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Abstract 

Title:                                                   The Effects of a Flipped Classroom 

Compared to a Traditional on Students’ 

Mathematics Achievement and Critical 

Thinking Skills at Benghazi University 

Author:                                               Tarik O. Hamed Beltaib 

Major Advisor:                                   Joo Young Park, Ph.D. 

 

This study aimed to compare the effects of two different instructional 

models (flipped and traditional) on students’ mathematics achievement and critical 

thinking skills (CTS) at Benghazi University. This study used a quasi-experimental 

non-equivalent control group design involving intact classes of 80 students. The 

primary dependent variables were mathematics achievement and critical thinking 

skills, and the primary independent variable was the instructional methods. The data 

collection instruments consisted of several different assessments:(1) A pre-and post-

test (Placement test and Final test) designed by the mathematics department (2) the 

California Critical Thinking Skills Test (CCTST) was administered at the beginning 

and end of the semester.  

A one-way ANCOVA was used to analyze the data for both research 

questions. Results for Research Question 1 showed a significant effect of the 

learning approach (F (1,77) =253.5, p <.001, with adjusted R-Squared = .908) on 

the Final Exam after controlling for the Placement Test. For Research Question 2, 



 

iv 
 

results showed a significant effect of the approach   F (1,77) = 11.740, p <.001, with 

adjusted R-Squared = .200) on Post CCTST after controlling for Pre CCTST.    

From an additional follow-up analysis, the correlation between the academic 

achievement and some of the subscales of Critical Thinking Skills (i.e., Analysis 

and Induction) appeared significant for both control and experimental groups. There 

were strong correlations between those subscales (i.e., Analysis and Induction) and 

Final Exam (r=.822, and .910, respectively).  

Finally, recommendations and implications are provided for policymakers, 

and other insights for future studies were highlighted. 
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Chapter 1 

Introduction 

Background 

The Government of Libya aims to enhance and develop Information and 

Communications Technology (ICT) infrastructure in the country and create and 

renovate the entire instructional system. (Hamdy, 2007; Rhema & Miliszewska, 

2010). However, the current reform process is challenged by inadequate 

infrastructure and lack of skilled ICT-savvy educators (Hamdy, 2007).  

Some educational systems have yet to adopt and integrate technology into 

their classrooms in Libya. Assistive and instructional technologies have been shown 

to have a significant impact on helping students compensate for their weakness in 

executive function and increase student achievement (Schwartz, 2014).  

One of the instructional models integrating such technologies is a flipped 

classroom model. The flipped classroom is often defined as an instructional strategy 

and a part of blended learning instruction where the students comprehend 

instructional contents before attending class by watching video-recorded lectures 

(Bart, 2014; Meigen, 2016; Quan, 2015). In the flipped classroom, in-class 

activities are subsequently more focused on promoting students' critical thinking 

skills or knowledge construction, such as small group discussion, dialogue 

presentation, and take-and-give conversation or so-called Socratic questioning 

process (Kong, 2014). 
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The flipped classroom facilitates content retrieval autonomously before 

attending class, enhances and creates an asynchronous channel for watching video 

lectures while replacing repetitive classroom lectures (Zainuddin & Perera, 2017). 

Green (2012) mentioned the benefits of flipping: increasing student engagement 

and interaction, providing students with a secure atmosphere, and increasing 

accessibility of required technologies and parents’ commitment. In addition, flipped 

teaching method with videos can give the learners a chance to handle their 

cognition better (Abeysekera, Dawson, 2014). 

In recent years, the flipped classroom has achieved prominence as an 

alternative pedagogical model in higher education organizations. (Toppo, 2011). 

The use of the flipped classroom strategy in mathematics education has become 

increasingly common. 

Wasserman and his colleagues (2015) examined the use of flipped 

classrooms in teaching Calculus within the context of higher education and found 

that flipped learning resulted in increasing students' communication skills during 

the class session, and more importantly, such an application improved their 

mathematical performance. The central argument for the improvement relied upon 

students' active discussion with their peers during classroom activities, through 

which students were encouraged to exchange and share their understanding with 

their peers regarding the material they had already learned. In other words, flipped 

classroom learning benefits the students in that it provides personalized learning 

experiences. Moreover, it may facilitate the students to improve their understanding 
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and motivate them to achieve their learning competencies (Bergmann & Sams, 

2012). 

Even after years of research and implementation of many programs and 

developing a new curriculum designed to increase critical thinking skills and 

improve academic achievement, students today still have a deficiency in the skills 

(Nirmala & Kumar, 2018; Willingham, 2008). There is a lack of critical thinking 

skills in students graduating from high school and college (Glaser, 1984; Nirmala & 

Kumar, 2018; National Education Goals Panel, 1992; ten Dam & Volman, 2004). 

To successfully teach and integrate critical thinking skills into the classes, educators 

need an effective way to apply them (Moore & Stanley, 2010; Paul, 2005; 

Whitworth & Chiu, 2015). 

The flipped classroom pedagogy has proven to be an effective methodology 

to improve the higher-order thinking skills for higher education (Hosam, Aizat, & 

Ahmed,2020). The flipped classroom strategy has enhanced the learners' 

performance and proven to be a positive learning strategy for STEM courses. 

However, the effectiveness of the flipped classroom can yield better results and 

performances only when the students actively participate in the in‐class and out‐

class activities (Priyaadharshini, & Sundaram, 2018). 

The partially or fully flipped–classroom model can improve critical thinking 

skills in life science students at different levels and across various biological 

subdisciplines (Harris et al., 2014). According to (Shoon, 2013) learning for 

innovation in the twenty-first Century will eventually be crucial for any education 
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system to survive in the age of rapid technology. One of those required 21st skills is 

as Scriven and Paul (2004) defined, critical thinking, ‘‘the mode of thinking in 

which the thinker improves the quality of his or her thinking by skillfully taking 

charge of the structures inherent in thinking and imposing intellectual standards 

upon them’’ (p.74). In light of the research and studies on critical learning, higher 

education scholars thought that critical thinking abilities are an intellectual 

excellence level needed for complete and positive involvement in the student's 

scholarly, personal, and social life (e.g., Scriven& Paul, 2004). 

Studies suggest that the most effective instructional strategies for the 

improvement of critical thinking skills are small group activities, question-and-

answer, role performance, discussion and negotiation, case studies or clinical 

scenarios, written documents, concept mapping, learning cycle, and blended 

learning; however, these strategies are not routinely used in academic settings due 

to time constraints in class, which is mainly devoted to teachers' lectures (Chan, 

2013; Von Colln-Appling & Giuliano, 2017). 

The transition from teacher-centered learning to student-centered learning 

should include goals such as fostering higher-order thinking skills. In the past, the 

most common way of assessing students was the traditional form of a summative 

test. This sort of test usually examined content knowledge and did not assess higher 

order thinking skills (Osborne, 1998). 

In recent years, many researchers have reported about reforms that 

emphasized teaching for improving higher-order thinking skills, such as asking 
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complex questions, generating argumentation, constructing a graph, and analyzing 

case-based articles through various innovative ‘real world' activities (Supardi, 

2013). 

Research Problem 

Many students in Libya have been facing difficulties attending their classes 

due to the ongoing civil war and the current unstable political situation since 2011. 

A study demonstrated a significant negative association between civil conflicts and 

educational achievement (Kıbrıs, 2012). Students would engage in classroom 

activities in a flipped setting through video lectures and online discussion under 

those circumstances.   

The mathematics achievement of college and university students is an issue 

of great concern to policymakers and educators. Many believe that mathematics 

achievement is a key predictor of a nation’s long-term economic potential 

(Friedman, 2005).  Moreover, failure rates in these courses are typically around 

50%, and college algebra is often singled out as the one course that is most 

detrimental for college students dropping out (Gordon, 2005; Brewer, 2009).  

In Libya, a study indicated that one of the possible barriers that might 

influence the adoption of educational technology at Benghazi University is the 

Libyan faculty’s lack of experience with the use of information technology 

(Faiza,2015). Moreover, results indicate that "while Benghazi faculty feel that they 

are moderately prepared in the use of information technology, they would 

appreciate greater access to information technology and more professional 
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opportunities in integrating technology into their teaching” (p 58). " Additional 

university access to information technology and professional development should 

significantly benefit Benghazi faculty and may positively impact their students who 

will be competing in a global information economy” (p106). 

Online resources and technological tools are becoming more ubiquitous 

each year, both in and out of the classroom. Schools and educators need to be 

prepared for the blurred lines between technology, schools, and learning. The 

popularity of the flipped classroom continues to expand, and there has been a 

continued call for quantitative research on the effects of the flipped model on 

student achievement (Berrett, 2012; Bishop & Verleger, 2013). 

The differences between the pre-test and post-test of the flipped learning 

environment and the conceptions, implementation, and challenges of critical 

thinking that were developed for school students by using adaptive techniques are 

significantly higher when compared to the flipped environment without any 

adaptations (Aisha &Meltem,2017). 

Libyan universities still use traditional teaching methods, which heavily rely 

on instructors’ lectures. A lecture-based traditional teaching method is predominant 

in classrooms at the college level in Libya. Such is the case with Benghazi 

University in Libya. The learning systems in the Mathematics Department at 

Benghazi University has used the traditional education system since its inception in 

1974, which aimed to produce skilled workers at the time. Students are taught based 

on teacher-centered learning and entirely through the lecturing method. One of the 
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major challenges in the Mathematics Department at Benghazi University is 

developing effective instructional strategies that can enhance students' critical 

thinking skills as well as mathematics proficiency.  

As available research on the effectiveness of flipped mathematics classes is 

still extremely limited in Libya, and also there is an absence in the literature 

regarding the effectiveness of these classrooms on students’ academic achievement 

and critical thinking skills at the university level. Thus there is a need for a research 

study on the effects of a flipped classroom compared to a traditional classroom on 

mathematics academic achievement and critical thinking skills in general and at 

Benghazi University.  

Definition of Key Terms   

Key terms pertinent to this study were operationally defined as follows:  

1) Flipped Classroom Model (FC): Operationally defined as moving most 

content delivery out of class to an online learning management system, 

using class time for learning activities that are active and social, and 

requiring students to complete pre-and/or post-class activities to fully 

benefit from in-class work (Abeysekera & Dawson, 201)  

2) Traditional Classroom Model or Face to face (FF): Operationally defined as 

a model wherein the instructor primarily lectures, students mainly take 

notes, and out-of-class homework problems are assigned for students to 

complete on their own (Wasserman, Norris, & Carr, 2013). 

3) Pedagogy: the instructional skills and strategies teachers use to impart the 

specialized knowledge/content of their subject area(s) (National Board for 
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Professional Teaching Standards, 2013). 

4) Facebook: a Web 2.0 software application, open-source, cloud, computing, 

and social media application. Facebook can be used in ICT. In addition to 

that, Facebook allows users to post videos, tag, watch, comment, share and 

communicate with others (Omar, Embi, & Yunus, 2012) 

5) Student academic achievement: Student scores on exams (Freeman et al., 

2014). 

6) Google Forms: a part of Google’s online suite of education tools to help 

teachers get more done in a shorter span of time. Forms is easy to use and 

one of the simplest ways to save data directly to a spreadsheet. Forms allow 

educators to creatively teach classroom material, collaborate with students, 

and design innovative assignments to achieve meaningful outcomes (About 

Google Forms).  

7) General Mathematics I: the first mathematics bachelor-level course in a 

sequence of courses designed to provide students with a rigorous program of 

study in mathematics. It considers of sequences and functions, continuity, 

derivatives, and integrals of polynomials, rational functions, exponential and 

logarithmic functions, partial derivatives, maxima, and minima. This course 

is part of a sequence of mathematics classes and follows the successful 

completion of Mathematics II.   

8) Critical thinking: a process of judgment. It aims at leading someone to 

decide what to believe or not and what to do in a given framework in 

relation to the necessary data, using all the suitable syllogisms and methods, 
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and establishing the right criteria for this act (Facione, 1992). 

9) The California Critical Thinking Skills Test (CCTST): a 34-item multiple-

choice test, available in three forms, designed to assess the critical thinking 

skills deemed essential to a college education. It is available in three forms 

(A, B, and 2000) that can be administered via paper-and-pencil or an 

internet connection to the publisher's test administration site. The paper-and-

pencil format requires a computer-scanned answer form on which test-takers 

"bubble-in" their answers. The individual items address various skills of 

evaluating information, drawing inferences, and justifying objections to 

inferences. The paper-and-pencil format requires a computer-scanned 

answer form on which test-takers "bubble-in" their answers. The individual 

items address various skills of evaluating information, drawing inferences, 

and justifying objections to inferences.  (California, n.d., P. 2.). (California, 

n.d., P. 2.). The subscales can be divided into five subscales to measure the 

five CTS: analysis, inference, and evaluation, or to two secondary subscales: 

deductive and inductive reasoning (Hicks, 1997; Kaddoura, 2011). 

9.1) Analysis: "Is the ability to examine ideas and break down arguments 

into smaller units in an effort to fully understand meanings and 

relationships between ideas" (California, n.d., P. 2).  

9.2) Deductive Reasoning: "Is logic that moves from the general to the 

specific" (Shumate, Creek & Crittenden, 2001). 

9.3) Evaluation: "Is the ability to assess the credibility and strength of claims 

and arguments as well as the ability to state one's findings, explain the 
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reasoning behind the findings, and to present this in a clear and logical 

manner" (California, n.d., p. 2).  

9.4) Inductive Reasoning: "Drawing a general conclusion based on a limited 

set of observations" (Thompson &Rebeschi,1999).  

9.5)  Inference: "Is the ability to question evidence, come up with 

alternatives, and draw conclusions. This includes the ability to both 

identify and consider needed elements and to form hypotheses" 

(California, n.d., p. 2). 

Research Purpose and Questions  

Research purpose. The purpose of this research was to examine if a flipped 

instructional approach has a positive effect on student learning of mathematics 

(General Mathematics 1) and critical thinking skills at Benghazi University. The 

study was designed to assist students with difficulties in attending and learning 

mathematics in Libya due to, in large, the ongoing civil war. The following are 

guiding questions for this study. 

Research questions. The overall research question that guided this study 

was “What are the effects of a flipped and traditional classroom pedagogy in 

relation to mathematics academic achievement and critical thinking skills at 

Benghazi University?” As part of this overall question, answers to the two 

following primary research questions were examined: 

1. Do General Mathematics students in a flipped instructional approach (FC) 

perform better in mathematics than the students in a traditional lecture format (FF) 

after controlling for students’ previous mathematics achievement? 
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H1.0: The mean of mathematics test scores in a traditional classroom 

is greater than or equal to the one in a flipped classroom after 

controlling for students' previous mathematics achievement. 

H1.a: The mean of mathematics test scores in a flipped classroom is 

greater than the one in a traditional classroom after controlling for 

students' previous mathematics achievement. 

2. Do General Mathematics students in a flipped instructional approach (FC) 

perform better in Critical Thinking Skills than students in traditional lecture format 

(FF) after controlling for students’ previous critical thinking skills? 

H2o: The mean of critical thinking skills scores in a traditional 

classroom is greater than or equal to the one in a flipped classroom 

after controlling for students' previous critical thinking skills. 

H2a: The mean of critical thinking skills scores in a flipped 

classroom is greater than the one in a traditional classroom after 

controlling for students' previous critical thinking skills. 

 Research Design. The specific quasi-experimental design utilized was a static-

group comparison, a pretest-posttest (non-equivalent control group design), to 

determine the effectiveness of flipped classrooms on developing student 

mathematics achievement and critical thinking skills at Benghazi University. The 

primary dependent variables are mathematics achievement, critical thinking, and the 

primary independent variable is the learning environment.  

The following variables were pertinent to this study: teacher pedagogy (an 

independent variable, two methods of instruction (traditional and flipped classroom 
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instruction), academic achievement (a dependent variable), critical thinking skills (a 

dependent variable), post-test scores (a dependent variable), and the pre-test scores 

(a covariate variable). 

Table 1.1 

Static-group comparison a pretest-posttest (non-equivalent control group design). 

Group Pre-test Treatment Post-test 

Experimental group        O X O 

Control group                  O  O 

 

Significance of the Study 

This research appears to be one of the first studies that examine flipped 

mathematics classrooms in Libya's higher education. In general, there is a dearth of 

studies on the flipped classroom in Libya. This lack of systematic research on the 

flipped classroom, particularly with respect to teaching mathematics at the 

undergraduate level, suggests that there is a gap in the research that needs to be 

filled.  

As a result, a key objective of the current study was that it adds to the 

current body of knowledge and informs the mathematics research community about 

the effectiveness of flipped classrooms on developing academic achievement for 

Benghazi University students at the department of mathematics.  

The research and theoretical significance of the current study also examined 

the effectiveness of flipped classrooms on students' critical thinking skills for 

Benghazi University at the mathematics department. Teachers strive to develop and 
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implement a pedagogy that can increase the higher order thinking skills but lack the 

training to do so (As’ari et al., 2017; Cansoy & Türkoglu, 2017). 

This was critical because this study may contribute to positive change in 

education, as it provides a research-based foundation drawn from a mathematics 

setting that assesses the benefits of the alternative instructional strategy for student 

access to mathematics learning while improving critical thinking skills in Libya and 

beyond. 

Study Limitations and Delimitations. Despite the findings of this dissertation, 

there are several limitations and delimitations to the methods employed in this study 

that a reader should take into consideration before applying the flipped classroom in 

the way that has been done here.  

Limitations. Limitations are influences that the researcher cannot control. They 

are the shortcomings, conditions, or influences that cannot be controlled by the 

researcher that place restrictions on your methodology and conclusions. 

1. Randomization. A quantitative, nonequivalent group quasi-experimental 

design was chosen for this study, and this design type lacks random 

assignment to the experimental and control group since the results of the 

posttest could be attributed to preexisting conditions as opposed to the 

treatment itself, although this design is a well-established method in the 

educational literature, the fact that the researcher cannot randomize the 

groups before implementing the treatment means that undetected 

confounders may interrupt the findings of the paper (Allison, 2012; Button, 
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1983; John W Creswell, 2013; Hartas, 2010; Leedy & Ormrod, 2010; 

Mishler, 1979; Roth, 2009; Steiner ). Due to the above-mentioned 

limitations of a quasi-experimental design, with the use of pretest and 

posttest data, reliable results would still be expected (Gall et al., 2007). To 

eliminate this threat, pre and post-tests were given to student participants in 

the study, and a test of Normality (on pretest data), as well as Levine’s Test 

of Equality of Variances (on posttest data), was utilized for the student data 

to ensure that both groups were comparable. The only difference between 

the control and treatment groups’ learning environment is when students 

experience and interact with the activities (in-class versus out-of-class). 

Therefore, the internal validity of the treatment should be high as the 

treatment and control groups received similar instruction tied to the course 

outcomes just in different locations (Black, 2002; Vogt, 2005). 

2. Participating instructors. Due to the difficulty in implementing this study by 

myself, the current research was implemented using a single assistant 

professor who was not be the researcher himself. Instructor style and 

experience are extraneous variables that could not be controlled by the 

researcher if the study were conducted at various colleges and universities 

(Vogt, 2005). As a result, there is a possibility for researcher bias via 

participant selection. Although much effort was made to eliminate any 

researcher bias, may influence the experimental treatment, or affect posttest 

scores (Creswell, 2015) therefore similar studies that employ different 
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instructors for each instructional model or include a single instructor with 

different penological and professional characteristics than mine, might not 

yield the same results. 

3.  Sample size. sample size may not be large enough to detect a relationship 

between the variables if the effect size in this study is not as large as 

reported by Musallam (2010) and Vansteenkiste et al. (2009).  the large 

effect size was reported in previous studies on the flipped classroom 

learning environment (Musallam, 2010; Strayer, 2012). Both Musallam 

(2010) and Strayer (2012) indicated that student achievement and 

satisfaction were significantly affected by the learning environment. 

G*Power a priori analyses were performed using a large effect size for both 

hypotheses 1 and 2. 

4. Another limitation is connected to the fact that the majority of the student’s 

surveyed have not experienced flipped classrooms before, thus the results 

may partly reflect the influence of a new approach to learning and teaching 

and not necessarily the influence of the flipped classroom approach. 

Delimitations. Delimitations are choices made by the researcher which should be 

mentioned. They describe the boundaries that you have set for the study. 

1. Location of the study. The area of this research study would be in the State 

of Libya at Benghazi University. Due to the differences in the demographic 

variables between the faculty and faculties at other universities in Libya, the 

results of this study may not be generalizable to other universities. 
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2. The current study used videos created by the instructor Hence, similar 

studies that use different videos might yield different results. 

3. Critical thinking skills.Student critical thinking was measured using 

California critical thinking skills test (CCTST), which was prepared by 

insight assessment.  As a result, similar studies that use a different 

instrument to assess student critical thinking might yield different results. 
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Chapter 2 

Review of Related Literature 

Introduction 

A systematize literature review related to this study focuses on three main 

research themes: a review of literature relevant to the research problem and its 

significance, a review of relevant research, and a review of relevant theory. The 

first section includes two parts: the flipped classroom model's effectiveness on 

students ‘achievement and a flipped classroom model's effectiveness on students' 

critical thinking skills.  

The second section includes three parts: studies that focus on flipped 

mathematics classrooms in higher education, studies that focus on challenges during 

flipped classroom implementation in higher education, studies that focus on 

relevant studies conducted in the State of Libya, and finally, studies that focus on a 

guide of flipped classrooms. The chapter concludes with a summary of the 

collective findings from the literature. 

Review of Literature Relevant to the Research Problem and Its Significance 

 This section is divided into two main parts that explore: the effectiveness of 

a flipped classroom model on students’ achievement and the effectiveness of a 

flipped classroom model on students’ critical thinking skills. 

Flipped Classroom Definitions. The flipped classroom, or, as some have 

termed it, the inverted classroom, is a teaching methodology that inverts traditional 

teaching methods, delivering lecture instruction outside the class while class time is 
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devoted to problem-solving and applying lecture content. The teacher’s role shifts 

to that of a learning coach and facilitator. The flipped classroom provides an avenue 

for more hands-on and student-driven learning during class time. This model has 

existed in various formats over recent years, with credit for the term ‘flipped’ most 

often given to two teachers, Jonathan Bergmann, and Aaron Sams, at Woodland 

Park High School in Woodland Park, Colorado in 2007 (Bergmann & Sams, 2012). 

