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Abstract 

The flipped classroom approach has gained prominence in education by reallocating the 

teaching of content knowledge into lecture-videos and creating more class time for student-

centered learning activities. However, the efficacy of the flipped classroom regarding 

enhancing students’ self-regulated learning abilities, learning achievement, and science process 

skills is questionable in secondary science education. This research, therefore, employs a 

mixed-methods and quasi-experimental design to investigate the effectiveness of a traditional 

flipped classroom pedagogy and a modified flipped classroom pedagogy that is integrated with 

a self-regulated learning strategy and technology-enhanced Predict-Observe-Explain activities 

using mobile loggers in a secondary school in Hong Kong. In this study, an experimental group 

of modified flipped classrooms (n = 63) and a control group of traditional flipped classrooms 

(n = 61) were employed among four Form 2 (Grade 8) science classes with different learning 

abilities (higher/lower) for seven months between 2018 and 2019. Quantitative data, including 

the pre- and post-scores of students’ self-regulated learning abilities and basic and integrated 

science process skills, were measured using widely-recognized instruments. Data regarding the 

students’ learning achievement were assessed using a self-developed performance test. In 

addition, the post-scores of the measurements were collected from a historical control group of 

non-flipped traditional classrooms (n = 63) from the previous academic year for further 

comparison. Following the quantitative analysis, 16 students were selected purposefully for 

sequential semi-structured interviews to elaborate the quantitative findings. The results indicate 

that the modified flipped classroom pedagogy was more effective at improving the students’ 

time-management ability, but not efficacious in enhancing their other subscales of self-

regulated learning abilities when compared with the traditional flipped classroom pedagogy 

because of the similarity of the goal orientation among the flipped approaches. The results also 

show that the modified flipped classroom pedagogy was more effective at improving several 
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subscales of the students’ science process skills when compared with the traditional flipped 

classroom pedagogy. Furthermore, the findings demonstrate that the modified flipped 

classroom pedagogy was more effective at enhancing several subscales of the students’ self-

regulated learning abilities and learning achievement in comparison with the non-flipped 

traditional classroom approach. These findings are attributed to the benefits of the self-

regulated Predict-Observe-Explain strategy as well as the real-time streaming and data 

gathering features of the mobile laboratory using mobile loggers. The results also reveal that 

the modified flipped classroom approach enhanced the students’ self-regulated learning 

abilities regardless of their learning abilities, but that such an approach was particularly 

advantageous for the higher achievers in improving their skill in stating hypotheses. Finally, 

the limitations and difficulties identified in this study are discussed and recommendations for 

future research and practice are suggested. The research findings have significant implications 

for the teaching and learning of science, as well as contributing empirical evidence through the 

successful design and implementation of the modified flipped classroom pedagogy in 

secondary science education.  

 

Keywords: flipped classroom, technology-enhanced learning, self-regulated learning, science 

process skills, secondary science education 
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Chapter 1: Introduction 

1.1 Introduction 

This chapter initially describes the background of the research (Section 1.2). Then, the research 

gap concerning flipped classroom (FC) learning in secondary science education (Section 1.3) 

is discussed. The problem statement, research purpose, and research questions are proposed in 

accordance with the research gap (Section 1.4), and the research design is overviewed (Section 

1.5). Finally, the significance of the study is assessed (Section 1.6), and the organization of this 

thesis is outlined (Section 1.7). 

 

1.2 Background of the Research 

This section highlights the problems of teaching and learning science in Hong Kong secondary 

schools (Section 1.2.1), the strategy of using information technology in education (Section 

1.2.2), and the challenges involved in science education in Hong Kong (Section 1.2.3). 

 

1.2.1  Problems of Teaching and Learning Science in Hong Kong Secondary Schools 

Teaching and learning in Hong Kong have been criticized for many years as spoon-feeding 

students for the sole purpose of drilling them to achieve higher examination scores (Yuen, 

2017). These scores decide their progression through the education system (Morris, Adamson, 

& Ebrary, 2010).  

 

Different stakeholders in Hong Kong’s education system, including the parents, teachers, 

school leaders, and even the Education Bureau (EDB), have often misinterpreted student scores 

in public examinations—including the heavily criticized Territory-Wide System Assessment at 

Primary 3 and the only high-stakes pre-university public exam, the Hong Kong Diploma of 
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Secondary Education Examination at Secondary 6—as the ultimate benchmark for educating 

the next generation (Kwok, 2017). Therefore, from teachers’ perspectives, innovative, 

technology-supported, and student-centered pedagogies have been implemented to a limited 

degree in science lessons owing to the insufficient teaching time available under the tight 

syllabuses in secondary science education in Hong Kong (Cheng, So, & Cheung, 2000; Cheung, 

2007; Yeung, Lee, & Lam, 2012; Yeung, Lee, Wong, & Wong, 2013).  

 

In addition to the lack of class time, the need to teach large classes (Cheung, 2007; Yeung et 

al., 2012), often with increasing learning diversity (Yeung et al., 2012; Yeung et al., 2013), also 

prevents teachers from applying student-centered pedagogies, such as case-based, problem-

based, and inquiry-based learning, in science lessons. Teacher concerns about the shortage of 

effective instructional materials and teaching resources from the local education bureau 

(Cheung, 2007; Yeung et al., 2012), as well as teacher inertia toward changing old practices 

(Yeung et al., 2012), have been raised as issues in the literature.  

 

In addition to the role of teaching science in class, teachers have also reported that their time 

is fully occupied by a heavy workload of leading extra-curricular activities, completing 

administrative work, and participating in various types of studies, often preventing them from 

participating in research on student-centered pedagogies in the classroom (Chow, Chu, Tavares, 

& Lee, 2015). The duties of being a class teacher include daily classroom and class club duties, 

student counseling, and communication with parents, which are deemed to be time-consuming 

by many frontline teachers (Leung, Wong, & Pow, 2002). Consequently, chalk-and-talk 

lecturing, which is often regarded as a time-saving teacher-centered strategy of exposition, is 

still widely employed by many Hong Kong secondary school teachers (Yeung et al., 2012). 
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1.2.2  The Use of Information Technology in Hong Kong Education 

To keep up with the exponential growth in the use of communication and information 

technology (IT), the first strategic plan and implementation of IT in Hong Kong education was 

officially launched in 1998. Significant improvements were then made to the hardware in 

schools, such as IT infrastructure and equipment for connecting to the internet, as well as 

teachers’ basic training in embracing IT as a teaching tool for engaging students in the 

classroom (Education and Manpower Bureau, 2004). Throughout the early 2000s, increasing 

emphasis was placed on developing holistic and strategic school plans for using IT to meet the 

needs of schools’ visions effectively. This approach was put into effect by enhancing school 

capacities for teaching and learning, as well as by prioritizing human factors, including school 

leaders, teachers, parents, students, and IT support staff, to pursue a desirable paradigm shift 

from a teacher-centered classroom to a student-centered electronic-learning (e-learning) 

environment. Such actions comprise the second and third strategies of applying IT in education 

in Hong Kong (Education and Manpower Bureau, 2004; EDB, 2007). According to the most 

up-to-date consultation document on the Fourth Strategy on Information Technology in 

Education released in 2014, “unleashing the learning power of all our students to learn and to 

excel” through interactive learning and teaching experiences has become the ultimate goal of 

using IT in education in Hong Kong in the 21st century (EDB, 2014, p. 1).  

 

To achieve this goal, pedagogies that leverage mobile technology and internet resources to 

achieve the aim of “strengthening students’ self-directed learning” have been suggested by the 

EDB (2014, p. 7). The consultant document exemplifies the use of flipped classroom (FC) by 

a local primary school teacher who used videos of presentations and assignments on the 

learning management system (LMS) as a substitute for classes during the closure of schools 

for weeks due to the outbreak of an epidemic disease (EDB, 2014). Bishop and Verlege (2013) 
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provide a clear definition of FC “as an educational technique that consists of two parts: (a) 

interactive group learning activities inside the classroom, and (b) direct computer-based 

individual instruction outside the classroom” (p. 5). 

 

In accordance with many studies, FC has gained much attention in various sectors of education 

in many countries over the past decade as it extends the amount of lesson time for the 

implementation of student-centered learning activities (Bergmann & Sams, 2014; Bergmann 

& Smith, 2017; Bishop & Verleger, 2013). In Hong Kong, a proliferation of seminars and 

professional training workshops on the implementation of FC in secondary schools has been 

provided by the EDB, and many workshops on the experience of using the FC approach have 

been conducted among frontline teachers organized by professional communities such as the 

FlipEducators@HongKong and Hong Kong Education City (Hong Kong Education City 

Limited, n.d.). In view of the delayed resumption of school for several months following the 

Lunar Holiday as a result of the new coronavirus outbreak in Hong Kong, the EDB has 

encouraged secondary school teachers to use e-learning platforms combined with the FC 

approach for teaching and learning at home. The EDB has promoted numerous online and self-

learning resources, such as (i) Star, which is a web-based central assessment item bank for 

online assessment; (ii) Educational Television resources, which provide 15- to 20-minute 

television programs, short videos, animations, songs, and images that cover the Hong Kong 

primary and secondary school curricula in most subjects; and (iii) Small Campus, which is a 

game-based self-learning platform (EDB, 2020). 

 

Nevertheless, there is no supporting evidence that solely providing these suggested online 

resources for students can lead to a successful FC; in-class, face-to-face, and student-centered 

teaching and learning must not be ignored. Furthermore, in-depth research on the effectiveness 
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of implementing FC at secondary level in Hong Kong is very limited. Empirical research 

concerning how effectively FC can enhance student academic and affective achievements for 

specific subject domains, such as learning achievement (LA) and science process skills (SPS) 

emphasized in science education, is also lacking.  

 

1.2.3  Challenges of Secondary Science Education in Hong Kong 

According to the latest curriculum guide for science education (Primary 1 to Secondary 6) 

prepared by the Curriculum Development Council (CDC) (2017a), the enhancement of 

students’ scientific literacy (SL)—“which refers to students’ ability to apply scientific 

knowledge and science process skills to tackle issues and problems related to their daily life 

and the natural world” (p. 5)—is one of the main focuses in this newly updated Key Learning 

Area (KLA) for the science curriculum in schools with pupils aged 6 to 18 in Hong Kong (CDC, 

2017a). To achieve this aim, it is suggested that the learning and teaching of science should 

develop students to become self-directed lifelong learners to build their deep-learning 

competencies and their ability to acquire, integrate, and apply knowledge and skills to solve 

authentic or real-life problems (CDC, 2017a, p.62).  

 

In line with the aforementioned school KLA science curriculum, the secondary school science 

(Secondary 1–3) curriculum specifically emphasizes the development of students’ SL and SPS 

(CDC, 2017b): 

 

The curriculum is designed for the development of scientific literacy, the associated 

science process skills, together with the awareness of the impact that science has on 

our lives and environment for students at junior secondary level. This helps students 

to deal with the opportunities and challenges in a wide variety of personal and social 
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contexts in such an era of rapid scientific and technological change for students at 

junior secondary level. (p. 2)  

 

Nevertheless, scientific literacy among Hong Kong junior secondary students dropped in rank 

from second to ninth over the past two cycles (2012 and 2015) in one of the largest international 

assessment studies, the Programme for International Student Assessment (PISA). The PISA 

assesses students’ SL in terms of three competencies and three types of knowledge in the 

personal, local, and global contexts (OECD, 2016), which might reflect students’ SPS in certain 

extent. These competencies are (a) explaining phenomena scientifically, (b) evaluating and 

designing scientific enquiry, and (c) interpreting data and evidence scientifically. The 

competencies are interrelated with three types of knowledge: (i) content knowledge, which 

supports explaining phenomena scientifically, and (ii) procedural and (iii) epistemic knowledge, 

which help design scientific inquiry and interpret data (OECD, 2016; 2019a) (see Figure 1). 

Moreover, although Hong Kong students’ SL rank remained ninth in the latest PISA (2018), 

the overall mean score dropped to 517 compared with 523 in PISA 2015 (OECD, 2019b; 

Schleicher, 2019; The Government of Hong Kong Special Administrative Region, 2019), 

suggesting that the SPS of secondary school students in Hong Kong has slightly regressed 

recently.  

 

Figure 1. The framework of scientific literacy in the PISA  

Reprinted from PISA 2018 Assessment and Analytical Framework (p. 103), by OECD, 2019a, 

Paris: OECD Publishing. 
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As well as the overall performance in the PISA, the performance of Hong Kong students is 

relatively strong in science content knowledge related to the competency of explaining 

phenomena scientifically. However, their performance is relatively weak in terms of scientific 

inquiry, including procedural and epistemic knowledge, as well as competencies in designing 

scientific inquiry and interpreting data (Lau & Lam, 2017). These findings suggest that more 

inquiry-based and student-centered pedagogies should be introduced into the Hong Kong 

secondary school science education program at a suitable time. 

 

A transformation of the current teaching pedagogies should be considered to address the 

aforementioned constraints and challenges (EDB, 2015; Yeung et al., 2012; Yeung et al., 2013). 

Innovative teaching methods (e.g., Yeung, 2002), technology-enhanced learning (e.g., Tho & 

Yeung, 2014; Yeung, 2011), and scientific investigation (e.g., Tho & Yeung, 2015; 2016; 2018) 

are highly recommended to be employed in teaching and learning science subjects (Yeung et 

al., 2012). Hence, the feasibility of introducing innovative and technology-enhanced methods 

that incorporate the FC approach in promoting student science learning—and particularly 

students’ SPS—is a worthwhile area of investigation. 

 

1.3 Research Gap 

This section discusses the research gap regarding how FC impacts student learning (Section 

1.3.1), and the theoretical frameworks that underlie the design of FC (Section 1.3.2). 

 

1.3.1  Impacts of the Use of Flipped Classroom in Student Learning 

The flipped classroom approach has attracted significant attention from academics 

(Abeysekera & Dawson, 2015; Bishop & Verleger, 2013) because of its ability to extend lesson 
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time to incorporate student-centered learning activities in the classroom by arranging lectures 

prior to the lesson (Bergmann & Sams, 2014; Bergmann & Smith, 2017). Experimentation on 

the use of FC can be found in many disciplines, from elementary school mathematics classes 

(Lai & Hwang, 2016) to university-level multimedia courses (Enfield, 2013). Extensive 

research has also been conducted on the impacts and challenges involved in the use of FC in 

higher education (Bishop & Verleger, 2013; Lo & Hew, 2017; O’Flaherty & Phillips, 2015; 

Talbert, 2017).   

 

By considering various systematic reviews of flipped learning across different disciplines in 

higher education (Bernard, 2015; Betihavas, Bridgman, Kornhaber & Cross, 2016; Bishop & 

Verleger, 2013; Giannakos, Krogstie, & Chrisochoides, 2014; Lin & Hwang, 2019; O’Flaherty 

& Phillips, 2015), there are three common categories of positive effects on student learning in 

FC: (a) academic achievement (e.g., González-Gómez, Jeong, Rodríguez, & Cañada-Cañada, 

2016); (b) engagement and motivation (e.g., Chen, Wang, Kinshuk, & Chen, 2014); and (c) 

satisfaction and attitude (e.g., Enfield, 2013). In a recent systematic literature review of 48 FC 

studies published between 2017 and 2018 (Zainuddin, Haruna, Li, Zhang, & Chu, 2019), 

effects of FC on student (a) social interaction (Olakanmi, 2017) and (b) self-efficacy (Lin & 

Hwang, 2019) were also found.  

 

Although there are many findings regarding the positive impacts of the use of FC in different 

studies, most studies were conducted in higher education contexts (Lo & Hew, 2017). In 

addition, most systematic reviews were restricted to higher education (e.g., Bishop & Verleger, 

2013; O’Flaherty & Phillips, 2015), and some were limited to subject disciplines only offered 

at university, such as health professions education (Hew & Lo, 2018), medical courses (Lin & 

Hwang, 2019), nursing education (Bernard, 2015; Betihavas et al., 2016), and computer science 
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education (Giannakos et al., 2014). Only one systematic literature review has focused on FC in 

primary and secondary schools (Lo & Hew, 2017), in which most studies were restricted to 

mathematics, with only two research articles identified on science education (i.e., Kettle, 2003) 

and chemistry education (i.e., Schultz, Duffield, Rasmussen, & Wageman, 2014).  

 

Moreover, several studies have revealed that FC had no significant effect on the improvement 

of student performance when compared with a control TC (e.g., DeSantis, Curen, Putsch, & 

Metzger; 2015; Jensen, Kummer, & Godoy, 2015; Kirvan, Rakes, & Zamora, 2015). Some 

studies have argued that different levels of achievers perform differently in FC learning (Nouri, 

2016). Therefore, the suggested impacts of the use of FC remain uncertain in disciplines that 

have only been studied to a limited extent, such as science at the junior secondary level. The 

impact of promoting students’ SPS—which is an important indicator in addition to learning 

performance when assessing student science learning, as mentioned in the previous section—

has not been thoroughly investigated either. Therefore, future research about the impacts of 

flipped learning should focus on students’ LA and SPS. 

 

According to the review of recent flipped learning research, numerous limitations to the 

research methods threaten the significance of the reported results. First, some of the existing 

studies compared their proposed FC approach with a control group in which the delivery of 

knowledge was conducted through traditional teaching methods. Hence, there is a lack of 

evidence to draw valid conclusions about whether the impacts were produced by the FC design 

or by the student-centered learning activities introduced during the class time of the FC (Jong, 

2017). Second, the problem of the absence of a pre-test to measure of the initial equivalence 

among experimental and control groups for valid comparison was encountered in many of the 

existing studies (Lo & Hew, 2017). Third, the duration of the interventions in most of the 
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existing studies were very short, ranging from four weeks to four months (e.g., Clark, 2015; 

Olakanmi, 2017; Song & Kapur, 2017), which may have led to a novelty effect of technology 

increasing student performance in the short term (Lo & Hew, 2017).  

 

Thus, this research should take critical and serious consideration of the gaps and limitations of 

previous research to design a more robust study using the triangulation of both quantitative and 

qualitative evidence on improving students’ LA and SPS. 

 

1.3.2  Frameworks that Underlie the Design of Flipped Classroom  

1.3.2.1 Theoretical Frameworks 

Abeysekera and Dawson (2015) explicitly suggested that the FC approach is under-theorized. 

Similarly, other studies (e.g., O’Flaherty & Phillips, 2015; Presti, 2016; Seery, 2015) have also 

stated that there is a lack of thorough consideration of robust theoretical frameworks in flipped 

learning designs. 

 

Recently, an increasing number of empirical research papers have considered educational 

theories such as self-determination theory (SDT; e.g., Sergis, Sampson, & Pelliccione, 2018) 

and cognitive load theory (CLT; e.g., Bhagat, Chang, & Chang, 2016). In addition to the 

importance of considering SDT and CLT in flipped learning (Abeysekera & Dawson, 2015), 

Talbert (2017) suggested a third theoretical framework, self-regulated learning (SRL) theory, 

should be addressed to support flipped learning.  

 

Flipped learning and SRL coincide with each other because students’ independent and 

proactive participation is highly important in the out-of-class activities of FC (Talbert, 2017). 

These SRL strategies are not only restricted to classroom pedagogy, but are also effectively 
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established in any technologically enhanced learning environment (Lai & Hwang, 2016; 

Tabuenca, Kalz, Drachsler, & Specht, 2015). As suggested by Barnard, Lan, To, Paton, and Lai 

(2009), SRL also plays a critical role in making online learning succeed. Nonetheless, recent 

studies that have considered SRL theory in their flipped learning designs are very limited 

(Talbert, 2017), and those that measure the acquisition of SRL ability though flipped learning 

in secondary-level science education are also absent at the time of writing.  

 

With extensive empirical findings that student-centered learning strategies (e.g., inquiry-based 

learning) are possibly ideal approaches for the promotion of students’ SRL in science (Schraw, 

Crippen, & Hartley, 2006), this flipped learning research is worthwhile for integrating an SRL 

theoretical framework and in-class inquiry-based learning into the design of FC and 

investigating how students can improve their SRL abilities in their science learning.  

 

1.3.2.2 Pedagogical Frameworks 

In practice, students’ lack of motivation to watch pre-recorded videos or study course content 

outside of the classroom is regarded as the most significant challenge for flipped learning 

(Zainuddin et al., 2019). Various researchers have proposed and employed different 

pedagogical strategies/frameworks to address this problem. For example, Lo, Lie, and Hew 

(2018) employed Merrill’s first principles of instruction (2002) to deal with real-world 

problems in four subjects: mathematics, physics, Chinese language, and information and 

communication technology in a secondary school. Hung (2015) used a WebQuest active-

learning strategy (Dodge, 1995) on an English language course at a Taiwanese university.  

 

Zainuddin (2018) also incorporated a gamification strategy into FC in an Indonesian secondary 

school to motivate students to watch and familiarize themselves with pre-lesson videos before 
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school. Jensen et al. (2015) employed the 5-E instructional model (Bybee et al., 2006)—which 

has been widely adopted in school science education—in a flipped learning biology course at 

a US university. In their FC, the first three phases—Engage, Explore, and Explain—were 

arranged online as pre-class homework assignments, while two sequential phases—Elaborate 

and Evaluate—were arranged for the classroom. 

 

There is no single formula for the success of flipping a class, and further investigations 

regarding FC in different disciplines are expected. As mentioned by Abeysekera and Dawson 

(2015), small-scale localized interventions that study the efficacy of flipped learning in 

particular disciplines, classrooms, and students are necessary in future investigations. Recently, 

Lo and Hwang (2018) supported this direction of future research by addressing the importance 

of “examining the effects of flipped learning in reaching different learning objectives” (p. 446) 

despite a proliferation of studies on FC conducted in recent years.  

 

Hence, in this FC research, with the aim of improving students’ SPS and LA, a modified 5E 

pedagogical framework (Lo, 2017) was adopted for implementation. Pre-class online learning 

was incorporated with the engaging strategies in the same way as the notion of gamification, 

namely via a technology-enhanced Predict-Observe-Explain (POE) strategy that involves (a) 

POE (White & Gunstone, 1992), which is an active-learning strategy that can increase 

motivation (Schraw et al., 2006) and clarify scientific misconceptions (Bahar, 2003; Cinici & 

Demir, 2013); and (b) a mobile laboratory that uses innovative mobile loggers for remote 

scientific investigations (Yeung, Cheang, & Fok, 2015; Yeung et al., 2019). The in-class 

learning was conducted with a brief review of the out-of-class learning, a mini lecture (Lo, Lie, 

& Hew, 2018), and a scientific inquiry following the modified 5E pedagogical framework.  
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1.4 Problem Statement, Research Purpose, and Research Questions 

This section describes the problem statement (Section 1.4.1), research purpose (Section 1.4.2), 

and research questions (Section 1.4.3) of this study. 

 

1.4.1  Problem Statement 

As mentioned previously, the background of the current educational challenge urges a 

paradigm shift toward student-centered learning to improve secondary school students’ SRL 

abilities, LA, and SPS in Hong Kong. Via a consideration of the current research gaps and the 

feasibility of grounding suitable theories in design and implementation, a modified FC using a 

technology-enhanced POE strategy with the utilization of an innovative mobile data logger 

(FPOE) was proposed. However, it was not known whether and to what extent this modified 

FC approach, as well as a traditional flipped classroom approach (TFC), could improve 

students’ SRL abilities, LA, and SPS. It was also not known how students with different 

learning abilities would perceive and engage in the activities provided in both the pre-class and 

in-class learning of the FPOE that is specialized for secondary school science education in 

Hong Kong.  

 

1.4.2  Research Purpose 

The purpose of this research is to examine and compare the effectiveness of a modified FC 

approach using a self-regulated POE strategy and innovative mobile loggers (FPOE) with a 

TFC approach in terms of the improvements of SRL abilities, LA, and SPS among S.2 (Grade 

8) science students in a government-aided secondary school in Hong Kong. Furthermore, the 

efficacies of the FC approaches (FPOE and TFC) are compared with a historical non-flipped 

traditional classroom (TC), and the effects of the FC approaches (FPOE and TFC) on students 

with different learning abilities (lower and higher) are also studied.  
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1.4.3  Research Questions  

Four research questions (RQs) were proposed to address the purpose of this study: 

 

RQ1: Can the FPOE improve students’ SRL abilities, LA, and SPS in comparison with the 

TFC? 

RQ2: Are there differences in the improvements of students’ SRL abilities, LA, and SPS 

among different pedagogical approaches (FPOE vs. TFC vs. TC)? If yes, which is the 

most effective? 

RQ3: Do student learning abilities (lower and higher) affect the improvements of their SRL 

abilities, LA, and SPS in different flipped pedagogical approaches (FPOE and TFC)? 

RQ4: How and to what extent do the FPOE and TFC help students with different learning 

abilities to improve their SRL abilities, LA, and SPS? 

 

1.5 Nature of Study 

This mixed-methods research employed a non-equivalent control group pre-test–post-test 

design of a quasi-experiment (Campbell, Stanley, & Gage, 1963) that comprised an 

experimental group of modified FPOE (n =63) and a control group of TFC (n =61) for seven 

months in the S.2 (Grade 8) science subject between 2018 and 2019. Quantitative data of the 

pre-test and post-test scores in SRL, LA, and SPS were collected and analyzed, followed by 

the collection and analysis of qualitative interviews using the sequential explanatory strategy 

(Creswell & Plano Clark, 2007). Furthermore, post-test scores from an additional group of 

students from a TC (n =63)—comprising students with similar backgrounds from the previous 

academic year—were also collected for further quantitative analysis. In addition to the group 

of different pedagogies (the first independent variable), students with different learning abilities 
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were also assigned to two different but intact classes (the second independent variable) for the 

investigation. Table 1 explains the arrangement of the intervention groups in this research. 

 

Table 1 

Arrangement of intervention groups in this research 

Group Pedagogy Class  Learning ability  N Year 

Experimental 

(n =63) 

Modified flipped 

classroom (FPOE) 

2A  Higher 32 2018–2019 

2C Lower 31 

Control  

(n =61) 

Traditional flipped 

classroom (TFC) 

2B Higher 31 2018–2019 

2D Lower 30 

Additional  

(n =63) 

Non-flipped 

traditional 

classroom (TC) 

2B Higher 32 2017–2018 

2C Lower 31 

 

1.6 Significance of the Study 

First, this research, which compares students’ SRL abilities, LA, and SPS, provides a deep 

understanding of the effectiveness of both the subject-specific modified and traditional FC 

approaches in secondary school science education. The positive effects of these approaches on 

students with different learning abilities contribute to our knowledge regarding catering for 

students with differentiated learning in a science classroom. There are very few studies that 

have compared students’ SRL abilities, LA, and SPS in the context of secondary school science 

education, and investigations on the effect of flipped learning on students with different 

learning abilities in science education are also lacking. Thus, this research is timely in 

addressing these issues. 

 

Second, this research provides an insight into the importance of integrating FCs with student-

centered learning activities, including pre-class POE and technology-enhanced mobile 

laboratory learning experiences, and in-class scientific inquiries that, consequently, meet the 

subject needs. Moreover, this research provides evidence for the design of FCs within the 

consideration of robust theoretical and pedagogical frameworks, including the SCLT, SDT, 
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CLT, SRL theory and the 5-E instructional model. These frameworks meet curriculum 

objectives by improving student learning in secondary school science education. Consequently, 

this research fills the existing research gap regarding the lack of advancement of theoretical 

agendas or pedagogical frameworks in founding the FC (Abeysekera & Dawson, 2015; Lo & 

Hew, 2017; O’ Flaherty & Philips, 2015; Presti, 2016).  

 

Third, this research acts as a link between theory and practice in terms of supporting the 

feasibility of FC in secondary school practices in Hong Kong (EDB, 2014). By considering 

several recommendations suggested by other researchers regarding integrating the FC in 

practice, the strength of the modified FC approach, FPOE, can be further improved in practice. 

Difficulties encountered during the research might also provide important reference points for 

the generation of usable knowledge and solutions to be applied to the future implementation of 

the FC in secondary schools in Hong Kong. Thus, this research fills the design and practice gap 

regarding implementing FC in secondary schools (Lo, 2018). 

 

Finally, the successful experience of incorporating the FPOE also demonstrates the possibility 

of flipping other science-related subjects at different levels, such as senior-level physics, 

chemistry, and biology in secondary education. Science, technology, engineering and 

mathematics (STEM) education might also be promoted with the help of the FC approach, as 

“STEM subjects contain an abundance of principles and abstract concepts which students need 

to know before being able to move on to more practical, authentic applications” (Huber & 

Werner, 2016, p. 267). 

 

1.7 Organization of the Thesis 

This thesis is presented in five chapters. First, this introductory chapter includes the overview 
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of this research, including the background of the study and the research gap, the problem 

statement, the research purpose, the RQs, and the nature and significance of the study. Chapter 

2 (Literature Review) extensively reviews the literature that relates to the definition, 

frameworks, and empirical findings of the FC approach in education. Furthermore, a scoping 

review of flipped learning research that focuses on the FC designs, student impacts, and 

challenges in K-12 science subjects is presented. Moreover, studies necessary for the design of 

the FCs in this study are reviewed collectively. These studies include research on the POE 

strategy and technology-enhanced learning in science education, as well as studies about LA, 

SPS, and SRL abilities in primary and secondary science education. Chapter 3 (Methodology) 

describes the research contents, including the background of the participants and the rationale 

for targeting the population, as well as the designs of the intervention groups. In addition, the 

chapter describes the rationales for employing a quasi-experimental design with a mixed-

methods approach, as well as explaining the choice of instruments and the validity and 

reliability of this study. Finally, the chapter outlines the procedures for quantitative and 

qualitative data collection, the methods for analysis, and the ethical considerations and 

limitations. Chapter 4 (Results) reports the qualitative and quantitative results that address the 

RQs. Chapter 5 (Discussion) discusses the research results in terms of students’ SRL abilities, 

LA, and SPS under different pedagogical approaches and compares the findings with the key 

existing research evidence. Limitations and difficulties regarding implementing the flipped 

learning approaches, particularly the newly developed FPOE, are described and discussed. 

There are also recommendations for future research and practice. Finally, Chapter 6 

(Conclusion) summarizes this study and draws a concluding statement about the research 

findings. The researcher’s personal experience of the study is mentioned, and several important 

educational implications are suggested as closing remarks. 
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Chapter 2: Literature Review 

2.1 Introduction 

This chapter initially provides an extensive review of literature related to the FC approach, 

including its definitions (Section 2.2), and the theoretical and pedagogical frameworks for FC 

(Sections 2.3 to 2.5). Implications based on the review of the frameworks for this study are 

discussed. Moreover, because of a lack of reviews on current FC research focusing on science 

education at primary and secondary schools, a systematic review of FC research about current 

practices, impacts, and challenges in K-12 science was conducted to identify the research gap 

in this discipline (Section 2.6). In addition, literature studies on the learning activities of the 

modified FC (Section 2.7) in this study, including out-of-class technology-enhanced learning 

(TEL) in science education (Section 2.7.1), SRL strategies of out-of-class POE (Section 2.7.2.1) 

and in-class scientific inquiry (Section 2.7.2.2) are reviewed. The rationale for the assessments 

on LA, SPS, and SRL abilities in secondary science education (Section 2.8) are also discussed 

to narrow the scope for guiding the design of the FPOE for secondary school science education 

in this study. Finally, this chapter concludes by revealing a conceptual framework based on the 

research gaps and implications (Section 2.9). 

 

2.2 Definitions of Flipped Classroom 

In many recent studies, the terms flipped classroom, flipped learning, and flipped classroom 

learning have been used interchangeably, expressing the same notion that students attend pre-

recorded lectures at home and are involved in learning activities at school (Bergmann & Sams, 

2012). Other terms, including inverted classroom, blended learning, and reversed learning, 

have also been adopted to refer to the concept of flipped instructions (Bergmann & Sams, 2012; 

Chen et al., 2014; Lage, Platt, & Treglia, 2000). For instance, the simplest definition of the 

flipped (or inverted) classroom is provided by Lage et al. (2000): “Inverting the classroom 
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means that events that have traditionally taken place inside the classroom now take place 

outside the classroom and vice versa” (p. 32). 

 

However, this definition oversimplifies FC into a pedagogy regarding re-ordering classroom 

and at-home activities. The quote does not adequately describe what the instructional approach 

of the FC is (Lo & Hew, 2017). To have a clear picture of what the FC consists of, Bishop and 

Verleger (2013) articulated a definition of FC as a technology-supported teaching technique 

that rigorously requires (a) the use of instructional videos to teach knowledge content in out-

of-class time; and (b) interactive student-centered learning activities in face-to-face lessons. 

Abeysekera and Dawson (2015) suggested a similar definition, with the addition that the FC 

requires “students to complete pre- and/or post-class activities to fully benefit from in-class 

work” (p. 3).  

 

Existing research has suggested many examples of such activities, such as taking online quizzes 

(Chao, Chen, & Chuang, 2015; Wang, 2016); e-book quizzes (Lai & Hwang, 2016); completing 

content notes (Clark, 2015); taking notes (Kettle, 2013; Wang, 2016); participating in online 

group discussions, such as Google Doc (Kong, 2014); reading textbooks (Grypp & Luebeck, 

2015) and articles (Clark, 2015); and exploring web-page links (Jong, 2017).  

 

By referring to the previous definition, we should distinguish the FC approach from some 

traditional class preparation strategies, such as asking students to read textbooks before class 

(Lo & Hew, 2017), as self-study from a book (being an out-of-class study phase) does not 

involve the explanation of new concepts by teachers.  

 

The Flipped Learning Network (2014) suggested another in-depth definition of FC with the 
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term flipped learning:  

 

Flipped Learning is a pedagogical approach in which direct instruction moves from the 

group learning space to the individual learning space, and the resulting group space is 

transformed into a dynamic, interactive learning environment where the educator guides 

students as they apply concepts and engage creatively in the subject matter. (p. 1) 

 

The Flipped Learning Network (2014) distinguishes the FC, which is a pedagogical re-

organizing of direct instruction out of school, from flipped learning, which is a practice 

emphasizing student-centeredness and interactive engagement. To illustrate further the features 

of flipped learning, the Flipped Learning Network (2014) suggested a four FLIP pillars feature 

of FC that includes the following: (a) F-pillar, which refers to a flexible environment allowing 

for a variety of learning methods; (b) L-pillar, which refers to a learning culture focusing on 

student-centered pedagogies; (c) I-pillar, which refers to intentional content for maximizing 

class time purposefully; and (d) P-pillar, which involves a professional educator who utilizes 

and reflects on his/her own teaching practices (Flipped learning Network, 2014). However, 

detailed descriptions of the pedagogy dimension in both online and in-class learning 

environment are lacking in the four FLIP pillars. 

 

To place greater emphasis on the pedagogical design of online and face-to-face learning, Chen, 

Wang, Kinshuk, and Chen (2014) proposed a modified definition of FC, FLIPPED, which was 

based on the four FLIP pillars with the addition of an extra (a) P-pillar, which refers to 

progressive networking activities about the FC; (b) E-pillar, which refers to engaging and 

effective learning experiences; and (c) D-pillar, which refers to a diversified and seamless 

learning platform (Chen et al., 2014).  
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Furthermore, Talbert (2017) echoed that, “flipped learning is more than just a kind of teaching 

technique – it is an entire philosophy that encompasses course design, specific teaching 

practices, and professional engagement” (p. 18). The FC also often represents an expansion of 

the curriculum rather than a simple re-arrangement of activities (Bishop & Verleger, 2013).  

 

In accordance with the above-mentioned diversity of FC definitions, it should be emphasized 

that, “flipping the content in a class can, but does not necessarily, initiate flipped learning” 

(Flipped learning Network, 2014, p. 1). Courses by tutorial schools in Hong Kong, providing 

pre-recorded video lectures on delivering examination techniques promptly without any 

student-centered activities, should be excluded from the FC. Similarly, educators only 

providing students with TV broadcast programs, such as the Education TV offered by EDB, 

Knowledge for All and Knowledge Horizons offered by The Open University of Hong Kong, 

YouTube videos, or Khan Academy Videos or other types of online learning without further 

purposeful follow-up activities inside class time, should not be regarded as flipped learning.  

 

The FC, as defined by the Flipped Learning Network (2014) and Talbert (2017), employs 

individual space to replace class time, and group space to replace outside-class time, making 

the definition of the FC more widely applicable to different educational settings, such as online 

undergraduate courses in which face-to-face teaching is absent. However, this research adopts 

the assumption that the FC should involve elements of both out-of-class instructional video-

watching and in-class face-to-face learning activities (Bishop & Verleger, 2013), which is more 

applicable for the secondary school context. Lo and Hew (2017) also suggested that the FC 

should only require basic IT resources, such as a video-maker and internet access in K-12 

education. 
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Finally, the design and implementation of the FC should not be restricted to a short period, nor 

be integrated into one or two segments of the curriculum. Instead, a robust FC design supported 

by pedagogical and other theories should be holistically incorporated throughout the student 

learning journey to orient their achievement competences (Abeysekera & Dawson, 2015; 

Bishop & Verleger, 2013; Kim, Kim, Khera, & Getman, 2014; Lo, 2017).  

 

2.3 Overview of Theoretical and Pedagogical Frameworks of the Flipped Classroom  

Flipped learning studies have been criticized as still being under-theorized (Abeysekera & 

Dawson, 2015; Lo, et al., 2018), and some have even claimed that the effects of FCs could be 

unanticipated if they are not grounded in a theoretical framework (e.g., Kim et al., 2014). 

Therefore, a proper grounding of pedagogical and other theories that benefit student learning 

should be vital in the design and implementation of the FC (Lo, 2018). The following sections 

illustrate and discuss the theoretical and pedagogical frameworks hypothesized or adopted in 

FC studies, with empirical findings from different educational contexts. Implications regarding 

the employment of suitable frameworks for this study are also discussed.  

 

2.4 Theoretical Frameworks 

Bishop and Verleger (2013) discussed how the FC approach was initially rooted in student-

centered learning theories originating from Piaget’s socio-cognitive conflict (Tudge & 

Winterhoff, 1993) and Vygotsky’s (1978) zone of proximal development (ZPD). Abeysekera 

and Dawson (2015) later proposed two theoretical frameworks for the FC by using two major 

psychological theories: SDT and CLT. Talbert (2017) discussed the feasibility of another theory, 

SRL, to support the FC. Finally, Lo (2018) proposed an extension of Bishop and Verleger’s 

(2013) and Abeysekera and Dawson’s (2015) grounding of the FC based on the 
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interdisciplinary perspectives of educational technology (Spector, 2016). 

 

2.4.1  Student-Centered Learning Theories  

According to Bishop and Verleger (2013), student-centered learning theories (SCLT) originated 

from Piaget’s theory of cognitive conflict (CC) and Vygotsky’s zone of proximal development 

(ZPD), which shape in-class activities, are the most important and critical components to flip 

a classroom. The FC cannot exist without applying such theories as a philosophical basis, even 

if there is a comprehensive array of technology-assisted video lectures provided outside the 

classroom (Bishop & Verleger, 2013).  

 

Student-centered learning, as originating from Piaget’s and Vygotsky’s theories, founded the 

basis of active learning (Prince, 2004). This involves pedagogies of peer-assisted, collaborative, 

cooperative, and problem-based learning to engage students during FC class time (Bishop & 

Verleger, 2013). Lo (2018), in his research on grounding the FC on the foundations of 

educational technology, also supported Vygotsky’s ZPD perspective. According to Vygotsky 

(1978), “ZPD is the distance between the actual developmental level as determined by 

independent problem-solving and the level of potential development as determined through 

problem-solving under adult guidance or in collaboration with more capable peers. (p. 86)”  

 

Hence, providing students with challenging tasks (based on the evidence of pre-class data) and 

peer-assisted learning opportunities are two of the most important learning implications for the 

design of FC in-class activities (Lo, 2018). Furthermore, Lo and Hew (2017) suggested that 

different levels of problem-solving tasks should be designed for both underperforming and 

higher-ability students regarding their needs during the in-class learning period of their flipped 

mathematics classroom.  



24 

 

There are numerous studies that ground their FCs in SCLT for in-class activities in primary and 

secondary education. For example, Faulkner and Green (2015) employed a peer-instruction 

approach in a Grade 9–10 mathematics course in a United States (US) high school. The peer-

instruction approach consisted of student-centered in-class activities that involved students 

firstly attempting conceptual questions without discussing and sharing the answers with the 

teachers, followed by committing their answers again with the agreement among peers 

(Faulkner & Green, 2015). During the process, the teacher asked challenging questions with 

the help of a mobile application, Socrative, which collected the students’ responses and offered 

them feedback simultaneously. Teacher-student relationships and academic achievements in 

algebra and calculus were found to have improved (Faulkner & Green, 2015).  

 

It is also not unusual for some FC studies to incorporate SCLT in online activities with the help 

of technology. For example, Hwang and Lai (2017) introduced interactive and constructivist 

activities in the pre-class learning of a mathematics course with the use of an e-book for Grade 

4 students in a Taiwan elementary school. The results indicated that the e-book-based FC 

promoted students’ efficacy and academic achievement in mathematics learning. The research 

finding also suggested that the interactive e-book learning environment, which consists of 

cloud services to allow students to access the learning content, make annotations, and raise 

questions seamlessly and continuously in different contexts, successfully served as the support 

for bridging out-of-class and in-class learning (Hwang & Lai, 2017).  

 

2.4.2  Self-Determination Theory 

Abeysekera and Dawson (2015) claimed that, according to self-determination theory (Deci & 

Ryan, 1985), the FC approach draws on student motivation. According to Ryan and Deci (2000), 
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intrinsic motivation refers to “the inherent tendency to seek out novelty and challenges, to 

extend and exercise one’s capacities, to explore, and to learn” (p. 70). Extrinsic motivation, in 

contrast, is described as “the performance of an activity in order to attain some separable 

outcome” (Ryan & Deci, 2000, p. 71). To increase students’ intrinsic motivation and to maintain 

certain levels of extrinsic motivation in learning, three basic needs should be met: (a) 

competence, which refers to the mastering of the knowledge, skills, and behaviors required to 

be successful in a social context; (b) autonomy, which refers to the need for a sense of control 

and independence; and (c) relatedness, which refers to a sense of belonging within a social 

group (Ryan & Deci, 2000).  

 

As suggested by Abeysekera and Dawson (2015), FC learning environments are likely to 

satisfy the three needs of students. For instance, the utilization of in-class time encourages 

students to be more actively engaged in the learning process, focusing on providing 

opportunities for them to be in charge of creating and disseminating knowledge. This 

involvement means students are more likely to meet their needs for autonomy and competence, 

which are often eliminated in the passive and transmissive TC. Furthermore, more active 

engagement in the interactive activities of small learning groups in FCs satisfies the need to 

relate with other classmates and teachers (i.e., relatedness; Abeysekera & Dawson, 2015).  

