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  Abstract 
 

The rising research in education recommends that the prior instructional methods are not 

sufficient for the emerging industrial needs and the challenges and opportunities students 

facing in 21st century. The purpose of the study is to compare the effectiveness of Inquiry-

Based Learning (IBL) and teaching with traditional teaching lecture method on student’s 

critical thinking (CT) skills and academic achievement in science of grade 8. The research took 

place in one of the urban public school of Islamabad, Pakistan. The study is a quasi-

experimental in nature conducted with a pre-test and post-test of control and experimental 

group. Students from two science classes were the participants of the study (N = 70).  The 

experimental group received IBL instructions, while the control group received traditional 

instructions. Content-specific CT pretests and posttests of two chapters of science were used 

to measure students’ content-specific CT skills, posttest of Cornell Critical Thinking Test 

(CCTT) was used to measure students’ general CT skills and traditional assessments of two 

science chapters were used to measure students’ academic achievement in science during the 

4-weeks intervention. The scores of control and experimental group students were compared 

to find the impact of each instructional method. Findings suggest that the IBL is an effective 

approach in promoting content-specific and general CT skills of the students and academic 

achievement of experimental group students was greater than the control group students. This 

study will significantly contribute to the existing research and will help future researchers to 

further explore the avenues of IBL and CT skills. 

Keywords: Critical thinking skills, Inquiry-based learning, academic achievement. 
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1.  Introduction 
 

 

1.1 Background  

To be successful in 21st century, 21st century skills are essential to meet the challenges and 

opportunities people face in education and professional life (Muzanni et al., 2018; Rahmi et 

al., 2019). There have been genuine differences in the manner we live and work in 21st century 

when contrasted with the data we assess. In 21st century, students requires 4 C’s that is: CT and 

problem solving, communication, creativity, and collaboration to compete in a global society 

(Pursitasari et al., 2020). CT is the most vital skill that have been identified by the 

educationalists long ago. It is the important learning outcome as it is one of the several learning 

and innovation skill that makes students eligible for higher level education and the workforce 

(Muzanni et al., 2018). As the speed of progress advances and the thickness of issues in the 

corporate world turns out to be difficult, we are continually looked in ordinarily of our lives to 

apply basic deduction to investigate, assess, and make derivations about what to accept and 

what to do in new circumstances. There is an interest for graduated students to procure CT 

skills to remain cutthroat in the worldwide market. 

John Dewey (1859-1952) is one of the most influential educational philosopher, pragmatist, 

progressivist, and social reformer to impact education to date (Williams, 2017). The evidence 

found in Dewey’s theories and practices of 21st century skills in classroom as he believes in 

active learning in classroom where learners constructs their own learning and develop skills of 

CT, decision making, problem solving and social and moral values, and teachers act as 

moderator or facilitator and not direct the conversation among students (Williams, 2017). He 



 
 

2 

proposed the theory of “constructivism” which defined as the philosophy or idea that “each 

person construct knowledge rather than getting it from others” (Witt & Ulmer, 2015). The term 

constructivism indicates the possibility that every learner develops and construct meaning 

individually or socially (Hein, 1991).  

Constructivism is a process of teaching that stresses on the significance of building on student’s 

prior knowledge and allowing the student to construct their own knowledge (Witt & Ulmer, 

2015). The constructivist approach built on the motivation activities for the students in order 

to develop their thinking skills (Serafín et al., 2015). Constructivism is the theoretical 

framework for IBL. Inquiry is a “technique that encourages students to uncover or build 

knowledge” rather than the instructor “direct disclosing the information” (Witt & Ulmer, 

2015).  According to John Dewey, IBL is a student-focused approach that builds CT skills in 

learners (Spencer & Walker, 2011; Witt & Ulmer, 2015).  

Learning is a functioning cycle where the student builds significance out of it. It incorporates 

the expression of the active student (Dewey's term) emphasizing that the student needs to 

achieve something; that learning isn't the uninvolved affirmation of data that exists "out there" 

nonetheless that learning remembers the student's drawing in with the world (Hein, 1991). It is 

important for the teachers to consider the dynamic learning approach that can drive student’s 

CT skills, when they think about what should be included in a lesson. The learning process 

should assist students to keenly think and participate in constructing their knowledge and 

thinking and not just absorbing the information from teachers.  

According to Muzanni et al., (2018) IBL is the effective method that supports teachers in 

teaching CT skills as it provides great opportunities to learners to actively take part in the 

learning process. Duran & Dökme (2016) mentioned that IBL is the student-focused method 

in which they ask questions, seek information, and improve CT skills by means of exploration 
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and investigation in realistic environment. Kitot et al., (2010) mentioned in his study that there 

is a significant difference in CT skills of the students who receive IBL as compared to the 

students who receive traditional lecture method.  

Thus, the IBL can be characterized as a learning strategy making learners long lasting students 

who can think freely, improve their scientific abilities, and further developing their CT abilities 

through conversations and exercises. 

 

1.2 Problem statement 

The traditional teaching lecture method for learning science is still being used in most of the 

schools of Pakistan (Rehmani, 2006). In traditional teaching, teacher’s role is to transfer the 

knowledge and students are expected to consume and memorize the knowledge and given 

concepts. It is teacher-centered approach and students are the passive learners in classroom 

with no choice but to adapt to their teacher’s restricted methodology and pre-planned lesson 

plans for gaining knowledge. Teachers are unable to engage students in classroom and their 

methodology contributes to little or no in developing their critical thinking skills (Rehmani, 

2006). The thinking of even well-educated graduates in the Pakistan is based on rote 

memorization, they are “what to think” instead of “how to think”. In spite of the significance 

of CT, the investigations show that learners, as a feature of social conscience, do not have the 

capacity to think critically (Sadidi & Pospiech, 2019).   

The existing pedagogies practiced in schools are not successful in developing essential 21st 

century skills amongst the students. One of the problem world is facing today in education is 

the weak learning process in which learners are less encouraged to develop their thinking skills 

and learning is only taking place to remember information directly without understanding what 

they remembered (Zaini, 2016). The teachers are focused on completing the curriculum, 
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without focusing on the learning gain of the students. More importantly, in recent years, the 

need and demand of these skills have increased in the professional sector to cope with the field 

dynamics and to face the 21st century challenges. Educators need to shift the focus of their 

pedagogies from preparing students for rote learning to pass the exams to be life-long learners 

to acquire skills and who are able to think critically, analyze, collaborate, and communicate 

effectively. 

Many developed countries have realized the importance of student-centered learning 

pedagogies through effective research and analyze the importance of newer approaches to 

teaching and implement 21st century skills in classroom with the help of digital technology. 

However, in Pakistan, the awareness and importance of these skills is still lacking. Traditional 

and standard methods have applied in the classroom, particularly in the public schools and have 

not changed much since the existence of the country. Even though some private schools are 

implementing newer and more relevant techniques in the classroom, the majority of the 

Pakistani children cannot afford to enroll in these schools or do not have the accessibility to 

even attend the school be it public or private. To create a larger and more withstanding impact, 

the current classroom scenario of the public schools needs to be altered to provide openness 

and greater opportunities of experiences for the students regardless of physical distance.   

Learning in public schools is even worse as it is curriculum based and students are totally 

dependent on teachers. Exam questions and format is repeated, rote learning is extensively 

practiced, and it is difficult for the students to do basic comprehension and develop deep 

understanding of the content (Rehmani, 2003). As a consequence, the students stumble when 

they have to address new problem using the concepts, they should have learned during the 

education process. Teaching techniques used in Pakistan’s educational institutions are failed to 

instill the critical thinking skills in students and results in poor academic performance and 

educational development. Discussion among teachers and students and group discussion of 
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students are rarely employed to brainstorm questions. Traditional classroom instructions lack 

real life examples, relative comparisons and multiple aspects of what is being taught.  

Our social culture being authoritative has its own implications on the lives of students, who 

once discouraged to ask questions never try again. Such environment of class is not helping to 

nurture the brain and answering the needed questions/concepts, which afterwards become 

ambiguities. This limits their thoughts, creativity and innovation skills, which otherwise can 

do wonders if cherished. Such classroom environment does not prompt in-depth learning and 

understanding of concepts. 

Curriculum design is another factor that plays and imperious role in shaping the cognitive 

abilities of students. Students studying in public sector schools are mainly focused on the 

isolated facts and prepackaged material in the textbooks provided that lack real life examples, 

quizzes and group tasks, thus not cultivating the classroom culture of thought and collaboration. 

Due to this, students remain oblivious to life outside the classroom as there exists a complete 

disconnection between books and practical knowledge. Curriculum instead of being used as a 

guideline is perceived as sole content that can fulfill the diverse learning needs of students. Can 

we assume that we have prepared the students for present and the future practical skills after 

they have gone through such learning experience?    

In Pakistan, teachers use lecture-based approach to teach, where students passively receive 

information and memorize the concepts without giving it a second thought. It is challenging to 

change traditional culture of chalk and talk in classroom. Teachers thinks that they have high 

workload and limited time, which does not allow them to put extra effort to improve quality of 

teaching and pedagogy. Rote learning does not take part in developing CT skills or any other 

important skill. Students do rote memorization without understanding the content, which 

discourage them to think and question it. Therefore, memorizing book text is the main goal of 
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rote learning other than meaningful learning. Schools only evaluate the book knowledge of the 

students. The pedagogical content present in the book has been the same for decades. The book 

content only equips the students with knowledge. Students do not gain any CT skills, creative 

thinking and problem-solving skills along the way. Therefore, in their lives, they are unable to 

make any decision and follows the same old direction as their older generations.   

 

1.3 Motivation of the study  

In 2017/8 global education monitoring report by UNESCO mentioned SDG 4 target 4.1 

primary and secondary education: In 2015, 264 million primary and secondary age children 

and youth were out of school. Target 4.5 equity: there is gender parity in participation at all 

education levels except tertiary, only 66% of countries have achieved gender parity in primary 

education, 45% in lower secondary and 25% in upper secondary education (UNESCO, 2017).  

Pakistan faces a serious problem of education access and learning challenges. According to the 

latest available data from Government of Pakistan (Pakistan Education Statistics 2016-2017), 

about 22.8 million children are out of school and those that go to school often do not achieve 

even basic learning levels (ASER, 2019). There are 49,090 middle schools in Pakistan, where 

34% are government schools and 66% are private schools (NEMIS, 2018). According to survey 

conducted by Annual Status Education Report (ASER) in 2019, on national level, 57% boys 

and 43% girls of age group 6-16 are enrolled in government schools. 6% students (3% boys 

and 3% girls) are reported to be out of school. In 2019 Islamabad (urban), 52% boys and 48% 

girls of age group 6-16 are enrolled in government school. Learning level of girls is low as 

compared to boys of age 5-16. Girls' level is 65% and boys 70%. One of the main reason of 

girls less learning level than boys is lack of interest and lack of relevance with their lives. In 

2014 survey, of the 25.02 million OOSC, more than half are girls (AlifAilaan 2014). Moreover, 
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it has been found out that almost 85% children are out of school by the time they reach higher-

secondary schools (AlifAilaan, 2015). The education of girls, especially in Pakistan is essential 

since more than half i.e., 55% of all out of school children are females (AlifAilaan, 2015). 

Dropping out of school has remained the serious concern in Pakistan (AlifAilaan, 2015). One 

of the major reasons for both boys and girls dropping out, as reported by parents, is that children 

themselves are unwilling to continue schooling. It has become important to address the drop 

out issues in Pakistan and promote girls’ education equality. Moreover, there is a need to 

provide quality education to the student in Pakistan especially girls, to boost their interest in 

education and help develop critical thinking skills.  

An immense need has been felt to improve the quality of education in Pakistan public education 

sector especially in the field of science for girls. Women are underrepresented in our society 

and many others in the fields of science and technology (Brotman & Moore, 2008; Hill et al., 

2010; Meyer et al., 2015). Lack of interest is the main reason; students are not happily willing 

to continue studies and learn in schools. IBL is the student-focused approach which gives 

students autonomy to learn. They are in-charge of their own learning. They act as scientists to 

carry out their own investigation and find answers to the questions, they raise themselves 

during the lesson. Explore on their own, construct meaning to the learning. Discuss among 

other peers, conclude the information after discussion and present the extracted knowledge and 

share with the class. This gives them sense of constructing their own knowledge with the 

facilitation of their teachers.  

In education CT is not a new concept. There are many reports on incorporation of CT into 

teaching and learning. For example, researchers focused on instructional strategies for fostering 

students CT skills via IBL (Hakim & Talib, 2018). CT is a mental process, tactics, and 

descriptions people use to solve problems, judgments and learn new ideas. The rising research 

in education recommends that the prior instructional models are not sufficient for the emerging 
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industrial needs and the challenges and opportunities facing 21st century demands (Scott & 

Friesen, 2013). Scott & Friesen (2013) mentioned that empirical studies found that there is a 

dire need to replace traditional teaching methods which emphasize on mere recalling the 

science facts by more effective teaching and learning which enables CT and transmission of 

skills and use of knowledge in new circumstances. The importance of CT in science education 

is increasingly present in last year studies but still needs implementations in classrooms.  

