A Fflipped classroom Classroom in Hhigh-Sschool Sscience Eeducation: is it Bbeneficial and satisfyingRewarding?	Comment by Academic Language Experts: Check that this change reflects your intended meaning: 'satisfying' does not seem to convey quite the right meaning here. Another option could be 'satisfactory'
Abstract
The flipped classroom approach integrates distance learning and face-to-face meetings. It flips the traditional approach: the teacher’s lecture is delivered through online videos, while exercises and problem-solving take place in the classroom in small groups, accompanied bywith guidance from the teacher. The purpose of the case study presented here was is to implement this innovative strategy in high-school chemistry education and examine the student’s’ overall satisfaction. Furthermore, it investigates the impact of the flipped classroom on in-class group work, in-class social interaction, and students' achievement, all in comparison with the traditional approach. Both qualitative and quantitative methods were applied. A high level of satisfaction, advantages, and disadvantages were reported. Positive and significant differences were found for all the variables tested except for student achievement, for which a positive but insignificant effect was viewednoted. Correlations between tself-efficacy, in-class group activitiesy, in-class social interaction, and satisfaction variables were checked and found to be positive.
Keywords: flipped classroom, self-efficacy, in-class social interaction, satisfaction, student achievement.
Introduction 
 The fFlipped cClassroom (FC) is a blended learning-teaching strategy which consists of two parts (Figure 1): online video lectures as distance learning;, and in-class face-to-face activities (Bishop and Verleger, 2013). In a comparison between the FC and the Traditional traditional Classroom classroom (TC), we can see that the FC flips the TC: the teacher’s lecture is delivered through online videos, the which students watch those videos at home independently., which This requires lower- order thinking skills: remembering and understanding, according to the Bloom’s taxonomy of Bloom (1956). While eExercises and problem-solving take place in the classroom in small groups, with  accompanied by guidance from the teacher. Those Such exercises, require higher-order thinking skills: applying, analyzing, creating, and evaluating.






