanic middle school science classroom (master‟s thesis). California 

State University USA. 

32. Garner, R. (2009) Metacognition and reading comprehension. Ablex Issues in 

definition, measurement and instruction. Educ., 72. 

33. Gay, L. R. (2009). Educational Research competencies for Analysis and Application. 

Islamabad: National Book Foundation. 

34. Gros, B., (2002). Constructivism and Designing Virtual Learning Environment. 

Society for Information Technology and Teacher Education, 950-954. Available 

online at https://www.learntechlib.org/p/10638/ 

35. Hacker, D. J., Dunlosky, J., & Graesser, A. C. (2009). Handbook of Metacognition in 

Education. New York, NY: Routledge. 

36. Haidar, A. H., & Al Naqabi, A. K. (2008). Emiratii high school students‟ 

understandings of stoichiometry and the influence of metacognition on their 

understanding. Research In Science & Technological Education, 26, 215-237. 

37. Halpern, D. F. (2014). Thought and Knowledge: An Introduction to Critical Thinking 

(5th Ed). New York, NY: Psychology Press. 

38. Hatano, G. (1996). A conception of knowledge acquisition and its implications for 

mathematics education. In L. Steffe, P. Nesher, P. Cobb, G.A. Goldin, & B. Greer 

(Eds.), Theories of mathematical learning (pp. 197– 217). Hillsdale, NJ: Erlbaum. 

39. Iiskala, T., Vauras, M., Lehtinen, E. & Salonen, P. (2011). Socially shared 

metacognition of dyads of pupils in collaborative mathematical problem-solving 

processes. Learning and Instruction 21, 379-393. 

40. Jeon, K., Huffman, D. & Noh, T. (2005). The effects of thinking aloud pair problem 

solving on high school students‟ chemistry problem-solving performance and verbal 

interaction. Journal of Chemical Education, 85(10), 1558–1564. 

41. Joseph, N. (2009). Metacognition Needed: Teaching Middle and High School 

Students to Develop Strategic Learning Skills. Preventing School Failure: Alternative 

Education for Children and Youth, 54(2), 99-103, DOI: 10.1080/10459880903217770 

42. Kaynar, D., Tekkaya, C. & Cakiroglu, J.  (2009). Effectiveness of 5E Learning Cycle 

Instruction on Students' Achievement in Cell Concept and Scientific Epistemological 

Believes. Hacettepe University Journal of Education, 37, 96-105. Online available at 

http://www.efdergi.hacettepe.edu.tr/yonetim/icerik/makaleler/494-published.pdf 

43. Kemertaş, İ. (2001). Practical general teaching methods. Istanbul: Birsen. 

44. Klindienst, D. B. (1993). The Effects of Learning Cycle Lessons Dealing with 

Electricity on the Cognitive Structures, Attitude toward Science, Achievement of 

Urban Middle School Students (doctoral dissertation). Pennsylvania State University 

USA.  

https://doi.org/10.1080/10459880903217770


Developing Metacognitive Skills among Secondary  -- Al-Qalam  

 

411|                      Volume 25, Issue, 1, 2020 

 

45. Lawson, A. E. & Thompson, L. D. (1995). Formal reasoning ability and 

misconceptions concerning genetics and natural selection. Journal of Research in 

Science teaching, 25(9), 733-746. 

46. Lester, F. K. (1994). Musings about mathematical problem solving research: 1970- 

1994. Journal for Research in Mathematics Education, 25(6), 660-675. 

47. Lockl, K. & Schneider, W. (2006). Precursors of metamemory in young children: the 

role of theory of mind and metacognitive vocabulary. Metacognition Learning, 1, 15. 

https://doi.org/10.1007/s11409-006-6585-9 

48. Lord, T. R. (1997). A comparison between traditional and constructivist teaching in 

college biology. Innovative Higher Education, 21(3), 197-216.Available online at 

http://link.springer.com/article/10.1007/BF01243716 

49. Major, C. H., Baden, M. S. & Mackinnon, M. (2000). Issues in problem based 

learning: A message from guest editors. Journal on Excellence in College Teaching, 

11(2), 1–14. 