To instill CT skills in students in science, student centered approach is required such as Inquiry-

Based Learning. In this regard, IBL is implemented in classroom to help develop CT skills in 

learners. It facilitates students to construct knowledge and carry out the investigation of science 

processes on their own way and better prepare them for the complexities of the modern world.   

Since last two decades, more attention has been paid to implement technology in education 

system. In recent years, a lot of educational content is developed for the teachers and students 

in science and technology. Science and technology cannot be ignored from everyday life. 

Education in science and technology is necessary to give student insight into the meaning in 

their own lives. Technology can create an impact that would be greater and long lasting than 

other methods. Keeping this importance of technology in mind, video lesson plans are 

implemented in this study to better know the concepts of science through IBL. 

Therefore, 8th grade is considered as an essential and critical point for interest development and 

positive attitude of the students in science education (ERGÜL et al., 2011). Hence, we should 

not forget that there is a challenge to train our students with basic skills that they need to survive 

on their own in today’s world. And to meet this challenge, there is a critical need of 

transforming schools in such a way that they are able to promote CT skills, because it is needed 

to be successful in work and life.  
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1.4 Objectives of the study 

The aim of this quasi-experimental study was to understand the impact of IBL in science on 

academic achievement, content-specific and general CT skills of the female students of grade 

8. The objectives of the study are mentioned below: 

a) To find the effectiveness of IBL in science on content-specific CT skills of the grade 8 

students. 

b) to find the effectiveness of traditional teaching lecture method in science on content-

specific CT skills of the grade 8 students, 

c) to find the effectiveness of IBL on general CT skills of the grade 8 students,  

d) to find the effectiveness of traditional teaching lecture method on general CT skills of 

the grade 8 students, 

e) to find the effectiveness of IBL in science on academic achievement of grade 8 students,  

f) to find the effectiveness of traditional teaching lecture method in science on academic 

achievement of grade 8 students, 

g) to find comparative effectiveness of IBL and traditional teaching lecture method in 

science on content-specific CT of grade 8 students, 

h) to find comparative effectiveness of IBL and traditional teaching lecture method on 

general CT skills of grade 8 students, 

i) to find comparative effectiveness of IBL and traditional teaching lecture method in 

science on academic achievement of grade 8 students, 

 

1.5 Study overview  

The motivation behind this examination was to limit the vast opening in the exploration of 

implementing IBL in Pakistan’s government educational sector by using technology aid, along 
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with inquiry teaching methodology. It aimed at examining the impact of IBL in science on 

student’s content and general CT skills and academic achievement in science. The focus was 

on two science chapters of grade 8 named “Pollution and its effects on environment” and “space 

exploration”.  

Therefore, the research problem was to assess the effect of IBL on the CT of the grade 8 school 

students in science. A quasi-experimental study was led with the pre-test and post-test control 

and experimental group with the participants of 35 each. Quantitative data analysis showed the 

significant mean difference in both groups and the mean score of experimental group was 

significantly greater than the control group. Therefore, it was claimed that IBL significantly 

expands the CT skills and academic achievement of grade 8 students in science.  
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2.  Literature Review 

 

2.1 Constructivist theory of learning 

John Dewey (1859-1952) is one of the most influential educational philosopher, pragmatist, 

progressivist, and social reformer also known as father of modern education. Dewey was a firm 

adherent to gatherings of individuals meeting up to issue settle in a peaceful manner, through 

an interaction of " discussion, debate, and decision making". Dewey's convictions about 

majority rule government, local area, and critical thinking, guided the improvement of his 

social and instructive methods of reasoning. John Dewey may have been the most notable and 

powerful rationalist to affect education to date (Williams, 2017).  

The central approach to learning through inquiry is based on constructivist learning theory. 

IBL model is based on the learning theories of John Dewey (1918), who proposed thinking 

should be connected to action and learning about oneself and the world in which we exist 

(Friedman et al., 2010). In view of Dewey's way of thinking that learning starts with the interest 

of the student, his inquiry model has five specific and repeating stages: “asking questions, 

investigating solutions, creating new knowledge as information is collected, discussing 

discoveries and experiences, and reflecting on new-found knowledge” (Crippen & 

Archambault, 2012). Learning in classroom should be connected to the examples of real world 

and constructs meaning in real world application enables student to be connected with the 

world otherwise learning process occur in isolation means nothing to student abilities and 

skills. Constructivist hypothesis implies learning by dynamic development of information in 

significant settings. The learning process should empower students to effectively think by 
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executing the learning model that builds up their CT abilities, since the idea of activeness is a 

vital example in developing students' thinking and is one of the establishments of constructivist 

theory that students are effectively develop their insight and not simply engrossing the 

information from the instructor (Muzanni et al., 2018).  

Dewey was a science teacher and encouraged other K-12 science teachers to implement inquiry 

method in their classroom. He was incredulous of transmission-based instructional methods 

that accentuate on obtaining realities that foster thinking and attitudes of brain identified with 

the manners in which logical information is made. Dewey accepted that the educator ought not 

just substitute information front of the class and send data to be inactively consumed by 

students. All things considered, students should be effectively associated with the learning 

interaction and given a level of command over the thing they are learning. Underscore that this 

cycle didn't include anything-goes, free-for-all investigation; it was to be guided by exact ways 

to deal with information creation (Scott & Friesen, 2013). 

Constructivism is defined as: “A broad stream of theories in the behavioral sciences and the 

social sciences emphasizing the active task of the subject and the significance of his/her inner 

presumptions in the pedagogical and psychological processes as well as the importance of the 

interaction with the environment and the society; in this meaning is the constructivism also the 

interactive theory overcoming the one-sidedness of the empiricism and the nativism” (Serafín 

et al., 2015). In constructivism, learners learn on their own and think and reflect on the process 

to satisfy their inner motivation. In this definition the teacher becomes the facilitator of 

student’s learning and helps them to find the effective approach of constructing knowledge. 

Teacher ensures the highest possible level of cognitive development of each and every student 

with the participation of all (Serafín et al., 2015).  
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Dewey believed in community learning, he said that school must be illustrative of a social 

atmosphere and that students learn best when in regular social settings. His way of thinking 

that students, not content, ought to be the focal point of the educational process, has had an 

enduring impact on teachers who share in his convictions and methods of reasoning about 

schooling and how students learn most adequately. (Williams, 2017).    

It was Dewey who claimed that learners learn or obtain knowledge best by ‘doing’. His idea is 

the reason behind the importance of learning through inquiry approach. Constructivism's 

primary thought is that learning is a unique cycle wherein students build novel thoughts or 

ideas dependent on their encounters and earlier information just as collaborations with the 

articles and with others (Ismail & Elias, 2006). In IBL students constructs their own knowledge, 

meaning and understanding of concepts from implementing prior knowledge and learning 

activities (Rooney, 2012). 

Using constructivist models, thinking skills can be accommodated either critical, creative or 

higher order thinking skills (Zaini, 2016). Constructivist theories based on creating 

(constructing, reconstructing) the knowledge by the learners rather than transferring the already 

done information. Dewey pointed out that in traditional education system learners are isolated 

from all the social interactions and reserved to only one-on-one relationship with the provided 

learning material. In contrast, progressive education (Dewey’s creation) emphasizes on the 

social aspect of learning in which communication, collaboration with others and use of 

knowledge in different scenarios is an integral part of learning (Hein, 1991).  

Piaget, perhaps the most popular constructivist epistemological scholars, asserted that the 

students' new information development portrays this present reality where the students resided 

through. Learning is the result of personal interpretations of experience, exploration of multiple 

perspectives and an active process in realistic setting. The constructivist classroom is a place 
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where students effectively ask and begin new information and thoughts through 

communication or dialogue, association, presentation, sharing, and arrangement. In this 

arrangement, the educators' job is to guide and direct the conversation instead of inactively 

passing knowledge to the students. Constructivist educators give guidance to the students by 

connecting with them in inquiry exercises and by animating student's focused dynamic 

conversation and communicating information, i.e., advancing dynamic learning in a 

community where students build latest information as indicated by their earlier information, 

social facts, acquaintances' points of view, and new discoveries (Chowdhury, 2016).  

According to Dewey and Piaget, the focal motivation behind instruction is self-sufficiency also 

called autonomy. They characterize self-sufficiency as the capacity to make rules for 

themselves to manage circumstances not after the outer controls as outside controls are an 

obstacle to psychological turn of events. Here, the outer control might be an instructor, or any 

fixed system given to the students to follow during the learning cycle. During the investigation, 

self-sufficiency was given to the students in the learning interaction. For instance, the students 

were self-sufficient in making gatherings of their own and to deal with the time, assets, and 

gathering arrangement without help from anyone else (A. W. Khan, 2012). 

 

2.2 Inquiry based learning (IBL) 

“Education involves a passion to know that should engage us in a loving search for 

knowledge”. (Freire, 1998) 

The literature review conducted by Chowdhury (2016) unsuccessful to produce one single 

meaning of IBL. The investigated writing expressed numerous meanings of IBL. Some are 

mentioned below 
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“IBL is a learning environment focused on a process in which asking questions, thinking 

critically, and solving problems are encouraged” (Friedman et al., 2010). 

“The process which changes the culture of a school into that of a collaborative research 

community is called inquiry-based learning” (Heindl & Nader, 2018). 

“Inquiry” is defined “as a quest for truth, information, or knowledge…seeking information by 

questioning” (Ismail & Elias, 2006). “The process of inquiry begins with constructing and 

gathering information and data through applying the human senses” (Ismail & Elias, 2006).  

IBL is the teaching method which improves student’s learning outcomes and grow inquiry and 

research skills by empowering students with the approaches of professional researchers and 

scientists (Gormally et al., 2009; Hrast & Savec, 2018).  

Longo (2012) states that “inquiry is a process driven by the student’s own curiosity, wonder, 

interest, or passion to understand an observation and solve a problem”. He further added: 

“…concerned with solving problems but it does not require solutions to problems. It 

involves a flexible yet systematic approach toward solutions. Inquiry learning is 

learning about the topic being investigated while simultaneously learning about the 

process of inquiry”. 

At whatever point one glances at teaching quality, the picked instructional design plays a 

significant part. There are two fundamental ideas of teaching in general: instructor 

focused/teacher centered (regardless of whether the new information is gotten the hang of 

utilizing numerical definitions, rules, settings, and techniques given by the educator) or 

understudy focused/learner centered (where new information is found by the learners with 

pretty much assistance or direct guidance by the educator) (Bruder & Prescott, 2013). The 

whole focus in IBL is shifted from creating teacher-centered to student-centered environment 

where students investigate a set of phenomena and draw conclusions. At the same time learning 
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becomes more self-regulated and students have to be instructional designers for themselves 

(Pedaste & Sarapuu, 2006). Moreover, learners effectively partake in the inquiry learning 

environment. IBL is a method of posing inquiries, looking for data, and discovering 

groundbreaking thoughts identified with an occasion. That is, in IBL, learners learn by utilizing 

circumstances and logical results, rational and CT, and joining both scientific knowledge and 

activities (Duran & Dökme, 2016). 

In the learning process, there is great emphasis on schools to provide autonomy to the learners 

(A. W. Khan, 2012). According to educationists autonomy can be achieved by IBL due to its 

historical evolution and its effectiveness in the learning in which students are the active 

participators in building the knowledge with the help of teachers/facilitators (A. W. Khan, 

2012). The art of questioning is the important part of the inquiry process. It is the questions 

that enable students to think critically and entice them to conduct further investigation. In an 

inquiry-based education setting, investigation lead by learners initiated by their questions about 

subject matter. Desks are arranged in groups so that students learn and gain knowledge 

together. IBL guides leaners to generate meaningful questions and come up with the answers 

through critical thinking (Ismail & Elias, 2006). It integrates skills in students which make 

them lifelong learners. The individuals undergo the process of inquiry from birth until they die. 

In IBL process, students are involved in open-ended, student-centered, hands-on and minds-on 

activities based on real life issues (Rooney, 2012). 

IBL approach is used for solving problems and developing CT skills in students which is 

essential for them in daily actions (Maxwell et al., 2015; Pedaste & Sarapuu, 2006). IBL not 

only communicates how to ask questions and find out their answer but also what kind of 

questions are important to ask and discover (Maxwell et al., 2015). New knowledge is 

discovered by the learner through their active participation in the IBL approach (Pedaste et al., 

2015). Because it is the process in which learners learn and discover new knowledge through 
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formulating their own questions and hypotheses and test those hypotheses by performing 

experimentation and designed investigations and making observation and answer the 

anticipated questions (Bruder & Prescott, 2013; Pedaste et al., 2012).  