[bookmark: _Ref511866763][bookmark: _Ref512290343]Figure 1. Flipped classroom as a blended learning approach	Comment by Academic Language Experts: As we were unable to edit the text in this figure in Track Changes, or add comments, we have made changes in red. 
The FC is valuable since it has many advantages over the TC: it provides for self-paced learning;, it frees up class time for teacher-guided small-group activities instead of lectures;, it is more interesting;, it is unlimited by in terms of time or place;, it enables students to repeat and re-watch the video lectures;, it results in higher student engagement; , and it speaks the language of today's students by integrating technology as a flexible and appropriate learning tool for the twenty-first century (Bergmann & Sams, 2012; Herreid & Schiller, 2013; Gilboy et al., 2015). The FC enables allows for more student-student and student-teacher interaction since it relies on small-group work (Chen, 2016). This social interaction contributes to the ZPD — the zone of proximal development (ZPD), as defined by Vygotsky (1978).
Different Various empirical comparative studies have showed FCs having a different impact on student achievement than TCs: higher achievement (Thai et al., 2017; Peterson, 2016); , no change in achievement (Clark, 2015);, and lower achievement (Gundlach et al., 2015). However, comparative studies have showed higher overall student satisfaction with the FC approach as compared with to the TC approach (Peterson, 2016; Stockwell et al., 2015). Moreover, Chou (2017) found a positive correlation between self-efficacy and student satisfaction with FCs, and Thai et al. (2017) found that the FC approach had a positive impact on self-efficacy beliefs. Notably, the FC approach requires that students to develop strategies for self-regulated learning (Sletten, 2017).
Existing aAlongside the many benefits of FCs, there are also disadvantages, fears, and challenges regarding FCsthem: theyit might increase students’ screen time; students might show resistance to this approach, especially if they have not experienced it before; it is hard for teachers to find good and suitable videos on the internet or record their own videos; some students might not watch the pre-class video lectures; and students cannot ask questions immediately after watching the video lectures (Herreid & Schiller, 2013; Chen, 2016). Development The development of TPACK by teachers is critically neededessential to ensure effective teaching with technology. The complex interaction among between three bodies of knowledge –: content, pedagogy, and technology (Figure 2) – produces the types of flexible knowledge needed to successfully integrate technology use into teaching, which is considered as a challenge for teachers (Koehler, 2009).  	Comment by Academic Language Experts: Your meaning was a little unclear here. Check that this change reflects your intended meaning.
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	Comment by Academic Language Experts: As with the previous figure, we were unable to add comments or edit the text in this figure in Track Changes, and have therefore made changes in red
[bookmark: _Ref512442905][bookmark: _Ref511867821]Figure 2.  TPACK: Technological, Pedagogical, and Content Knowledge
The study 
The study was conducted in a private Arab high school in Israel in spring 2017. Two groups of students participated in the research: a control group (22 students), who learned throughin a TC approach;, and an experimental group (27 students), who learned in through a FC approach. Both groups were eleventh- grade students; they , learned the same materials on the chemistry of food, learned studied the subject overn the same period of time (- five5 weeks long), had six6 face-to-face lessons per week, and took the same examination at the end of the unit. The TC lessons included: teaching and delivering all the required content and sometimes group working in the time remaining (if any). In the intervention unit of the FC, each week included: one asynchronous lesson as an online video lecture,  and six face-to-face lessons includinged interactive activities in small groups accompanied and guided by the teacher. In the FC, all the content was delivered throughby on-line videos, and all the face-t to- face meetings were used for small-group working. Very important considerations went into the development of the intervention unit: the students were given verbal and written explanations of the FC approach as well as its definition; student-teacher communication was opened up to allow the students to express themselves and for the teacher to provide support; the teacher recorded short videos (four4–thirteen13 minutes long); when recording the videos, the teacher talked to the students as if they were present; a weekly ‘Kahoot’ game was held at the beginning of each face-to-face class the day after the students had watched a video;  and no homework was set except for watching the videos was given. These considerations are similar to some of the recommendations and guidelines proposed by Lo and Hew (2017). 
Research questions 
The researchers formulated and investigated three main research questions: 
1. [bookmark: _Ref499916158]How does the FC approach affect the followinfollowing:g? 
i. in-class group activities?
ii. in-class social interaction? 
iii. sStudents' achievement?
all in comparison with the TC approach?
2. How does the FC approach affect students’ overall satisfaction?
3. What kind of correlations, if any, exists between self-efficacy, in-class group activities, in-class social interaction, and student satisfaction?
Methodology 
The research included the use of both qualitative and quantitative methods: an online questionnaire, and free feedback written by the students. The questionnaire consisted of 5five-point Likert scale questions grouped into four parts. It was delivered at the end of the unit as a Google Doc and was filled out anonymously by the students. The experimental group was askedrequested to fill out all four parts of the questionnaire, while the control group was requested asked to fill out the first three parts only. The results were analyzed by an SPSS program using a t-test and the Pearson correlation. Cronbach’s alpha was calculated separately by the SPSS program for each part of the questionnaire: Ppart 1, self-efficacy, α=0.97; Ppart 2, small-group activities, α=0.949; Ppart 3, social interaction, α=0.892; and Ppart 4, satisfaction, α=0.907. The feedback written by the students was read, coded, and categorized by the first researcher.
Findings
All the variables tested scored higher in the FC group than in the TC group (
[bookmark: _Ref496814036][bookmark: _Ref512290702]Table 1). Moreover, the results showed that the FC had a positive effect on in-class group activities (p<0.001), in-class social interaction (p<0.001), and student achievement in comparison with the TC. Significant differences were found on the t-tests for some of the factors. Students’ self-efficacy was also checked and found to be higher in the FC group (p<0.01) (Figure 3).
Table 1. Findings: FC versus TC
[image: C:\Users\LENOVO-V510\Desktop\table 1.PNG]
[bookmark: _Ref496816856][image: ]
[bookmark: _Ref512288060]Figure 3. Findings: FC versus TC
The students’ overall satisfaction with the FC was high, as calculated from the results of the questionnaire:, 4.547/5. The written feedback was read, coded, and categorized into five categories: ccategory 1 (Table 2) contains general advantages of the FC, while cCategories 2-5 contain advantages and disadvantages of both the distance learning (watching online video lectures) and face-to-face (small-group activities) components (Table 3). The written feedback also included recommendations and suggestions by the students such as: a forum for discussion is definitely neededrequired, and implementation of this approach needs to be implemented for other subjects is required. 
[bookmark: _Ref511510040][bookmark: _Ref511510006][bookmark: _Ref496817446]Table 2. Ccategory (1)
[image: C:\Users\LENOVO-V510\Desktop\table 2.PNG]
	Comment by Academic Language Experts: We propose making the following changes
‘General advantages of FC as mentioned in the written feedback of the students’. Change to ‘General advantages of the FC, as mentioned in the students’ written feedback.’
“thanks. Change to: “thanks”.
 The space before 70% also needs to be removed.