The flipped classroom is a blended learning model in which students 

generally learn with instructional materials in an individual space before the class 

so that teachers can guide them to practice, discuss, or apply knowledge in the 

group space (Lo, Lie, & Hew,2018).  

Flipped classroom (FC) is one of the modern active learning strategies. 

Bergmann and Sams, two chemistry teachers, started to flip learning for the first 

time in 2007 and called their technique FC (McDonald and Smith, 2013).  

Now, blended learning and FC are interchangeably used, even though 

blended learning is a broader term to refer to the use of different types of 

technology to promote active learning. FC is a more specific instructional 

framework and a subset of blended learning.  

Thus, the concept of "Flipped classroom" has gained widespread popularity 

among teachers in many countries of the world.  In FC, learners use different 

technologies to learn educational materials before attending the class, and then, they 

practice and use the learned materials in the classroom under the guidance of their 

teachers (Graham and Burke, 2014). 
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Effectiveness of a Flipped Classroom Model on Students’ Achievement 

A meta-analysis study was conducted by Cheng, Ritzhaupt, and Antonenko 

(2018) to examine studies that compared flipped classroom instructional strategy to 

a traditional classroom strategy in relation to a set of moderating variables including 

student levels, publication types, study durations, and subject area. The effect sizes 

had been appreciably moderated by subject areas such as mathematics, science, 

social sciences, engineering, arts and humanities, health, and business. No evidence 

of publication bias was detected in these data. This resulted in 55 publications with 

one hundred fifteen effect measurement comparisons on cognitive pupils getting to 

know effects published between 2000 and 2016. The biggest proportion of students 

(N = 2354) and research (k = 15) are in the situation place of mathematics with 

impact measurement at g = 0.205, p <. 001. They found a statistically significant 

effect size (g = 0.193; p < .001) in favor of the flipped classroom instructional 

strategy. 

A recent review by Akçayır and Akçayır (2018) on 71 research articles were 

selected for the study on the flipped classroom to examine its reported advantages 

and challenges for both students and instructors. The findings reveal that the flipped 

classroom's most frequently reported benefit is the improvement of student learning 

performance. They also found several challenges in this model. The majority of 

these are related to out-of-class activities, such as much reported inadequate student 

preparation before class. 
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Several other challenges and advantages of the flipped and potentially useful 

areas of future research on the flipped models in and out-of-class activities are 

discussed in detail. 

 For instance, Altemueller and Lindquist (2017) found that, although few 

studies on students with special needs in inclusive settings utilize a flipped learning 

model, prior studies show that flipping a classroom can be advantageous. 

Information is provided on inclusive practices from numerous countries that are 

beneficial to students with learning difficulties and strategies and resources for 

individuals who may want to implement a flipped classroom. 

Brewer and Movahedazarhouligh (2018) conducted a literature review on 

the effectiveness of flipped learning in higher education, and they concluded that 

research and resources are still needed to support educators in transitioning their 

teaching to using a flipped learning approach. Research to date indicates that learner 

outcomes will improve if we assist instructors in higher education to maximize 

students' learning experiences by using the data based on implementing this model 

to drive those decisions and effectively shift student accountability for learning 

using flipped methods. Not only did many more instructors report successfully 

implementing flipped learning, but the initial empirical evidence also appeared to 

be promising. This review reinforces that flipped learning can transform college and 

university classrooms into dynamic, interactive learning environments where the 

educator guides students to apply concepts and engage creatively in the subject 

matter.  
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In a quasi-experimental design study, Bhagat, Chang, and Chang (2016) 

assessed the effectiveness of flipped classroom instruction for inclusive learning of 

using comparing the flipped classroom with a conventional method of teaching 

trigonometry. A total of 82 high-school students, aged 14 and 15 years old, 

participated in the study. The composition of the experimental group was 41 (28 

males and 13 females), and the control group was 41 (24 males, 17 females). 

Bhagat et al. (2016), reported findings that there was a significant difference in the 

learning achievement and motivation of students in the flipped classroom 

environment, with students being highly satisfied and positive about the flipped 

classroom. 

Digiuseppe, Kay, and Macdonald (2018) performed research to evaluate 

community college students' learning experiences and performance using lecture-

based, active learning, and flipped classroom teaching techniques. They concluded 

that active learning produced the most excellent mean ratings for instructional, 

social, and cognitive presence. In addition, the active-l students assessed teaching 

presence much higher than the passive-l students. Regardless of the teaching 

approach employed in this study, five desired-to-learn characteristics emerged on 

student feedback, including clarity, flexibility, application opportunities, timely 

guidance and feedback, and cognitive engagement. 

Nouri (2016) conducted a quantitative study using a closed questionnaire 

addressing undergraduate students of participants in a flipped classroom at 

Stockholm University in Sweden for the preparation of bachelor thesis concerning 
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scientific methodology and communication in general, video as a learning tool, and 

Moodle (a customizable learning platform intended to facilitate online instruction). 

He found most of the students had a positive attitude toward flipped classrooms and 

the use of video and Moodle. Furthermore, the flipped classroom's positive attitude 

was strongly correlated with perceptions of increased motivation, engagement, 

enhanced learning, and effective learning. 

McNally and his colleagues (2014) underscored that although students may 

find the flipped classroom more difficult, student outcomes and active participation 

in class activities do improve when course convenors (a) use a theoretical 

perspective to inform their flipped teaching strategy, (b) integrate assessment into 

the design of their flipped classroom, and (c) flip the entire course. 

Not all research has reported positive impacts of the flipped classroom 

implementation. Numerous studies published that flipped classroom instruction has 

no significant effects on students' learning as compared to conventional instruction 

(e.g., Boevé et al., 2017; Chen, Wang et al., 2014; El-Banna et al., 2017; Keengwe, 

2014; Long et al., 2017; Tse et al., 2017; Çakıroğlu & Öztürk, 2017). 

One of those studies reported no statistically significant difference between 

students' examination scores in the flip-class and non-flip class instruction. Students 

also acknowledged that they were more satisfied with the conventional class than 

the flipped classroom instruction (El-Banna et al., 2017).  

A study by Boevé et al. (2017) also revealed that students' learning behavior 

in the flipped instruction did not appear to be different from those in a non-flipped 
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class. While Çakıroğlu and Öztürk (2017) report that the students encountered 

difficulties in understanding the pre-course contents at home. In terms of learning 

motivation, Bobrownicki et al. (2017) report that students in the flipped classes 

have significantly lower motivation for subject reading, including reading curiosity, 

reading importance, and reading compliance, as compared to a regular course. 

Moreover, (Peled et al., 2016) noticed that changing the instruction without 

good preparation can cause confusion and stress among students and teachers. 

Significantly, some teachers have been very comfortable with their traditional 

education as the information holder may struggle to transform their classes into 

students' independent learning instruction. 

Simultaneously, some students who have been very comfortable with 

conventional instruction may not engage with enthusiasm to study autonomously, 

especially outside of class hours (Talbert, 2015). The intensification of research on 

it has parallelled this instructional method's expansion in the applicative domain. As 

a result, the number of peer-reviewed reports on “flipped classroom” has grown 

continuously since its seminal essay in the summer of 2011. 

Although the previous research in this section is limited in scope and 

application, past studies provide several successful examples (Lei, Yau, Lui, Tam, 

Yuen, & Lam, 2019; Luo, Kushnazarov, & Hew, 2019; Parsons & Beauchamp, 

2012) to implement a successful flipped classroom. It is necessary to adopt 

appropriate strategies to facilitate students’ deep thinking when learning with the 

instructional videos in the pre-class stage (Basal,2015). 
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Critical Thinking Definitions. Although there is broad agreement about the 

value of critical thinking, there is less agreement about a good definition. In large 

part, the differences arise because the critical thinking literature comes from three 

different disciplines: philosophy, cognitive psychology, and education (Lai 2011). 

The philosophical approach focuses on the formal rules of logic and the 

presence or absence of logical thinking fallacies. In this approach, critical thinking 

involves meeting certain standards of accuracy in thinking. The cognitive 

psychological approach focuses more on how people think, what behaviors critical 

thinkers display, and what critical thinkers employ. This approach emphasizes the 

importance of considering all sides of an issue and not accepting claims without 

evidence. The third approach to critical thinking comes from education, where John 

Dewey introduced the importance of critical thinking in the early 1900s. Later, 

Benjamin Bloom (1956) developed a taxonomy of information processing skills, 

ranging from “comprehension” to “evaluation.” Within that taxonomy, analysis, 

synthesis, and evaluation are considered types of critical thinking. The educational 

approach has focused on the developmental processes of thinking, the impact of 

developmental stages on critical thinking skills, and the evolving processes of 

sense- and meaning-making in life (constructivist theories) (Flores et al., 2012). 

Critical thinking is an essential competency for twenty-first-century learners 

(Rotherham and Willingham 2010). A consensus definition of critical thinking has 

been proposed by a group of 46 experts in the American Philosophical Association. 

They define critical thinking as ‘‘the process of self-regulatory judgment which 
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results in interpretation, analysis, evaluation, and inference, as well as explanation 

of the evidential, conceptual, methodological, criterion logical, and contextual 

considerations upon which that judgment is based’’ (Facione 1990, p. 2). 

Despite the differences in perspective, there are areas of agreement across 

the three approaches, especially concerning skills and abilities associated with 

critical thinking (Lai 2011). Recently, Liu, Frankel, and Crotts (2014) created an 

operational definition of critical thinking that integrates prior theoretical 

frameworks and empirical research. They identified five main dimensions: 

Evaluating evidence; analyzing and evaluating arguments; understanding 

implications and consequences; producing original arguments; and understanding 

causation. 

The (Liu, et al., 2014) framework provides a comprehensive definition of 

critical thinking; however, evaluating arguments, making inferences, and 

understanding causation can appear to students to be very different skills in the 

context of different disciplines. Students may not be able to transfer some of these 

thinking skills to problems encountered in another discipline or the workplace 

because they are “domain-specific” thinking skills. Another area of disagreement 

related to defining critical thinking is whether critical thinking is a “domain-

general” skill (a broad ability that can be applied to multiple domains) or a 

“domain-specific” skill (applicable only to subject matter expertise in a particular 

content area).  
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Effectiveness of a Flipped Classroom Model on Students' Critical 

Thinking Skills. A new study by (Andrini, et al.2019) suggested that the 

combination of Flipped Classroom and Project Based Learning Model affected 

student’s critical thinking ability like elementary clarification, basic support, and 

inference. The Flipped Classroom and Project Based Learning Model were 

integrated with the website so the student could easily access the learning material. 

The model contributed an interesting, effective, student-centered learning process. 

Besides, they also improved the student’s ability and enthusiasm to solve the 

problem of daily life. 

A recent study by Asmara et al. (2019) has indicated that a flipped 

classroom model affects the participants' critical thinking skills comprising 

explanation and inference. The study was able to verify the impact of the flipped 

classroom for sharpening students' critical thinking. The intervention for the effect 

of a flipped classroom model on critical thinking skills helped them explore their 

thoughts and develop their critical thinking. 

Smith, Rama, and Helms (2018) studied some of the less common flipped 

classroom concepts in critical thinking domains. Thier paper examines a critical 

thinking course developed as part of a General Education curriculum. Researchers 

found that a flipped classroom and mixed model is an effective method for 

providing students with practical critical thinking skills, even with instructors who 

had limited experience in teaching critical thinking. 
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Deruisseau (2016) investigated the extent to which the flipped classroom 

allows for more class time devoted to critical thinking. A key finding was that a 

flipped-classroom approach allowed for more time devoted to active learning and a 

transition of assessment questions to include additional higher-order thinking 

activities, and students performed better in their final letter grade compared with the 

traditional lecture format. Although the flipped classroom benefits are highlighted, 

student evaluations did suffer. More detailed studies comparing the traditional and 

flipped formats are warranted. 

The seminal contribution has been made by Saunders (2014). This study 

examined the flipped classroom's effect on academic achievement and students’ 

critical thinking skills in high school mathematics. The researcher concluded that 

the inverted instructional setting could provide remediation and enrichment for all 

learners and give educators the insight they need to determine which students are 

struggling and which students should move on. Since the educator can quickly 

determine students' needs in the flipped instructional setting, tailored instruction can 

be given to each student by means of differentiation. Students viewing the content 

before it is introduced in class provides benefits to both the student and educator. 

Some student benefits may include the learners being familiar with the lesson 

before they get to class, participation, and collaboration with peers to diffuse any 

content misconceptions, the implementation of computer and digital technology in 

mathematics instruction, and the possibility of extending the learners' knowledge to 

complex, in-depth problems or real-life application problems. Some teacher benefits 
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may include the ability to differentiate instruction more effectively, the role of a 

facilitator rather than a lecturer, more confidence in discussing the content in class, 

and experiencing higher levels of self-efficacy, which could result in turn increasing 

student academic achievement and critical thinking. 

In a study developed by Kloppers & Vuuren (2016) aimed to enhance 

critical thinking dispositions of mathematics students through a flipped learning 

approach, to develop their understanding of mathematical concepts, to encourage 

responsibility for their understanding of knowledge and skills and to create 

opportunities for active learning through discovery and involvement with content. 

They reported that flipped learning for the mathematics class seems to be a viable 

instructional methodology.  

Lin, Samp, Munoz, Wong, and Pickard (2013) investigated the impact the 

integration of flipped classroom contributes to dismantle traditional learning and 

help the learners sharpen learners' critical thinking. The other studies have 

investigated the flipped classroom's integration to develop learners' critical thinking. 

The participants involved 67 female graduate students studying English course at a 

University in the Kingdom of Saudi Arabia, comprising 33 students as the 

experimental group and 34 as the control group. The study's statistical data 

suggested significant differences between the two groups in all of the investigated 

variables, such as students’ engagement and satisfaction. 

In Palestine, Zaher, Rosseni, and Muhammad (2017) conducted a quasi-

experimental research design study to investigate the effects of flipped learning in 
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Physics education on Palestinian secondary school students’ critical thinking skills 

in comparison with traditional teaching. The researcher developed video lessons by 

utilizing information and communication technology in Physics topics for students 

to view the lessons through Facebook groups outside the school. The quasi-

experimental method was used. 108 grade 11 students were selected purposively. 

California Critical Thinking Skills Test was adopted and administered for the 

students as pretest and posttest. He applied the descriptive and inferential analysis 

for the quantitative data (independent and dependent t-tests and ANCOVA test). It 

is found that the added value -between the pretest and posttest- for the Flipped 

Learning students is 20.0%, which is higher than that of the conventional students 

6.5%. This approach suggests positive effects of the students' critical thinking skills 

in favor of Flipped Learning. 

In South Africa, a mixed Quantitative and Qualitative study was conducted 

by Kloppers and Vuuren (2016, 07) to determine the flipped classroom's impact as a 

pedagogical approach to second-year critical thinking dispositions mathematics 

education students at a South African university. Videos were made, and the 

students were requested to watch these videos and look at notes and videos for 

which links were supplied to prepare for the next contact session. The videos' 

contents were based on the outcomes of the module and addressed introductory 

algebra for second-year mathematics education students. The findings suggest that 

the education students in the group who received flipped learning instruction 
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demonstrated that they could successfully use higher order thinking skills and 

problem-solving strategies. 

Another study investigating the flipped classroom's effect and the project-

based learning model on students' critical thinking ability was done by Andrini, 

Pratama, and Maduretno (2019). He found that the Flipped Classroom affects 

students' critical thinking ability with a significant value <0.05. The critical thinking 

aspects like elementary clarification, necessary support, inference, and advance 

clarification showed that the average gain is 0.39. The Flipped Classroom was 

integrated with the website to access the learning material easily. The models 

contributed an interesting, useful, student-centered learning process. Besides, they 

also improve the student's ability and enthusiasm to solve the problem of daily life. 

Based on the previous critical thinking studies above, it is obvious that 

critical thinking constitutes one of the important factors that might determine 

students’ success in learning However, there is still a substantial dearth of actual 

evidence.  In both the mathematics education and higher education literature, there 

is little empirical evidence that any single educational technique may improve 

pupils' critical thinking skills.  

Therefore, research on the effects of the flipped classrooms on students’ 

critical thinking skills level may provide insight into learning and practice in higher 

education. In addition to that, the research results can also help teachers prepare 

appropriate feedback for students’ work. 
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Review of Relevant Research. 

Introduction. This section divided into the main parts that explore studies 

that focus on flipped mathematics classrooms in higher education, studies that focus 

on challenges during flipped classroom implementation in higher education, studies 

that focus on relevant studies conducted in the State of Libya, and finally, studies 

that focus on a guide of flipped classrooms. 

Flipped mathematics classroom in higher education. The flipped 

classrooms are a new trend in education, scholarly research on their effectiveness is 

limited. This gap is especially noticeable in higher education contexts in which 

there is a lack of authentic research regarding the relationship between flipped 

classrooms. Therefore, further research is needed to study the role of flipped 

classrooms in the development of higher education students’ critical thinking skills 

and mathematics performance. 

Lee, Lim, and Kim (2016) developed an instructional design model for 

flipped learning in higher education. In response to pedagogical challenges in 

higher education, blended learning has become a prevalent practice in colleges and 

universities. They have developed a flipped classroom design model for higher 

education that could systematically guide instructors or designers in creating an 

appropriate blend of individualized online lectures and collaborative face-to-face 

learning activities. Implementing an algebra class in a Korean university designed 

by the final model resulted in significant increases in the maturity of mathematical 

views, quality of reflections, and students' satisfaction. The model's features are 
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discussed, along with theoretical and practical implications and suggestions for 

further research. 

Amstelveen (2018) conducted action research at a small-sized private 

university located in southeastern Florida. This action research study examined 

whether students in a flipped classroom outperform students in a non-flipped 

classroom on a posttest and on in-class examinations in a college-level mathematics 

course, including their ability to solve systems of linear inequality equations. This 

study also investigated students’ perception of a flipped college-level classroom. 

The results showed a positive direction for flipped classroom performance and 

student satisfaction; only one of the measures was statistically significant. Learners 

in the flipped classroom perceived that video lessons helped them learn 

mathematics more than those in the non-flipped classroom who did not use video 

lessons (p = .039). This study showed that the flipped classroom represents yet 

another instructional method available to increase learners' engagement and enable 

an active classroom. 

In a college-level calculus classroom, Kirvan, Rakes, and Zamora (2015) 

investigated the effects of “flipped” algebra classes on students’ conceptual 

understanding of systems of linear equations and found that students in flipped 

classes showed significantly greater gains compared to students in non-flipped 

classes. They also found that students’ conceptual understanding of systems of 

linear equations depended largely on the effectiveness of the assigned homework 

videos and class activities.  
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However, increased student achievement and student satisfaction in flipped 

classrooms were not conclusive. For instance, Zack, Fuselier, Graham-Squire, 

Lamb and O’Hara, (2015) compared four college-level mathematics courses and 

found no statistical difference in student achievement between flipped and non-

flipped classrooms and that students’ attitudes toward mathematics decreased 

further compared to students in the non-flipped classroom. At the same time, 

Likewise, Clark (2015) found no statistical difference in measures of central 

tendency on test scores of students who studied Algebra using a flipped class model 

over a seven-week period when compared to those who did not. 

Similarly, Love, Hodge, Grandgenett, and Swift (2013) flipped the 

classroom in one of two otherwise identical sections of Linear Algebra. They found 

no difference in performance on the final between the two sections but did observe 

that exam scores for students in the flipped section increased more between the first 

and second exams and again between the second and third exams than those in the 

standard lecture section. In comparison to the students in the lecture section, the 

students in the flipped classroom segment appear to have concluded the course with 

a more excellent perception that linear algebra is significant to their career. They 

concluded that increased engagement was worth the effort of flipping the 

classroom, even without increased performance. 

Although positive impacts on the flipped mathematics classroom in higher 

education on students' learning, some challenges during flipped classroom 

implementation in higher education still reported from several studies. 
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Challenges during flipped classroom implementation in higher 

education. Many students faced challenges during flipped classroom 

implementation in higher education. Although the flipped classroom has recently 

received much research attention and provides numerous positive impacts on 

students' learning, such as students' learning achievement, motivation, engagement, 

and interaction, some challenges are still reported from several studies 

(Çakıroğlu & Öztürk, 2017). 

For instance, in higher education, the growth in online learning has also 

been dramatic. The Babson Group, Allen and Seaman (2014) reports that among 

approximately 2800 colleges and universities, the percentage of students taking 

online courses has greatly increased. Whereas less than 10 % of the students were 

taking at least one online course in the fall of 2002, 10 years later, in the fall of 

2012, more than 30 % were doing so. Moreover, another report by the Babson 

Group (Allen & Seaman, 2015) reveals that among approximately 7000 academic 

leaders, in 2002, slightly less than 50 % indicated that online education was critical 

to the long-term strategy of their institution, whereas, by 2014, 70 % felt that way. 

In contrast to the positive data described above, data from the same survey 

Allen and Seaman (2017) indicate that in 2014, almost 45 % of the survey 

respondents reported that they felt it is harder to retain students in online classes 

than in face-to-face aspects. Because as the desire to create online courses 

increases, and as concerns about retaining students in such courses remain 

prominent, there will be, indeed already is, a need for instructional designers who 
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can work with subject matter experts to improve the instructional quality of such 

courses. 

A pilot descriptive study conducted by Gündüz, and Akkoyunlu (2019) to 

examine student views on the use of flipped learning in higher education and 

identify the students’ opinions of the implementation. The participants of the study 

consisted of 55 teacher candidates studying in the Department of Computer 

Education who were taking an instructional design course that the researchers 

flipped in the 2015–2016 academic year. The questionnaire was distributed via an 

online platform, and all students answered the questions voluntarily. Results 

showed that the implementation of flipped learning allowed students to be more 

active in the learning and teaching process, and it gave more time for active student 

participation in class. However, students underlined that the flipped learning 

approach restricted their free time; the results indicated that most students were 

satisfied with the length of videos and especially appreciated the ability to work at 

their own pace. Some students' expressed disappointment with the lack of 

immediate feedback while watching videos and with their poor Internet 

accessibility outside of the classroom. 