 

Talbert (2017) pointed out the importance of student motivation in the FC as it is necessary for 

the FC learning processes, including completing the preparatory work outside class and 

engaging in the active-learning environment during lessons. However, there is a possibility that 

some students can be extrinsically motivated through the introduction of reward or punishment 

rather than the integrated regulation of the positive values associated with an FC course as 

recommended by Abeysekera and Dawson (2015). 
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There are several studies that have specifically grounded the FC with SDT in primary and 

secondary education. For example, Muir and Geiger (2016) conducted an exploratory case 

study in a Grade 10 mathematics extended class of an iPad school in Australasia. The 

researchers found that teacher and students were positive about their experiences in the FC. In 

particular, students reported that their needs of competence had been met because the online 

resources and tutorials helped their understanding and making use of mathematical techniques. 

The study also found that the accessibility and convenience of watching the self-authorized 

videos produced by the teacher provided students with a sense of autonomy, as well as 

relatedness between the students and their teacher (Muir & Geiger, 2016).  

 

Sergis et al. (2018) utilized the SDT for their FCs implemented across three subjects in a high 

school: mathematics, ICT, and humanities. The empirical research findings revealed that the 

FC could fulfill the students’ need for competence by creating a supportive environment with 

an improved exploitation of class time for engaging in collaborative activities, and by providing 

feedback and support from the teacher. Consequently, these elements build confidence in 

student engagement in the FC. The findings also claimed that the FC effectively supported the 

students’ need for autonomy by engaging them in tasks in an autonomous manner so they could 

invest more time in student-centered activities instead of exposition via lecturing. Finally, the 

results suggested that the FC freed up lesson time for collaborative activities with scaffolding 

from both the teacher and classmates, leading to an internal sense of being part of a social 

context that answered the students’ need for relatedness (Sergis et al., 2018). 

 

On the other hand, Zainuddin (2018) conducted a pilot study comparing the differences in 

perceived competence, autonomy, and relatedness among 56 students aged 15 and 16 (Grades 
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10 and 11) between a gamified and non-gamified science classes in an Indonesia secondary 

school. The findings from that study indicated that his FC, which integrated pre-class 

gamification, supported the students’ learning needs regarding SDT. In particular, students in 

the gamified FC perceived they had more opportunities to take ownership of their learning 

(competence), to do their work in their own time and place enjoyably and pleasurably 

(autonomy), and to compete with their classmates in the gamified quiz activities (relatedness). 

 

2.4.3  Cognitive Load Theory 

Cognitive load theory suggests human working memory has a limited capacity; thus, human 

working memory can only hold between five and nine chunks of information at a given time 

(Miller, 1956). The consideration of CLT creates implications when designing FC pedagogies, 

such as the belief that students should be encouraged not just to memorize facts and knowledge 

but to develop a connected understanding of the concepts they are learning (Talbert, 2017). As 

hypothesized by Abeysekera and Dawson (2015), the FC is such a pedagogical approach, 

providing students with pre-recorded videos so they can pause and replay in their individual 

space. This self-pacing function helps students to reduce their cognitive learning loads in both 

their individual space and group space active-learning (Abeysekera & Dawson, 2015; Talbert, 

2017).  

 

Bhagat et al. (2016) grounded their FC within a specified CLT of multimedia learning (CTML) 

(Mayer, 2001). This approach emphasized that students could learn better from (a) words and 

pictures than words alone, and (b) from narration than on-screen text in a high school 

mathematics class regarding teaching and learning trigonometry. The research findings 

suggested that both the LA and motivation of the students, especially low achievers, in the FC 

performed better than those in a control conventional class (Bhagat et al., 2016). 
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Furthermore, Slemmons et al. (2018), in their study of two FCs that incorporated either a long 

video or a short video in a middle school science classroom in the US, found that shorter videos 

(average five to seven minutes) helped students to engage and focus more on the video-

watching and to retain and recall information and demonstrate understanding over a longer 

time according to students’ self-reports.  

 

Taking SDT and CLT together, Abeysekera and Dawson (2015) proposed a theoretical model 

focusing on SDT and CLT for empirical investigation in higher education (see Figure 2.1).  

 

 

Figure 2.1. Theoretical model focusing on SDT and CLT for the FC  

Reprinted from “Motivation and cognitive load in the flipped classroom: Definition, rationale 

and a call for research,” by L. Abeysekera and P. Dawson, 2015, Higher Education Research 

and Development, 34(1), p. 10.  

 

2.4.4  Self-Regulated Learning Theory 

Talbert (2017) hypothesized that self-regulated learning theory and flipped learning go together 

because of the privileged position of independent learning activities in flipped learning. As 

suggested by Zimmerman (2002), SRL refers to students’ self-generated thoughts, feeling, and 

actions, which are systematically oriented toward attainment of their goals. SRL also demands 
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of students the development of skills and strategies that can include, but are not limited to, 

goal-setting, environmental structuring, self-monitoring, help-seeking, and task strategies 

(Zimmerman & Schunk, 2001).  

 

Self-regulated learning contends that learning is regulated by a variety of interacting 

components, including (a) the cognitive component, which refers to the skills to translate, 

memorize, and recall information; (b) the metacognitive component, which refers to the skills 

to understand and monitor cognitive processes; and (c) the motivational component, which 

refers to the attitudes influencing the use and development of cognitive and metacognitive skills. 

To be self-regulated, all three components are required collectively (Zimmerman, 2000). 

 

According to Pintrich (2000), self-regulatory processes consist of four phases: (a) forethought, 

planning, and activation, (b) monitoring, (c) control, and (d) reaction and reflection. 

Zimmerman (2002) suggested a similar description of self-regulatory processes in which 

students learn as self-regulated learners. The self-regulatory processes consist of three cyclical 

phases: (a) the forethought phase, in which the student analyzes the task with goal-setting and 

strategic-planning stemming from self-motivation beliefs; (b) the performance phase, in which 

the student employs specific planned strategies and behaviors suitable for striving for the 

learning goals; and (c) the self-reflection phase, in which the student evaluates their learning 

performance related to the goal-planning after each learning effort (Zimmerman, 2002). Figure 

2.2 illustrates the three phases and subprocesses of the self-regulatory processes. 
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Figure 2.2. Phases and subprocesses of self-regulation  

Reprinted from B.J. Zimmerman and M. Campillo (2003), “Motivating Self-Regulated 

Problem Solvers.” In J.E. Davidson and R. Sternberg (Eds.), The Psychology of Problem 

Solving (p. 239). New York: Cambridge University Press. 

 

Moreover, Barnard et al. (2009), based on Zimmerman and Schunk’s theoretical view on SRL 

(2001), suggested six phases of self-regulation in the online environment: (a) goal-setting, (b) 

environmental structuring, (c) help-seeking, (d) task strategies, (e) time management, and (f) 

self-evaluation. 

 

Reyna (2017) proposed a wave model that evaluates different aspects of Barnard et al.’s (2009) 

SRL in three stages of the FC context: (a) goal-setting, environmental structuring, and time 

management in pre-class learning; (b) task strategies and help-seeking during in-class activities; 

and (c) self-evaluation and self-consequence after the lessons. At the same time, motivational 
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aspects including self-efficacy, goal orientations, task value, and attributions for failure and 

anxiety are also involved (see Figure 2.3). However, further empirical research on testing the 

validity and reliability of this wave model is needed. 

 

 

Figure 2.3. The wave model of SRL in FC 

Reprinted from “Surfing the waves of self-regulated learning to evaluate flipped classrooms,” 

By J. Reyna, 2017, Proceedings of INTED2017 Conference 6th-8th March 2017, Valencia, 

Spain, p. 8964. 

 

Talbert (2017) echoed that an FC should involve self-regulated processes because the student 

is the one who takes responsibility for their learning in this context, not the teacher, who is 

usually the transmitter of knowledge in a TC (Talbert, 2017). The literature also suggested that, 

in the FC, students should be autonomous, self-directing and self-pacing (Muir & Geiger, 2016), 

especially in the online environment prior to face-to-face lessons (Reyna, 2017). 

 

To assess the hypothesis on framing the FC with SRL theory, Lai and Hwang (2016) designed 

an FC incorporating a self-regulated monitoring system in which mathematics students were 

asked to establish learning goals based on their experiences on mathematics courses and were 

guided to perform self-evaluation on both the out-of-class e-book learning experience and in-
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class learning activities in a Taiwan elementary school. The findings suggested that the Grade 

4 students who participated in the self-regulated FC had better strategies for planning and using 

their time for study, as well as higher self-efficacy and better academic performance compared 

with a conventional FC (Lai & Hwang, 2016). Lai and Hwang’s (2016) research on using the 

SRL system in their FC in an elementary school echoes other research findings that the 

processes of self-regulation are teachable (Zimmerman, 2002), although few teachers 

effectively prepare students to learn on their own (Zimmerman, Bonner, & Kovach, 1996). On 

the other hand, Talbert (2017) suggested that the flipped learning environment could effectively 

support the development of students’ SRL skills and behaviors by intentionally focusing on 

SRL when designing FC learning experiences, despite there being evidence that SRL happens 

simultaneously in the flipped learning environment (Talbert, 2017). 

 

Some researchers have studied students’ SRL in the FC, but most studies have been limited to 

higher education. For instance, Sletten (2017) measured students’ SRL strategy by using the 

Motivated Strategies for Learning Questionnaire (MSLQ; Wolters et al., 2005) in his 

introductory biology course for a public research institution in the US. Sletten (2017) found 

that the students’ perceptions, including preference and value of video, and viewing frequency 

significantly predicted their use of several SRL strategies. Moreover, Çakıroğlu and Öztürk 

(2017) found that, from their single-group experiment, students’ SRL abilities of environmental 

structuring and goal-setting were developed to a high level in the pre-class session of the FC, 

whereas the SRL abilities of goal-setting, task strategies, and help-seeking of the students were 

also high in the problem-based activities in an information and communication technology 

course at a Turkey university. Sun, Xie, and Anderman (2018) examined the relationships 

between academic performance and the SRL constructs of (a) prior domain knowledge, (b) 

self-efficacy, and (c) the use of learning strategies in the FCs of university mathematics courses 
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and found that self-efficacy and help-seeking strategies were positively related with student 

academic performance in both pre-lesson and in-class activities.  

 

2.4.5  Spector’s Six Pillars 

Lo (2018) proposed an extension of the grounding of the FC (Abeysekera & Dawson, 2015; 

Bishop & Verleger, 2013) based on Spector’s (2016) six pillars, which focus on the 

interdisciplinary perspectives of educational technology. The six pillars are as follows: 

 1. Communication: the way information is represented, transmitted, received, and  

  processed. 

 2. Interaction: the human–human and human–computer interactions in supporting  

  learning.  

 3.  Environment: the context in which learning and instruction take place.  

 4. Culture: the varied sets of norms and practices of different communities.   

 5. Instruction: the process of facilitating learning and performance.  

 6. Learning: the stable and persisting changes in student knowledge, skills, attitudes,  

  and/or beliefs. (p. 799) 

 

Lo (2018) suggested that the pillars of communication and learning have already been 

addressed in recent FC research, but the grounding of the FC with the other pillars is necessary. 

Hence, Lo provided 10 recommendations for the design and implementation of the FC 

incorporating the six pillars with the support of several FC studies (see Table 2.1). 
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Table 2.1 

Recommendations on the design and implementation of FCs based on Spector’s (2016) six 

pillars of educational technology (Lo, 2018) 

Pillars Recommendations 

Communication 1. Introduce the FC approach to students and obtain parental consent 

2. Use cognitive theory of multimedia learning to inform the production 

of instructional videos 

Interaction 3. Create a discussion forum for online interactions 

4. Provide online quizzes on video lectures with computerized feedback 

Environment 5. Provide human resources and technical resources to support FC 

practices 

6. Adopt a school-/faculty-wide approach to FC practices 

Culture 7. Cultivate a classroom culture for learner-centered instruction 

Instruction 8. Utilize established models as the framework for FC design 

Learning 9. Provide optimally challenging learning tasks with instructor’s guidance  

10. Use peer-assisted learning approaches during class meetings 

Note. Adapted from “Grounding the flipped classroom approach in the foundations of 

educational technology” by C. K. Lo, 2018, Educational Technology Research and 

Development, 66, p. 799. 

 

There remains a lack of empirical studies on the efficacy of the proposed foundation on 

educational technology in FCs, but the 10 recommendations can trigger potential improvement 

in the design and incorporation of FCs in real practice (Lo, 2018). 

 

2.4.6  Implications of the Review of Theoretical Frameworks for this Study 

Concerning SCLT, interactive activities with constructivist approaches have often been found 

to be effective in science education in Hong Kong (e.g., Yip, 2001; Yip & Cheung, 2004). 

However, it is still not known whether or to what extent the integration of these student-

centered learning activities, such as technology-enhanced POE strategy and inquiry-based 

learning in a flipped science classroom, benefit students, suggesting further investigation is 

needed.  

 

Moreover, according to a quasi-experimental research conducted by Jensen et al. (2015) with 

an undergraduate biology course, the FC approach was not found to be more effective in 
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improving student exam performance in terms of low-level recall of facts, high-level 

application problems and scientific reasoning, nor attitudes toward the course when compared 

with a non-flipped counterpart integrating the same in-class active-learning strategies. As 

proposed by the researchers, the reason the students’ learning improved was likely due to the 

active-learning style of instruction rather than flipping the classroom (Jensen et al., 2015).  

 

Undoubtedly, this proposition should be further tested empirically in another variety of 

classroom (Jensen et al., 2015), such as in a secondary school. Research design regarding 

comparing and evaluating an additional control group of traditional non-FC that consists of the 

same in-class active-learning strategies should be considered in this research. 

 

On the other hand, this research recognizes the importance of managing SDT and CLT in the 

design of an FC to make science learning in the FC more motivating, manageable, and 

achievable (Abeysekera & Dawson, 2015). For instance, incorporating challenging and 

motivating activities in the pre-class technology-enhanced POE by using innovative mobile 

loggers and scientific inquiry-based learning in the in-class face-to-face interaction, as well as 

using self-authorized videos of restricted duration (five minutes) to prevent demotivation. 

However, in-depth evaluation regarding hypotheses related to SDT or CLT on student learning 

in flipped science classrooms is unnecessary because of the existing evidence from similar FC 

research findings in secondary science education (e.g., Zainuddin, 2018). 

 

Regarding SRL theory, self-regulation plays a critical role in the FC because students and 

teachers are physically separated, and there will be no teacher present physically during student 

out-of-class online learning (Barnard et al., 2009). Although some FC research concerning SRL 

has been conducted in higher education, no empirical study has assessed students’ SRL in a 
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flipped science classroom in secondary school. Therefore, SRL theory was grounded in the 

FPOE for investigation. 

 

Furthermore, Schraw et al. (2006) suggested that student-centered learning strategies are 

possibly ideal approaches for the promotion of student learning in science with the support of 

empirical evidence. A modified FC employing out-of-class technology-enhanced POE and in-

class inquiry-based learning is likely be a good approach to help students to learn science in a 

self-regulated way with the foundation of learning theories. However, we still do not know how 

students learn with their SRL strategies, nor how these strategies help them to improve their 

academic achievements in modified FCs. Therefore, this research is timely for addressing these 

questions. 

 

Finally, this research adopts Lo’s (2018) recommendations for a comprehensively robust design 

and incorporation of FC in K-12 science education in real practice (see Appendix 1) 

 

2.5 Pedagogical Frameworks 

To plan and implement an FC in real practice, the arrangement of learning activities in both the 

out-of-class individual space and the in-class group space should be considered by utilizing 

some recognized and effective pedagogical frameworks. The results from the literature review 

regarding the FC suggest there is a lack of agreement about the best mixture for the out-of-

class and in-class learning pedagogies. There is also a shortage of clarification regarding which 

in-class activities could be advantageous for constructivist learning in FCs (Kim, Jung, de 

Siqueira, & Huber, 2016). Hence, the following section describes the pedagogical frameworks 

that have been employed in primary and secondary education and examines which framework 

is the most suitable for flipping a science classroom in this study. 
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2.5.1  Bloom’s Revised Taxonomy 

Bloom’s revised taxonomy has been proposed in some of the FC literature (e.g., Bergmann & 

Smith, 2017; Lo, 2018; Sams & Bergmann, 2013; Talbert, 2017). This approach is a cumulative 

hierarchical framework that consists of a taxonomy of learning objectives: remember, 

understand, apply, analyse, evaluate, and create (Anderson & Krathwohl, 2001). In a TC, a 

mastery of learning objectives at the lower level is required before mastering higher-level 

learning (Lo, 2018). In the FC, however, learning tasks relating to the lower level of Bloom’s 

revised taxonomy (i.e., remember and understand) can be delivered in the form of instructional 

videos in the individual space outside the classroom, meaning that more classroom time can be 

spent on the more difficult cognitive tasks relating to the upper level of Bloom’s revised 

taxonomy (i.e., apply, analyse, evaluate, and create), as illustrated in Figure 2.4 (Sams & 

Bergmann, 2013; Wang, 2017).  

 

 

Figure 2.4. Bloom’s revised taxonomy in the FC  

Reprinted from “Overcoming barriers to ‘flip’: building teacher’s capacity for the adoption of 

flipped classroom in Hong Kong secondary schools,” by T. Wang, 2017, Research and Practice 

in Technology Enhanced Learning, 12(6), p. 2. 
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Bergmann and Sams (2012) pioneeringly created, in 2008, an FC called the flipped mastery 

classroom for the teaching of high school chemistry. In the flipped mastery classroom, students 

need to learn the content of the subject in a pre-defined manner (i.e., lower level of Bloom’s 

taxonomy) by watching a video and participating in the in-class activities. With adequate 

proficiency, students can advance to the next level of knowledge content by watching another 

video and participating on other activities progressively (i.e., higher level of Bloom’s 

taxonomy). Such a learning in the flipped mastery classroom is regarded as personalized and 

differentiated learning strategies for individual needs (Bergmann & Sams, 2012). Moreover, 

teachers in the flipped mastery classroom can “see who might need to conduct a lab, who needs 

to take an exam, and who needs remediation on a particular objective” (Bergmann & Sams, 

2012, p. 53). Although the researchers reported that the students’ academic achievements 

improved, the learning in the flipped mastery classroom should still be regarded as a teacher-

centered approach because most of the learning objectives were defined by the teacher not the 

students. 

 

On the other hand, Wong and Cheung (2015) stressed that Bloom’s revised taxonomy can only 

classify the intended learning outcomes or objectives of a specific lesson rather than its contents 

or learning activities, suggesting that consideration of the level of interaction with students 

should be made. The researchers proposed a 4S decision matrix using the cognitive level from 

Bloom’s revised taxonomy and the level of interaction for arranging learning activities in the 

FC (see Figure 2.5). 
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Figure 2.5. 4S decision matrix for arranging learning activities in the FC  

Reprinted from G. K.W. Wong and H. Y. Cheung (2015), “Flipped classroom for student 

engagement in higher education.” Hawkins (Ed.), Student engagement: Leadership practices, 

perspectives and impact of technology (p. 79). New York: Nova Science Pub Inc. 

 

According to this 4S decision matrix, the sequence of the learning activities is recommended 

following the direction of the arrow in Figure 2.5. Students should first participate in Stage 1, 

which consists of pre-tasks at home to obtain some fundamental knowledge of the new topic. 

When students come to the lesson in Stage 2, a mini lecture is provided to extend the pre-tasks 

or seek initial feedback from the students’ preparation. Both Stages 1 and 2 only involve 

remembering or a basic understanding of the facts as the intended learning outcomes. Then, 

students engage in face-to-face active-learning activities, such as lab exercises and 

collaborative problem-based activities, to develop higher-order thinking that meets the 

intended learning outcomes of analyzing, evaluating, and creating. Stages 2 and 3 may repeat 
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and reverse a few times if necessary. Finally, in Stage 4, students complete some follow-up 

individual tasks to consolidate what they have learned previously to meet a higher ILO 

independently.  

 

This 4S decision matrix undoubtedly offers a more detailed guideline for arranging student 

learning activities in the FC than the basic Bloom’s revised taxonomy. Many FC interventions 

in K-12 education, including the conventional and modified ones, consist of pedagogies 

following this 4S decision matrix (e.g., Lo et al., 2018) despite an absence of explicit grounding 

of this 4S model in the research. 

 

Another example of FC research on employing and refining Bloom’ revised taxonomy for the 

design of FCs is the flipped social inquiry learning carried out in secondary school liberal 

studies in Hong Kong (Jong, 2017). This FC was designed based on Stripling’s (2008) model 

of guided social inquiry learning, which consists of the lower cognitive learning phases of 

Bloom’s revised taxonomy (Connect, Comprehend and Express), which involve the 

remembering and understanding of societal issues during the lessons (Jong, 2017). The flipped 

social inquiry learning also contains higher cognitive learning phases of Bloom’s revised 

taxonomy, including Wonder, Construct and Reflect, which involve the application, analysis, 

and evaluation of the resources out of the lessons (Jong, 2017). All the learning phases were 

arranged in a sequence of Connect, Wonder, Comprehend, Construct, Express, and Reflect 

(Jong, 2017). The findings suggested that the flipped social inquiry learning promoted student 

knowledge acquisition and self-efficacy, to different degrees, among Grade 11 students with 

different (high, moderate, and low) academic abilities when compared with a conventional 

approach (Jong, 2017).  
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2.5.2  5-E Instructional Model 

Another framework for helping the design of the FC is the 5-E instructional model (Bybee et 

al., 2006). This model of constructivist teaching and learning (Boddy, Watson, & Aubusson, 

2003) is derived from numerous instructional historical models (e.g., Herbart’s instructional 

model) and contains five sequential phases for lesson planning: Engagement, Exploration, 

Explanation, Elaboration, and Evaluation.  

 

Jensen et al. (2015) incorporated this 5-E instructional model into their university biology 

classes. The model consists of a flipped approach in which the first three phases – Engage, 

Explore, and Explain – were implemented prior to class to facilitate content attainment via an 

online course-management system followed by in-class Elaborate and Evaluate phases on 

concept application. The control group consisted of identical resources but with the first three 

phases arranged during the lessons and the last two phases organized after the lesson through 

the online course-management system, similar to a conventional classroom. The researchers 

concluded that the 5-E instructional model produced active and constructivist learning in both 

FCs and TCs in higher education, though no significant difference in learning gains between 

the groups was found (Jensen et al., 2015). Lo (2018) summarized the five phases that Jensen 

et al. (2015) adopted in their FC research and recommends the following instructional pillar 

for the design of the FC (see Table 2.2).  
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Table 2.2 

Possible pedagogical framework for the FC with 5-E instructional model (Lo, 2018) 

 

Note. Reprinted from “Grounding the flipped classroom approach in the foundations of 

educational technology” by C. K. Lo, 2018, Educational Technology Research and 

Development, 66, p. 805.  

 

Furthermore, Lo (2017) proposed a cyclical pedagogical model that performs the Engagement, 

Exploration, Explanation, and Evaluation phases all outside the classroom, with the 

Elaboration and Evaluation phases, together with Engagement phase, in-class as the main 

focus of the teaching and learning for history education (see Figure 2.6). The revision of a 

linear 5-E instructional model into a cyclical one responds to the need for Evaluation being 

essential for assessing student online learning outside the classroom, and Engagement is 

necessary to provide feedback and recall student preparation for the in-class activities, such as 

critiquing and elaborating arguments, writing tasks, and assignments, as well as evaluating 

student work and presentation (Lo, 2017). 
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Figure 2.6. A cyclical 5-E instructional model for the FC  

Reprinted from “Toward a flipped classroom instructional model for history education: A call 

for research,” by C. K. Lo, 2017, International Journal of Culture and History, 3(1), p. 40. 

 

Further research is required to examine the effectiveness of using this cyclical 5-E instructional 

approach for the design of FCs in history education (Lo, 2017). 

 

Moreover, an inverted version of the FC, called productive-failure-based FC (PFFC), was 

proposed and implemented in a Grade 7 mathematics classroom in Hong Kong by Song and 

Kapur (2017). In the PFFC, students first participated in solving mathematical problems in the 

lesson, which involved the 5-E instructional approach of (a) engaging, (b) exploring, and (c) 

explaining. Then, the students consolidated their concepts by watching instructional videos 

after the lesson. The findings suggested that the students’ conceptual knowledge and problem-

solving skills in mathematics significantly improved (Song & Kapur, 2017). 

 

2.5.3  Merrill’s First Instruction Model 

Kim et al. (2016) used Merrill’s (2002) first principles of instruction model as a pedagogical 

framework in their case study of a student-centered laboratory in a graduate level public health 

FC. Merrill’s model contains (1) activation of prior experience, (2) demonstration of skills, (3) 
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application of skills, (4) integration of these skills into real-world activities, and (5) problem-

centered activities (Merrill, 2002). Through classroom observations, a student survey, and an 

instructor interview, the researchers found that the students were highly engaged in the learning 

activities related to demonstration and application (Kim et al., 2016). However, the students 

barely participated in the higher-order learning activities that lacked challenging problem-

based activities (Kim et al., 2016). 

 

In Hong Kong, Lo and Hew (2017) investigated the feasibility of using Merrill’s (2002) model 

to design their FC for a Grade 12 mathematics class in a secondary school. The results revealed 

that this approach helped enhance student mathematics achievement regardless of ability (Lo 

& Hew, 2017). Figure 2.7 illustrates the design framework of the FC that incorporates the four 

phases of Merrill’s (2002) model. 

 

Furthermore, a larger-scale quasi-experimental research on an FC with the model was carried 

out on Grades 8–12 students in four subjects (Chinese language, mathematics, physics, and 

information and communication technology) in secondary schools (Lo et al., 2018). The 

findings revealed positive effects of the FC on improving student achievements in three of the 

subjects: Grade 9 mathematics, Grade 9 physics, and Grade 8 Chinese language. 
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Figure 2.7. The pedagogical framework of an FC incorporating Merrill’s (2002) first principles 

of instruction  

Reprinted from “Using “First Principles of Instruction” to design secondary school 

mathematics flipped classroom: The findings of two exploratory studies,” by C. K. Lo and K.F. 

Hew, 2017, Studies. Educational Technology & Society, 20 (1), p. 224. 

 

2.5.4  Implications of the Review of Pedagogical Frameworks for this Study 

Considering Bloom’ revised taxonomy in the pedagogical design of an FC, the lower level of 

cognitive learning is often suggested for the out-of-class online environment without guidance 

from teachers, whereas the higher level of interactive learning is recommended for class time. 

However, there remains a lack of research findings and literature evidence discourse regarding 

the efficacy of shifting higher-level learning activity, which is often regarded as a challenging 

task, to the out-of-class preparatory phase of the FC. Hence, this research should consider 

Bloom’s revised taxonomy for the design of a modified FC, incorporating a higher level of 

cognitive learning (i.e., moving the technology-enhanced POE strategy to the pre-lesson stage). 
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The development of the in-class inquiry-based learning (i.e., the scientific inquiry) should also 

aim to achieve a higher-order level of learning as with the intended learning outcomes. 

 

Merrill’s (2002) model has several features in common with the 5-E instructional model. For 

instance, the activation phase of the first instruction model contains the same notion as the 

Engagement phase of the 5-E instructional model. Both phases encourage teachers to organize 

activities about recalling and activating students’ prior knowledge, which is required for 

learning a new topic. On the other hand, a major difference is that Merrill’s model emphasizes 

the engagement of solving problems that can be found in the real world in in-class activities, 

whereas there is no such focus in the 5-E model. Therefore, the 5-E instructional model is more 

suitable for this research as the technology-enhanced POE and scientific inquiry-based 

activities need not be developed solely based on real-life problems; instead, they can be 

constructed for the studying, investigating, and explaining of the natural world (Anderson, 

2002). 

 

Regarding K-12 science education, extensive empirical research has already revealed that the 

5-E instructional model has significant positive effects on student attitude and interests toward 

science (e.g., Akar, 2005), mastery of subject matter (e.g., Coulson, 2002), and scientific 

reasoning (Boddy et al., 2003) in learning science (Bybee et al., 2006) outside the FC context. 

Taken together with the evidence from the aforementioned FC studies with the 5-E components 

that successfully improved student learning in different K-12 disciplines, this research 

incorporated the modified 5-E instructional model (Lo, 2017) into the flipped classrooms. Table 

2.3, below, summarizes different FC empirical studies based on the mentioned frameworks in 

a K-12 context.  
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Table 2.3 

A summary of the FC empirical studies based in different theoretical and pedagogical frameworks in K-12 education 

    Theoretical framework for FC Pedagogical framework for FC 

Research 

design / 

Country 

Grade 

and 

location 

Subject Sample size / group / 

duration 

S
C

L
T

 

S
D

T
 

C
L

T
 

S
R

L
T

 

S
S

P
 

Bloom’s revised taxonomy 

 

5-E instructional model 

 

Merrill’s 

first 

instruction  R1 U2 A3 A4 C5 E1 E2 E3 E4 E5 

FMC 

(Bergmann 

& Sams, 

2012) 

10 US Chemistry FC      VW* LS, D, 

HA* 

       

PIFL 

(Faulkner & 

Green, 

2015) 

9–10 US Math FC/TC √     VW, Q GD (PI)        

EBBFL 

(Hwang & 

Lai, 2017) 

4 Taiwan Math 24(EBBFL)/21(TFC) 

4 weeks 

√     VW GD, PS        

FC (Sergis 

et al., 2018) 

8–10 

Greece 

ICT, Math, 

Humanities  

63(FC) / 65(TC) 

8 weeks  

√ √    VW, Q HA        

GFC 

(Zainuddin, 

2018) 

9–10 

Indonesia 

Science  27(GFC)/ 29 (TFC) 

12 weeks 

√ √    VW, GQ GD        

CTML 

(Bhagat et 

al., 2016) 

8–9 

Taiwan  

Math 41(FC)/41 (TC) 

6 weeks 

√  √   VW GD, PS        

SRLFC (Lai 

& Hwang, 

2016) 

4 Taiwan Math 20 (SRLFC)/24 

(TFC) 

√   √  VW, WS GD, PS, 
SE 

       

FSIL (Jong, 

2016) 

11 Hong 

Kong 

Liberal 

studies 

108 (FC) / 107 (TC) 

9 days 

√     VW* 

 

GD, WS, 

SP, RP* 

VC*       

PFFC (Song 

& Kapur, 

2017) 

7 Hong 

Kong 

Math (PFFC) / (TFC) √     VW VW, GD, 

PS 

 √ √ √    

FC (Lo et 

al., 2018) 

9–10 

Hong 

Kong 

Math, ICT, 

physics, 

Chinese  

11- 119 (FC) /11-125 

(TC) 

√     VW, Q, 
BR, ML 

PS       √ 

√ = Theory adopted or discussed explicitly in the literature * = level of learning adopted or discussed explicitly in the literature 

Research design: = FMC flipped mastery classroom, PIFL = peer-instruction flipped classroom, EBBFL = e-book-based flipped classroom, GFC = gamified flipped classroom, CTML = cognitive theory of multimedia 
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learning, FSIL = flipped social inquiry learning, PFFC = productive-failure flipped classroom, FC = flipped classroom, TC = traditional classroom, TFC = tradition flipped classroom 

Theoretical theory: SCLT = student-centered learning theory, SDT = self-determination theory, CLT = cognitive load theory, SRLT = self-regulated learning theory, SSP = Spector’s six pillars  
Bloom’s revised taxonomy: R1 = remember, U2 = understand, A3 = apply, A4 = analyze, C5 = create, E1 = engagement, E2 = exploration, E3 = explanation, E4 = elaboration, E5 = evaluation  

Learning activity: LS = lab station activities, D = demonstration, HA = hands-on activities, VW = video-watching, VC = video-creating, Q = quiz, GD = group discussions, PI = peer instruction, RP = role playing, 

WS = web searching, SP = student presentation, PS = problem-solving, GQ = gamification quiz, WS = completing worksheets, SE = self-evaluation and reflection, BR = brief reviews of out-of-class learning, ML = 
mini-didactic lectures 
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2.6 A Scoping Review of Flipped Classrooms in K-12 Science Education  

2.6.1  Rationale  

To form a clear understanding of how educators have designed and implemented the FC 

approach, meta-studies or systematic reviews of the existing literature are necessary 

(Abeysekera & Dawson, 2015; Lo & Hew, 2017). However, most of the existing systematic 

reviews are restricted to higher education (e.g., Bishop & Verleger, 2013; O’Flaherty & Phillips, 

2015). Some reviews are also limited to disciplines only offered at university, such as health 

professions education (Hew & Lo, 2018), medical courses (Lin & Hwang, 2019), nurse 

education (Bernard, 2015; Betihavas et al., 2016), and computer science education (Giannakos 

et al., 2014). We can only identify one scoping literature review that specifically targeted K-12 

education (Lo & Hew, 2017), with most scoped studies being confined to mathematics 

education. Furthermore, because the flipped learning approach remains under-evaluated and 

under-theorized (Abeysekera & Dawson, 2015), it is necessary to conduct a review to 

determine (a) how science teachers design their FC in terms of their theoretical and pedagogical 

considerations; (b) the efficacy of flipped interventions on student learning in science; and (c) 

the challenges of flipping science courses in a K-12 context. 

 

2.6.2  Method  

In this scoping review of FC in K-12 science education, a rigorous and reliable five-stage 

framework (Arksey & O’Malley, 2005) was adopted to scope the research (O’Flaherty & 

Phillips, 2015). The five stages of Arksey and O’Malley’s (2005) framework are as follows: (1) 

identifying the initial RQs; (2) identifying relevant studies; (3) selecting studies; (4) charting 

the data; and (5) collating, summarizing, and reporting the results. 

 

First, the initial RQs of this scoped review are as follows: 
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 (a)  What are the designs of the FC, including the details of in-class and out-of-class  

 activities and the grounded frameworks in K-12 science education? 

 (b)  What are the impacts of FC interventions on student learning outcomes in K-12  

 science education? 

 (c)  What are the challenges that teachers and students face regarding the teaching and 

 learning of science with the FC approach in K-12 science education? 

 

Second, to identify relevant studies as comprehensively as possible (Lo & Hew, 2017; 

O’Flaherty & Phillips, 2015), seven electronic databases were searched: (a) Academic Search 

Ultimate, (b) ERIC, (c) Education Research Complete, (d) Education Full Text (H.W. Wilson), 

(e) Teacher Reference Center, (f) British Education Index, and (g) Library, Information Science 

& Technology Abstracts. In addition, the reference lists of identified articles, as suggested by 

O’Flaherty and Phillips (2015) and Lo (2017), were searched to find any other related primary 

sources. The following key terms were used in this search: (flip* OR invert*) AND (class* OR 

learn*) AND (science OR physics OR chemistry OR biology OR STEM) AND (Elementary 

OR primary OR secondary OR high school OR middle school OR K12). This search provided 

broad coverage of the available literature (Arksey & O’Malley, 2005). As a result, common 

phrases that corresponded to FCs (e.g., inverted learning, FC, inverting a class, and flipping a 

lesson), science-related subjects (e.g., science and biology), and K-12 education (e.g., 

kindergarten, primary school and secondary education) could be identified.  

 

Third, to select the studies, inclusion and exclusion criteria were developed (see Table 2.4). To 

include studies with vigorous methodologies and reliable findings, the articles had to have been 

published in peer-reviewed journals. The period of the search was restricted from January 2012 

to February 2020 (the time of writing) because few papers concerning FC were published prior 
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to 2012 (Giannakos et al., 2014). There was no restriction on the use of language regarding the 

research location, but the reporting of the studies was limited to English. In addition, the studies 

had to be empirical research that reported an implementation of FC with learning outcomes in 

K-12 science education; hence, numerous studies on the use of FCs in science disciplines in 

the higher education sector were excluded. Furthermore, the FC had to satisfy Bishop and 

Verleger’s (2013) definition of FC as the use of instructional videos to teach content knowledge 

in out-of-class time and face-to-face interactive learning activities in the classroom. 

 

Table 2.4 

Inclusion and exclusion criteria for selection 

Criteria  Inclusion Exclusion 

Definition of FC FC must make use of instructional 

videos to teach content knowledge 

in out-of-class time and face-to-

face learning activities in the 

classroom. 

FC did not include instructional 

videos to teach knowledge 

content in out-of-class time or 

did not have face-to-face 

learning activities. 

Context Studies must involve FC in the 

science subject in K-12 education 

(kindergarten, primary, and 

secondary schools).  

Studies were outside K-12 

science education, such as 

science in higher education, 

mathematics in primary school, 

etc. 

Study focus Studies must report empirical  

findings including effects on 

student learning. 

Studies did not investigate any 

aspects of learning outcomes. 

Period of search January 2012 to February 2020. Studies were outside these dates. 

Type of articles  Studies published in peer-

reviewed journals. 

Studies were not peer-reviewed.  

Language English  Non-English 

 

The search terms identified 358 peer-reviewed articles as of February 14, 2020. By reviewing 

the titles and abstracts, many articles were found to be irrelevant. These articles were primarily 

associated with the research on FC in higher education, studies regarding another meaning of 

flip in science (e.g., the inquiry-based activity of bottle flipping in science classrooms), and 

literature on FC without empirical findings. Moreover, numerous articles were excluded as they 

were duplicated across different databases. In addition, another five records were identified by 
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searching reference lists from previously identified articles, as well as two records traced from 

other reviews of FC that were not limited in their studies to the context of higher education 

(i.e., Lo & Hew, 2017; Zainuddin & Halili, 2016; Zainuddin et al., 2019). Twenty-five full-text 

articles were assessed for eligibility, with 10 excluded for inappropriate context and study focus. 

Fifteen articles were finally selected for the scoping review. Figure 2.8 illustrates the selection 

process of articles based on the preferred reporting items for systematic reviews and meta-

analyses (PRISMA; Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009). 

 

Following the identification of the target studies, data extraction and analysis were conducted. 

To ensure the validity of the data extracted, in-depth and lengthy content analysis (Creswell, 

2012) was performed in a step-by-step manner to extract and categorize the data from the 

scoped articles. The categorization of the data into (a) overview of the research, (b) the FCs’ 

designs, (c) the effects of the FCs on student learning, and (d) the FCs’ challenges based on 

existing scoping reviews (e.g., Betihavas et al., 2016; Lo & Hew, 2017; O’Flaherty & Phillips, 

2015; Zainuddin & Halili, 2016; Zainuddin et al., 2019). The extracted data were finally 

checked, and the grouping and clustering involved in the tables were also validated by the 

principal supervisor to improve the validity of the extracted and synthesized data. 
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Figure 2.8. The selection process of articles based on PRISMA 

 

An overview of the included studies was provided regarding author, year, location of the study, 

context, sample size, and research design (see Table 2.5). The design of each FC and its impacts 

and challenges are summarized in Tables 2.6 to 2.8. An elaboration of the findings is provided 

in the following section (2.6.3). 
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Table 2.5 

An overview of the included studies regarding FC in K-12 science education 

Study (author and 

year) 

Location of 

study 

Context (level 

and subject) 

Sample size Research design 

(duration) 

Atwa et al. (2016) Palestine Grade 11 Physics FC (57)/TC (56) P-PQE (1 topic) 

Camiling (2017) Philippines Grade 2 STEM FC (12)/TC (12) P-PQE (2 weeks) 

Çetinkaya (2017) Turkey Grade 7 Science WBAFC 

(37)/TFC (37) 

P-PQE (3 weeks) 

Gariou-Papalexiou 

et al. (2017) 

Greece Grade 10 Biology FC (17) P-PNE, AR (1 

topic)  

Kettle (2013) UK Aged 16–18 

Physics 

FC (12) NE (appeared to 

be 1 semester) 

Leo and Puzio 

(2016) 

US Grade 9 Biology FC (42)/TC (29) P-PQE (appeared 

to be 2 topics) 

Lo et al. (2018) Hong Kong Grade 9 Physics# FC (119)/TC 

(125) 

PQE (10 weeks)  

Olakanmi (2017) Nigeria Aged 13–14 

Chemistry 

FC (33)/TC (33) P-PQE (3 weeks) 

Schultz et al. 

(2014)  

US Grade 10–12 

Chemistry 

FC (29)/TC (32) PQE (4 months) 

Sezer (2017) Turkey Grade 6 Science FC (35)/TC (33) P-PQE (2 weeks) 

Slemmons et al. 

(2018)  

US Grades 7–9 

Chemistry 

FC-S (77.84)/FC-

L (76.07) 

PQE (2 topics) 

Sookoo-Singh and 

Boisselle (2018) 

Trinidad 

and Tobago 

Aged 14–15 

Chemistry 

FC (27) P-PNE, AR (6 

weeks) 

Stratton et al. 

(2020) 

US Grade 7 Science FC (73)/TC (81) P-PQE (3 weeks) 

Yousefzadeh and 

Salimi (2015)  

Iran Grade 7 Science# FC (25)/TC (25) PQE (8 weeks) 

Zainuddin (2018)  Indonesia Aged 15–16 

Science 

GFC (27)/TFC 

(29) 

PQE (12 weeks) 

# = multi-disciplinary study with other subjects, FC = flipped classroom, TFC = traditional flipped classroom, 

GFC = gamified flipped classroom, WBAFC = web-based assist flipped classroom, TC = traditional classroom, 

NE = non-experiment, QE = quasi-experiment, AR = action research, P-P = pre-test and post-test, P = post-test 

 

2.6.3  Findings 

This review scoped 15 studies from 11 countries, including four from the US, two from Turkey, 

and one from each of the following regions: Greece, Hong Kong, Indonesia, Iran, Palestine, 

Philippines, Nigeria, Trinidad and Tobago, and the United Kingdom (UK). The FC studies were 

employed in the contexts of physics (n = 4), chemistry (n = 4), biology (n = 2), science (n = 4), 

and STEM (n = 1). This section discusses the findings of the studies, including the designs of 

the FCs, their impacts on student science learning, and related challenges. 
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2.6.3.1 The Designs of Flipped Classrooms in K-12 Science Education 

Several researchers (e.g., Abeysekera & Dawson, 2015; Bishop & Verleger, 2013) have 

mentioned that it is vital to ground theoretical and pedagogical frameworks in the FC’s design 

and implementation. However, less than half of the scoped studies (n = 7) employed a solid 

framework in the design and implementation of their FCs. 

 

Regarding the 15 yielded studies, all included a pre-class video-watching activity (n = 15), 

meeting the inclusion criteria for FC based on Bishop and Verleger’s (2013) definition. In 

addition to watching instructional videos prior to lessons, several learning activities were also 

identified in the K-12 flipped science classroom. These activities were quizzes (n = 5), note-

taking (n = 4), online follow-up exercises (n = 1), studying from text-based (n = 2) and web-

based materials (n = 1), online discussion (n =1), and reflection (n =1). In terms of in-class 

learning, group discussions (n = 6), problem-solving (n = 5), and brief reviews of online content, 

including brainstorming and question and answer (Q&A) sessions on videos (n = 4) were the 

main learning activities found in the studies. Regarding after-lesson work, only one study in 

the review allowed students to conduct self-evaluation. Table 2.6, below, illustrates the details 

of the design of the FCs in this review. 

 

Table 2.6 

Designs of the FCs in K-12 science education studies identified from the review 

Study 

(author, year, 

location) 

Grounded 

framework  

Pre-class learning 

activities  

In-class learning 

activities 

Post-class 

learning 

Atwa et al. 

(2016) 

Palestine 

 Watch videos, answer 

short quizzes in 

Blendspace, discuss 

on Facebook. 

