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Abstract

:

To analyze how variability changes over time can enhance the understanding of how learners’ self-efficacy, motivation, and satisfaction is controlled and why differences might exist among groups of individuals. Therefore, this study compared the effect of variability on pre-service teacher students in the flipped classroom approach with a course named modern educational technology (MET). In total, 77 students in two groups participated in this study. Learners in the experimental group received the flipped classroom treatment. Learners in the control group received the traditional lecture-centered instructional approach. The learning outcomes were evaluated by practice assignment, transfer assignment, and student perception survey. The survey includes the evaluation of learning satisfaction, self-efficacy, and learning motivation. Pre-test and post-test were conducted by the two groups. The data analysis results applied analysis of variance (ANOVA) or analysis of covariance (ANCOVA) and revealed that the experimental group displayed a better learning achievement than the control group. The experimental group participants’ perception also showed variability (i.e., learning satisfaction, self-efficacy, and learning motivation) was better than the control group. Considering the overall study results, the flipped classroom model can be applied in the pre-service teacher students’ modern educational technology course.
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1. Introduction


According to national teacher certification requirements, teachers need to master digital technology and be able to use it in classroom teaching [1]. Therefore, many educational technology policies focus on developing teacher education, so that technology can be effectively integrated into pre-service teacher education [2,3]. Considering this, the modern education technology (MET) course is a compulsory course for all pre-service teacher students in China and to develop the knowledge and skills of technology integration for teachers and students in the classrooms. However, “teacher-demonstrating while student-practicing” and instillation teaching is still the regular phenomenon in the MET classroom [4]. This model cannot stimulate students’ interest and subjective initiative in learning and has little benefit on students’ learning effect [5]. It is inevitable to adopt innovative teaching methods to convert traditional teaching methods into digital presentations [6].



However, based on digital presentation (e.g., posting quality videos in the classroom) to develop skills and knowledge for the integration, it has emerged that educators generally lack the attitude and competencies to meet this challenge of learning modern technology [7]. On the other hand, the flipped classroom model as a well-developed model supported by Massive Open Online Courses (MOOCs) and the widely recognized pedagogical strategy have been increasingly implemented in various higher education subjects [8]. While pre-service teacher students acquire experience of learning modern technology in Chinese teacher education programs, little is studied in the direction of using the flipped classroom approach. For this reason, there can be a gap between the general digital learning approach and the flipped classroom approach for pre-service teacher students’ experiences. Their achievement emotion needs further study in the Chinese context.



Cognitive-affective theory of learning with media [9] conceptualizes new types of media learning in a framework combining cognitive and affective aspects. To examine the affective factors, the control value theory of achievement emotions refers to learning achievement-related emotions [10]. It can be differentiated by their belief in self-efficacy, which functions as an indicator of control cognitions [11,12]. In the present study, assumptions of achievement emotion are transcribed into an experimental study design and are investigated concerning their motivation and satisfaction. Moreover, considering the learning achievement emotion, prior studies showed that whether the flipped classroom model has positive effects on students’ emotion is not conclusive yet [13,14,15,16,17,18,19,20]. Further research still needs to explore into whether the flipped classroom approach brings better learning-related emotions and outcomes to students. Particularly, few studies exploring flipped classrooms were used in the MET course in China [5]. In line with this, this study focuses on exploring the students’ learning achievement, learning satisfaction, learning motivation, and self-efficacy by applying the flipped classroom approach in the MET course.



Immersing pre-service teacher students into student-centered flipped classroom learning will help them prepare for effective teaching in the future classroom [21]. Expectedly, a deeper understanding of this information can bring us closer to the optimal circumstances for learners in the similar course, and the findings of the current research can be applied to comparable situations. In addition, understanding these issues can provide ideas for the design of teacher education programs to develop an appropriate curriculum.




2. Literature Review


2.1. Flipped Classroom


The flipped classroom approach is a teaching strategy that transforms learning from instructor-oriented to student-oriented, as well as blended learning, combining traditional lecture-based learning with online learning [22,23]. The flipped classroom approach allows students to watch pre-recorded instructional videos before class according to their learning habits for self-directed and self-paced learning, and then participate in class discussions and complete assignments in the class [24]. A growing number of experimental studies related to the flipped classroom model have been conducted in different higher education subjects, such as English [25], medicine [26], physics [27], and chemistry [28]. The findings above indicated that students learn the knowledge and skills required for the production of teaching materials in the flipped classroom better than in the regular classroom. In a difficult task, the effects of the flipped classroom model were more observable [16].