Further studies explain that students get the opportunity to explore their own questions and 

acquire much knowledge in the process of research. In IBL students ask questions and use these 

questions to investigate by using appropriate methods and tools then evaluating those evidence 

to use them logically to build new knowledge and create an explanation to communicate their 

conclusions to others. The learning process actively involves students in the whole process of 

inquiry (M. Khan & Iqbal, 2011). Students show curiosity and teaching through inquiry helps 

teachers to provide multiple resources and tools that enables students to explore, investigate 

and discuss solutions with others (Ryan & St-Laurent, n.d.).  

IBL approach engages students to involve in an authentic scientific discovery process where 

students act as a professional scientist to investigate or construct knowledge (Pedaste et al., 

2015; Longo, 2012). Self-regulated learning alludes the capacity to comprehend and control 

the learning environment through utilizing objectives, applying beneficial outcome, executing 

procedures, and utilizing monitoring and reflection (Crippen & Archambault, 2012). 

Instructions based on Inquiry based learning approach is improved due to electronic learning 

tools and environment (Pedaste et al., 2015). Inquiry based learning can play vital role in 

educational reform but its effective implementation is missing in today’s classroom (Longo, 

2012).  

Inquiry instructions invoke thinking and questioning and emphasis on how we did “come to 

know” this answer. IBL was most encouraging when the procedure of discovery was delicately 

directed by the educator with the essential information imparted just when vital. Moreover, the 

problems ought not be excessively difficult yet decreased to a suitable level. Fluctuating the 
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level of the assignments frames the reason for summing up comprehension and for 

understanding the concepts. In a conventional classroom, the instructor can anticipate the entire 

exercise, though in an IBL classroom there is a degree of vulnerability related with an 

unpredictable educating/learning relationship (Spencer & Walker, 2011).   

Instructors need to move their concentration to a more intuitive methodology, where students 

are doing the majority of the talking. By permitting students to assume control over, students 

feel more free and self-coordinated, managing their own learning. IBL permits students to 

utilize their interest to manage their inquiries and their learning. Students are more drew in 

when they make their own examination and can coordinate exercises towards their frame of 

mind (Wheatley, 2018).  

The research studies showed that, IBL is beneficial for students achievement and CT skills 

(Longo, 2012). The major benefit of IBL is the increment in student engagement and decrement 

in anxiety. The learning from inquiry is real and authentic in nature as it provides connections 

with the real world (Ryan & St-Laurent, n.d.).  Accordingly, traditional methodologies ought 

to be limited and moved more towards IBL. Nonetheless, the opportunities IBL provides the 

students and educators is the development of community learning, multifaceted assessments, 

enhanced student’s achievement and increase critical thinking skills.  

 

2.2.1 Instructional model of Inquiry  

The learning process can construct CT skills in students followed by the method/strategy/model 

implemented by the teacher. The selection of the pedagogical model greatly impacts the 

outcomes of the final results in increasing student’s CT skills. Thus, in this study the IBL 

framework of Pedaste et al. (2015) was applied.  
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Pedaste et al. (2015) conducted a literature review using EBSCO host Library of 32 articles. 

Specific search criteria were used to select articles explaining inquiry phases or whole inquiry 

cycles. Five distinct general inquiry phases were identified as a result of the analysis of selected 

articles: orientation, conceptualization, investigation, conclusion, and discussion. No single 

writing proposed these five stages, rather each proposed an alternate number of stages with a 

wide range of depictions and names. The authors incorporated the gathered information and 

proposed a framework for IBL measures with five particular stages. In this framework, IBL 

starts with orientation and flows through conceptualization to investigation, where a few cycles 

are conceivable. IBL normally finishes with the conclusion phase (Chowdhury, 2016). Below 

are the five inquiry phases which are the result of the analysis of the articles done by the author. 

This model is the key component used in this dissertation. 

1. Orientation: Inquiry cycle initiated with the orientation i.e., introduction of a topic. 

According to (Pedaste et al., 2015) some authors simply described it as ‘observation’ 

or ‘exploration’ of the behavior or topic. The aim of all the activities that fall under the 

phase ‘orientation’ is to get learner started with the investigation of the topic. The main 

variable of this phase is problem statement or problem identification. In problem 

identification students observe carefully, take notes and look for patterns to search 

investigable questions (Pedaste et al., 2012).  

2. Conceptualization: This phase is divided into two alternate sub-phases named as 

‘Questioning’ and ‘Hypothesis generation’. Depicting what requires to be identified, 

research questions, asking questions, generating questions, developing questions, setup 

initial inquiry questions, defining or identifying the problem by raising and revising 

questions all comes under the ‘Questioning’. Setting hypothesis, making predictions, 

and ‘brainstorming solutions’ comes under the hypothesis generation which are needed 

to start the investigation. Some authors mentioned the process of ‘analyzing’ and 
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‘searching for information on the web’ that guide the learners towards hypothesis and 

questioning (Pedaste et al., 2015). The process of forming theoretical issues and or 

hypothesis (Morze et al., 2019).  

3. Investigation: Investigation phase is more systematic and planned. Authors named this 

phase as ‘investigate’, ‘observe’, ‘observation’, ‘explore’, ‘exploration’, ‘collect 

evidence’ etc. Two types of investigation processes are mentioned which are the sub-

phases: Exploration and Experimentation. In exploration learners do simple 

observations and in experimentation they collect the evidence regarding the hypothesis, 

both involve planning. ‘Research’, ‘gather data’, ‘organize and analyze data’ etc. are 

involved in the planning processes. ‘Data interpretation’ is one of the sub-phases of the 

investigation phase, conducted after the planning process together with exploration and 

experimentation (Pedaste et al., 2015). This last sub-phase of the investigation guides 

learner to move forward or to revise the experimentation results and go for more 

exploration.  

4. Conclusion: IBL ends with the conclusion phase. In some articles it is mentioned in 

the following terms: ‘refinement’, ‘offer solution’, ‘refine theory’, ‘reasoning with 

model’, ‘finding relationships and drawing conclusions’, ‘drawing conclusions and 

making judgement about them’, ‘inference’, ‘report’, etc. (Pedaste et al., 2015). In this 

stage, students demonstrate the results in clear manner (Pedaste et al., 2012).  

5. Discussion: Discussion is mentioned as the final phase of the inquiry cycle and it is 

divided into sub-phases: ‘Reflection’ and ‘communication’. Different authors 

mentioned it as: ‘Reflection’, ‘communicating results’, ‘discussing with others’, 

‘present inquiry’, ‘elaborate’, ‘discussion and presentation of new content’, etc. 

(Pedaste et al., 2015). Reflection is defined as the cognitive process which is carried 

out in order to learn from the experiences (Leijen et al., 2012). This phase is also seen 
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in parallel with all other phases where gathered information needs discussion. 

Throughout the inquiry, discussion is an important or active part when activities need 

collaboration among students (Pedaste et al., 2015). Moreover, when communicating 

their findings to other people, students need to realize how to plainly clarify their 

activities and choices with respect to their investigation to a group of people (van Uum 

et al., 2016).  

Students have different options for proceeding their inquiry cycle, either hypothesis-driven 

approach or questioning-driven approach. Pedaste et al. (2015) suggested the three possible 

pathways: 

Figure 2.1Inquiry-Based Learning framework (general phases, sub-phases and their 
relations) 
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1) Orientation - Questioning – Exploration - Data Interpretation - Conclusion (loop 

between questioning and exploration can be repeated several times and communication 

and reflection can be added to every phase). 

2) Orientation - Hypothesis Generation – Experimentation - Data Interpretation - 

Conclusion (loop between Hypothesis Generation-Experimentation-Data Interpretation 

can be repeated several times and communication and reflection can be added to every 

phase). 

3) Orientation – Questioning - Hypothesis Generation – Experimentation - Data 

Interpretation - Conclusion (loop between Hypothesis Generation – Experimentation - 

Data Interpretation can be repeated several times and communication and reflection can 

be added to every phase). 

In this research, the first pathway will be followed. Thus, the revised model is given below: 

 

Figure 2.2 Revised IBL model 
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2.3 Critical Thinking Skills 

Critical Thinking (CT) defined as: “an on-going cycle for quest of information and examining 

a variety of data to make a good understanding and more significant problem solving and 

decision making for complex issues” (Iwaoka et al., 2010). 

Definitions of CT according to cognitive psychology includes “the mental processes, strategies, 

and representations people use to solve problems, make decisions, and learn new concepts” 

(Sternberg, 1986).   

Other definition according to educational point of view is  

“The abilities of students for asking and answering questions for clarification, defining terms, 

identifying assumptions, interpreting and explaining, reasoning verbally, especially in relation 

to concepts of likelihood and uncertainty, predicting, and seeing both sides of an issue”. (Lai, 

2011) 

According to (Lai, 2011) researchers agree upon the definition of CT which includes the 

abilities of “analyzing arguments, claims, or evidence”, “making inferences using inductive or 

deductive reasoning”, “judging or evaluating”, “making decisions or solving problems”, and 

“identifying and analyzing sources and drawing conclusions”. 

Empirical study finds that everyone can benefit from CT instructions, regardless of the 

intellectual abilities of the students. For activating CT, background knowledge is necessary but 

not sufficient. It can be taught, learn and developed in learning process and assumed that CT 

skills in children are always evolving. Students acquire this skill as a natural consequence of 

engaging or interacting with the subject matter. Researchers concluded that CT skill is not 

gifted, it is for everyone (Lai, 2011; Mabruroh & Suhandi, 2017). Moreover, Pursitasari et al., 

(2020) stated that students can be trained to think critically by structured explanations students 
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deliberately and frequently done to develop their in-depth thinking as CT is an intellectual 

process to actively perceive, apply, analyze, create and evaluate the information that is 

collected by observation. Hill et al., (2010) suggested to teach students that intellectual skills 

can be acquired. He emphasizes to teach them that brain works like a muscle, it gets stronger 

when more exercised. Every time they stretch and work hard, their brain forms new 

connections, and they learn something new and over the time they become smarter, passionate, 

dedicated, and self-sufficient.  

Emily R. Lai (2011) argues that CT skills and abilities can be taught, and it teaches students to 

respect others in discussion, value reason and truth, be willing to see things from others 

perspective, considering alternatives before making a decision, using cognitive strategies 

(asking for examples and questions when something is not clear), and be open-minded. The 

author concluded in his study that positive results are obtained by instructional interventions 

aimed at improving CT of the students. It provokes collaboration and cooperation among 

students, as he highlights the importance of student’s relationship with others in developing 

CT skills.  

Theory of Piaget and Vygotsky also emphasizes on social interaction for the cognitive 

development. CT skills provides ability in students to actively participate or respond 

constructively in discussions. CT skills of the students can be evaluated by judging student’s 

arguments on the basis of the quality of them rather than the ‘correctness’ of the answer. Author 

argued that assessment should be more than just recall of the previous knowledge, questions 

should require the manipulation of the information in new context. Other suggestion is to ask 

them to solve real-world problems through scientific process: “generating hypotheses, testing 

hypotheses, analyzing results, and drawing inferences and conclusion”.  Teachers should create 

open-ended tasks and assignments, real world problems and ill-structured questions that urged 

scholars to think out of the box and recall previous information/knowledge. Such questions 
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should have more than one possible solution. such kind of assessments make student’s 

reasoning skill stronger (Lai, 2011).  

CT can be taught in the domain-specific context and in the content related to daily life of the 

students. CT skills expected to increase if embedded in content-specific instructions (Sadidi & 

Pospiech, 2019). After reviewing researchers concluded that no superiority found in both, the 

most preferred is the mixed approach. This means that teachers can incorporate CT in routine 

educational subjects and by teaching general CT skills as a separate component through 

instructions. Author describes that the use of “authentic” real-world examples, problems and 

activities helps teachers to encourage CT skills in students (Lai, 2011).   

Authors believe that CT should be embedded during instructions. Researchers concluded in the 

research field of psychology that adults if not most, lack the CT in various situations. Some 

pointed out that many adults lack basic reasoning skills. One reason for this is the education 

system and typical schools whose entire focus is on the coverage of content rather than building 

the knowledge, which does not support the higher order thinking skills and as a result there is 

a deficiency of basic reasoning skills. CT skill is an important learning outcome of student 

learning, which is required for higher education and employment. People who can think 

critically have the ability to acquire knowledge, ask and generate sensible questions, combine 

and reduce relevant information, think logically for the information they receive and make 

reliable conclusions. Therefore, developing the habit of thinking critically is important at 

various levels of education and it should be the key goal of educational institutes (Friedman et 

al., 2010; Sadidi & Pospiech, 2019).  

The idea of group work and combination of students to get educational objective has been 

progressively explored and credited all through specialized research. The term group work 

alludes to a strategy wherein learners at various capability levels cooperate in little gatherings 
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going toward a certain goal. The students are responsible for other people and their own 

understanding. Thus, the achievement of one student gives different students the sort of 

certainty to be successful. Followers of group work accept that the interchange of inquiries and 

answers of students in little gatherings expands interest among the students as well as triggers 

CT skills (Ghaemi & Mirsaeed, 2017).  