Q&A, clicker poll on 

videos, active-learning 

strategies (e.g., 

research projects). 

 

Camiling 

(2017) 

Philippines 

5-E 

instruction 

model 

Watch (online/CD) 

videos, take notes, and 

propose questions in 

Prepare questions for 

group discussions on 

videos, perform 
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notebooks. application activities, 

answer formative 

assessment. 

Çetinkaya 

(2017) 

Turkey 

Assure 

instruction

-al design 

model 

Watch videos and 

view web-assisted 

materials. 

Perform cooperative 

learning, complete 

web-assisted 

measurement and 

evaluation activities 

and quizzes. 

 

Gariou-

Papalexiou et 

al. (2017) 

Greece 

Bloom’s 

taxonomy 

Watch videos on 

content and 

experiment via 

LAMS. 

Peer discussions, 

clarify student 

misconceptions.  

Student 

self-

evaluation. 

Kettle (2013) 

UK 

 Watch videos via 

Moodle, take notes. 

Note-taking, problem-

solving. 

 

Leo and 

Puzio (2016) 

US 

 Watch videos and 

complete quizzes via 

Moodle. 

Active and interactive 

learning includes 

projects, laboratories. 

 

Lo et al. 

(2018) Hong 

Kong 

Merrill’s 

first 

instruction  

Watch videos, 

complete online 

follow-up exercises. 

Brief review of out-of-

class learning, mini 

lecture, problem-

solving. 

 

Olakanmi 

(2017) 

Nigeria 

 Watch (online/DVD) 

videos, take notes. 

Collaborative inquiry-

based learning. 

 

Schultz et al. 

(2014) US 

 Watch screencast 

videos (10–15 mins), 

complete reflection in 

Google Forms. 

Five-minute review of 

video content, 

discussion, problem-

solving. 

 

Sezer (2017) 

Turkey 

 Watch (CD) videos 

and complete online 

quizzes. 

Brainstorming, group 

discussion, and 

collaborative problem-

solving. 

 

Slemmons et 

al. (2018) US 

CLT, 

CTML 

Watch videos, 

complete quizzes. 

Interactive group 

learning (without 

detail). 

 

Sookoo-

Singh and 

Boisselle 

(2018) 

Trinidad and 

Tobago 

SCLT Watch videos, study 

lecture notes, 

animations and 

PowerPoint 

presentations. 

Conduct hands-on 

activities (without 

detail). 

 

Stratton et al. 

(2020) US 

 Watch videos, take 

notes, summarize the 

content, and propose 

questions. 

Group discussion, 

practice tasks, and 

hands-on activities. 

 

Yousefzadeh 

and Salimi 

(2015) Iran 

 Watch videos. Group discussions, 

collaborative problem-

solving. 
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Zainuddin 

(2018) 

Indonesia 

SDT Watch videos, 

complete gamified 

quizzes via iSpring 

Learn LMS. 

Group discussions and 

student presentations. 

 

LAMS = learning activity management system, LMS = learning management system, SCLT = student-

centered learning theory, CLT = cognitive load theory, CTML = cognitive theory of multimedia learning, 

SDT = self-determination theory 

 

2.6.3.2 The Impacts of Flipped Classrooms on Student Science Learning in K-12 

Education 

Most of the scoped studies evaluated student academic performance (n = 13), and several 

assessed student motivation (n = 4), engagement or participation in flipped learning (n = 6), 

and their attitudes toward their flipped learning (n = 6). We also found that very few studies 

investigated the efficacy of FC on the development of student scientific learning skills, such as 

SPS (n = 1). Among the 13 studies that evaluated student academic performance following a 

flipped learning intervention, nine revealed a positive effect on the efficacy of FC on student 

achievement, whereas numerous studies reported a non-significant result or mixed findings in 

their quantitative research between the flipped learning treatment group and the traditional 

learning counterparts (n = 4). There is also a limited investigation (n = 1) of the effect of FC 

on students with different learning abilities, suggesting more future studies are required. Table 

2.7, below, lists the impacts of each FC on K-12 science education among the scoped studies. 

 

Table 2.7 

Impacts of FC on K-12 science education among the scoped studies 

Study (author, 

year, and location) 

Type of 

impacts 

Impacts of FC on student science learning 

Atwa et al. (2016) 

Palestine 

Academic 

performance 

Student achievement (post)scores in physics in FC 

were significantly better than those in TC.AP 

Camiling (2017) 

Philippine 

Skills Students in FC had significantly higher basic 

process skills according to mean test scores than 

those in TC.S 

Çetinkaya (2017) 

Turkey 

Academic 

performance 

Post-test results analysis revealed a positive 

significant difference in achievement for the 

students in WBAFC compared to those in TFC.AP 

Gariou-Papalexiou Academic No significant difference between pre- and post-
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et al. (2017) 

Greece 

performance 

and 

engagement 

tests on photosynthesis were reported.AP 

Qualitative results indicate that student time 

management in the classroom and involvement in 

the educational process were improved.E 

Kettle (2013) UK Academic 

performance 

and attitude 

Mixed findings for student achievement.AP 

FC students considered in-class note-taking and  

problem-solving to be effective and enjoyable but 

watching videos to be ineffective and unenjoyable.A 

Leo and Puzio 

(2016) US 

Academic 

performance 

and attitude 

Two quizzes and one post test demonstrated 

statistically significant gains in FC learning.AP 

The qualitative results suggest that students may 

have benefited from the active-learning strategies 

and enjoyed learning through FC.A 

Lo et al. (2018) 

Hong Kong# 

Academic 

performance 

and 

engagement 

The levels of student achievement in physics were 

significantly higher in FC than those in TC.AP 

Teachers’ comments recognized the benefits of 

student participation in out-of-class learning.E 

Olakanmi (2017) 

Nigeria 

Academic 

performance 

and 

engagement 

Students’ mean scores of conceptual understanding 

of the rate of chemical reactions in FC were 

significantly higher than those in TC.AP 

Qualitative findings suggest FC benefits students to 

encourage active learning through interactions with 

peers and teachers.E 

Schultz et al. 

(2014) US 

Academic 

performance 

and attitude 

Grade 11 students in FC had significantly higher 

mean scores than those in TC for all eight 

assessments, gender difference was also significant 

(male > female).AP Most students perceived FC 

positively.A 

Sezer (2017) 

Turkey 

Academic 

performance, 

attitude, and 

motivation 

The FC generated a larger increase in students’ 

academic achievement scores and motivation scores 

in post-test compared with TC according to a two-

way repeated-measures ANOVA.AP, M The result was 

supported by interviews with students. Interview 

findings revealed FC had a positive effect on 

student perceptions of the science course.A 

Slemmons et al. 

(2018) US 

Engagement Students perceived that they had higher rates of 

retention of content and higher degrees of 

engagement and focus when learning from short 

videos.E 

Sookoo-Singh and 

Boisselle (2018) 

Trinidad and 

Tobago 

Academic 

performance, 

motivation, 

and attitude 

Academic achievement was not significantly 

affected by FC.AP Motivation was positively and 

significantly affected by FC.M Most students 

perceived the positive effects of the FC 

intervention.A 

Stratton et al. 

(2020) US 

Academic 

performance, 

attitude, 

engagement, 

and motivation 

ANOVA results revealed no differences in 

performance between students with different 

learning abilities in FC and TC.AP  

Student survey data indicated that most students 

enjoyed learning about science in FC, and the 

experienced increased engagement and motivation. 
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A, P, M 

Yousefzadeh and 

Salimi (2015) 

Iran# 

Academic 

performance 

Students’ average scores of achievements in FC 

were significantly higher than those in TC.AP 

Zainuddin (2018) 

Indonesia 

Academic 

performance, 

motivation, 

and 

engagement 

Two post-test scores in GFC were significantly 

higher than those in TFC.AP 

Most items in students’ perceived competence (4 out 

of 5) and autonomy (5 out of 5) were significantly 

higher in GFC than those in TFC. Only one item of 

perceived relatedness was significantly different 

between GFC and TFC.M The GFC setting fostered 

better engagement.E 
# = multi-disciplinary study with other subjects, FC = flipped classroom, TFC = traditional flipped classroom, 

GFC = gamified flipped classroom, WBAFC = web-based assist flipped classroom, TC = traditional classroom, 

AP = academic performance, A = attitude, M = motivation, E = participation/engagement, S = skills 

 

2.6.3.3 The Challenges of Flipped Learning Among Scoped Studies in K-12 Science 

Education 

Several challenges, including student-related, faculty-related, and operation-related challenges, 

as categorized by Betihavas et al. (2016), are addressed in the scoped studies in this review. 

More than half of the 15 studies report different aspects of operation-related challenges in their 

FC interventions (n = 10). One of the most common operation-related challenges was the 

difficulty ensuring that students watched the instructional videos prior to the lesson (Gariou-

Papalexiou, Papadakis, Manousou, & Georgiadu, 2017; Kettle, 2013; Lo et al., 2018; 

Slemmons et al., 2018; Sookoo-Singh & Boisselle, 2018; Yousefzadeh & Salimi, 2015). 

Limited infrastructure (Sezer, 2017), accidental malfunctioning of online platforms (Leo & 

Puzio, 2016), and problems accessing online videos (Gariou-Papalexiou et al., 2017; Kettle, 

2013; Schultz et al. 2014; Sookoo-Singh & Boisselle, 2018) were also identified. 

 

Regarding student-related challenges (n = 8), student reluctance to participate in out-of-class 

learning (Gariou-Papalexiou et al., 2017; Sookoo-Singh & Boisselle, 2018; Yousefzadeh & 

Salimi, 2015), initial struggles with familiarizing students with the FC (Atwa, Din, & Hussin, 

2016; Olakanmi, 2017; Schultz et al., 2014), the long duration of videos, heavy workload, and 
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a lack of out-of-class rapid support from teachers (Schultz et al. 2014; Stratton, Chitiyo, 

Mathende, & Davis, 2020) were identified.  

 

Regarding the faculty-related challenges identified in the scoped studies (n = 5), they all 

suggested that more time and effort was needed for the teachers to design and implement the 

FC in practice, such as by preparing in-class student-centered lessons (Gariou-Papalexiou et al. 

2017; Yousefzadeh & Salimi, 2015), and finding suitable instructional videos (Kettle, 2013; Lo 

et al., 2018; Sezer, 2017). Table 2.8 lists the comments about the challenges of flipped learning 

that were made in the scoped studies. 

 

Table 2.8 

The challenges of flipped learning among the scoped studies in K-12 science education 

Study (author, 

year, location) 

Category of 

challenges 

Exemplary quotes on the challenges of FC in 

practice 

Atwa et al. (2016) 

Palestine 

Student-related  “It may take more than one semester for the students 

to get accustomed to the FLM and value it.”  

Camiling (2017) 

Philippines 

  

Çetinkaya (2017) 

Turkey 

  

Gariou-Papalexiou 

et al. (2017) 

Greece 

Student-related 

& operation-

related 

“Some others [students] did not even get into the 

platform.”  

Operation-

related 

“It was found that they had no access to a computer 

or the Internet at home.”  

Faculty-related Implementing the FC “demands more time and 

effort in order for the teacher to prepare the lesson.”  

Kettle (2013) UK Faculty-related “The searching for every video on every topic was a 

time-consuming process.” 

Student-related 

& operation-

related 

“[Students] did not recall the key ideas, were not 

equipped for the problem-solving lesson and did not 

realize they were underprepared.” 

Operation-

related 

“The school’s ‘net nanny’ blocked all access to 

YouTube for students, and some videos could only 

be accessed from home.” 

Leo and Puzio 

(2016) US 

Operation-

related 

“The school web interface, which promised to track 

student video usage, was not working properly.”  

Lo et al. (2018) 

Hong Kong# 

Operation-

related 

“The challenge is to ensure that all of them 

[students] watched the videos before the lessons.”  
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Faculty-related “It is difficult to find relevant videos that can also 

match the students’ English standard.”  

Olakanmi (2017) 

Nigeria 

Student-related “Most of them [students] felt that the new approach 

was a bit challenging for them initially as it took 

them some time to find their ways around the 

material.”  

Schultz et al. 

(2014) US 

Student-related 

& operation-

related 

“Negative features included the teacher being 

unavailable during video lectures, the videos were 

too long, missing a video and would get behind, 

missed classroom interaction, and technology issues. 

A unique negative issue reported was having two 

flipped classes created more homework.” 

Sezer (2017) 

Turkey 

Faculty-related “The preparation of the various electronic resources 

required for the application of the flipped classroom 

environment and the motivation of students is a very 

difficult job in the already busy professional life of 

teachers.” 

Operation-

related 

“It is hoped that the flipped classroom environment 

supported by this technology will contribute 

positively to the outcome of this project and will 

improve students’ learning. These studies on 

classroom environment are limited in number, and it 

is an issue not much explored in the literature on 

Turkey.” 

Slemmons et al. 

(2018) US 

Operation-

related 

“Determining whether students actually watched 

videos was limited.” 

Sookoo-Singh and 

Boisselle (2018) 

Trinidad and 

Tobago 

Operation-

related 

“Students faced problems accessing the materials.” 

Student-related 

& operation-

related 

“Some students, even though they had access to the 

materials, did not complete the lectures at home.” 

Stratton et al. 

(2020) US 

Student-related “Students reported disliking having to wait for a 

response to questions [in out-of-class learning].”  

Yousefzadeh and 

Salimi (2015) 

Iran# 

Student-related 

& operation-

related 

“If the students don’t want to watch the videos or 

complete the activities before the class, they will be 

unprepared to use their new knowledge during the 

class time.” 

Faculty-related “Teachers involved with flipped classes must be 

prepared for time-consuming and demanding work.” 

“[FC] requires the teachers to guide students as they 

apply their new knowledge in the classroom.” 

Zainuddin (2018) 

Indonesia 

  

# = multi-disciplinary study with other subjects, FC = flipped classroom, FLM = flipped learning model 

 

2.6.4  Discussion  

This review of 15 scoped studies suggests that the FCs in K-12 science education were effective 
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at enhancing student motivation, engagement, and attitudes when compared with traditional 

learning counterparts. These findings correspond with the results of Lo and Hew’s (2017) 

review of FC studies among various subjects in K-12 education, as well as those of other 

reviews of FC in higher education (Betihavas et al. 2016; O’Flaherty & Phillips, 2015; 

Giannakos et al., 2014; Seery 2015).  

 

Regarding academic performance among science students, neutral results on the effectiveness 

of FCs were found, as several studies (n = 4) revealed no significant difference in student 

achievement between FCs and TCs (Gariou-Papalexiou et al., 2017; Kettle, 2013; Sookoo-

Singh & Boisselle, 2018; Stratton et al., 2020). This finding echoes “the positive and at least 

neutral” (Lo & Hew, 2017, p. 1) results obtained in the recent review of FCs in K-12 education 

in various subjects other than science (Lo & Hew, 2017). However, unlike other educational 

contexts reviewed (e.g., mathematics in elementary school and information and 

communication technology in higher education), research on FCs in K-12 science education 

on the improvement of students’ metacognitive skills, such as SRL, FC learning was 

insufficient. In addition, the evaluation of subject-specific achievements, such as SPS, was also 

limited in the FC studies on K-12 science education (n = 1; Camiling, 2017). This review also 

found that there was limited investigation (n = 1; Stratton et al., 2020) of the effect of FCs on 

students with different learning abilities. 

 

Considering the designs of FCs among the scoped studies, all the studies included both pre-

class video-watching and in-class face-to-face learning activities, but only one organized after-

class activities for students to conduct self-evaluation (Gariou-Papalexiou et al. 2017). 

However, no significant impact on student achievement was found in the study that 

incorporated after-class evaluation, suggesting that future investigations of the exploitation of 
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post-class follow-ups is necessary. In addition, several studies utilized an established 

theoretical or pedagogical framework (e.g., the 5-E instructional model employed in Camiling 

[2017] study) in the design and implementation of their FCs (n = 7). Five of these studies 

reported significant and positive impacts of their FC on students’ gains in achievement. 

Nonetheless, we cannot draw a definitive conclusion about the most effective framework for 

FCs in K-12 science education due to the limited number of homogeneous studies scoped. 

 

In terms of research methodology, most of the scoped studies employed a quasi-experimental 

design (n = 12), including (a) a post-score study between FC and TC (n = 3); (b) pre- and post-

scores quasi-experiments between FC and TC (n = 7); (c) a post-score study between FC and 

TC (n = 1); and (d) pre- and post-scores quasi-experiments between modified FC and TFC (n 

= 1). Some of the studies only employed a single-group non-experimental design (n = 3) to 

investigate FC efficacy. To a certain extent, the variation in research design limits a valid 

comparison of the effectiveness of FCs on student achievement (Lo & Hew, 2017). Moreover, 

caution should be exercised when considering the two studies that compared student 

achievements between a modified FC and a TFC since the significant results obtained only 

indicate the efficacy of the factor under study, such as student-centered learning strategies, 

rather than flipping the classroom or not without the employment of a non-flipped TC as an 

additional control (Jensen et al., 2015). Another limitation of the review is that several scoped 

studies implemented the FC over a short period, ranging from one to three weeks (n = 9), 

suggesting that the significant effect on the improvement of student achievements may be due 

to the novelty effect (Clark 1983), improving student performance in the short term by 

introducing technology from the FC. Finally, there is a shortage of qualitative data on lesson 

observations for the in-class learning activities among the 15 scoped studies (n = 2; Gariou-

Papalexiou et al., 2017; Olakanmi, 2017). 
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Regarding the challenges in the design and implementation of FCs, most of the difficulties that 

occurred in subjects other than science, such as mathematics (Lo & Hew, 2017), were also 

found in K-12 science education. The operation-related challenges, such as the difficulty 

ensuring that students watched the instructional videos prior to their lessons, were the most 

common obstacle to flipping K-12 science classes. This problem may also be associated with 

a common student-related challenge: the reluctance to participate in out-of-class activities since 

they may find the video-watching activity unchallenging and unmotivating (Lo & Hew, 2017, 

Zainuddin, 2018). Moreover, the faculty-related challenges identified in this review are in line 

with one of the two major barriers that K-12 teachers may encounter in FCs in Hong Kong: 

first-order barriers such as the accessibility of technology for students and the preparation time, 

training, and support required from teachers (Wang, 2017). 

 

To overcome these challenges and implement FC in K-12 education effectively, Lo and Hew 

(2017) suggest 10 guidelines in their review, after which Lo (2018) refined the 10 

recommendations based on Spector’s (2016) six-pillars framework for the interdisciplinary 

perspectives of FCs. Further analysis based on the six pillars (see Table 2.9) determined that 

most of the K-12 science FC studies emphasized two pillars: the Culture pillar, which focuses 

on cultivating learner-centered instruction in the classroom culture, and the Learning pillar, 

which provides peer-assisted learning approaches during in-class meetings. The Instruction 

pillar was also grounded in the studies that incorporated an established model as the framework 

of their FC designs. 

 

However, the Interaction pillar, which provides a discussion forum for students to interact and 

ask questions, and the Learning pillar, which provides students with optimally challenging 
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learning tasks inside the classroom, were omitted by most of the studies on K-12 science 

education. 

 

 

Although online or synchronized out-of-class communication is not essential in FCs in K-12 

education, Hwang, Lai, and Wang (2015) suggested that, “engaging students in seamless 

flipped learning implies that the students are encouraged to communicate with their peers and 

teachers across various learning spaces, including at-home, in-class, and in-field learning” (p. 

458). Bhagat et al. (2016) also suggested that the creation of a discussion forum for online 

Table 2.9 

Analysis of the scoped FC studies in K-12 science education based on Spector’s six pillars 

Study (author, year) Spector’s six pillars 

C
o
m

m
u
n
icatio

n
 

In
teractio

n
 

E
n
v
iro

n
m

en
t 

C
u
ltu

re 

In
stru

ctio
n

 

L
earn

in
g

 

Atwa et al. (2016)* C1 C2 I3 I4  C7  L9 L10 

Camiling (2017)*   E5 C7 I8 L10 

Çetinkaya (2017)*  I4 E5 C7 I8 L10 

Gariou-Papalexiou et al. (2017)  C1  E5 C7 I8 L10 

Kettle (2013)     C7  L9 L10 

Leo and Puzio (2016)   I4  C7  L10 

Lo et al. (2018)#* C2 I4 E6 C7 I8 L9 L10 

Olakanmi (2017)  C1 I4  C7  L10 

Schultz et al. (2014)*  C1 C2  E6 C7  L10 

Sezer (2017)*  I4 E5 C7  L10 

Slemmons et al. (2018)* C1, C2 I4   I8 L10 

Sookoo-Singh and Boisselle (2018)  C1  E5 C7 I8  

Stratton et al. (2020)  C1  E5 C7  L10 

Yousefzadeh and Salimi (2015)#*    C7  L10 

Zainuddin (2018)*  I4  C7 I8 L10 
# = multi-disciplinary study with other subjects, * = significant results obtained  

C1 = Introduce the FC approach to students and obtain parental consent, C2 = Use cognitive theory of multimedia 

learning to inform the production of instructional videos, I3 = Create a discussion forum for online interactions, 

I4 = Provide online quizzes on video lectures with computerized feedback, E5 = Provide human resources and 

technical resources to support FC practices, E6 = Adopt a school/faculty-wide approach to FC practices, C7 = 

Cultivate a classroom culture for learner-centered instruction, I8 = Utilize established models as the framework 

for FC design, L9 = Provide optimally challenging learning tasks with instructor’s guidance, L10 = Use peer-

assisted learning approaches during class meetings 
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Q&A sessions is necessary to promote student engagement. For the Learning pillar, optimal 

challenges in the in-class problem-based learning, together with teacher guidance, were also 

found to be effective at improving student achievement (Lo et al., 2018; Zainuddin, 2018), yet 

they are absent from the research on FCs in K-12 science education. 

 

2.6.5  Implications for Future Research of Flipped Classroom in K-12 Science 

Education 

This scoping review of the 15 identified studies provides an up-to-date overview of the design 

and implementation of FCs in K-12 science classes. Due to the variation in the results on the 

efficacy of FCs on student achievements, as well as the limitations found in the research designs 

of the studies, future FC research that focuses on K-12 science education is necessary. In line 

with some of the recommendations suggested by the existing FC reviews in other contexts, 

future research on K-12 science education should take the following approaches: 

 

 1. Ground the design of the FC in an established framework (Abeysekera & Dawson, 

2015; Karabulut‐Ilgu, Jaramillo Cherrez, & Jahren, 2018; Lo, 2018; O’Flaherty & 

Phillips, 2015). 

 2. Conduct a mixed-methods study that contains both quantitative and qualitative 

findings, such as interviews, lesson observations, and analyses of student work 

(Abeysekera & Dawson, 2015; Giannakos et al., 2014; Karabulut‐Ilgu et al., 2018; Lo, 

2017; Seery; 2015). 

 3. Employ a pre-test–post-test quasi-experimental design that consists of a modified FC 

treatment group, a traditional FC control group, and an additional control of a non-

flipped TC for comparison (Lo, 2017; Lo & Hew, 2017). 

 4. Implement the FC intervention for a longer period (e.g., more than a half year) to avoid 
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any novelty effect (Karabulut‐Ilgu et al., 2018; Lo & Hew, 2017). 

 5. Evaluate student learning outcomes that particularly improve student learning and 

development specifically for the objectives or needs of science education, such as basic 

science process skills (BSPS) and integrated science process skills (ISPS), as well as 

metacognitive skills, such as SRL abilities (Bernard, 2015; Karabulut‐Ilgu et al., 2018; 

O’Flaherty & Phillips, 2015). 

 

As flipped learning studies in other contexts have suggested that there is a discrepancy in terms 

of the impacts of FC on students with different learning abilities (e.g., Jong, 2017; Nouri, 2016), 

together with the limited studies suggested from this scoping review, the influence of FC among 

students with different learning abilities should be further explored to cater to the problem of 

learning diversity in K-12 science classrooms (Yeung et al., 2012; Yeung et al., 2013). 

 

Various scoped studies have employed different strategies to overcome the major challenge of 

ensuring that students actively participate in the pre-class activities of the FC, such as using 

gamification to motivate students to compete in the out-of-class learning setting (Zainuddin, 

2018). Incorporating a self-regulated monitoring system in flipped classrooms, whereby 

students are guided to set learning goals and perform self-evaluation in both out-of-class and 

in-class learning, is also a useful approach to engage students to participate in FCs (Lai & 

Hwang, 2016).  

 

Therefore, this study employs a stimulating, effective, and established SRL strategy – POE 

(White & Gunstone, 1992) –into the FC to meet the subject needs. In traditional classrooms, 

POE has often been employed in the form of experiments in science laboratories to increase 

student motivation (Schraw et al., 2006) and clarify scientific misconceptions (Bahar, 2003; 
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Cinici & Demir, 2013). In flipped classrooms, a technology-enhanced environment with the 

use of mobile data loggers and the LMS PowerLesson2 is proposed to facilitate the POE 

activities outside the classroom (Yeung et al., 2019).  

 

In the modified flipped classroom, students should first make predictions about certain 

scientific investigations, such as the temperature, light intensity, and gas changes in a jar of 

seedlings growing under different pH levels, so that they will experience goal-setting in the 

LMS. Then, students should self-monitor by making observations and measurements of their 

investigations via YouTube live-streaming and a mobile data logger. After that, they self-

evaluate by explaining and reconciling differences between their observations and previous 

predictions, as well as clarifying their externalized misconceptions. The LMS also facilitates 

online communication between the teacher and students, satisfying the Interaction pillar in this 

FC. A brief review, mini lecture, and challenging inquiry-based learning activities that address 

the pre-class POE learning are then conducted in the face-to-face lessons. 

 

However, there remains a lack of literature addressing the synergetic effect of incorporating 

the technology-enhanced POE activities and SRL approaches in a flipped learning environment. 

Hence, this research integrated and implemented such a science-specific strategy in a modified 

FC for students’ SRL in secondary science education.  

 

2.7 Learning Activities of the Modified Flipped Classroom 

This section illustrates the beneficial effects from the use of TEL, POE and scientific inquiry 

strategies and discusses the implications for their incorporation in flipped learning. 
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2.7.1  Technology-Enhanced Learning in K-12 Science Education  

According to Tsai (2017), TEL refers to  

 

 the employment of technology in educational contexts, to assist the learning process  and  

 facilitate the communication between peers and teachers. Different from conventional 

 face-to-face classroom lecturing, technology-enhanced learning not only facilitates the 

 showcasing of multimedia teaching materials, but also encourages students to take 

 initiative to research on their own, and to share with peers about their personal insights in 

 online forums. (p 185) 

 

To highlight the advantageous impacts of using technology in science teaching and learning, 

Linn (2003) explored the technology innovations in science education in five categories: (a) 

science texts and lectures, (b) science discussions and collaboration, (c) data collection and 

representation, (d) science visualization, and (e) science simulation and modeling.  

 

Tamim, Bernard, Borokhovski, Abrami, and Schmid (2011), on the other hand, summarized 

the technologies into (a) word processor, (b) computer-assisted instruction, (c) computer-based 

instruction, (d) ICT, (e) simulations, (f) digital media and (g) hypermedia in their second-order 

meta-analyses of 25 reviews that covered 1,055 primary studies in science education. They 

concluded that the strength of TEL is to support students to learn in a proactive way, instead of 

acting as a tool to deliver content knowledge (Tamim et al., 2011). More recently, Tang and 

Tsai (2016) identified four major fields of TEL research in science education: (1) technology-

enhanced science inquiry, such as comparisons of the improvement of student learning and 

understandings between conventional and technology-enhanced inquiry instructions; (2) 

simulation and visualization for understanding, such as studying the impacts of the activities 
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that involve computerized simulations and animations in science learning; (3) technology-

enhanced chemistry learning, such as researching the efficacy of a computerized laboratory on 

improving student chemistry understanding and graphing ability; and (4) game-based science 

learning, such as study to facilitate scientific habits that might include video online games and 

a three-dimensional (3D) game-based curriculum. 

 

In Hong Kong, several studies have been conducted on the successful application of TEL in 

accordance with the aforementioned categories of technology or research directions. For 

instance, considering the use of TEL for simulation and visualization for understanding (Linn, 

2003; Tamim et al., 2011; Tang & Tsai, 2016) in primary and secondary science education in 

Hong Kong, Yeung (2011) employed web-based applications of 3D visualization and virtual 

reality (VR) in secondary schools and teacher education. The findings revealed that Hong Kong 

teachers have high readiness and openness regarding incorporating 3D visualization and VR 

technology in their future teaching. Most secondary school students also had a positive attitude 

toward the learning of science using VR technology, and their learning effectiveness using the 

VR courseware was found to be high (Yeung, 2011).  

 

Furthermore, studies have used technology-enhanced science inquiry (Tang & Tsai, 2016) and 

computer-assisted learning strategy (Tamim et al., 2011) to assist data collection and 

representation (Linn, 2003). For example, Tho, Chan, and Yeung (2015) designed and 

conducted community-based learning in secondary school physics at a theme park (Ocean Park) 

in Hong Kong. In this experiential learning, 208 students from nine secondary schools 

conducted computer-mediated experiments using the Wii remote controller system, its freeware 

Wiimote physics and the PASCO Roller Coaster System (Tho et al., 2015). The results of the 

paired sample t-test between pre- and post-test indicated that student academic performance 
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was improved, with a large effect size, suggesting such student gains were not caused by 

excitement or interest in the ride itself. 

 

Other, similar studies also incorporated such beneficial impacts of technology with positive 

effects on student science learning. These impacts include (1) the application of radio frequency 

identification (RFID) technology (Huang, Yeung, Kong & Gao, 2011) and (2) IP camera (Tho 

& Yeung, 2015) in scientific inquiries / investigations; (3) the use of Arduino-based datalogger 

in field-based learning, searching suitable sites for the generation of solar renewable energy 

and investigating the heat island effect in both a wetland park and residential areas (Yeung et 

al., 2015); and (4) the development of a remote laboratory system, which involves eight remote 

experiments, to allow secondary school students to perform real-time scientific investigation 

activities outside the science laboratory in schools (Tho & Yeung, 2018).  

 

Considering the positive effects of these TEL on promoting student achievement and attitude 

toward the learning of science in K-12 science education in Hong Kong, this research adopts 

the innovative technology of the mobile data logger developed by Prof. Yeung Yau Yuen, the 

principal supervisor of this study, for affording the POE strategy in an out-of-class setting of 

the modified FC. The design of the modified FC was also published (Yeung, et al., 2019). 

 

2.7.2  Self-Regulated Learning Strategies in K-12 Science Education  

According to Schraw et al. (2006), self-regulated learners in science should able to (a) use 

cognitive strategy flexibly, which involves simple problem-solving and critical-thinking 

strategies; (b) have metacognitive control, which refers to the knowledge and control of 

cognitive skills needed for planning, goal-setting, implementing, monitoring, and self-

evaluating the learning; and (c) have motivational beliefs, which refers to students’ self-
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efficacies and epistemological world views regarding learning.  

 

To promote students’ SRL in science education, Schraw et al. (2006) recommended six general 

instructional strategies: (a) inquiry-based learning; (b) the role of collaborative support; (c) 

strategic instruction for problem-solving and critical-thinking; (d) the construction of a mental 

model for conceptual change; (e) the use of technology; and (f) the impact of student and 

teacher beliefs. In practice, Lai, Hwang, and Tu (2018) integrated a computer-supported SRL 

strategy into the science inquiry of an elementary class. Consequently, the students increased 

their tendency for SRL in terms of time management, help-seeking, and self-evaluation 

empirically (Lai et al., 2018). 

 

Some features of this modified FC, comprising out-of-class technology-enhanced POE and in-

class scientific inquiry strategies, as suggested in the previous sections, enable students to 

experience self-regulation in science learning. For example, the LMS of the FC, as well as the 

in-class collaborative and inquiry-based learning, provide students with social support from 

peers, which increases the student motivational process. Furthermore, the use of a mobile data 

logger and the application of POE activities prior to lessons also facilitate the cognitive process 

of data stimulation in the technology perspective, etc. Table 2.10, below, lists the ways the six 

instructional strategies increase student cognitive, metacognitive, and motivational processes 

in science SRL, as suggested by Schraw et al. (2006). The features of the FPOE that echo these 

instructional strategies are also pointed out. 
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Table 2.10 

Ways the six instructional strategies increase cognitive, metacognitive, and motivational 

processes (Schraw et al., 2006) 

 Cognitive processes Metacognitive 

processes 

Motivational 

processes 

(a) Inquiry Promotes critical-

thinking through 

experimentation and 

reflection SI 

Improves explicit 

planning, 

monitoring, and 

evaluation SI 

Provides expert 

(e.g., teacher) 

modeling SI 

(b) Collaboration Models strategies for 

novices TEL, SI 

Models self 

reflection TEL, SI 

Provides social 

support from peers 

TEL, SI 

(c) Strategies of 

problem-solving 

and critical- 

thinking 

Provides a variety of 

strategies POE, SI, TEL 

Helps students 

develop conditional 

knowledge POE, SI, TEL 

Increases self-

efficacy to learn POE, 

SI, TEL 

(d) Mental model 

for conceptual 

change 

Provides explicit 

model to analyse POE, 

SI 

Promotes explicit 

reflection and 

evaluation of the 

proposed model POE, 

SI 

Promotes radical 

restructuring and 

conceptual change 

POE, SI 

(e) Technology Illustrates skills with 

feedback. Provides 

models and 

simulates data TEL 

Helps students test, 

evaluate, and revise 

models TEL 

Provides 

informational 

resources and 

collaborative support 

TEL 

(f) Impact of 

student and 

teacher beliefs 

Increases 

engagement and 

persistence among 

students POE, TEL, SI 

Promotes conceptual 

change and 

reflection POE, TEL, SI 

Promotes modeling 

epistemology (the 

beliefs people have 

about the utility and 

credibility of 

models): 

characteristic of 

expert scientists SI 
Possible benefits from the modified FC (FPOE): TEL = technology-enhanced learning including mobile data 

logger and LMS (out-of-class), POE = POE strategy (out-of-class), SI = scientific inquiry (in-class) 

Note. Adapted from “Promoting self-regulation in science education: Metacognition as part of 

a broader perspective on learning” by G. Schraw, K. J. Crippen, and K. Hartley, 2006, Research 

in Science Education, 36, p. 131. 

 

The following sections discuss how out-of-class POE and in-class scientific inquiry facilitate 

students’ SRL. Empirical findings on the incorporation of these strategies for promoting student 

learning at K-12 science education are also discussed. 
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2.7.2.1 Pre-class Predict-Observe-Explain Strategy  

The POE strategy, an instructional approached developed by White and Gunstone (1992), is a 

useful constructivist strategy to engage students in student-centered scientific demonstrations 

(Treagust, 2007). According to White and Gunstone (1992), the POE strategy enables the 

educator to promote the understanding of students by allowing them to complete the following 

three tasks in sequence: (1) predict the results of certain events or scenarios consisting of 

scientific processes, so that students’ current understanding of scientific phenomena can be 

probed; (2) observe and describe the scientific processes, so that the students’ present 

knowledge and ideas that lead to cognitive conflicts, if their predictions and observations are 

contradictory, can be examined; and (3) explain and reconcile such conflicts, so that the 

students’ misconceptions of science concepts can be externalized and modified. Palmer (1995) 

recognized that POE was a beneficial strategy for the identification of student understanding 

of their science knowledge and concepts, as well as the development of their SPS. Bahar (2003) 

advocated that POE was a powerful practice for the expression and modification of student 

biological misconceptions. Moreover, POE is regarded as a problem-solving strategy in terms 

of cognition (Schraw et al., 2006) and metacognition (Rickey & Stacy, 2000) in the learning of 

science. Kearney (2004) claimed that a computer-supported POE strategy could promote 

students to learn with peers in science. According to Schraw et al. (2006), the POE strategy, 

which was also regarded as a form of modeling active investigation strategies, could also help 

increase student motivation regarding learning science.  

 

There are many studies on integrating POE strategies in secondary science education. For 

example, Güngör and Özkan (2016) integrated a POE approach into the teaching of enzymes 

in a biology class, finding that the students’ science concepts could be improved by the 

notification of mistakes and the elimination of scientific misconceptions via the POE activities 
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(Güngör & Özkan, 2016). Cinici and Demir (2013) found that a cooperative approach of POE 

strategies effectively helped their students to understand better the concepts of diffusion and 

osmosis in a Grade 9 biology class. Wu and Tsai (2005) revealed that elementary students had 

better learning outcomes in a POE constructivist approach when learning biological 

reproduction in plant than with the conventional approach. However, only high achievers in 

the constructivist group had better inferring or explaining skills than those in the traditional 

counterpart. Smith, Edionwe, and Michel (2010) introduced POE activities into Grade 11 

conductimetric titrations, and the students were positive regarding understanding the chemical 

concepts and principles. In physics, Chang et al. (2013) implemented a cyclical POE strategy, 

with successive POE activities integrated into the teaching of a Grade 9 topic of light. The 

results indicated that that this approach enhanced the reasoning skills of the physics students 

(Chang et al., 2013).  

 

Some research has blended the POE strategy with other pedagogical approaches. For example, 

Kearney (2004) conducted a multimedia-supported POE in two senior science classes. The 

results revealed that this computer-based POE approach helped students to express their ideas 

during peer learning, especially when making predictions, observations, and reasoning during 

the POE activities (Kearney, 2004). The POE activities also promoted students to take control 

of their learning and provided students with more time to discuss and reflect during studying 

(Kearney, Treagust, Yeo, & Zadnik, 2001). Lati, Supasorn, and Promarak (2012) also employed 

science inquiry using a POE strategy to improve students’ LA about the topic of chemical 

reaction by integrating SPS into a Grade 11 chemistry class. 

 

2.7.2.2 In-Class Inquiry-Based Learning 

Inquiry-based learning is a process in which student engagement, attained by posing questions 
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and constructing a conceptual understanding, is the goal of the learning experience (Gunstone 

& Mitchell, 1998). This type of learning promotes self-regulation by (a) using cognitive 

strategies to stimulate students’ active engagement in the learning process; (b) using 

metacognitive strategies to monitor students’ understanding; and (c) increasing motivation by 

using active-learning strategies such as constructing graphs and tables (Schraw et al., 2006). 

Several studies have also suggested that inquiry-based learning could enhance student learning 

performance (e.g., Maxwell, Lambeth, & Cox, 2015; Şimşek, & Kabapınar, 2010). 

 

Blanchard et al. (2010) summarized the instructional approaches used in inquiry-based learning 

into four levels focusing on three key activities: asking questions, collecting data, and 

interpreting those data (Abrams, Southerland, & Evans, 2007), as displayed in Table 2.11. 

 

Table 2.11 

Levels of inquiry-based learning (Blanchard et al., 2010) 

 Source of questions Data collection 

methods 

Interpretation of 

results 

Level 0: Verification Given by teacher Given by teacher Given by teacher 

Level 1: Structured Given by teacher Given by teacher Open to student 

Level 2: Guided Given by teacher Open to student Open to student 

Level 3: Open Open to student Open to student Open to student 

Note. Reprinted from “Is inquiry possible in light of accountability?: A quantitative comparison 

of the relative effectiveness of guided inquiry and verification laboratory instruction” by M. 

Blanchard, et al., 2010, Science Education, 94(4), p. 581. 

 

Scientific inquiry, a pedagogy usually applied in inquiry-based learning, is often involved in 

secondary science education (Anderson, 2002; Bass, Contant & Carin, 2009). According to 

Bass et al. (2009), students can develop a conceptual understanding of science during the 

process of science inquiry. Instead of asking students to find the ‘correct answer,’ the 

engagement in science as inquiry could be far more vital (Bass et al., 2009). It has also been 

suggested that students who participate in scientific inquiry could learn facts, concepts, 

principles, models, theories, and explanations about science (National Research Council, 1996).  
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In scientific inquiry, students should be able to carry out the following tasks (see Figure 2.9): 

(a) asking questions about objects, organisms, and environment; (b) planning and conducting 

a simple investigation; (c) using appropriate tools and techniques to gather and interpret data; 

(d) using evidence and scientific knowledge to develop explanations; and (e) communicating 

investigation procedures, data, and explanations to others (National Research Council, 1996). 

Bennett (2003) claimed that scientific inquiry, which engages students to act as scientists, 

should be distinguished from other activities that engage students to arrive at pre-determined 

answers to scientific problems.  

 

 

Figure 2.9. Tasks of scientific inquiry  

Reprinted from Teaching science as inquiry (11th ed.) (p. 20), by J. Bass, T. Contant, and A. 

Carin, 2009. Boston, Mass.; Hong Kong: Allyn & Bacon.  

 

However, Donovan and Bransford (2005) stressed that assessing students’ preconceptions and 

evaluating students’ participation with metacognitive strategies, as well as allowing student 

participation in the learning processes are essenstial in scientific inqury (Donovan & Bransford, 

2005). This thinking is in line with Bass et al.’s (2009) viewpoint that the weights of the tasks 

in scientific inquiry can be adjusted because of the flexiblity of the methods and approaches 
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when conducting scientific research from a scientist’s perspective.  

 

Nevertheless, scientific inquiry might involve the deployment of different process skills. In 

particular, Bass et al. (2009) suggested that (a) observing, (b) classifying, (c) interfering, (d) 

measuring, (e) communicating, (f) predicting, (g) hypothesizing, and (h) experimenting are the 

meaningful science processes that could be used as intellectual skills during a complete process 

of scientific inquiry. 

 

Moreover, the SPS are categorized into BSPS and ISPS (Rezba, Sprague & Fiel, 2003). The 

first category, BSPS, consists of the skills of observing, inferring, measuring, communicating, 

classifying, and predicting (Padilla, Cronin, & Twiest, 1985; Ostlund, 1992; Rezba et al., 2003), 

whereas ISPS comprises the skills of identifying variables, constructing hypotheses, 

operationally defining, designing investigations, experimenting, formulating models, and 

interpreting data (Bailer, Ramig & Ramsey, 1995; Burns, Okey, & Wise, 1985, Ostlund, 1992; 

Rezba et al., 2003). 

 

In Hong Kong, the most up-to-data science (S1–S3) curriculum also regards SPS as one of the 

important components for students’ SL. According to the CDC (2016), those SPS include (a) 

observing, (b) classifying, (c) designing investigations, (d) conducting practicals, (e) inferring, 

and (f) communicating (CDC, 2016). 

 

Several studies focusing on inquiry-based learning have been conducted in primary and 

secondary science education in Hong Kong. For example, Yip (2005) evaluated the inquiry-

based activities suggested by the laboratory manuals on the topics of states of matter, burning, 

and electrical resistance at Grade 7 and 8 junior science. The findings suggested that most of 
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the activities in the laboratory manuals were too prescriptive, only asking students to look for 

the correct results of the experiments without any active and independent involvement in 

learning (Yip, 2005).  

 

In addition, Cheng and Tsoi (2005) employed several inquiry-based learning activities on the 

topics of force, and acid and alkali in Grade 8 science in Hong Kong. According to the findings, 

the inquiry-based learning activities that integrated daily-life examples were very important for 

enhancing student participation (Cheng & Tsoi, 2005). Moreover, inquiry using open-ended 

design tasks could help students to master the investigations (Cheng & Tsoi, 2005).  