In higher education, a Babson Group Seaman and Tinte-Kane (2013) of 

survey approximately 8000 faculty members revealed that in 2013, about 41 % of 

them were using social media for instructional purposes. 

Among those faculties using such tools for instructional purposes, more than 

80 % indicated that they were having their students create blogs and/or wikis for 
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individual and group assignments, and almost 60 % were requiring students to view 

podcasts for individual assignments. In the business world, there is also much 

use of social media to improve learning and performance among workers. 

For example, a recent survey by the eLearning Guild (Foreman, 2015) 

revealed that among representatives from more than 425 organizations in the 

business world, approximately 33 % strongly agreed or agreed with the statement 

that social networking and collaboration are strongly sponsored within their 

organization. However, almost 75 % also indicated that their organization does not 

effectively manage these activities. These findings and those described in the 

previous paragraph present instructional designers with a challenge: with the 

increasing interest in the use of social media for educational purposes, what can we 

do to identify suitable social media resources better and incorporate and manage 

them among the many other learning opportunities provided to learners? 

In Saudi Arabia, a study conducted by Alqahtani and Issa (2018) with 

university students at four Saudi Arabian universities. This study investigated what 

might constitute barriers to the adoption of social networking in higher education in 

Saudi Arabia from the students’ perspective. The research found that Saudi Arabian 

students are aware of, and welcome, social networking sites and are starting to use 

them for academic purposes in the same way that university students do in more 

mainstream contexts. Particular factors stated as hindering social networking usage 

included lecturer readiness and responsiveness as well as student motivation and the 

need for incentives. Other factors highlighted were related to the technological 
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infrastructure: cost of technical equipment, provision of high-speed Internet, and the 

currency of hardware and software at the various universities. 

Another qualitative review of a flipped classroom study was conducted by 

O'Flaherty and Phillips (2015), focusing on the implementation of the flipped 

classroom instructional strategy in higher education but discussing research from an 

international perspective. Guided by the inclusion and exclusion criteria, 28 studies 

from five countries were identified as being relevant and rigorous (23 in the United 

States, two in Australia, one in the United Kingdom, one in Taiwan and one in 

Malaysia). 

O'Flaherty and Phillips (2015) discussed the pre-class activities described in 

the studies—pre-recorded lectures in the form of podcasts and vodcasts, 

screencasts, annotated notes, and captured videos. Face-to-face activities in the 

reviewed studies included a variety of methods from case-based presentations, team 

discussions, panel discussions, expert-led discussions, role-plays, student 

presentations, and debates to think pair-and-share activities and clicker questions to 

enable real-time formative assessments. The authors noted resource development 

effort as being a major challenge in the studies they reviewed and found most 

researchers discussed addressing this challenge by using pre-existing resources such 

as videos from the Khan Academy or those sourced from various social media 

outlets. 

Once the decision has been made to implement the flipped classroom model, 

one of the most expressed concerns relates to students who may not have access at 
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home to the technology often used in a flipped classroom. Home access to 

computers and the Internet has expanded dramatically; almost 57% of children aged 

three to 17 use the Internet at home, and 79% have a computer in the home 

(McKnight et al., 2013). Children's access to computers at home and their home 

Internet use was positively related to household income in the Child Trends 

(2013) study, but alternative solutions to access can be achieved through various 

means. 

Schools with large lower-income populations have been experimenting with 

ways to deliver content before or after school in the library or a classroom, on 

students’ own mobile devices, on various mobile devices that can be borrowed from 

the school or burned onto DVDs for students who have access to a DVD player but 

not to the Internet at home (Finkel, 2012).  

Many teachers using the flipped model have expressed the sentiment that 

flipping has made them a better teacher. After completing a summer pilot study on 

blended learning involving Envision Schools, Google, and Stanford University, one 

of the teacher participants wrote: “We remain convinced that teachers will be at the 

center of the blended learning movement. Rather than replace teachers, we see 

blended learning as potentially transforming or redefining the role of a teacher back 

to its Socratic origins.” (Greenberg et al., 2011, P.3). 

Furthermore, only instructing students to watch a video or read a book 

outside the class is a recipe for failure in the flipped classroom. A study reported 

that the students do not always watch the assigned videos outside of the class due to 
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a lack of instruction from their instructors (Brunsell & Horejsi, 2013a). To address 

this concern, some studies employed quizzes as a means to motivate and challenge 

students to watch the videos at home (Bishop &Verleger, 2013; Brunsell & Horejsi, 

2013b). However, these studies reveal that the use of pre-class quizzes still fails to 

make students consistently watch the videos before class. Based on this, it can be 

implied that the incorporation of a new strategy is much needed in the flipped-

classroom practice in order to increase students' participation before class. 

A novel extension of the current flipped-classroom model is required by 

integrating another innovative strategy such as game elements. The use of a new 

strategy is expected to increase students' watching of videos or content mastery 

before class. In line with this, de Araujo, Otten, and Birisci (2017) suggest that the 

use of a new strategy is much needed in the flipped classroom in order to increase 

students' watching videos or content mastery before class. The authors believe that 

the implementation of the flipped classroom needs to be re-designed with a novel 

extension. The gamified-flipped classroom approach, which merges gamification 

with the flipped classroom pedagogies, may prove to be an innovation that 

improves students' twenty-first century learning skills (De Araujo et al, 2017). 

Relevant Studies Conducted in the State of Libya. No previous research 

has investigated Flipped Classrooms in higher education in the State of Libya, so 

far lacking in the scientific literature. However, the researcher reviewed all studies 

through major databased focusing on Flipped mathematics classrooms, critical 
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thinking, and relevant studies in K-12 settings that have been conducted in the State 

of Libya. 

In this paper, Aisha and Meltem (2017) addressed the need for a flipped 

classroom model that was developed for elementary school students by using 

adaptive techniques in English-based lectures. 60 students from Libya were selected 

randomly then placed in adaptive flipped learning and Flipped learning 

environments (N = 30 in each group). The results indicate the differences between 

the pre-test and post-test of the adaptive flipped learning environment is 

significantly different and higher when compared to the flipped environment 

without any adaptations. 

This qualitative research explores the conceptions, implementation, and 

challenges of critical thinking in the Flipped classroom. Twenty-four Libyan 

university instructors participated in this study by completing an open-ended 

questionnaire sent via Facebook messenger. The content analysis applied to the 

participants' answers revealed different conceptions and misconceptions of critical 

thinking. It also revealed that the majority of the participants implemented critical 

thinking in different aspects of their teaching. However, some social, cultural, and 

administrative barriers limited the effectiveness of this implementation. (Salamah, 

2015) 

The study conducted by Kashada and Su (2017) addressed the challenges 

and obstacles of adopting flipped classrooms in K-12 education in developing 

countries. The results showed a positive relationship between adoptions of flipped 
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classrooms to student achievement. However, students' attitude had a positive, 

neutral, and negative relationship to the adoption of flipped classrooms. 

Additionally, a set of challenges were identified in this study. 

Faiza (2015) conducted a dissertation to investigate the perspectives of 

Libyan faculty use of information technology and possible barriers that might 

influence the adoption of educational technology at Benghazi University. Results 

indicate that "while Benghazi faculty feel that they are moderately prepared in the 

use of information technology, they will appreciate greater access to information 

technology and more professional opportunities in integrating technology into their 

teaching” (p 58). The study indicated that "female faculty have less experience and 

saw more usage barriers than male faculty. Additional university access to 

information technology and professional development, targeting both males and 

females, should significantly benefit Benghazi faculty and may positively impact 

their students who will be competing in a global information economy” (p106). 

Flipped Classrooms' Guide. The fundamentals of the flipped classroom 

revolve around the idea of delivering lectures and other traditional classroom 

learning content as homework then using classroom time to do what used to be 

assigned as homework, providing additional instruction to students during class 

sessions. This blended learning encompasses any use of technology to leverage the 

learning and is commonly done by using teacher-created videos that students view 

outside of class time. There are many ways to approach this. The Flipped Learning 

Network and Flipped Personalize Learning web sites are great resources for those 
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wanting information on the basics of setting up a flipped classroom. There was a 

pooling of resources and, more importantly, a pooling of wisdom (Finkel, 2012). 

Table 2.1 provides a concise listing of resources available for incorporating 

materials you already use and utilizing pre-existing content into a flipped model. 

The purpose of the table is to assist novice users in locating readily available, free 

or low-cost tools and materials. 
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Table 2.1: Tools for the flipped classroom. Hospital size. Chart. BMC Health Services Research (Gao & Gurd, 2019). 

Tool Brief Summary Web Site Link 

Assessment   

The Answer Pad An assessment tool for teacher to use with mobile 

devices or with a browser in conducting formative 

and summative assessments 

https://app.theanswerpad.com/homepage.html 

Lesson creatin and 

sharing 

  

Edu creation Teachers create and share video lesson https://www.educreations.com 

Go Class Teachers create, edit, and manage lesson plans https://goclass.com 

TechSmith Teachers create lesson, record audio, develop- 

videos and share with students. 

 

https://www.techsmith.com/ 

Nearpod An all-in-one solution for the synchronized use of 

mobile device in the classroom 

https://nearpod.com/ 

Learning management 

systems  

  

Edmodo Social learning network for primary and secondary 

education that provides teachers and a students 

secure social media place to share it. 

 

https://www.edmodo.com 

Schoology Learning management system that allows users to 

create, manage and share content and resources 

https://www.schoology.com/ 

Instructional support and 

professional development 

  

Atomic Learning Online sources for teachers in primary, secondary  

And higher education 

https://app.theanswerpad.com/homepage.html 
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Table2.1: continued 

Tool  Brief Summary Web Site Link 

Boom Writer Allows students to develop and enhance their 

reading, writing and peer assessment skills. 

 

https://app.theanswerpad.com/homepage.html 

Flipped PD Provides basic information on flipping classroom 

and advice for getting stated.  

  

https://www.flippedpd.org 

Jing Allows you to instantly capture images and record 

video and share. 

 

https://www.teachsmith.com/jing-feachers.html 

Screencast-O-mastic Record on screen activity for short tutorials and 

visual presentation 

 

https://screencast-o-matic.com/screen_recorder 

Free Technology  Blog to share information about free resources 

teachers can us in their classroom 

https://www.freeteach4teachers.com/ 

Scoop.it Resources supporting the flipped classroom  https://www.scoop.it/t/the-flipped-classroom 

Sophia  Online courses and free teacher tool for blended 

learning including the ability to track student 

progress. 

 

https://www.sophia.org 

Teachem Creation of materials for class from YouTube 

videos by adding time stamped flashcards and view 

questions. 

 

https://www.teachem.com/ 

Ted-Ed Library of original animated videos and platform 

for teachers to create interactive lesson.  

 

https://ed.ted.com 

Khan Academy  Provides free video lectures on a variety of topics https://www.khanacademy.org/ 
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Review of Relevant Theory 

Introduction. This study's conceptual framework was based on concepts 

related to Vygotsky's (1978) Socio-Constructivist Theories of learning, the Theory 

of Bloom's Taxonomy, and self-determination Theory. Many other theories 

contributed to learning in technology-rich environments, but the mentionable 

theories significantly impacted the study. The self-regulated learning theory 

considers the learner as an active participant in the process of learning, while the 

socio-constructivist theory puts greatly values the role of classroom discussions and 

interactions in promoting higher-order cognitive skills (Palinscar, 1998). This 

section discusses flipped learning studies based on each of the following theories: 

self-regulated theory, socio-constructivist theories of learning, and self-

determination theory and Critical Thinking and Bloom’s taxonomy. 

Vygotsky’s (1978) Social Constructivism Theory. Vygotsky’s Social 

Constructivism Theory is rooted in the belief that the learners (students) are 

constructing the meaning by themselves for making sense of their experience 

(Hawk, 2011). Vygotsky’s Social Constructivism Theory of learning supported the 

study through a focus on using cultural tools familiar to students in everyday social 

and academic settings, providing access to expert models during education (i.e., in-

home and school settings through flipped resources) and supported learning in the 

proximal development zone by providing scaffolded resources in and out of the 

classroom. 
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The student’s prior knowledge and experience are the basis for the learning 

that he/she can build on it by interpreting and reconstructing the new knowledge 

(Agommuoh & Ifeanacho, 2013). 

In this way, the constructed knowledge is meaningful for the students, and 

the learning is active. Constructivism introduces the framework for the FL that it is 

based on how students acquire knowledge (Clark, 2013). 

Vygotsky’s sociocultural learning theory (1978) can be applied to several 

flipped classroom components. One Vygotskian term central to understanding 

learning is the proximal development zone, which includes providing the necessary 

expertise and cultural tools necessary to help students achieve. However, this 

support should be based on their current functioning level. In a flipped learning 

environment, this phenomenon was evident when students were learning with 

technology resources and interacting with experts and peers beyond the traditional 

classroom setting (van Lier, 1996). 

With technology resources such as Twitter, blogging communities, and 

other online forums, students can access countless primary source documents 

electronically. They can access academic leaders in the content through an e-mail or 

a discussion forum post on a topic mutually followed online. Students can also 

access content through YouTube videos or iTunes University to glean academic 

resources according to their interests, promoting independent learning and 

responsibility. An additional strength of this instructional strategy is the enhanced 

use of various communication avenues (Diamond, 2010).  
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Communication with the instructor is streamlined, and peer-to-peer 

communication is enhanced and encouraged. In fact, in the flip-teaching model, 

roles can be enhanced and blurred. The instructor may serve as an expert in a video 

by presenting new concepts and explaining more difficult ideas (LaFrance, 1989). 

Students prepare the lessons in the flipped classroom by viewing the video 

lessons at home. They can build and relate new information to what they already 

have by making meaning of the learning. If they face any difficulty in the process, 

they can improve their understanding inside the class with the teacher and their 

peers' help. The flipped classroom supports active learning (Moran & Young, 

2014). In teaching Mathematics, there is interconnectedness between achievement 

and critical thinking skills that each one helps the other. 

Therefore, considering the theory's direct relevance to the problems outlined 

in this work, it has been selected as one of the background frameworks to study 

whether and how the flipped classroom model enhanced blended environments can 

affect students' motivational needs. 

Self-determination theory. Motivation is an inner power that mobilizes 

humans and drives them to take action, geared towards a goal (Harmon-Jones, 

Harmon-Jones, & Price 2013). According to Boo, Dörnyei, and Ryan (2015), 

students' motivation describes students' spirited nature who take the initiative to 

participate in lectures, and it shows their willingness to learn. The present study 

investigates students' motivation due to blending technology in an ESL flipped 

classroom. 
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According to the self-determination theory, motivation can be classified as 

intrinsic and extrinsic (Abeysekera ,&Dawson 2015). Intrinsic motivation refers to 

students' willingness to perform activities because they are fun, engaging, attractive, 

enjoyable, and exciting. In contrast, extrinsic motivation is usually driven by 

anticipated rewards or intentionally avoiding punishment (Deci and Ryan 2002). 

Students with intrinsic motivation will learn autonomously because they enjoy 

engaging in activities that they are highly interested in (Giesbers et al., 2013). Such 

is when students attend classes or do homework due to their sheer interest, 

enjoyment, and fun, and not expecting a reward in return (Coon and Mitterer 2012). 

In contrast, extrinsically motivated learners are influenced by external rewards. 

According to Reiss (2012), these groups of learners are inherently non-autonomous, 

as they may attend classes for other reasons, such as wanting to attain good grades 

or to avoid punishment. 

According to the self-determination theory, students can become self-

determined when their needs for the followings are fulfilled: Competence, 

Autonomy, and Relatedness (Ryan and Deci, 2000). 

1) Competence is related to the need for students to feel capable of engaging   

in the learning process successfully.  

2) Autonomy has related the need to be engaged with tasks autonomously 

\within a relevant context.  

3) Relatedness is related to the need to be engaged in tasks that allow 

collaboration and communication with other students. 
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Self-determination theory has been extensively utilized and validated in the 

educational field in both empirical and conceptual studies as a means to study 

students' motivational needs in a highly granulated manner (Guay, Ratelle, & 

Chanal, 2008). However, despite its wide adoption, it has yet to be explicitly 

utilized in studies focusing on the flipped classroom model, even though such 

potential has been repeatedly stressed, (e.g., Abeysekera & Dawson, 2014). 

Critical Thinking and Bloom’s taxonomy. Critical Thinking and Bloom’s 

taxonomy (1956) has evolved into much more than an assessment framework: 

taxonomy is a way to reinforce aspects of higher-order thinking, which are critical 

to the quality of life and careers students will build for themselves. The aspects of 

higher order thinking that Bloom addresses are also fundamental to the 

development of Mathematical skills. 

In the 1950s, Bloom's taxonomy was developed to categorize the level of 

cognition for a course or instruction session goals (Bloom, Englehart, Furst, Hill, & 

Krathwohl, 1956). The taxonomy moves from the primary or lowest level of 

cognition (recall of knowledge) to the highest level of cognition (evaluation) with 

four categories in between (comprehension, application, analysis, synthesis, and 

evaluation) (Anderson et al., 2001). Of course, goals expect a particular level of 

cognition, and then assessments should be designed to align appropriately. The 

group's intent to identify and standardize learning objectives for student 

achievement led to the collaboration of banks of test items, each measuring the 

same educational purpose. 
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Bloom's Taxonomy rose to significant prominence in the 1960s with the 

increased emphasis on education during Lyndon Baines Johnson's Great Society, 

and today the model is well known to many educators. Although Bloom's 

taxonomic theory addresses three domains of learning (cognitive, psychomotor, and 

affective), the primary interest of this study is the cognitive domain with its six 

successive stages of learning: the lower-order education of knowledge, 

comprehension, and application; and the higher-order education of analysis, 

synthesis, and evaluation (Krathwohl, 2002). 

Bloom's learning model's appeal is its elegance, simplicity, and versatility. 

Its elegance and simplicity emanate from the notion that learning presumes to occur 

in this linear and hierarchical fashion. That is, relatively simplistic learning such as 

concrete knowledge, comprehension, and application must necessarily occur before 

learners can engage in more sophisticated and creative learning such as analysis, 

synthesis, and evaluation. The versatility of the model is seen in its application for 

all levels of education, from kindergarten through higher education, and its cross-

disciplinary use in business, the social sciences, and other applied sciences 

(Athanassiou, Mcnett, and Harvey 2003). 

While learning is arguably linear and hierarchical, it is also iterative and 

dynamic, particularly in the higher learning stages as critical thinking is engaged 

(Zohar & Dori, 2003). In other words, the cognitive action of analyzing new 

information, synthesizing new information with other information, and then 
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evaluating the parts of the whole and creating new knowledge is ongoing and 

interrelated, rather than strictly hierarchical, as presented in Figure 2.2. 

 

Figure 2.1. Critical Thinking of Bloom’s Taxonomy (Zohar & Dori, 2003). 

 

Bloom's Taxonomy categorizes students' cognitive activities into six 

hierarchical levels ranging from basic recall to application/synthesis Michael, & 

Coffman (1956) flipping the class allows the students to go over the lower levels of 

learning in Bloom's taxonomy (knowledge and understanding) individually. Face to 

face class time can be used as a potential learning environment to hone higher 

levels of learning, such as critical thinking and problem-solving. Anatomy, being a 

knowledge-based competency, is taught and tested at lower levels of Bloom's 

taxonomy (recall type of questions). 
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Learning histology often poses a unique challenge to first-year students. It 

has a central visual component by which students have to analyze and interpret the 

micrographic images Mione, Valcke & Cornelissen (2015). Students need to 

visualize the two-dimensional microscopic images and reconstitute them into three-

dimensional structures. 

The progenitor of competency frameworks in mathematics education is 

Bloom’s (1956) Taxonomy of Educational Objectives, which attempted to lay out 

the cognitive goals of any school subject in a neutral way. The main categories were 

knowledge, comprehension, application, analysis, synthesis, and evaluation. 

Bloom’s taxonomy has been revised (Anderson and Krathwohl 2001) to 

separate the knowledge dimension (factual, conceptual, procedural, and 

metacognitive) from the cognitive process dimension (remember, understand, 

apply, analyze, evaluate, and create), which does address one of the complaints of 

mathematics educators that the original taxonomy neglected content in favor of the 

process.  

An example of the former is the model of outcomes for secondary school 

mathematics proposed by James Wilson (rasta & Molgado 2006).  

In that model, mathematical content is divided into number systems, 

algebra, and geometry; cognitive behaviors are divided into computation, 

comprehension, application, and analysis; affective behaviors are either interests 

and attitudes or appreciation.  
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Another example is provided by the framework proposed for the Third 

International Mathematics and Science Study (Robitaille et al., 1933). The main 

content categories are numbers; measurement; geometry (position, visualization, 

and shape; symmetry, congruence, and similarity); proportionality; functions, 

relations, and equations; data representation, probability, and statistics; elementary 

analysis; validation and structure; and other content (informatics). The performance 

expectations are knowing, using routine procedures, 

Dinesh, Kumar, Rajprasath, Bhavani& Nim,( 2017) reported that 

0.82(67.2%) students could not get the three-dimensional orientation from focused 

slides. This makes the students adopt superficial learning, involving mere visual 

memorization of microscopic images. This deprives the students of understanding 

specific tissues or organs' functionality, which forms the central tenet for 

understanding histology (Notzer & Aronson,1979). This demand developing an 

active learning strategy where students understand the rationale of what they learn 

and apply the newly gained knowledge to specific problems. 

Besides, the present generation students, being accustomed to electronic 

devices and multimedia learning, find conventional didactic lectures less interesting 

(Granmo & Bengtsson, 2015). 

This is particularly pertinent in histology, where students get bored and 

disgruntled to passively memorize the appearance of microscopic structures 

(Mortensen & Nicholson,2015). 
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Under its asynchronous learning activities, the flipped classroom promulgates more 

flexible and more in-depth learning experiences (Sharma, Lau, Doherty, & Harbutt, 

2014). 

Besides, it provides a chance for effective face-to-face classroom timings by 

reaching a higher level of cognitive activities according to Bloom's taxonomy. 

Student's movement in the classroom is spent on application and higher-order 

thinking than listening to lectures and other lower-order thinking tasks, as shown in 

Table 2.2. 

 

Table 2.2.  