In addition, the flipped classroom cannot achieve good results in all subject areas, and there are differences between disciplines [8], but previous studies have focused on mathematics, science, and health, among others. Rare studies extend to MET [8]. However, some articles found that there was no significant difference in students’ learning achievement between the flipped classroom group and the control group [14,15,18,19,20]. The flipped classroom model also has some potential weaknesses. To enhance the learning, students need to watch the instructional video and finish the practice testing before or at the beginning of the lecture-based classroom. These students’ preparation is likely producing a larger workload for students [29], and could even affect student satisfaction [30]. Thus, this study was used to test whether the flipped classroom model has more advantages than the lecture-centered instructional model.




2.2. Implementation of Flipped Classroom Among Pre-Service Teacher Students


The flipped classroom environments can also be conducive to the learning, skills, and emotions of pre-service teacher students by creating a meaningful and realistic learning environment. González-Gómez et al. [31] evaluated the impact of conducting the flipped classroom in general science courses on the science self-efficacy and attitude of pre-service teacher students. The research results found that flipped classrooms had a significant impact on the science self-efficacy and attitude of the pre-service teacher students. Graziano [32] explored the benefits of the flipped classroom on pre-service teacher students in the curriculum of Language Acquisition and Learning. Cabi [15] conducted a quasi-experiment to evaluate the impact of flipped classroom model strategy on pre-service teacher students’ English learning achievement. Choi and Lee [16] examined the impact of the flipped classroom approach on pre-service teacher students’ learning performance and learning satisfaction in a technology integration course.



Graziano [32], Cabi [15], and Choi and Lee [16] indicated that the flipped classroom model has a positive effect on the student. The experimental research finding of Sun, Hu, Wan, Fu, and Wu [33] showed that flipped learning can promote the academic performance of students with different cognitive styles in the basic teacher courses of pre-service teacher students. Meanwhile, Sommer and Ritzhaupt [19] suggested that the flipped classroom instructional model does not have a significant impact on pre-service teacher students’ learning outcomes when the learning content is sufficiently complicated for them in an introductory technology literacy course. To sum up, in the study of pre-service teacher students’ flipped classroom, there are some studies in English [15], language acquisition and learning [32], science [31], and other basic courses [33], but the investigation of pre-service teacher students in the course of MET is still unclear. Therefore, this study attempts to expand the influence of pre-service teacher students in the course of modern educational technology.




2.3. Research Questions


In the MET course, instillation teaching still exists, and it is difficult for inculcated students to play a main role in learning [4,32]. The flipped classroom is a student-oriented teaching method, which can break this phenomenon [5]. According to the achievement emotion model, the impacts of the flipped classroom on students’ learning performance, learning satisfaction, learning motivation, learning outcomes, and self-efficacy have been investigated in various learning disciplines [13,16,17,34,35,36,37,38]. In line with this, the aim of the present study was to access the impact that the flipped classroom approach has on pre-service teacher students’ learning performance in the MET course. It can shed light on the effectiveness of instruction for learners in the undergraduates’ technology literacy course context. The following two research questions guided the conducting of this study.




	
To what extent does the flipped classroom affect learners’ learning achievement compared with the regular classroom?



	
Does student participation in flipped classroom activities increase their learning satisfaction, learning motivation, and self-efficacy compared with the regular class3. Methods










3. Methods


3.1. Participants


The participants were 77 third-year undergraduates majoring in teacher education who enrolled in the MET course at a university in China during Fall 2019. Female students (n = 49, 64%) outnumbered male students (n = 28, 36%), which is common in the major of teacher education. These pre-service teacher students were mainly majoring in physical education (n = 34, 44%), Chinese language and literature (n = 40, 52%), history (n = 1, 1%), and education (n = 2, 3%). They took the MET course in preparation for their future career as teachers. The experimental group consisted of 41 students including 5 males and 36 females, who were instructed using the flipped classroom approach. As to the control group, it consisted of 36 students including 23 males and 13 females, who received the regular lecture-centered teaching. These two groups of students were instructed by the same instructor.