 

Cheung (2016) investigated students’ self-efficacy in scientific inquiry, including planning a 

fair test, collecting experimental data, analyzing and reporting data, drawing conclusions, and 

identifying sources of experimental errors in a Grade 2 top-band secondary school in Hong 

Kong. The findings revealed that the students’ efficacy regarding the handling of apparatus and 

chemicals safely, which were procedural issues for conducting the inquiry, was the highest, 

while the efficacy of using appropriate tables and graphs to present and analyse data and draw 

conclusions was the lowest (Cheung, 2016).  

 

For the implementation of scientific inquiries at senior secondary level in Hong Kong, Ng and 

Yeung (2000) pioneeringly integrated computer-assisted dataloggers in three advanced-level 

physics investigations. Despite the benefits for learning as reported by the students, their 

performance in the investigation was unimproved as such innovative approach of inquiry was 

uncommon at that time (Ng & Yeung, 2000). 

 

On the other hand, Cheung (2011) also discovered several obstacles regarding implementing 
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scientific inquires in the chemistry laboratory. The obstacles were: (a) limitation of time in the 

class, (b) lack of effective instructional resources, and (c) problems of managing a class with 

large class size during scientific inquiry. These obstacles meant the researcher recommended 

that laboratory inquiries should be designed as guided rather than open. Such a 

recommendation contradicts Cheng and Tsoi’s (2005) findings regarding using scientific 

inquiry with an open-ended approach at junior secondary level in Hong Kong. 

 

2.7.3  Implications of the Learning Strategies in this Research 

By integrating technology-enhanced mobile data loggers, the POE strategy is incorporated in 

the out-of-class learning environment, while scientific inquiry, which is a form of inquiry-based 

learning, is also integrated in the in-class face-to-face setting of the FPOE. There are several 

positive impacts that benefit students in science learning with the help of TEL, POE, and 

inquiry-based learning outside the FC context. However, it is not known whether, nor to what 

extent, these leaning strategies are suitable for the FC approach. Moreover, several challenges 

regarding the integration of inquiry-based learning in Hong Kong, especially the lack of time 

might be overcome using FC. Nevertheless, the effect of incorporating inquiry-based learning 

into a flipped learning environment is also unknown in real practice. Therefore, it is essential 

to investigate the efficacy of the FPOE in secondary science education in Hong Kong. 

 

2.8 Assessments of the Impacts of the Modified Flipped Classroom in this Study 

As discussed in previous sections, there is a lack of studies on the subject-specific impacts of 

FC in secondary science education, students’ SL in terms of LA and SPS, which is the emphasis 

of secondary-level science education in Hong Kong, and SRL abilities, which are suggested as 

being necessary to improve SL (CDC, 2017a). All these aspects are assessed in this research. 
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Scientific literacy is a complex concept that has been debated for more than two decades (Fan 

& Geelan, 2013; Yore, Pimm & Tuan, 2007). According to Vieira and Tenreiro-Vieira (2016), 

“science researchers and educators as well as various organizations have developed rationales 

and highlighted characteristics, mainly in terms of knowledge and skills, expected of a 

scientifically literate person” (p. 664). 

 

As mentioned in the previous introductory chapter, the PISA framework advises that SL 

consists of (a) content knowledge, such as of the facts, concepts, ideas, and theories about the 

natural world that science has established, which supports one when explaining phenomena 

scientifically; (b) procedural knowledge, such as repeating measurements to minimize errors 

and to reduce uncertainty and to control variables; and (c) epistemic knowledge, such as an 

understanding of the function that questions, observations, theories, hypotheses, models, and 

arguments play in science, which helps one to design scientific inquiry and interpret data 

(OECD, 2019a). National Research Council (1996) also defines SL as “the knowledge and 

understanding of scientific concepts and processes required for personal decision making, 

participation in civic and cultural affairs, and economic productivity” (p. 22). 

 

In Hong Kong, the CDC (2017a) specifically pointed out that that students’ SL refers to their 

ability to apply (a) scientific knowledge and (b) SPS to tackle issues and problems related to 

their daily life and the natural world (CDC, 2017a). Fan and Geelan (2013) also regarded SPS 

as one of the four dimensions of science learning that considers students’ SL. Thus, this 

research investigates the improvement of students’ LA, focusing on content knowledge of 

science, and their SPS, which emphasizes procedural and epistemic knowledge. Taken together 

with the need to study SRL in FCs, this research evaluates how students improve their SRL, 

LA, and SPS in the FPOE and TFC in junior secondary science education in Hong Kong. 
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2.9 Conceptual Framework of this Research 

Using the literature review, the discussion regarding the implications and the identification of 

the research gaps regarding flipping science classrooms in K-12 education, conceptual 

framework for this study is constructed. Figure 2.10 illustrates the conceptual framework, in 

which the two independent variables – (1) the type of flipped pedagogies with or without 

integrating technology-enhanced POE (i.e., TFC and FPOE) and (2) student learning abilities 

(i.e., lower and higher) – have been issued for investigation. The effects of the FC on students’ 

SRL, LA, and SPS are evaluated. Data from a historical control group of TC were collected for 

analysis to compare with the flipped pedagogies. More details about the research design are 

described in the next chapter.  
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Figure 2.10. Conceptual framework of this research 

  

* data from historical group of non-flipped tradition classroom also collected for analysis 
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Chapter 3: Methodology 

3.1 Introduction 

This chapter begins with the research context, including the backgrounds of the participants, 

the targeting of the population, the designs of the flipped and traditional classrooms, and a 

description of how they were incorporated in the school curriculum (Section 3.2). Second, this 

chapter describes and explains the research method and design to address the RQs (Section 

3.3). Then, this chapter describes the features of the instruments and explains why they are 

suitable for this study (Section 3.4). The threats of the validity and reliability of the research 

are then discussed (Section 3.5). This chapter also outlines the procedures of data collection, 

including the ethical approvals and the schedules of administering (Section 3.6). Next, this 

chapter provides an in-depth description of the methods for data analysis (Section 3.7). Ethical 

issues and limitations of the research are then discussed (Section 3.8). Finally, a summary of 

the chapter is provided (Section 3.9). 

 

3.2 Research Context 

3.2.1  Background of Participants 

In total, 187 Form 2 (Grade 8) students, aged 13–14, from a Hong Kong secondary school, 

participated in this study. The school is a government-aided secondary school founded in 1949 

under the supervision of Tsung Tsin Mission of Hong Kong, which is one of the eight Lutheran 

bodies in Hong Kong. The school comprises approximately 20% top-band and 80 % middle-

band students in the three-bandings categories of secondary schools in Hong Kong. Among the 

187 students who participated in this study, 95 were male and 92 were female. 

 

For the FC interventions, the total sample size of the FPOE and TFC groups was 124. Both 

FCs were implemented for a seven-month period throughout the two school terms in the 
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academic year 2018–2019, which was long enough to prevent a short-term boost of student 

performance due to the novelty effect. Historical data from 63 students in a TC from the 

previous academic year (2017–2018) were obtained as additional control data for further 

analysis.  

 

All the participating students were inexperienced with the learning process in any robust design 

of FCs. The students were only familiar with the in-class inquiry-based learning activities from 

when they were in Form 1 (Grade 7). They had also been using the information-retrieving and 

communicating functions of the school-based LMS, PowerLesson2, for different subjects. 

Several workshops introducing LMS were provided in the computer studies classes in Form 1 

(Grade 7) in the previous academic year.  

 

In each pedagogical group, the students were assigned by the school into two different but 

intact classes of higher or lower learning abilities based on their previous academic 

achievement, which comprised student performance in all subjects in the final examination of 

the previous academic year. For further confirmation, independent sample t-tests on the average 

scores of the students’ previous academic performances were conducted to ensure that there 

were significant differences in the student learning abilities among the higher and lower-

achieving classes within each pedagogical group. Five students from the current cohort and 

four students from the historical cohort were repeaters; hence, their previous academic 

performance scores were absent from the t-tests.  

 

For the experimental group of FPOE, the independent sample t-test results found there was a 

significant difference of learning ability between the students in higher-achieving class (2A) 

and that in lower-achieving class (2C) from 2018–2019, with t(58) = 8.30, p <.001 (two-tailed). 
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On average, students in higher-ability class (M = 59.84, SD = 4.85) had higher academic 

performance scores from the previous year than those in lower-ability class (M = 50.58, SD = 

3.59). 

 

For the control group of TFC, an independent sample t-test result found there was a significant 

difference of learning ability between the students in higher-achieving class (2B) and those in 

lower-achieving class (2D) from 2018–2019, with t(57) = 8.48, p <.001 (two-tailed). On 

average, students in higher-ability class (M = 60.82, SD = 4.85) had higher performance scores 

from the previous year than those in lower-ability class (M = 50.71, SD = 4.24). 

 

For the historical control groups of TC (2017–2018), the independent sample t-test results 

found a significant difference of learning ability between the higher-achieving class (2B) and 

the lower-achieving class (2C), with t(57) = 8.28, p <.001 (two-tailed). On average, students in 

the higher-ability class (M = 60.85, SD = 5.910) had higher performance scores from the 

previous year than those in the lower-ability class (M = 49.33, SD = 4.535) (one-tailed). Table 

3.1 summarizes the arrangement of intervention groups and the t-tests results.  

 

Table 3.1 

Arrangement of intervention groups and the results of independent sample t-tests between 

different classes of different learning abilities (higher / lower) 

Group Pedagogy Class  Learning 

ability  

Teacher in 

charge 

N 

(male: 

female) 

Year Sig. 

(two-

tailed) 

Experimental 

(n =63) 

FPOE 2A  Higher Researcher 32 (15:17) 2018–

2019 

.00 

2C Lower Teacher A 31 (14: 17) 

Control  

(n =61) 

TFC 2B Higher Teacher B 31 (18:13) 2018–

2019 

.00 

2D Lower Researcher 30 (16:14) 

Additional 

(Historical) 

control (n =63) 

TC 2B Higher Researcher 32 (14:18) 2017–

2018 

.00 

2C Lower Teacher A 31 (18:13) 

 

Furthermore, ANOVAs were conducted to confirm that (a) students from higher achieving 
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classes (FPOE: 2A, TFC: 2B and TC:2B) performed similarly, with F(2,92) = .385, p =.682; 

and (b) students from lower achievement classes (FPOE: 2C, TFC:2D, TC: 2C) performed 

similarly, with F(2,80) = .938, p =.396. 

 

3.2.2  Rationales for Targeting the Population 

There are several reasons for targeting the population in this study. First, familiarity with the 

background of the Form 2 (Grade 8) students and their learning styles and performance from 

the researcher, who was also the science subject teacher of most of the targeted Form 2 students 

in the current and previous years, helped to design and implement the flipped learning 

approaches into the science lessons to meet the students’ needs. As suggested by Lang and Page 

(2011), the understanding of students in the design of a practice may help to ensure that it fits 

within the classroom routine because logistical limitations of the classroom can be determined 

by the teacher. In this case, the role of the researcher as the subject teacher of the participating 

students was beneficial for the accurate implementation of the intervention in the classroom 

(Lang & Page, 2011). 

 

Second, the researcher had been the chairperson of the science panel of the school for seven 

years, since 2013, and possessed rich experience in designing and implementing a school-based 

curriculum with the collaboration of other subject teachers, enabling the incorporation of the 

learning activities into all Form 2 classes in a more collaborative and effective manner. Thus, 

the researcher was able to plan the objectives for science education in the junior forms in the 

school holistically and to evaluate the school-based science learning activities in Form 2 

critically. This knowledge helped the researcher to become a reflective practitioner (Stenhouse, 

1975) who was eager to question and study the effectiveness of his own teaching practices, as 

well as enthusiastic to collaborate with colleagues to enhance his professionalism (Wright, 
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2015). These experiences undoubtedly provide insights helpful for choosing a suitable level of 

junior science curriculum for the intervention in this study. Hence, students from Form 2 were 

selected as they have acquired adequate knowledge and experience of scientific investigations 

(CDC, 2017b) essential for participating in out-of-class POE activities and in-class scientific 

inquiries in this study.  

  

Third, the researcher’s role as science panel chairperson aided the obtaining of consent and co-

operation from the school, colleagues, and students in the school to be studied. The researcher 

had access to the historical records of the participants’ previous academic achievements with 

the permission from the school principal, allowing greater flexibility in the design of the study 

based on historical data for analysis. Hammersley (1993) mentioned such advantages: “the 

teacher already has relationships with others in the setting and can use these in order to collect 

further data. Once again, an outsider would need to spend a considerable time in the field 

building up such relationships” (p. 432). 

 

3.2.3  The Design of the Modified Flipped Classroom (FPOE)  

Premised on the design of the FC (Bergmann & Sams, 2012; Bishop & Verleger, 2013; Lo & 

Hew, 2017), this research proposes a modified FC using an out-of-class technology-enhanced 

POE strategy (FPOE), in which POE activities are integrated into a school-based LMS, 

PowerLesson2, with videos or real-time experiments prior to the in-class inquiry-based 

learning.  

 

3.2.3.1 Out-of-class Learning Activities 

In each POE activity, the students completed three stages: (Stage 1: Predict) First, the students 

needed to predict the results of certain scientific scenarios by watching a video or real-time 
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experiment broadcast through YouTube livestreaming, so that their present understanding of 

the scientific phenomena could be probed; (Stage 2: Observe) Then, the students were required 

to make online observations according to their present knowledge and ideas in the LMS, in 

which any cognitive conflict between their predictions and observations might be occurred. 

Furthermore, the students could browse the data collected from the innovative mobile logger 

(Yeung et al., 2019) in an online sharing drive (Google Drive) and make use of the automatic 

graph-plotting function of the logger application during the observation stage; (Stage 3: 

Explain) Finally, the students explained the experimental results in the LMS, in which the 

conflicts between their predictions and observations were reconciled, and any misconceptions 

of the science concepts they had were clarified (White & Gunstone, 1992).  

 

The technology-enhanced POE activities incorporated in the LMS used either (a) experimental 

videos or (b) real-time online experiments with the integration of the innovative mobile loggers 

(Yeung et al. 2019). Figures 3.1 and 3.2 display the features of the two forms of out-of-class 

technology-enhanced POE strategy of this modified FC. 
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Figure 3.1. Technology-enhanced POE strategy with the use of videos in the modified FC 
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Figure 3.2. Technology-enhanced POE strategy with the use of mobile data loggers and LMS 

in the modified FC: (a) setup of the mobile data logger for POE in a science laboratory; (b) 

screenshot of the automatic graph-plotting function for the measurement of temperature and 

a b 

c d 

e 
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relative humidity with the help of the logger application; (c) image of the growth of seedlings 

during student observations using YouTube live-streaming; (d) mobile logger application for 

self-experimentation; (e) pre-class online POE activity enabled by the LMS. 

 

The SRL theory is rooted in the POE strategy as a theoretical framework in the FPOE. The 

students who participated in the technology-enhanced POE activities with the use of mobile 

loggers in the LMS might have experienced the three cyclical phases of self-regulatory 

processes suggested by Zimmerman (2002). For example, the students needed to set their goals 

for the scientific investigations in the first stage of the POE, in which they could choose which 

factors, such as temperature, light intensity, or gas contents in a jar of seedlings growing to be 

studied through the LMS. The students also needed to self-monitor the progress of mobile 

experiments by making observations using YouTube live-streaming, and conducting 

measurements by downloading the log files uploaded to the Google Drive together with use of 

the mobile logger application in the second stage of the POE. Then, they self-evaluated their 

findings by explaining and reconciling differences between their observations and previous 

predictions, as well as clarifying their externalized misconceptions in the LMS in the third stage 

of the POE. The LMS also facilitates online communication between the teacher and students 

in this out-of-class stage of learning. Figure 3.3 illustrates the design of out-of-class POE 

activities embedded within the SRL theoretical framework.  

 

 

Figure 3.3. The design of out-of-class POE activities embedded within SRL theory 

(1) Predict stage of 
POE

• Forethought phase 
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• Goal-setting
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• Task strategies

• Self-recording

• Self-experimentation 

(3) Explain stage of 
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• Self-reflection phase 
of SRL:

• Self-evaluation

• Casual attribute 
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In the FPOE, instructional videos were introduced to each sub-unit. To help students to engage 

and focus on the terms of CLT (Slemmons et al., 2018), the length of the videos was limited to 

five minutes. Subsequent quizzes, comprising multiple-choice and short, structured questions, 

were used, and feedback regarding the answers was immediately provided in the LMS for 

students’ evaluation following completion. Figure 3.4 shows is an example of the instructional 

video and quizzes in the modified FC. 

 

 

Figure 3.4. An example of the instructional video and quizzes in the FC 

 

3.3.3.2 In-Class Learning Activities 

After finishing the technology-enhanced POE activities, the students engaged in face-to-face 

lessons that comprised (a) a short briefing about the pre-class learning (Lo & Hew, 2017), (b) 

a mini lecture (Lo et al. 2018), and (c) student-centered learning activities (Bishop & Verleger, 

2013). For the student-centered learning, guided inquiry-based learning (Blanchard et al., 2010) 

of scientific inquiries that related to the out-of-class learning was provided for the students to 

elaborate collaboratively and to achieve a higher-order level of learning, as mentioned in 
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Bloom’s revised taxonomy as the intended learning outcomes (Sams & Bergmann, 2013; Wang, 

2017; Wong & Cheung, 2015). Appendix 2 contains an example of the lesson worksheets of 

the scientific inquiry for the investigation of acidity solutions using neutralization in Unit 9: 

Acid and Alkali.  

 

3.2.4  The Design of the Traditional Flipped Classroom (TFC) 

In contrast to the FPOE, a TFC approach was set as a control, in which direct instructional 

videos and follow-up quizzes were prepared for students to watch prior to lessons, and the face-

to-face class time gained was then used to carry out (a) a short briefing about the pre-class 

activities, (b) a mini lecture, and (c) collaborative scientific inquiries similar to that in the FPOE. 

 

Both the FPOE and the TFC were implemented according to a modified 5-E instructional model 

(Lo, 2017) as the pedagogical framework, in which Engage, Explore, Explain and Evaluate 

phases were incorporated in the out-of-class learning, and Engage, Explore and Evaluate 

phases were employed in the in-class scientific inquiries.  

 

3.2.5  The Design of the Non-flipped Traditional Classroom (TC) 

Adopting the method suggested by Jensen et al. (2015), an additional historical control of a TC 

from the previous academic year (2017–2018) was used to compare the students’ learning with 

the FC interventions. These TCs consisted of students (n = 63) with backgrounds, such as 

learning ability and gender proportion, similar to the students in the FC interventions of the 

current cohort, 2018–2019. Except for the incorporation of out-of-class activities, equivalent 

methods of instructional delivery and inquiry-based scientific inquiries were carried out in the 

TC lessons of the historical cohort. Pedagogically, a conventional 5-E instructional approach 

(Bybee et al., 2006) was adopted by the subject teachers in the TC lessons. Figure 3.5 shows 
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an overview of the pedagogical designs of the TFC, FPOE, and TC. 

 

Figure 3.5. Pedagogical designs of the TFC, FPOE, and TC 

 

3.2.6  Incorporation of the Flipped Classrooms into the School Curriculum 

The FCs were incorporated into the school science curriculum for seven months, from October 
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2018 to April 2019. The FCs covered three units from the junior science curriculum in Hong 

Kong (CDC, 2017b): Unit 7: Living Things and Air, Unit 8: Making Use of Electricity, and 

Unit 9: Common Acids and Alkalis. The suggested lesson time allocation for the three units is 

26 hours for Unit 7, 27 hours for Unit 8, and 17 hours for Unit 9 (CDC, 2017b).  

 

In the FPOE, each unit of the school curriculum consisted of two technology-enhanced POE 

activities. Due to the nature of scientific knowledge, one POE activity using video and one 

POE activity using a real-time experiment were developed for Unit 7: Air, which is related to 

biology knowledge, and Unit 9: Acid and Alkali, which is related to biology and chemistry 

knowledge. Two POE activities using videos were developed and included in Unit 8: Electricity, 

which is mainly related to physics.  

 

For both the FPOE and the TFC, an instructional video and subsequent quiz were provided for 

each sub-unit, as well as three explorative and collaborative scientific inquiries provided for 

each unit. In total, 15 hours, which is about 21% of the total in-class teaching time, were 

allocated to the nine scientific inquires during the lessons. Table 3.2 summarizes the quantity 

of teaching materials and activities of the school curriculum that incorporated the FCs. 

 

In total, 24 instructional videos, 24 quizzes, and nine scientific inquiries were conducted in the 

school curriculum incorporating the FPOE and TFC, while six POE activities were provided 

for the FPOE in the current year. For the TC in the previous academic year, the same scientific 

inquiries were conducted in the lessons without flipping the classes. 
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Table 3.2 

Summary of the teaching materials and activities of the school curriculum incorporated 

with the FCs 

  Out-of-class learning In-class 

learning 

Sub-

unit 

Topic POE 

video* 

POE 

real-

time* 

Instruct

-ional 

video 

Quiz Scientific 

inquiry 

7.1 Air   ✓ ✓  

7.2 A Photosynthesis   ✓ ✓  

7.2 B-C  Tests / factors of photosynthesis   ✓ ✓ ✓ 

7.2 D Significance of photosynthesis   ✓ ✓  

7.3 Respiration   ✓ ✓  

7.4 A Gas exchange in plants ✓
#  ✓ ✓ ✓ 

7.4 B-1 Gas exchange in animals ✓
# ✓ ✓ ✓ ✓ 

7.4 B-2 Effects of smoking in humans   ✓ ✓  

7.5 Balance of carbon dioxide and 

oxygen in nature 

  ✓ ✓  

7.6 Air quality   ✓ ✓  

8.1 Introducing simple circuits   ✓ ✓  

8.2 Circuit diagrams   ✓ ✓  

8.3A-B Basic ideas of an electric current   ✓ ✓  

8.3 C Heating and magnetic effects ✓  ✓ ✓ ✓ 

8.4 Voltage   ✓ ✓  

8.5 Resistance   ✓ ✓ ✓ 

8.6 Series and parallel circuits ✓  ✓ ✓ ✓ 

8.7 Our household electricity   ✓ ✓  

8.8 Electricity safety   ✓ ✓  

9.1 Common acids and alkalis   ✓ ✓  

9.2 Acid-alkali indicators and pH   ✓ ✓ ✓ 

9.3 Neutralization   ✓ ✓ ✓ 

9.4 Corrosive nature of acids  ✓ ✓ ✓  

9.5 Potential hazards to their use ✓  ✓ ✓ ✓ 
# = activities for crossing subunits, * = only available for FPOE 

 

Prior to the implementation of both the FPOE and the TFC, a briefing session on the purpose 

of the study and a workshop on the use of LMS for enabling the FC were conducted in science 

lessons between 9 October 2018 and 10 October 2018 for the four classes. Consent forms, 

including student and parental consent, were provided and received from the participants prior 

to the FC interventions. Table 3.3 outlines the timeline of the implementation of the FCs into 

the school curriculum in this study. 
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Table 3.3 

Timeline of the implementation of the FCs into the school curriculum in this study 

Timeline Oct 

2018# 

Nov 

2018 

Dec 

2018 

Jan  

2019 

Feb  

2019 

March  

2019 

April 

2019 

Unit  7 7 7 and 8 8 8 and 9 9 9 

Topic Air Air Air / 

Electricity 

Electricity Electricity

/ Acid and 

alkali 

Acid 

and 

alkali 

Acid 

and 

alkali 

Instructional 

videos and 

quizzes 

✓ ✓ ✓ ✓ ✓ ✓ ✓ 

POE (video)* ✓   ✓ ✓ ✓  

POE (real-time 

experiment)* 

 ✓     ✓ 

* = only available for FPOE, # = briefing sessions for FPOE and TFC 

 

3.3 Research Method and Design 

3.3.1  Research Method 

This study is a mixed-methods study that consists of quantitative and qualitative methodologies 

(Creswell & Plano Clark, 2007) to examine and validate how different approaches to FCs 

improve the SRL abilities, LA, and SPS of students with different learning abilities in science 

learning. Specifically, this study employed a sequential explanatory design (Creswell, 2009; 

Creswell & Plano Clark, 2007) to combine the strengths of both forms of research to address 

the following RQs: 

 

RQ1: Can the FPOE improve students’ SRL abilities, LA, and SPS in comparison with the 

TFC? 

RQ2: Are there differences in the improvements of students’ SRL abilities, LA, and SPS 

among different pedagogical approaches (FPOE vs. TFC vs. TC)? If yes, which is the 

most effective? 

RQ3: Do student learning abilities (lower and higher) affect the improvements of their SRL 

abilities, LA, and SPS in different flipped pedagogical approaches (FPOE and TFC)? 

RQ4: How and to what extent do the FPOE and TFC help students with different learning 
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abilities to improve their SRL abilities, LA, and SPS? 

 

Several FC reviews have suggested the importance of conducting qualitative research to 

support and validate quantitative studies in FC research. For instance, Seery (2015) explicitly 

stated that, “comparing average performances between control and experimental groups misses 

nuances that are already emerging from the studies shown, and examining what happens to 

students individually, through qualitative work or cluster analysis, will likely offer more 

valuable information” (p. 766). Karabulut‐Ilgu et al. (2018) echoed that qualitative 

methodologies would “provide more in-depth understanding of learning in a flipped 

environment” (p. 10). Moreover, Abeysekera and Dawson (2015) suggested that, “qualitative 

work [on] student learning, and student experiences of the flipped classroom approach” (p. 12) 

is necessary for future FC research. 

 

Therefore, quantitative data were collected and analyzed, followed by qualitative data 

collection and analysis. Particularly, quantitative data of the pre-test and post-test scores in 

SRL, LA, and SPS were collected from the students who participated in the FPOE and TFC, 

whereas post-test scores from the non-flipped TC were collected as historical data for 

quantitative analysis to address the first two RQs. Consequently, the quantitative findings were 

explained using the supplementary qualitative data from student interviews to address the third 

research question. Figure 3.6 illustrates the sequential explanatory design of this mixed-

methods study. 

 

Figure 3.6. The convergence model of triangulation for this mixed-methods research 
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3.3.2  Research Design 

This mixed-methods research employed a non-equivalent control group pre-test–post-test 

design of a quasi-experiment (Campbell et al., 1963) that comprised an experimental group of 

FPOE (n =63) and a control group of TFC (n =61) for seven months in the S.2 (Grade 8) 

science subject between 2018 and 2019.  

 

According to Kenny (1975), quasi-experimental designs should meet the following three 

requirements: (a) there must be a treated group X and untreated group; (b) there must be pre-

treatment and post-treatment measures O; and (c) there must be an explicit model that projects 

over time.  

 

Moreover, according to Jong (2017), most studies only emphasized evaluating whether the 

pedagogic effectiveness of the proposed FC is better than the TC, without paying too much 

attention to the efficacy of the FC to improve the existing constructivist approaches of teaching 

and learning (Jong, 2017). Jensen et al. (2015) claimed that positive findings on student 

learning in FCs in existing research were probably due to the active-learning style of instruction 

in the classroom rather than whether the lesson is flipped or not. 

 

Therefore, this research administrated an additional control group of non-flipped TC, in which 

the quantitative data of the students (n =63) from the previous academic year (2017–2018) 

were obtained as historical data. The data collected were then used to compare the effectiveness 

of the flipped approaches, FPOE and TFC, with a non-flipped TC regarding the learning of 

science. It should be noted that only post-test measurements were carried out among the 

students in the additional control group owing to the limitation of administering pre-tests for 
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the TC in the previous year before the start of this research. The limitations of this study are 

discussed in the limitations section (Section 3.8.2). Figure 3.7 illustrates the overview of the 

groups of different pedagogies in this research design. 

 

Experimental group:  O X O 

Control group:    O Y O 

Additional control group:   O 

Figure 3.7. The overview of different pedagogies in this research design 

 

Participants in the experimental group received the treatment X, which involves FC learning 

with the incorporation of a technology-enhanced POE strategy, while participants in the control 

group received treatment Y, which involves the TFC pedagogical approach. In contrast, 

participants in the additional control group received no treatment of flipped learning. The pre-

test and post-test are signified by O, which consisted of the SRL survey, school-based LA tests, 

and the widely adopted basic and integrated SPS tests.  

 

3.4 Instruments 

3.4.1  Online Self-Regulated Learning Questionnaire (OSLQ) 

To measure the development of students’ SRL abilities in the different types of FCs employed 

in this study, the Online Self-Regulated Learning Questionnaire (OSLQ) (Barnard et al., 2009), 

which has an acceptable reliability and validity was adopted. The internal consistency of scores 

the questionnaire was examined using Cronbach’s alpha, with .92, suggesting that scores are 

sufficiently reliable (Barnard et al., 2009). The internal consistency of scores by subscale of 

the questionnaire was also examined using Cronbach’s alpha, with a range from .87 to .96, 

suggesting that the subscale scores are sufficiently reliable (Barnard et al., 2009). Furthermore, 
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evidence regarding the construct validity of the questionnaire was obtained using confirmatory 

factor analyses (Barnard et al., 2009). In this research, the overall Cronbach’s alpha values of 

the pre- and post-surveys of the 24-item OSLQ were .918 and .919, respectively, suggesting a 

very high reliability of internal consistence (Cohen et al., 2007) for assessing students’ SRL 

abilities in this study. 

 

The OSLQ consists of 24 self-report measurement items using a five-point Likert response 

format developed using Zimmerman and Schunk’s (2001) theoretical view on SRL. The OSLQ 

assesses individual SRL in blended learning, including (a) goal-setting, (b) environmental 

structuring, (c) help-seeking, (d) task strategies, (e) time management, and (f) self-evaluation 

(Barnard et al., 2009).  

 

The main reason for the adoption of the OSLQ is that it emphasizes the measurement of 

students’ SRL in the blended context, including both online and face-to-face learning 

environments. Other well-known self-report instruments, such as the MSLQ (Pintrich, Smith, 

Garcia, & McKeachie 1991), were originally designed for measuring students’ SRL abilities in 

traditional face-to-face classroom learning (Reyna, 2017). Several researchers have employed 

the OSLQ when studying students’ SRL in online and blended learning. For example, Tabuenca 

et al. (2015) used the OSLQ to explore graduate students’ SRL on three different online courses, 

including psychology and geographical information system, by using their own mobile devices. 

Sun, Wu, and Lee (2017) also compared students’ self‐regulation between distanced and 

flipped courses on an undergraduate physics course in Taiwan using the OSLQ.  

 

Another reason to use the OSLQ in this study is that it is more specific with fewer questions 

and, thus, takes less time to complete than the MSQL, which contains 81 questions with a 
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seven-point Likert-type response format for measuring broader aspects, including student 

motivations and learning strategies. Such a long questionnaire with a format that consists of 

values ranging from ‘not at all true of me’ to ‘very true of me’ may also burden (Bradburn, 

1977), lose information (La Mar Adams & Gale, 1982), and confuse Form 2 (Grade 8) 

respondents regarding reporting their SRL in an accurate manner. 

 

The questions in the OSLQ were translated into Chinese, and a bilingual version of the 

questionnaire was developed (see Appendix 3) to minimize misinterpretation by the students. 

Identical pre-SRLQs and post-SRLQs were administered before and after the TFC/FPOE 

interventions, respectively, to investigate student gains in SRL abilities.  

 

3.4.2  Test of Basic Process Skills in Science (BAPS) and Test for Integrated Process 

Skills II (TIPS-II) 

In this study, both students’ BSPS and ISPS were assessed by adopting two well-known tests, 

namely, Test of Basic Process Skills in Science (BAPS) and Test for Integrated Process Skills 

II (TIPS-II). 

 

To assess students’ BSPS, the BAPS test, which was developed by Padilla et al. (1985) and is 

the only research instrument designed to measure all the most widely accepted basic science 

process skills for elementary and middle school students, was adopted. The test is a well 

validated non-curriculum test that requires very little science content knowledge for successful 

completion (Padilla et al., 1985). Padilla et al. (1985) stated that the overall test reliability using 

the Kuder–Richardson Formula 20 (KR-20) was calculated as .82, suggesting very good 

internal consistency. Marshall (1991) further validated the BAPS using performance-based 

assessments, and the results indicate strong support for the convergent and discriminant validity, 
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and hence construct validity of the BAPS instrument. In this research, the overall Cronbach’s 

alpha value of the pre- and post-tests of the BAPS were .703 and .697, respectively, suggesting 

the instrument was minimally reliable (Cohen et al., 2007) for assessing students’ BSPS in this 

study. The BAPS evaluates six basic process skills: (a) observation, (b) communication, (c) 

classification, (d) measurement, (e) inference, and (f) prediction via 36 multiple-choice 

questions with four options (Padilla et al., 1985).  

 

To assess students’ ISPS, the TIPS-II, developed by Burns et al. (1985), was adopted. The TIPS-

II is an alternative and equivalent test of the Test of Integrated Process Skills (TIPS) developed 

by Dillashaw and Okey (1980) for middle grade and secondary students. The TIPS-II is a 

validated non-curriculum process skills test comprising 36 multiple-choice questions with four 

options. The overall internal consistency of the TIPS-II using Cronbach’s alpha was measured 

at .86, suggesting a higher reliability than for the TIPS (Cronbach’s alpha = .82) (Burns et al., 

1985). In this research, the overall Cronbach’s alpha value of the pre- and post-tests of the 

TIPS-II were .771 and .749, respectively, suggesting an acceptable reliability (Cohen et al., 

2007) for assessing students’ ISPS in this study. The TIPS-II measures five components of 

integrated process skills: (a) identifying variables, (b) identifying and stating hypotheses, (c) 

operationally defining, (d) designing investigation and (e) graphing and interpreting data 

(Burns et al., 1985). 

 

Numerous researchers have employed these two tests in studies of students’ SPS in science 

education. To assess students’ BSPS, Ong et al. (2015) studied the difference in acquiring BSPS 

by gender, school location, and by grade levels among 200 upper primary school students in 

Perak, Malaysia with the use of BAPS. Aydogdu (2017) also adopted BAPS to investigate the 

relationship between students’ BSPS and academic achievement among 1272 primary school 
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students in Turkey. To assess students’ ISPS, Geban, Askar, and Özkan (1992) investigated the 

effects of a computer-simulated experiment and problem-solving approach on students’ ISPS 

with the use of the TIPS-II among 200 Grade 9 chemistry students in Turkey. Ong and Ruthven 

(2005) studied the ISPS of Form 3 (Grade 9) students between Malaysian smart and 

mainstream schools with the use of the Malay version of the TIPS-II. Kramer, Olson, and 

Walker (2018) also employed the TIPS-II to evaluate the gains of students’ ISPS from online 

interactive tutorials designed to help undergraduate students to develop their ISPS. There are 

many other studies that have adopted the two SPS tests in teacher education (e.g., Chabalengula, 

Mumba, & Mbewe, 2012; Gezer, 2015; Silay & Çelik, 2013). 

 

Although there is a lack of research on the adoption of the BAPS or TIPS-II in Hong Kong 

secondary science education, both tests cover the six categories of SPS categorized by the Hong 

Kong Science (Secondary 1-3) Curriculum Framework: (a) observing, measuring, and 

recording data, (b) comparing and classifying, (c) planning and designing, (d) experimenting, 

(e) interpreting data and inferring, and (f) communicating (CDC, 2016). The questions in the 

BAPS and TIPS-II tests were translated into Chinese and bilingual versions (see Appendix 4 

and Appendix 5). Identical pre-SPS tests (including pre-BAPS and pre-TIPS-II) and post-SPS 

(including post-BAPS and post-TIPS-II) tests were administrated before and after the 

TFC/FPOE interventions, respectively, to investigate student gains in BSPS and ISPS.  

 

3.4.3  Learning Achievement Test (LAT) 

Students’ LA was assessed using the final examination paper constructed by the researcher and 

his colleagues in the previous academic year (i.e., 2017–2018). The examination paper consists 

of four sections: (a) multiple-choice, (b) matching, (c) structured questions, and (d) long 

questions. All the questions are related to the knowledge of science (OECD, 2016; 2019a). This 
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LAT carries 100 marks and takes 90 minutes for students to finish. The identical pre- and post-

LA tests cover topics that students have learned throughout the year, including in the FC 

intervention. The questions of the LAT were also translated into Chinese, and the bilingual tests 

were administered before and after the TFC/FPOE interventions to investigate student gains in 

LA (see Appendix 6). The LAT was constructed by the researcher with detailed discussion 

among the three experienced subject teachers (> 10 years) at the same school regarding the 

test’s language, structure, and content to ensure that it was suitable and valid for the target 

students. 

 

To ensure that the LAT was reliable, a reliability test of internal consistency, Cronbach’s alpha, 

was performed. The overall Cronbach’s alpha value of the pre- and post-tests of the LAT 

were .763 and .764, respectively, suggesting an acceptable reliability (Cohen et al., 2007) for 

assessing students’ LA in this study. 

 

3.4.4  Interview Protocol 

In this study, semi-structured interviews with students were conducted to compare the 

quantitative findings on how the FPOE and TFC approaches helped the students with different 

learning abilities to improve their SRL abilities, LA, and SPS. According to Kvale (2007), the 

semi-structured interview  

 

seeks to obtain descriptions of the life-world of the interviewee with respect to interpreting 

the meaning of the described phenomenon; it will have a sequence of themes to be covered, 

as well as some suggested questions. Yet at the same time there is openness to changes of 

sequence and forms of questions in order to follow-up the specific answers given and the 

stories told by the subjects. (p. 2) 
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Hobson and Townsend (2010) also regarded semi-structured interviews as partly structured 

interview to provide more opportunities for the interviewees to talk freely about what is 

significant to them compared with during structured interviews. Furthermore, semi-structured 

interviews ensure coverage of the researcher’s agenda, achieving both a breadth and depth to 

the interview dataset (Hobson & Townsend, 2010). 

 

To structure the process and take careful notes during the semi-structured interviews with 

students, an interview protocol was developed (Creswell, 2008). The interview protocol 

contains (a) a header that records essential information about the interview; (b) a first ‘ice-

breaking’ question; (c) core interview questions addressing the research question; and (d) 

closing comments for acknowledging and assuring the participants of the confidentially of their 

responses (Creswell, 2008). A series of brief and simple interview questions were prepared in 

a relaxed format that is suitable for the interviewees (Kvale, 2007). Appendix 7 contains the 

interview protocol for this study. 

 

At the beginning of the interview, simple closed questions about the students’ engagement in 

the out-of-class learning activities were asked to help them recall their learning experience in 

the FCs. Then, open-ended questions were asked to obtain more in-depth information. For 

example, Q1: How long did you spend watching the videos (including the content and 

experimental videos) before the science lessons in general? Did you re-watch them? If yes, how 

many times? And why? The closed questions can be ideal gateways to open-ended probing 

(Adams, 2015). 

 

Later, more in-depth questions on how the FC (FPOE / TFC) helped improve their SRL abilities, 
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LA, and SPS were asked. For example, Q6: Describe and explain some strategies you have 

used to help you learn in the out-of-class online environment? For example, making notes, 

speaking aloud, etc. Several open-ended questions about the students’ learning experience in 

the FCs were also asked. For example, Q7: Did you encounter any difficulties preparing online 

in the PowerLesson2 platform? If so, what are they? How could you overcome them?  

 

In addition, a linking question – Q10: How can the videos and online quizzes / POE activities 

help you prepare for the scientific inquiries in the science lessons? – was asked to redirect the 

focus of the interview from students’ learning experience in the out-of-class activities toward 

the in-class scientific inquiry. Although the interview questions were prepared in the interview 

protocol at an early stage of the study, the foci of the student interviews were adjusted 

depending on the quantitative results of the survey and tests in this sequential explanatory 

research (Creswell, 2009). 

 

3.5 Addressing the Threats of Validity and Reliability 

3.5.1  Validity  

There are several threats (both internal and external) to validity that need to be identified and 

addressed in the quantitative section of this mixed-methods study. These threats might draw 

inappropriate inferences from the data (Creswell, 2009). 

 

Internal validity threats arise from the experimental procedures, treatments, or experiences of 

the participants that prevent us from drawing correct inferences from the data about the 

population (Creswell, 2009). In this study, the quasi-experimental design was controlled to a 

certain extent by the internal validity threats related to the participants’ history, maturation, and 

mortality, and those related to experimental procedures including testing and instrument 
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(Campbell et al., 1963). For instance, both the experimental and control groups experienced 

the same external events within the same school to address the threat of history. Furthermore, 

the students in both groups had similar demographic backgrounds, such as age, sex ratios, and 

race, to address the threat of maturation. Moreover, the threat of mortality was avoided as there 

was no drop out among the participating students. Finally, the same instruments were employed 

for the pre-test and post-test measures to address the validity of instrumentation (Creswell, 

2009).  

 

However, selection bias still posed a considerable threat to this quasi-experimental study as 

there was no random assignment or selection of the participants. Regression threats might also 

occur if participants with extreme scores, which might regress toward the mean over time 

regardless of the treatment effect, are selected for the experiment (Campbell et al., 1963). 

Moreover, internal validity threats related to using an experimental treatment and 

manipulations, which involves compensatory demoralization, compensatory rivalry, and 

treatment diffusion (Creswell, 2009), might also occur. 

 

Nevertheless, the employment of a historical cohort control group of TC could decrease the 

threats of selection, reactivity, treatment diffusion, compensatory demoralization, and 

compensatory rivalry (Walser, 2014). For example, there would be a minimization of the threats 

of reactivity to the experimental situation, in which individuals might change their performance 

or behavior due to the awareness of being observed (Shadish, Cook, & Campbell, 2002), 

because the assessment used for the historical control group was part of routine monitoring and 

evaluation in the school setting, and hence, considered by the students to be normal (Walser, 

2014). Treatment diffusion, compensatory demoralization, and compensatory rivalry could be 

eliminated when using a historical control group because the FC interventions and historical 
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TC setting were not concurrent (Walser, 2014). In line with Shadish et al.’s (2002) discussion 

regarding adding design elements to strengthen the validity of a study, Walser (2014) also 

suggested that the use of a “historical cohort control group as a design element as part of a 

larger study can strengthen validity” (p. 6).  

 

On the other hand, external validity threats that hinder generalizing the research findings to 

establish a causal relationship from the sample data to apply to students in other settings 

(Shadish et al., 2002) also need to be considered. For example, the interaction between 

selection and treatment, the interaction between setting and treatment, and the interaction of 

history and treatment might restrict generalizing the research findings to other contexts. 

Nonetheless, the use of a historical control might address these issues in certain extents. 

 

In addition to the threats of internal and external validity of the quasi-experiment, the tests and 

data analysis of this study should also address on some other types of validity, including (a) 

content validity, which refers to adequate test coverage and relevance; (b) construct validity, 

which refers to the extent to which specific constructs can account for performance on the test 

(Cohen, Manion, & Morrison, 2007); and (c) statistical conclusion validity, which refers to the 

inferences about whether the conclusion is reasonable due to the appropriate statistical power 

or the compliance of statistical assumptions (Creswell, 2009; Drost, 2011). Therefore, this 

study employed instruments that have been validated by previous researchers, as discussed in 

Section 3.4.  