Comparison Between Traditional Classroom and Flipped Classroom in Achieving  

level of learning  Traditional classroom tools  Flipped classroom tools 

Remembering Face-to-face lecture Pre-recorded lecture, reading 

material, and watching video 

lectures independently. 

 

Understanding Question and Answer Reflection, peer-to-peer 

discussion, and collaboration 

 

Analyzing Homework Classroom activities such as 

a group discussion 

 

Applying, 

Evaluating & 

Creating 

Homework or nothing Student project, presentations, 

peer- evaluation and instructor 

evaluation. 

Critical Thinking of Bloom’s Taxonomy (Nederveld and Berge, 2015). 

 

Summary of Review of Relevant Theory. All three theories informed the 

study by providing a conceptual lens through which to design the research questions 
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selection of the data collection instruments, and the data analysis included 

consideration of resources, learning activities, and intentional and implied 

connections made. By carefully considering the resources, characteristics of 

learning, and application of knowledge, which. would be yield more meaningful 

results and increased the likelihood of representing and focused on the frameworks 

of the flipped model. 

Summary of Review of Related Literature 

From the literature review conducted by the researcher in this chapter, I 

found that there are two pieces of information lacking about the flipped classroom 

approach. Firstly, no flipped classroom studies found in higher education levels and 

not many in a preuniversity program in Libya. Secondly, very few studies around 

the world measure the effect of the flipped classrooms on students' critical thinking, 

no one from the State of Libya! 

Summary of Literature Review  

Most of the literature that compared flipped classroom instructional strategy 

to a traditional classroom strategy in relation to a set of moderating variables 

including student levels, publication types, study durations, and subject area 

suggests that the flipped learning model is showing success, including success in 

college-level student achievement and mathematics (Cheng et al., 2018). And there 

was a significant difference in students' learning achievement and motivation in the 

flipped classroom environment, with students being delighted and positive about the 

flipped classroom of teaching trigonometry (Bhagat et al. 2016). This review 
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reinforces that flipped learning can transform college and university classrooms into 

dynamic, interactive learning environments (Brewer & Movahedazarhouligh,2018). 

In addition, the prior studies show that flipping a classroom can be advantageous to 

students with learning difficulties and strategies and resources for individuals who 

may want to implement a flipped classroom (Altemueller & Lindquist,2017).  

Although the flipped classroom benefits are highlighted, student evaluations 

did suffer. More detailed studies comparing the traditional and flipped formats are 

warranted. Not all research has reported positive impacts of the flipped classroom 

implementation. (e.g., Boevé et al., 2017; Chen, Wang et al., 2014; El-Banna et al., 

2017; Keengwe, 2014; Long et al., 2017; Tse et al., 2017; Çakıroğlu & Öztürk, 

2017). Several challenges in this model. The majority of these are related to out-of-

class activities (Akçayır & Akçayır, 2018).  

Most of the literature that compared flipped classroom instructional strategy 

to a traditional classroom strategy in relation to a set of moderating variables 

including student levels, publication types, study durations, and subject area 

suggests that the flipped learning model is showing success, including success in 

college-level student achievement and mathematics (Cheng et al., 2018). And there 

was a significant difference in students' learning achievement and motivation in the 

flipped classroom environment, with students being delighted and positive about the 

flipped classroom of teaching trigonometry (Bhagat et al. 2016). This review 

reinforces that flipped learning can transform college and university classrooms into 

dynamic, interactive learning environments (Brewer & Movahedazarhouligh,2018). 
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In addition, the prior studies show that flipping a classroom can be advantageous to 

students with learning difficulties and strategies and resources for individuals who 

may want to implement a flipped classroom (Altemueller & Lindquist,2017). 

Although the flipped classroom benefits are highlighted, student evaluations 

did suffer. More detailed studies comparing the traditional and flipped formats are 

warranted. Not all research has reported positive impacts of the flipped classroom 

implementation. (e.g., Boevé et al., 2017; Chen, Wang et al., 2014; El-Banna et al., 

2017; Keengwe, 2014; Long et al., 2017; Tse et al., 2017; Çakıroğlu & Öztürk, 

2017).  

Several challenges in this model. The majority of these are related to out-of-

class activities (Akçayır & Akçayır, 2018). Çakıroğlu and Öztürk (2017) report that 

the students encountered difficulties in understanding the pre-course contents at 

home. In terms of learning motivation, Tse et al. (2017) report that students in the 

flipped classes have significantly lower motivation for subject reading, including 

reading curiosity, reading importance, and reading compliance, as compared to a 

regular course. To implement a successful flipped classroom. It is necessary to 

adopt appropriate strategies to facilitate students’ deep thinking when learning with 

the instructional videos in the pre-class stage (Basal,2015). 

The intervention for the effect of a flipped classroom model on critical 

thinking skills helped them explore their thoughts and develop their critical thinking 

skills comprising explanation and inference (Asmara et al.,2019). Flipped learning 

for the mathematics class seems to be a viable instructional methodology and 
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enhanced the critical thinking skills in the mathematics classroom (Kloppers & 

Vuuren,2016) This approach suggests positive effects of the student's critical 

thinking skills in favor of Flipped Learning (Zaher et al.,2017). 

Therefore, research on the effects of the flipped classrooms on students’ 

critical thinking skills level may provide insight into learning and practice in higher 

education. In addition to that, the research results can also help teachers prepare 

appropriate feedback for students’ work. Although positive impacts on the flipped 

mathematics classroom in higher education on students' learning, some challenges 

during flipped classroom implementation in higher education are still reported from 

several studies. Besides, they also improve the student's ability and enthusiasm to 

solve the problems of daily life. Based on the previous critical thinking studies 

above, it is obvious that critical thinking constitutes one of the important factors 

that might determine students’ success in learning to improve critical thinking 

abilities have been developed.  

From the literature review conducted by the researcher in this chapter, I 

found that there are two pieces of information lacking about the flipped classroom 

approach. Firstly, no flipped classroom studies were found in higher education 

levels, and not many in a preuniversity program in Libya. However, there is still a 

substantial dearth of actual evidence. In both the mathematics education and higher 

education literature, and not many in a pre-university program. Moreover, there is 

little empirical evidence that any single educational technique may improve pupils' 

critical thinking skills. Secondly, very few studies around the world measure the 
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effect of the flipped classrooms on students' critical thinking, no one from the State 

of Libya! 

Çakıroğlu and Öztürk (2017) report that the students encountered difficulties 

in understanding the pre-course contents at home. In terms of learning motivation, 

Tse et al. (2017) report that students in the flipped classes have significantly lower 

motivation for subject reading, including reading curiosity, reading importance, and 

reading compliance, as compared to a regular course. To implement a successful 

flipped classroom. It is necessary to adopt appropriate strategies to facilitate 

students’ deep thinking when learning with the instructional videos in the pre-class 

stage (Basal,2015). 

The intervention for the effect of a flipped classroom model on critical 

thinking skills helped them explore their thoughts and develop their critical thinking 

skills comprising explanation and inference (Asmara et al.,2019). Flipped learning 

for the mathematics class seems to be a viable instructional methodology and 

enhanced the critical thinking skills in the mathematics classroom (Kloppers & 

Vuuren,2016) This approach suggests positive effects of the student's critical 

thinking skills in favor of Flipped Learning (Zaher et al.,2017). 

Therefore, research on the effects of the flipped classrooms on students’ 

critical thinking skills level may provide insight into learning and practice in higher 

education. In addition to that, the research results can also help teachers prepare 

appropriate feedback for students’ work. Although positive impacts on the flipped 

mathematics classroom in higher education on students' learning, some challenges 
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during flipped classroom implementation in higher education still reported from 

several studies. Besides, they also improve the student's ability and enthusiasm to 

solve the problem of daily life. Based on the previous critical thinking studies 

above, it is obvious that critical thinking constitutes one of the important factors 

that might determine students’ success in learning to improve critical thinking 

abilities have been developed.  

From the literature review conducted by the researcher in this chapter, I 

found that there are two pieces of information lacking about the flipped classroom 

approach. Firstly, no flipped classroom studies were found in higher education 

levels, and not many in a preuniversity program. However, there is still a substantial 

dearth of actual evidence.  In both the mathematics education and higher education 

literature, and not many in a pre-university program. Moreover, there is little 

empirical evidence that any single educational technique may improve pupils' 

critical thinking skills. Secondly, very few studies around the world measure the 

effect of the flipped classrooms on students' critical thinking, no one from the State 

of Libya! 
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Chapter 3 

Methodology 

Introduction 

This chapter describes the research methodology used to obtain the 

quantitative results. First, this chapter presents the methodology and the design of 

this study. The second part defines the target population, the sample, and the power 

analysis for this study. Then, the third part describes the instruments and procedures 

used to conduct the assessments, and the data analysis used to obtain the results. 

The fourth part outlines the human subjects research considerations, the data 

collection procedures, and data analysis. Finally, internal, and external validity 

threats are discussed in the last part of this chapter.  

Methodology and Design 

This was a quantitative study that used a quasi-experimental, 

nonrandomized, and non-equivalent control group design involving intact classes to 

determine flipped classrooms' effectiveness on developing student mathematics 

achievement and critical thinking skills at Benghazi University. The primary 

dependent variables are mathematics achievement and critical thinking skills test 

result, and the primary independent variable is the instruction methods. 

The target population was all Benghazi university students enrolled in General 

mathematics I at Mathematics departments. The researcher collected, analyzed, and 

interpreted data on student academic achievement and student critical thinking 

skills using data from the pre-and post-test instruments. 
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Population and Sample 

Target population. The target population consisted of about 450 of all 

freshman students enrolled in four-credit mathematics I course at Benghazi 

University, 10-week semester General Mathematics I was defined as a 4-credit-

hour, first mathematics bachelor-level course in a sequence of courses designed to 

provide students with a rigorous program of study in mathematics required for all 

freshmen. This course is part of a sequence of mathematics classes I and II. It 

follows the successful completion of General Mathematics I.  The core curriculum 

requires all freshmen to take at least one college-level math course, general 

mathematics I or higher. 

The researcher enlisted volunteer professor to conduct the study, as opposed 

to conducting the study within one assessor’s classroom settings, as has been done 

previously (Deslauriers et al., 2011; Strayer, 2007). Out of 10 sections of General 

Mathematics I usually offered in the semester, two classes were chosen as 

convenience samples. One instructor who volunteered to participate in this study 

taught those two sections.  

The University of Benghazi, formerly known as Garyounis University, is a 

public university in Benghazi, Libya, and is one of the most prestigious institutes of 

higher education in Libya. It is located in Benghazi, the second-largest city in the 

country. It was founded in 1955 as the University of Libya. 

Sampling. The purposive sample consisted of about 80 freshman students at 

the Faculty of Science-Mathematics Department (17% of the total student 
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population & students attending a course had a mean age of 20 years old, 51% of 

the population was female) with an overall response rate of 100 % for the primary 

instrument used to obtain critical thinking data (i.e., the CCTST). The actual classes 

that would participate in this study are chosen using the convenience sample 

method. The study sample consisted participated of two groups, each consisting of 

about 40 students: the experimental group, was taught according to flipped 

classroom strategy, and the control group, which was taught according to the 

traditional teaching method. 

Power analysis. To determine the minimum sample size that would be 

needed for in this study, a prior power analysis was conducted to determine the 

optimal sample size for null hypotheses 1 and 2 using the G*Power software 

version 3.1 with an alpha level of α =0.05, an effect size at 0.30 (i.e., moderate 

effect size as recommended by Francis et al. (2004)) and prefer the power of 0.8. 

The priori power analysis suggested a minimum sample size of N = 90 to 

have an optimal chance of rejecting both hypotheses 1 and 2. With the collected 

sample N = 80 (with, α =0.05, an effect size at 0.32) slightly less than the 90 

students required by the prior analysis, (The study sample N = 80 consisted of two 

groups, each consisting of about 40 students). 

Instrumentation. Based on previous studies, three assessment instruments were 

used to measure the relevant studies' dimensions on flipped classrooms and critical 

thinking skills: (1) A pre-and post-test (Placement test and Final exam), designed by 

the Mathematics Department (2) the California Critical Thinking Skills Test 
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(CCTST) was administered at the beginning and end of the semester. The 

instrument was chosen was based on the research objectives and the sample's 

suitability used in this study to obtain data to address the research questions. 

Pre-assessment Thus was administered at the end of the 1st week of 

classes, which also marked the end of the add/drop period; students were given a set 

of pre-assessment instruments to complete in the class for both groups. These 

assessments included the Placement of Mathematics Test and Pre-California 

Critical Thinking Skills (Pre-CCTST). The Placement test was chosen as a pretest 

to examine normality between the control and experimental groups before 

treatment.  

The placement test consisted of two sections: Section 1 tests the content of 

the Elementary Algebra, and section 2 tests the content of the pre-General math 

courses. Each section of the test contains 15 questions, for a total of 30 questions.  

The Pre-California Critical Thinking Skills Test (Pre-CCTST) as a measure 

of critical thinking skills was chosen for this research to permit test-takers to 

demonstrate the critical thinking skills required to succeed in settings were solving 

problems and making decisions by forming reasoned judgments are important. The 

Pre-CCTST was a 45 minute, 34-item, multiple-choice test that evaluated students’ 

ability to analyze, infer, explain, evaluate, and interpret information. 

Post-assessment was administered at the end of the study during the final 

test week, students were given a set of post-assessment instruments to complete in 
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the class for both groups. These assessments included the Final of Mathematics Test 

and Post- California Critical Thinking Skills (Post-CCTST).  

The final mathematics test consisted of three sections that addressed various 

concepts to demonstrate their knowledge on problems learned from the beginning 

of the semester to the end, each section of the test contains 10 questions, for a total 

of 30 questions, While the pro-CCTST was the same pre-CCTST.  

The final test was chosen as a post-test to examine students' assessed 

understanding of General Mathematics I by completing relevant constructed-

response problems on their final exam at the end of the semester. Students have 

completed the final exam independently and demonstrate their knowledge on 

problems learned from the beginning of the semester to the end, which was 

addressed various concepts such as functions and graphs, limits and continuity, 

derivatives of algebraic and trigonometric functions, chain rule, applications to 

maxima and minima, exponential logarithmic, and circular and hyperbolic 

functions: inverses, derivatives, and integrals of those functions. The post-test was 

used to assess student academic achievement and critical thinking skills for the 

control and experimental groups after treatment to address the null hypothesis. 

The California Critical Thinking Skills Test (CCTST): The California 

Critical Thinking Skills Test (CCTST) was chosen for this research as a measure of 

critical thinking skills. It has different versions and forms that were developed 

based on the American Philosophical Association (APA) Delphi Consensus 
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Definition Critical Thinking has been computerized in many languages for online 

administrations (Facione, Blohm & Gittens, 2008; Insight Assessment, 2019).  

The CCTST was designed to permit test-takers to demonstrate the critical 

thinking skills required to succeed in settings were solving problems and making 

decisions by forming reasoned judgments are important. It is used throughout the 

United States and many countries worldwide. As with all test instruments 

distributed by Insight Assessment, the new language forms of the CCTST are 

authorized only when the new items and scales achieve psychometric performance 

standards. The development and authorization of new language forms of the 

CCTST require a validation study (Insight Assessment, 2019). 

The Arabic paper and pencil version of the California Critical Thinking 

Skills Test 2000 (CCTST) as a measure of critical thinking skills was chosen for 

this research. These authorized translations are the collaborative effort between the 

instrument development team and an international scholar. Assessment instruments 

created by Insight Assessment meet the threshold for strong internal consistency 

reliability (a minimum Cronbach’s alpha of 0.80) and are observed to maintain this 

performance in all samples of adequate variance (Insight Assessment, 2019).  

The California Critical Thinking Skills Test Form 2000 (CCTST) used for 

this research is a standardized test that consists of thirty-four multiple-choice items 

with a duration of about 45-60 minutes. Each item has four or five alternative 

choices with only one correct answer. The student examinee is required to read a 

short passage that may include a figure or picture, and then answer the following 1-
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3 question. The right score assigned “1” while the wrong one assigned “0”. So, the 

student’s score ranges from a minimum “0” score to a maximum “34” score. It can 

be divided into five subscales to measure the five CTS: interpretation, analysis, 

evaluation, explanation, and inference (Facione, 1992; Hicks, 1997). In addition, it 

can be divided into three subscales: analysis, inference, and evaluation; or to two 

secondary subscales: deductive and inductive reasoning (Hicks, 1997; Kaddoura, 

2011). 

Internal consistency reliability for the individual scales included in any of 

the mindset measures ranges from .71 to .80, with the overall instrument's alpha. 

Strong values have been observed consistently in independent samples collected 

over the past twenty-five years in various language translations, ranging from .60 to 

.78 on the scales and .90 or above for the overall measure. Lower reliability 

coefficients are observed in samples where the variance of scores is not large (Kay, 

Macdonald & Digiuseppe, 2018). 

Validity and reliability of Instrumentation. The California Critical 

Thinking Skills Test (CCTST) has a high degree of validity and has established 

correlations with standardized tests in higher education where higher-order 

reasoning is demonstrated (Graduate Record Exam (GRE) Total Score: Pearson r = 

.719, p<.001; GRE Analytic r = .708, p<.001; GRE Verbal r = .716, p<.001; GRE 

Quantitative, r = 582, p<.001; Insight Assessment, 2018). California Critical 

Thinking Skills Test has a high degree of validity in adult student populations 
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(Agdas, 2013; Behar-Horenstein & Niu, 2011; Facione, Facione & Fiancarlo, 2000; 

McGuire, 2010; Phelan, 2012; Reid, 2000).  

A relationship between the CCTST and the GRE total, and the SAT Math 

have been established with a KR-20 alpha ranging from .70-.75 (Facione, Facione 

& Fiancarlo, 2000).  

The CCTST also has a high degree of validity in high school populations as 

the CCTST and SAT performance are significantly related in both the verbal and 

math portions, SAT-V r = .66, p < .01 and SAT-M r = .69, p < .01 (Bycio & Allen, 

2009). The student scores on the CCTST also predicted overall GPA, r = .41, p < 

.01 (Bycio & Allen, 2009). 

A positive relationship between the (pre-and-posttests & for a group that 

received FC-and-FF model of instruction) Student academic achievement and the 

California Critical Thinking Skills test (CCTST) was found with a Pearson 

Correlation Coefficient (from low positive correlation r = 0.376 to high positive 

correlation r=0.942, p = 0.000 < 0.05). This indicates students who scored higher on 

the mathematics also scored higher on the CCTST. Higher performing students 

scored higher on the CCTST than did lower performing students, The CCTST 

accounted for a significant variance (58.7%) in academic performance, t = 4.54; 

p<.01 (Siddiqi et al., 2016). 

Furthermore, gain in critical thinking skills has been measured using the 

CCTST in a one-semester time. Studies that examined for re-test bias found no 

testing effect from pretest and posttest means using two independent groups. The 



 

69 

 

Cronbach’s Alpha for the CCTST meets or exceeds .70. Test-retest reliability for 

the assessment meets .80 when retested at two weeks, and many samples 

demonstrate no change when retested at longer intervals when no training in critical 

thinking took place (Insight Assessment, 2019).  

Reliability coefficients range between .77-.83, and subset scores statistics 

demonstrate similar strengths (Insight Assessment, 2019). In Sorensen & Yankech, 

2008, they evaluated the subscale of critical thinking skills of the experimental 

group on the California Critical Thinking Skills Test CCTST (F = 4.709, p =.039). 

Procedures  

The principles of human subject’s research. After receiving approval 

from Benghazi University, the approval from the Florida Institute of Technology's 

Institutional Review Board (IRB) was obtained before data collection began 

(Appendix A). The IRB protocol included protecting human subjects, and these 

standards were adhered to strictly. The researcher also was issued student-

recruitment forms for each participating student. Student participants signed 

voluntary consent forms (Appendix B). 

Finally, in Libya, there are laws of minors that identify the "age of majority 

(usually 18)" even though the parents have the primary responsibility for their 

children until they graduate from college or got married and are allowed different 

degrees of freedom and responsibility (Mourad 2010). Often families are financially 

responsible for many family members (Haj-Yahia 2002). Parents' consent is legally 

unnecessary, but it is culturally necessary (Appendix B). 
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Accessible digital media 

To avoid data contamination during the implementation of the flipped 

classroom and data collection, the researcher monitored if students from the control 

group accessed and watched the videos posted on Facebook or google form and if 

the students from the experimental group did not access watch the videos. First 

Students received instruction at home by enrolling in the related Facebook to 

discuss issues, topics, and responses to reflective questions group and Google 

Forms so that they could view teacher-created videos anywhere and at any time 

using any suitable device. The researcher ensured that each student participant had 

access to the digital media necessary:  

a) we extended the use of computer facilities in college to support flipped 

classrooms' implementation (Schultz et al., 2014). 

b) the researcher prepared additional copies of flipped learning materials in 

flash drives or DVDs for the students who do not have an Internet connection at 

home (Clark 2015; Schultz et al. 2014). 

Second, the researcher ensured that the instructor could monitor if students 

from the control group access and watch the videos posted on Facebook or google 

form or the students from the experimental group do not access or watch the videos  

we posted a Microsoft Stream link via Google Form for the experimental group. 

Microsoft Stream allows for videos to be secured with a combination of 

permissions at the video level, group membership, and settings of a group. 

Permissions and privacy in Microsoft Stream would require permissions at the 
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video level allow me to control who can see my video, who can own and edit it, and 

which groups and channels it is displayed in Group Permissions: groups have the 

following access and privacy characteristics:  

1- it can be private to members of the group only (students). 

2- are made up of researchers and members. 

3- has a setting to control if members are viewers (students from an 

experimental group) contributors (students from a control group). As 

such, made a Microsoft Stream group a viewer or owner of a video; all 

the above was taken into account to determine who got access to the 

video. 

Each participant was sent an electronic consent form (Copyright Consent) to read, 

and a hard copy signed when we met to begin the data collection process (Appendix 

C) 

Data collection procedures. The researcher consulted with the course 

instructor and observers to confirm the training needs and goals and what outcomes 

they were looking to obtain during implementation. This conversation helped the 

researcher to clarify the goals of their training. It provided an opportunity to discuss 

the implementation process using the observation checklist (Appendix B), which 

aims to follow the implementation-evaluation process according to the utilization-

focused evaluation (Patton, 2008).  