Participants were informed that they were participating in a quasi-experimental study, the data they provided were anonymous, and the study might be published. All the participants agreed to participate in the study in their course.




3.2. Measurement


To cope with the research questions mentioned above, an experiment was designed and implemented to assess the learning effects, including learning achievement, learning satisfaction, learning motivation, and self-efficacy. This study used a variety of data collection tools to try to echo the research questions. The measuring tools utilized in the research mainly include a pre-test and post-test; practice assignment and transfer assignment; and the questionnaires of learning satisfaction, learning motivation, and self-efficacy.



The pre-test aimed to evaluate a baseline score from each student and to check the equivalence of prior knowledge of Photoshop between the two groups at the beginning [39]. On one hand, it was useful to consider learner achievement. On the other hand, it was useful for researchers to exclude initial differences in the description of the results [39]. The pre-test included ten-item single-choice questions developed by the instructor and research team according to the learning objectives for the Photoshop learning that followed. The items of the post-test were the same as those of the pre-test questions, but the questions and the single-choice answers were presented in a different order.



The practice assignments, which are Photoshop works completed by the students for each topic, help the researchers to examine how well the students perform with the skills they have learned in the classroom under the two teaching methods. The Photoshop assignments submitted by students are in the format of PSD. Students’ works are mainly evaluated for accuracy, completeness, and aesthetics.



Transfer of learning will happen when learners acquire skills, knowledge, and attitudes and then use those abilities in different situations [40]. The “transfer assignment” was used to gather scores to examine the students’ capability to transfer those skills to an aspect or theme related to their field of study or interest, while the “practice assignment” was detailed in directions and provided students with specified requirements and instructions about exactly what they need to do. In this study, the criteria used to evaluate students’ transfer assignment referred to the research of Sommer and Ritzhaupt [19]. Sommer and Ritzhaupt took the knowledge points previously learned by students as the evaluation standard of the transfer assignment, evaluated the students’ Photoshop transfer assignment, and informed the students of the rules of the assignment evaluation when the assignment was published [19], resulting in a rubric covering the key operation points of the four modules to assess students’ transfer assignments. The knowledge points of a module are 25 points and the total points of the four modules are 100 points.



The questionnaire of learning satisfaction, learning motivation, and self-efficacy was taken from the previous measurements designed by several researchers [41,42,43,44]. The learning satisfaction, learning motivations, and self-efficacy questionnaire consist of four, six, and eight items, respectively. These items were all assessed on five-point Likert scales. As the participants in this study were non-native English speakers, all authors translated and reviewed the questionnaire. Then, two experts in the field of educational technology examined the validity of the questionnaires. To ensure all items demonstrated good clarity of Chinese, three volunteer college students responded to the items in a questionnaire and gave feedback about how they perceived and understood each item. To ensure the reliability of the questionnaire, this study referred to the method used by Lin et al. [45], that is, the Cronbach’s alpha coefficient was used to evaluate the internal consistency of the questionnaire. The results show that the Cronbach’s alpha values of learning satisfaction, learning motivations, and self-efficacy questionnaire were 0.91, 0.86, and 0.93, respectively. Therefore, the questionnaire has acceptable reliability.




3.3. Design of Instructional Approaches


3.3.1. Selection of Instructional Content


The MET course required all pre-service teacher students to be taught over 18 weeks for three credit hours every week as a three-credit course. The MET course aims to develop and improve pre-service teacher students’ technical literacy, which is the ability to understand and apply technological tools [19], and to develop teacher students’ capacity to integrate information technology into the curriculum. In the MET course, students are taught how to use software such as Adobe Photoshop, Camtasia studio, and PowerPoint, among others. In the MET course, the first four modules mainly teach the conceptual knowledge of educational technology, while the four modules mainly focus on procedural knowledge, such as the operation skills of Photoshop, Camtasia studio, Audacity, and so on. The flipped classroom has different effects on students in terms of procedural and conceptual problems [46]. Combined with the content of the MET course, Module 5 was chosen to conduct this experiment. In Module 5, students will be introduced to some of the basic concepts of Photoshop and practice how to generate specific images by manipulating the tools in Photoshop under the instructor’s step-by-step instruction. The aim of Module 5 was for students to develop the necessary skills to use Photoshop to edit images in future course modules and, eventually, they will be able to use these skills in their future professional careers.