 

This study made several measures based on suggestions from Creswell (2009) and Cohen et al. 

(2007) to address the aforementioned threats to validity: 
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(a) A longer time interval (i.e., seven months) between administering the measures to 

ensure that the students would not be familiar with the outcome of the pre-tests and 

remember those responses for later post-tests (addressing internal validity threat of 

testing). 

(b) Assignment of students evenly with similar demographics, such as proportions of 

gender and learning ability, into the two groups of the FPOE and TFC, as well as the 

historical TC group (addressing internal validity threat of selection). 

(c) Equal treatments, such as the same bonus marks and feedback, were provided for 

students in their participation in the online learning activities in the two groups of the 

FPOE and TFC, so that students in both groups might feel they gained benefits equally 

(addressing internal validity threat of compensatory demoralization). 

(d) Progressive thorough discussions with the science teachers regarding the expectations 

of students in different groups to ensure that students in the control group (TFC) would 

not feel they were being devalued (addressing internal validity threat of compensatory 

rivalry).  

(e)  Separation of the groups as much as possible by (i) limiting student authority 

regarding accessing and communicating between different groups in the LMS; (ii) 

preventing disclosure and discussion of the experimental treatment in the control 

groups by the science teachers; and (iii) arranging different subject teachers into the 

FPOE and TFC groups (addressing internal validity threat of diffusion of treatment). 

(f) Formation of an expert panel comprising three experienced science teachers with more 

than 10 years of teaching experience for checking and validating the LA test with the 

science content to be assessed (addressing threat of content validity). 

(g) Adopting well-established instruments (i.e., OSLQ, BAPS, and TIPS-II) with 

validations (addressing the threat of construct validity). 
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(h) Translation of the instruments into a bilingual version with help of an English panel 

chairperson who is familiar with both English and Chinese and the subject matter in 

the same school as the research to ensure the validity of the instruments prior to pilot 

testing and to refine the instruments after the testing. 

(i) Implementation of a pilot test that involved using the quantitative instruments 

translated into Chinese and administered with English bilingually, as well as 

interviews with participants in a Form 2 (Grade 8) flipped POE class (2A) in 2017–

2018 (not the historical control classes) to ensure that the bilingual OSLQ, BAPS, 

TIPS-II, and LA tests and the proposed interview questions were valid, reliable, and 

practical.  

(j) Analysis of quantitative data with adequate statistical power and without violating the 

statistical assumption (addressing the threat of statistical conclusion validity). 

 

According to Maxwell (2013), researcher bias and reactivity caused by the influence of the 

researcher or the setting to an individual under study are the two main validity threats to 

qualitative studies. Therefore, to assure qualitative validity regarding the accuracy of the 

findings in this mixed-methods study, the following validity strategies (Creswell, 2009) were 

employed:  

 

(a) Clarification of the possible bias the research might contain. 

(b) Determining the accuracy of the interview transcripts through taking specific 

descriptions or themes back to the interviewees for accuracy checking. 

(c) Translating the interview transcripts in Chinese into English with the help of the 

English panel chairperson to ensure accuracy. 

(d) Assigning a peer debriefer to help review and account for the qualitative findings. 
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3.5.2  Reliability 

According to Cohen et al. (2007), reliability is concerned with the precision and accuracy of a 

study. Reliability is also “essentially a synonym for dependability, consistency and replicability 

over time, over instruments and over groups of respondents” (Cohen et al., 2007, p. 199). 

 

For the quantitative tests in this study, all the adopted instruments, including the OSLQ, BAPS, 

and TIPS-II, already had established very high internal consistencies with a reliable Cronbach’s 

alpha (> 0.8) (Cohen et al., 2007; see Section 3.4). The corresponding internal consistencies of 

the adopted instruments in this current study were also calculated to ensure their high reliability 

(see Section 4.2.1). The procedure used for the quantitative data collection was also assessed. 

For example, the consistency of the marking of the tests was addressed by follow-up checking 

by another subject teacher.  

 

To ensure that the qualitative interviews were reliable, researcher bias has been avoided as 

much as possible (Yin, 2009). The interview procedures were documented in detail (see Section 

3.6.3) and the following reliability procedures (Gibbs, 2007) were employed: 

 

(a) Maintaining a good rapport between interviewer and interviewee (Cohen et al., 2007). 

(b) Piloting interviews with students to help develop reliable codes for the current study. 

(c) Checking the interview transcripts several times to ensure no mistakes were made 

during the transcription process from the recorded audios (Creswell, 2009). 

(d) Comparing the interview data with the codes and written memos from interview 

protocols several times to ensure there was no shift in the definition and meaning of 

codes during the categorizing process (Creswell, 2009). 
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3.6 Data Collection 

In this sequential, explanatory, mixed-methods study (Creswell, 2009), quantitative data from 

the questionnaire survey and the tests were collected and analyzed before collecting and 

analyzing the qualitative data from the student interviews. The purpose of this design was to 

build on the quantitative findings from the initial phase to inform the secondary qualitative 

collection and analysis, leading to an in-depth examination and explanation of the quantitative 

results (Creswell & Plano Clark, 2007). Table 3.4 shows an overview of the data sources that 

address the RQs.  

 

 

The procedure for ethical approval, the schedule for the administering of instruments in 

quantitative data collection, and the procedure for qualitative data collection from student 

interviews are described in the following sections. 

 

3.6.1  The Procedure for Ethical Approval 

The student participation in this research required thoughtful ethical consideration to assess the 

Table 3.4 

The data sources that address the RQs 

Data Source Type Description RQ1 RQ2 RQ3 RQ4 

Current cohort (2018–2019)      

Pre- and post-

survey of SRL 

Quantitative  Measure students’ SRL abilities 

before and after the interventions 

√ √ √  

Pre- and post-tests 

of SPS  

Quantitative  Measure students’ SPS before and 

after the interventions 

√ √ √  

Pre- and post-tests 

of LA 

Quantitative  Measure students’ LA before and 

after the interventions 

√ √ √  

Interviews with 

students 

Qualitative  Interviews with students about their 

SRL abilities, LA, and SPS  

√ √ √ √ 

Historical cohort (2017–2018)      

3rd Term 

examination 

Quantitative Measure students’ LA in the 

historical control group 

 √   

Post-tests of SPS Quantitative Measure students’ SRL abilities in 

the historical control group 

 √   

Post-survey of SRL Quantitative  Measure students’ SRL abilities in 

the historical control group 

 √   
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potential for risk toward the participants (Creswell, 2009; Creswell & Plano Clark, 2007). To 

ensure the research was conducted according to the highest standards of ethical consideration 

to safeguard the physical, psychological, and intellectual comfort of the participants, an 

independent ethical review in accordance with the Education University of Hong Kong’s 

(EdUHK) Guidelines on Ethics in Research was applied prior to the data collection on 11 

September 2018. This ethical review, which includes approval from the Human Research 

Ethics Committee (HREC) and the endorsement of the principal supervisor, is a compulsory 

requirement for any research postgraduate project involving human data under the auspices of 

the university. Appendix 8 contains the approval of the ethical review from the HREC granted 

for the research period between 9 October 2018 and 28 June 2019. 

 

The permission to collect data was obtained from the school and the individuals involved, 

including the target population of students, the subject teachers of the classes, and the principal 

of the school. Since the target participants were mainly aged 13, the consent forms required 

signatures from both the students and their parents/guardians. Appendix 9, Appendix 10, and 

Appendix 11 contain these consent forms, which include clear descriptions of the research 

background and methodologies, potential risks, guarantee of confidentiality of the participants, 

and how the results will be potentially disseminated. 

 

3.6.2  Quantitative Data Collection 

Quantitative data collection was conducted once the ethical approval had been granted from 

the university. For the current cohort, the pre-scores of the OSLQ, BAPS, TIPS-II, and LAT of 

all the students in different intervention groups were collected in science lessons during the 

period between 11 October 2018 and 16 October 2018. In particular, the 10-minute OSLQ was 

administered in a single lesson, the 30-minute BAPS and 35-minute TIPS-II were administered 
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in a double lesson, and the 90-minute LAT was arranged for an afternoon double lesson since 

extra time after school was required. A laboratory technician was assigned to monitor the tests 

without the presence of subject teachers to minimize any teacher influence. Similarly, the post-

scores of the OSLQ, BAPS, TIPS-II, and LAT were collected during the period between 3 May 

2018 to 10 May 2018 after the flipped learning interventions. 

 

For the historical cohort, only the post-scores of the OSLQ, BAPS, TIPS-II, and LAT were 

collected. Particularly, the post-scores of the LAT among the target historical students, who had 

already participated in the final examination in 2017–2018, were collected by accessing the 

data from the school intranet database system, WebSAMS, with permission from the school. 

On the other hand, the students’ post-scores of the OSLQ, BAPS, and TIPS-II of the historical 

cohort were collected through measurements in the current year during the period between 11 

October 2018 and 16 October 2018, at which time these students were in Form 3. Following 

the FC interventions, the students’ post-scores of the OSLQ, BAPS, TIPS-II, and LAT of the 

current cohort were collected between 16 May 2019 and 23 May 2019. The same laboratory 

technician was assigned to monitor to ensure as little variation as possible to avoid bias being 

introduced (Creswell, 2009). 

 

The students’ five-point Likert responses from the OSLQ were directly input by the researcher 

into a Microsoft Excel file for data storage. The students’ multiple-choice answers from the 

BAPS and TIPS-II and the final marks of the LAT were input in that Microsoft Excel file for 

data storage. The researcher was responsible for the data entry and double-checking. To ensure 

the confidentiality of the participants, all identifying information from the data were removed 

and stored confidentially and separately, with any links between identifying information and 

the data being through codes only. The Microsoft Excel file was password-protected and stored 
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in a password-protected computer, and the original, anonymized hard copies of the OSLQ 

questionnaires, and the BAPS, TIPS-II, and LAT tests were stored in a locked room inside the 

science laboratory and will remain there until two years past publication. 

 

3.6.3  Qualitative Data Collection 

In this sequential, explanatory, mixed-methods study, the primary emphasis is on the 

quantitative aspects (Creswell & Plano Clark, 2007). The qualitative data play a supplementary 

role illustrating and explaining the quantitative results (Creswell, 2009).  

 

Semi-structured interviews with students on their learning journey in different FCs (i.e., FPOE 

and TFC) were carried out after the completion of the FC interventions, as well as the collection 

and preliminary analysis of qualitative data during the period between 24 June 2018 and 28 

June 2018. The duration of each interview was at least 30 minutes. A purposeful sampling 

(Creswell & Plano Clark, 2007) technique was employed for the students in the current cohort 

for interview to involve interviewees with different learning outcomes from the FC 

interventions. Subject to the quantitative findings, (a) interviewees with an overall gain in SRL 

abilities, SPS, and LA, and (b) interviewees with negative or no effect on the measurements 

were selected. If all students displayed positive improvements in a group, the interviewees with 

the most gain and least gain were selected. Table 3.5 illustrates the interviewee sampling, the 

number of interviewees, and the assignment of identifiers for the interviewees in this study.  
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Table 3.5 

Interviewee selection  

Group / class (learning 

ability) 

Impacts of FC 

interventions* 

Number of 

interviewees 

(%) 

Identifiers 

FPOE / 2A (higher) Positive  2/32 (6.25%) FPOE-H-P-1, FPOE-H-P-2 

 None / negative 2/32 (6.25%) FPOE-H-N-1, FPOE-H-N-2 

TFC / 2B (higher) Positive  2/31 (6.45%) TFC-H-P-1, TFC-H-P-2 

 None / negative 2/31 (6.45%) TFC-H-N-1, TFC-H-N-2 

FPOE / 2C (lower) Positive  2/31 (6.45%) FPOE-L-P-1, FPOE-L-P-2 

 None / negative 2/31 (6.45%) FPOE-L-N-1, FPOE-L-N-2 

TFC / 2D (lower) Positive  2/30 (6.67%) TFC-L-P-1, TFC-L-P-2 

 None / negative 2/30 (6.67%) TFC-L-N-1, TFC-L-N-2 
*subject to the quantitative findings 

 

In summary, 16 interviewees participated (16 out of 124, 12.9%), which is an acceptable 

number of samples to supplement the quantitative findings (Creswell & Plano Clark, 2007). A 

unique identifier was assigned to each interviewee to ensure anonymity. The interviews were 

conducted in Chinese and audio-recorded into sound files using an electronic recorder. The 

interview protocol was used to guide the interviews. The conversation audios between the 

researcher and interviewees were stored in a password-protected computer. Transcription of 

the recorded audios was then carried out and the data translated into English with the help of 

the English panel chairperson for reporting purposes. Finally, the qualitative data were stored 

in Microsoft Word files and saved in a password-protected computer. The interviewees checked 

the accuracy of the transcriptions to ensure validity.  

 

3.7 Data Analysis 

3.7.1  Quantitative Data Analysis 

3.7.1.1 The Rationale for Choosing Statistical Analysis 

Regarding the method of data analysis in this non-equivalent control group pre-test–post-test 

design of a quasi-experiment (Campbell et al., 1963), the pre- and post-scores from the OSLQ, 

BAPS, TIPS-II, and LAT were collected from the students in the current cohort, whereas only 
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the post-scores were collected from the students in the historical cohort. To address the first 

two quantitative RQs, (a) a paired sample t-test between the pre-scores and post-scores, (b) 

independent sample t-tests on the pre-scores, post-scores, and gain scores, and (c) between-

subjects analysis of variance (ANOVA) and multivariate analysis of variance (MANOVA) of 

the gain scores and post-scores were employed in different circumstances with the following 

rationales. 

 

Since only analysis of post-test scores without considering the pre-test scores may result in 

analysis bias and erroneous conclusion (Bonate, 2000), independent sample t-tests on the gain 

scores, which have often been suggested to be used to measure the treatment effects in the non-

equivalent control group design with the selection based on a stable group of an intact class 

(Kenny, 1975), were used in this research.  

 

In addition, data analysis using the independent sample t-test for gain scores between groups 

was used instead of repeated measures of ANOVA with a fixed-effects group factor and analysis 

of covariance (ANCOVA) / multivariate analysis of covariance (MANCOVA) using pre-test 

scores as a covariate with a fixed-effect group factor for the following reasons:  

 

First, repeated-measures ANOVA with a fixed-effects group factor and independent sample t-

test of the difference between gain scores from two independent groups are said to be 

equivalent (Smolkowski, 2019). Anderson et al. (1980) notes that, “with only two data points, 

the repeated-measures ANOVA is mathematically equivalent to the simple gain score” (p. 238). 

For ease of data interpretation without considering the treatment X test-occasion interaction, 

the independent sample t-test of gain scores between groups is preferable (Bonate, 2000). 
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Second, the choice between analysis of gain scores and ANCOVA/MANCOVA should depend 

on the research question (Fitzmaurice, Laird, & Ware, 2004). Specifically, 

ANCOVA/MANCOVA answer RQs that test for the difference of post-test, given that 

participants begin with the same score. However, t-tests of gain scores answer RQs that focus 

on the difference in gains of scores, on average, between different groups. Hence, this research 

employed the latter method to examine the differences in gains of students’ SRL abilities, LA, 

and SPS between the FPOE and TFC pedagogical approaches.  

 

Third, several studies recommended the use of ANCOVA/ MANCOVA only for the analysis of 

data in randomized experimental designs (Fitzmaurice et al., 2004; Oakes & Feldman; 2001). 

In the absence of randomization, in which baseline differences between groups exist in this 

quasi-experimental research that consists of classes with different learning abilities, gain scores 

analysis is preferred for yielding less-biased estimates (Oakes & Feldman, 2001). Huck (2008) 

stressed that ANCOVA might not be applicable for the non-equivalent control group design 

because the population means on the covariate cannot be assumed to be equal and, consequently, 

the adjusted means for the post-test could be biased (Gliner, Morgan, & Harmon, 2003).  

 

3.7.1.2 Data Analysis Procedures 

The data analysis using the aforementioned statistical methods was proceeded by the IBM 

Statistical Package for the Social Sciences (SPSS) version 25, which is a powerful software 

package often used for statistical analysis (Cohen et al., 2007; Field, 2009). All the data stored 

in the Microsoft Excel file were imported into the SPSS with the defining of variables needed 

for the analysis. Data transformation of the students’ multiple-choice answers in the BAPS and 

TIPS-II into item and subscale marks was also conducted. The gain scores of the OSLQ, BAPS, 

TIPS-II, and LAT were computed using SPSS. Reliability tests regarding internal consistency 
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(i.e., Cronbach’s alpha) of the quantitative instruments (OSLQ, BAPS, and TIPS-II) in the 

current study were also carried out.  

 

As assumption of the parametric data is necessary for the inferential statistical analysis used in 

this study, checks for the assumptions of (a) normality, via visualizations of data in the form of 

histograms and Q-Q plots, and (b) homogeneity of variance, using Levene’s test, were 

conducted in SPSS before the inferential analysis (Field, 2009).  

 

3.7.1.3 Statistical Analysis for Addressing the Research Questions 

To answer the first two research questions (RQ1 and RQ2), below, different inferential 

statistical analyses were employed. 

 

RQ1: Can the FPOE improve students’ SRL abilities, LA, and SPS in comparison with the 

TFC? 

RQ2: Are there differences in the improvements of students’ SRL abilities, LA, and SPS 

among different pedagogical approaches (FPOE vs. TFC vs. TC)? If yes, which is the 

most effective? 

 

RQ1 investigates the improvements of students’ SRL ability, LA, and SPS by different flipped 

approaches in the current cohort. On the other hand, RQ2 investigates student improvements 

between all pedagogies in both the current and historical cohorts.  

 

For the analysis of the quantitative data addressing the first research question (RQ1), paired 

sample t-tests between pre- and post-scores were carried out to determine how different flipped 

pedagogies (FPOE and TFC) could improve students’ SRL abilities, LA, and SPS. Independent 
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sample t-tests on the gain scores were carried out to examine whether there were differences 

of the SRL abilities, LA, and SPS between the two flipped pedagogies following the 

interventions.  

 

Since no pre-scores of the students’ SRL abilities, LA, and SPS were collected in the TC in the 

historical cohort, ANOVAs/MANOVAs analysis using gain scores was not feasible for 

addressing the second research question (RQ2). Hence, ANOVAs/MANOVAs on only the post-

scores of the students’ SRL abilities, LA, and SPS were conducted to examine the effectiveness 

of the flipped pedagogies (FPOE/TFC) in comparison with the TC. Figure 3.8 illustrates the 

quantitative data analysis of the t-tests and ANOVA to address the two RQs. Caution is advised 

when discussing the quantitative findings of the second research question (RQ2) regarding the 

statistical power because only post-scores were used for the ANOVA.  
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Figure 3.8. An overview of quantitative data analysis for addressing RQ1 and RQ2 

 

RQ3: Do student learning abilities (lower and higher) affect the improvements of their SRL 

abilities, LA, and SPS in different flipped pedagogical approaches (FPOE and TFC)? 
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between the students with higher and lower abilities in different flipped pedagogies. In addition, 

two-way between-subjects ANOVAs/MANOVAs of the students’ gain scores by learning 

ability and flipped pedagogy were conducted to investigate whether there was any interaction 

effect between learning ability and flipped pedagogy regarding student improvements of the 

SRL abilities, SPS, and LA. Figure 3.9 illustrates the aforementioned quantitative data analysis. 

 

 

Figure 3.9. An overview of quantitative data analysis for addressing RQ3 
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to the aforementioned purposeful sampling. The main purpose of the qualitative data analysis 

was to find in-depth and detailed evidence to explain the quantitative findings, and hence, 

address the fourth research question (RQ4) in this study: 

 

RQ4: How and to what extent do the FPOE and TFC help students with different learning 

abilities to improve their SRL abilities, LA, and SPS? 

 

Data from the interview transcripts stored in Microsoft Word files were imported into NVivo 

12, which is a qualitative data analysis computer software package often used by qualitative 

scholars to organize categories and analyze text-based information (Cohen et al., 2007; 

Maxwell, 2013). Then, categorizing analysis was conducted with (a) the intensive 

identification of segments from the interview transcripts and (b) the categorizing of the 

segments into coding categories that address RQ4.  

 

A set of organization categories, often called topics, covering broad areas or issues related to 

this study were established prior to the interviews (Maxwell, 2013). The topics included (a) 

benefits of different flipped pedagogical approaches in terms of SRL abilities, (b) SPS, (c) LA, 

and (d) the challenges of different flipped pedagogical approaches in this study. 

 

Theoretical categories, which could be regarded as the sub-categories or themes of the 

organizational categories, were also derived from developed frameworks from other studies 

(Maxwell, 2013). In particular, the topic of SRL abilities might include themes of (a) goal-

setting, (b) environmental structuring, (c) help-seeking, (d) task strategies, (e) time 

management, and (f) self-evaluation (Barnard et al., 2009). The topic of SPS might consist of 

the themes of (a) observation, (b) communication, (c) classification, (d) measurement, (e) 
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inference, (f) prediction (Padilla et al., 1985), (g) identifying variables, (h) identifying and 

stating hypotheses, (i) operationally defining, (j) designing investigation, and (k) graphing and 

interpreting data (Burns et al., 1985). The topic of benefits on improving LA might consist of 

the themes of (a) sufficient time for activities, (b) learning of new knowledge, (c) real-time 

feedback (Lo, Hew, & Chen, 2017), and (d) better management of cognitive load (Abeysekera 

& Dawson, 2015). Finally, the topic of challenges of the flipped pedagogies might include 

student-related, faculty-related, and operation-related challenges (Betihavas et al., 2016).  

 

Finally, open coding of data would be conducted if substantive categories were inductively 

generated from the students’ own concepts and insights (Maxwell, 2013). The analyses of the 

data were displayed with the frequency of the themes obtained from the interview and with 

representative student quotes for different classifications of the group (i.e., flipped pedagogical 

approaches [FPOE / TFC] and learning abilities [lower / higher]). Matrices were organized to 

present and further develop the findings from the content analysis. Figure 3.10 shows an 

overview of the data collection and analysis procedures in this research. 
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Figure 3.10. An overview of the data collection and analysis procedures 

 

3.8 Ethical Issues  

This study was conducted with the anticipation of different ethical issues arising from the data 

collection and analysis.  

 

As mentioned in the section on data collection (Section 3.6), an ethical review was undertaken 

and approved by the HREC of the university, and agreements regarding data collection were 

9 October 2018 

•Ethical approval and the permissions for data collection

11 October 2018 
- 16 October 2018

•Quantitative data collection: pre-OSLQ, BAPS, TIP-II, and LAT of the current cohort 
and post-OSLQ, BAPS, TIP-II, and LAT of the historical cohort

October 2018 -
April 2019

•Interventions of the FPOE and TFC

16 May 2019 - 23 
May 2019

•Quantitative data collection: post-OSLQ, BAPS, TIP-II, and LAT of the current cohort

June 2019

•Reliability tests of internal consistency of instrusments OSLQ, BAPS, and TIP-II by 
SPSS

•Assumption checks for normality and homogeneity of variance by SPSS

June 2019

•Quantitiative data analysis: inferential analysis: pair-samples and independent-samples t-
tests; ANOVA and MANOVA by SPSS

24 June 2019 - 28 
June 2019

•Purposeful sampling of students for interviews based on the quantitative results 

August 2019 -
February 2020

•Qualitative data analysis: transcription and translation of interviews, categorizing data 
from transcripts into codes / themes, and presenting analyses in the form of matrices by 
NVivo
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obtained from the school and the participants. Moreover, the researcher, who was also the 

subject teacher of the participants, was very aware of the workloads of the flipped learning 

interventions on his students; hence, a lot of and equal amount of guidance, such as briefing 

sessions on the purpose of the study, and workshops on the use of LMS for the FCs, were 

provided for the students in both the FPOE and the TFC. The researcher was also cognizant 

that the tests and interviews might be stressful for the students; therefore, a friendly rapport 

between the researcher and the participants, the administering of the tests by a third person, 

and a thoughtful explanation on the use and confidentiality of the data were provided. All the 

students voluntarily participated in the study and could withdraw at any time without 

consequence. Incentives for the students to complete the survey, tests, and interviews were 

avoided. 

 

The ethical issues that emerged during both the quantitative and qualitative data analyses were 

anticipated. For instance, the anonymity of students was protected by assigning codes in the 

quantitative data and identifiers in the interview transcripts. The analyzed and interpreted data 

will only be kept for two years before being fully discarded to avoid other individuals accessing 

them for inappropriate use (Creswell, 2009). The researcher carried out strategies to ensure an 

accurate interpretation of the data via a debriefing of the study and the checking of the 

transcripts with the interviewees (Creswell, 2009). Finally, details of the research method and 

design, and the procedures of data collection and analysis are all explicitly described, so that 

the credibility of this study can be determined by other researchers (Creswell, 2009). 

 

3.9 Summary 

This chapter outlined the research context, including the backgrounds of the participants, the 

designs of the pedagogical approaches (FPOE, TFC, and TC), and how the FCs were 
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incorporated into the school curriculum. In total, 187 Form 2 (Grade 8) students in a Hong 

Kong secondary school participated in the study. 

 

The mixed-methods approach and the non-equivalent control group pre-test–post-test design 

of a quasi-experiment were also described and explained in detail. Quantitative findings from 

the OSLQ survey and the BAPS, TIPS-II, and LAT tests were used to guide the sequential 

student interviews (n = 16). The features of the well-established instruments used in this study 

were provided, with descriptions of why they were adopted or developed. The validity and 

reliability of the instruments were reported, and the threats of validity and reliability regarding 

the research were discussed. 

 

Finally, this chapter explained the data collection and analysis procedures comprehensively. 

Important ethical issues of this study were also addressed. 
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Chapter 4: Results 

4.1 Introduction 

This chapter presents the findings from the analysis of both the quantitative and qualitative data 

to address the four RQs. For the quantitative findings, the data from the OSLQ survey and the 

LAT, BPAS, and TIPS-II tests were analyzed using descriptive and inferential statistics to 

address the first two RQs (Section 4.2). The results from the quantitative analysis were used to 

guide the sampling of students for the sequential interviews to obtain more in-depth 

explanations of the quantitative findings in this sequential, mixed-methods research. For the 

qualitative data, all the student interviews were transcribed for content analysis to address the 

third research question (Section 4.3). A summary of the quantitative and qualitative results is 

provided at the end of this chapter (Section 4.4). Table 4.1 summarizes the numbers and type 

of data collected for the analyses. 

 

Table 4.1 

Summary of the collected quantitative and qualitative data for analysis 

Group 

(pedagogy) 

N(Total) 

(Male: 

Female) 

Class 

(ability) 

N(Total) 

(Male:  

Female) 

Quantitative data Test 

sour

ce 

Qualitativ

e data 

N(Total) 

(Male: 

Female) 

Experimental 

(FPOE) 

63 

(29:34) 

2A 

(higher) 

32 (15:17) OSLQ, BAPS, TIPS-II Pre/

Post 

Interview  4 (2:2) 

2C 

(lower) 

31 (14:17) OSLQ, BAPS, TIPS-II Pre/

Post 

Interview 4 (2:2) 

Control  

(TFC) 

61 

(34:27) 

2B 

(higher) 

31 (18:13) OSLQ, BAPS, TIPS-II Pre/

Post 

Interview 4 (2:2) 

2D 

(lower) 

30 (16:14) OSLQ, BAPS, TIPS-II Pre/

Post 

Interview 4 (2:2) 

Historical 

control (TC) 

63 

(32:31) 

2B 

(higher) 

32 (14:18) OSLQ, BAPS, TIPS-II Post Nil  Nil 

2C 

(lower) 

31 (18:13) OSLQ, BAPS, TIPS-II Post Nil  Nil 

 

4.2 Quantitative Findings 

4.2.1  Assumption Checking for the Normality of the Data 

To ensure the normality of the quantitative data for the subsequent parametric tests, frequency 

distributions are a useful method for examining the shape of a distribution (Field, 2009). By 



131 

visualizing the data for different groups (i.e., pre- and post-scores in FPOE/TFC) in histograms 

and P-P plots, it was found that most of the subscale scores were normally distributed. Figure 

4.1 displays a typical example of normally distributed data (post-scores of the measurement 

subscale of the BAPS in a TFC) visualized in the histograms and P-P plots. 

 
Figure 4.1. An example of normally distributed data visualized in a histogram and a P-P plot 

 

To confirm the assumption without subjectivity, skewness and kurtosis were used to test the 

normality of the pre-, post-, and gain scores of the subscales (n = 63) in different pedagogical 

groups. The results indicate that the skewness and kurtosis values of almost all subscales in the 

FPOE group were between -1.343 and 0.557, whereas those in the TFC were between -1.886 

and 1.322. According to George and Mallery (2010), skewness and kurtosis values that lie 
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between -2.00 and 2.00 are an acceptable normality range of data (George & Mallery, 2010). 

Thus, the data of the pedagogical groups are likely normally distributed. 

 

For the post-scores of the subscales (n = 21) in the historical TC group, the skewness and 

kurtosis values of all subscales were within the range of -1.101 and 1.392, suggesting an 

acceptable range of normality of the data (George & Mallery, 2010). Hence, the assumption of 

data with a normal distribution was also met for the later inferential statistical tests.  

 

4.2.2  The Identification of Outliers and Their Treatments 

According to Tabachnick and Fidell, (2013), any data with z-scores < –3.29 or > 3.29 could be 

identified as extreme. By computing the z-scores of the data, including the pre-, post-, and gain 

scores of different subscales, one extreme outlier, with a z-score of 4.571, was identified in the 

pre-LA scores of a student in the TFC group.  

 

Further investigation of the outlier was conducted by visualizing the data in a boxplot (see 

Figure 4.2). The score of the outlier in the Excel file and that imported in the SPSS was also 

checked to confirm that it was not caused by human error during data collection, recording, or 

entry (Osborne, 2007). 
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Figure 4.2. Boxplot displaying the pre-scores of the students’ LA of the TFC group with an 

outlier  

 

This outlier was not removed since it was found to be a legitimate case sampled from the correct 

population in this study (Osborne, 2007). To prevent the outlier from affecting the subsequent 

inferential tests, the score could be changed to be one unit above the next highest score in the 

dataset or to be the mean adding three times of the standard deviation (Osborne, 2007). In this 

case, the extreme outlier of LA = 28 was replaced by LA = 20. Figure 4.3 displays the boxplot 

and the pre-scores of LAT of the TFC group after the truncation and change of the identified 

outlier. 
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Figure 4.3. Boxplot displaying the pre-scores of the students’ LA of the TFC group after treating 

the outlier  

 

Moreover, the data were further assessed for multivariate outliers using a Mahalanobis distance 

test (Tabachnick & Fidell, 2013) in SPSS. However, no multivariate outlier was identified. 

 

4.2.3  Statistical Analysis Addressing the First Research Question (RQ1) 

To address the first research question (RQ1), which focuses only on the flipped pedagogical 

approaches, paired sample t-tests between pre-test and post-test scores and independent sample 

t-tests of gain scores were carried out. Table 4.2 shows the descriptive statistics of the 

quantitative data collected for addressing RQ1. 
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4.2.4.1 Self-Regulated Learning (SRL) Abilities 

Paired sample t-tests between the pre- and post-scores of SRL abilities in different flipped 

pedagogies (FPOE and TFC) 

Paired sample t-tests were employed to examine whether the FPOE pedagogical approach 

made a difference to the students’ SRL abilities. Paired sample t-tests were also employed to 

examine whether the TFC pedagogical approach made a difference to the students’ SRL 

abilities. The results are summarized in Table 4.3.  

 

Table 4.2 

Descriptive statistics of the quantitative data collected to address RQ1 

 FPOE TFC 

 

SRL ability  

Posttest Pretest Posttest Prettest 

M SD M SD M SD M SD 

Goal setting 3.420 .555 3.314 .602 3.143 .500 3.144 .699 

Environmental 

structuring 
3.663 .666 3.583 .713 3.435 .635 3.525 .727 

Task strategies 3.056 .708 2.992 .783 2.848 .673 2.873 .786 

Time 

management 
3.328 .621 3.106 .703 3.071 .645 2.962 .819 

Help seeking 3.337 .587 3.270 .695 3.205 .567 3.189 .811 

Self-evaluation 3.425 .644 3.254 .696 3.172 .585 3.086 .758 

Overall SRL  3.371 .522 3.254 .547 3.146 .461 3.130 .576 

LA 46.683 13.171 8.587 3.774 45.951 11.151 8.557 4.288 

Observation 4.71 1.142 4.83 1.056 4.85 1.181 5.00 1.017 

Communication 4.49 1.378 4.51 1.469 4.34 1.377 4.69 1.104 

Classification 4.84 1.096 4.57 1.316 4.77 1.039 4.95 1.007 

Measurement  4.44 1.012 3.68 1.189 3.98 1.103 3.66 1.078 

Prediction 4.02 1.129 3.71 1.069 4.13 1.103 3.95 1.175 

Inference 4.63 1.248 4.51 1.105 4.84 1.003 5.00 1.125 

Overall BSPS 27.14 4.280 25.81 4.624 26.92 4.428 27.25 3.931 

Identifying 

variables 
6.86 2.752 4.75 2.279 6.75 2.560 5.28 2.169 

Stating 

hypotheses 
4.54 2.154 3.00 1.769 3.97 1.844 3.70 2.068 

Operational 

defining 
2.94 1.655 2.32 1.424 3.08 1.584 2.62 1.714 

Designing 

investigation 
1.78 .771 1.30 .835 1.80 .703 1.33 .769 

Graphing and 

interpreting 

data 

4.32 1.354 3.38 1.419 3.84 1.344 3.49 1.312 

Overall ISPS 20.43 5.721 14.75 5.255 19.44 5.387 16.43 5.798 
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Figure 4.4 and Figure 4.5 show bar charts illustrating the mean scores of the average SRL 

ability and its subscales in the FPOE and the TFC, respectively. 

 

Figure 4.4. Bar chart of the mean scores of each subscale of the SRL abilities and the average 

SRL ability in the FPOE 
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Table 4.3 

Summary of the results for paired sample t-tests on SRL abilities at different flipped pedagogies 

 Flipped pedagogy 

Measurement FPOE  TFC 

SRL ability  Posttest Pretest t  Sig. 

(2-

tailed) 

Posttest Prettest t Sig. 

(2-

tailed) 
M SD M SD M SD M SD 

Goal setting 3.420 .555 3.314 .602 1.308 .196 3.143 .500 3.144 .699 -.011 .992 

Environmental 

structuring 
3.663 .666 3.583 .713 .740 .462 3.435 .635 3.525 .727 -.744 .460 

Task strategies 3.056 .708 2.992 .783 .570 .571 2.848 .673 2.873 .786 -.214 .831 

Time 

management 
3.328 .621 3.106 .703 2.141 .036 3.071 .645 2.962 .819 1.044 .300 

Help seeking 3.337 .587 3.270 .695 .661 .511 3.205 .567 3.189 .811 .167 .868 

Self-

evaluation 
3.425 .644 3.254 .696 1.651 .104 3.172 .585 3.086 .758 .959 .341 

Average SRL 

ability  
3.371 .522 3.254 .547 1.637 .107 3.146 .461 3.130 .576 .222 .825 
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Figure 4.5. Bar chart of the mean scores of each subscale of the SRL abilities and the average 

SRL ability in the TFC 

 

The results of the paired sample t-tests showed that the students’ ability of time management 

significantly was improved following the FPOE intervention, with t(62) = .2141, p = .036<.05. 

However, neither the students’ average SRL ability nor its subscales were improved 

significantly following the TFC intervention. Thus, only the FPOE approach had a positive 

effect on improving the students’ time-management ability. 

 

Independent sample t-tests of the gain scores on students’ SRL abilities by flipped pedagogy 

Independent sample t-tests were employed to determine whether there were differences in the 

gain scores of the students’ SRL abilities between different flipped pedagogies. The results are 

shown in Table 4.4. 

 

According to the results, there was no significant difference in gain scores regarding the 

students’ average SRL ability and its subscales between the FPOE and TFC pedagogies. This 
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finding indicates there was no difference in the improvements in the students’ SRL abilities 

between the two flipped pedagogical approaches. 

 

 

4.2.4.2 Learning Achievement (LA) 

Paired sample t-tests between the pre- and post-scores of LA in different flipped pedagogies 

(FPOE and TFC) 

A paired sample t-test was employed to examine whether the FPOE pedagogical approach 

made a difference to the students’ LA of the FPOE group. Another paired sample t-test was 

employed to examine whether the TFC pedagogical approach made a difference to the students’ 

LA. The results are summarized in Table 4.5.  

 

 

 

Table 4.4 

Results of independent sample t-tests of gain scores on the students’ average SRL 

ability and its subscales by flipped pedagogy 

SRL abilities Flipped 

pedagogy 

(Independent 

variable) 

n M SD t(122) Sig.(2-

tailed) 

 

Goal setting TFC 61 -.001 .730 -.864 a .389 

 FPOE 63 .106 .641  

Environmental 

structuring 

TFC 61 -.089 .938 -1.049 a .296 

FPOE 63 .079 .852   

Task strategies TFC 61 -.025 .896 -.551 a .583 

FPOE 63 .064 .884   

Time 

management 

TFC 61 .109 .816 -.767 a .445 

FPOE 63 .222 .823   

Help seeking TFC 61 .016 .765 -.361 a .719 

FPOE 63 .068 .810   

Self-evaluation TFC 61 .086 .701 -.616 a .539 

FPOE 63 .171 .820   

Average SRL 

ability 

TFC 61 .016 .548 -1.013 a .313 

FPOE 63 .117 .569   
a = Equal variances assumed with p > .05 for Levene’s tests. 
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Figure 4.6 shows a bar chart of the mean scores of LA in the FPOE and TFC. 

  

Figure 4.6. Bar chart of the mean scores of LA in the FPOE and TFC 

 

The results of the paired sample t-tests showed that the students’ LA was significantly improved 

following the FPOE intervention, with t(62) = 24.748, p < .001; and their LA was also 

significantly improved following the TFC intervention, with t(60) = 25.119, p < .001. Thus, 

both flipped pedagogies significantly improved the students’ LA. On average, the students’ LA 

improved by 38.10 following the FPOE intervention and by 37.39 following the TFC 

intervention. 
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Table 4.5 

Summary of the results for paired sample t-tests on LA at different flipped pedagogies 

 Flipped pedagogy 

 FPOE  TFC 

 Posttest Pretest t  Sig. 

(2-

tailed) 

Posttest Prettest t Sig. 

(2-

tailed) 
M SD M SD M SD M SD 

LA 46.683 13.171 8.587 3.774 24.748 .000 45.951 11.151 8.557 4.288 25.119 .000 
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Independent sample t-tests of the gain scores in students’ LA by flipped pedagogy 

An independent sample t-test was employed to determine whether there was a difference in the 

gain scores of the students’ LA in different flipped pedagogies. The results are shown in Table 

4.6.  

 

 

No significant difference was found in the gain scores of the students’ LA between the FPOE 

and TFC approaches. This result indicates no difference regarding the improvements in the 

students’ LA between the two flipped pedagogical approaches. 

 

4.2.4.3 Science Process Skills (SPS) 

Paired sample t-tests between the pre- and post-scores of SPS in different flipped pedagogies 

(FPOE and TFC) 

Paired sample t-tests were employed to examine whether the FPOE pedagogical approach 

made a difference to the students’ SPS, which consist of subscales of BSPS and ISPS. Paired 

sample t-tests were also employed to examine whether the TFC pedagogical approach made a 

difference to the students’ SPS. The results are summarized in Table 4.7 and Table 4.8. 

 

 

 

 

Table 4.6 

Results for independent sample t-test of gain scores on students’ LA by flipped pedagogy  

 Flipped pedagogy 

(Independent 

variable) 

n M SD t(122) Sig.(2-

tailed) 

 

LA TFC 61 37.393 11.627 -.327 a .744 

 FPOE 63 38.095 12.218  
a = Equal variances assumed with p > .05 for Levene’s tests. 
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Figure 4.7 and Figure 4.8 also display the descriptive statistics of the mean scores of each 

subscale of the SPS and the overall BSPS and ISPS in the FPOE and the TFC, respectively. 

Table 4.7 

Summary of the results for paired sample t-tests of SPS in the FPOE 

Measurement FPOE 

Science Process Skills (SPS) 

Posttest Pretest 

t(62) 

Sig. (2-

tailed) M SD M SD 

Observation 4.71 1.142 4.83 1.056 -.680 .499 

Communication 4.49 1.378 4.51 1.469 -.077 .939 

Classification 4.84 1.096 4.57 1.316 1.563 .123 

Measurement  4.44 1.012 3.68 1.189 4.218 .000 

Prediction 4.02 1.129 3.71 1.069 1.803 .076 

Inference 4.63 1.248 4.51 1.105 .673 .503 

Overall BSPS 27.14 4.280 25.81 4.624 2.152 .035 

Identifying variables 6.86 2.752 4.75 2.279 6.046 .000 

Stating hypotheses 4.54 2.154 3.00 1.769 5.615 .000 

Operational defining 2.94 1.655 2.32 1.424 2.703 .009 

Designing investigation 1.78 .771 1.30 .835 3.851 .000 

Graphing and interpreting data 4.32 1.354 3.38 1.419 4.546 .000 

Overall ISPS 20.43 5.721 14.75 5.255 9.806 .000 

 

Table 4.8 

Summary of the results for paired sample t-tests of SPS in the TFC 

Measurement TFC 

Science Process Skills (SPS) 

Posttest Pretest 

t(60) 

Sig. 

(2-

tailed) M SD M SD 

Observation 4.85 1.181 5.00 1.017 -.976 .333 

Communication 4.34 1.377 4.69 1.104 -1.936 .058 

Classification 4.77 1.039 4.95 1.007 -1.144 .257 

Measurement  3.98 1.103 3.66 1.078 1.896 .063 

Prediction 4.13 1.103 3.95 1.175 1.108 .272 

Inference 4.84 1.003 5.00 1.125 -.919 .362 

Overall BSPS 26.92 4.428 27.25 3.931 -.575 .568 

Identifying variables 6.75 2.560 5.28 2.169 4.259 .000 

Stating hypotheses 3.97 1.844 3.70 2.068 1.158 .251 

Operational defining 3.08 1.584 2.62 1.714 2.229 .030 

Designing investigation 1.80 .703 1.33 .769 3.508 .001 

Graphing and interpreting data 3.84 1.344 3.49 1.312 1.814 .075 

Overall ISPS 19.44 5.387 16.43 5.798 5.485 .000 
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Figure 4.7. Bar chart of the mean scores of each subscale of the SPS and the overall BSPS and 

ISPS in the FPOE 

  

Figure 4.8. Bar chart of the mean scores of each subscale of the SPS and the overall BSPS and 

ISPS in the TFC 
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students increased by 1.333 following the FPOE intervention. Regarding specific BSPS, the 

FPOE approach significantly improved the students’ measurement skill, with t(62) = 4.218, p 

< .001. 