Due to the current political situation in Libya, the researcher was not able to 

travel to the research site, the researcher arranged with two researchers to complete 
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the observation checklist (for both in-class and online settings) to ensure the fidelity 

of implementation of the flipped classroom and establish the reliability and collect 

documents. 

Once got approval from the Institutional Review Board, an email was sent to 

the chosen faculty member. The email also included an invitation forwarded to 

participating students in this study. Each participant sent an electronic consent form 

to read, and a hard copy signed to begin the data collection process. Each consent 

form provided information about the purpose of the research, the study's 

procedures, the type of data collected from them, and the time of their participation 

in the study (Appendix B).  The researcher asked the instructor to add the researcher 

to their online portion of the flipped classroom course as a teaching assistant and 

provide the researcher with access to Facebook and Google Forms.  

The flipped classroom was implemented with the entirety of the curriculum, 

activities, pre-recorded lecture material, and post-video questions. All students who 

enrolled in the course completed the coursework, placement test, final exam, and 

California Critical Thinking Skills Test (CCTST); only those students were 

included in the statistical analysis. The implementation portion of this study 

designed was completed during ten-week; the instructor taught the General Math 1 

class with the traditional and flipped classroom models. The duration of 

implementation became shorten due to the Covid-19 Pandemic. At the conclusion 

of both courses, students were given the final exam and the CCTST.  
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The course professor delivered the lecture content face-to-face during class 

time in the traditional classroom and assigned pre-recorded videos of the lecture 

content as homework in the flipped classroom. He assigned end-of-chapter 

questions in the traditional classroom as homework, and students completed 

activities in-class for the flipped classroom. As a part of Flipped Class instruction, 

students had access to the recorded videos at any time on their own via Google 

Classroom and Facebook.  

In contrast, the control group was taught without using the flipped 

classroom. The table below summarizes these similarities and differences between 

the traditional and the flipped classroom (Table 3.1). 
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Table 3.1 

Flipped and Traditional Classroom Similarities and Differences 

            Similarities Differences 

Content - the topics to be covered. 

 

  Lecture content  

        ● Traditional - face to face ● Flipped - pre-recorded video 

Placement test  

Final exams 

 

Course evaluations Professor 

 

Classroom environment 

  ● Moveable desks  

  ● White board and Projector screen. 

 

 

Class length each week  

 ● 120 minutes in- Class 

 ● Approximately 2    hours out of class  

Day and time of class  

 ● Usually Twice weakly 8-10 am 

  Class time  

  ● Traditional - lecture focused  

     ● Flipped - Application and problems solving activities: 

       1- Question and answer, 2- suggest mission, 3-Discussion, 4-Mini 

lecture, 5- Feedback 6-Critical debate and, 7-Group problem solving 

  Outside of class  

    ● Traditional - End of chapter questions 

    ● Flipped - View pre-recorded  

      1- lectures and take corresponding. 2- viewing a pre-recorded 

lecture video, 3- digital module or completing a reading or 

    4- preparatory assignment.      

  quizzes 
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Data preparation and analysis. The researcher managed the control 

characteristics by trying to eliminate extraneous variables. This study's extraneous 

variables included students' access to technology during non-school hours, whether 

students watched the flipped material and the flipped teacher implementation of the 

treatment. The researcher managed the manipulation characteristic by having 

control and treatment groups, wherein the control group would receive no 

treatment. For actual data collection, the researcher used a pre-test and a post-test to 

collect the appropriate data. For this research study, the researcher collected, 

analyzed, and interpreted data on student academic achievement and critical 

thinking skills using pre-and post-test instruments. The pre and post-test data for 

both student academic achievement and student critical thinking skills was 

examined differences between the control and treatment groups' mean.  

Before data analyses for any of the research questions, the researcher 

prepared the data set. First, this included attention to all responses that are 

incomplete and that appear to be invalid. For those partially incomplete responses 

(less than 5% blank responses), imputation was done using mean values from 

students in the same class, and these responses were included in the descriptive 

analyses. Second, to employ a one-way ANCOVA, the data was checked 

assumptions for a one-way ANCOVA for both research questions 1 and 2. 

ANCOVA was used to determine if there are statistically significant differences 

between the adjusted population means of two or more independent groups on the 

same interval level dependent variable (Frey, 2016; Lund Research Ltd, 2019). In 
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nonrandomized research designs, “the main purpose of ANCOVA is to adjust the 

posttest means for differences among groups on the pretest, because such 

differences are likely to occur with intact groups” (Dimitrov & Rumrill, 2003, 

p.161). The following variables were pertinent to this study: teacher pedagogy (an 

independent variable, two methods of instruction (traditional and flipped classroom 

instruction), mathematics achievement (post-test: a dependent variable; pre-test: 

covariate), and critical thinking skills (post-test: a dependent variable; pre-test: 

covariate). 

Statistical Package for Social Sciences software (SPSS) version 27 was used 

to generate the descriptive and inferential statistics. Cronbach’s alpha was used to 

test the internal consistency of each section of the instrument. 

Potential Threats to the Validity of the Study. 

Quasi-experimental studies are susceptible to threats of internal validity. 

History, maturation, mortality, testing, and instrumentation are common threats to 

this design type and was considered during this study’s development with the 

design, implementation, and assessment of the flipped classroom considered to help 

minimize as many threats as possible. 

Internal validity threats.  Internal validity refers to the degree to which the 

observed changes in the dependent variable are, in fact, directly attributed to the 

independent variables (IVs) and not to other factors or rival explanations. 

According to Campbell and Stanley (1963), there are eight extraneous 

variables that compete with IVs and represent threats to internal validity: history, 
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maturation, testing, instrumentation, statistical regression, differential selection, 

mortality (attrition), and selection-maturation interaction. Cook and Campbell 

(1979) identified three additional threats to internal validity: experimental treatment 

diffusion, subject effects, and experimenter effects. Each is described below.   

Given the current study’s pre-post control group design, those that would 

not be threats to this study include testing, experimenter effects (including 

implementer characteristics and bias), treatment diffusion, maturation, and 

statistical regression. In summary, of these possible threats to internal validity, only 

three are relevant to this study: history, instrumentation, differential selection, 

mortality, and subject effects. Each is described below.   

History: A history threat refers to any specific events or conditions other 

than the experimental treatment that may occur during the treatment administration 

that may change independent variables. A history threat may also include any 

unplanned events that may occur during the administration of the survey that can 

affect the participants' responses. These include, but are not limited to, any political, 

economic, and cultural events. The experimental was administered for a short time, 

and a control group was selected from a comparable group of participants. There 

were no external events during the study that could have impacted the results of the 

study.  

Instrumentation: This threat refers to any change in the instrument used for 

data collection. These changes involve the type of scale, level of difficulty, the 

survey administer(s) or observers, the survey scores, and how the survey is 
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administered. These threats were minimized by choosing assessments that met the 

study's needs and were able to be completed in 45 minutes and were structured in 

the same manner and consisted of dichotomously scored multiple-choice items 

where the placement and final tests were structured by the mathematics department 

while Insight Assessment designed CCTST.  

The volunteer instructor the sole person who administered all assessments to 

all students in the flipped and traditional groups so that students in all groups 

received the same instructions prior to being administered the assessments. Data 

was also coded so that researchers would not be able to identify students. This was 

done with IRB approval (Appendix A). 

A checklist was used to ensure that the flipped classroom fits the proper 

criteria for a flipped classroom (Appendix C). I invited two researcher members 

from Benghazi University to serve as observers. The flipped classroom checklist 

observations were not scheduled and occurred randomly without the course 

professor being informed ahead of time to avoid introducing confirmation bias. 

Hence, data collectors did not affect data collection (any of the proctors reported no 

anomalies during the testing process). 

The CCTST is designed to permit test-takers to demonstrate that the critical 

thinking skills required to succeed in settings, solve problems and make decisions 

by forming reasoned judgments. It is used throughout the United States and in many 

countries around the world. As with all test instruments distributed by Insight 

Assessment, the new language forms of the CCTST are authorized only when the 
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new items and scales achieve psychometric performance standards. In addition, the 

development and authorization of new language forms of the CCTST require a 

validation study. Authorized translations of the CCTST are also available in Arabic. 

These authorized translations are the collaborative effort between the instrument 

development team and an international scholar. a well-validated instrument for 

assessing seven sub-scales of critical thinking: Analysis, Interpretation, Inference, 

Evaluation, Explanation, Induction, and Deduction (Miri et al., 2007; Sullivan-

Mann et al., 2009; Wang, 2007). 

Analytical skills are used to identify assumptions, reasons, themes, and the 

evidence used in making arguments or offering explanations. Analytical skills 

enable us to consider all the key elements in any given situation and to determine 

how those elements relate to one another. Inference skills enable us to conclude 

reasons, evidence, observations, experiences, or values and beliefs. Using Inference, 

we can predict the most likely consequences of the options we may be considering. 

In addition, inference enables us to see the logical consequences of the assumptions 

we may be making. Evaluative skills assess the credibility of the claims people 

make or post and assess the quality of the reasoning people display when they make 

arguments or give explanations. Inductive reasoning relies on estimating likely 

outcomes.  Although it does not yield certainty, inductive reasoning can provide a 

solid basis for confidence in our conclusions and a reasonable basis for action. 

Deductive reasoning is deciding what to believe or what to do in precisely defined 

contexts that rely on strict rules and logic. Deductive validity results in a conclusion 
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which absolutely cannot be false if the assumptions or premises from which we 

started all are true. Deductive validity leaves no room for uncertainty. That is, 

unless we decide to change the very meanings of our words or the grammar of our 

language (California_Academic_Press, 2016).   

Differential selection. A differential selection or selection bias refers to the 

variation between the control and treatment groups due to non-random factors. 

Because this proposed research is a quasi-experimental design, and since this design 

type lacks random assignment to the experimental and control group, with the use 

of pretest and posttest data, reliable results would still be expected (Gall et al., 

2007). To eliminate this threat, pre and post-tests were given to student participants 

in the study. A test of normality (on pretest data) and Levine’s Test of Equality of 

Variances (on post-test data) were utilized for the student data to ensure that both 

groups were comparable. Hence, researchers have no concern about this threat. 

Experimental mortality (attrition). This threat refers to the loss of 

participants during the implementation of the study. This loss is more commonly 

referred to as the drop-out rate or simply attrition. The drop-out rate is more likely 

to be higher for an experimental group than a control group because experimental 

procedures usually make more demands and require more commitment and effort 

from participants. If less committed individuals drop out of the experimental group, 

the results may suggest that the intervention is more beneficial than it actually is. In 

the current study, the mortality threat was not applicable because the attrition rate 

for an experimental group than a control group was 0%. 
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Subject effects. This variable refers to the changes in participants' attitudes 

in response to the research situation. This can be a threat to internal validity and 

affect the outcome of the study. If the members of the control group are aware of 

their situations and able to compare their performances to the treatment group, they 

may work harder to overcome their disadvantages. This threat is called the John 

Henry effect or compensatory rivalry. Another way that the participants may 

change their attitude during the study's implementation is when they are being given 

attention or made aware that they are being observed. This effect is called the 

Hawthorne effect. Another subject effect is called compensatory demoralization or 

resentful demoralization of the control group. This occurs when the participants feel 

that they are being neglected and not receiving desirable treatment or being given 

attention; in such a case, they will spend less effort on the administered survey.  

External validity considerations. External validity refers to what 

populations, settings, treatment variables, and measurement variables can this effect 

be generalized. According to Campbell and Stanley (1963), external validity is 

usually divided into two types of external validity are population validity (whether 

you can generalize to other groups of people) and ecological validity (whether you 

can generalize to other situations and settings). Every effort was made to ensure the 

study results are generalizable to other remedial math courses. 

Population validity. This refers to the degree of similarity among sample 

used, population from which it came, and target population. A case for population 

generalizability, which refers to the samples’ representativeness of the targeted 
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population, has already been made. The target of population consisted of about 450 

freshman students who are enrolled in a mathematics course. Out of 10 sections of 

General Mathematics I, two classes were chosen as a convenience sample. This 

consists of 80 students divided into two groups. So, there is no difference between 

the sample used, population from which it came, and target population. 

Ecological validity. This refers to the physical or emotional situation or 

setting that may have been unique to the experiment, If the treatment effects can be 

obtained only under a limited set of conditions or only by the original researcher the 

findings have low ecological validity. To eliminate this threat, the researcher 

enlisted a volunteer professor to conduct the study, as opposed to conducting the 

study within one assessor’s classroom settings, as has been done previously 

(Deslauriers et al., 2011; Strayer, 2007, 2012). The volunteer instructor the sole 

person who administered all assessments to all students in the flipped and 

traditional groups so that students in all groups received the same instructions prior 

to being administered the assessments. Data was also coded so that researchers 

would not be able to identify students. This was done with IRB approval (Appendix 

A). 
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Chapter 4  

Results 

Introduction 

This chapter presents the results for this study related to the research questions and 

concludes with a summary of the results. The purpose of this study was to examine 

if a flipped learning approach was effective in student learning of mathematics and 

critical thinking skills at Benghazi University in Libya.  

This chapter consists of five sections. A description of the sample is 

presented in the first section. The second section discussed the reliability of the 

California Critical Thinking Skills Test and Mathematics Tests (Placement & final). 

The third addressing the five assumptions that allow the use of One way-ANCOVA 

analysis, the results of the ANCOVA for each hypothesis. The fourth section 

contains the summary of ANCOVA results, which are presented in response to 

Research Questions1 and 2. Besides the formal analysis of the quantitative data for 

research questions 1 and 2, the research ran additional analysis using Pearson’s 

correlation which measures the strength and direction of linear relationships 

between continuous variables to investigate the relationship between beset 

subscales of critical thinking with academic performance. 

The research study was conducted at the mathematics department in a large 

public university in east Libya, Benghazi. The purposive sample consisted of 80 

freshman students who enrolled in a General Mathematics I course at Benghazi 

University's Department of Mathematics during the first term of the academic year.  
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The actual classes that participated in this study (were selected using a 

convenience sample method) consist of two groups, each consisting of about 40 

students: the experimental group, which had taught according to flipped classroom 

strategy, and the control group, which had taught according to the traditional 

teaching method. Both groups (control and experimental) have no missing data in 

this study. 

Instrument Reliability 

Instrument reliability of Placement Test 

The Placement Test (pre-test) is a paper-based standardized test developed 

by the Department of Mathematics at Benghazi University. The Placement Test is 

composed of two sections. Section 1 tests the content of the Elementary Algebra 

and section 2 tests the content of the General Math I course. Each section of the test 

contains 15 questions, for a total of 30 questions. 

Given at the beginning of the semester (pretest), the pretest instrument was 

reliable (Cronbach’s alpha=0.983, n=30). Cronbach's alpha was calculated to assess 

the questions' internal consistency reliability on the common final exam. The 

mechanics behind Cronbach’s Alpha is roughly equivalent to dichotomously 

splitting the data in every possible permutation and computing the correlation 

coefficient for each split. The average of these values is alpha (Cronbach, 1951; 

Field, 2005). 
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Table 4.1 

Case Processing Summary of Placement Test  

 N % 

Cases Valid 78 86.7 

Excludeda 12 13.3 

Total 90 100.0 

a. Listwise deletion based on all variables in the procedure. 

 

The output of table 4.1 showed that the reliability analysis was able to use 86.7 

% (N=78) observations, and there is less than 12% (N= 13.3) of the observations that 

are excluded. 

Next, an item-total correlation test was performed to see if any of the 

placement test questions were inconsistent with the reliability. There were no cases 

where the removal of an item increased alpha value, so all items were deemed reliable 

for the analysis. Reliability statistics for each item can be found in Appendix 0.1. 

Instrument reliability of Final Test.  

The cronbach’s alpha for the the Final Test (posttest for mathematics 

achievement) is a paper-based standardized test developed by the Department of 

Mathematics at Benghazi University. The Final Test was a paper test that tested the 

students on all that they have learned in the whole term, designed by the Department 

of Mathematics at Benghazi University. 
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Common final exam was found to be 0.983. The literature suggests that alpha 

should be greater than .70 to provide good support for internal consistency reliability 

(Morgan, Leech, Gloeckner, & Barrett, 2007).). 

Table 4.2 

Case Processing Summary of Final Exam  

 N % 

Cases Valid 79 87.8 

Excludeda 11 12.2 

Total 90 100.0 

a. Listwise deletion based on all variables in the procedure. 

 

The output of table 4.2 tells you that the reliability analysis was able to use 

87.8 % (N=79) observations, and there is less than 11% (N= 12.2) of the observations 

that are excluded. 

Next, an item-total correlation test was performed to see if any of the final test 

questions were inconsistent with the reliability. There were no cases where the 

removal of an item increased alpha value, so all items were deemed reliable for the 

analysis. Reliability statistics for each item can be found in Appendix 0.2. 

Instrument reliability of CCTST. 

Assessment instruments created by California Critical Thinking Skills Test 

(CCTST) was chosen for this research to measure critical thinking skills. It has 

different versions and forms developed based on the American Philosophical 
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Association (APA) Delphi Consensus Definition of Critical Thinking. It has been 

computerized in many languages for online administrations 

(California_Academic_Press, 2016). 

Insight Assessment meet the threshold for strong internal consistency 

reliability (a minimum Cronbach’s alpha of 0.80). They are observed to maintain this 

performance in all samples of adequate variance. Internal consistency reliability for the 

individual scales included in any mindset measures ranges from .71 to .80, with the 

overall instrument's alpha. Strong values have been observed consistently in 

independent samples collected over the past twenty-five years in various language 

translations, ranging from .60 to .78 on the scales and .90 or above for the overall 

measure. Lower reliability coefficients are observed in samples where the variance of 

scores is not large (Kay, Macdonald & Digiuseppe, 2018), a well-validated instrument 

for assessing seven sub-scales of critical thinking: Analysis, Interpretation, Inference, 

Evaluation, Explanation, Induction, and Deduction (Miri et al., 2007; Sullivan-Mann 

et al., 2009; Wong, 2007; Yang et al., 2008).  

Overall Mathematics Mean Scores for Experimental and Control Groups 

 The mean descriptive results for the pretest and posttest scores of the overall 

Mathematics are shown in Figure 4.1. There are mean differences between the control 

and experimental groups concerning the pretest scores (Mean con =74, Mean exp =74) 

and the post-test scores (Mean con=75, Mean exp =78). In comparison, there are 

differences between the standard deviation of the experimental and control group 
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concerning the posttest scores in both groups of the pretest and posttest Mathematics 

standard deviation scores (6, 6) and (5, 6).   

 

Figure 4.1: Overall Mathematics Mean Scores for Experimental and Control Groups. 

 

Descriptive Results of The California Critical Thinking Skills Test (CCTST)  

Table 4.3 displays all the CCTST results with subscales, the raw mean, and 

standard d Deviation for the pretest and posttest scores of overall CCTST scores. It can 

be drawn that there are Mean differences between the experimental and control group 

concerning the posttest scores (Mean exp =11.5, Mean con=8.9) and pretest scores 

(Mean exp =11.4, Mean con =8.2).  

Even though there is a mean (overall variable) difference between the pre-and 

post-in Critical Thinking Skills Test CCTST (Analysis, Interpretation, Inference, 

Evaluation, Explanation, Induction, and Deduction) and the mean difference is 

74 74

75

78

Control Group                                                                            Experimental Group

Pre-Test

Post-Test
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different between the two classrooms (flipped vs. a traditional) regarding the variable. 

Still, in simply looking over the means for the experimental group (N=40) and control 

group (N=40), It appears that the experimental group are high for the Analysis and 

Induction subscales. In contrast, the gains for the controls in these areas are 

consistently minimal, even considerably minimal, in inference and education for the 

control (Table 4.3). 

Table 4.3 

Descriptive statistics of overall score and subscales comparison 

  Experimental 

N=40 

 Control 

N=40 

 

Sub-Scales  Phase Mean SD Mean SD 

Analysis Pre 2.4 1.1 1.7 1.6 

 Post 3.3 1.2 2.1 1.3 

Inference Pre 5.9 2.7 3.4 2.5 

 Post 5.4 1.5 3.9 1.9 

Evaluation Pre 3.1 1.2 3.2 1.5 

 Post 2.8 0.9 2.8 1.4 

Induction Pre 5.7 2.4 4.1 2.1 

 Post 6.5 1.8 4.2 2.0 

Deduction Pre 5.6 2.2 4.1 2.1 

 Post 5.0 1.5 4.7 1.8 

Overall  Pre 11.4 3.8 8.2 3.7 

 Post 11.5 2.6 8.9 2.8 
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Overall CCTST mean scores for experimental and control groups. 

The mean descriptive results for the pretest and posttest scores of the overall 

CCTST are shown in Figure 4.2. The pretest mean scores of the control group 

and the experimental group are (M con=8.2, SD con=11.4) and (M exp=8.9, SD 

exp=11.5), respectively.  

The overall mathematics and CCSTS mean Scores are the same as the 

average percentile gain reported by Pascarella and Terenzini (2003) for critical 

thinking instruction and might indicate a positive response to participation in 

the experimental group. 

  

Figure 4.2: Overall CCTST Mean Scores for Experimental and Control Groups. 

 

Mean scores of CCTST subscales scores of control group and experimental 

group.  

8.2

11.4

8.9

11.5

Control Group                                                                      Experimental Group

Pre-Test

Post-Test
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The results from the CCTST pre-test and post-test were displayed in Figures 

4.3 through 4.7. There is a figure for each CCTST subscale score in each 

figure and the total score - one for the control group and one for the 

experimental group. The students in the control group scored substantially 

lower than the other students in that experimental group, except for the 

evaluation subscale, where the students in the experimental group scored 

substantially lower than the other students in that control group. Meanwhile, 

figure 4.3 &4.6 shows that the Analysis and Induction subscales have a greater 

difference between pre-test and post-test in the experimental group than in the 

control group. 

 

 Figure 4.3. CCTST (Analysis Subscale) Scores for both Groups 

1.7

2.4

2.1

3.3
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  Figure 4.4. CCTST (Inference Subscale) Scores for both Groups. 