The control group of MET instruction included the instructor introducing the interface and tools of Photoshop, then the students engaged in one specific practice assignment as coursework on their own. The experimental group watched a recorded short video asynchronously before the control group. The students then participated in the practice assignment during the face-to-face class, with the students solving the problems, offering support as needed, and encouraging collaboration. However, the syllabus, textbook, assignments, and exams of the two treatments were similar.




3.3.2. Before-Class Activities


In the flipped treatments, the students were instructed through videos. Therefore, the instructor would use Camtasia studio 9 to record instructional videos that only recorded the screen and the teacher’s voice for the Photoshop module every week. The average duration of which was no more than 10 minutes. Many students usually log in and browse their social networking websites or mobile instant messaging applications every day instead of logging in the course website [6]. Therefore, this study used QQ, one of the most popular instant messaging social softwares in China, as a platform for teachers to communicate with learners in the experimental group before class. Before the beginning of the course, the instructor or teaching assistant uploaded the instructional video and document to the learning space of the QQ group, in which both the instructor and the learners could interact, resolving any doubts or questions, publishing notices, and sharing additional resources. Learners in the flipped treatment were allowed five days to watch and summarize the video or document learning materials independently at their convenience. The QQ group displays the number of times the video or document has been downloaded, which allows the instructor to monitor whether all students download the video before class. Because some students may not watch the instructional video or document, the learning process is also very difficult to control. Thus, to provide an effective link between out-of-class and in-class activities, the learners were asked to report their doubts and questions about the present section in the QQ group after finishing the learning tasks (Figure 1).




3.3.3. In-Class and After-Class Activities


In the traditional approach, learners were instructed by listening to the presentations. They will follow the instructors’ step-by-step instruction of the coursework. They can also ask some questions if they cannot follow the steps or have any questions. Then, they finished the coursework in the recess time of the in-class time. Regarding the flipped classroom, the instructor mainly focused on the students’ main doubts and problems based on the feedback that she had received before class. Then, the students continued to complete the required coursework in class.



After class, students of the control group finished the coursework they learned in the class. They followed the steps presented by the instructor. The experiment group redesigned or revised the coursework following the instructions they received from the in-class activities.





3.4. Procedure


Before conducting the experiment, the researchers informed all participants of the aim and design of the research in the course and obtained consent from the students from two groups. During the experiment, the personal information of all the participants was hidden.



The experimental implementation process of this study is represented in Figure 2. All the participants from the experimental and regular groups finished a pre-test and the pre-questionnaire at the beginning of the first week of the experiment. The pre-test was to test participants’ previous subject knowledge. The pre-questionnaire was to collect the participants’ demographic background, learning satisfaction, learning motivation, and self-efficacy. To ensure the recovery rate of the questionnaire, the instructor gave students enough time to complete the questionnaire in class. Still, to maintain a valid comparison, only those who completed both the pre-questionnaire and post-questionnaire and all practices for this study were used in the analysis. As a result, no significant differences were found between the two groups in terms of the factors of participants’ learning satisfaction, learning motivation, self-efficacy, and prior subject area knowledge. Thus, the above factors were well controlled before the implementation of the experiment in this research.




3.5. Data Analysis


SPSS version 20.0 was used to calculate the performances of the two groups, including their pre-tests and post-tests, pre-questionnaires and post-questionnaires, and the score of practice and transfer assignment. This study employed the independent sample t-test, analysis of covariance (ANCOVA), and analysis of variance (ANOVA) models to compare the mean response between the treatment group and the control group in terms of learning achievement, learning satisfaction, self-efficacy, and learning motivation quantitative data [47]. The independent sample t-test was used to analyze the learning achievement data from the Photoshop pre-test/post-test of the control group and experimental group. A one-way ANCOVA was run on the data from the learning satisfaction, learning motivation, and self-efficacy survey, while ANOVAs were conducted for the score of practice assignments and transfer assignments. It is important to test the homogeneity of the two groups of data to ensure that the statistical results are reliable; therefore, in this study, the Levene’s test for equality of variances was conducted to test if homogeneity of variance was equal across the control and experimental groups [48]. Partial Eta-squared (η2) cited as a measure of effect size was used in the educational research to evaluate the strength of the relationship between the independent variables and dependent variables [49,50], and Partial Eta-squared can be benchmarked against Cohen’s criteria of small effect (0.2), medium effect (0.5), and large effect (0.8) [51].