 

Moreover, the overall ISPS was significantly improved following the FPOE intervention, with 

t(62) = 9.806, p <.001. On average, the overall ISPS of the students increased by 5.683 

following the FPOE intervention. Regarding specific ISPS, the FPOE approach significantly 

improved all the subscales of ISPS, including the skills of identifying variables, with t(62) = 

6.046, p < .001; stating hypotheses, with t(62) = 5.615, p < .001; operational defining, with 

t(62) = 2.703, p = .009; designing investigation, with t(62) = 3.851, p < .001, and graphing and 

interpreting data, with t(62) = 4.546, p < .001. 

 

For the TFC, the results of the paired-samples t-tests showed neither the students’ overall BSPS 

nor its subscales were improved significantly following the TFC intervention.  

 

In addition, the overall ISPS was significantly improved following the TFC intervention, with 

t(60) = 5.485, p <.001. On average, the overall ISPS of the students increased by 3.016 

following the FPOE intervention. Regarding specific ISPS, the TFC approach significantly 

improved the skills of identifying variables, with t(60) = 4.259, p < .001; operational defining, 

with t(60) = 2.229, p = .030; designing investigation, with t(60) = 3.508, p = .001 < .05. 

 

Independent sample t-tests of the gain scores of the students’ SPS by flipped pedagogy 

Independent sample t-tests were employed to determine whether there were differences in the 

gain scores of the students’ SPS and subscales between the different flipped pedagogies. The 

results are in Table 4.9.  
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According to the results, there was a marginally significant difference of gain scores for the 

students’ overall BSPS between the FPOE and TFC pedagogies. On average, the improvement 

of the students’ overall BSPS (M = 1.333, SD = 4.969) in the FPOE approach was significantly 

higher than that (M = -.328, SD = 4.456) in the TFC, with t(122) = -1.969, p = .051. Regarding 

BSPS subscales, there was no significant difference in gain scores between the FPOE and TFC 

pedagogies.  

Table 4.9 

Results for independent sample t-tests of students’ gain scores of SPS by flipped pedagogy 

Post-Science 

Process Skills 

(SPS) 

Flipped 

pedagogy 

(Independent 

variable) n M SD t(122) a 

Sig. (2-

tailed) 

Observation TFC 61 -.146 1.181 -.163 a .870 

 FPOE 63 -.111 1.297  

Communication TFC 61 -.344 1.389 -1.201 a .232 

FPOE 63 -.016 1.641   

Classification TFC 61 -.180 1.232 -1.922 a .057 

FPOE 63 .270 1.370   

Measurement TFC 61 .328 1.351 -1.734 a .085 

FPOE 63 .762 1.434   

Prediction TFC 61 .180 1.272 -.519 a .605 

FPOE 63 .302 1.328   

Inference TFC 61 -.164 1.393 -1.119 a .265 

FPOE 63 .127 1.497   

Overall BSPS TFC 61 -.328 4.456 -1.969 a .051 

FPOE 63 1.333 4.919   

Identifying 

variables 

TFC 61 1.475 2.706 -1.292 a .199 

FPOE 63 2.111 2.771   

Stating hypotheses TFC 61 .262 1.769 -3.580 a .000 

FPOE 63 1.540 2.176   

Operational 

defining 

TFC 61 .459 1.608 -.519 a .605 

FPOE 63 .619 1.818   

Designing 

investigation 

TFC 61 .475 1.058 -.004 a .997 

FPOE 63 .476 .981   

Graphing and 

interpreting data 

TFC 61 .344 1.482 -.2111 a .037 

FPOE 63 .937 1.635   

Overall ISPS TFC 61 3.016 4.295 -3.334 a .001 

FPOE 63 5.683 4.600   
a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
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For the ISPS, the results showed that there was a significant difference in the gain scores of the 

students’ overall ISPS, with t(122) = -3.334, p = .001. On average, the improvement of the 

students’ overall ISPS (M = 5.683, SD = 4.600) in the FPOE approach was significantly higher 

than that (M = 3.016, SD = 4.295) in the TFC approach, with t(122) = -3.334, p = .001. 

Regarding ISPS subscales, the improvement of the students’ stating hypotheses skill (M = 1.540, 

SD = 2.176) in the FPOE approach was significantly higher than that (M = .262, SD = 1.769) 

in the TFC approach, with t(122) = -3.580, p < .001. The improvement of the students’ graphing 

and interpreting data skill (M = .937, SD = 1.635) in the FPOE approach was also significantly 

higher than that (M = .344, SD = 1.482) in the TFC approach, with t(122) = -.2111, p = .037. 

 

4.2.4  Statistical Analysis Addressing the Second Research Question (RQ2) 

To address the second research question (RQ2), which focuses on all pedagogical approaches, 

an ANOVA of the overall post-test scores and a MANOVA of the subscales of post-test scores 

were conducted. The following sections outline the statistical findings. Table 4.10 shows the 

descriptive statistics of the quantitative data collected for addressing RQ2. 
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4.2.5.1 Self-Regulated Learning (SRL) Abilities 

One-way between-subjects ANOVA of the students’ post-scores of average SRL ability and a 

MANOVA of the students’ post-scores of SRL subscales by pedagogy 

To investigate further whether the FPOE pedagogical approach was the most effective at 

improving the students’ SRL abilities when compared with the TFC (control) and the TC 

(historical control) approaches, a one-way between-subjects ANOVA of the students’ post-

Table 4.10 

Descriptive statistics of the quantitative data collected to address RQ2 

 Pedagogy 

Measurement TC (n = 63)# TFC (n =61) FPOE (n = 63) All (n =187) 

Post-scores  Mean SD Mean SD Mean SD Mean SD 

Goal setting 3.171 .637 3.143 .501 3.420 .555 3.246 .578 

Environmental 

structuring 

3.571 .718 3.435 .635 3.663 .666 3.558 .677 

Task strategies 2.762 .763 2.848 .673 3.056 .708 2.889 .723 

Time 

management 

3.000 .665 3.071 .645 3.328 .621 3.134 .656 

Help seeking 3.123 .630 3.205 .567 3.337 .587 3.222 .599 

Self-evaluation 3.191 .627 3.172 .585 3.425 .644 3.263 .627 

Average SRL 

ability   

3.138 .548 3.146 .461 3.371 .521 3.219 .521 

LA 40.814 13.827 45.951 11.151 46.683 13.171 44.546 12.953 

Observation 4.70 1.131 4.85 1.181 4.71 1.142 4.75 1.147 

Communication 4.52 1.255 4.34 1.377 4.49 1.378 4.45 1.333 

Classification 4.76 .946 4.77 1.039 4.84 1.096 4.79 1.024 

Measurement 3.86 1.255 3.98 1.103 4.44 1.012 4.10 1.151 

Prediction 3.73 1.035 4.13 1.103 4.02 1.129 3.96 1.097 

Inference 4.63 1.235 4.84 1.003 4.63 1.248 4.70 1.167 

Overall BSPS 26.21 4.190 26.92 4.428 27.14 4.280 26.75 4.295 

Identifying 

variables 

5.90 2.668 6.75 2.560 6.86 2.752 6.50 2.683 

Stating 

hypotheses 

4.02 1.727 3.97 1.844 4.54 2.154 4.18 1.925 

Operational 

defining 

2.92 1.619 3.08 1.584 2.94 1.655 2.98 1.613 

Designing 

investigation 

1.73 .677 1.80 .703 1.78 .771 1.77 .715 

Graphing and 

interpreting data 

4.10 1.254 3.84 1.344 4.32 1.354 4.09 1.325 

Overall ISPS 18.67 5.349 19.44 5.387 20.43 5.721 19.51 5.508 
# = for LA, n =59. 
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scores of the average SRL ability was conducted. Moreover, a MANOVA of the students’ post-

scores of the SRL subscales was carried out to investigate whether there was an effect of 

pedagogy on the linear combination of the subscale variables of the SRL abilities. Figure 4.9 

shows a bar chart of the students’ mean post-scores of the average SRL ability and its subscales 

in the three pedagogies. 

 

Figure 4.9. Bar chart of the mean post-scores of each subscale of the SRL abilities and the 

average SRL ability in all pedagogies 

 

For the ANOVA, the assumption of homogeneity of variance was met prior to the test, with a 

non-significant result for Levene’s test, F(2,184) = 1.06, p = .349. Without violating the 

assumption of the test, the ANOVA was conducted. Table 4.11 shows the result of the ANOVA 

of the average SRL ability. 
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Table 4.11 

Result of the one-way ANOVA of the average students’ post SRL ability by pedagogy 

 Sum of Squares df Mean Square F Sig.  

Average SRL 

ability  

Between Groups 2.199 2 1.100 4.196 .017 

Within Groups 48.225 184 .262   

Total 50.424 186    

 

 

The ANOVA result for the average SRL ability was significant, F(2,184) = 4.196, p =.017, with 

nearly a medium effect sizeη2 = 2.199/50.424 = .044, suggesting that the effectiveness of the 

three pedagogical approaches on the students’ SRL abilities following the interventions were 

different.  

 

Post hoc comparisons with a Bonferroni adjustment were used to make pairwise comparisons 

of the means of the average SRL ability of the three approaches, and the results are illustrated 

in Table 4.12.  

 

Table 4.12 

Post hoc Bonferroni (with adjustment) comparison for the average SRL ability by pedagogy 

(displaying significant results between flipped approaches with TC only) 

     95% CI 

Measurement Comparisons  Mean 

Difference  

Std. 

Error 

Sig. Lower 

Bound 

Upper 

Bound 

Average SRL 

ability  

FPOE vs. TC .233 .091 .034 .013 .454 

      

 

 

The result showed that the students’ average SRL ability mean score (M= 3.371, SD= .521) in 

the FPOE approach was significantly higher than that (M= 3.138, SD= .548) in the TC approach 

(p = .034).  

 

For the MANOVA of the subscales of the SRL abilities, the test of the assumption of 

homogeneity of covariance was carried out using Box’s test of equality of covariance matrices, 
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with p < .001 as a criterion. The result showed that there were no significant differences 

between the covariance matrices, with Box’s M (75.892) = .002. Therefore, the assumption of 

homogeneity of covariance was not violated and the MANOVA was conducted. 

 

Table 4.13 shows the result of the MANOVA. Using Wilks’ lambda (λ), the effect of pedagogy 

on the linear combination of the subscales of the students’ SRL abilities was not significant, 

with Wilks’ λ = .918, F(12, 358) = 1.305, p = .213. Thus, there were no significant differences 

of the linear combination of SRL subscales between the pedagogies. 

 

 

Despite the non-significant result of the MANOVA, it was important to explore further the 

effect of pedagogies on the SRL subscales independently, since a significant result was 

obtained by the ANOVA regarding average SRL ability. Therefore, one-way between-subjects 

ANOVAs on the subscales of the students’ post-SRL abilities were carried out independently. 

The results are shown in Table 4.14. 

 

With reference to Table 4.14, the results of the ANOVAs showed that the students’ goal-setting 

(F(2,184) = 4.496, p =.012), time management (F(2,184) = 4.505, p =.012), and self-evaluation 

abilities (F(2,184) = 3.232, p =.042) were significantly different among the three pedagogical 

Table 4.13 

Result of the MANOVA on the subscales of the SRL abilities by pedagogy 

 Value F Hypothesis df Error df Sig. 

Partial Eta 

Squared 

Pillai's trace .084 1.308 12.000 360.000 .211 .042 

Wilks' lambda .918 1.305a 12.000 358.000 .213 .042 

Hotelling's trace .088 1.302 12.000 356.000 .215 .042 

Roy's largest root .061 1.836b 6.000 180.000 .094 .058 

Each F tests the multivariate effect of Pedagogy. These tests are based on the linearly independent 

pairwise comparisons among the estimated marginal means. 

a. = Exact statistic 

b. = The statistic is an upper bound on F that yields a lower bound on the significance level. 
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approaches. 

 

Table 4.14 

Summary of one-way ANOVAs for students’ post-score of SRL subscales by pedagogy 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

Goalsetting Between Groups 2.898 2 1.449 4.496 .012 

Within Groups 59.299 184 .322   

Total 62.197 186    

Environmental 

structuring 

Between Groups 1.621 2 .811 1.783 .171 

Within Groups 83.645 184 .455   

Total 85.266 186    

Task strategies Between Groups 2.866 2 1.433 2.797 .064 

Within Groups 94.269 184 .512   

Total 97.135 186    

Time management Between Groups 3.732 2 1.866 4.505 .012 

Within Groups 76.226 184 .414   

Total 79.958 186    

Help seeking Between Groups 1.473 2 .736 2.074 .129 

Within Groups 65.317 184 .355   

Total 66.790 186    

Self-evaluation Between Groups 2.480 2 1.240 3.232 .042 

Within Groups 70.611 184 .384   

Total 73.092 186    

 

 

Post hoc comparisons with a Bonferroni adjustment were used to make pairwise comparisons 

of the means of the post-scores of the SRL subscales in the three approaches, and the results 

are shown in Table 4.15. Since a comparison between the FPOE and the TFC was made with 

more statistical power in the previous section (Section 4.2.3), the results only focus on the 

significant differences between the flipped approaches and the TC.  
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Table 4.15 

Post hoc Bonferroni comparison for the SRL subscales by pedagogy (displaying significant 

results between flipped approaches with TC only) 

     95% CI 

SRL abilities Comparisons  Mean 

Difference  

Std. 

Error 

Sig. Lower 

Bound 

Upper 

Bound 

Goal setting FPOE vs. TC .248 .101 .045 .004 .493 

Time 

management 

FPOE vs TC .327 .115 .014 .050 .604 

 

 

The results showed that the mean score (M = 3.420, SD = .555) of the students’ goal-setting 

ability in the FPOE approach was significantly higher than that (M = 3.171, SD = .637) in the 

TC approach (p = .045). The mean score (M = 3.328, SD = .621) of the students’ time-

management ability in the FPOE approach was also significantly higher than that (M = 3.000, 

SD = .665) in the TC approach (p = .014).  

 

4.2.5.2 Learning Achievement (LA) 

One-way between-subjects ANOVA of the students’ post-scores of overall LA by pedagogy  

To investigate whether the FPOE pedagogical approach was the most effective to improve 

students’ LA compared with the TFC (control) and the TC (historical control) approaches, a 

one-way between-subjects ANOVA of the students’ LA post-scores was carried out. Figure 4.10 

shows a bar chart of the students’ mean LA post-scores in the three pedagogies. 
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Figure 4.10. Bar chart of the mean LA post-scores in all pedagogies 

For the ANOVA, the assumption of homogeneity of variance was met prior to the test, with a 

non-significant result of the Levene’s test, F(2,180) = 1.158, p = .317. Without violating the 

assumption of the test, the ANOVA was conducted. Table 4.16 shows the result of the ANOVA 

of the LA by pedagogy. 

 

Table 4.16 

Result of the one-way ANOVA of students’ post-scores of LA by pedagogy 

 

Sum of 

Squares df Mean Square F Sig. 

Post-LA Between Groups 1229.903 2 614.951 3.777 .025 

Within Groups 29305.452 180 162.808   

Total 30535.355 182    

 

 

The ANOVA result for the LA was significant, F(2,180) = 3.777, p = .025, with nearly a 

medium effect sizeη2 = 1229.9/30535.4 = .04, suggesting that there were differences regarding 

the effectiveness of the pedagogical approaches on students’ LA post-scores.  
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of the means of the three approaches, and the results are illustrated in Table 4.17. 

 

Table 4.17 

Post hoc Bonferroni (with adjustment) comparison for the post-scores of LA by pedagogy 

     95% CI 

(I) pedagogy (J) Pedagogy  

Mean Difference  

(I-J) 

Std. 

Error Sig. 

Lower 

Bound 

Upper 

Bound 

TC TFC -5.137 2.323 .086 -10.768 .493 

 FPOE -5.869 2.312 .036 -11.455 -.283 

TFC TC 5.137 2.330 .086 -.493 10.768 

 FPOE -.732 2.292 1.000 -6.271 4.807 

FPOE TC 5.869 2.312 .036 .283 11.455 

 TFC 7.317 2.292 1.000 -4.807 6.271 

 

 

The results showed that the mean score (M = 46.683, SD = 13.171) of the students’ LA in the 

FPOE approach was significantly higher than that (M = 40.814, SD = 13.827) in the TC 

approach (p = .036).  

 

4.2.5.3 Science Process Skills (SPS) 

One-way between-subjects ANOVAs of the students’ post-scores of overall BSPS and ISPS, and 

MANOVAs of the students’ post-scores of BSPS and ISPS subscales by pedagogy 

To investigate whether the FPOE approach was the most effective at improving the students’ 

SPS compared with the TFC (control) and the TC (historical control) approaches, one-way 

between-subjects ANOVAs of the students’ post-scores of the overall BSPS and ISPS were 

conducted. Moreover, two one-way between-subjects MANOVAs of the students’ post-scores 

of the BSPS and ISPS subscales were carried out to investigate whether there was any effect 

of pedagogy on the linear combination of the subscale variables of the BSPS and ISPS. Bar 

charts of the students' mean post-scores of the BSPS and ISPS and their subscales in the three 

pedagogies are provided in Figure 4.11 and Figure 4.12, respectively. 
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Figure 4.11. Bar chart of the mean post-scores of each subscale of the BSPS and the overall 

BSPS in all pedagogies 
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Figure 4.12. Bar chart of the mean post-scores of each subscale of the ISPS and the overall 

ISPS in all pedagogies 

 

For the ANOVAs of the overall BSPS and ISPS, the assumption of homogeneity of variance 

was met prior to the test, with non-significant results for the Levene’s tests, F(2,184) = 0.67, p 

= 0.935 for BSPS, and F(2,184) = 0.031, p = 0.969 for ISPS. Without violating the assumption 

of the tests, the ANOVAs were conducted. Table 4.18 shows the results of the ANOVAs of the 

overall BSPS and ISPS. 
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Table 4.18 

Results of the one-way ANOVAs of the post-scores of the overall BSPS and ISPS by 

pedagogy 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

Overall Basic 

Science Process 

skills (BSPS) 

Between Groups 30.063 2 15.031 .813 .445 

Within Groups 3400.622 184 18.482   

Total 3430.684 186    

Overall Integrated 

Science Process 

Skills (ISPS) 

Between Groups 98.239 2 49.119 1.630 .199 

Within Groups 5544.478 184 30.133   

Total 5642.717 186    

 

 

The ANOVA result of the overall BSPS was not significant, F(2,184) = .813, p = .445, 

suggesting there was no significant difference of the students’ overall BSPS among the three 

pedagogical approaches. The ANOVA result of the overall ISPS was not significant either, 

F(2,184) = 1.63, p = .199, suggesting there was no significant difference of the students’ overall 

ISPS among the three pedagogical approaches.  

 

For the MANOVA of the subscales of the BSPS, the test of the assumption of homogeneity of 

covariance was conducted using Box’s test of equality of covariance matrices, with p < .001 as 

a criterion. The result showed that there were no significant differences between the covariance 

matrices, with Box’s M (41.471) =.579. Thus, the assumption of homogeneity of covariance 

was not violated and the MANOVA was conducted. 

 

Table 4.19 shows the result of the MANOVA of the subscales of BSPS. Using Wilks’ lambda 

(λ), the effect of pedagogy on the linear combination of the subscales of the students’ BSPS 

was not significant, with Wilks’ λ = .903, F(12, 358) = 1.570, p = .098.  
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Table 4.19 

Result of the MANOVA of the subscales of the BSPS by pedagogy 

 Value F Hypothesis df Error df Sig. 

Partial Eta 

Squared 

Pillai's trace .100 1.575 12.000 360.000 .097 .050 

Wilks' lambda .903 1.570a 12.000 358.000 .098 .050 

Hotelling's trace .105 1.564 12.000 356.000 .100 .050 

Roy's largest root .068 2.034b 6.000 180.000 .063 .063 

a.= Exact statistic 

b.= The statistic is an upper bound on F that yields a lower bound on the significance level. 

 

For the MANOVA of the subscales of the ISPS, the test of the assumption of homogeneity of 

covariance was conducted using Box’s test of equality of covariance matrices, with p < .001 as 

a criterion. The result showed that there were no significant differences between the covariance 

matrices, with Box’s M (41.471) =.579. Thus, the assumption homogeneity of covariance was 

not violated and the MANOVA was conducted. 

 

Table 4.20 shows the result of the MANOVA of the subscales of ISPS. Using Wilks’ lambda 

(λ), the effect of pedagogy on the linear combination of the subscales of the students’ ISPS was 

not significant, with Wilks’ λ = .931, F(10, 360) = 1.313, p = .222.  

 

Table 4.20 

Results of the MANOVA of the subscales of the ISPS by pedagogy 

 Value F Hypothesis df Error df Sig. 

Partial Eta 

Squared 

Pillai's trace .070 1.319 10.000 362.000 .218 .035 

Wilks' lambda .931 1.313a 10.000 360.000 .222 .035 

Hotelling's trace .073 1.307 10.000 358.000 .225 .035 

Roy's largest root .044 1.580b 5.000 181.000 .168 .042 

a. = Exact statistic 

b. = The statistic is an upper bound on F that yields a lower bound on the significance level. 

 

Overall, the findings showed that there was no significant difference of the linear combination 

of BSPS subscales between the pedagogies, nor there was no significant difference of the linear 

combination of ISPS subscales between the pedagogies. 
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4.2.5  Statistical Analysis Addressing the Third Research Question (RQ3) 

To address the third research question (RQ3), independent sample t-tests of the gain scores and 

two-way between-subjects ANOVAs/MANOVAs of the students’ gain scores were conducted. 

Table 4.21 and Table 4.22 show the descriptive statistics of the quantitative data collected for 

addressing RQ3. 

 

Table 4.21 

Descriptive statistics of the quantitative data collected in the FPOE to address RQ2 

 Learning ability 

Measurement Lower (n = 31) Higher (n = 32) 

SRL abilities 
Posttest Pretest 

Gain scores  

(post - pre) 
Posttest Pretest 

Gain scores 

(post - pre) 

M SD M SD M SD M SD M SD M SD 

Goal setting 3.219 .367 3.207 .553 .013 .527 3.614 .637 3.419 .637 .196 .731 

Env. structuring 3.484 .595 3.532 .580 -.048 .848 3.836 .694 3.633 .828 .203 .851 

Task strategies 2.863 .642 2.895 .676 -.032 .839 3.242 .728 3.086 .874 .156 .931 

Time 

management 
3.139 .485 3.043 .698 .097 .668 3.510 .688 3.167 .714 .344 .945 

Help seeking 3.210 .540 3.250 .487 -.040 .824 3.461 .613 3.289 .857 .172 .794 

Self-evaluation 3.202 .522 3.169 .572 .032 .808 3.641 .683 3.336 .800 .305 .822 

Average SRL  3.186 .362 3.183 .406 .004 .472 3.550 .593 3.322 .654 .228 .637 

LA 41.419 10.223 7.613 3.263 33.807 10.445 51.781 13.830 9.531 4.040 42.250 12.521 

Observation 4.35 1.253 4.71 1.131 -.355 1.380 5.06 .914 4.94 .982 .125 1.185 

Communication 4.16 1.416 4.35 1.684 -.194 1.447 4.81 1.281 4.66 1.234 .156 1.816 

Classification 4.68 1.194 4.55 1.546 .129 1.432 5.00 .984 4.59 1.073 .406 1.316 

Measurement 4.29 1.071 3.77 1.257 .516 1.546 4.59 .946 3.59 1.132 1.000 1.295 

Prediction 3.87 1.204 3.48 1.092 .387 1.308 4.16 1.051 3.94 1.014 .2188 1.362 

Inference 4.65 1.305 4.19 1.195 .452 1.502 4.63 1.212 4.81 .931 -.188 1.447 

Overall BSPS 26.00 4.879 25.06 5.639 .9355 5.459 28.25 3.321 26.53 3.302 1.719 4.386 

Identifying 

variables 
6.00 2.477 3.97 1.703 2.032 2.442 7.69 2.788 5.50 2.527 2.188 3.095 

Stating 

hypotheses 
3.16 1.655 2.58 1.689 .581 2.248 5.88 1.699 3.41 1.775 2.469 1.665 

Operation 

defining 
2.48 1.435 1.90 1.221 .581 1.689 3.38 1.755 2.72 1.508 .656 1.961 

Designing 

investigation 
1.61 .844 1.10 .831 .516 1.092 1.94 .669 1.50 .803 .438 .878 

Graphing and 

interpreting 

data 

3.87 1.455 2.74 1.365 1.129 1.803 4.75 1.107 4.00 1.191 .750 1.459 

Overall ISPS 17.13 4.233 12.29 4.599 4.839 4.465 23.63 5.167 17.13 4.784 6.500 4.649 
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4.2.6.1 Self-Regulated Learning (SRL) Abilities 

Independent sample t-tests of the gain scores of the students’ SRL abilities by learning ability 

in different flipped pedagogies (FPOE and TFC) 

Independent sample t-tests were employed to determine whether there were differences in the 

gain scores of SRL abilities between students with different learning abilities in different 

flipped pedagogies. The results are summarized in Table 4.23 and Table 4.24.  

 

 

 

Table 4.22 

Descriptive statistics of the quantitative data collected in the TFC to address RQ2 

 Learning ability 

Measurement Lower (n = 30) Higher (n = 31) 

SRL abilities 
Posttest Pretest 

Gain scores 

(post - pre) 
Posttest Pretest 

Gain scores 

(post - pre) 

M SD M SD M SD M SD M SD M SD 

Goal setting 3.078 .496 3.153 .841 -.075 .806 3.207 .505 3.136 .540 .071 .654 

Env. structuring 3.193 .574 3.542 .876 -.348 1.030 3.669 .610 3.508 .561 .161 .776 

Task strategies 2.833 .708 2.800 .834 .033 .916 2.863 .648 2.944 .744 -.081 .888 

Time 

management 
3.089 .661 2.866 .916 .223 .904 3.053 .639 3.054 .715 -.001 .720 

Help seeking 3.117 .516 3.025 .844 .092 .684 3.290 .609 3.347 .757 -.057 .841 

Self-evaluation 3.183 .640 2.933 .853 .250 .785 3.161 .538 3.234 .632 -.073 .578 

Average SRL  3.082 .485 3.053 .643 .029 .588 3.207 .435 3.205 .502 .002 .517 

LA 40.967 8.491 7.500 4.108 33.467 9.313 50.774 11.407 9.581 4.272 41.194 12.496 

Observation 4.60 1.276 4.90 1.094 -.300 .837 5.10 1.044 5.10 .944 .000 1.438 

Communication 4.30 1.264 4.50 1.196 -.200 1.064 4.39 1.498 4.87 .991 -.484 1.651 

Classification 4.67 .922 4.87 1.074 -.200 .961 4.87 1.147 5.03 .948 -.161 1.463 

Measurement 3.80 1.186 3.47 1.106 .333 1.348 4.16 1.003 3.84 1.036 .323 1.376 

Prediction 4.27 1.202 3.97 1.189 .300 1.179 4.00 1.000 3.94 1.181 .065 1.365 

Inference 5.03 .809 4.93 1.172 .100 1.269 4.65 1.142 5.06 1.093 -.419 1.478 

Overall BSPS 26.67 4.444 26.63 4.537 .033 3.548 27.16 4.473 27.84 3.205 -.677 5.224 

Identifying 

variables 
5.97 2.385 4.50 2.013 1.467 2.921 7.52 2.528 6.03 2.073 1.484 2.528 

Stating 

hypotheses 
3.13 1.167 3.13 1.676 .000 1.554 4.77 2.028 4.26 2.280 .5161 1.947 

Operation 

defining 
2.63 1.450 2.20 1.495 .4333 1.547 3.52 1.610 3.03 1.835 .484 1.691 

Designing 

investigation 
1.93 .740 1.17 .592 .767 1.040 1.68 .653 1.48 .890 .194 1.014 

Graphing and 

interpreting 

data 

3.47 1.306 3.10 1.185 .367 1.608 4.19 1.302 3.87 1.335 .323 1.376 

Overall ISPS 17.13 4.577 14.10 4.428 3.033 4.745 21.68 5.224 18.68 6.134 3.000 3.890 
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The results in Table 4.23 showed no significant difference of gain scores of SRL abilities among 

the students with different learning abilities in the FPOE approach.  

 

Thus, the improvements in the students’ SRL abilities were not significantly different according 

to different learning ability in the FPOE pedagogical approach. 

Table 4.23 

Summary of the results for the independent samples t-tests of the gain scores of SRL 

abilities by learning ability in the FPOE 

Measurement Gain scores (posttest-pretest) 

SRL abilities  Higher learning 

ability (n = 32) 

Lower learning 

ability (n = 31) 

t 

Sig. (2-

tailed) M M M SD 

Goal setting .196 .196 .013 .527 1.137 a .260 

Env. structuring .203 .203 -.048 .848 1.175 a .244 

Task strategies .156 .156 -.032 .839 .844 a .402 

Time management .344 .344 .097 .668 1.203 b .234 

Help seeking .172 .172 -.040 .824 1.041 a .302 

Self-evaluation .305 .305 .032 .808 1.326 a .190 

Average SRL 

ability  
.228 .228 .004 .472 1.581 a .119 

a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
 

Table 4.24 

Summary of the results for independent sample t-tests of the gain scores of SRL abilities by 

learning ability in the TFC 

Measurement Gain scores (posttest-pretest) 

SRL abilities  Higher learning 

ability (n = 31) 

Lower learning 

ability (n = 30) 

t 

Sig. (2-

tailed) M M M SD 

Goal setting .071 .071 -.075 .806 .780 a .439 

Env. structuring .161 .161 -.348 1.030 2.188 a .033 

Task strategies -.081 -.081 .033 .916 -.493 a .624 

Time management -.001 -.001 .223 .904 -1.069 a .289 

Help seeking -.057 -.057 .092 .684 -.753 a .454 

Self-evaluation -.073 -.073 .250 .785 -1.823 b .074 

Average SRL 

ability  
.002 .002 .029 .588 -.191 a .849 

a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
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In Table 4.24, significant result from the t-tests of the gain scores among students with different 

learning abilities were obtained regarding the environmental structuring ability in the TFC 

approach, with t(59) = 2.188, p = .033 (two-tailed). On average, the improvement of 

environmental structuring ability of the students with higher learning ability (HL) (M = .161, 

SD = .776) was significantly higher than that of students with lower learning ability (LL) (M = 

-.348, SD = 1.030), with t(59) = 2.188, p = .033 in the TFC approach.  

 

Two-way between-subjects ANOVA of students’ post-scores of average SRL ability and 

MANOVA of students’ post-scores of SRL subscales by flipped pedagogy and learning ability 

A two-way between-subjects ANOVA of the students’ gain scores of average SRL ability was 

conducted to investigate whether there was an interaction effect between flipped pedagogy and 

learning ability. For the ANOVA, the assumption of homogeneity of variance was met prior to 

the test, with a non-significant result of Levene’s test, F(3,120) = .877, p = .455. Without 

violating the assumption of the test, the ANOVA was conducted. Table 4.25 shows the results 

of the two-way ANOVA on the average SRL ability. 

 

Table 4.25 

ANOVA of students’ gain scores of average SRL by flipped pedagogy and learning ability 

Source 

Type III Sum 

of Squares df 

Mean  

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 1.122a 3 .374 1.203 .312 .029 

Intercept .534 1 .534 1.719 .192 .014 

Flipped_Pedagogy .308 1 .308 .991 .321 .008 

Ability .300 1 .300 .966 .328 .008 

Flipped_Pedagogy * 

Ability 

.488 1 .488 1.570 .213 .013 

Error 37.299 120 .311    

Total 38.982 124     

Corrected Total 38.421 123     
a. = R Squared = .029 (Adjusted R Squared = .005) 
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The result showed no significant interaction effect between flipped pedagogy and learning 

ability in the improvement of the students’ average SRL ability, with F(1,120) = 4.888, p = .213, 

η2p = .013. 

 

For the two-way MANOVA of the subscales of the SRL abilities, the test of the assumption of 

homogeneity of covariance was carried out using Box’s test of equality of covariance matrices, 

using p < .001 as a criterion. The result found no significant differences between the covariance 

matrices, with Box’s M (110.576) = .002. Therefore, the assumption of homogeneity of 

covariance was not violated and the MANOVA was conducted. 

 

Table 4.26 shows the result of the two-way MANOVA. Using Wilks’ lambda (λ), the main 

effect of flipped pedagogy on the linear combination of the subscales of SRL abilities was not 

significant, with Wilks’ λ = .987, F(6, 115) = .246, p = .960. Furthermore, the interaction effect 

on the linear combination of the subscales of SRL abilities by flipped pedagogy and learning 

ability was not significant, with Wilks’ λ = .933, F(6, 115) = 1.374, p = .231. Therefore, there 

was no difference on the linear combination of the SRL abilities subscales by flipped pedagogy, 

nor any interaction effect on the linear combination of SRL abilities subscales by flipped 

pedagogy and learning ability. 
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4.2.6.2 Learning Achievement (LA) 

Independent sample t-tests for the gain scores of students’ LA by learning ability in different 

flipped pedagogies (FPOE and TFC) 

Independent sample t-tests were employed to determine whether there was a difference in the 

gain scores of LA between students with different learning abilities in different flipped 

pedagogies. The results are summarized in Table 4.27 and Table 4.28.  

 

Table 4.27 

Result of the independent sample t-test of gain scores of LA by learning ability in the 

FPOE 

Measurement Gain scores (posttest-pretest) 

 Higher learning 

ability (n = 32) 

Lower learning 

ability (n = 31) 

t 

Sig. (2-

tailed) M SD M SD 

Learning 

achievement (LA) 
42.250 12.521 33.807 10.445 2.902 a .005 

a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
 

 

Table 4.26 

Result of the MANOVA of the subscales of the SRL abilities by pedagogy and learning 

ability 

Effect Value F 

Hypothesis 

df Error df Sig. 

Partial Eta 

Squared 

Flipped 

Pedagogy 

Pillai's Trace .013 .246b 6.000 115.000 .960 .013 

Wilks' Lambda .987 .246b 6.000 115.000 .960 .013 

Hotelling's Trace .013 .246b 6.000 115.000 .960 .013 

Roy's Largest Root .013 .246b 6.000 115.000 .960 .013 

Ability Pillai's Trace .059 1.198b 6.000 115.000 .312 .059 

Wilks' Lambda .941 1.198b 6.000 115.000 .312 .059 

Hotelling's Trace .062 1.198b 6.000 115.000 .312 .059 

Roy's Largest Root .062 1.198b 6.000 115.000 .312 .059 

Flipped 

Pedagogy 

* Ability 

Pillai's Trace .067 1.374b 6.000 115.000 .231 .067 

Wilks' Lambda .933 1.374b 6.000 115.000 .231 .067 

Hotelling's Trace .072 1.374b 6.000 115.000 .231 .067 

Roy's Largest Root .072 1.374b 6.000 115.000 .231 .067 
a. = Design: Intercept + Flipped_Pedagogy + Ability + Flipped_Pedagogy * Ability 
b. = Exact statistic 
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In Table 4.27, significant result from the t-test of the gain scores among students with different 

learning abilities was obtained regarding the LA in the FPOE approach, with t(61) = -2.902, p 

= .005 (two-tailed). On average, the improvement of LA of the students with HL (M = 42.250, 

SD = 12.521) was significantly higher than that of the students with LL (M = 33.807, SD = 

10.445), with t(61) = 2.902, p = .005 in the FPOE approach. 

 

 

In Table 4.28, significant result from the t-test of the gain scores among students with different 

learning abilities was obtained regarding the LA in the TFC approach, with t(59) = -2.731, p 

= .008 (two-tailed). On average, the improvement of LA of the students with HL (M = 41.194, 

SD = 12.496) was significantly higher than that of the students with LL (M = 33.467, SD = 

9.313), with t(59) = 2.731, p = .008 in the TFC approach. 

 

Two-way between-subjects ANOVA of students’ post-scores of LA by flipped pedagogy and 

learning ability 

A two-way between-subjects ANOVA of the students’ gain scores of LA was conducted to 

investigate whether there was an interaction effect between flipped pedagogy and learning 

ability. For the ANOVA, the assumption of homogeneity of variance was met prior to the test, 

with a non-significant result of Levene’s test, F(3,120) = .906, p = .440. Without violating the 

Table 4.28 

Result of the independent sample t-test of gain scores of LA by learning ability in the TFC 

Measurement Gain scores (posttest-pretest) 

 Higher learning 

ability (n = 31) 

Lower learning ability 

(n = 30) 

t 

Sig. (2-

tailed) M M M SD 

Learning 

achievement (LA) 41.194 41.194 33.467 9.313 2.731 a .008 
a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
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assumption of the test, the ANOVA was conducted. Table 4.29 shows the result of the two-way 

ANOVA of the LA. 

 

Table 4.29 

ANOVA of students’ gain scores of LA by flipped pedagogy and learning ability 

Source 

Type III Sum 

of Squares df 

Mean  

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 2048.106a 3 682.702 5.343 .002 .118 

Intercept 175953.588 1 175953.588 1377.045 .000 .920 

Flipped_Pedagogy 15.101 1 15.101 .118 .732 .001 

Ability 2025.437 1 2025.436861 15.851 .000 .117 

Flipped_Pedagogy * 

Ability 

3.978 1 3.978 .031 .860 .000 

Error 15333.144 120 127.776    

Total 194089.000 124     

Corrected Total 17381.250 123     
a. = R Squared = .118 (Adjusted R Squared = .096) 

 

The result showed no significant interaction effect between flipped pedagogy and learning 

ability in the improvement of the students’ LA, with F(1,120) = .031, p = .860, η2p < .001. 

 

4.2.6.3 Science Process Skills (SPS) 

Independent sample t-tests for the gain scores of students’ SPS by learning ability in different 

flipped pedagogies (FPOE and TFC) 

Independent sample t-tests were employed to determine whether there were differences in the 

gain scores of SPS between students with different learning abilities in different flipped 

pedagogies. The results are summarized in Table 4.30 and Table 4.31.  

 

In Table 4.30, the results showed that the improvement of stating hypotheses skill of the 

students with HL (M = 2.469, SD = 1.665) was significantly higher than that of the students 

with LL (M = .581, SD = 2.248), with t(61) = -3.797, p < .001, in the FPOE approach. 
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Table 4.30 

Results of the independent sample t-tests of the gain scores of SPS by learning ability in 

the FPOE 

Measurement Gain scores (posttest-pretest) 

Science Process Skills 

(SPS) 

Lower learning 

ability (n = 31) 

Higher learning 

ability (n = 32) 

t 

Sig. (2-

tailed) M SD M SD 

Observation -.355 1.380 .125 1.185 -1.483a .143 

Communication -.194 1.447 .156 1.816 -.844a .402 

Classification .129 1.432 .406 1.316 -.800a .427 

Measurement  .516 1.546 1.000 1.295 -1.348a .183 

Prediction .387 1.308 .2188 1.362 .500a .619 

Inference .452 1.502 -.188 1.447 1.720a .090 

Overall BSPS .9355 5.459 1.719 4.386 -.629a .532 

Identifying variables 2.032 2.442 2.188 3.095 -.221a .826 

Stating hypotheses .581 2.248 2.469 1.665 -3.797a .000 

Operational defining .581 1.689 .656 1.961 -.164a .870 

Designing investigation .516 1.092 .438 .878 .316a .753 

Graphing and interpreting 

data 
1.129 1.803 .750 1.459 .197a .362 

Overall ISPS 4.839 4.465 6.500 4.649 -1.446a .153 
a = Equal variances assumed with p > .05 for Levene’s tests. 
 

Table 4.31 

Results of the independent sample t-tests of the gain scores of SPS by learning ability in 

the TFC 

Measurement Gain scores (posttest-pretest) 

Science Process Skills 

(SPS) 

Lower learning 

ability (n = 30) 

Higher learning 

ability (n = 31) 

t 

Sig. (2-

tailed) M SD M SD 

Observation -.300 .837 .000 1.438 -.992a .325 

Communication -.200 1.064 -.484 1.651 .801b .427 

Classification -.200 .961 -.161 1.463 -.122a .904 

Measurement  .333 1.348 .323 1.376 .031a .976 

Prediction .300 1.179 .065 1.365 .720a .474 

Inference .100 1.269 -.419 1.478 1.470a .147 

Overall BSPS .033 3.548 -.677 5.224 .620a .538 

Identifying variables 1.467 2.921 1.484 2.528 -.025a .980 

Stating hypotheses .000 1.554 .5161 1.947 -1.142a .258 

Operational defining .4333 1.547 .484 1.691 -.122a .904 

Designing investigation .767 1.040 .194 1.014 2.179a .033 

Graphing and interpreting 

data 
.367 1.608 .323 1.376 .115a .909 

Overall ISPS 3.033 4.745 3.000 3.890 .030a .976 
a = Equal variances assumed with p > .05 for Levene’s tests. 
b = Equal variances not assumed with p < .05 for Levene’s tests. 
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In Table 4.31, the results showed that only the improvement of designing investigation skill of 

the students with LL (M = .767, SD = 1.040) was significantly higher than that of the students 

with HL (M = .194, SD = 1.014), with t(59) =2.179, p = .033, in the TFC approach. 

 

Two-way between-subjects ANOVA of students’ post-scores of overall BSPS and MANOVA of 

students’ post-scores of BSPS subscales by flipped pedagogy and learning ability 

A two-way between-subjects ANOVA of the students’ gain scores of overall BSPS was 

conducted to investigate whether there was an interaction effect between flipped pedagogy and 

learning ability. For the ANOVA, the assumption of homogeneity of variance was met prior to 

the test, with a non-significant result of Levene’s test, F(3,120) = 2.206, p = .091. Without 

violating the assumption of the test, the ANOVA was conducted. Table 4.32 shows the result 

of the two-way ANOVA of the overall BSPS. 

Table 4.32 

ANOVA of students’ gain scores of overall BSPS by flipped pedagogy and learning ability. 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 102.887a 3 34.296 1.539 .208 .037 

Intercept 31.299 1 31.299 1.405 .238 .012 

Flipped_Pedagogy 84.268 1 84.268 3.782 .054 .031 

Ability .041 1 .041 .002 .966 .000 

Flipped_Pedagogy * 

Ability 

17.290 1 17.290 .776 .380 .006 

Error 2674.081 120 22.284    

Total 2810.000 124     

Corrected Total 2776.968 123     
a. = R Squared = .037 (Adjusted R Squared = .013) 

 

In Table 4.32, the result showed no significant interaction effect between flipped pedagogy and 

learning ability in the improvement of the students’ overall BSPS, with F(1,120) = .776, p 

= .380, η2p = .006. 
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For the two-way MANOVA of the subscales of the BSPS, the test of the assumption of 

homogeneity of covariance was carried out using Box’s test of equality of covariance matrices, 

using p < .001 as a criterion. The result suggested no significant differences between the 

covariance matrices, with Box’s M (93.411) = .034. Therefore, the assumption of homogeneity 

of covariance was not violated and the MANOVA was conducted. 

 

Table 4.33 shows the result of the two-way MANOVA. Using Wilks’ lambda (λ), the main 

effect of flipped pedagogy on the linear combination of the subscales of BSPS was not 

significant, with Wilks’ λ = .941, F(6, 115) = 1.208, p = .307. Furthermore, the interaction 

effect on the linear combination of the subscales of BSPS by flipped pedagogy and learning 

ability was not significant, with Wilks’ λ = .976, F(6, 115) = .465, p = .833. Therefore, no 

difference was found on the linear combination of the BSPS subscales by flipped pedagogy, 

and there was no interaction effect on the linear combination of BSPS subscales by flipped 

pedagogy and learning ability. 