External factors influence students’ CT skills such as teaching approach or methods, 

educational paradigm, nature of assessments, teachers’ feedback, atmosphere, and attitude 

whereas internal factors include self-determination, positive attitude, emotional state, 

intelligence, personality traits and cognitive abilities (Shubina & Kulakli, 2019). 

Author argued that we should not expect the dramatic increments in CT due to instructional 

interventions over a certain period of time, the improvements do occur but at a very slow rate 

(Lai, 2011). Teaching CT is a continuous process. The effective way of developing higher order 

thinking of students is to insert it in every lesson in a variety of questions and activities (Zaini, 

2016).  

 

2.3.1 Assessment of critical thinking skills 

Evaluations can be done in many ways to check the level of knowledge of the students and the 

effectiveness of the instructions of the teacher in an IBL on student’s CT skills (Llewellyn, 

2014). To evaluate the performance of students and deep understanding of the content ask them 

to solve the real-world problems (Scott & Friesen, 2013). Research shows that very limited 

work is found based on the assessment of CT skills in science in secondary/higher education 

comparative to the general setting in general context (Hakim & Talib, 2018). The significant 

objective of science education is the development of CT skills but there is less emphasis on 



 
 

27 

measurement of CT skills in science. Perceiving that sufficiently measuring CT skills infers 

the evaluation of content-specific and general CT skills equally (Sadidi & Pospiech, 2019).    

2.3.1.1 Domain-general CT skills 

There are assorted perspectives held among researchers regarding the core processes engaged 

with CT. Basic CT skills includes the ability to draw substantial inferences, distinguish 

connections, investigate possibilities, make projections and logical decisions, and confront 

complicated questions. With an ultimate objective to assess CT ability, various tests were made 

and supported. Ennis, Millman and Tomko (1985), for example, co-made an area general CT 

test named the Cornell Critical Thinking Test (CCTT) that accompanying the segments of CT: 

induction, deduction, prediction, credibility, and exploratory arrangement, and deceptions and 

presumption Identification (Tiruneh et al., 2017). The CCTT is one of the numerous multiple-

choice tests with approved questions that have been accounted for to gauge general CT 

capacity. The level Z of CCTT contains 52 items and designed for high school gifted students 

and college students and other adults. The level Z contains 5 elements of CT: induction, 

deduction, assumption, observation and meaning (Iwaoka et al., 2010). There are 71 multiple 

choice questions of level X for the students of grade 5-12+. Level X contains 4 items of CT: 

induction, deduction, credibility, identification of assumptions (Cornell Critical Thinking Test 

Level X, n.d.). CCTT contains content from an assortment of regular daily existence conditions 

that test-takers at a school level know about. The members of the Illinois Critical Thinking 

Project assessed the content validity of the CCTT and concluded that the items of the CCTT 

measure CT as defined by the authors and also shows the positive signs for criterion validity 

of the test (Verburgh et al., 2013).  

General CT skills test characterize as the capability to sensibly react to CT undertakings that 

don't really need domain-specific substance information, yet rather an information on regular 

day to day existence.  
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To evaluate the accomplishment of students in creating CT skills should be upheld by an 

estimating instrument that can quantify such capacities. Estimation is a significant factor in 

schooling on the grounds that, through the estimation, the educator would be known precisely 

where students lie in an activity (Mabruroh & Suhandi, 2017).  

2.3.1.2 Domain-specific critical thinking skills 

There has been a huge interest among different researchers and educators to implant CT inside 

specific subject matter guidance. From content-specific tests of CT, it is conceivable to quantify 

improvements in CT abilities as a feature of students' authority of the subject area being 

referred to. 

CT has also been connected to the Bloom’s taxonomy. The six levels of learning in revised 

Bloom’s taxonomy (creating, evaluating, analyzing, applying, understanding, and 

remembering) are still useful today for instructors develop students’ CT skills assessments as 

in the past decade (Friedman et al., 2010; Rooney, 2012). It is more applicable on creating level 

than understanding level of learning (Friedman et al., 2010). In this research higher level of 

Boom’s taxonomy (applying, analyzing, evaluating, and creating) are considered for 

developing domain-specific CT test of science. The structure of the revised Bloom’s taxonomy 

provides a clear and concise visual description of educational goals and objectives. The table 

below is the description of Bloom’s taxonomy: 

Table 2.1 Revised Bloom's Taxonomy 

Levels of revised Bloom’s taxonomy Description 

Remembering Repossessing, realizing, and evoking related 

knowledge from long-term memory; 

Understanding Forming meaning from oral, written, and 

graphic messages through interpreting, 
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exemplifying, classifying, summarizing, 

inferring, comparing, and describing; 

Applying Carrying out or using a process through 

implementing, or applying; 

Analyzing Breaking material into basic parts, deciding 

how the parts identify with each other and to 

a general construction or reason through 

separating, coordinating, and attributing; 

Evaluating Making decisions based on standards and 

guidelines through verifying and criticizing; 

Creating Assembling components to shape a simple or 

useful entire; redesigning components into 

another example or construction through 

creating, arranging, or delivering. 

 (Rooney, 2012) 

As the significance of building up students' capacity to think critically on particular domains 

of science keeps on developing, scientists and experts need to have legitimate and dependable 

tests to assess the viability of different instructional endeavors. In this study, we contended that 

a precise and thorough evaluation of CT ought to underline both domain-specific and domain-

general CT measurements. 

In view of above it is important to develop the instrument tool for assessing the CT abilities of 

students related to the topic. From the literature search, there are developing amounts of CT 

abilities evaluation in science and science-related subjects, yet limited, which shows the need 

to have a CT abilities assessment in a particular area. The domain-specific CT is immense, 

especially in science since analysts will reliably present inquiries about the reasons that 
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particular events happened and should be refined when one starts to ask "why". By emphasizing 

in on domain-specific CT abilities in science, it will help learners with separating and evaluate 

phenomena using a science point of view. Also, there is a necessity for suitable CT abilities 

evaluation, as student's characteristics and inadequacies in this particular area can be settled 

and improved using reliable assessment tools (Hakim & Talib, 2018). 

 

2.4 IBL and CT in Science 

Inquiry is one of the learning models that has ability to develop CT skills in students, Rahmi et 

al., (2019) concluded in his quasi-experimental study that the implementation of inquiry 

learning model has a positive impact on student’s CT skills. Furthermore, thinking abilities 

mastered through IBL incorporate "… ID of suppositions, utilization of critical and logical 

reasoning, and consideration of different clarifications" (Friedel et al., 2008).  

Teaching and learning using inquiry model could increase students’ CT skills and inquiry 

instructions results in improving student’s learning outcomes (Zaini, 2016). It facilitates the 

learning and assist students through CT, scientific processes and better understanding of the 

concepts than rote memorization (Friedman et al., 2010). Inquiry learning is used in expanding 

CT skills of the students by adding real-world examples and problems in instructions and 

curriculum (Longo, 2012). IBL, which is student-centered focusing on the posing of questions 

and CT, empowers learners to foster abilities required all through their entire lives. IBL is an 

educational methodology where learners can obtain data and further develop their CT abilities 

through revelation and examination in real settings (Duran & Dökme, 2016).  

To remember a concept for a long time and store in the long-term memory there is a need to 

involve students directly in the learning procedure because by engaging students they 

gain/obtain the knowledge which is not in the form rote memorization. According to 
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(Sucilestari & Arizona, 2020) the learning model that directly involve the students in the 

learning process and can enhance student’s CT skills is IBL. He further added that CT skills 

cannot be obtained if not trained therefore a process is needed to practice the skill.  

In recent years, numerous examinations have featured a disturbing decrease to youngsters' 

advantage in key science studies and mathematics. Regardless of the various undertakings and 

activities that are being executed to switch this pattern, the indications of progress are as yet 

unremarkable (Morze et al., 2019). CT is one of the most universally emphasized goal in 

education (Grant & Smith, 2018). IBL, like many other educational methods, the ultimate goal 

is to achieve students’ success. IBL in science education in elementary schools can be an 

extremely beneficial approach to advance conceptual understanding. Moreover, examining the 

attributes of scientific tests and thoughts, can help in increasing the understanding of the 

scientific knowledge (Heindl & Nader, 2018). 

Research evidence has shown the positive significance of CT in science exercises and its 

instilling should begin at the elementary levels. By drawing students in CT from the elementary 

levels, science teachers can establish the framework for capable and moral buyers of scientific 

change. Nevertheless, there is little proof that tests are being utilized to evaluate student’s CT 

skills in science. A significant part of the trouble lies in the absence of tests to evaluate students’ 

CT skills in elementary school science classrooms (Mapeala & Siew, 2015).  

IBL is a way to deal with science instructions that has been around for more than 40 years, a 

very long time and has numerous positive perspectives, including: CT skills, student’s 

achievement, positive mindsets towards science, and student’s engagement (Wheatley, 2018). 

Maxwell et al., (2015) mentioned that science must be taught and learn through IBL included 

exercises in which "perceptions, addressing, understanding books and different resources of 

data, examination, gathering, analyzing, forecasting, clarifying, and conveying results". He 
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further added that retaining facts won't improve abilities in learners of science, however the 

self-sufficiency to investigate a lot through IBL will. He proposed that to build learner's 

commitment, higher order thinking abilities and accomplishment in science, learners should be 

experienced with the dynamic learning methods like IBL. 

The main purpose of science education is to improve student’s CT skills and understand the 

concepts. CT is based on reasoning and deciding what to believe or do (Mabruroh & Suhandi, 

2017). Ideal learning results in school is not accomplished by traditional teaching lecture 

method in science. Conventional current course books are intended to show portioned science 

ideas each in turn and neglect to make associations with real world for students and energize 

CT. This conventional methodology advances repetition retention over understanding and open 

thinking. (Chowdhury, 2016).  

IBL promotes positive learning environment in science classroom and the results in knowledge 

enhanced compared to traditional science classroom instructions. CT skills and science 

processes are difficult to understand through traditional means of teaching that is why inquiry 

model is used to instruct students and give them opportunities in a cooperative environment 

where they solve real-world problems and construct or gain new knowledge. Inquiry 

instructions provide students with opportunity to construct meaning of the scientific processes 

rather than just memorizing the scientific facts and concepts (Longo, 2012).  

CT is a hot topic for academicians and researchers for the past several years to incorporate in 

classrooms to make students effective problem solver and logical thinkers (Hakim & Talib, 

2018). Science learning does not just concern the idea of science to improve the 

accomplishment of science education, yet in addition to work with the learners to foster their 

capabilities to become skilled human resources. The advancement of capability in information 
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and abilities in the national curriculum assemble the capacity of learners to comprehend and 

apply science accurately and to have higher order thinking abilities (Pursitasari et al., 2020).  

Sucilestari & Arizona, (2020) mentioned in his study that science learning not just highlights 

the authority of substance (psychological learning results) yet in addition on the parts of more 

significant level of higher-order thinking abilities, one of them is CT ability that are imperative 

to be claimed by students as an arrangement of life in managing different genuine issues in 

their lives. Moreover, the way scientific information is produced mentions to the mixture of 

scientific measures, like observing and estimating, with 'scientific information, scientific 

reasoning, and CT to create scientific information (van Uum et al., 2016).  

The link between inquiry approach and science is conspicuous. Learning with inquiry satisfy 

the curiosity of students and enable them to gain experience and boost interest in the field. They 

enjoy finding something new that they want to know. They invest class energy posing inquiries 

and getting one-on-one input and backing for substance, activities, or issues from teacher what 

they have learned in classroom. Albeit this model of instruction has a lot to bring to the table 

and might be desirable over numerous current educational practices where students spend a lot 

of their time in school just listening to the educators. Science classrooms should move away 

from repetition and rote memorization of ideas to the utilization of CT skills as an essential 

part in encouraging learning (Friedel et al., 2008).  

 

2.5 Traditional teaching lecture method 

As propels in innovation push us forward into the 21st century, techniques for educating and 

classroom guidance have stayed a lot of something very similar to the traditional time or pre-

digital age. 
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Traditional lecture method is teacher centered and knowledge is limited to books and delivered 

lecture by teacher. Teacher read and explain information from the textbook to students 

(Maxwell et al., 2015). Rarely involved students in learning process as students are perceived 

as empty containers only filled by knowledge given by teacher and assumed to memorize this 

knowledge without questioning, exploring and analyzing. Resources for teaching is limited to 

school and does not use technology to enhance student’s learning and nurture other skills. 

Teacher is the only direct or indirect source of knowledge in the class and students are told 

what is important for the tests and formative assessment and difficult points are explained (M. 

Khan & Iqbal, 2011). 

Traditional education system anticipates from educators to observe the provided outside norms 

and projects, normalized evaluations and showing theory, which as a rule do exclude explicit 

acquiring results for CT abilities (Shubina & Kulakli, 2019). During traditional methodologies, 

learners can be believed to be more off-task or investing additional measures of energy 

restating a similar assignment. This conduct adds up to lost time learning and more noteworthy 

learners confusion since learners are more befuddled by muddled headings (Wheatley, 2018). 