4. Results


4.1. Analysis of Learning Achievement


4.1.1. Pre-Test/Post-Test


This study explored the impact of the flipped classroom strategy on the students’ mastery of Photoshop knowledge. The independent sample t-tests were employed to analyze the pre- and post-tests of control group and experimental group. The pre-test and post-test used the identical assessment for data collection and analysis, but the order of questions and single-choice answers was different. Then, these responses from the pre-test and post-test were coded as true (1) or false (0). The maximum amount of points that could be achieved on the pre-test and post-test was six and ten, respectively. The skewness of the pre-test and post-test data is −0.477 and 0.117, respectively, and the kurtosis is −0.018 and −0.892, respectively, so there is no severe deviation from normality. As depicted in Table 1, the independent sample t-test results showed that no satisfied significance (t = −2.52, p = 0.14 > 0.05) was found in the Photoshop pre-test between the control group and experimental group, indicating the students of the two groups had the same basic knowledge of Photoshop before the experiment. The Photoshop post-tests of the two groups with t = −0.45 (p = 0.000 < 0.001) showed that a satisfactory significant difference was found between students’ achievements with different teaching methods. Cohen’s d is an effect size indicator commonly used for an independent sample t-test, including the small effect (0.2), medium effect (0.5), and large effect (0.8) [52]. The Cohen’s d result of the post-test is |−2.17|, that is, 2.17 > 0.8. Thus, it is large effect size, indicating that the flipped classroom teaching mode has a great impact on students’ mastery of Photoshop knowledge.




4.1.2. Practice Assignment


This study explored the impact of the flipped classroom model on the score of the practice assignments of learners. One-way ANOVA was employed using the two instructional approaches as independent variables, while the score of the practice assignments was a dependent variable. Researchers collected and analyzed the graded score from four weeks’ practice assignments, allowing students to create images using Photoshop software in specific directions.



After verifying that the assumption of homogeneity of the regression coefficients within the groups was not violated (Topic 1: F = 1.19, p > 0.05; Topic 2: F = 7.78, p > 0.05; Topic 3: F = 0.23, p > 0.05; Topic 4: F = 2.03, p > 0.05), the score of the practice assignments was analyzed with the one-way ANOVA. For the four topics, there is no severe deviation from normality, and the skewness is 0.084 (Topic 1), −0.474 (Topic 2), 0.341 (Topic 3), and −0.153 (Topic 4), and the kurtosis is −0.789 (Topic 1), −0.373 (Topic 2), −1.003 (Topic 3), and −1.461 (Topic 4). The result is shown in Table 2. Regarding Topic 1, the average score of the practice assignment for flipped classroom students (90.10 ± 0.44) was 3.153 (95% confidence interval (CI): 1.88~4.42), exceeding that of the control group students (86.94 ± 0.47), showing a statistically significant difference (F = 24.41, p < 0.001, partial η2 = 0.25). Regarding Topic 2, the average score of practice assignment for students in the flipped classroom group (91.88 ± 2.47) was 4.24 (95% CI: 2.73 ~ 5.75), surpassing that of students in the control group (87.64 ± 4.09), and the difference was statistically significant (F = 29.51, p <0.001, partial η2 = 0.29). Regarding Topic 3, the average score of practice assignments for students in the flipped classroom (90.76 ± 3.14) was 5.26 (95% CI: 3.61~6.90), higher than that of students in the control group (85.50 ± 4.10), and the difference was statistically significant (F = 40.42, p <0.001, partial η2 = 0.35). Regarding Topic 4, the average score of practice assignments for students in the flipped classroom group (93.20 ± 0.54) was 8.084 (95% CI: 6.50~9.67), higher than that of students in the control group (85.11 ± 0.58), and the difference was statistically significant (F = 103.47, p < 0.001, partial η2 = 0.58).