50. Malinowski, J., & Johnson, M. (2001). Navigating the active learning swamp. Journal 

of College Science Teaching, 31(3). 

51. Marek, E. A., Cowan, C. C., & Cavolla A. M. L. (2008). Understandings and 

misunderstandings of biology concepts. American Biology Teacher, 38(1), 37-40. 

52. Mecit, Ö. (2006). The effect of 7E learning cycle model on the improvement of fifth 

grade students’ critical thinking skills (doctoral dissertation). Middle East Technical 

University Turkey. Available online at 

http://citeseerx.ist.psu.edu/messages/downloadsexceeded.html 

53. Nelson, T. O. (1999). “Cognition versus metacognition,” in The Nature of Cognition 

(pp. 625–641), ed. R. J. Sternberg. Cambridge, MA: The MIT Press. 

54. Nuzum, M. D. (1991). The Effects of Instructional Model Based on the Information 

Processing Paradigm on the Disabled Students in Siddiqui, M. H. (Ed). Model of 

Teaching Theory and Research. New Delhi, India: Ashish Publishing house Punjab 

Bagh. 

55. Odom, A. L. & Kelly, P. V. (2001). Integrating Concept Mapping and the Learning 

Cycle to Teach Diffusion and Osmosis Concepts to High School Biology Students. 

John Wiley & Sons, Inc. Science Education, 85, 615 – 635. 

56. Ormrod, J. E. (2000). Educational Psychology- Developing Learners. Upper saddle 

River, New Jersey: Prentie Hall. 

57. Ozsevgec, T., Cepni, S. & Ozsevgec, L. (2006). 5E model in inkavram yanilgilarin 

igider medekiet kililigi: kuvvet-hareketornegi. 7. Ulusal Fen Bilimleri Ve Matematik 

Egitimi Kongresi, Gazi Universitesi Egitim Fakultesi. Eylul, Ankara, 3(2), 36-48. 

58. Palmer, E. C., David, A. S., & Fleming, S. M. (2013). Effects of age on metacognitive 

efficiency. Conscious. Cogn. 28, 151–160. doi: 10.1016/j.concog.2014.06.007 

59. Papantoniou, G.  Moraitou, D.  Kaldrimidou, M.,  Plakitsi, K.  Filippidou, D. & 

Katsadima, E. (2012). Affect and Cognitive Interference: An Examination of Their 

Effect on Self-Regulated Learning. Education Research International. 

http://dx.doi.org/10.1155/2012/579590 

60. Qureshi, A.H., Hassan M.U. & Akhtar, S. (2018). Towards description of derivation 
in Urdu: morphological perspective. Al-Qalam (PU), 32(2), 96-100. 

61. Richardson, V. (2003). Constructivist pedagogy. Teachers College Record, 105 (9), 

1623–1640. Available online at 

http://www.users.miamioh.edu/shorec/685/readingpdf/constructivist%20pedagogy.pdf 

62. Rysz, T. (2004). Metacognition in Learning Elementary Probability and Statistics 

(doctoral dissertation). University of Cincinnati USA. 

http://dx.doi.org/10.1155/2012/579590


Developing Metacognitive Skills among Secondary  -- Al-Qalam  

 

411|                      Volume 25, Issue, 1, 2020 

 

63. Saglam, N., (2006). Bazi Su Ürünleri Türlerinin Yetistiriciligi ve Ekonomisi. Aqua 

Life of Turkey-Suda Yasam Dergisi, 9, 31-34. 

64. Saka, A. & Akdeniz, A., R. (2006). Genetik Konusunda Bilgisayar Destekli Materyal 

Geliştirilmesi ve 5E Modeline Göre Uygulanması. The Turkish Online Journal of 

Educational Technology, 5(1). 

65. Scharmann, L. C. (1991). Teaching Angiosperm Reproduction by means of the 

learning cycle. School Science and Mathematics, 91 (3), 100-104. 

66. Schofield, L. (2012). Why Didn‟t I Think of That? Teachers‟ Influence on Students‟ 

Metcognitive Knowledge of How to Help Students Acquire Metacognitive Abilities. 

Kairaranga, 13(1), 56-62. 

67. Schraw, G. & Dennison, R. S. (1994). Assessing metacognitive awareness. 

Contemporary Educational Psychology, 19, 460-475. 