Different kinds of teacher-centered guidance incorporate direct guidance for the acquiring of 

explicit abilities and topic and exhibitions of specific abilities and processes. The most widely 

recognized part of the teacher-centered methodology is that instructor figures out what will be 

learned and students will in general passive receiver of that information as opposed to being 

effectively drawn in with their learning (Bruder & Prescott, 2013). 

Researchers calls attention to that successful urban instruction is by a long shot perhaps the 

most difficult issues in education today. With the final product in numerous urban secondary 

schools bringing about high dropout rates and low student’s inspiration, urban instructors 
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should break new ground for instructional significant plans to use in their classrooms 

(Williams, 2017). 

 

2.5.1 Comparison of Traditional Teaching Lecture and Inquiry-

Based Teaching 

Table 2.2 Comparison of inquiry-based teaching and traditional teaching lecture method 

 Traditional teaching 

lecture method 

Inquiry-based teaching 

Learning theory Teacher centered 

Teacher-imposed 

knowledge and teacher-

directed activities 

Student centered 

Self-directed learning and 

activities 

Teacher’s role Knowledge source Facilitator of knowledge & 

learning 

Learner’s role Passive receiver: Memorize 

facts without reflecting and 

carryout procedures without 

understanding how or why 

Active learner: learners look 

for patterns and underlying 

concepts by exploration and 

investigation of the 

processes 

Resources Classroom, teacher, typical 

classroom tools 

Depend on the process of 

learning; can use digital tools 

and in any learning 

environment 
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Social aspect  Isolating learner from social 

interactions,  

Encourage the social 

interaction through 

communication, discussion, 

and application of 

knowledge 

Purpose  Learning isolated facts and 

theories 

Study in association to what 

else we know and believe  

Method/technique One-way transmission of 

information through 

preaching, verbalizing, 

repetition, narrating  

Two-way transmission of 

knowledge and learning 

through problem-solving, 

projects, experiments 

Source of knowledge Only teacher is the source of 

knowledge 

Along with teacher multiple 

sources of getting 

information for example 

internet sources, books, 

surveys 

Expectation  Simple reproduction of 

answer from the transferred 

knowledge 

Students’ better 

understanding, learning by 

solving problems, achieving 

skills 

Evaluation/assessment One-dimensional testing, 

product-oriented using 

typical standard tests 

Multi-dimensional testing, 

process-oriented testing 

using different types of 

performance tests for 

example portfolios etc.  
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2.6 Benefits and challenges of inquiry-based learning  

In the fast-pacing world IBL gaining popularity all over the world to prepare learners for the 

21st century skills. Traditional teaching methodologies becomes passive and boring for learners 

as it only prepares students for the rote memorization with little or no involvement of CT and 

construction of new knowledge that linked with the real world. Instead of rote memorization, 

IBL promotes problem solving and critical thinking among students. IBL is the approach where 

students engage in developing their own questions, perform investigation and search for 

information and share their findings. This process helps students to actively participate in the 

classroom to construct new knowledge. Despite of all the benefits, IBL has its own challenges. 

Following are the benefits and challenges of IBL:  

 

2.6.1 Benefits 

IBL provides learners with the ability to critically think and analyze data to solve problems and 

make conclusions. It helps learners to make decision and construct their knowledge with the 

guidance of the teacher or facilitator. In IBL teachers encourage students to search for the 

problem and develop their own questions, explore to gather data, investigate the information 

searched, and share their results in an IBL environment. This process of IBL helps students to 

build new knowledge by actively participating in IBL classroom setup. IBL cannot 

dramatically alter the overall student’s achievement, but it has other positive effects on the 

students like dynamic involvement of learners in classroom and higher academic 

achievement/grades. Moreover, IBL is resulted in greater achievement in standardized test 

measures along with classroom measures in contrast with the conventional teaching method 

(Chowdhury, 2016).  
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IBL has a significant impact in the learner’s learning outcome when a IBL strategy is utilized 

rather than traditional teaching. It emphasizes on the directions that initiate learner's CT rather 

inactive utilization of conventional lectures. Researchers infer that IBL adds to positive learner 

results in STEM subjects, including information procurement, advancement of problem-

solving skills, CT and decision-making abilities (Hrast and Savec, 2018).  

There are following benefits of implementing IBL in classroom mentioned by (Morze et al., 

2019):   

1. Strengthen Curriculum Content  

2. Fostering student passions and aptitudes  

3. “Warm Up” the Brain for Learning  

4. Encourage student participation and respect their choice  

5. Encourage a Deeper Understanding of Content  

6. Enhance motivation and engagement  

7. Foster curiosity and a love of learning  

8. Build Initiative and Self-Direction  

9. Help Make Learning Rewarding  

10. Teaches self-regulation 

11. Develop research skills and make it meaningful 

12. Deep understanding of facts 

13. Strengthen the significance of asking good questions  

14. Empower to take responsibility of their own learning  

15. Offer Differentiated Instruction 
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2.6.2 Challenges 

IBL provides endless openings for students to explore, explain, construct and employ 

knowledge. Nevertheless, implementing IBL in classroom encounter with good number of 

challenges. There is no standardized definition or cycle of IBL. Implementation of IBL in every 

classroom on daily basis is not an easy task as it comes with a lot of challenges. Lack of teachers 

training is the most common barrier; teachers find it time consuming and difficult to implement 

activities and use other resources in a limited time of classroom. If teachers lack knowledge of 

IBL, they will not show interest in teaching through IBL techniques in classroom. In most of 

the schools IBL lesson plans and resources are not available for students and teachers. The 

common barrier in promoting inquiry-based learning and teaching in classroom is short of time. 

Moreover, administrative help is uncommon to advance and support IBL. In general, school 

and classrooms environment are not urging to IBL. (Chowdhury, 2016).   

Some studies argued that inquiry instructions may not be the best method for learners who are 

cognitively less prepared to meet the challenges to increase the science literacy skills as they 

found that students with high level of cognitive development can easily adopt the complexities 

of inquiry process as compared to the other students who need special attention and more 

guidance (Gormally et al., 2009). 

According to (Camenzuli, 2012) there are several challenges faced by the teacher to implement 

IBL in classroom such as: limited resources, only available textbooks, challenges of 

assessment, difficulties with managing in group work, in-adequate in-service education, 

acceptance of new role by teacher and students, parental and school administration and other 

institutional authorities’ resistance, and teachers belief. He further added that IBL is more time-

consuming approach, fear of losing control over students, preparing effective IBL lessons for 
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instant experiments, lack of resources, students’ resistance to inquiry, and difficulty of 

assessments. 

(Silm et al., 2017) divided barriers into three groups: cultural, political, and technical. Cultural 

barriers are associated with instructors' convictions and qualities and obligation to plan students 

for the following degree of education. Political barriers concern parental obstruction, odd 

clashes among educators, and absence of assets/lack of resources. Technical barriers 

incorporate educators' earlier obligation to course books, difficulties for evaluation of students, 

and challenges with administering group work.  

Other challenge to IBL is students may end up with some incorrect answers, utilize wasteful 

procedures to find data, or they never find what it is they are attempting to discover or why. 

For this reason teachers must be facilitator in the process and guide throughout the procedure 

to keep students on right track (Witt & Ulmer, 2015).  

In summary, for creating an IBL environment in classroom there is a lot of challenges which 

includes, lack of teachers training, resources (tools and materials) and time constraint, need to 

address curriculum standards, lack of reliable assessment tools for qualitative and quantitative 

measures. Effective distinguishing proof of the difficulties is the initial step for discovering the 

arrangements. An increasing number of instructors are adopting this developing teaching 

approach and researchers came out to propose the approved and inventive answers for these 

difficulties. 

It was difficult to make the balance of pros and cons of this pedagogical approach as much 

literature have been found in support and positive effects of this approach. The rise and 

popularity of this approach in last few years make researchers hard to find the effect of this 

approach on learners.   

 



 
 

41 

2.7 Girls and Science: Lagging Behind 

Women are underrepresented and marginalized in our society and many others in the fields of 

science and technology (Brotman & Moore, 2008; Hill et al., 2010; Meyer et al., 2015). The 

2030 sustainable development goals for education includes “SDG 5 that focuses on achieving 

gender equality and empowering all women and girls” (Durrani & Halai, 2018). Greater gender 

disparities have been found in Pakistan in enrollment in primary and secondary education 

where “boys outperform girls in all subjects” (Durrani & Halai, 2018). The gap is widely 

observed in poor households where girls are supposed to do the household chores and take care 

of younger siblings which restricts the time they spend on learning and results in irregular 

attendance at school. This also demotivates them to take education when schools actively 

promote gender differences through the hidden curriculum where home is naturalized as a 

women’s legitimate (Durrani & Halai, 2018). Because in Pakistan, boys are responsible to do 

job and support the family therefore, girls are not taking interest in making their careers and 

parents are biased in making decision and spending on education. Parents have higher 

expectations for boys in pursuing career in science then girls which may contributes in this 

gender parity (Brotman & Moore, 2008). In Pakistan, boys schools are more than girls schools. 

For girls, access to school within reach is also the major concern, the government schools, 

especially at secondary level are typically separated for boys and girls, male teachers for boys 

in boys’ school while female teachers for girls in girls’ school (Durrani & Halai, 2018).   

Meyer et al., (2015) recommended in his study to eliminate the gender gap in the fields where 

women are underrepresented, believed to require innate intellectual level for success. He 

further suggested for future studies for effective interventions to ensure women’s participation. 

In 33 OECD countries “boys outperform girls in science at grades four, eight and twelve” 

(Baker, 2013; Heindl & Nader, 2018). This lower performance causes women in low rate of 
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economic and employment growth in science field. Therefore, it is mandatory to promote girls 

for science field, by addressing real-world experiences and examples to boost girls’ interest in 

science. Baker (2013) mentioned that single-sex classrooms affect expanding girls' certainty 

about their work and creates more comfortable environment to pose inquiries and conduct 

inquiry process freely. He asked to connect with girls in real science inquiry and foster 

academic substance information to boost their interest and CT in science. 

According to (Heindl & Nader, 2018), further studies are expected to break down whether IBL 

can work with inspirational perspectives in young ladies towards science and the learning of 

science. Girls need trust in science and Finland is the just one out of 72 nations where girls are 

the top entertainers in science. 

The relationship between CT skills and gender has been found in many studies. Some 

researchers found significant role of gender in differentiating CT skills while others did not 

support this hypothesis about significance of gender. Some studies of CT abilities shows that 

gender differences at high level CT skills are significant while at moderate or low level 

differences are not significant (Shubina & Kulakli, 2019). Moreover, females did not perceive 

themselves as inventors, and greatly influenced by their environment.  
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3.  Methodology 

 

3.1 Introduction/overview:  

The main purpose of this quasi-experimental study (non-randomized control groups, pretest-

posttest design) was to understand the impact of IBL in science on content-specific and general 

CT skills and academic achievement of the female students of grade 8. For this purpose, two 

chapters from science textbook were selected, “Pollution and its effects on environment” and 

“Space exploration”.  Pretest and posttest were designed and conducted in control and 

experimental group for the purpose of collecting quantitative data. This chapter provides the 

details of the methodology used for this study.  

 

3.2 Description of the research setting:  

Since the purpose of this study was to compare if the IBL had a significant effect on the CT 

and academic achievement of the participants in science, quasi experimental study was 

conducted on the participants of the same grade level and school. Islamabad Model School for 

Girls (IMCG) F-10/2 was selected for the research study after granted permission from the 

Federal Directorate of Education (FDE) Islamabad. (Appendix-A). The school is one of the 

urban model schools of Pakistan under Government supervision.  

Students are enrolled in the session of 2019-2020 for grade 8 were the population of this 

experimental study. Two classes of grade 8 were selected for the research study. Total sample 

size of the study is composed of seventy students. All are female students. Their age ranges 
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from 12 to 15. There are thirty-five students each in control and experimental group chose from 

two different sections of grade 8 of same school. One section of 35 students were treated with 

traditional teaching lecture method and named as “control group” while other section of 35 

students were treated with the IBL, named as “experimental group”.  

Control group is treated by traditional teaching lecture method while experimental group is 

treated by using IBL framework of Margus Pedaste et al., (2015). According to the framework, 

lesson plans were made for experimental group. Technology is implemented in experimental 

group for the effective use of inquiry model.  

Table 3.1 Demographics of participants 

 Control Group Experimental Group 

Class/Grade  Grade 8 Grade 8 

No. of participants 35 (females) 35 (females) 

 

 

3.3 Description of the research design 

3.3.1 Research question: 

Following are the research questions addressed in this research: 

1. Is there a significant difference in content-specific CT skills of middle school science 

students who participate in an IBL classes as compared to the students who participate 

in traditional teaching lecture method? 