 

 

 

  Figure 4.5. CCTST (Evaluation Subscale) Scores for both Groups. 
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Figure 4.6. CCTST (Induction Subscale) Scores for both Groups. 

 

 

 

Figure 4.7. CCTST (Deduction Subscale) Scores for both Groups. 
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Assumptions The Two dependent variables were the students’ academic 

achievements, and CCTST were measured at the continuous level (i.e., it is an interval 

or ratio variable). The independent variable was learning approaches consists of two 

categorical was Flipped Classroom and traditional classroom approaches. The 

Placement test and pre-CCTST were used as a covariate, also known as control 

variables, which are continuous variables. This covariate is used to adjust the means of 

the groups of the categorical independent variable. In an ANCOVA, the covariate is 

generally only there to better assess the differences between the groups of the 

categorical independent variables in terms of the dependent variable (Lund Research 

Ltd, 2019). 

Several assumptions need to be met to perform an ANCOVA analysis 

(Breukelen, 2010). These assumptions include (a) the assumption of normality, (b) the 

assumption of linearity, (c) the assumption of homogeneity of regression slopes, (d) 

the assumption of homogeneity of variance, and (e) the existence of an interaction 

effect. These assumptions will be discussed in this section. 

Tests of Normality Assumptions. Data normality test is to determine the 

normality or symmetry of the distribution of research data obtained. Testing the 

normality of the data with the Shapiro-Wilk Test is more appropriate for small sample 

sizes < 50 samples. For this reason, we used the Shapiro-Wilk test as our numerical 

means of assessing normality (Royston, 1995). The results of normality test data are 

presented in the following Table 4.4. 
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Table 4.4 

 Data normality test results for Mathematics and Critical Thinking Skills 
 

Class  

    Shapiro-Wilk 

 Statistic df Sig. 

Control Group Placement Test .980 40 .682 

 Final Test .973 40 .437 

Experimental Group Placement Test .972 40 .404 

 Final Test .967 40 .290 

Control Group Pre-CCTST .862 40 .074 

 Post-CCTST .951 40 .082 

Experimental Group Pre-CCTST .980 40 .708 

 Post-CCTST .945 40 .059 

 *. This is a lower bound of the true significance. 

 a. Lilliefors Significance Correction 

 

The results of the normality test as presented in Table 4.4 above indicated that 

no significant departure from normality was found.  

Homogeneity of Error Variances Assumptions (Homoscedasticity) 

Homogeneity of error variances was checked using Levene’s Test with SPSS. The 

equal error variance assumption was met for the Mathematics Final Test and Post 

CCTST with F Math Final (1, 78) =4.003, P>.05 and FCCTST (1, 78) =3.338, P >0.05 

(Table 4.5). 
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Table 4.5 

Levene’s Test of Equality of Error Variances 

 Final Test      Post CCTST  

F df1 df2 sig F df1 df2 sig 

4.003 1 78 .052 .338 1 78 .563 

 

The linearity assumption. The linearity assumption was performed using 

SPSS software that tested the linear relationship between each of the dependent 

variables (Posttest and Post CCTST) and each of the covariates (placement test and 

pre-CCTST) for the control group (FF) and the experimental group (FC), respectively. 

As a result, it revealed a linear relationship between both dependent variables and 

each covariate. 

The linear relationship between Pre CCTST and Post CCTST is illustrated in 

Plot figure 4.9 for the control group (FF) (R2 = .141) and for the experimental group 

(FC) (R2 = .002). Figure 4.8 illustrates a positive, linear relationship between 

Placement Test and Final Test in both the FC (R2 .880) and the FF (R2 = .887). The 

above results indicating that the linearity assumption is met. 
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Figure 4.8.  Scatter Plots for Linearity Assumptions (Placement Test and Final Test) 

 

 

 
Figure 4.9. Scatter Plots for Linearity Assumptions (Pre and post CCTST) 
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Homogeneity of regressions Assumptions: The assumption of homogeneity of 

regressions was tested. To test whether there is a statistically significant interaction 

between the learning environment and the covariates concerning posttest scores, the 

data was analyzed using the Univariate General Linear Model (GLM) procedure.  

Table 4.6 below presents the F statistic's statistical values, associated p-value, 

and R squared correlation coefficient statistic for the between-subjects’ effects 

covariates concerning the posttest score dependent variable. The interaction source is 

labeled as Approach*Placement Test. Our results suggest the interaction is not 

significant at all F (1, 76) = .090, p = .764, (p >.05). This means that the covariate 

(Placement Test) regression slopes do not differ between Approaches: the 

homogeneity of regression slopes assumption is being met 

 

Table 4.6 

Interaction of the Placement Test as the Covariate and Final Test as the Dependent 

Variable 

Source df Mean Square F Sig. 

 

Placement Test 

 

1 

 

2348.800 

 

570.409 

 

.000 

Approach 1 8.314 2.019 .159 

Approach * Placement 

Test 

1 .372 .090 .764 

Error 76 4.118   

     

Note: R Squared = .910 (Adjusted R Squared = .906) 
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Table 4.7 presents the F statistic's statistical values, associated p-value and  R 

squared correlation statistic for the between-subjects’ effects covariates concerning 

the posttest score dependent variable. With  = .05, and if the interaction is significant 

(p > .05), then the assumption of linearity is not violated. These values support the 

scatterplot data that the lecture and flipped class groups are similar in the slopes. The 

slopes from figure 4.8 do not appear the same but the interaction is not significant (p > 

.05), we can confirm the homogeneity of regression slopes. The interaction source is 

labeled as Approach*Pre-CCTST. Our results suggest the interaction is not significant 

at all F (1, 76) =3.897, p >.05. These values support the scatterplot data that the 

lecture and flipped class groups are similar in the slopes. This means that the covariate 

(Pre CCTST) regression slopes do not differ between Approaches: the homogeneity of 

regression slopes assumption seems to hold almost perfectly. 

Table 4.7 

Interaction of the Pre CCTST as the Covariate and Post CCTST Test as the Dependent 

Variable 

Source       df  Mean Square F Sig. 

 

Pre CCTST 

       

        1 

       

   18.815 

 

2.690 

 

.105          

Approach         1      69.271  9.905 .002 

Approach * Pre 

CCTST 

        1      27.255 3.897 .052 

Error       76        6.994   

Note: R Squared = .258 (Adjusted R Squared = .229) 
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ANCOVA Results 

ANCOVA results for research question one. 

ANCOVA results for research question one. The following research 

question and hypotheses were addressed in a Mathematics 1 course intended 

intended for the purposive sample consisting of 80 freshmen students enrolled in a 

mathematics course at Benghazi University's Department of Mathematics. The 

research questions and hypotheses are as follows: 

Q1. Do General Mathematics students in a flipped instructional approach 

(FC) perform better in mathematics than the students in a traditional lecture format 

(FF) after controlling for students’ previous mathematics achievement? 

H10: The mean of mathematics test scores in a traditional classroom is 

greater than or equal to the one in a flipped classroom after controlling for students' 

previous mathematics achievement. 

H1a: The mean of mathematics test scores in a flipped classroom is greater 

than the one in a traditional classroom after controlling for students' previous 

mathematics achievement 

Analysis of hypothesis one.  Before adjusting for the effect of Placement 

test for the Traditional classroom, the mean values were M =74.55.  and the Flipped 

Classroom M = 80.82.  

An ANCOVA statistical analysis was performed using SPSS software. The 

Final Exam was entered as the dependent variable, the Approach learning as the 
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fixed factor, and the Placement Test as the covariates. The Approach learning is a 

nominal variable and coded as FF= Face to Face and FC= Flipped Classroom. A 

full factorial model was used to provide statistical information for the FF and FC 

groups' mean scores adjusted for the covariates. 

 

Table 4.8 

Estimates: Dependent Variable: Final Test   

Approach Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

FC 81.291 .320 80.655 81.928 

FF 74.084 .320 73,447 74.720 

a. Covariates appearing in the model are evaluated at the following 

values: Pre-Test = 74.03. 

           

 

 

 

 

 

Levene’s test of equality of error variances revealed that the assumption of 

homogeneity was not violated (p = .765). There was a significant effect of the 

approach learning, F (1,77) =253.500, p < .001, with R Squared= .910 (adjusted R 

Squared = .908) on Final Test, after controlling for the placement test. The adjusted 

means for the FC was M = 81.291, 95% CI [80.65, 81.928] and the one for the FF 

was M =74.084, 95% CI [73.44, 74.720]. 

The effect size of the independent variable (approach learning) on the 

dependent variable (Final Exam) was large: partial eta squared (written as η2) = 0. 
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767, indicating that FC students’ final exam mean score was higher (M=81.29, 

SE=.32) than the mean score of the counterpart (M=74.08 , SE=.32). 

Table 4.9 

Tests of Between-Subjects Effects, Dependent Variable: Final Test   

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 3163.866a 2 1581.933 388.766 .000 .910 

Intercept .368 1 .368 .090 .764 .001 

Placement Test 2376.354 1 2376.354 583.999 .000 .884 

Approach 1031.518 1 1031.518 253.500 .000 .767 

Error 313.321 77 4.069    

Total 486305.000 80     

Corrected Total 3477.187 79     

a. R Squared = .910 (Adjusted R Squared = .908) 

 

The null hypothesis for research question one was rejected. As a result, the 

alternate hypothesis for research question one was supported by this data. Therefore, 

considering the data provided, the answer to the research question is there is a mean 

difference between pre-and post-exam in mathematics, and the mean difference is 

different between the two classrooms (flipped vs. traditional). 

ANCOVA results for research question two. The following research 

question and hypotheses were addressed: 
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Q2. Do General Mathematics students in a flipped instructional approach (FC) 

perform better in Critical Thinking Skills than students in traditional lecture format 

(FF) after controlling for students’ previous critical thinking skills? 

H2.0: The mean of CCTST scores in a traditional classroom is greater than or 

equal to the one in a flipped classroom after controlling for students' previous 

mathematics achievement. 

H2.a: The mean of CCTST scores in a flipped classroom is greater than the 

one in a traditional classroom after controlling for students' previous mathematics 

achievement 

Analysis of hypothesis two. Before adjusting for the effect of pretest CCTST 

for the Face to face, the mean values were M = 9.077 and the Flipped Classroom M = 

11.323. 

An ANCOVA statistical analysis was performed using SPSS software where 

the pos CCTST were entered as the dependent variable, the Approach as the fixed 

factor, and the pretest CCTST as the covariates.  

The learning environment is a nominal variable and coded as FF= Face to Face 

and FC= Flipped Classroom. A full factorial model was used to provide statistical 

information for the mean scores for the FF and FC groups adjusted for the covariates. 
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Table 4.10 

Estimates: Dependent Variable: Post CCTST   

Approach Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

FC 11.323a .445 10.437 12.210 

FF 9.077a .445 8.190 9.963 

a. Covariates appearing in the model are evaluated at the following 

values: Pre CCTST = 9.80. 

 

           

 

 

 

 

 

Levene’s test of equality of error variances revealed that the assumption of 

homogeneity was not violated (p = .563). The ANCOVA results revealed there was 

significant effect of the approach, F (1,77) = 11.740, p = .001, with R Squared= .220 

(adjusted R Squared = .200) on Post CCTST after controlling for Pre CCTST. The 

adjusted means for the FC was M = 11.323, 95% CI [10.437, 12.210] and for the FF, 

M = 9.077a 95% CI [8.190, 9.963].   

The effect size of the independent variable (approach learning) on the 

dependent variable (Post CCTST) was between medium and large: partial eta squared 

(written as η2) = 0.132, indicating that FC students’ Post CCTST mean score was 

higher (M=11.323, SE=.445) than the mean score of the counterpart (M=9.077, 

SE=.445).  
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Table 4.11 

Tests of Between-Subjects Effects, Dependent Variable: Post CCTST 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected 

Model 

158.017a 2 79.008 10.887 .000 .220 

Intercept 784.100 1 784.100 108.049 .000 .584 

Pre CCTST 17.567 1 17.567 2.421 .124 .030 

Approach 85.198 1 85.198 11.740 .001 .132 

Error 558.783 77 7.257    

Total 9040.000 80     

Corrected Total 716.800 79     

a. R Squared = .220 (Adjusted R Squared = .200) 

 

Therefore, considering the data provided, the answer to the research question is 

there is a mean difference between pre-and-post in the Critical Thinking Skills Test 

and the mean difference is different between the two classrooms (flipped vs 

traditional). 

Besides the formal analysis of the quantitative data and the research question 1-

Do students in a flipped instructional approach perform better in Critical Thinking 

Skills than students in traditional lecture format? and 2-Do students in a flipped 
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instructional approach perform better in general mathematics than students in 

traditional lecture format?) additional analysis was using Pearson’s correlation. For the 

variables of academic achievement and CCTST, the design required determining 

whether there was a relationship between Pre-assessment and Post assessment. 
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Chapter 5 

Conclusions, Implications, and Recommendations 

Introduction 

This chapter includes seven sections. A summary of the study’s methodology 

and design is presented in the first section. The second section provides a summary of 

the findings for the research questions. The third section presents a summary for the 

additional analysis. The fourth section provides conclusions and inferences that pertain 

to these findings. Implications of the findings regarding CCTST, academic 

achievement, prior studies, and educational practices are discussed in the fifth section. 

The sixth section describes the study’s delimitations, limitations, and generalizability. 

The last part of this chapter discusses the recommendations for future research that 

relative to study delimitations, limitations, and implications, as well as 

recommendations for practice. 

Summary of the Study 

The purpose of this study is to investigate if a flipped instructional approach 

has a positive effect on student learning of introductory-level mathematics (General 

Mathematics 1) and critical thinking skills at Benghazi University. This quasi-

experimental design utilized a static-group comparison a pretest-posttest (non-

equivalent control group design). Participants in the treatment group would be in a 

flipped classroom while participants in the control group would not. 

In the flipped class sections, teachers used online videos of lectures, with 

students viewing them outside of class time. In theory, students would then work in 



 

108 

 

class on inquiry-based and collaborative group work assignments which include what 

is traditionally thought of as homework. The accessible population in this study were 

consist of about 450 freshman students who are enrolled in a mathematics course at 

Benghazi University's Department of Mathematics during the first term of the 

academic year. 

Out of 10 sections of General Mathematics I, two classes were chosen as a 

convenience sample as one instructor who volunteered to participate in this study 

taught those two sections. This consisted of 80 students divided into two groups. 

Based on international studies, a ‘large class’ commonly considered a number between 

150 and 300 students (Machika, Christel, & Albertyn, 2014). 

This study may contribute to positive change in education, as it provides a 

researched-based foundation drawn from a university mathematics setting in Benghazi 

that assesses the benefits of technology for student achievement. 

For both research questions one and two, the researcher employed a one-way 

ANCOVA. The assumptions were checked and met. Those responses were included in 

descriptive analyses. Cronbach’s alpha was used to test the internal consistency of 

each section of the instrument. 

Summary of the Findings  

Summary of ANCOVA results for research questions one and two. Table 

5.1 summarizes the statistical findings for the ANCOVA analyses for research 

questions one and two. 
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Table 5.1 

Summary of Inferential Statistics for ANCOVA Analysis with Covariates of  

Placement Test and Final Test on Dependent Variables 

Dependent 

Variable F  P R Squared 

adjusted 

R Squared 

Leven’s Test 

p value 

 

Final Test 

 

253.500 

  

.000 

 

910 

 

.908 

 

.765 

Pos CCTST 11.740  .001 .220 .200 .563 

       

Note: p < 0.5 is considered significant 

 

Summary of the Hypothesis results for research questions one and two. 

Table 5.2 summarizes the hypothesis test results for research questions one and two.  

Table 5.2 

Summary of the Hypothesis Test Results 

Hypothesis# Null Hypothesis                                    Decision 

H1 H10: The mean of mathematics test scores in a traditional classroom 

is greater than or equal to the one in a flipped classroom after 

controlling for students' previous mathematics achievement.  

H1a: The mean of mathematics test scores in a flipped classroom is 

greater than the one in a traditional classroom after controlling for 

students' previous mathematics achievement. 

Rejected 
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H2 H20: The mean of critical thinking skills scores in a traditional 

classroom is greater than or equal to the one in a flipped classroom 

after controlling for students' previous critical thinking skills. 

H2a: The mean of critical thinking skills scores in a flipped 

classroom is greater than the one in a traditional classroom after 

controlling for students' previous critical thinking skills. 

Rejected 

 

Findings indicated that there was mean difference, F (1,77) =253.500, p = .000, 

(α=0.05) between pre-and post-exam in mathematics and the mean difference is 

different between two classrooms (FC vs FF).   

Similarly, Findings from this study indicated that there was a mean difference, 

F (1,77) = 11.740, p = .001, (α=0.05) between pre-and post-in Critical Thinking Skills 

Test, and the mean difference is different between two classrooms (FC vs FF ). 

Summary of the descriptive results for mathematics achievement and 

critical thinking skills. 

Descriptive results for mathematics achievement. The analysis of the 

data collected for research question number one in chapter 4 revealed a 

statistically significant difference in mathematics achievement between the 

models of instruction.  The effect size of the independent variable (approach 

learning) on the dependent variable (Final Exam) was large: partial eta squared 

(written as η2) = 0. 767, indicating that FC students’ final exam mean score 

was higher (M=81.29, SE=.32) than the mean score of the counterpart 
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(M=74.08, SE=.32) (Table 4.8). This study indicated that there was a mean 

difference, F (1,77) =253.500, p = .001, (α=0.05) between placement test and 

final test, and the mean difference is different between the two classrooms (FC 

vs FF) (Table 4.9). 

This suggests that students using flipped classroom model performed 

better than the students using the traditional classroom model. That is, there is a 

mean difference between pre-and-post in the mathematics Test and the mean 

difference is different between the two classrooms (FC vs FF). 

As a result, the alternate hypothesis for research question one was 

supported by this data. Therefore, considering the data provided, the answer to 

the research question is there is a mean difference between pre-and post-exam 

in mathematics, and the mean difference is different between the two 

classrooms (FC vs FF). 

Descriptive results for Critical Thinking Skills. The analysis of the 

data collected for research question number two in chapter 4 revealed a 

statistically significant difference in critical thinking between the models of 

instruction. The effect size of the independent variable (approach learning) on 

the dependent variable (Post CCTST) was between medium and large: partial 

eta squared (written as η2) = 0.132, indicating that FC students’ post-CCTST 

mean score was higher (M=11.323, SE=.445) than the mean score of the 

counterpart (M=9.077, SE=.445) (Table 4.10). This study indicated that there 

was a mean difference, F (1,77) = 11.740, p = .001, (α=0.05) between pre-and 
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post-in Critical Thinking Skills Test, and the mean difference is different 

between the two classrooms (flipped vs a traditional) (Table4.11). 

This suggests that students using flipped classroom model performed 

better than the students using the traditional classroom model. That is, there is a 

mean difference between pre-and-post in the Critical Thinking Skills Test 

(Analysis, Inference, Evaluation, Induction, and Deduction) and the mean 

difference is different between the two classrooms (flipped vs traditional), 

where the experimental group was high for the analysis and induction variable, 

whereas the gains for the controls in these areas are consistently minimal, even 

considerably minimal in the case of inference and education for the controls. 

As a result, the alternate hypothesis for research question two was 

supported by this data. Therefore, considering the data provided there is a mean 

difference between pre-and-post in the Critical Thinking Skills Test and the 

mean difference is different between the two classrooms (flipped vs 

traditional). 

Conclusions  

In this section, a separate presentation is given for each question. Included in 

the presentations are conclusions and inferences for the research questions and 

plausible explanations for these results based on the data analysis in the context of 

each research question. The overall research question that guided this study was “What 

are the effects of a flipped and traditional classroom pedagogy in relation to 

mathematics academic achievement and critical thinking skills at Benghazi 
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University?” As part of this overall question, answers to the two following primary 

research questions were examined: 

Research Question 1. Do students in a flipped instructional approach perform 

better in general mathematics than students in traditional lecture format? 

Research Question 1. Do students in a flipped instructional approach perform 

better in general mathematics than students in traditional lecture format? 

The analysis of the data collected for research question one indicated that 

students in the experimental group outperformed in the posttest the control group. That 

is that the flipped classroom model improved the students’ mathematics achievement 

in the experimental group. This result is consistent with previous studies (Davies et al., 

2013; Missildine et al., 2013, Albert & Beatty, 2014; Freeman et al., 2014b; Missildine 

et al., 2013; Talley & Scherer, 2013). 

One aspect of the flipped classroom in the current study that contributed to the 

increase in students’ achievement might be the fact that low achievers in placement 

tests were given more attention from the instructor, and they got opportunities to 

participate in small group discussions to discuss the problems to understand the 

mathematical concept than would be possible in a traditional classroom. They had 

ample opportunity to ask questions during group and individual work. Instead of these 

students asking their peers or parents for help on assignments, they immediately asked 

the instructor for clarification and assistance. This explanation is supported by prior 

research shown that the flipped classroom may benefit lower achievers more than high 

and average achievers. (Nouri, 2016). 
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Another aspect that contributed to the increase in students’ achievement 

appears to be provided extensive instructor-student interactions as well as student-

student interactions. As a result of this interaction, the instructor has guided the 

students to clarify concepts, respond to problems about homework assignments, and 

assess the level of student understanding by checking their solutions. The more 

knowledgeable peers carried out information transmission to their less advanced peers, 

and the disadvantaged peers benefited from this. There also were extensive student-

student interactions in which students asked each other questions and exchanged their 

perspectives on how to solve a problem,  

which was consistent with findings from previous studies (Kayaduman, 2020) 

that indicated that the Flipped Learning model increases opportunities for in-class 

interaction facilitated the students’ learning and increased their performance. 

Research Question 2 Do students in a flipped instructional approach perform 

better in Critical Thinking Skills than students in traditional lecture format?  

The analysis of the data collected for research question 2 revealed a statistically 

significant difference in critical thinking between the models of instruction. That is, 

there is a mean difference between pre-and-post in the Critical Thinking Skills Test 

(Analysis, Inference, Evaluation, Induction, and Deduction) and the mean difference is 

different between the two classrooms (flipped vs traditional), where the experimental 

group was high for the analysis and induction variable, whereas the gains for the 

controls in these areas are consistently minimal, even considerably minimal in the case 

of inference and education for the controls. 
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The findings in this regard could be due to the structural differences of the 

flipped classroom and the non-flipped classroom, as in the flipped classroom the 

learners had more time to reflect on the learning activities before the class time. 