 

Table 4.33 

Result of the MANOVA of the subscales of the BSPS by pedagogy and learning ability 

Effect Value F 

Hypothesis 

df Error df Sig. 

Partial Eta 

Squared 

Flipped 

Pedagogy 

Pillai's Trace .059 1.208b 6.000 115.000 .307 .059 

Wilks' Lambda .941 1.208b 6.000 115.000 .307 .059 

Hotelling's Trace .063 1.208b 6.000 115.000 .307 .059 

Roy's Largest Root .063 1.208b 6.000 115.000 .307 .059 

Ability Pillai's Trace .098 2.092b 6.000 115.000 .059 .098 

Wilks' Lambda .902 2.092b 6.000 115.000 .059 .098 

Hotelling's Trace .109 2.092b 6.000 115.000 .059 .098 

Roy's Largest Root .109 2.092b 6.000 115.000 .059 .098 

Flipped 

Pedagogy 

* Ability 

Pillai's Trace .024 .465b 6.000 115.000 .833 .024 

Wilks' Lambda .976 .465b 6.000 115.000 .833 .024 

Hotelling's Trace .024 .465b 6.000 115.000 .833 .024 

Roy's Largest Root .024 .465b 6.000 115.000 .833 .024 
a. = Design: Intercept + Flipped_Pedagogy + Ability + Flipped_Pedagogy * Ability 
b. = Exact statistic 
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Two-way between-subjects ANOVA of students’ post-scores of overall ISPS and MANOVA of 

students’ post-scores of ISPS subscales by flipped pedagogy and learning ability 

A two-way between-subjects ANOVA of the students’ gain scores of overall ISPS was 

conducted to investigate whether there was an interaction effect between flipped pedagogy and 

learning ability. For the ANOVA, the assumption of homogeneity of variance was met prior to 

the test, with a non-significant result of Levene’s test, F(3,120) = .823, p = .479. Without 

violating the assumption of the test, the ANOVA was conducted. Table 4.34 shows the result 

of the two-way ANOVA of the overall ISPS. 

 

Table 4.34 

ANOVA of students’ gain scores of overall ISPS by flipped pedagogy and learning ability 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 263.775a 3 87.925 4.442 .005 .100 

Intercept 2337.639 1 2337.639 118.104 .000 .496 

Flipped_Pedagogy 218.026 1 218.026 11.015 .001 .084 

Ability 20.529 1 20.529 1.037 .311 .009 

Flipped_Pedagogy * 

Ability 

22.244 1 22.244 1.124 .291 .009 

Error 2375.160 120 19.793    

Total 5008.000 124     

Corrected Total 2638.935 123     
a. = R Squared = .100 (Adjusted R Squared = .077) 

 

In Table 4.34, the result showed no significant interaction effect between flipped pedagogy and 

learning ability in the improvement of the students’ overall ISPS, with F(1,120) = 1.124, p 

= .291, η2p = .009. 

 

For the two-way MANOVA of the subscales of the ISPS, the test of the assumption of 

homogeneity of covariance was carried out using Box’s test of equality of covariance matrices, 

using p < .001 as a criterion. The result suggested no significant differences between the 

covariance matrices, with Box’s M (37.673) = .863. Therefore, the assumption homogeneity of 
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covariance was not violated and the MANOVA was conducted. 

 

Table 4.35 shows the result of the two-way MANOVA. Using Wilks’ lambda (λ), the main 

effect of flipped pedagogy on the linear combination of the subscales of ISPS was significant, 

with Wilks’ λ = .839, F(5, 116) = 4.442, p = .001. However, the interaction effect on the linear 

combination of the subscales of ISPS by flipped pedagogy and learning ability was not 

significant, with Wilks’ λ = .955, F(5, 116) = 1.099, p = .365. Therefore, there was a difference 

on the linear combination of the ISPS subscales by flipped pedagogy but there was no 

interaction effect on the linear combination of ISPS subscales by flipped pedagogy and learning 

ability. 

 

 

 

 

 

 

Table 4.35 

Result of the MANOVA of the subscales of the ISPS by pedagogy and learning ability 

Effect Value F 

Hypothesis 

df Error df Sig. 

Partial Eta 

Squared 

Flipped 

Pedagogy 

Pillai's Trace .161 4.442b 5.000 116.000 .001 .161 

Wilks' Lambda .839 4.442b 5.000 116.000 .001 .161 

Hotelling's Trace .191 4.442b 5.000 116.000 .001 .161 

Roy's Largest Root .191 4.442b 5.000 116.000 .001 .161 

Ability Pillai's Trace .134 3.586b 5.000 116.000 .005 .134 

Wilks' Lambda .866 3.586b 5.000 116.000 .005 .134 

Hotelling's Trace .155 3.586b 5.000 116.000 .005 .134 

Roy's Largest Root .155 3.586b 5.000 116.000 .005 .134 

Flipped 

Pedagogy 

* Ability 

Pillai's Trace .045 1.099b 5.000 116.000 .365 .045 

Wilks' Lambda .955 1.099b 5.000 116.000 .365 .045 

Hotelling's Trace .047 1.099b 5.000 116.000 .365 .045 

Roy's Largest Root .047 1.099b 5.000 116.000 .365 .045 
a. = Design: Intercept + Flipped_Pedagogy + Ability + Flipped_Pedagogy * Ability 
b. = Exact statistic 
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4.2.6  Summary of the Quantitative Analysis 

The findings from the quantitative analysis to address the first three RQs are summarized in 

Table 4.36. 

 

 

For the quantitative analysis addressing RQ1, the results from the paired sample t-tests showed 

that the students’ time-management ability, LA, overall BSPS and its subscales of measurement, 

the overall integrated SPS and all its subscales, including identifying variables, stating 

hypotheses, operational defining, designing investigation, and graphing and interpreting data 

Table 4.36 

Summary of the quantitative results (p(two-tailed)) for addressing RQ1, RQ2 and RQ3 

Research Question RQ1 RQ2^ RQ3+ 

Approach FPOE TFC  All FPOE TFC 

Ability 
/ /  / 

higher/ 

lower 

higher/ 

lower 

Type of test paired1 paired1 gain2 ANOVA3 gain2  gain2 

Goal setting .196 .992 .389 .012* .260 .439 

Environmental 

structuring 
.462 .460 .296 .171 .244 .033* 

Task strategies .571 .831 .583 .064 .402 .624 

Time management .036 .300 .445 .012* .234 .289 

Help seeking .511 .868 .719 .129 .302 .454 

Self-evaluation .104 .341 .539 .042 .190 .074 

Average SRL ability .107 .825 .313 .017* .119 .849 

LA .000 .000 .744 .025* .005 .008 

Observation .499 .333 .870 

N/A 

.143 .325 

Communication .939 .058 .232 .402 .427 

Classification .123 .257 .057 .427 .904 

Measurement .000 .063 .085 .183 .976 

Prediction .076 .272 .605 .619 .474 

Inference .503 .362 .265 .090 .147 

Overall Basic SPS .035 .568 .051 .445 .532 .538 

Identifying variables .000 .000 .199 

N/A 

.826 .980 

Stating hypotheses .000 .251 .000 .000 .258 

Operational defining .009 .030 .605 .870 .904 

Designing 

investigation 
.000 .001 .997 .753 .033 

Graphing and 

interpreting data 
.000 .075 .037 .362 .909 

Overall Integrated SPS .000 .000 .001 .199 .153 .976 
1 = paired sample t-test between pre-and post-scores. 2 = independent sample t-test of gain scores. 3 = ANOVA of the post-

scores among all pedagogies (FPOE vs. TFC vs. TC). * = significance in pos hoc tests. ^ = non-significant results on the 

linear combination of the subscales of SRL, BSPS, and ISPS by pedagogies (MANOVA). + = no interaction effects by 

ability and flipped approach on average SRL, LA, BSPS, ISPS (ANOVA), and linear combinations of SRL, BSPS, and ISPS 

subscales, respectively (MANOVA). N/A = not available on the employment of ANOVAs on subscales independently due to 

non-significant ANOVA results of the overall BSPS and ISPS. 
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skills, were significantly improved following the FPOE intervention. However, the results from 

the paired sample t-tests showed that the students’ LA, overall integrated SPS and its subscales 

of identifying variables, operational defining, and designing investigation skills were 

significantly improved following the TFC intervention. Notably, the results from the 

independent sample t-tests of the gain scores showed that the improvement of the students’ 

overall BSPS, as well as the overall integrated SPS and its subscales of stating hypotheses , 

and graphing and interpreting data skills in the FPOE pedagogical approach, were significantly 

higher than those in the TFC pedagogical approach.  

 

For the quantitative analysis addressing RQ2, the results from the one-way between-subjects 

ANOVAs of the post-scores showed that only the students’ average SRL ability and LA were 

significantly different among the flipped and traditional pedagogical approaches (FPOE, TFC, 

and TC). The results from the pairwise comparisons suggested that the FPOE pedagogical 

approach was more effective at improving the students’ average SRL ability than the non-

flipped TC. In particular, the results showed that the FPOE approach was more effective at 

improving the students’ goal-setting and time management abilities than the TC pedagogy. On 

the other hand, the results from the pairwise comparisons also suggested that only the FPOE 

approach was more effective at improving the students’ LA than the non-flipped TC approach. 

In addition, the results from MANOVAs (λs > 0.05) showed that the effect of pedagogy on the 

linear combination of the students’ SRL abilities subscales, BSPS subscales, and ISPS 

subscales were not significant.  

 

For the quantitative analysis addressing RQ3, the results from the independent sample t-tests 

of the gain scores showed that the improvement of environmental structuring ability of the 

students with HL was significantly higher than that of the students with LL in the TFC approach. 
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Regarding LA, the results from the independent sample t-tests of gain scores showed that the 

improvement of LA of the students with HL was significantly higher than that of the students 

with LL in both the FPOE and TFC approaches. For SPS, the results from the independent 

sample t-tests of the gain scores showed that the improvement of stating hypotheses skill of the 

students with HL was significantly higher than that of the students with LL in the FPOE 

approach. Furthermore, the results from the independent sample t-tests of the gain scores 

showed that the improvement of designing investigation skill of the students with LL was 

significantly higher than that of the students with HL in the TFC approach. Finally, the results 

of the MANOVAs showed no interaction effect on the linear combination of SRL subscales, 

BSPS subscales, and ISPS subscales by flipped pedagogy and learning ability.  

 

4.3 Qualitative Findings 

To elaborate the significant quantitative results from the previous sections, the interviews with 

the students who had generally positive improvements and neutral/negative effects in both 

flipped learning approaches (FPOE and TFC) were analyzed. The qualitative analysis in this 

sequential explanatory design (Creswell, 2009; Creswell & Plano Clark, 2007) focuses on RQ4:  

 

 RQ4: How and to what extent do the FPOE and TFC help students with different 

learning abilities to improve their SRL abilities, LA, and SPS? 

 

4.3.1  Sample Profile of The Interviewees 

The qualitative analysis was conducted on interview data from 16 students across both flipped 

approaches who had either collective improvements or neutral/negative effects on LA, SRL 

abilities, and SPS. The FPOE sample included eight students: four boys (two higher achievers 

and two lower achievers) and four girls (two higher achievers and two lower achievers). 
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Similarly, the TFC sample also included eight students: four boys (two higher achievers and 

two lower achievers) and four girls (two higher achievers and two lower achievers). Table 4.37 

shows the profiles of the interviewees selected for qualitative analysis, including the criteria 

for selection based on the effects of flipped approaches on the interviewees’ SRL, LA, BSPS, 

and ISPS. 

 

Table 4.37 

Profile of the interviewees selected for qualitative analysis 

Group / 

class 

(learning 

ability) 

Impacts 

of FC  

Identifiers 

(Gender) 

Pre / Post scores 

SRL 

(5) 

LA 

(100) 

BSPS 

(36) 

ISPS 

(36) 

   Pre Post Pre Post Pre Post Pre Post 

FPOE / 

2A 

(higher) 

Positive  FPOE-H-P-1 (M) 3.55 4.27 11 55 22 30 10 23 

FPOE-H-P-2 (F) 3.63 3.85 15 72 26 26 18 28 

Neutral/ 

negative 

FPOE-H-N-1 (M) 2.99 3.09 10 32 30 30 8 16 

FPOE-H-N-2 (F) 3.00 3.10 9 28 29 27 20 23 

TFC / 

2B 

(higher) 

Positive  TFC-H-P-1 (F) 3.53 3.33 5 78 29 33 23 26 

TFC-H-P-2 (M) 4.03 4.26 12 70 29 34 27 30 

Neutral/ 

negative 

TFC-H-N-1 (M) 3.10 2.62 13 34 31 32 28 25 

TFC-H-N-2 (F) 3.40 2.66 13 34 27 29 21 21 

FPOE / 

2C 

(lower) 

Positive  FPOE-L-P-1 (F) 3.01 4.03 9 55 29 32 20 22 

FPOE-L-P-2 (M) 3.00 3.17 5 56 27 29 7 23 

Neutral/ 

negative 

FPOE-L-N-1 (M) 2.82 2.75 8 36 12 12 14 14 

FPOE-L-N-2 (F) 3.00 3.00 6 39 29 20 12 15 

TFC / 

2D 

(lower) 

Positive  TFC-L-P-1 (F) 3.60 4.00 6 48 18 27 9 20 

TFC-L-P-2 (M) 2.55 3.06 6 46 29 26 13 18 

Neutral/ 

negative 

TFC-L-N-1 (F) 3.26 2.66 15 33 29 29 17 16 

TFC-L-N-2 (M) 2.80 2.06 13 28 29 25 17 16 

Positive impact:       Neutral impact:       Negative impact:  

 

4.3.2  Description of Coding Process, Codes, and Themes 

Qualitative data analysis of the interview transcripts was conducted following Creswell’s (2007) 

procedure of data analysis spiral. First, the interview transcripts were organized in computer 

files and input into NVivo 12, computer software for qualitative data analysis. Then, the 

interview transcripts were read several times to search for general themes. Meaningful text 

segments were located and assigned preliminary codes.  
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As mentioned in the previous chapter (Section 3.7.2), the text segments were coded in 

accordance with the set of pre-existing organization categories and theoretical sub-categories / 

themes (Creswell, 2007; Maxwell, 2013). All codes were classified under four organization 

categories, namely (a) benefits to SRL abilities, (b) benefits to LA, (c) benefits to SPS, and (d) 

the challenges of flipped approaches in this study. 

 

The themes of (a) environmental structuring, (b) task strategies, (c) time management, and (d) 

self-evaluation (Barnard et al., 2009) belong to the organization category of the benefits to SRL 

abilities (n = 4). The themes of (a) observation, (b) measurement, (c) inference (Padilla et al., 

1985), (d) identifying variables, (e) stating hypotheses, (f) designing investigation, and (g) 

graphing and interpreting data (Burns et al., 1985) belong to the organization category of 

benefits to SPS (n = 7). The themes of (a) sufficient time for activities, (b) learning new 

knowledge, (c) real-time feedback (Lo et al., 2017), and (d) better management of cognitive 

load (Abeysekera & Dawson, 2015) belong to the organization category of benefits to LA (n = 

4). All these themes were identified throughout the content analysis. The themes of student-

related and operation-related challenges (Betihavas et al., 2016) were also identified (n = 2). In 

addition, no substantive category was identified inductively (Maxwell, 2013). In total, 18 

themes (sub-categories) codes were developed. Table 4.38 summarizes the categories, themes, 

and codes developed in the qualitative analysis. 

 

 

 

 



176 

Table 4.38 

Summary of the categories, themes, and codes identified in the qualitative analysis 

Category  Code of Theme / 

sub-category 

Description 

Benefits to 

SRL 

abilities  

ES: Environmental 

structuring  

Finding a quiet place for online learning  

TS: Task strategies  Note-taking  

Reading and referring to textbook information  

TM: Time 

management  

Watching videos and completing the quizzes before 

doing other homework  

Finding leisure time for online learning  

Arranging regular timeslot for online tasks  

SE: Self-evaluation  Computerized and automated marking of quizzes in the 

LMS  

Teachers’ comments on online tasks  

Benefits to 

LA  

ST: Sufficient time 

for activities  

More time for discussion  

More time for drilling exercise  

More time for preparing test/exam  

LK: Learning new 

knowledge  

Learning extensive knowledge from online POE 

activities  

Learning extensive knowledge from scientific inquires  

RF: Real-time 

feedback from 

teachers (RF) 

Real-time online feedback from teachers  

Quick feedback from teachers in lessons  

MC: Better 

management of 

cognitive load  

Self-pacing in online learning  

Tailoring in-class learning  

Benefits to 

SPS  

O: Observation  Real-time streaming on YouTube enables observing 

anytime and anywhere  

More in-class / online investigations / inquiries 

provided by teachers  

M: Measurement  More chance to make measurements  

Proper use of measurement tools  

Proper calculation with the measurement tools  

P: Prediction  More chance to make predictions in scientific scenarios  

I: Inference  Use of reasoning skill in drawing conclusions resulting 

from observations / evidence  

IV: Identifying 

variables  

More chance to identify variables through online/in-

class investigations  

Determining the effect on results by changing one of 

the variables during prediction stage in the FPOE  

Identifying variables through the graphing function of 

mobile logger application  

SH: Stating 

hypotheses 

Participation in the pre-observation stage of the POE 

activities helps when making tentative explanations  

Feedback from the explanation stage of POE activities 

helps to propose reasonable hypotheses  

DI: Designing 

investigation  

Guidance from experimental videos is useful for 

designing fair tests in the lessons  
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GD: Graphing and 

interpreting data 

Automated and real-time plotting function of graphs to 

externalize the effect of independent variable on 

dependent variable  

Teachers’ clarification of students’ misinterpretation of 

the plotted graph in terms of scales and labels of axes in 

the FPOE activities  

Challenges 

for flipped 

approaches  

SC: Student-

related Challenges  

Initial struggles on familiarizing with the FC  

Heavy workload  

Lack of rapid out-of-class support from teachers  

OC: Operation-

related Challenges  

Problems with accessing the online videos/streaming in 

LMS  

 

The benefits identified were used to explain the quantitative findings, whereas the challenges 

identified could also be used to explain why some students did not improve in in their science 

learning in the FPOE / TFC approaches. 

 

4.3.3  Presentation of Qualitative Findings 

4.3.3.1 Counts of Codes and Quotes of Representative Students Responses 

To have a clear understanding of how the students responded in the interviews, the number of 

identified codes was counted, and the representative student quotes are provided in Table 4.39.  

 

Table 4.39 

Data summary of the codes and representative student quotes 

Code 

(count) 

Representative student quotes (Identifier) 

ES 

(n =3) 

I was keen on watching the online videos at home right after school in the 

afternoon before my parents returned home. (TFC-H-P-2) 

TS 

(n =9) 

 

Yes, probably! I used to write down notes on my science notebook when 

watching the online videos. I would jot down something I did not fully 

understand first so that I could ask Miss Wong [science teacher] the issue after 

watching the videos. (TFC-H-P-1) 

I might also refer to my textbook when watching the videos so that I could 

obtain more information from the textbook. I would also pause the videos, 

check with more information from textbook if necessary, and carry on 

watching the videos. In addition, I would also re-watch the videos if I got 

confused with the information. (TFC-H-P-1) 

TM 

(n =10) 

I usually watched the videos before doing other homework. (FPOE-L-P-2) 

More time was spent on the weekend participating in the online experiment. I 

even gave up some shopping time with my close friends… (FPOE-H-N-1) 
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Since we should observe the seedling growth every day, I set an alarm on my 

phone to remind me to look at the live-streaming and to plot the graphs. 

(FPOE-H-P-2) 

SE 

(n =13) 

 

I could check for my mistakes once I got the answers immediately after 

finishing the quizzes in Power-Lesson [LMS]. (TFC-L-N-1) 

Teachers’ comments on the online [POE] exercise about drawing series and 

parallel circuits were very useful. (FPOE-H-P-2) 

ST 

(n =12) 

 

We could discuss more about the planning of the investigation…(FPOE-L-P-

1) 

After finishing the investigations in the lessons, Miss Wong [science teacher] 

often gave us more time and guidance to work on the workbook exercises. 

(TFC-H-P-2) 

I like the extra booklets provided by the teachers… when we were doing the 

multiple-choice and structured questions in the lessons, I felt more confident. 

It helped me to prepare for the final exam, too. (FPOE-H-P-1) 

LK 

(n =9) 

 

The online learning [activities] were new and not only related to the content 

in the textbook. I really worked like a scientist on monitoring the growth of 

seedlings under different pH. (FPOE-H-P-2) 

We had to do many experiments [scientific inquiries] in the science lessons 

this year. Most were not similar to those experiments in the textbook. Some 

[of the investigations] were difficult but I think it was good for me to learn 

more science knowledge out of the textbook. (TFC-N-P-1) 

RF 

(n =9) 

 

I remember that you [science teacher] helped me to use the mobile logger app 

to draw [plot] a graph for the explanation stage in the online activity after I 

sent you a message in Power-Lesson [LMS]. (FPOE-H-P-2) 

Mr. Chow [science teacher] often gave us feedback on our online quiz results 

at the beginning of the lessons. (TFC-L-P-2) 

MC 

(n =17) 

 

Since watching the online video for the first time would only help me get the 

general idea of knowledge content, I would re-watch the videos. Especially, 

when I looked at the questions of the online exercise, I would think more 

thoroughly and watch the video again. I would pause at certain points of the 

video to answer the questions step-by-step. (TFC-H-P-1) 

In the experiment [investigation] about mealworms, my group finished so 

quickly that we were guided to use one extra method to study the gas 

exchanges of mealworms by using the mobile device [logger]. (FPOE-H-N-2) 

O 

(n =11) 

 

This was the first time for me to make observations in a science experiment 

through YouTube. It was a wonderful experience as I could even watch the 

growth of the seedlings at midnight! (FPOE-H-P-2) 

We had more chance to make observation in the science experiments 

[investigations], but I needed to observe the scientific scenarios carefully so 

that I would not misinterpret the results when drawing conclusions. (FPOE-L-

P-2) 

M 

(n =11) 

 

…using mathematical method [skills] in a lot of experiments like finding the 

electric current, voltage, and resistance in different circuits… (FPOE-L-N-1) 

The use of a mobile logger instead of an indicator for the measurement of gas 

released from mealworms was more useful and direct. (FPOE-H-P-1) 

…calculating temperature change per gram of food when comparing the 

amount of [heat] energy released in the burning of different foods. I learned it 

through watching the experimental videos before carrying out the experiment 
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[inquiry] in the lessons. (TFC-H-P-2) 

P 

(n =6) 

The online experiment required us to make reasonable predictions by 

ourselves in different situations. (FPOE-L-N-1) 

I 

(n =4) 

The observation from YouTube live-streaming and logger data helped me to 

explain how the seedlings grew with the change of temperature, light 

[intensity], and gas [content], and hence I could know which pH was the most 

suitable for the seedlings…(FPOE-L-N-2) 

IV 

(n =13) 

 

The science investigation [inquiry] of the factor affecting the resistance 

allowed me to think and choose the variable of material to be studied. I also 

conducted similar investigations by using length and thickness of resistive 

wire as an independent variable… (TFC-H-P-1) 

In the online learning [of the FPOE], I needed to predict the effect of light 

[intensity] on the [relative] humidity, as well as other independent variables 

such as the effect of pH on the height of seedlings, etc… It was a bit difficult 

at the beginning, but it enhanced my ability to find [identify] variables for the 

investigation. (FPOE-L-N-2) 

From the auto-plotted graph, I was able to identify the time on the x-axis as 

the independent variable and the concentration of carbon dioxide on the y-axis 

as the dependent variable…(FPOE-L-N-1) 

SH 

(n =4) 

 

It was so surprising that what I predicted in the first online [POE] activity of 

burning candles was totally different from what I had observed. This helped 

me to think more thoroughly to make a more reasonable explanation. (FPOE-

H-P-2) 

The comments from Mr. Lee [science teacher] also guided me to clarify my 

tentative explanation of why a higher temperature caused lower relative 

humidity inside the gas jar. (FPOE-H-P-2) 

DI 

(n =7) 

The videos guided me through some experimental procedures, such as the 

steps for boiling a leaf in the iodine test…and helped me to design a fair test 

for photosynthesis. (TFC-L-P-1) 

GD 

(n =9) 

 

The change of light intensity and concentration of carbon dioxide [dependent 

variables] could be seen through the real-time plotted graph at different times.  

(FPOE-H-P-1) 

I remembered that I made a mistake comparing the carbon dioxide content in 

different jars as I just compared the shape of the curve without noticing that 

the scales of the graphs plotted under different pH were different. Fortunately, 

Miss Wong [science teacher] reminded us that the scale of CO2 concentration 

was a thousand times more than the others. (FPOE-H-N-1) 

SC 

(n =9) 

 

I needed to figure out where I could find the instructional videos and 

experimental videos, as well as the materials such as PowerPoint and quizzes 

at the very beginning. (TFC-L-N-1) 

Our class already had a lot of homework in science, and the extra assignments 

in online activities further hindered me from going to bed early. (FPOE-L-N-

2) 

…when I tried to submit the answers in the online quiz, I could not find any 

‘button’ for submission in Power-Lesson [LMS]. I needed to redo the quiz 

several times after restarting my computer, but I still failed to do so. My 

teacher was unable to help me to solve this problem at that time…(TFC-L-N-

2) 

OC I was unable to watch the videos when I returned to my home in Shenzhen on 
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(n =1) the weekends. (FPOE-H-N-2) 

 

There are many identified codes stressing the benefits of FC on SRL, LA, and SPS, suggesting 

that the significant quantitative findings were supported and could be explained by the 

qualitative evidence. In particular, the significant quantitative findings regarding the students’ 

gains in time-management ability, LA, measurement, identifying variables, stating hypotheses, 

designing investigation, and graphing and interpreting data skills are all supported by the 

qualitative evidence. The analysis of the interview data also found several positive impacts of 

FC that had not been identified from the quantitative findings. These impacts include the 

improvements of students’ task strategies and self-evaluation abilities, observation and 

prediction skills. Furthermore, some of the quotes regarding the ISPS subscales reveal inter-

relationships, echoing the significant finding on the linear combination of the ISPS subscales 

by flipped pedagogy as suggested by the MANOVA result. 

 

4.3.3.2 Counts of Categories, Themes, and Codes in Different Classifications  

The analysis of the data is also presented in matrix form, which illustrates the counts of the 

identified categories, themes, and codes in different classifications of the groups (i.e., flipped 

pedagogical approaches [FPOE/TFC] and learning abilities [lower/higher]). Table 4.40 shows 

a matrix of the qualitative analysis.  

 

In Table 4.40, there are more codes identified in the FPOE approach in terms of SRL, especially 

the time-management ability, echoing the quantitative finding of significant gain in time-

management ability of the students in the FPOE approach (RQ1). Several codes regarding 

environmental structuring ability were identified for the students with HL in the TFC approach. 

These findings provide evidential supports for the quantitative findings from the independent 

sample t-test of the gain scores of SRL subscales (RQ3).  
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Table 4.40 

Matrix of the counts of categories and codes identified at different approaches  

  FPOE  TFC  

Total 

 

 

Lower 

ability 

Higher 

ability 

Sub-

total 

Lower 

ability 

Higher 

ability 

Sub-

total 

Category  Benefits to 

SRL abilities 

8 17 25 6 4 10 35 

Code  ES 0 1 1 0 2 2 3 

Code TS 3 3 6 1 2 6 9 

Code  TM 2 7 9 0 1 1 10 

Code  SE 3 6 9 3 1 4 13 

Category  Benefits to 

LA 

10 20 30 5 12 17 47 

Code  ST 2 6 8 0 4 4 12 

Code  LK 1 3 4 2 3 5 9 

Code  RF 3 4 7 1 1 2 9 

Code  MC 4 7 11 2 4 6 17 

Category  Benefits to 

SPS 

20 30 50 6 9 15 65 

 BSPS 10 13 23 3 6 9 32 

Code  O 4 5 9 0 2 2 11 

Code  M 2 5 7 1 3 4 11 

Code  P 2 2 4 1 1 2 6 

Code  I 2 1 3 1 0 1 4 

 ISPS 10 17 27 3 3 6 33 

Code  IV 4 6 10 1 2 3 13 

Code  SH 1 3 4 0 0 0 4 

Code  DI 2 2 4 2 1 3 7 

Code  GD 3 6 9 0 0 0 9 

Category  Challenges 2 2 4 3 3 6 10 

Code  SC 2 1 3 3 3 6 9 

Code  OC 0 1 1 0 0 0 1 

 

Regarding LA, numerous codes were identified in both flipped learning approaches, with most 

being for the students with HL. This qualitative finding is in line with the significant gains in 

LA in both flipped approaches (RQ1), as well as the larger significant gains of LA among the 

students with HL (RQ3).  

 

Regarding SPS, many codes were identified in both flipped approaches, with more codes for 

the FPOE approach, and especially for the students with HL. The qualitative results are in 
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alignment with the significant gains in measurement, identifying variables, stating hypotheses, 

designing investigation, and graphing and interpreting data skills among students in the FPOE 

(RQ1) suggested by the quantitative analysis. Codes for the gains of identifying variables and 

designing investigation of the students in the TFC approach were also identified (RQ1). 

Moreover, the qualitative evidence explained (a) why the students with HL had improved their 

stating hypotheses skills more significantly than those with LL in the FPOE (RQ3); and (b) 

why the students with LL had improved their designing investigation skills more significantly 

than those with HL in the TFC (RQ3). Only evidence regarding the gain in operational defining 

skills was lacking in the qualitative analysis. (see Table 4.36 for a summary of the quantitative 

results). 

 

4.4 Summary 

This chapter initially illustrated the satisfactory reliability levels of the OSLQ, BAPS, and 

TIPS-II instruments for the quantitative analysis. Assumption checking for normality, and the 

identification and treatment of outliers were also discussed before analysing the quantitative 

and qualitative data. This chapter also illustrated the quantitative results from different 

inferential statistical analyses to address the first three research questions. Finally, this chapter 

provided sufficient qualitative evidence in different classifications to explain most of the 

quantitative results. The fourth research question was comprehensively addressed. Further in-

depth discussions on the quantitative and qualitative findings and their triangulation are made 

in the next chapter.  
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Chapter 5: Discussion 

5.1 Introduction 

In the previous chapter, the analysis and results from the quantitative and qualitative data were 

presented. This chapter primarily summarizes and discusses the major findings to address the 

following four RQs:  

 

RQ1: Can the FPOE improve students’ SRL abilities, LA, and SPS in comparison with the 

TFC? 

RQ2: Are there differences in the improvements of students’ SRL abilities, LA, and SPS 

among different pedagogical approaches (FPOE vs. TFC vs. TC)? If yes, which is the 

most effective? 

RQ3: Do student learning abilities (lower and higher) affect the improvements of their SRL 

abilities, LA, and SPS in different flipped pedagogical approaches (FPOE and TFC)? 

RQ4: How and to what extent do the FPOE and TFC help students with different learning 

abilities to improve their SRL abilities, LA, and SPS? 

 

In addition, this chapter discusses several limitations and difficulties encountered during this 

research in terms of the perspectives of students, teacher, and curriculum. Finally, 

recommendations for future research and practice regarding the FPOE are suggested.  

 

5.2 Discussion  

This section summarizes the results from the quantitative and qualitative analysis with the 

triangulation of the quantitative data from the qualitative evidence. The significant findings are 

evaluated and discussed considering the existing body of contemporary research evidence 

regarding the efficacy of the flipped learning approach on students’ SRL abilities and SL 
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comprising LA and SPS. The study findings are also compared and contrasted with other 

existing literature evidence about students’ SRL, LA, and SPS outside the FC context but within 

the context of SRL, POE, and TEL embraced in this research. 

 

5.2.1  The Impacts of the Modified Flipped Classroom on Students’ SRL Abilities, LA, 

and SPS Compared with the Traditional Flipped Classroom (RQ1 and RQ4) 

5.2.1.1 Self-Regulated Learning (SRL) Abilities 

The results from the paired sample t-tests showed that the students’ time-management ability 

was significantly improved following the FPOE intervention, whereas there was no such 

improvement among students in the TFC group. The quantitative result is supported by the 

qualitative findings that the activities in the FPOE approach required students to prioritize and 

find extra time for online learning, and to arrange regular timeslots for online tasks, especially 

the online technology-enhanced POE investigations that integrated with the SRL strategy. For 

example, one student (FPOE-H-P-2) in the FPOE group stated that, “since we should observe 

the seedling growth every day, I decided to set an alarm on my phone to remind me to look at 

the live-streaming and to plot the graphs.” 

 

Such findings are consistent with Lai and Hwang’s (2016) research which found that students 

had higher awareness of time management in a self-regulated flipped classroom (SRFC) 

compared with those in a TFC in an elementary mathematics class. Çakıroğlu and Öztürk (2017) 

also discovered that students allocated time for watching the videos prior to the lesson in a 

punctual and regular manner in the FC environment. Moreover, students participating in online 

POE activities using mobile dataloggers may also need to manage their time well during long-

lasting investigations, especially when making observations and recording data via an online 

system through their own initiatives (Tho & Yeung, 2018).  
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In contrast, the quantitative results from the paired sample t-tests between pre-scores and post-

scores revealed no significant improvements in the average SRL ability and its subscales other 

than time management (i.e., goal-setting, environmental structuring, task strategies, help-

seeking, and self-evaluation) in both the FPOE and TFC. The results of the independent sample 

t-tests of the gain scores also showed no significant differences in the improvements of the 

students’ average SRL and its subscales between the FPOE and TFC approaches. These 

quantitative findings are aligned with Sun et al.’s (2017) study which found that students in the 

FC had no significant differences, according to an ANCOVA, with the control group of distance 

learning (DL) in terms of the average SRL ability and its categories of goal-setting, 

environmental structuring, task strategies, and self-evaluation.  

 

One possible cause of the insignificant differences regarding the improvements of these SRL 

abilities between the FPOE and TFC might be due to the similarity of goal orientation among 

the students who participated in the two flipped approaches (Sun et al., 2017). According to 

Hagen and Weinstein (1995), there are two goals, namely the mastery goal and performance 

goal, that influence students’ SRL and self-efficacy. The mastery goal primarily focuses on the 

learning process, mastering the course materials, seeking challenging assignments, and 

employing more effective learning strategies during study, whereas the performance goal solely 

focuses on learning outcomes such as grades and rewards, with less effective learning strategies 

preferred by students. A complementary combination of these two goals is vital for students to 

improve their self-regulation in their learning. However, students might only establish a high 

performance goal in the FPOE and TFC, as several of them reported in the interviews that the 

videos and quizzes in the FCs helped them revise content knowledge and gain extra time for 

drilling exercises, preparing for tests, and exams in the lessons. This factor undoubtedly 
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prevents students from self-evaluating in the two FCs because they depend more heavily on 

rehearsal strategy than elaboration during online learning (Sun et al., 2017). The lack of 

segments or codes regarding goal-setting (identified from the student interviews) might also 

suggest a lack of the mastery goal among students learning in the two flipped approaches. Such 

similarity of orientation of higher performance goals and lower mastery goals might, thus, 

hinder the students to improve their SRL abilities, including environmental structuring, task 

strategies, help-seeking, and self-evaluation very differently between the FPOE and TFC.  

 

Moreover, despite help-seeking behavior being regarded as a factor that can be easily 

influenced by the external setting of teaching and learning activities in the FCs (Sun et al., 

2017), the results demonstrate that this is not the case in the FPOE and TFC in this study. Not 

surprisingly, the students, like other Chinese students in East Asian societies, were generally 

more reluctant to ask for help and express ideas than their counterparts in Western countries 

(Ho, 2009). 

 

Although there were insignificant quantitative results regarding the aforementioned SRL 

subscales, qualitative evidence about environmental structuring, task strategies, and self-

evaluation were identified from the student interviews, suggesting that students still employed 

these types of SRL strategies in their learning to some extent through the two flipped 

pedagogical approaches. Such discrepancy of findings might be due to the students’ SRL 

abilities being internally stable and requiring longer to develop and become established (Sun 

et al., 2017). Consequently, the students’ self-reports of their SRL abilities in the OSLQ 

questionnaire might not agree with the qualitative findings from the in-depth interviews.  
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5.2.1.2 Learning Achievement (LA) 

The results from the paired sample t-tests showed that the students’ LA was significantly 

improved following the FPOE and TFC interventions. The insignificant result of the 

independent sample t-test on the gain scores of the students’ LA between the FPOE and TFC 

suggested that the improvements of LA were no different between the two flipped pedagogical 

approaches. This quantitative finding can be explained by numerous statements from the 

student interviews. In the interviews, students from both flipped approached reported (a) 

having more time for discussion, drilling exercises, and preparing for examinations, (b) 

learning more extensive knowledge from the textbook, (c) having real-time feedback, and (d) 

receiving tailored learning opportunities during the in-class inquiry-based learning. On the 

other hand, the students also stated that they (a) had real-time feedback online and (b) could 

learn in a self-pacing manner in the online pre-class learning. For instance, one student (TFC-

H-P-2) in the TFC group reported that, “after finishing the investigations in the lessons, Miss 

Wong [science teacher] often gave us more time and guidance for working on the workbook 

exercises.” Another student (FPOE-H-N-2) in the FPOE group also stated that, “in the 

experiment [investigation] about mealworms, my group finished so quickly that we were 

guided to use one extra method to study the gas exchanges of mealworms by using a mobile 

device [logger].” 

 

These findings are coherent with previous studies on flipped learning in science, physics, 

mathematics, and chemistry (Çetinkaya, 2017; Lo et al., 2018; Olakanmi, 2017; Schultz et al. 

2014). For example, regarding in-class learning, Lo et al. (2018) stated that teachers could tailor 

student learning by skipping some parts that could be learned through videos, saving time to 

assists students by elaborating on concepts and clarifying misunderstandings in the lesson. 

Çetinkaya (2017) suggested that teachers could invest more time in research-based learning, 
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active learning, peer learning, and cooperative learning to arouse student interest and to 

improve their high-level thinking skills in lessons with large class sizes. Regarding online 

learning, Lo et al. (2018) and Schultz et al. (2014) claimed that the flipped approach allowed 

students to pause, rewind, and replay to evaluate what they have learned from online videos. 

Such a feature enables students to learn content at their own pace in the online environment 

(Lo et al., 2018), and hence, to manage the cognitive load of learning better (Abeysekera & 

Dawson, 2015). 

 

Nevertheless, the insignificant differences regarding LA between the FPOE and TFC 

approaches contradict the findings from some similar studies that compared a modified FC 

with a conventional FC (e.g., Çetinkaya, 2017; Lai & Hwang, 2016; Zainuddin, 2018). For 

example, Zainuddin (2018) claimed that students who participated in his modified FC with a 

gamification approach outperformed those who participated in a traditional FC. Lai and Hwang 

(2016) revealed that their modified FC that embedded an SRL strategy was more effective at 

improving students’ LA than a conventional FC without SRL elements.  

 

One possible reason for such contradiction is the greater influence of the in-class active-

learning strategies employed in the flipped approaches in this study. Jensen et al. (2015) 

stressed that the gains they found in student learning were probably due to the active-learning 

style of instruction in the classroom rather than whether the lesson was flipped or not (Jensen 

et al., 2015). Indeed, neither of the aforementioned studies employed an inquiry-based learning 

strategy, but focused on lower mastery-level activities (Anderson & Krathwohl, 2001), such as 

completing web-assisted measurements and evaluating quizzes (Çetinkaya, 2017), discussing 

and solving problems provided by the teacher (Lai & Hwang, 2016), and group discussions 

and student presentations (Zainuddin, 2018) integrated in the in-class learning. These flipped 
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approaches depended heavily on the features of online pre-class learning (e.g., the online 

gamification and competition; Zainuddin, 2018) to enhance student learning.  

 

As several pieces of the reviewed literature suggested that integrating science inquiry in the 

lesson increases student learning performance (Blanchard et al. 2010; Lee & Ng, 2004), such 

inquiry-based learning activities in the in-class component of the FPOE and TFC would 

contribute to the improvement of students’ LA in similar degree in this study.  

 

Other possible causes, such as the nature of POE activities in the FPOE approach, which mainly 

focuses on developing students’ SPS rather than learning performance, may also contribute to 

the insignificant difference in results between the FPOE and the TFC in this study.  

 

5.2.1.3 Science Process Skills (SPS) 

5.2.1.3.1 Basic Science Process Skills (BSPS) 

The results from the paired sample t-tests showed significant improvement in the students’ 

measurement skill only in the FPOE approach, but not in the TFC approach. These findings are 

supported by the interview analysis that students in the FPOE approach had more chances to 

make measurements, and they would make proper use of measurement tools and proper 

calculation during the in-class inquires. For example, a student (FPOE-H-P-1) in the FPOE 

group reported that, during the in-class scientific inquiry, “the use of a mobile logger instead 

of an indicator for the measurement of gas released from mealworms was more useful and 

direct.”  

 

Moreover, the higher number of codes identified in the FPOE group (n = 7) than that in the 

TFC (n = 4) is in line with the quantitative mentioned above. Such a finding also aligns with 
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Tho and Yeung’s (2018) finding that secondary school students perceived positively the use of 

a remote laboratory for measuring and gathering data from the online investigations. 

Furthermore, Geban et al. (1992) emphasized that computer-simulated experiments with a 

variety of problem-solving activities could acquire a wider variety of SPS, including 

measurement and data collection. Thus, the increased exposure and experience of using 

technology-enhanced measurement tools in the online POE activities in the FPOE approach 

could cultivate students’ measurement skills gradually in this study.  

 

In addition to measurement skill, the evidence from the interview indicated that the students 

had more chances to predict scientific scenarios in the FPOE approach, despite of the 

insignificant results obtained from the paired sample t-test regarding the their prediction skills 

in both the FPOE and TFC approaches. For example, one student (FPOE-L-N-1) in the FPOE 

approach stated that, “the online experiment required us to make reasonable predictions by 

ourselves in different situations.” 

 

This finding is consistent with Geban et al.’s (1992) suggestion that greater participation in 

problem-based inquiries enhances students’ SPS, including the skill of making predictions. 

Moreover, a main reason for such an improvement is probably due to the advantages of the 

technology-enhanced POE activities on student learning. As suggested by Kearney et al. (2001), 

students were more confident to make initial predictions about the investigation in the 

multimedia-supported POE activities in the form of video clips, as students were more 

comfortable compared with the actual handling of laboratory equipment in numerous POE 

situations. However, there is also no significant difference in the gain scores of prediction skill 

among students in the FPOE and TFC approaches. This insignificance may be due to the 

limitations of the POE activities in the FPOE approach, as the students could only conduct the 
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online POE activities individually without any group discussion of the ideas of the predictions, 

and without the teacher’s immediate guidance to reach a consensus during the process. As 

students who made incorrect and unreasonable predictions often explain their results based on 

those predictions (White & Gunstone, 1992), the POE approach should be integrated in a 

cooperative manner that allows student to discuss, critique, and share with a group during the 

prediction and explanation phases under teacher guidance to facilitate the integrated acquisition 

of conceptual and procedural knowledge in science (Cinici & Demir, 2013). Such a limitation 

of the POE activities in the FPOE approach might also contribute to the insignificant results of 

the t-tests of student gains in inference skill and the LA between the FPOE and TFC approaches 

in this study. 