2. Is there a significant difference in general CT skills of middle school science students 

who participate in an IBL classes as compared to the students who participate in 

traditional teaching lecture method? 
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3. Is there a significant difference in academic achievement of middle school science 

students who participate in an IBL classes as compared to the students who participate 

in traditional teaching lecture method? 

3.3.2 Variables  

Following are the independent and dependent variables: 

Independent variables 

1. Inquiry-Based Learning  

2. Traditional teaching lecture method  

Dependent variables: 

1. Content-specific critical thinking skills 

2. General critical thinking skills 

3. Academic achievement (formative assessments) 

3.3.3 Hypotheses formulation: 

The following Null Hypotheses was formulated: 

H01: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s content-specific CT skills as compared to traditional classes of science 

participants.   

H02: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s general CT skills as compared to traditional classes of science participants.   

H03: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s academic achievement as compared to traditional classes of science 

participants.   
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The Alternative Hypotheses was defined as follows: 

HA1: Participation of middle school students in IBL classes of science has significant effect on 

participant’s content-specific CT skills as compared to traditional classes of science 

participants.   

HA2: Participation of middle school students in IBL classes of science has significant effect on 

participant’s general CT skills as compared to traditional classes of science participants.   

HA3: Participation of middle school students in IBL classes of science has significant effect on 

participant’s academic achievement as compared to traditional classes of science participants.  

  

3.4 Procedure 

To check the effectiveness of IBL in science and its impact on CT skills and academic 

achievement of the students following procedure was used for the study  
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Table 3.2 Experimental framework 

 

 

3.5 Description of the inquiry program/experimental 

group instructions 

The study conducted to assess the impact of IBL on student’s CT skills and academic 

achievement in science. The instructional method used in the treatment group was the Pedaste 

IBL framework (2015). Lesson plans were made according to each step of this framework. 

Video-based lessons were implemented in groups of students. Web based articles to gain extra 

Control group

pre-tests of 

content-specific 
critical thinking test 

of two science 
chapters 

pedagogy used for study:

traditional teaching lecture 
method

materials used:

text books, board

post test:

content-specific critical 
thinking tests of two science 

chapters,

traditional assessment for 
both chapters and

general CT test(CCTT)

Experimental group

pre-test of

content-specific 
critical thinking test 

of two science 
chapters

pedagogy used for 
study:

inquiry-based learning 
using pedaste inquiry 

framework

materials used:

laptops, videos, 
board, textbooks, 

articles for reading

post test:

content-specific critical 
thinking tests of two 

science chapters,

traditional assessment for 
both chapters and

general CT test(CCTT)
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information and for well understanding of the topics were also provided to students for reading. 

Number of inquiry activities were also conducted in this study includes: worksheets, 

reflections, and projects (Recycling project).    

 

3.6 Implementation of the Pedaste inquiry model 

The Pedaste IBL framework (2015) is a process by which problem is selected, generate 

questions, explore them and then interpret to give conclusion. Discussion and communication 

followed at each step. In the first step of “orientation” topics were introduced and discussed 

with students to engage them in the inquiry process and triggered curiosity for finding the 

relevant questions and further explore them to find answers. In the second step of 

“questioning”, initial inquiry questions were set for the students and encourage them to find or 

raise other relevant questions. For better understanding of the phenomenon, engaging video 

lessons of all the topics were shown to them in groups. Open ended questions were written 

down for the home task for further “exploration” which is the third step of inquiry framework. 

In exploration students were guided to find or search answers on their own to understand the 

concepts by watching videos, web searching and discussion with the peers. Students were 

instructed to create questions and reflect about the processes involved in lessons which they 

want to know about the topics for discussion and exploration. For “data analysis” step of the 

inquiry model, students were instructed to note down all the searched answers as an 

assignment/home task. Students analyzed the collected data and planned to address the 

questions after assessing resources or data of their choice. In “conclusion” each answer of the 

student was discussed with them. Students were asked to reflect upon their answers. In last step 

of “discussion” one of the best answers was presented by the students in the class for clarifying 

the confusions and queries. In this whole procedure of the study, it was made sure that every 
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student got the idea of raising questions on their own and find answers so that they can better 

construct their knowledge and boost their thinking. The same procedure of inquiry went for 

both intervened chapters of science for the time span of 4 weeks.  

 

3.7 Description of control group instructions 

Control group is facilitated by their science teacher using lecture as primary method of 

instruction. Students of control group followed the same content of primary curriculum of 

science textbook. Teacher delivered lectures by using only textbook and use whiteboard to 

mention some key points of the lesson. Explained examples from textbook to clear the concepts 

of students in classroom. Traditional question and answer session were conducted by the 

teacher and very few asked from the student’s side. No technology was implemented by the 

teacher in the classroom. Home task was given to solve the exercise given at the end of the 

chapter on notebooks. Assessed their knowledge by asking questions and giving short tests. To 

monitor the progress of students, the weekly checking of notebooks or after completion of 

chapter.   

 

3.8 Research instruments 

To collect the data for the study following instruments were used: 

1. Content-specific CT pre- and post-test of chapter “pollution and its effect on 

environment”. 

2. Content-specific CT pre- and post-test of chapter “space exploration”. 

3. Post-test of CCTT level X for assessing general CT skills. 
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4. Post-test of traditional formative assessment of chapter “pollution and its effects on 

environment”. 

5. Post-test of traditional formative assessment of chapter “space exploration”. 

3.8.1 Content-specific CT tests: 

To achieve the objectives of the study, pre and posttests of chapter “pollution and its effects on 

environment” and “space exploration” of grade 8 science were prepared on the basis of proper 

specification, according to higher order thinking skills of Bloom’s taxonomy, after careful 

review of techniques of preparing test items. Pre and post-test of chapter “Pollution and its 

effects on environment” comprised of 20 multiple choice questions and pre and post-test of 

chapter “space and exploration” comprised of 22 multiple choice questions. The specification 

of marks of Pre and Post-tests were 

Table 3.3 Marks specification of tests 

Blooms Taxonomy higher 

order thinking skills 

Pre and posttest of Chapter 

“pollution and its effect on 

environment” 

Pre and posttest of Chapter 

“space exploration” 

Applying Items=5 MCQ’s 

Marks= 5  

Items=5 MCQ’s 

Marks= 5 

Analyzing Items=5 MCQ’s 

Marks= 5 

Items=6 MCQ’s 

Marks= 6 

Evaluating Items=5 MCQ’s 

Marks= 5 

Items=6 MCQ’s 

Marks= 6 

Creating Items=5 MCQ’s 

Marks= 5 

Items=5 MCQ’s 

Marks= 5 
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All multiple-choice questions were included in the test for assessing the content-specific CT 

skills. The content validity of tests was tested by the professional and experienced teachers of 

science at school, including the Head of Department of science and senior teachers of the 

school. They suggested little modifications in some questions from pre-test of chapter 

“pollution and its effects on environment” of higher difficulty level. In light of their suggestions 

some test items were revised and after the approval of supervisor and science teachers, the tests 

were conducted in both experimental and control group. (Appendix-B & Appendix-C).   

3.8.2 Cornell critical thinking test (CCTT): 

To check the general CT skills of the student, post test was conducted in both groups for 

comparative analysis. Instrument was taken from the CCTT level X and modified by the 

researcher and supervisor. Only ten multiple choice questions were selected from each category 

by keeping in mind the difficulty level of each question and the age group of students. Total 

time allowed for 10 multiple choice questions were 10 minutes and total marks were also 10 

(Appendix-D). 

CCTT is one of the multiple choice questions test that has validated questions and used for 

assessing the general CT ability (Iwaoka et al., 2010). Keeping in mind the context of the 

research participants, CCTT was selected due to its applicability for grade 5 to 12+ and easy 

to understand language and feasibility for the large sample size. CCTT developed in 1985 and 

widely used instrument for assessing general CT ability. The content validity of CCTT is 

assessed and there are positive indications for the criterion validity. The study conducted by 

(Verburgh et al., 2013) to critically assess the validation and reliability of CCTT and Halpern 

Critical Thinking Assessment (HCTA) in higher education system, the results indicates that 

the content of CCTT is more valid than HCTA as it is according to the definitions of CT 
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mentioned by the author. Furthermore, the results indicate that CCTT is more feasible than the 

HCTA with regard to its easy checking and less time to administer.   

3.8.3 Academic achievement (traditional formative assessment): 

Academic achievement of students was measured from the traditional formative assessment 

conducted by the science teachers of both control and experimental group to check the 

effectiveness of IBL. Questions were designed by the expert and professional science teachers 

who has experience of teaching science over 10 years to assess the overall understanding of 

both chapters.  

The teachers of both classes (control and experimental group) were highly experienced in their 

subject matter and have huge experience of conducting formative assessments. Tests are 

conducted after approval of Head of department of science, tests are attached in (Appendix-E).  

 

3.9 Time schedule: 

The study spanned for 4 weeks in a school. The researcher took 14 classes of experimental 

group in 4 weeks (7 classes in 2 weeks for each chapter) to cover 2 chapters of science. Control 

group was taught by their science teacher for the same 4 weeks to cover the same 2 chapters of 

science by traditional teaching method.  

 

3.10 Data analysis 

To find the effectiveness of IBL on academic achievement and CT skills of students in science, 

a quasi-experimental study was conducted in Grade 8. Data collected for this study by 

administering the pre and post-test of content-specific critical thinking of two science chapters, 
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post-test of Cornell critical thinking test (CCTT) and post-test of traditional formative 

assessment. Data is parametric in nature. To discover contrast in content-specific and general 

CT abilities and academic achievement in science between the experimental and control group, 

the independent sample t-test was utilized. To compare the effectiveness of each methodology 

within group, paired t-test was conducted for each group. The null hypotheses were accepted 

or rejected dependent on the examination of t-tests. Before analysis, the assembled information 

was prepared. The data was then analyzed using statistical software SPSS. The results and 

findings of the study are explained in detail in the next chapter. 

 

3.11 Summary: 

For quasi-experimental study, pre and post-test of content-specific CT skills and post-tests of 

general CT skills and post-test of formative assessments for academic achievement were 

designed. A group size of 35 each was used. The control and experimental groups were two 

sections of Grade 8 in IMCG F-10/2 Islamabad, Pakistan. 

The research question explored was “Is there a significant difference in content-specific CT 

skills, general CT skills and academic achievement of middle school science students who 

participate in an IBL classes as compared to students who participate in traditional teaching 

lecture method?”. The independent variables were IBL and traditional teaching lecture method, 

the dependent variables were Content-specific CT skills, General CT skills and Academic 

achievement (formative assessments). The null hypothesis was “Participation of middle school 

students in IBL classes of science has no significant effect on participant’s academic 

achievement, content-specific and general CT skills as compared to traditional classes of 

science participants” whereas the Alternative Hypothesis was “Participation of middle school 

students in IBL classes of science has significant effect on participant’s academic achievement, 
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content-specific and general CT skills as compared to traditional classes of science 

participants”. 

The pre-tests of two science chapters were conducted for both groups. After the tests, 4 weeks 

intervention was conducted to the experimental group using IBL framework of Pedaste (2015) 

by the researcher whereas control was instructed by their science teacher. Lastly, the post-tests 

were conducted for both groups to collect data.   

An independent samples t-test and paired sample t-test was used to investigate if the difference 

between the mean scores of the post-tests were significantly different for both groups or not; 

and the effect size was calculated. The results and findings of the study are explained in detail 

in the next chapter.   
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4.  Data Analysis and Results 

 

4.1 Overview 

The main aim of this quasi-experimental study was to understand the impact of IBL in science 

on content-specific and general CT skills and academic achievement of the female students of 

grade 8. For this purpose, two chapters from science textbook were selected: chapter 1 

“Pollution and its effects on environment” and chapter 2 “Space exploration”.  Pretest and 

posttest were designed and conducted in control and experimental group for the purpose of 

collecting quantitative data for content-specific CT skills, posttest of Cornell Critical Thinking 

Test (CCTT) was conducted for measuring general CT skills and posttests of traditional 

assessment from both chapters for measuring academic achievement in traditional setting to 

see the impact of IBL in formative assessments of school. This chapter provides the details of 

the results and statistical tests to analyze the data.  

 

4.2 Statistical tests of chapter 1 of control and 

experimental group 

Normality test of control group pretest and posttest 
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Table 4.1 Normality test of CG for chapter 1 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.089 of pretest and 0.512 for posttest, which shows that the p-value is 

greater than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it is 

concluded that the data of chapter 1 pre and posttest is normally distributed for control group. 

 

Figure 4.1 Histogram of CG chapter 1 pretest 
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Figure 4.2 Normal Q-Q Plot of CG pretest chapter 1 

 

Figure 4.3 Histogram of CG posttest chapter 1 
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Figure 4.4 Normal Q-Q Plot of control group posttest chapter 1 

The histogram and Q-Q plot of pretest and posttest of control group for chapter 1 shows that 

the data is normally distributed. 

 

Normality test of experimental group pretest and posttest  

Table 4.2 Normality test of EG chapter 1 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.101 of pretest and 0.270 for posttest, which shows that the p-value is 

greater than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it is 
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concluded that the data of chapter 1 pre and posttest is normally distributed for experimental 

group.  