 During the class time, the learners in the flipped classroom had enough opportunities 

to interact with their peers and the instructor about the contents of the videos and other 

web-based materials and use the class-time for more applied learning, and the 

instructor, as a result of increased learner-teacher interaction had more opportunities to 

assess and facilitate the learners’ learning process in each session. This interpretation 

is supported by the literature.  

Lawson et al. (2015) found that some students scored higher in critical thinking 

than other students, and Kolloff (2011) that Student in a flipped classroom with a high 

level of interaction achieved higher critical thinking than students in a traditional 

classroom with only a moderate level of interaction.  

 The second possible reason for the findings in this regard could be the 

distinctive feature of the mathematics course in providing the learners with an in-depth 

understanding of the content, which is achieved through applying critical thinking and 

other higher order thinking skills and the ability to solve simple and complex problems 

which allow an individual to navigate through a step-by-step process of learning it that 

has several approaches to come to an answer. In General Mathematics I each topic is 

related to some other topics. It provides an opportunity for higher-level thinking with 

meaningful reasons, deciding between the alternatives, problem-solving, and decision 

making that involve and develop the learners’ higher order thinking skills in general 
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and critical thinking skills. This interpretation is supported by the revised version of 

Bloom’s taxonomy (Anderson et al. 2001) and (Williams, 2013) that the flipped 

classroom is designed so that students complete the lower forms of cognitive thinking 

outside of class, whereas the higher forms of cognitive thinking are done during the 

interactive classroom session.  

As a result, the alternate hypothesis for research question one was supported by 

this data. Therefore, considering the data provided, the answer to the research question 

is there is a mean difference between pre-and-post in the Critical Thinking Skills Test 

and the mean difference is different between the two classrooms (flipped vs 

traditional). This funding is supported by the literature Lawson et al. (2015) found that 

some students scored higher in critical thinking than other students.  

Implications  

This section will begin with the implications that affected the theoretical 

framework presented in this study, then the implications relative to the prior research 

procedures, and finally the implications relative to educational practice. 

Implications relative to social constructivism, Self-determination, Critical 

Thinking and Bloom’s Taxonomy Theories. 

 Social constructivism Theory. The theory of social constructivism defines 

knowledge as something that is constructed within a social context in a collaborative 

way. That is, learning is viewed as a situation in which people construct their own 

meaning of what is being presented to them, avoiding simple memorization of 

information. In addition, learning is best achieved when it occurs within a social 
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context through an active and constructive process (Dewey, 1933; Koohang, Riley, 

Smith, & Schreurs, 2009; Piaget, 1972; Vygotsky, 1978).   

This constructive process requires the use of alternative assessments, such as 

the flipped classroom, instead of the traditional classroom (Overbaya, Patterson, 

Vasua, & Grablec, 2010).  

Researchers have expected the conclusion that the flipped classroom supports 

Vygotsky’s ZPD to a greater extent (Little, 2015). However, it is suggested to use the 

cooperative learning method during class time in order to realize this condition 

(Bishop and Verleger, 2013; Foldnes, 2016; Fox and Docherty, 2019).  

The findings of the current study supported Vygotsky’s (1987) the flipped 

learning method provided extensive instructor-student interactions better interaction of 

students with each other. As a result of this interaction, the instructor has guided the 

students to clarify concepts, respond to problems about HomeWorks, and assess the 

level of student understanding by checking their solutions. The more knowledgeable 

peers carried out information transmission to their less advanced peers, and the 

disadvantaged peers benefited from this. There also were extensive student-student 

interactions in which students asked each other questions and exchanged their 

perspectives on how to solve a problem. 

Self-determination theory (SDT) is a motivation theory that describes the 

inner needs of individuals that may affect their experiences and performance in a given 

situation (Ryan and Deci 2000). SDT defines three basic dimensions, competence, 

autonomy, and relatedness, which Ryan and Deci (2000) define as follows: 
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Competence: the need for students to feel capable of successfully engaging in the 

learning process. Autonomy: the need to be engaged with tasks in an autonomous 

manner within a context that is relevant to them. Relatedness: the need to belong or 

associate with a social group in a given context in SDT. 

The findings from previous studies that the flipped classroom approach offers 

several affordances that students perceive as helpful to their learning and cater for their 

needs for competence, autonomy, and relatedness. 

This study adds to the limited research on flipped mathematics classrooms in 

high education settings through its focus on the role of the teacher, and through 

listening to the students’ voices to engage with the approach. The students felt strongly 

that Mr. Ahmed wanted them to understand the mathematics, not just carry out 

procedures. 

Bloom’s taxonomy and Critical Thinking Bloom’s (1956, p.12) taxonomy of 

educational objectives was developed to classify “mental acts or thinking [resulting 

from] educational experiences” and was one of the first frameworks to characterize 

thinking as an array of both lower-order and higher-order thinking processes – 

consistent with many modern conceptualizations of critical thinking (e.g., Reeves, 

1990).  

Though the debate is ongoing over the definition of critical thinking (CT) and 

the core skills necessary to think critically, one definition and list of skills stands out 

as a reasonable consensus conceptualization of CT. In 1988, a committee of 46 experts 

in the field of CT gathered in an effort to agree upon a definition of CT and the skills 
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necessary to think critically. The report of the findings of this meeting, known as The 

Delphi Report, defined CT as: “purposeful, self-regulatory judgment which results in 

interpretation, analysis, evaluation, and inference, as well as an explanation of the 

evidential, conceptual, methodological, soteriological, or contextual considerations 

upon which that judgment is based” (Facione, 1990b, p. 3). Notably, recent research 

indicates relationships among these skills, as analysis and evaluation (r = .40, p < 

.001), analysis and inference (r = .36, p < .001) and evaluation and inference (r = .48, p 

< .001) were all significantly, positively correlated (Dwyer, Hogan, & Stewart, 2011). 

The flipped classroom draws on Bloom’s Taxonomy of knowledge and social 

constructivism as the driving theoretical framework. The flipped classroom is designed 

so that students complete the lower forms of cognitive thinking outside of class, 

whereas the higher forms of cognitive thinking (i.e., deeper learning of key concepts) 

are done during the interactive classroom session (Williams ,2013). 

In this model the pre-class learning is done individually on-line to acquire the 

required content knowledge which allows for classroom time to be used for interactive 

activities. The social constructivism use of scaffolding is realized in the face-to-face 

component of the class where the connection between prior learning and classroom 

activities is achieved through student-instructor and student-student interactions. This 

provides opportunities for increased student engagement, more faculty-student contact, 

and deeper learning. Our model uses Problem Based Learning (PBL) techniques 

during class time to build on the prior learning garnered through pre-class activities 
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which allows students to focus on developing their application and synthesis skills 

(Williams ,2013). 

For our model of the flipped classroom, we are guided by Brame’s (2013) four 

key elements for a successful flipped classroom: 

1. Provide an opportunity for students to gain first exposure prior to class. 

2. Provide an incentive for students to prepare for class. 

3. Provide a mechanism to assess student understanding. 

4. Provide in-class activities that focus on higher level cognitive activities. 

Implications relative to the prior research procedures. The current study 

results showed that the students taking Mathematics university via the flipped model 

had significantly higher achievement than students who took mathematics university 

via the traditional model. The implications of these results are compared in this section 

to the results of the prior research from two perspectives: (a) the effectiveness of a 

flipped classroom model on mathematics achievement, mathematics related and (b) the 

effectiveness of a flipped classroom model on critical thinking skills. 

The effects Mathematics achievement. In a quasi-experimental design study, 

Bhagat, Chang, and Chang (2016) assessed the effectiveness of flipped classroom 

instruction for inclusive learning of using comparing the flipped classroom with a 

conventional method of teaching trigonometry. The 82 high school students who 

participated in the study were divided into experimental and control groups. A total of 

82 high-school students, aged 14 and 15 years old, participated in the study. The 

composition of the experimental group was 41 (28 males and 13 females), and the 
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control group was 41 (24 males, 17 female). The results of the current study were 

partially to those of Bhagat et al. (2016) reported findings that there was a significant 

difference in Students' learning achievement and motivation in the flipped classroom 

environment, with students being delighted and positive about the flipped classroom. 

Nouri (2016) conducted a quantitative study using a closed questionnaire 

addressing undergraduate students of participants in a flipped classroom at Stockholm 

University in Sweden for the preparation of bachelor thesis with respect to scientific 

methodology and communication in general, video as a learning tool, and Moodle (a 

customizable learning platform intended to facilitate online instruction. the results of 

the current study are consistent with Nouri’s findings given that most of the students 

had a positive attitude toward flipped classrooms and the use of video and,the positive 

attitude toward the flipped classroom was strongly correlated with perceptions of 

increased motivation, engagement, enhanced learning, and effective learning. 

Amstelveen (2018) conducted action research at a small-sized private 

university located in southeastern Florida. In this action research study examined 

whether students in a flipped classroom outperform students in a non-flipped 

classroom on a posttest and on in-class examinations in a college-level mathematics 

course, including their ability to solve systems of linear inequality equations. This 

study also investigated students’ perception of a flipped college level classroom. The 

current study’s findings are consisting to those of Amstelveen who reported that the 

results showed in the positive direction for flipped classroom achievement and student 

satisfaction; only one of the measures was statistically significant. Learners in the 
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flipped classroom perceived that video lessons helped them to learn mathematics more 

compared to learners in the non-flipped classroom who did not use video lessons 

(p = .039). This study showed that the flipped classroom represents yet another 

instructional method available to increase engagement among learners and enable an 

active classroom. 

The effectiveness on critical thinking skills. A recent study by Asmara, 

Wulansari, Munirah, and Hersulastuti (2019) has indicated that a flipped classroom 

model affects the participants' critical thinking skills with a high impact on explanation 

and inference subscales. The study was able to verify the impact of the flipped 

classroom for sharpening 17 students' critical thinking. The intervention for the effect 

of a flipped classroom model on critical thinking skills was effective in helping them 

to explore their thoughts and develop their critical thinking. The current study's 

findings are mostly consistent with those of Asmara et al. However, the high impact of 

the current study was on induction and analysis subscales. 

In Palestinian, a quasi-experimental research design was conducted by Zaher 

and Muhammad (2017) to examine the effects of Flipped Learning on Palestinian 

Secondary Students’ critical thinking skills. This approach suggests positive effects of 

the student's critical thinking skills in favor of Flipped Learning. They concluded that 

Flipped Learning was effective compared to the conventional method regarding the 

student's critical thinking skills. The current study results are consistent with 

Muhammad’s findings, given that the gain scores and the added value of the 
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experimental 19 groups between the pre-and post-critical thinking skills scores are 

greater than that of the control group. 

The seminal contribution has been made by Saunders (2014). This study 

examined the effect of the flipped classroom on academic achievement and students’ 

critical thinking skills in high school mathematics.  

The researcher concluded that the inverted instructional setting could provide 

remediation as well as enrichment for all learners and give educators the insight they 

need to determine which students are struggling and which students should move on. 

Students viewing the content, before it is introduced in class, provides benefits to both 

the student and educator.  

Some student benefits may include the learners being familiar with the lesson 

before they get to class, participation, and collaboration with peers to diffuse any 

content misconceptions, the implementation of computer and digital technology in 

mathematics instruction, and the possibility of extending the learners' knowledge to 

complex, in-depth problems or real-life application problems.  

Some teacher benefits may include the ability to differentiate instruction more 

effectively, the role of a facilitator rather than a lecturer, more confidence about 

discussing the content in class, and experiencing higher levels of self-efficacy, which 

could result in turn increase student academic achievement and critical thinking. The 

findings of the current study were in general agreement with the findings of Saunders. 
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Recommendations for Future Research 

As should be the case for most empirical investigations that seek to answer 

significant questions surrounding relatively novel topics, this study opens more 

questions for further investigation than it is able to answer. Even though the 

implementation of the model in this research project delivered positive results, it is not 

the intention of the author to advocate replacing the lecturer or traditional textbook or 

study material with online videos.  

The intention is rather to encourage educators to create more opportunities for 

active learning instead of lecturing in and creating an environment in which the 

students are passive. 

In the first section, recommendations for future research address limitations 

and delimitations of this study. Second, the recommendations for future research 

delimitation. Finally, recommendations for future research relative to the study 

implications. 

Recommendations for future research relative to study limitations. 

1. A quantitative, nonequivalent group quasi-experimental design was chosen for 

this study. This design type lacks random assignment to the experimental and 

control group since the post-test results could be attributed to preexisting 

conditions instead of the treatment itself. Although the current study eliminated 

this threat, A recommendation for future research is the internal validity of the 

treatment should be high and treatment and control groups receive similar 

instruction tied to the course outcomes just in different locations as well as to 
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Levine’s Test of Equality of Variances (on posttest data), to utilize for the 

student data to ensure that both groups were comparable. 

2. Instructor style and experience are extraneous variables that the researcher 

could not control if the study were conducted at various colleges and 

universities (Vogt, 2005). As a result, may influence the experimental 

treatment or affect post-test scores (Creswell, 2015) therefore, research similar 

studies in the future should employ similar instructors for each instructional 

model or include a single instructor with similar professional characteristics, 

that might yield the same results. 

3. The sample size may not be large enough to detect a relationship between the 

variables if the effect size in this study is not as large as reported by Musallam 

(2010) and Vansteenkiste et al. (2009).  the large effect size was reported in 

previous studies on the flipped classroom learning environment (Musallam, 

2010; Strayer, 2012). So, sample size in future research should be large enough 

to detect a relationship between the variables to generalize to other level 

mathematics classes, to other content areas, or other universities. 

Recommendations for future research relative to study delimitations. 

1) Due to the differences in the demographic variables between the faculty, 

students, and faculties at other universities in Libya, this study recommended 

additional research in other campus locations, Ideally, from multiple 

universities, across the State of Libya. 
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2) Teachers should consider students’ socioeconomic status and make IT supports 

available for students. For example, teachers can extend the use of computer 

facilities in school to support the implementation of flipped classrooms 

(Schultz et al. 2014). Also, teachers can prepare a few additional copies of 

flipped learning materials in flash drives or DVDs for the students who do not 

have Internet connection at home (Clark 2015; Schultz et al. 2014). 

3) The current study used videos created by the instructor. Thus, similar studies 

that use different videos might yield different results. Future research should 

use textbook-specific videos developed by the publisher that accompanied the 

textbook to not only cover the content that needs to be covered but also include 

any additional content the instructor feels would be relevant to the course. The 

tasks performed by students while watching concept videos could be expanded. 

Concept videos could be enriched by using online tools, which would allow 

questions to be added in the video and prevent the students from continuing 

until all the questions have been answered correctly. 

4) Student critical thinking was measured using California critical thinking skills 

test (CCTST), which was prepared by insight assessment.  As a result, a 

recommendation for future research is to see if similar results would be 

obtained using different instruments to assess student critical thinking might 

yield different results. In addition, the increases in and sophistication of the 

CCTST skills found in this research suggests that further research be conducted 

that examines how and what aspects of the flipped learning model influence 
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trends in student performance in each of the skill areas of Analysis, Induction, 

Inference, Deduction, and Evaluation. An additional follow up analysis of the 

relationship between the math achievement tests and the subscales was 

provided (see appendix F).  

Recommendations for future research relative to study implications. 

1) The current study focused on the use of the flipped classroom in university 

mathematics. Future research should investigate the effectiveness of the flipped 

classroom in other mathematics courses to determine if one course is better 

suited for the use of the flipped classroom than another. 

2) The current study used face-to-face class time by having students work on 

procedural problems in nature. Future research should focus on how teachers 

can make good use of freed class-time offered by flipped learning to determine 

if the flipped model still promotes higher student achievement and improve 

critical thinking. 

3) Implementing flipped classrooms in Libyan universities can help decision-

makers make students active participants in a class and improve their critical 

thinking skills; this is critical to their success. Future research should conduct 

more student’s orientation on the flipped classroom and teachers' training for 

implementing FC on ICT integration, developing, and editing video lessons, 

and using related Web applications and social media. 
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4) Future research should attempt to demonstrate how to plan and design 

educational practices and applications of flipped learning that comprise what 

Bloom’s taxonomy struggles for in education.  

Final Conclusions and Closing Thoughts 

The flipped classroom is a new iteration of an old way of teaching that enables 

instructors to do more during the face-to-face classroom time than is otherwise 

possible. Recommendations for practice relative to implications are presented in 

second. This research examined the effectiveness of flipped classrooms on developing 

student mathematics achievement and critical thinking skills. The results of this study 

showed that the flipped classroom was effective compared to the traditional method. 

Therefore, the study was able to verify the positive effect of the flipped classroom for 

sharpening students' critical thinking and mathematics achievement. This research is 

considered the first one in the Libyan universities that examine the effectiveness of a 

flipped classroom (FC) compared to a traditional classroom (TC) on students' 

Mathematics achievement and critical thinking skills and supported the tenet that the 

flipped learning model can be successful in higher education. 
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Facility Member / Mathematics Department  

Consent Form 

 

 

The Effects of a Flipped Classroom Compared to a Traditional on Students 

Mathematics Achievement and Critical Thinking Skills 

 

 

Principal Investigator 

Tarik O Beltaib (Ph.D. candidate) 

Email: tbeltaib2017@my.fit.edu Phone: (304) 216-2471 

 

Co- Principal Investigator (Major advisor): 

Joo young Park, Assistant Professor, Ph.D. 

Email: jpark@fit.edu Phone: (321) 674-8236 

 

Invitation to Participate. 

You are being asked to participate in a research study.  Before you give your consent 

to volunteer, it is important that you read the following information to be sure you 

understand what you will be asked to do. 

Purpose of the Research 

The purpose of this study is to investigate whether a flipped instructional approach 

has a positive effect on student achievement in introductory-level mathematics 

(General Mathematics 1) and critical thinking skills at Benghazi University in Libya. 

 

Objectives of the Proposed Project. 

I am conducting this action research project to determine if flipping the classroom 

increases academic achievement and student critical thinking at the mathematics 

department. 

 

Faculty Participants Functions 

During this study, the researcher will use two types of instructional models: flipped 

and traditional, the control group would receive traditional instruction, In the 

traditional setting, students would be taught concepts during the allotted class time, 

and homework would be assigned accordingly, while the treatment group would 

receive instruction utilizing the flipped classroom model that is varied and flexible. 

Due to the difficulty in implementing this study by myself, the current research would 

be implemented using assistants’ professors (volunteers) I would not be one of them. 
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The researcher would ensure that each student participant had access to the digital 

media necessary to incorporate flipped in so that they can view a lecture and 

complete homework in class. The researchers would prepare a few additional copies 

of flipped learning materials in flash drives or DVDs for the students who do not have 

an Internet connection at home and ensure that no students in the control group or 

experimental group will share their material with each other. 

 

Specific Procedures 

During the semester, I will tape 10-15-minute videos which will replace the in-class 

lecture. Students may have a few minutes to get started on the problem set as I 

circulate around the room. In class, I will lecture on any additional material not 

covered in the video.  Students may have a few minutes to get started on the 

problem set as I circulate around the room. Then, students will have time to work on 

the problem set. Student homework will include watching the video prior to the next 

day’s lesson and completing the problem set if they do not finish in class. 

At the end of the semester, results will be analyzed to determine whether the flipped 

classroom affects academic achievement, and student critical thinking, and the 

overall classroom environment.  The results will be summarized and included in my 

research paper. No students will be identified in my results. 

 

Benefits and Risks to the Individual 

There are no risks in participating in this study. There are no direct benefits to 

participating in this study, but the data collected will be used to help improve the 

classroom environment.  The risks to your student are no more than he/she would 

encounter in a regular classroom setting. 

 

Confidentiality 

Confidentiality was maintained by using only student numbers for each participant. In 

order to strengthen the trustworthiness of our data, (Graneheim & Lundman, 2004). 

All participants in the study will provide written informed consent and parents' 

consent (is legally not necessary, but it is culturally necessary). The procedures of the 

study would also be reviewed and approved by an ethical review committee of the 

Benghazi university. Anonymity will be maintained as follows: The unique student IDs 

assigned to students by Benghazi University will be used to identify students so that 

no students' names are used.  This information will be stored in a computer file until 

the research is completed, Neither the researcher nor any member of the research 

team will have access to students' personal information in a way that will identify 

them by name.  Confidentiality will be maintained as follows: All instruments will be 

collected by the researcher and stored in a private folder accessible only by the 
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primary researcher, although highly unlikely, it is possible that the information could 

be the target of unauthorized access.  To help prevent this from happening, folders 

containing information will be placed in a secure location.  Any computer files will be 

accessible only by the researchers involved in this study.  Furthermore, the unlikely 

event that a file is compromised, the data stored cannot be associated with students.  

All of files the stored data will be deleted from the computer at the conclusion of the 

study. 

 

Consent Statement 

You are voluntarily deciding whether to participate in this study.  With your signature 

below, you are indicating that upon reading and understanding the above 

information, you agree to agree to participate in this research study.  I will receive a 

copy of this consent form to keep. 

 

Name of Research Participant……………………………………………………………………………….. 

Signature of Research Participant……………………………….Date…………………………........ 

Signature of principle investigator………………………….......Date………………………………. 
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Copyright  

Consent Form 

 

 

I understand that I have received a Copyright Consent Form of the teaching materials 

produced by researchers. 

 

Accordingly, I voluntarily consent to will not reuse or share coursework questions, 

guises, DVDs, or any materials related to another group if it did happen, I'd expect it 

to be a disciplinary issue. 

 

Breach the copyright of the teaching materials produced by researchers would result 

in an academic penalty based on breaching academic misconduct regulations.  

 

I understand that if I fail, consequences might include a notation on my transcript, 

failing the assignment my cheated on, failing the entire course, having to attend 

academic integrity training, being expelled for a semester, or being permanently 

expelled. 

 

 

Participant (Please Print Student’s Name) ……………….……………. Date…………………….. 