[bookmark: _Ref512292153][image: C:\Users\LENOVO-V510\Desktop\table 3.PNG]Table 3.  cCategories (2-5)	Comment by Academic Language Experts: To make the information in this table clearer, we recommend putting the percentages in brackets. For example: ‘Online videos can be repeated and re-watched (74%)’. 
We also recommend removing ‘it’ in the following three lines:
It integrates novel technology
It enhances self-regulated learning
It allows absent students to…
It enhances the development of cognitive skills
It develops social skills
We also propose the following changes:
 ‘Lower motivation to watch videos in comparison with face-to-face lesson’ should be changed to ‘[…] in comparison with face-to-face lessons’;
‘It allows freeloaders to freeload’ should be changed to ‘It allows for freeloading of content’.

[bookmark: _Ref511869035]Correlations were tested using the Pearson correlation (Table 4): aA medium-strong positive correlation was found between the integration of small-group activities and social interaction (r=0.669, p<0.01);, a strong positive correlation was found between self-efficacy and social interaction (r=0.706, p<0.01); and, a medium positive correlation was found between self-efficacy and satisfaction (r=0.367, p>0.05). 
[bookmark: _Ref512443167][image: C:\Users\LENOVO-V510\Desktop\table 4.PNG]Table 4. - cCorrelations	Comment by Academic Language Experts: We recommend capitalizing the first word of each of these rows, e.g. ‘Integration of small-group activities and social interaction’. 
Discussion  
Similarly to previous studies, the current findings showed that the FC had a positive impact. In comparison with the TC, the FC resulted in: (i) an increase in in-class group activities (Bergmann & Sams, 2012); , (ii) an increase in in-class social interaction (Chen, 2016);, and (iii) higher student achievement (Thai et al., 2017; Peterson, 2016). Some of the differences in comparison with the TC were significant. Furthermore, it was found that the students’ overall satisfaction with the FC was high, as referred to in the research literature (Stockwell et al., 2015). Consequently, we highly recommend integrating the flipped approach into high-school education in general, and into high-school science education in particular. 
Positive correlations were found between different variables. A positive correlation was found between integrating small-group activities and social interaction, as referred to by Vygotsky (1978). Another Further positive correlations was were viewed noted between self-efficacy and overall student satisfaction, as referred to by Chou (2017),. Another positive correlation was viewedand between self-efficacy and social interaction, as was found by Shea and Bidjerano (2010). 
Most of the advantages and disadvantages mentioned in the students’ feedback were also mentioned by Bergmann and Sams (2012) and Herreid and Schiller (2013), and it seems that some of the disadvantages are unavoidable. 
There were several limitations of in the research: thesmall number of participants was small;, there was no pre-questionnaire for the participant groups;, the students’ satisfaction with the TC was not checked; and the different groups were taught by different teachers. 
Recommendations 
[bookmark: _GoBack]The findings of this study provide effective advice and suggestions to educators incorporating such an instructional method into their teaching, and they offer researchers insights into the value of this instructional model. We highly recommend using discussion forums  for the distance learning, as it was recommended by the students, a short quiz after each on-line video lecture, and an LMS for supervision. Future research might could investigate the impact of the FC on self-efficacy beliefs. 	Comment by Academic Language Experts: As you have not introduced this abbreviation, we recommend using the full term here.
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General advantages of FC as mentioned in the
written feedback of the students

Was mentioned
by (%) students

“enjoyable experiential method” 70%
“thanks 63%
“a strategy which develops self-learner skills” 63%
“novel different approach” 63%
“a strategy which develops learner responsibility” 59%
“I liked it” 48%
“effective project” 48%
“academic strategy that prepares students for college” 33%
“successful strategy” 30%
“meaningful strategy” 22%
“it develops self-confidence” 19%
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Online videos can be repeated
and re-watched 74%

Unlimited by time 74%
Unlimited by place 41%
Comfortable strategy 26%

Allows free Googling during the
online video lecture 26%

Students can concentrate while
watching the videos 19%
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The student is responsible for
writing down and summarizing
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No immediate questions are
possible 52%

Some students might not watch
the pre-class online video lectures
19%

The student is responsible for
writing a summary and might
make mistakes 7.4%

Lower motivation to watch videos
in comparison with face-to-face
lesson 7.4%

No discussion on the lecture 7.4%
No eye contact exists 3.7%

Face-to-face
meetings

(Small-group
activities)

Small-group activities enhance
sharing and cooperating 22%

It enhances the development of
cognitive skills 19%

It develops social skills 11%

Small-group work takes more time
than individual problem-solving
7.4%

It allows freeloaders to freeload
3.7%
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self-efficacy and social interaction 49 r=0.706 p<0.01
self-efficacy and satisfaction 27 r=0.367 p>0.05