Figure 4.5 Histogram of EG pretest chapter 1 

 

Figure 4.6 Normal Q-Q Plot of EG pretest chapter 1 
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Figure 4.7 Histogram of EG posttest chapter 1 

 

Figure 4.8 Normal Q-Q Plot of EG posttest chapter 1 

The histogram and Q-Q plot of pretest and posttest of experimental group of chapter 1 shows 

that the data is normally distributed.  
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Paired samples test for control group 

Table 4.3 Paired sample t-test for CG chapter 1 

 

The null hypothesis for paired sample t-test is that there is no significant difference in the results 

of students before and after participation in the traditional teaching lecture method. The p-value 

is 0.003 which is less than the significance level of 0.05. Therefore, the null hypothesis is 

rejected, and it is concluded that there is significant difference between the mean score of the 

students who participated in the traditional teaching lecture method. 

The mean score of pretest is 6.2571 with SD 2.25366 and mean score of posttest is 8.2571 with 

SD 2.61605 which shows a little progress in control group.  

The value of correlation is -0.156 which shows the negative correlation. Correlation lies 

between - 1 and +1 with negative worth implying that the larger values of the first variable are 

bound to be seen with the small values of the second variable and vice versa. There is huge 

negative correlation between the scores before and after the intervention.  
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Paired samples test for experimental group 

Table 4.4 Paired sample t-test for EG chapter 1 

 

The null hypothesis for paired sample t-test is that there is no significant difference in the results 

of students before and after participation in the IBL classroom. The p-value is 0.000 which is 

less than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it is 

concluded that there is significant difference between the mean score of the students who 

participated in the IBL classroom. 

The mean score of pretest is 7.2286 with SD 2.15687 and mean score of posttest is 12.4286 

with SD 2.57003 which shows a huge difference in progress of experimental group.  

The value of correlation is 0.099 which shows the positive correlation. There is significant 

positive correlation between the scores before and after the intervention in an experimental 

group.  
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Independent sample t-test for pretests of control and experimental group 

Table 4.5 Independent sample t-test for pretests of CG & EG 

 

The null hypothesis for Levene’s test for equality of variances states that the equal variances 

are assumed for two groups. The p-value of the test is 0.988 which is greater than 0.05. 

therefore, the null hypothesis is accepted, and it is concluded that equal variances are assumed. 

The null hypothesis for independent sample t-test for pretest scores of both groups states that 

there is no significant difference in the results of the students before participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.070. The 

significance value 0.05 is less than the p-value. Therefore, the null hypothesis is accepted, and 

it is concluded that there is no significant difference in the pretests of both groups.  
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Independent sample t-test for posttest of control and experimental group 

Table 4.6 Independent sample t-test for posttests of CG & EG 

 

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.996 which is greater than 0.05, therefore, the 

null hypothesis is accepted, and it is concluded that equal variances are assumed.  

The null hypothesis for independent sample t-test for posttest scores of both groups states that 

there is no significant difference in the results of the students after participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.000. The 

significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is rejected, 

and it is concluded that there is significant difference in the posttest scores of both groups.  

The mean posttest score of students in EG (M=12.4286, SD=2.57) was greater than the CG 

(M=8.2571, SD=2.61 which indicates that there is a huge difference in the two mean scores of 

posttests.  

  



 
 

65 

4.3 Statistical tests of chapter 2 of control and 

experimental group 

Normality test of control group pretest and posttest 

Table 4.7 Normality test of CG chapter 2 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.443 of pretest and 0.306 for posttest of CG, which shows that the p-value 

is greater than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it 
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is concluded that the data of chapter 2 pre and posttest is normally distributed for experimental 

group. 

 

Figure 4.9 Histogram of CG pretest chapter 2 

 

Figure 4.10 Normal Q-Q Plot of pretest chapter 2 
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Figure 4.11 Histogram of CG posttest chapter 2 

 

Figure 4.12 Normal Q-Q Plot of CG posttest chapter 2 

The histogram and Q-Q plot of pretest and posttest of control group of second chapter shows 

that the data is normally distributed. 
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Normality test of experimental group pretest and posttest  

Table 4.8 Normality test of EG chapter 2 

 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.067 of pretest and 0.093 for posttest of EG, which shows that the p-value 

is greater than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it 

is concluded that the data of chapter 2 pre and posttest is normally distributed for experimental 

group. 

 

Figure 4.13 Histogram of EG pretest chapter 2 
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Figure 4.14 Normal Q-Q Plot of EG pretest chapter 2 

 

Figure 4.15 Histogram of EG posttest chapter 2 
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Figure 4.16 Normal Q-Q Plot of EG posttest chapter 2 

The histogram and Q-Q plot of pretest and posttest of experimental group of second chapter 

shows that the data is normally distributed. 

Paired sample t-test for control group 
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Table 4.9 Paired sample t-test for CG chapter 2 

 

 

The null hypothesis for paired sample t-test is that there is no significant difference in the results 

of students before and after participation in the traditional teaching lecture method. The p-value 

is 0.143 which is greater than the significance level of 0.05. Therefore, the null hypothesis is 

accepted, and it is concluded that there is no significant difference between the mean scores of 

the students who participated in the traditional teaching lecture method. 

The mean score of pretest is 6.2000 with SD 2.37388 and mean score of posttest is 6.7714 with 

SD 2.11557 which shows minimal difference in progress of control group.  

The value of correlation is 0.501 which shows the positive correlation. So, it is concluded that 

there is positive correlation between the scores of before and after intervention in the CG. 
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Paired samples t-test for experimental group 

Table 4.10 Paired sample t-test for EG chapter 2 

 

The null hypothesis for paired sample t-test is that there is no significant difference in the results 

of the students before and after participation in the IBL classroom. The p-value is 0.000, which 

is greater than the significance level of 0.05. Therefore, the null hypothesis is rejected, and it 

is concluded that there is significant difference between the mean scores for chapter 2 of the 

students who participated in the IBL classroom. 

The mean score of pretest is 7.6 with SD 2.43 and mean score of posttest is 11.42 with SD 2.87 

which shows a huge difference in progress of experimental group.  

The value of correlation is 0.436 which shows the positive correlation. Therefore, it is 

concluded that there is significant positive correlation between the scores before and after the 

intervention in an experimental group.  
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Independent sample t-test for pretests of control and experimental group 

Table 4.11 Independent sample t-test for pretests of CG & EG chapter 2 

 

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.851 which is greater than 0.05, therefore, the 

null hypothesis is accepted, and it is concluded that equal variances are assumed. 

The null hypothesis for independent sample t-test for pretest scores of both groups states that 

there is no significant difference in the results of the students before participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.018. The 

significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is rejected, 

and it is concluded that there is significant difference in the pretests of both groups for chapter 

2.  
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The mean pretest score of students in EG (M=7.60, SD=2.43) was greater than the CG (M=6.20 

and SD=2.37). The SD value indicates that the results are close to the mean in CG as compared 

to the EG. So, there is a negligible difference in the two mean scores of pretests for chapter 2.  

Independent sample t-test for posttests of control and experimental group 

Table 4.12 Independent sample t-test for posttests of CG & EG chapter 2 

 

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.013 which is less than 0.05, therefore, do not 

accept the null hypothesis and conclude that equal variances are not assumed. As long as N>30 

and n1≈ n2, t test is robust to violations of homogeneity of variance.  

The null hypothesis for independent sample t-test for posttest scores of both groups states that 

there is no significant difference in the results of the students after participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.000. The 

significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is rejected, 
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and it is concluded that there is significant difference in the posttests of both groups for chapter 

2.  

The mean posttest score of students in EG (M=11.42, SD=2.87) was greater than the CG 

(M=6.77, SD=2.11). The SD value indicates that the results are close to the mean in control 

group as compared to the experimental group. There is a huge difference in the two mean scores 

of posttests.  

 

4.4 Statistical tests of Cornell Critical Thinking Test 

(CCTT) 

Normality test of CCTT posttest of control group and experimental group 

Table 4.13 Normality test for CCTT 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.061 of posttest of CCTT of EG and 0.186 for posttest of CCTT of CG, 
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which shows that the p-value is greater than the significance level of 0.05. Therefore, the null 

hypothesis is rejected, and it is concluded that the data is normally distributed for both groups. 

 

Figure 4.17 Histogram for CG posttest CCTT 

 

Figure 4.18 Normal Q-Q Plot of CG posttest CCTT 
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Figure 4.19 Histogram of EG posttest CCTT 

 

Figure 4.20 Normal Q-Q Plot of EG posttest CCTT 

The histogram and Q-Q plot of posttests of experimental and control group of CCTT shows 

that the data is normally distributed. 
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Independent sample t-test of CCTT for posttests of control and experimental group  

Table 4.14 Independent sample t-test for posttests of CCTT 

 

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.561 which is greater than 0.05, therefore, the 

null hypothesis is accepted, and it is concluded that equal variances are assumed. 

The null hypothesis for independent sample t-test for posttest scores of CCTT of both groups 

states that there is no significant difference in the CT skills of the students after participation 

in the IBL classroom and traditional teaching lecture method. The p-value found in test is 0.001. 

The significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is 

rejected, and it is concluded that there is significant difference in the posttest score of CCTT 

of both groups. 

The mean posttest score of students in EG (M=5.17, SD=2.065) was greater than the CG 

(M=3.57 and SD=1.975). The SD value indicates that the results are close to the mean in CG 

as compared to the EG. So, there is much difference in the two mean scores of posttest.   
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4.5 Statistical tests of Academic 

Achievement/Traditional Assessments 

Normality test of control group chapter 1 and 2 

Table 4.15 Normality test of CG TA 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.052 for chapter 1 posttest TA of CG and 0.498 for chapter 2 posttest, 

which shows that the p-value is greater than the significance level of 0.05. Therefore, the null 

hypothesis is rejected, and it is concluded that the data is normally distributed for CG. 

 

Figure 4.21 Histogram of CG posttest TA chapter 1 
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Figure 4.22 Normal Q-Q Plot of CG posttest TA chapter 1 

 

Figure 4.23 Histogram of CG posttest TA chapter 2 
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Figure 4.24 Normal Q-Q Plot of CG posttest TA chapter2 

The histogram and Q-Q plot of posttests of both chapters of control group shows that the data 

is normally distributed. 

Normality test of experimental group 

Table 4.16 Normality test of EG TA 

 

The null hypothesis for normality test is that the data is normally distributed. The p-value of 

Shapiro-Wilk test is 0.052 for chapter 1 posttest TA of EG and 0.079 for chapter 2 posttest, 

which shows that the p-value is greater than the significance level of 0.05. Therefore, the null 

hypothesis is rejected, and it is concluded that the data is normally distributed for EG. 
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Figure 4.25 Histogram of EG posttest TA chapter 1 

 

Figure 4.26 Normal Q-Q Plot of EG posttest TA chapter 1 
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Figure 4.27 Histogram of EG posttest TA chapter 2 

 

Figure 4.28 Normal Q-Q Plot of EG posttest TA chapter 2 

The histogram and Q-Q plot of posttests of both chapters of experimental group shows that the 

data is normally distributed. 
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Independent sample t-test of Academic achievement in traditional assessment for 

posttests of chapter 1 of control and experimental group  

Table 4.17 Independent sample t-test of TA chapter 1 

 

Total 31 out of 35 students are present in experimental group and 30 out of 35 students are 

present in control group for class test of both chapters.  

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.001 which is less than 0.05, therefore, do not 

accept the null hypothesis and conclude that equal variances are not assumed. As long as N>30 

and n1≈ n2, t test is robust to violations of homogeneity of variance.  

The null hypothesis for independent sample t-test for posttest scores of TA of both groups states 

that there is no significant difference in the results of the students after participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.000. The 

significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is rejected, 
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and it is concluded that there is significant difference in the posttests of both groups for chapter 

1.  

The mean posttest score of students in EG (M=18.95, SD=7.847) was greater than the CG 

(M=5.53 and SD=4.345). The SD value indicates that the results are close to the mean in CG 

as compared to the EG. The result shows that there is much difference in the two mean scores 

of posttests. 

Independent sample t-test of Academic achievement in traditional assessment for 

posttests of chapter 2 of control and experimental group  

Table 4.18 Independent sample t-test of TA chapter 2 

 

The null hypothesis for Levene’s test for equality of variances is that variances of two groups 

are approximately equal. The p-value of test is 0.022 which is less than 0.05, therefore, do not 

accept the null hypothesis and conclude that equal variances are not assumed. As long as N>30 

and n1≈ n2, t test is robust to violations of homogeneity of variance.  
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The null hypothesis for independent sample t-test for posttest scores of TA of both groups states 

that there is no significant difference in the results of the students after participation in the IBL 

classroom and traditional teaching lecture method. The p-value found in test is 0.000. The 

significance value 0.05 is greater than the p-value. Therefore, the null hypothesis is rejected, 

and it is concluded that there is significant difference in the posttests of both groups for chapter 

2.  