 Signature of Researcher……………………………………………………….. Date……………………... 
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Parent/Students  

Consent Form 

 

  The Effects of a Flipped Classroom Compared to a Traditional on Students 

Mathematics Achievement and Critical Thinking Skills  

A Research Project by Tarik Beltaib   

 

Invitation to Participate  

Your son is invited to participate in a study involving the flipped classroom Flipping 

the classroom centers on students watching video lectures for homework.  In turn, this 

often allows more time to complete problem sets in class.      

 

Purpose of the Research  

I am conducting this action research project to determine if flipping the classroom 

increases academic achievement and student critical thinking at the mathematics 

department.   

 

Basis for Subject Selection  

Your son has been selected for my study because he/she is in General Mathematics 

I.  As an algebra student, your child has a school-issued tablet that can be used to 

watch video lectures. Many of the concepts studied during quarter three lend 

themselves nicely to the video lecture format. 

 

Specific Procedures   

During the semester, I will tape 10-15-minute videos which will replace the in-class 

lecture. Students may have a few minutes to get started on the problem set as I 

circulate around the room. In class, I will lecture on any additional material not 

covered in the video.  Students may have a few minutes to get started on the problem 

set as I circulate around the room. Then, students will have time to work on the 

problem set. Student homework will include watching the video prior to the next day’s 

lesson and completing the problem set if they do not finish in class. 

 At the end of the semester, results will be analyzed to determine whether the flipped 

classroom affects academic achievement, and student critical thinking, and the overall 

classroom environment.  The results will be summarized and included in my research 

paper. No students will be identified in my results. 

 

Benefits and Risks to the Individual  
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There are no direct benefits to participating in this study, but the data collected will be 

used to help improve the classroom environment.  The risks to your student are no 

more than he/she would encounter in a regular classroom setting.  

 

Confidentiality  

 The researcher will also make sure confidential information will not be discussed in 

an area that can be overheard that would allow an unauthorized person to associate or 

identify the student with such information.  

 

Consent Statement  

You are voluntarily deciding whether or not to participate in this study.  With your 

signature below, you are indicating that upon reading and understanding the above 

information, you agree to allow your results to be used in this study.  You will be 

given a copy of this consent form to keep. Thank you for your consideration.   

Participant (Please Print Student’s Name) …………………Date…………………. 

Signature of Parent or Guardian………………………… Date…………………… 

Signature of Researcher……………………………………. Date………………    
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Appendix C 

Instrumentation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

173 

 

 

Flipped Classroom Checklist 

 

Date:  

Instructor Name: 

Class Name &/or Number: 

Number of Students:  

 

LESSON PLAN 

Warm-Up/Review  

Beginning of Class:                   

• Class starts on time.  

• Let’s students know class is starting    Yes 

Yes  

No 

No 

Lesson outline given at beginning of class, verbally & visually (e.g., on board, slide, or 

handout) Yes No 

Elaborates upon prior courses, lessons, assignments, &/or readings 

Yes No 

Warm-up/introductory question, example, activity, etc. to topic 

Yes No 

Practice Phase of Lesson 

Effective use of time: 

• 1. Adequate time provided for completion of activities 

• Promptly moves on as student’s complete activity Yes  No  

Encourages preparation: 

• Provides incentive for students coming to class prepared (e.g., written piece completed 

before class, short quiz, activity utilizing content from video lecture) 

• Refrains from repeating content covered in video lecture  
Yes 

  

Yes 

No 
 

No 

Draws upon student experience &/or current events 

Yes  No 

Teaching techniques:  

• Use variety of teaching techniques (e.g., discussion, demonstration, small group work, 

etc.) 

• Change’s teaching technique every 15 to 20 minutes 

 

• Students do whatever they can do without instructor (i.e., instructor only does what 

students cannot do)   

Yes 

 

Yes 
 

Yes 

No 

 

No 
 

No 
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Appropriate activity selection: 

• Activity supports success with learning objective(s) 

 

• Activity appropriate for level of students (e.g., not too simplistic or advanced) 

 

• Activity provides application component (e.g., students can connect theory to practice) 

 

• Ends with activity debrief (i.e., takes a moment to make sure students have made  

connection between activity & course concept)  

Yes 

 

Yes 
 

Yes 

 
Yes 

No 

 

No 
 

No 

 
No 

Lesson engages higher level cognitive abilities (e.g., analyzing, evaluating, creating) 

Yes  No 

Teaching Technology   

• Uses Best visual medium for material & classroom. 

 

• Visual aids complement, illustrate, or explain material. 

 

 

• Visual uncluttered (e.g., appropriate amount of text per slide, whiteboard content clear 

& organized) 

 

• Pacing of visual appropriate  

Yes 

  

Yes 
 

Yes 

 
Yes 

  

No 
 

No 

 
No 

 

No  

Warp-up 

  

Finishes with overview of what was covered 

Yes  No 

End of Class:  

• Class ends on time  

 

• Closes lesson appropriately (e.g., bidding farewell: "Have a nice weekend," "See you on 

Thursday"; preview or reminders for next steps, such as flipped section/ module 

students should proceed with) 

Yes  

 
Yes 

  

No 

 
No 

  

INSTRUCTOR-STUDENT & STUDENT-STUDENT INTERACTION 

Checks or is aware when students are lost, hurried, etc. (e.g., asks content comprehension 
questions, monitors during group work) 

Yes No 

Questioning Style: 

• Asks one question at a time. 

 

• Questions are clear.  

 

• Provides ample wait time (10 sec) for student answers before repeating, responding, or 

moving on 

Yes 

 

Yes 
 

Yes 

 

No 
 

No 

 

No  

Instructor Response to Questions/Comments: 

• Aware of Raised hands  

 

• Answers question that was asked  

 

 

• Verifies question answered to student's satisfaction.  

 

• In light of incorrect response, remains respectful, not immediately negative; turns into 

teachable moment.   

 

 

Yes 
 

 

Yes 
 

 

Yes 
 

 

Yes 
 

 

       No 
 

 

No 
 

 

No 
 

 

No 
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• Reacts appropriately if doesn’t know answer (e.g., writes down to respond later or asks 

rest of class to attempt response)  

 
Yes  

 
No  

Student Engagement:  

More than just a few students ask to questions/participate in discussion 
Yes No 

Fostering Participation: 

• Asks variety of question types (e.g., factual, application, opinion, critical) 

 

• Builds off student answers/comments. 

 

• Encourages dialogue/discussion/students-student interaction 

Yes 

 

 
Yes 

 

 
Yes 

No 

 

 
No 

 

 
No 

 

 

 

 

 

. 
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Online Observation Checklists/Notes 

Course name: …………………………. Number of students: …  

1. Technology and Materials:  

 __ List of the materials posted from the professor in the lesson:  

__ Usage of technology in the lesson:  video recording from the professor, __YouTube 

from the internet, links to website, video conference.   

__ Video time and number of the materials required for studying.   

__Others:  

2. Pre-Classroom:  

The professor:  

 __ Introduced the topic. 

 __ Had lesson plan.   

__ Provided lesson expectation and directions. 

 __ Explained the learning objectives and outcomes. 

 __ Posted new instructional materials and Resources for the lesson. 

 __ Gave a quiz about the video provided.   

__ Revised student work before the class.  

 __ Graded or gave points for completion and doing the requirement before the class.  

 Others:  

The students: 

  __ Student signed in for the lesson.  

 __ Student posted questions for the professor.   

 __ Student actively participated in the discussion.    

__ Student completed the quiz before the class time.   

Others 
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Appendix D 

 

 

Item and Reliability Item- 

    Total Statistics for Placement Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

178 

 

  Table 0 1 

Item and Reliability Item-Total Statistics for Placement Test 

 

 

 

Mean   

 

Std. 

Deviation 

Scale  

 Mean if  

Item Deleted 

Scale  

Variance if Item 

Deleted 

Corrected  

  Item-Total    

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

Q1  1.5769 1.24336 50.8718 957.152 .787 .983 

Q2 1.6667 1.29601 50.7821 953.108 .806 .983 

Q3 1.7692 1.25794 50.6795 950.350 .868 .982 

Q4 1.6667 1.21320 50.7821 952.484 .872 .982 

Q5 1.5641 1.14631 50.8846 957.506 .852 .983 

Q6 1.7564 1.28109 50.6923 949.047 .869 .982 

Q7 1.6795 1.21135 50.7692 951.608 .886 .982 

Q8 1.4872 1.19244 50.9615 958.999 .797 .983 

Q9 1.7692 1.25794 50.6795 949.519 .879 .982 

Q10 1.6282 1.18551 50.8205 954.539 .864 .983 

Q11 1.2436 .94231 51.2051 970.607 .814 .983 

Q12 1.6026 1.24149 50.8462 955.041 .817 .983 

Q13 2.0641 1.43554 50.3846 937.383 .908 .982 

Q14 1.8077 1.26960 50.6410 947.402 .899 .982 

Q15 1.8077 1.30988 50.6410 947.350 .871 .982 

Q16 1.8974 1.31514 50.5513 943.965 .910 .982 

Q17 1.6795 1.25350 50.7692 950.881 .864 .982 

Q18 1.9359 1.38019 50.5128 941.500 .896 .982 

Q19 2.5769 1.70194 49.8718 919.698 .936 .982 

Q20 1.8205 1.27660 50.6282 948.730 .876 .982 

Q21 2.0385 1.40908 50.4103 938.011 .918 .982 

Q22 1.9487 1.37602 50.5000 940.669 .909 .982 

Q23 1.2436 .98279 51.2051 969.412 .799 .983 

Q24 2.0128 1.38164 50.4359 941.262 .898 .982 

Q25 1.4359 1.11180 51.0128 961.727 .816 .983 

Q26 1.8974 1.37312 50.5513 942.329 .890 .982 

Q27 1.6410 1.26875 50.8077 951.586 .844 .983 

Q28 2.1154 1.49441 50.3333 936.641 .879 .982 

Q29 2.4487 1.64867 50.0000 923.455 .929 .982 

Q30 .6667 1.15844 51.7821 1087.861 .915 .989 

Note: N=30 for all items 
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 Table 0.2 

Item and Reliability Item-Total Statistics for Fina Test 
 

 

 

Mean 

 

Std.             

Deviation 

Scale 

Mean if Item 

Deleted 

Scale 

Variance if Item 

Deleted 

Corrected 

Item-Total 

Correlation 

Cronbach's Alpha 

if Item Deleted 

Q1 .7722 1.23982 22.0380 797.345 .948 .982 

Q2 .7089 1.13400 22.1013 802.528 .956 .982 

Q3 .5570 .93022 22.2532 815.397 .922 .982 

Q4 .5949 .98083 22.2152 811.299 .948 .982 

Q5 .6709 1.18453 22.1392 805.968 .860 .982 

Q6 .7468 1.21390 22.0633 799.496 .936 .982 

Q7 .7342 1.19517 22.0759 806.148 .850 .982 

Q8 .6076 1.06720 22.2025 808.702 .913 .982 

Q9 1.1139 1.67934 21.6962 775.035 .934 .982 

Q10 .6076 .99251 22.2025 809.933 .961 .982 

Q11 .5190 .93179 22.2911 816.106 .906 .982 

Q12 .6709 1.14042 22.1392 804.455 .919 .982 

Q13 .7595 1.18986 22.0506 802.382 .911 .982 

Q14 .5190 .87502 22.2911 817.953 .929 .982 

Q15 1.1519 1.72529 21.6582 772.433 .937 .982 

Q16 .9873 1.51483 21.8228 785.763 .909 .982 

Q17 .6709 1.07084 22.1392 808.506 .913 .982 

Q18 1.0380 1.58877 21.7722 779.870 .934 .982 

Q19 1.0127 1.55657 21.7975 781.753 .931 .982 

Q20 .6709 1.08275 22.1392 807.147 .925 .982 

Q21 .8354 1.30512 21.9747 793.281 .956 .982 

Q22 .4430 .74673 22.3671 824.748 .931 .983 

Q23 .5316 .91757 22.2785 815.819 .927 .982 

Q24 .4557 .78115 22.3544 822.745 .935 .983 

Q25 .5696 .99593 22.2405 812.108 .918 .982 

Q26 .6456 1.09823 22.1646 806.421 .924 .982 

Q27 .5443 .90295 22.2658 816.172 .935 .982 

Q28 .5190 .93179 22.2911 815.978 .909 .982 

Q29 .8228 1.27862 21.9873 794.910 .953 .982 

Q30 2.3291 1.69253 20.4810 958.996 .922 .992 

Note: N=30 for all items 
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                                                   Appendix E 

 

CCTST (Overall& Subscales) Results 
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Additional Analysis (correlation coefficient).  

Although most research in this regard has explored the correlation between 

critical thinking and general academic achievement, few studies, if any, have 

investigated the relationship between beset subscales of critical thinking with 

academic performance. 

For this reason, Pearson’s correlation was used a sample correlation 

coefficient, r, which measures the strength and direction of linear relationships 

between continuous variables. Pearson’s correlation requires meeting three basic 

assumptions: data are normally distributed, relationships must be linear, and there 

are no outliers (Gravetter & Wallnau, 2016). 

The first assumption was met based upon the Shapiro-Wilk test results (p > 

.05). The second assumption was met based upon scatterplots for both the survey 

data and the summative test data. The data revealed no outliers; therefore, the third 

assumption for Pearson’s correlation was met for questions 1and 2. 

The correlation coefficient between the Placement Test and Pre-CCTST. 

For a group that received traditional classroom instruction model. 

Table 0.1 shows the correlational analysis of the Placement Test and Pre-

CCTST. Pearson’s correlation (r = .392) showed a low positive correlation between 

the variables with statistically significant results (p < .05). This indicates a low 

relationship between the Placement Test and Pre-CCTST for a group that received 

the traditional instruction model (FF). 
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Figure 0.1. Scatter Plot Correlation between Pre-Tests (FF Model) 

 

 

For a group that received flipped classroom instruction model.  

Table 0.2 shows the correlational analysis of the Placement Test and Pre 

CCTST. Pearson’s correlation (r = .395) showed a low positive correlation between 

Table 0.1 

Correlations Between Placement Test and Pre CCTST (FF Model) 

 Placement Test Pre-CCTST 

Placement Test Pearson Correlation 1 .392* 

Sig. (2-tailed)  .012 

N 40 40 

*. Correlation is significant at the 0.05 level (2-tailed). 
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the variables with statistically significant results (p < .05). This indicates the 

apparent relationship between the Placement Test and Pre CCTST for a group that 

received flipped classroom instruction model (FC) 

 

Table 0.2 

Correlations Between Placement Test and Pre CCTST(FC-Model)  

 Placement-Test Pre-CCTST 

Placement-

Test 

   Pearson Correlation 1 .395* 

Sig. (2-tailed)  .012 

N 40 40 

*. Correlation is significant at the 0.05 level (2-tailed). 
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       Figure 0.2. Scatter Plot Correlation between Pre-Tests (FC Model) 

 

The correlation between the Final Test and Post-CCTST.  

For a group that received traditional classroom instruction model. 

Table 0.3 shows the correlational analysis of the Final Test and Post-CCTST. Pearson’s 

correlation (r = .480) showed a moderate positive correlation between the variables with statistically 

significant results (p < .05). This indicates moderate relationship between Final-Test and Post-

CCTST for a group that received the traditional instruction model (FF). 

 

Table A.3 

Correlations Between Final Test and Post CCTST (FF Model) 

 Final-Exam Post-CCTST 

Final-Exam Pearson Correlation 1 .480** 

Sig. (2-tailed)  .002 

N 40 40 

**. Correlation is significant at the 0.01 level (2-tailed). 
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The correlation between pre-post-tests and subscales of CCTST. 

For a group that received the traditional model of instruction. 

According to the table 0.4, the correlation coefficient between the academic 

achievement of the placement test and the subscales of critical thinking, i.e., 

Analysis, inference, evaluation induction, and deduction for a control group that 

received the traditional model of instruction were ,281, -.094, -.041, .643 and -.100 

respectively. In comparison, the correlation coefficient with the final exam for the 

same model were -.281, -.049, -.021, -.248, and .0006. As seen in Table1, the 

analysis and induction subscales were low positive and statistically significant (i.e., 

p <.05) for both placement and final tests. In contrast, the subscales for the 

inference, evaluation, and deduction were negative and non-statistically significant 

(i.e., p >.05). 

  Table 0.4 

   Correlation Coefficients of CCTST's Subscales for the Control Group.  

  *. Correlation is significant at the 0.05 level (2-tailed). 

  **. Correlation is significant at the 0.01 level (2-tailed). 

 

 

Subscales Analysis Inference Evaluation Induction Deduction 

 

Placement Test 

Sig. (2-tailed) 

.281* 

 

.026 

-.0.94 

.563 

-.041 

.804 

.463** 

.003 

-.100 

 

.541 

Final Exam 

 

Sig. (2-tailed) 

. 343* 

 

.030 

 

-.049 

 

-.766 

.-.021 

 

.895 

        .248** 

 

        .000 

 

.0006 

 

.969 
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For a group that received flipped classroom model of instruction. 

According to the table 0.5, the correlation coefficient between the academic 

achievement of the placement test and the subscales of critical thinking, i.e., 

Analysis, inference, evaluation induction, and deduction for an experimental group 

that received the flipped classroom model of instruction were -.160, -.012, -.164, 

.250 and -.117 respectively. In comparison, the correlation coefficient with the final 

exam for the same model were -.022, -.089, -.077, -.091, and .009. As seen in 

Table4.17, the analysis and induction subscales were high positive and statistically 

significant (i.e., p <.05) for both placement and final tests. In contrast, the subscales 

for the inference, evaluation, and deduction were negative and non-statistically 

significant (i.e., p >.05). 

Table 0.5 

Correlation coefficients of CCTST's subscales for the experimental group. 

      *. Correlation is significant at the 0.05 level (2-tailed). 

      **. Correlation is significant at the 0.01 level (2-tailed). 

 

 

Subscales Analysis Inference Evaluation Induction Deduction 

 

Placement Test 

 

Sig. (2-tailed) 

.343* 

 

.030 

-.012 

 

.942 

.164 

 

.311 

 

 

.250** 

 

.000 

-.117 

 

.472 

 

 

Final Exam 

 

Sig. (2-tailed) 

.822* 

 

.011 

.089 

 

.586 

.077 

 

.637 

 

.910** 

 

.000 

.009 

 

.954 
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Summary of correlation coefficient. The correlation coefficient between 

the placement test and pre-CCTST showed a low positive correlation (r = .392 and 

r=.395) between the variables with statistically significant results (p < .05) for both 

groups that received the traditional and flipped instruction model.  

The correlation between the final test and post-CCTST showed a moderate 

positive correlation (r = .480) between the variables with statistically significant 

results (p < .05) for the group that received a traditional classroom instruction 

model, while showed a low positive correlation (r = .386) between the variables 

with statistically significant results (p < .05) for that group that received flipped 

classroom instruction model. 

The correlation coefficient between the placement test and the subscales of 

CCTST, (i.e., Analysis, inference, evaluation induction, and deduction) for a control 

group that received the flipped classroom model were,281, -.094, -.041, .643, and -

.100 respectively. In comparison, the correlation coefficient with the final test for 

the same model were -.343, -.049, -.021, -.248, and .0006 (Table 4.16).  

While the correlation coefficient between the placement test and the subscales of 

CCTST for an experimental group that received the flipped classroom model of 

instruction were .343, -.012, -.164, .250 and -.117 respectively. In comparison, the 

correlation coefficient with the final test for the same model were -.822, .089, .077, 

.910, and .009. 
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Conclusion: The results of Pearson’s correlation showed a low positive 

correlation (r = .392) between the Placement Test and pre CCTST with statistically 

significant results (p < .05) for a group that received traditional model of instruction 

(FF).The low positive relationship between the Placement Test and pre CCTST  

indicates that while both variables tend to go up in response to one another, the 

relationship is weak after taking the mathematics course for a group that received 

the traditional model of instruction (FF 

While the results of the analysis showed a low positive correlation (r = .395) 

between the Placement Test and pre CCTST with statistically significant results (p 

< .05) for a group that received flipped classroom model of instruction (FC). The 

low positive relationship between the Placement Test and pre CCTST indicates that 

while both variables tend to go up in response to one another, the relationship is not 

strong (weak) after taking the mathematics course for a group that received flipped 

classroom model of instruction (FC).  

These results are supported by prior research. Some studies have shown that 

the flipped classroom has produced increased academic performance (Albert & 

Beatty, 2014; Freeman et al., 2014b; Missildine et al., 2013; Talley & Scherer, 

2013).  In contrast, others have shown no statistically significant difference in 

academic performance (Winquist & Carlson, 2014). 

The results of Pearson’s correlation showed a moderate positive correlation 

(r = .480) between Final Test and Post CCTST with statistically significant results 

(p < .01) for a group that received the traditional model of instruction (FF). The 
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moderate relationship between Final Test and Post CCTST indicates both variables 

(Final Test and Post CCTST) move in tandem that is, in the same direction  

While the results of the analysis showed a low positive correlation (r = .386) 

between the Final Test and Post CCTST with statistically significant results (p > 

.05) for a group that received the flipped classroom model of instruction (FC). The 

weak relationship between the Final Test and Post-CCTST indicates that while both 

variables tend to go up in response to one another, the relationship is not 

extraordinarily strong after taking the mathematics course for a group that received 

the flipped classroom model of instruction (FC). 

The correlation coefficient between the academic achievement of the 

placement test and the subscales of critical thinking for a control group that 

received the traditional model of instruction indicates that the analysis and 

induction subscales were low positive and statistically significant for both 

placement and final tests. In contrast, the subscales for the inference, evaluation, 

and deduction were negative and non-statistically significant. 

While the correlation coefficient between the academic achievement of the 

placement test and the subscales of critical thinking for an experimental group that 

received the flipped classroom model of instruction indicates that the analysis and 

induction subscales were high positive and statistically significant for both 

placement and final tests. In contrast, the subscales for the inference, evaluation, 

and deduction were negative and non-statistically significant.  
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These results agree with prior research (Muhammad, 20117; Waffa, R.,2017; 

Widyaningrum, 2020) which stated that evaluating the contribution of flipped 

learning on secondary students’ critical thinking skills toward learning physics in 

Palestine has partially affected students’ CCTST positively. This result agrees with 

a similar study for high school math students (Berrett, 2012). How 'Flipping' the 

Classroom Can Improve the Traditional Lecture.  

 

           