68. Schraw, G., Crippen, K. J. & Hartley, K. (2006). Promoting self-regulation in science 

education: Metacognition as part of a broader perspective on learning. Research in 

Science Education, 36, 111-139. 

69. Settlage, J. (2000). Understanding the Learning Cycle: Influences on Abilities to 

Embrace the Approach by Preservice Elementary School Teachers. Science 

Education, 84(1), 43-50.  

70. Seyhan, H. & Morgil, I. (2007). The effect of 5E learning model on teaching of acid- 

base topic in chemistry education. Journal of Science Education, 8(2), 120-123. 

71. Shadburn, R.G. (1990). An evaluation of a learning cycle intervention method in 

introductory physical science laboratories in order to promote formal operational 

thought process (doctoral dissertation). University of Mississippi USA.  

72. Shaheen, M. N. K. S. & Kayani, M. M. (2015). Improving Students‟ Achievement in 

Biology using 7E Instructional Model: An Experimental Study. Mediterranean 

Journal of Social Sciences, 6(4 S3), 471-481. Doi: 10.5901/mjss.2015.v6n4s3p471 

73. Shaheen, M. N. K. S. (2017). Effectiveness of Eisenkraft’s 7E Instructional Model for 

the Teaching of Biology at Secondary Level (Doctoral Dissertation). International 

Islamic University Islamabad. 

74. Sungur, S., Tekkaya, C., & Geban, O. (2001). The contribution of conceptual change 

texts accompanied by concept mapping to students' understanding of the human 

circulatory system. School Science and Mathematics, 101 (2), 91-101. 

75. Tarricone, P. (2011). The Taxonomy of Metacognition. New York: Psychology Press. 

76. Taylor, C. W. (1987). A high-tech high-touch concept of creativity – With its 

complexity made simple for wide adaptability. In S.G. Isaksen (Ed.), Frontiers on 

creativity research: Beyond the Basics (pp.131- 155). Buffalo, NY: Bearly. 

77. van-Overschelde, J. P. (2008). Metacognition: knowing about knowing, in Handbook 

of Metamemory and Memory (pp. 47–71), eds J. Dunlosky and R. A. Bjork. New 

York: Psychology Press. 

78. Veenman, M. V. J., Van Hout-Wolters, B. H. A. M., & Afflerbach, P. (2006). 

Metacognition and learning: Conceptual and methodological considerations. 

Metacognition and Learning, 1, 3-14. 

79. Verschaffel, L., Greer, B., & De Corte, E. (2000). Making sense of word problems.  

Netherlands: Swets and Zeitlinger Publishers. 

80. Vighnarajah, Luan, & Bakar (2008). The Shift in the Role of Teachers in the Learning 

Process.European Journal of Social Sciences, 7(2), 33-36. 

81. von-Glassersfeld, E.  (1996). Aspects of radical constructivism and its educational 

recommendations.  In L. P. Steffe & P. Nesher, (Eds.), Theories of mathematical 

learning (pp. 307-314).  Mahwah, NJ:  Lawrence Erlbaum. 



Developing Metacognitive Skills among Secondary  -- Al-Qalam  

 

411|                      Volume 25, Issue, 1, 2020 

 

82. Weil, L. G., Fleming, S. M., Dumontheil, I., Kilford, E. J., Weil, R. S., & Rees, G. 

(2013). The development of metacognitive ability in adolescence. Conscious. 

Cogn. 22, 264–271. doi: 10.1016/j.concog.2013.01.004 

83. Wilder, M. & Shuttlewoth, P. (2005).Cell Inquiry: a 5E learning cycle lesson. Science 

Activities, 44 (4), 37-43. 

84. Wilson, N., & Smetana, L. (2011). Questioning as thinking: A metacognitive 

framework to improve comprehension of expository text. Literacy, 45, 84-90. 

85. Wimmer, H. & Perner, J. (1983). Beliefs about beliefs: Representation and 

constraining function of wrong beliefs in young children's understanding of deception. 

Cognition, 13(1), 103-128. 

86. Woolfolk, A. E. (1998). Educational psychology. Boston: Allyn & Bacon. 