The mean posttest score of students in EG (M=20.32, SD=5.938) was greater than the CG 

(M=9.73 and SD=4.394). The SD value indicates that the results are close to the mean in CG 

as compared to the EG. The result shows that there is much difference in the two mean scores 

of posttests. 

 

4.6 Experimental Group Improvement in Scores 

The mean scores from the EG increased from 7.23 in the pretest to 12.43 in the posttest for 

chapter 1 and for chapter 2 mean score increased from 7.60 in the pretest to 11.42 in the 

posttest. The mean difference is 5.20 and 3.82 for both chapters, respectively. 

Moreover, the mean difference between the CG posttest scores and EG posttest scores is 4.171 

and the 95% Confidence Interval of Differences states a minimum increase of 2.934 and 

maximum increase of 5.408 for chapter1. Similarly, the mean difference of posttest scores of 

each group is 4.657 and the 95% CI of Differences states a minimum increase of 3.453 and 

maximum increase of 5.860 for chapter 2. Therefore, the use of IBL model resulted in an 

increase in content-specific CT skills of students.  

For general-specific CT skills the mean score of the EG is 5.17 in the posttest of CCTT and the 

mean score of CG is 3.57. Therefore, the mean difference is 1.60 and the 95% CI of Differences 
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states a minimum increase of 0.636 and maximum increase of 2.564. This too shows that there 

is a significant difference in the general-specific CT skills in EG students.  

In traditional assessments, the mean score of the EG in posttest of chapter 1 is 18.95 and the 

mean score of CG is 5.53. The mean difference between the experimental and control group 

posttest score for chapter 1 is 13.418 and the 95% CI of differences states a minimum increase 

of 10.153 and maximum increase of 16.683. Similarly, the mean score of the EG in posttest of 

chapter 2 is 20.32 and the mean score of CG is 9.73. The mean difference between the EG and 

CG posttest score for chapter 2 is 10.589 and 95% CI of differences states a minimum increase 

of 7.906 and maximum increase of 13.273. Therefore, the use of IBL model resulted in an 

increase in the academic achievement of the students in traditional assessments. 
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5. Discussion 

 

5.1 Findings of the study 

Findings of the study based on the comparison of IBL and traditional teaching lecture method 

in science towards middle school participants.   

This research addressed the following research questions: 

1. Is there a significant difference in content-specific CT skills of the middle school 

science students who participate in an IBL classes as compared to the students who 

participate in traditional teaching lecture method? 

2. Is there a significant difference in general CT skills of the middle school science 

students who participate in an IBL classes as compared to the students who participate 

in traditional teaching lecture method? 

3. Is there a significant difference in academic achievement of the middle school science 

students who participate in an IBL classes as compared to the students who participate 

in traditional teaching lecture method? 

The data analysis was conducted to test the effectiveness of IBL model on student’s content-

specific CT skills, general CT skills and academic achievement as compared to traditional 

teaching lecture method. The results showed improvement in results of experimental group 

who were taught by using IBL model as compared to the control group who were taught by 

using traditional teaching method. The findings of the results showed that there is significant 

difference in content-specific CT skills, general CT skills and academic achievement of the 
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students who received IBL instructions as compared to the students who received traditional 

teaching lecture method.  

The following Null Hypotheses were formulated: 

H01: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s content-specific CT skills as compared to the traditional classes of science 

participants.  

H02: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s general CT skills as compared to the traditional classes of science participants.  

H03: Participation of middle school students in IBL classes of science has no significant effect 

on participant’s academic achievement as compared to the traditional classes of science 

participants.  

After analyzing the data, all three null hypotheses were rejected, and alternate hypotheses were 

failed to reject. It is stated that participation of middle school students in IBL classes of science 

has significant effect on student’s academic achievement, content-specific and general CT 

skills as compared to traditional classes of science participants.  

The experimental group showed a significant increase in posttests based on statistical tests and 

there was a significant difference between the mean score of posttests of the control and 

experimental groups. This indicates the benefits of using IBL model with the implementation 

of video lessons and activities in class. Full participation of students and interest was observed 

in class tasks like asking genuine questions, arising interesting and thoughtful questions during 

lessons, discussions among each other during watching videos and answering and explaining 

questions and queries in groups, helping each other in describing concepts through discussion 

and arguments and they pause and reflect on the concepts explained in videos. Moreover, 

questioning and exploring answers for those questions increases their critical thinking abilities.  
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 In control group, traditional teaching method was used, the teacher explained the concepts in 

verbal lecture using white board and textbook only. The difference between pre and post test 

scores is minimal and very low as compared to experimental group. Students attended class 

passively and no thought-provoking questions from student’s side was observed. 

Furthermore, it was seen by the researcher that there are contrasts between the two groups as 

far as their dedication to go to each class, work with their class fellows, team up, and pose 

inquiries. The IBL group loved coming to class and felt open to posing inquiries and speaking 

with the teacher and with one another. Students showed that they sensed they are part for their 

learning cycle and felt belongingness, they felt smart and confident about their ability to solve 

problems on their own. When students were asked, which teaching method helps them to 

understand more and give their opinions about it then one student said, “I learned a lot from 

videos because it gives a lot of information which cannot be delivered from lecture as 

effectively as from videos because we make notes during listening and watching and 

understand on our own”. Another student said, “During test I forgot the uses of spacecraft 

which are mentioned in the textbook, but I remembered the ones mentioned in videos and from 

worksheets and notes which I wrote on my own”. Third students said, “It helps in improving 

our knowledge and thinking and I like the way that you teach us and asked us to raise questions 

and find answers on our own because in that way we think on our own and finding those 

answers helped in improving our knowledge”.  Another student prefers learning on her own 

and through exploration as compared to the rote learning, she said “I found it difficult to 

memorize the long question of “Ozone Depletion” but now we can write in our own words 

after learning from videos and searching answers on our own”. Another student said that” If 

we learn other chapters of science and other subjects in the same way then we don’t need to do 

rote learning”. Another student added “We find those videos very helpful, and we like to 

explore questions on our own. We never used internet before in a positive way for exploring 
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questions like that. It increases our knowledge”. Another student suggested that “It should be 

implemented in another subjects like history and geography because we find them difficult to 

memorize”. Students complimented that” I am happy that someone thought that students should 

be taught like this, I feel proud because this is a very good thing, and we learn in a better way 

and we get the opportunity to explore”. This discussion shows that if students were given a 

more time, an ideal opportunity to become adapted to the new instructional method, there 

would be a significant positive impact.  

The results are in support of the study conducted by (Rahmadhani et al., 2021) that IBL with 

OE3R (Orientation-Exploration-Explanation-Elaboration-Reflection) effective in increasing 

student’s critical thinking skills than conventional teaching lecture method in chemistry. The 

result of the study aligns with the study conducted Medriati et al., (2021); Rahmi et al., (2019); 

& Wijaya et al., (2020) that IBL has the significant impact on student’s academic achievement 

and critical thinking skills. The findings of Hrast & Savec (2018) indicates that students who 

went to IBL guidelines, seen an amazing arrangement or a considerable number of beneficial 

outcomes on mental processes. They figure out how to take care of issues or answer the 

inquiries and assumed liability for their own learning.  

 

5.2 Limitations 

The results of this quasi-experimental research study support the use of IBL model in 

enhancing CT skills of the students in science subject. However, there are a few limitations of 

this study. 

1. Lack of time due to the student’s upcoming pre-board exams, more topics could be 

covered or time for more exploration for students to enhance their knowledge and CT 

skills.  
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2. Lack of concentration and disturbance because of ongoing sports week and one week 

gap due to winter vacations during intervention. 

3. Fed up with a lot of tests and worksheets as they knew it was not a part of their exams.  
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6. Conclusion 

 

The purpose of this study was to minimize the gaping hole in the research by implementing 

inquiry-based learning in Pakistan’s government educational sector by using technology aid, 

along with IBL model of Pedaste (2015). The traditional teaching lecture method for learning 

science is still being used in most of the schools of Pakistan (Rehmani, 2006). It is teacher-

centered approach and students are the passive learners in classroom with no choice but to 

adapt to their teacher’s restricted methodology and pre-planned lesson plans for gaining 

knowledge. One of the problem world is facing today in education is the weak learning process 

in which students are less encouraged to develop their thinking skills and learning is only taking 

place to memorize information directly without understanding what they remembered (Zaini, 

2016). Rote learning does not take part in developing critical thinking skills or any other 

important skill.  

This research aimed at investigating the effect of IBL in science on student’s academic 

achievement, general and content-specific critical thinking skills in science. The focus was on 

two science chapters of grade 8 named “Pollution and its effects on environment” and “space 

exploration”. The research question explored was “Is there a significant difference in content-

specific CT skills, general CT skills and academic achievement of middle school science 

students who participate in an IBL classes as compared to students who participate in 

traditional teaching lecture method?”. The independent variables were IBL and traditional 

teaching lecture method, the dependent variables were Content-specific CT skills, General CT 

skills and Academic achievement (traditional assessments). The null hypothesis was 

“Participation of middle school students in IBL classes of science has no significant effect on 

participant’s academic achievement, content-specific and general CT skills as compared to 
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traditional classes of science participants” whereas the Alternative Hypothesis was 

“Participation of middle school students in IBL classes of science has significant effect on 

participant’s academic achievement, content-specific and general CT skills as compared to 

traditional classes of science participants”. 

The quasi-experimental study was conducted over 4 weeks to collect the quantitative data from 

pre and posttests of 70 grade 8 students of control and experimental group. It is determined on 

the basis of the data analysis and discussion that there is incredible positive improvement in 

the development of the content-specific CT skills of experimental group students who receive 

IBL instructions as compared to the control group students who receive traditional teaching 

lectures. There is a significant difference in posttests of CCTT conducted for general CT skills 

and traditional assessments for academic achievement between the experimental and control 

group students.  

The null hypothesis was rejected, and alternative hypothesis was failed to reject. It was 

concluded that IBL has a significant effect on student’s CT skills and academic achievement 

in science.  

An assorted and wide collection of exploration recommends that IBL positively impact the 

student’s ability to understand the core concepts or procedures and critical thinking skills.   

Since students are not familiar in conducting the inquiry process before they still need time to 

practice and gain experience in collecting information and investigate the data.  

This study might help and benefit in curriculum development according to IBL to enhance CT 

skills, science teaching, and construction of valid tests to assess the content-specific and general 

CT skills among the students. Also guide the future researchers to conduct the study in various 

fields of science and other subjects.   
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6.1 Future recommendations 

Inquiry is not, at this point simply the language of science and math. It presently contributes in 

immediate and principal approaches to business, account, health, and defense. For learners, it 

opens ways to vocations. For residents, it empowers educated choices. For countries, it gives 

information to contend in an innovative economy. 

The purpose of this research is to examine the effect of IBL on critical thinking skills and 

academic achievement of the middle school students in science. Opportunities exist for future 

researchers to address areas of improvement in this research. These could incorporate 

improving the research with more broad systems and technology, adding different data 

collections tools for CT skills, surveying various kinds of inquiry projects, and gathering 

information that addresses more sorts of critical thinking capacities and practices. A repeated 

measures analysis could be directed to evaluate the inquiry program over a more extended time 

period. By concentrating on the inquiry program in a repeated measures plan, the analyst could 

distinguish explicit parts of the program helpful to improving CT skills and academic 

achievement of students.  

Effectively implementing IBL in classroom needs understanding of the key elements of IBL 

and supporting students in understanding the process in relation with the course content. It 

helps in engaging students, think critically, and learn at a higher level which are necessary for 

higher education and employment. In order to discourage rote learning, IBL can be 

implemented for different subjects at different levels of education. To ensure the best results, 

IBL can be included in teacher’s training program especially for science teachers. 

Maxwell et al. (2015) argues that lack of time allowed for inquiry, plans for IBL activities and 

lack of funding or resources creates obstacles in implementing IBL and causes frustration in 

teachers. Therefore, it is recommended to set up the IBL curriculum keeping in mind all the 
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barriers and limitations and making students learning priority in order to achieve the goal of 

higher order thinking skills. The learner’s propensity for fostering their knowledge and critical 

thinking skills should be done consistently in different degrees of schooling. Critical thinking 

skills urge the learners to solve the issues that they face. Thinking critically is an expertise that 

required to be attained by the learners in future. There is almost no exploration work about IBL 

in our country. Additional studies are required to further study the relationship between IBL 

and critical thinking skills. Also, the researcher recommends assessing CT skills with more 

tools other than multiple choice questions and CCTT, it can be open ended questions and 

assessing their discussion and presentations which should be the part of the student’s grading 

system so that they can put more cognitive effort in exploring the answers to the questions. To 

get further into the strands of this investigation, gender can be considered whether it would 

have an effect diversely on the student's CT skills. Along these lines researchers are 

recommended to approve the viability of this strategy in various science subjects.  
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