 

Surprisingly, no significant result regarding the observation skill among students between the 

FPOE and TFC was obtained, although qualitative evidence was identified among the students 

in the FPOE approach. Several students reported that the real-time streaming features allowed 

them to observe anytime and anywhere (Tho & Yeung, 2018). For example, one student 

(FPOE-H-P-2) in the FPOE group stated that, “this was the first time for me to make 

observations in a science experiment through YouTube. It was a wonderful experience as I 

could even watch the growth of the seedlings at midnight!” The students also reported that 

more observation opportunities were provided through the in-class science inquiries and online 

POE activities, which enabled them to observe accurate and repeated replica of scientific 

demonstrations (Kearney et al., 2001). For example, one student (FPOE-L-P-2) in the FPOE 

group stated that, “we had more chance to make observation in the science experiments 

[investigations], but I needed to observe the scientific scenarios carefully so that I would not 

misinterpret the results when drawing conclusions.” It is suspected that the lack of significant 

difference quantitatively could be due to the questions related to the observation skill in the 
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BAPS that are too easy and direct to differentiate students’ observation skills. Perhaps other 

sources of data, such as lesson observation of students’ uses of the BSPS are necessary in future 

studies. 

 

Regarding the communication and classification skills, no significant results from the 

quantitative analysis nor insightful qualitative evidence were obtained. Collectively, the results 

from the independent sample t-test indicate that the students’ gain in the overall BSPS in the 

FPOE approach was significantly higher than that in the TFC approach, suggesting the FPOE 

was more effective at improving the students’ BSPS in general.  

 

5.2.1.3.2 Integrated Science Process Skills (ISPS) 

The results from the paired sample t-tests showed that the students’ identifying variables, 

operational defining, and designing investigation skills were significantly improved in both the 

FPOE and TFC approaches. Qualitative findings such as (a) having more chances to identify 

variables through the online/in-class learning; (b) determining the effect on results by changing 

one of the variables during the prediction stage in the POE activities; and (c) identifying 

variables through the graphing function of mobile logger application in the FPOE, were 

identified regarding improving the identifying variables skill. For example, a student (TFC-H-

P-1) in the TFC group stated that, “the science investigation [inquiry] of the factor affecting 

the resistance allowed me to think and choose the variable of material to be studied. I also 

conducted similar investigations by using length and thickness of resistive wire as an 

independent variable…” Another student (FPOE-L-N-1) in the FPOE group also stated that, 

“from the auto-plotted graph, I was able to identify the time on the x-axis as the independent 

variable and the concentration of carbon dioxide on the y-axis as the dependent variable…” 

Also, the qualitative finding that the students could receive adequate and useful guidance from 
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experimental videos for designing fair tests in the lessons was identified regarding the 

designing investigation skill. For instance, a student (TFC-L-P-1) in the TFC group stated that, 

“the videos guided me through some experimental procedures, such as the steps for boiling a 

leaf in the iodine test…and helped me to design a fair test for photosynthesis.” 

 

These findings corroborate the conclusion drawn by Kramer et al. (2018) that interactive online 

tutorials were beneficial for developing students’ experimental skills. The features of the 

interactive tutorials, which include (a) module introductions in texts and animations, (b) 

challenging questions and specific feedback for students, and (c) accessibility for students to 

track their progress and review entire modules at any time, are synonymous with the 

characteristics of the online sessions of the flipped approaches in this study. In addition, the 

add-on technology-enhanced POE activities with the use of mobile loggers in the FPOE could 

improve students’ scientific abilities (Tho & Yeung, 2018), which might include the three 

improved subscales of ISPS. However, there were no significant differences in the 

improvements of these skills between these two flipped approaches, even though the qualitative 

evidence was identified from the students who participated in the FPOE group (identifying 

variable skill: FPOE: n = 10, TFC: n = 3; designing investigation skill: FPOE: n = 4, TFC: n = 

3). Moreover, there is no qualitative evidence to explain the improvement of the operational 

defining skill in either the FPOE or TFC, suggesting that this skill might be implicitly rooted 

in the students’ viewpoints. The gain in the operation defining skill of the students is consistent 

with the gain in their measurement skill because these two skills are interdependent. In 

particular, the operation defining skill relates to how to design and perform the measurement 

properly in an investigation (Ostlund, 1992; Rezba et al., 2003).  

 

The results from the paired sample t-tests showed that the students’ stating hypotheses skill and 
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graphing and interpreting data skill were significantly improved only in the FPOE approach. 

Consistently, the results from the independent sample t-tests of gain scores showed that the 

improvements of these two skills of the students in the FPOE approach were significantly 

higher than those in the TFC, suggesting that the FPOE approach was more effective at 

enhancing the students’ stating hypotheses skill and graphing and interpreting data skill than 

the TFC approach.  

 

Regarding the skill of stating hypotheses, students in the FPOE approach reported numerous 

supporting evidence for their improvement, including (a) the advantage of participating in the 

pre-observation stage of the POE activities to help them to make tentative explanations; and (b) 

the feedback received from the explanation stage of POE activities to help them to propose 

reasonable hypotheses. For example, a student (FPOE-H-P-2) in the FPOE group stated that, 

“it was so surprising that what I predicted in the first online [POE] activity of burning candles 

was totally different from what I had observed. This helped me to think more thoroughly to 

make a more reasonable explanation.” These findings might be aligned with the significant 

improvement of the students’ prediction skill in the FPOE approach, which required students 

to employ problem-solving skills in their active searching to hypothesize tentative and rational 

explanations in the prediction phase of the POE activities (Geban et al., 1992). Kramer et al. 

(2018) suggested that the online interactive tasks could provide students with more 

opportunities to revisit and modify their ideas, which echoes how students revised their 

proposed hypotheses to make them more scientifically sound during the post-observation phase 

of the POE activities. In addition, Lati et al. (2012) mentioned that students’ process skills, 

including stating hypotheses, could be improved if they had more chance to practice POE 

science inquiry. 
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In addition, qualitative findings including (a) the automated and real-time plotting function of 

graphs that helped students to externalize the effects of independent variables on dependent 

variables in the technology-enhanced POE activities in the FPOE; and (b) teacher clarification 

of student misinterpretation of the plotted graph in terms of scales and labels of axes in the 

FPOE activities, were the reasons for the improvement of the students’ graphing and 

interpreting data skill in the FPOE approach. For instance, a student (FPOE-H-P-1) in the 

FPOE group stated that, “the change of light and the concentration of carbon dioxide 

[dependent variables] could be seen through the real-time plotted graph at different times.” 

This finding is in agreement with Tho et al.’s (2015) study that a remote and computer-mediated 

experiment, similar to the technology-enhanced POE using mobile loggers, can provide precise 

data and clear graphs in real time to illustrate the results and visualize the variables being 

investigated. According to Tho and Yeung (2016), the time needed for routine procedure of 

plotting data could be saved and reallocated for more meaningful educational activities, such 

as interpreting results in their remote laboratory experiment. Similarly, time was saved for 

teachers to clarify students’ misinterpretations about the graph in the FPOE in this current study. 

The limited chances to practice the skill of interpreting data, which is often regarded as time-

consuming and omitted by instructors, could also be addressed (Lati et al., 2012). Moreover, 

the improvements of the stating hypotheses skill and the graphing and interpreting data skill 

might be attributed to the student-centered tutorial feature of both in-class (Dirks & 

Cunningham, 2006) and online interactive learning activities (Kramer et al. 2018), as well as 

the feature of computer-supported investigations (Geban et al., 1992) provided in the FPOE 

approach.  

 

Lastly, the results from the paired sample t-tests suggested that students’ overall ISPS was 

improved in both FPOE and TFC groups, while the results from the independent sample t-test 
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suggested that the improvement of the students’ overall ISPS of the students in the FPOE 

approach was significantly higher than that in the TFC approach. Together with the qualitative 

evidence illustrated, it is suggested that the FPOE approach, integrated with technology-

enhanced POE activities, could be more effective to enhance students’ overall ISPS than the 

TFC approach. 

 

5.2.2  The Impacts of the Flipped Approaches (FPOE / TFC) on Students’ SRL 

Abilities, LA, and SPS Compared with the TC (RQ2) 

5.2.2.1 Self-Regulated Learning (SRL) Abilities 

The results from the pairwise comparisons in the ANOVA of post-scores showed that only the 

FPOE approach was more effective at improving the students’ average SRL ability and its 

several subscales, including goal-setting and time management, when compared with the TC 

approach. 

 

These findings are consistent with Olakanmi and Gumbo’s (2017) study, which found that 

students who participated in an SRL chemistry lesson had higher gain scores in average SRL 

ability (measured using a simplified MSLQ) compared with a conventional classroom. The 

SRL lesson, similar to the SRL strategy integrated into the FPOE pedagogy, involved 

Zimmerman’s (2002) cyclical model of self-regulation, which allows students to set their 

learning goal (forethought phase); (b) monitor the tasks to meet their goals through different 

strategies and time management (performance phase); and (c) to self-evaluate and reflect on 

their learning processes (self-reflection phase). Therefore, students who participated in that 

type of SRL environment could benefit from improved goal-setting and time-management 

ability than those in conventional classrooms (Olakanmi & Gumbo, 2017). According to Lai 

and Hwang (2016), the monitoring mechanism in an FC integrated with an SRL strategy could 
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engage students to empower their self-observation, determine the learning strategies to be 

applied, and be aware of their effectiveness, which may explain why students had better time-

management abilities for their learning in the FPOE approach in this study.  

 

On the other hand, Lai et al. (2018) suggested that computer-supported SRL science inquiry 

outperformed the improvement in students’ time management compared with traditional 

science inquiry because students in the SRL environment focused more on their learning 

efficiency, which demanded students to have good time management during learning. This 

finding echoes the SRL strategy integrated in the technology-enhanced POE activities in the 

FPOE approach. In addition to the SRL strategy, the integration of technology-enhanced remote 

investigations with mobile loggers could also contribute to better time-management strategies 

among students in the FPOE approach, as previously discussed (Tho &Yeung, 2018).  

 

Considering the advantages of the SRL and technology-enhanced POE activities mentioned 

above, as well as the benefits of flipped approaches discussed in the previous section (Section 

5.2.2.1), it is not surprising to find that the average SRL ability of the students in the FPOE 

approach was significantly higher than that in the TC approach. This finding also concludes 

that, only the subject-specific FPOE approach rather than the conventional flipped classroom, 

could unleash the potential of FCs to improve students’ SRL abilities in their science learning. 

 

5.2.2.2 Learning Achievement (LA) 

The results from the pairwise comparisons in the ANOVA of post-scores showed that the FPOE 

approach was more effective at improving the students’ LA than the TC approach. This finding 

could be explained by the previously discussed advantages of the FC, including creating more 

time for in-class student-centered learning activities (Çetinkaya, 2017; Lo et al., 2018), having 
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more chance to learn new knowledge (Lo et al., 2017), having more real-time feedback from 

teachers (Lo et al., 2017) and having a better management of cognitive load among students 

(Lo et al., 2018; Abeysekera & Dawson, 2015; Schultz et al. 2014). However, the results from 

the pairwise comparisons in the ANOVA of post-scores showed that the TFC approach was not 

more effective at improving the students’ LA than the TC approach. This finding contradicts 

with several recent FC studies in secondary science education, which found that the 

conventional FC improves students’ LA when comparing with its non-flipped counterparts (e.g., 

Atwa et al., 2016; Lo et al., 2018; Olakanmi, 2017; Schultz et al., 2014; Sezer, 2017; 

Yousefzadeh & Salimi, 2015). These findings suggest that, the subject specific FPOE approach 

rather than the conventional flipped classroom, could unleash the potential of FCs to improve 

students’ LA in science learning. 

 

5.2.2.3 Science Process Skills (SPS) 

The results from the pairwise comparisons in the ANOVA of post-scores of the students’ overall 

BSPS showed that neither the FPOE nor the TFC were more effective at improving the students’ 

BSPS than the TC. Similarly, the results from the pairwise comparisons in the ANOVA of post-

scores of the students’ overall ISPS also showed that neither the FPOE nor the TFC were more 

effective at improving the students’ ISPS than the TC. These results contradict Camiling’s 

(2017) research, which found that elementary students who participated in an FC had 

significantly higher overall BSPS than those in a TC. Such finding might be due to the 

limitation of the research design, as comparisons could only be made based on the post-scores 

of the students’ BAPS and ISPS. The acquisition of SPS could be incremental and step-by-step 

(Ong et al. 2015), meaning only comparing the students’ final post-scores was ineffective for 

visualizing the difference in the improvements among students in different groups. Moreover, 

Tan, Yangco, and Que (2020) urged that the reliability of the instrument should also be 
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considered regarding the non-significant findings of students’ SPS, including inferring, 

predicting, controlling variables, and interpreting data, between an inquiry-based FC and a non-

flipped inquiry-based TC. In fact, the reliability of the instruments for assessing the students’ 

BSPS and ISPS was relatively low when compared with those assessing the students’ SRL 

ability in this present study. 

 

5.2.3  The Impacts of the Flipped Classroom Approaches in Terms of SRL Abilities, LA, 

and SPS on Students with Different Learning Abilities (RQ3 and RQ4) 

5.2.3.1 Self-Regulated Learning (SRL) Abilities 

Interestingly, the results from the independent sample t-tests of gain scores showed significant 

difference of environmental structuring ability among students with different learning abilities 

in the TFC approach. Specifically, the students with HL outperformed those with LL in the 

improvement of environmental structuring ability in the TFC approach. This finding is also 

supported by qualitative evidence. Some students with HL reported that they could find a quiet 

place for online learning in the TFC (n = 2 in HL, n = 0 in LL). For example, a student with 

HL (TFC-H-P-2) in the TFC group stated that, “I was keen on watching the online videos at 

home right after school in the afternoon before my parents returned home.” The possible reason 

why the students with HL had higher environmental structuring ability is that they probably 

had good awareness of the self-regulated strategies, especially the importance of environmental 

structuring in online learning in the TFC. The absence of such a finding for the FPOE approach 

suggests that students, regardless of their learning ability, could learn and apply similar 

strategies in the FPOE approach as it required regular observations and monitoring during the 

online remote investigation (Tho & Yeung, 2015).  

 

The finding also suggests that the FPOE approach is more advantageous for narrowing the 
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diversity in terms of the enhancement of students’ different subscales of SRL abilities. Together 

with the significant finding regarding the effectiveness of the FPOE approach at improving the 

students’ SRL when compared with the TC (RQ2), it is likely to conclude that the integration 

of the FPOE approach could solve the problems of the relatively lower use of SRL strategies 

among Hong Kong secondary school students, and stimulate them to become intrinsically 

motivated to learn in a self-regulated way (Ho, 2004, 2014). 

 

5.2.3.2 Learning Achievement (LA) 

The results from the independent sample t-tests of gain scores showed that the students with 

HL outperformed those with LL in terms of the improvement of LA in both the FPOE and TFC 

approaches. Such quantitative results can be explained by the relatively higher account of the 

qualitative evidence in terms of (a) more time for activities, (b) learning of new knowledge, (c) 

real-time feedback from teachers, and (d) better management of cognitive load obtained from 

the students with HL in this study (FPOE: n = 10 in LL, n = 20 in HL; TFC: n = 5 in LL, n = 

12 in HL). Considering these findings, it is not unreasonable to conclude that the higher 

achievers could better utilize the extra time obtained from the FCs for the student-centered 

science inquiries, in which they could engage in and achieve higher LA (Maxwell et al., 2015; 

Şimşek, & Kabapınar, 2010). Regarding the online pre-class learning, the findings are also in 

alignment with Francis’s (2014) finding that higher achievers in a university had higher 

viewing frequency of the online videos than lower achievers, and thus, higher achievers 

received higher grades than lower achievers in the FC.  

 

On the other hand, Nouri (2016) found that lower achievers had significantly more positive 

attitudes toward the FC, the use of video as a learning tool, and perceptions of increased 

learning and more effective learning when compared with higher achievers. It is, therefore, 
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logical to hypothesize that lower achievers might have a higher gain of LA in flipped learning. 

However, the finding in this study, as in other FC studies (e.g., Van Sickle, 2016), rejects such 

hypothesis. One possible reason for this rejection is that higher achievers, despite having lower 

attitudes and perceptions toward FC, were still more driven by the examination-oriented school 

culture in terms of understanding and remembering than the lower achievers. This finding is 

also in line with Jong’s (2017) conclusion that the non-significant difference in liberal studies 

performance between top academic-banding Hong Kong secondary students in the FC and TC 

was due to the ceiling effect, in which the independent variable (flipped or non-flipped) no 

longer affected the dependent variable (improvement of LA). Future research on Hong Kong 

students’ attitudes and perceptions about flipped approaches and their correlations with LA is, 

thus, expected.  

 

5.2.3.3 Science Process Skills (SPS) 

The results from the independent sample t-tests of gain scores showed that the students with 

different learning abilities had significant differences regarding the improvements of stating 

hypotheses skills in the FPOE approach and designing investigation skill in the TFC approach.  

 

Particularly, the students with HL outperformed those with LL in the improvement of stating 

hypotheses skill in the FPOE approach. The qualitative finding supports this result, with a 

higher number of identified codes regarding stating hypotheses among students with HL: (a) 

participation in the pre-observation stage of the POE activities helps to make tentative 

explanations; and (b) receiving feedback from the explanation stage of POE activities helps to 

propose reasonable hypotheses (n = 1 in LL, n = 3 in HL).  

 

According to Burns et al. (1985), the skill of stating hypotheses requires students to state a 
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testable hypothesis when provided with a description of the variables involved in an 

investigation. A testable hypothesis can be a tentative explanation for a phenomenon or an 

investigable question (Yip, 2007). In accordance with Yip (2007), Hong Kong science students, 

even at senior level, still often misunderstand the concept of hypotheses due to inadequate 

teaching about the processes of scientific inquiry, as most science teachers ask students to put 

forward a hypothesis for every investigation irrespective of its necessity. According to Ng and 

Yeung (2000), setting and testing hypotheses is regarded as a higher cognitive skill that senior 

science students still find challenging to manipulate. Fortunately, it is evident that the self-

regulated and technology-enhanced POE activities offered in the FPOE could favor higher 

achievers to gain more chances and feedback regarding making testable tentative hypotheses, 

so that the misconceptions surrounding when and how to propose a hypothesis can be addressed.  

 

Finally, the results from the independent sample t-tests of gain scores showed that the students 

with LL outperformed those with HL in the improvement of designing investigation skill in the 

TFC approach. The qualitative evidence also showed that more students with LL in the TFC 

group recognized the importance of the guidance they obtained from experimental videos for 

designing investigations in the follow-up lessons (n = 2 in LL, n = 1 in HL). As the skill of 

designing investigation demands students to select a suitable design for an investigation to test 

for a given hypothesis (Burns et al., 1985), it is possible that lower achievers could benefit 

more than high achievers from the utilization of didactic video lectures during out-of-class 

preparation in terms of designing investigation, particularly learning experimental procedures. 

This finding also echoes the benefit of the FC regarding relocating the preparation and revision 

work into video lectures, as HL might find these activities a waste of time if they were 

performed in a whole-class manner (Lo et al., 2018). Furthermore, this finding is absent in the 

FPOE group, suggesting that the extra technology-enhanced POE activities could help students, 



203 

regardless of their learning abilities, to improve their designing investigation skill to a similar 

extent.  

 

5.3 Limitations and Difficulties  

This section highlights and describes the limitations of this research and the difficulties 

encountered during the FPOE and TFC interventions from student, teacher, and curriculum 

perspectives.  

 

5.3.1  Limitations of the Research  

There are several limitations in this research that are mainly attributed to the design of the 

research, the issues with data collection, and the teaching role of the researcher in this study. 

 

First, this research involved a quasi-experiment, meaning that the randomization of the 

participants was not appliable, which limited the employment of statistical analysis involving 

covariates such as ANCOVA and MANCOVA (Fitzmaurice et al., 2004; Oakes & Feldman; 

2001). Therefore, the statistical power of the quantitative findings might not be maximized.  

 

Second, only post-scores of the OSLQ, BAPS, TIPS-II, and LAT were collected from the 

historical cohort due to the lack of ethical approval for data collection and a lack of time for 

the planning, development, translation, and administering of those surveys and tests at the very 

beginning of this research. Therefore, the absence of the pre-scores from the measurements 

restricted the use of independent sample t-tests on the students’ gain scores for comparison 

between the FC (FPOE/TFC) and the TC. 

 

Third, except for the assessment instruments developed from the PISA, there was no single 
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well-established instrument to measure the students’ science process skills and knowledge of 

science all at once. Due to the limited accessibility and adoption of the PISA instruments, as 

well as the possibility of the disclosure of the items of the PISA instruments to the public, this 

research employed a self-developed LAT and two well-established SPS tests, all of which are 

emphasized in the science curriculum, as suggested by the CDC (CDC, 2017b). Other SL 

components, such as attitudes toward science (OECD, 2016), the understanding of the nature 

of science, and society- and technology-related issues (Turiman, Omar, Daud, & Osman, 2012) 

were not investigated in this study.  

 

Fourth, there was a lack of analysis from the observation of science lessons because some 

originally planned lesson observations could not be conducted due to a clash of teaching 

schedules between the researcher and other subject teachers. Another problem regarding the 

incomplete data collection was that one subject teacher felt uncomfortable being observed in 

the in-class inquiries during the FC interventions. Despite three lessons having already been 

observed and video-recorded, the absence of the data in one class of the current cohort limited 

the researcher’s ability to make valid comparisons regarding student learning during in-class 

scientific inquiries among different FC groups. In addition, the lack of time to conduct enough 

lesson observations also hindered the researcher to further transform and quantify the 

qualitative data for interpretation.  

 

Moreover, the information gathered from the survey and interviews was solely based on 

students’ self-reporting, meaning trustworthiness is a possible issue. The assessment of students’ 

SPS was merely based on the formative tests without the evaluation of students’ inquiry-based 

competencies during the in-class scientific inquiries. The lack of resources, such as analytic 

software to trace students’ SRL behaviors in the out-of-class learning platforms, was a result 
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of this non-funded research. Furthermore, only 16 of the 124 students in the FCs were 

interviewed; thus, some opinions and voices of other students might not be explicitly revealed.  

 

Researcher bias and reactivity due to the role of the researcher (Maxwell, 2013), who was also 

the science panel chairperson and subject teacher of the participants, should also be 

acknowledged. The researcher attempted to maintain a neutral attitude during the process of 

data collection to minimize his influence on the students’ responses. Precautions were also 

made to avoid prejudice about the students’ engagement and performance in the FCs because 

of the close relationship and halo effect, as well as bias during the development of the FC 

content due to the researcher’s prior knowledge with the subject (e.g., focus mainly on biology-

related topics). 

 

Finally, although some measures, such as piloting interviews, multiple checking of the 

interview transcripts, and comparing the interview data with the codes, were carried out (see 

Section 3.5), there remains a lack of validation of the coding process from other independent 

and experienced researchers. Therefore, it is necessary for the researcher to ensure the inter-

rater’s reliability regarding the findings when the results are published in the future. 

 

Overall, the limitations discussed might restrict the generalization of the research findings to 

other age groups, levels, and school types. 

 

5.3.2  Difficulties Implementing the Flipped Classroom Approaches 

5.3.2.1. Student Perspective 

According to the qualitative evidence, there were several student-related and operation-related 

challenges (Betihavas et al., 2016) that prevented the FC approaches from fully unleashing 
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their potential benefits regarding student science learning. First, some students in the TFC 

group struggled to familiarize themselves with the flipped learning at the very beginning stage 

(C-S-F) (n = 2). Such familiarization includes how to access instructional videos, experimental 

videos, and learning materials such as PowerPoint and animations, as well as how to perform 

and complete the online quizzes. Although a workshop on the use of LMS in flipped learning 

was provided for the students at the beginning of the academic year, problems continued to be 

raised during the initial stage. This issue echoes another difficulty that students would be 

lacking in rapid out-of-class support from teachers, especially when facing technical problems 

(C-S-S) (n =1). Several students reported an operation-related technical problem involving not 

being able to access the videos and online streaming in the LMS (C-O-A) owing to living 

outside Hong Kong (n = 1). Most frequently, students reported that the learning in the flipped 

approaches, regardless of whether FPOE or TFC, involved too heavy workload (C-S-D) (n = 

6). Such frustration might possibility hinder them from actively participating in the flipped 

learning during the interventions. Finally, there was also a lack of communication and 

cooperative learning opportunities between students during the POE activities (see Section 

5.2.1.3.1), limiting the enrichment of their science learning journey. 

 

5.3.2.2 Teacher Perspective 

The science teachers (n =3) participating in this research generally found the extra time gained 

from flipping the lessons useful. They were also motivated to conduct scientific inquiries 

during the in-class learning because some of these activities had been co-planned and 

implemented in the previous academic year. In addition, they were also very engaged in the 

three-hour workshop about the use of FC offered by the EDB before the interventions. However, 

most subject teachers were not experienced to address student problems during the online 

learning in the FCs, especially in the technology-enhanced FPOE approach, which requires 
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technical knowledge regarding the maintenance of the mobile loggers and the use of software 

applications to conduct the POE activities successfully. This obstacle is in line with Tho and 

Yeung’s (2018) finding that the responsibility of teachers in a remote laboratory experiment is 

enormous, and the teacher, but not the students, needs to prepare greatly to achieve successful 

experimental results. This responsibility was taken by the researcher with support offered by 

the principal supervisor in this study, suggesting a first-order barrier that demands time and 

energy, and a second-order barrier that demands technical confidence (Wang, 2017) were 

existed among the other science teachers. Owing to these barriers, valuable feedback and the 

possibility of co-planning among the science teachers for future POE investigations using 

mobile loggers in the FPOE might also be limited.  

 

5.3.2.3 Curriculum Perspective 

There was a limited number of technology-enhanced POE activities using mobile loggers 

(especially in Unit 8: Electricity) planned and integrated in the FPOE approach because not all 

content and epidemic knowledge in every topic of the curriculum was suitable for integration. 

It was also challenging to plan and design extra and suitable scientific inquiries coherent with 

the pre-class POE activities. Undeniably, such coherence was vital in the TFC as students could 

learn by remembering and understanding from instructional videos before participating in more 

difficult cognitive activities such as scientific inquiries (Sams & Bergmann, 2013). However, 

the students might already have experienced a higher level of learning, including applying, 

analyzing, and evaluating in the online technology-enhanced POE activities; thus, extra and 

newly developed scientific inquiries were also required for the in-class sessions in the FPOE. 

Finally, integrating flipped learning in this research might have hindered other learning foci of 

the subject, such as the use of English as the medium of instruction (MOI) and project-based 

learning activities in the school-based science curriculum.  
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5.4 Recommendations for Future Research and Practice 

In response to the limitations of the research methodology and the difficulties mentioned above, 

several recommendations for future research and practice are suggested. 

 

5.4.1  Recommendations for Future Research 

First, future research should collect more forms of evidence, such as lesson observations, 

analyses of student works, behavioral logs in the LMS, and teacher interviews, to obtain an in-

depth and wider exploration of how students learn in out-of-class online conditions and in-class 

scientific inquiries in FCs (Abeysekera & Dawson, 2015; Giannakos et al., 2014). 

 

Second, pre-tests of SRL, LA, and SPS on students in the historical TC should also be 

administered so that quantitative data of the students’ initial scores can be collected and more 

precise comparisons between flipped pedagogical approaches and conventional classrooms can 

be made.  

 

Third, a more in-depth quantitative study could be conducted to find out which element of the 

FPOE, the incorporation of the POE activities or the use of mobile loggers for mobile 

investigation, is more critical for improving students’ SRL abilities, LA, and SPS. 

 

Fourth, students’ attitudes and perceptions toward FCs and toward the science subject, which 

is regarded as a component of SL in PISA 2015 (OECD, 2016), have not been addressed in this 

study. Therefore, they should be further investigated. A study of the relationships between 

students’ attitudes and SRL abilities, LA, and SPS could also be made. Furthermore, student 

motivation, which is one of the vital factors leading to the success of a flipped course (Liu, 
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Ripley, & Lee, 2016), is worth thoroughly evaluating in the FPOE approach. 

 

Finally, the correlation between the SRL abilities, LA, and SPS in the flipped approaches 

(FPOE and TFC) and the moderation effect of the flipped approaches on student learning 

outcomes should be investigated. A study on how students with different categorizations of 

SRL level (high/low) improve their LA and SPS is also recommended to explore the vital effect 

of SRL strategies on student science learning in the FC (Sletten, 2017). 

 

5.4.2  Recommendations for Future Practice 

Primarily, a more interactive online environment should be constructed regarding the need for 

students to inquire about the technical problems they may encounter during the FPOE and TFC 

interventions. Such an interactive platform should also enable cooperative POE activities in 

which students can share their predictions with the group, form a consensus prediction to 

discuss with other groups, and obtain feedback and guidance from the teacher for subsequent 

explanations to facilitate the integrated acquisition of conceptual and procedural knowledge in 

science (Cinici & Demir, 2013). This type of interactive online environment can either be 

constructed in the LMS or on other platforms, such as WhatsApp, and can be conducted 

regularly as seamless tutorials in Zoom, which is an online and real-time video-conferencing 

application, for the needs of the science teachers in different classes. 

 

Second, other means of knowledge delivery, such as videos, quizzes, and worksheets, and 

recorded streaming stored on a CD/DVD/USB device (Sezer, 2017) can be prepared for 

students with accessing problems.  

 

Third, it is necessary to provide capacity building (Wang, 2017) for science teachers in terms 
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of pedagogical training about flipped learning and technical training on the use of mobile 

investigations (in FPOEs) prior to interventions. Such professional development should not 

only familiarize teachers with new technologies and pedagogies, but also help them to justify 

why a paradigm shift to FC pedagogy is necessary (Wang, 2017).  

 

Finally, future development and integration of technology-enhanced POE activities into more 

science topics and a holistic mapping of the FPOE into the current school-based science 

curriculum are recommended.  
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Chapter 6: Conclusion 

Summary of Literature Research and Identified Research Gaps 

The performance of scientific literacy among Hong Kong secondary school students has been 

progressively falling in the last three PISA cohorts since 2012, suggesting that a paradigm shift 

on the integration of innovative pedagogy is necessary. In line with the latest science 

curriculum in Hong Kong, which emphasizes the enhancement of students’ SRL abilities, LA, 

and SPS (CDC, 2017a; 2017b), a flipped learning approach has been recommended due to its 

advantage of creating more class time for student-centered activities by relocating didactic 

lectures to online videos before the lesson (CDC, 2017a, EDB, 2014). In the last decade, the 

number of studies on the integration of FCs in different educational disciplines grew 

dramatically, but those with appropriate theoretical and pedagogical foundations to unleash FC 

impacts in secondary science education remain limited. Methods on how to flip science lessons, 

as well as the efficacy of FC on SRL abilities, LA, and SPS on students with different abilities 

in secondary science education, are still undetermined by a lack of empirical research. 

Therefore, a science-specific, self-regulated, and technology-enhanced modified FC that 

integrated a POE strategy (FPOE) was designed and implemented in this study. The 

effectiveness of the FPOE approach on SRL abilities, LA, and SPS among secondary science 

students with different learning abilities was examined and compared with the traditional 

flipped learning approach (TFC) and non-flipped traditional classroom (TC).  

 

List of Research Questions 

RQ1: Can the FPOE improve students’ SRL abilities, LA, and SPS in comparison with the 

TFC? 

RQ2: Are there differences in the improvements of students’ SRL abilities, LA, and SPS 

among different pedagogical approaches (FPOE vs. TFC vs. TC)? If yes, which is the 
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most effective? 

RQ3: Do student learning abilities (lower and higher) affect the improvements of their SRL 

abilities, LA, and SPS in different flipped pedagogical approaches (FPOE and TFC)? 

RQ4: How and to what extent do the FPOE and TFC help students with different learning 

abilities to improve their SRL abilities, LA, and SPS? 

 

Executive Summary of Research Approach, Sampling, and Implementation 

This study employed a sequential, explanatory, mixed-methods design (Creswell, 2009; 

Creswell & Plano Clark, 2007). This design included a non-equivalent control group pre-test–

post-test design of a quasi-experiment (Campbell et al., 1963) comprising an experimental 

FPOE group (n =63) and a control TFC group (n =61) for seven months in Form 2 (Grade 8) 

science between 2018 and 2019 to address the RQ1, RQ3, and RQ4. Furthermore, a historical 

control group of a non-flipped TC (n =63) from the previous academic year (2017–2018) was 

included to address the RQ2. Both the FPOE and TFC approaches provided instructional videos 

and quizzes for pre-class preparation and scientific inquiries for in-class student-centered 

learning. Only the FPOE approach included an additional four video-supported POE activities 

and two real-time POE activities using mobile loggers. The TC was also conducted with the 

same amount and type of scientific inquiries in face-to-face traditional lessons.  

 

Quantitative data were collected and analyzed initially to examine the difference between the 

flipped pedagogical approaches (FPOE/TFC) and the TC in terms of the improvements of the 

students’ SRL abilities, LA, and SPS. The differences in the improvements between students 

with different learning abilities in the FPOE and TFC were also investigated. Subsequently, 

qualitative evidence from student interviews was collected and analyzed to explain the 

quantitative findings. The sampling of interviewees was primarily based on their collective 
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performance in LA, SRL abilities, and SPS after flipped learning interventions. Finally, sixteen 

students were selected, with an equal proportion of genders, flipped learning approaches 

(FPOE/TFC), and learning abilities (higher/lower). 

 

Concluding Statements 

The research findings confirm that the FPOE was more effective at improving the students’ 

time-management ability, overall BSPS and its subscale of measurement skill, overall ISPS and 

its subscales of stating hypotheses, and graphing and interpreting data skills when compared 

with the TFC approach attribute to the features of self-regulated and technology-enhanced POE 

strategies embedded in the FPOE approach. Furthermore, both the FPOE and TFC approaches 

were effective at improving the students’ LA, overall ISPS and its subscales of identifying 

variables, operational defining, and designing investigation skills because of the benefits of the 

flipped approach, such as reducing the students’ cognitive load through online lecturing and 

creating more time for tailoring during the in-class scientific inquiries (addressing RQ1 and 

RQ4). When compared with the TC, the results confirm that only the FPOE was more effective 

at improving the students’ average SRL ability and its subscales of goal-setting and time-

management abilities, as well as the students’ LA (addressing RQ2).  

 

Moreover, the results confirm that the FPOE approach enhanced students’ SRL abilities 

regardless of their learning ability. The findings also validate that the technology-enhanced 

POE activities in the FPOE were advantageous for higher achievers to improve their skill of 

stating hypotheses, which has generally been misinterpreted by senior science students in Hong 

Kong (Yip, 2007). Moreover, the results also confirm that both the FPOE and TFC approaches 

were beneficial for higher achievers to enhance their LA as they were more exam-driven than 

lower achievers, and thus, had better utilizations of their online and in-class learning regarding 
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the understanding and remembering of content knowledge offered by the flipped approaches. 

Finally, the results validate that lower achievers had better improvement than higher achievers 

regarding their designing investigation skill in the TFC because of the direct illustrations of 

experimental procedures provided in the online videos (addressing RQ3 and RQ4). 

 

6.1 Personal Reflection 

Science teachers in secondary schools often “see themselves as just teachers rather than as 

teachers and scientists” (Johnson, 2002, p. 4). This study undoubtedly bridged this gap by 

providing many opportunities for the researcher, who is also a science teacher in a Hong Kong 

secondary school, to be involved in doing science, which includes preparing scientific 

investigations with innovative approaches, and teaching science, which includes following-up 

students’ online learning and facilitating their in-class scientific inquiries in the FPOE. This 

experience also enriched the researcher’s knowledge about the most up-to-date technology (e.g., 

Arduino) used for designing mobile laboratory experiments in science education (Yeung et al., 

2015; Yeung et al., 2019). 

 

Throughout this research, the researcher needed to collaborate consistently with the principal 

supervisor and his research team at the EdUHK. This type of partnership between a secondary 

school and a university was vital and enabled the researcher to learn appropriate theory that 

was beneficial for the accurate implementation of the intervention. This study also encouraged 

the researcher to evaluate the existing research findings and trends about FC in secondary 

science education through the peer-review process with the principal supervisor.  

 

Moreover, this study strengthened the researcher’s belief that frontline teachers should be 

reflective practitioners to question and study the effectiveness of their teaching practices, as 
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well as being enthusiastic about collaborating with colleagues to enhance their professionalism 

(Wright, 2015). As another role of the researcher was being the science panel chairperson of 

the school, this study offered him the chance to evaluate and refine the current school-based 

science curriculum to meet the subject’s future needs.  

 

Finally, conducting the research not only helped the researcher to investigate the students’ SRL 

abilities in the flipped approaches, but also promoted a sense of self-regulated learning for the 

researcher because successive planning, monitoring, and self-evaluating strategies were 

necessary throughout the design and implementation of the FPOE and TFC pedagogies in this 

research.  

 

6.2 Educational Implications 

This study confirms the hypothesis that the flipped learning approach, particularly the FPOE 

approach, is an effective pedagogy to improve science students’ SRL, LA, and SPS. This 

finding implies that Hong Kong secondary students, who are often regarded as having 

relatively low SRL ability in learning science when compared with other East Asian students 

(Ho, 2004), can play a proactive role in their own initiatives and strategies in their learning 

process through the FPOE pedagogical approach. In the FPOE, students were responsible for 

preparing for in-class scientific inquiries by watching videos, finishing follow-up quizzes, and 

participating in the POE activities. Such preparation, which is considered a passive event 

conventionally, can only be accomplished by students with the utilization of their SRL 

strategies (Sletten, 2017). 

 

Furthermore, the effectiveness of the FPOE approach regarding the improvement of students’ 

SPS suggests that the FPOE could be helpful for promoting self-efficacy in scientific inquiry 
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among Hong Kong junior secondary students, who are often regarded as lacking self-efficacy 

when formulating inquiry questions, proposing hypotheses, analyzing and presenting data with 

graphs and tables, drawing appropriate conclusions, identifying sources of errors, and 

explaining anomalous results (Cheung, 2007). The findings of the positive impacts of the FPOE 

approach on students’ LA and SPS also imply that the FPOE could be an advantageous strategy 

to improve the SL of secondary school students in Hong Kong. The capability of the FPOE 

approach to reduce the differences of SRL abilities between lower and higher achievers also 

implies that the approach is valuable for improving secondary school students’ SRL in a whole-

class manner, regardless of their prior learning ability. The impact of the FPOE approach on 

higher achievers in terms of their improvement of setting and testing hypotheses, which is often 

regarded as a higher cognitive skill (Ng & Yeung, 2000), might also suggest that integrating 

the FPOE approach could be a useful strategy to satisfy the needs of Hong Kong gifted students 

and, thus, develop them into talented scientists (Lau & Lam, 2017). 

 

Regarding the implications for the teaching of science from teachers’ perspectives, flipping a 

science class can provide more time for in-class, student-centered learning, in which (a) higher-

ordered learning activities such as scientific inquiries and collaborative problem-solving 

activities can be conducted; (b) student learning progress can be tailored based on individual 

needs; and (c) student misconceptions about science can be easily identified during teacher-

student interactions. Consequently, student learning motivation and interests in science can also 

be enhanced. In addition, the successful implementation of the FPOE in this study suggests that 

such a modified flipped approach would be feasible for engaging students to learn science 

during special circumstances, such as the COVID-19 epidemic, when schools have been 

suspended (Fung, 2020). The positive impacts of the FPOE approach might also be attainable 

in other science-related subjects, such as senior-level physics, chemistry, biology, and STEM 
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education in Hong Kong. 

 

From the perspective of science education, the research finding implies that the synergistical 

combination of the theoretical framework of an SRL theory and the pedagogical approach of  

technology-enhanced POE activities is effective for grounding a flipped science course in 

secondary schools in Hong Kong. This finding provides valuable empirical evidence to the 

growing body of literature specifying the use of FCs in secondary science education. The 

empirical evidence obtained in this study also testifies to the feasibility of implementing a 

science-specific FC that emphasizes the curriculum needs of SRL (CDC, 2017a), LA and SPS 

(CDC, 2017b) in secondary schools in Hong Kong. Finally, the challenges and difficulties 

encountered in this study might act as essential references and provide usable knowledge for 

the future design and implementation of FCs in other educational disciplines. 
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Appendix 1. Recommendations for the design of the FC following 

Spector’s six pillar (Lo, 2018) 

Pillars Recommendations 

Communication 1. Introduce the FC approach to students and obtain parental 

consent  

Students and parents consent obtained before the FC 

interventions 

2. Use cognitive theory of multimedia learning to inform the 

production of instructional videos 

Videos were created within 5 minutes. Subsections and 

summaries were also provided 

Interaction 3. Create a discussion forum for online interactions 

Discussion forum was created in the LMS / Discussions with 

the teachers were also made via WhatsApp 

4. Provide online quizzes on video lectures with computerized 

feedback 

Videos and quizzes with auto/computerized feedback were 

provided 

Environment 5. Provide human resources and technical resources to support 

FC practices 

Panel head (the researcher) and one subject teacher were in 

responsible for the coordination of the implementation of 

FC. Supports from laboratory technician, and the research 

team from the principal supervisor were also received 

6. Adopt a school-/faculty-wide approach to FC practices 

The use of FC for SRL was introduced as the science 

subject major concern in the year plan of the school 
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Culture 7. Cultivate a classroom culture for learner-centered instruction 

Inquiry-based learning was implemented in science lessons 

Instruction 8. Utilize established models as the framework for FC design 

Established frameworks including SCLT, SDT, CLT, SRL 

and 5-E instructional model were adopted 

Learning 9. Provide optimally challenging learning tasks with 

instructor’s guidance 

Challenging tasks in the FPOE / inquiry-based learning 

were provided 

10. Use peer-assisted learning approaches during class  

Collaborative approach of inquiry-based learning was 

implemented during the in-class learning 

Note. Adapted from “Grounding the flipped classroom approach in the 

foundations of educational technology” by C. K. Lo, 2018, Educational 

Technology Research and Development, 66, p. 799. 
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Appendix 2. Lesson worksheets of an example of scientific inquiry 
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Appendix 3. Online Self-Regulated Learning Questionnaire (OSLQ) 
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Appendix 4. Test of Basic Process Skills in Science (BAPS) 
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Appendix 5. Test for Integrated Process Skills II (TIPS-II) 
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Appendix 6. Learning achievement Test (LAT) 
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Appendix 7. Interview Protocol 
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Appendix 8. Approval letter for ethical review given by HERC 
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Appendix 9. Consent form for school 
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Appendix 10. Consent form for participants 
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Appendix 11. Consent form for parents of participants 
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