4.1.3. Transfer Assignment


Two groups of students creatively used the knowledge they acquired from instruction and practiced in an open-ended assignment. This assessment examined students’ performance on the transfer task and further explored whether there was a correlation between grades and teaching methods. One-way ANOVA was employed using the two instructional approaches as independent variables, while the score of the transfer assignment was a dependent variable. The assumption of homogeneity was met, indicated by Levene’s test of equality of error variances at F (1,75) = 0.06, p = 0.81. The skewness of the transfer assignment data is 0.117 and the kurtosis is −0.977, so there is no severe deviation from normality. The descriptive statistics for this assignment are shown in Table 3. For this transfer assignment, the difference between the control group and experimental group was statistically significant at F = 39.78, p < 0.001, partial η2 = 0.35.





4.2. Analysis of Learning Satisfaction, Motivation, and Self-Efficacy


This study aims to explore whether the flipped classroom would result in enhancing the learning satisfaction, motivation, and self-efficacy of students during the learning process. Table 4 depicts the results regarding students’ learning satisfaction, learning motivation, and self-efficacy between the control group and experimental group.



In the experimental group, the mean (M) and standard deviation (SD) of the three dimensions of the pre-questionnaire, namely, learning satisfaction, learning motivation, and self-efficacy, were 15.32 and 2.57, 14.61 and 2.70, and 22.56 and 3.83, respectively. For the control group, they were 15.67 and 2.28, 15.44 and 2.42, and 23.36 and 3.11, respectively. The t-test results showed that there was no significant difference in the learning satisfaction (t = 0.63, p > 0.05), learning motivation (t = 1.42, p > 0.05), or self-efficacy (t = 0.998, p > 0.05) of the two groups, indicating that the experimental group of students had the same level of learning satisfaction, learning motivation, and self-efficacy as the control group before the experiment. For the learning satisfaction, learning motivation, and self-efficacy, there is no severe deviation from normality; the skewness is −0.370, 0.754, and 0.273, and the kurtosis is 1.648, 0.069, and −0.258, respectively.



A one-way ANCOVA analysis was performed and the results are presented in Table 4. It was found that the scores of learning satisfaction of students in the experimental group were significantly higher than those in the control group (F = 13.74, p < 0.001, η2 = 0.16). For learning motivation, the scores of learning motivation of students in the experimental group were also better than those in the control group (F = 10.74, p < 0.05, η2 =0.13). In addition, the students in the experimental group gained a significantly higher score for self-efficacy than the students in control group (F = 32.24, p < 0.001, η2 = 0.40). According to the criteria of partial η2, the students’ learning satisfaction/learning motivation/self-efficacy was largely associated with the instructional strategy.





5. Discussion and Conclusions


Based on the achievement emotion model, the present study explored what benefit the flipped classroom might have for pre-service students taking the MET course. Both the students’ learning achievement and perception data regarding learning satisfaction, learning motivation, and self-efficacy were used to evaluate these instructional approaches. The current study tries to answer the following cognitive and affective learning questions: (1) the effect of the flipped classroom model on students’ learning achievement in MET course; (2) the impact of the flipped classroom model on students’ learning satisfaction, learning motivation, and self-efficacy in the MET course.



5.1. To What Extent Does the Flipped Classroom Affect Learners’ Learning Achievement Compared with the Regular Classroom?


The results indicated that the students who experienced flipped classroom performed better than the students who experienced regular class. As for the aspect of learning achievement, four practice assignments, a transfer assignment, and the post-test were used to collect data and assess the impact of the flipped classroom. After the data analysis, it was found that students who received flipped classrooms gained significantly higher scores in the pre-test, post-test, assignment practices, and transfer assignment than the control group. With the increasing difficulty of learning content weekly, the gap between the experimental group and the control class in the average score of the practice assignment was gradually increasing, as shown in Table 2.



Learning instructional videos and materials before class helped students to enhance learning and understanding of the key knowledge. Additionally, different forms of learning materials were provided to meet students’ needs and learning preferences [53]. Regarding digital learning, to some extent, students communicated with each other through the QQ group to solve some doubts, which could encourage and promote their participation in learning [13]. However, prior studies [13,37] indicated that the flipped classroom approach has potential benefits on students’ learning achievement and satisfaction [15]. The flipped classroom teaching model does not have a significant impact on learners’ learning outcomes when the learning content is not complicated enough for undergraduates [19]. In contrast to the above results, this study suggested that, regarding the control value model, the learning achievement of the experimental group performed better than the control group.



In the research of Sommer and Ritzhaupt [19], students in the flipped class and traditional class also learned Photoshop in the undergraduate technology literacy course, but there was no significant difference in the learning achievement. Sommer and Ritzhaupt attributed this phenomenon to the simplicity of the Photoshop operation and the lack of continuity between its content and its knowledge. In this study, the contents of the four learning topics have continuity in knowledge content. As the learning progresses, the task becomes more difficult. In the first topic, students need to learn how to add a mask to the picture; while in the second topic, students need to learn stroke and effect settings between layers; in the third topic, students need to learn how to use the pen tool and the use of curves; and in the fourth topic, students need to use the mask tool, effect settings between layers, and operation of curves to finish the practice assignment. In the transfer assignment, students need to use the Photoshop skills learned in the previous four topics. Therefore, in the MET course, the flipped classroom teaching method can help students to achieve better learning achievements compared with the traditional teaching method.




5.2. Does Student Participation in Flipped Classroom Activities Increase Their Learning Satisfaction, Learning Motivation, and Self-Efficacy Compared with the Regular Classroom?


The results indicated that students experienced the flipped classroom performed better than students experienced regular class. As for the aspect of learning achievement, four practice assignments, a transfer assignment, and the post-test were used to collect data and assess the impact of the flipped classroom. After the data analysis, it was found that students who took part in the flipped classroom had significantly higher scores in the pre-test and post-test, assignment practices, and transfer assignment than the control group. With the increasing difficulty of learning content weekly, the gap between the experimental group and the control class in the average score of the practice assignment was gradually widening (Table 2).



In terms of learning satisfaction, learning motivation, and self-efficacy, the result indicated that a significant statistical difference was found between the flipped classroom and lecture-centered approaches for participants’ evaluation of the class. These findings can be seen in previous studies [13,35,36,41,54,55]. It is a common way in the MET for the instructor to control students’ computers to demonstrate specific steps of examples, and students then operate on their computers. However, this teaching strategy may have some drawbacks. Students in the lecture-centered classroom found it difficult to keep up with the instructor’s instructions, especially encountering some complicated skills of Photoshop. On the contrary, students in the flipped classroom could watch the instructional video or document before the face-to-face lecture repeatedly, and they already have a preliminary understanding of the complex Photoshop operations before the class. In the QQ group of the classes taking part in the flipped classroom approach, many students would seek help from the QQ groups. The instructor responded to some operational questions raised by students before class, and some students who had mastered the learning content would also help the students with problems and even shared additional online resources to supplement.



Under the flipped classroom approach, students could practice the skills of Photoshop at any place and any time they preferred and felt it convenient. This great convenience undoubtedly makes them satisfied [56]. In addition, as students know that the instructor will monitor their learning status through feedback and interaction with each other on social media, students feel pressure from their peers that eventually promotes their active learning and engagement [29]. On the other hand, the difficulty of the knowledge is increasing every week, and those knowledge points also have some connection (such as layer masks, layer style, and so on). Therefore, if a student in the lecture-centered classroom does not listen carefully in one lesson, it is hard to keep up with the step of the instructor. Besides, reinforcement learning with Photoshop might make students feel frustrated and cause dissatisfaction [57]; these bad emotions have further affected students’ learning emotions and achievement. Supporting those studies and analyzing via the achievement emotion model, the present evidence suggests that the participants’ self-efficacy, learning motivation, and satisfaction were higher than those participants from the control group, while the flipped approach is more effective than the lecture-centered approach for delivering the MET class.




5.3. Implication


Blended learning strategies offer many options for higher educators. The current study provides insights into the flipped classroom model in the effect of learners’ academic performance, learning satisfaction, learning motivation, and self-efficacy in the context of the MET course for pre-service teacher students. The result indicated that the flipped classroom model had a significant effect on the student, which was more visible in the difficult and complicated knowledge and skills. This study lends further support to the relational perspectives of Choi and Lee [16] that the flipped classroom approach was more effective for students to learn knowledge and skills than the regular classroom. However, prior researchers suggested that the flipped classroom might not improve students’ academic performance when the learning content was not complicated enough for learners [16,19]. Moreover, some learners were not willing to accept the new teaching method, or are even dissatisfied, because the flipped classroom approach required higher self-regulated learning of students [19,58]. When educators want to choose the flipped classroom approach, it is important to consider whether the flipped classroom teaching method is suitable for the instructional content.




5.4. Limitations and Future Works


Although the results show that the flipped classroom model has a positive effect on students’ learning outcomes compared with the control group, this study has some limitations, which have been mentioned in some similar experiments [4,19,59,60]. Firstly, the duration of the intervention is short (one month). Secondly, the present study is limited in scope to pre-service teacher students and the sample size of students in the two groups was small-scale, thus the generalizability of the results of this work must be carefully approached. This limitation calls for more longitudinal studies in the future, including larger sample sizes and wider periods of the survey for the consideration of the current pilot study. Thirdly, because of the complexity of the learning environment, there might be some potential factors affecting the students’ learning outcomes and some perceptions. More data, such as the learning behavior [61] and emotions [62,63] before class and in class, might be collected for further analysis. Finally, the flipped classroom teaching model is not the only way to promote pre-service teacher students’ learning in MET courses. In the future, other different learning models can be compared with the flipped classroom teaching model.
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Figure 1. Snapshot of the QQ group. 
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Figure 2. Diagram of the experiment design. 
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Table 1. The independent sample t-test on students’ achievements with different groups.
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Variable

	
Group

	
N

	
M

	
SD

	
t

	
p






	
Pre-test

	
CG

	
36

	
3.72

	
1.16

	
−2.52

	
0.140




	
EG

	
41

	
4.32

	
0.91

	

	




	
Post-test

	
CG

	
36

	
4.36

	
1.18

	
−0.45

	
0.000




	
EG

	
41

	
7.24

	
1.46

	

	








Note. CG represents the control group and EG represents the experimental group.
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Table 2. One-way analysis of variance (ANOVA) result of the practice assignment of the different groups.
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Source

	
Group

	
N

	
M

	
SD

	
F

	
Partial η2






	
Topic 1

	
CG

	
36

	
86.94

	
2.43

	
24.41 ***

	
0.25




	
EG

	
41

	
90.10

	
3.08

	

	




	
Topic 2

	
CG

	
36

	
87.64

	
4.09

	
29.51 ***

	
0.29




	
EG

	
41

	
91.88

	
2.47

	

	




	
Topic 3

	
CG

	
36

	
85.50

	
4.10

	
40.42 ***

	
0.35




	
EG

	
41

	
90.76

	
3.14

	

	




	
Topic 4

	
CG

	
36

	
85.11

	
3.94

	
103.47 ***

	
0.58




	
EG

	
41

	
93.20

	
3.02

	

	








Note. *** p < 0.001. CG represents the control group and EG represents the experimental group.
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Table 3. One-way ANOVA result of transfer assignment of the two groups.
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	Group
	N
	M
	SD
	F
	Sig
	Partial η2





	control group
	36
	87.19
	3.54
	39.78
	0.000
	0.35



	experimental group
	41
	92.05
	3.22
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Table 4. One-way ANCOVA result of the post-questionnaire of the two groups.
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Variable

	
Group

	
N

	
M

	
SD

	
Adjusted

Mean

	
SE

	
F

	
Partial η2






	
Learning satisfaction

	
CG

	
36

	
14.72

	
3.46

	
14.63

	
0.46

	
13.74 ***

	
0.16




	
EG

	
41

	
15.29

	
2.45

	
15.37

	
0.43

	

	




	
Learning motivation

	
CG

	
36

	
22.08

	
3.75

	
21.93

	
0.56

	
10.74 *

	
0.13




	
EG

	
41

	
21.85

	
3.31

	
21.99

	
0.52

	

	




	
Self-efficacy

	
CG

	
36

	
15.58

	
2.96

	
14.30

	
0.42

	
18.15 ***

	
0.20




	
EG

	
41

	
15.59

	
2.59

	
14.72

	
0.40

	

	








Note. *** p < 0.001; * p < 0.05. CG represents the control group and EG represents the experimental group.
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