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Abstract

:

The COVID-19 pandemic has created a fundamental shift in the Chinese education system, which has compelled teachers and students to accommodate the process of online learning in a short period of time. Accompanied by the advancement of information technology and the emergence of small private online courses (SPOCs), a variety of online programs containing a wealth of new materials and novel pedagogical approaches have emerged. However, there is a lack of awareness among researchers about the efficacy of utilizing shared SPOCs in teaching at conventional universities. Flipped classroom model (FCM) can make up for this defect. This study aims to investigate the effectiveness of flipped learning on the basis of SPOC and to suggest explicit criteria for its reuse in conventional college education. We carried out a quasi-experiment in a course on inorganic chemistry and examined findings with regard to the engagement and performance of the learners. We also conducted a post-task questionnaire and interviews to examine the experiences of the students so that those experiences could be incorporated into the design and study plan for flipped learning based on SPOCs. It was shown that the average performance of students in the flipped SPOC-based classroom was superior to that of students in the traditional classroom. Furthermore, the combination of quantitative and qualitative data showed that the majority of students experienced the flipped classroom favorably regarding student interaction, accessible learning resources, and proactive academic outcomes.
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1. Introduction


COVID-19 is spreading swiftly around the world and poses a huge threat to security, public health, education, economy, and employment stabilization. Based on the statistics of UNESCO, there are 1.21 billion students who will not be able to go back to school and university in May 2020, accounting for 69.3% of the total number of students [1].



With the current COVID-19 epidemic also influencing China, the application of online education is suggested to sustain educational events in schools at a national level. To further promote undergraduate teaching during the epidemic prevention and control period, according to the relevant requirements of the competent department of education, the school, and the basic medical college plan in advance, it is necessary to carefully deploy, closely promote, and take multiple measures to carry out online teaching. To guarantee the smooth, orderly, and effective running of undergraduate teaching during the epidemic prevention and control period, the exploration and experimentation of new online teaching are essential. With the development of Massive Open Online Courses (MOOC), the University of California, Berkeley Professor Armando Fox took the lead in proposing a small-scale private online course (SPOC), which mainly focuses on students [2]. Professor Fox believes that the adoption of the teaching paradigm of SPOC in the classroom is not only conducive to strengthening teachers’ guidance to students but also promotes students’ participation through learning platforms and corresponding curriculum resources [3,4].



The Flipped Classroom Model (FCM) is a blended learning model that aims to facilitate teachers to make better use of the face-to-face sessions by minimizing teacher lectures and increasing students’ active learning, collaboration, and scaffolding. In recent years, the flipped classroom model (FCM) has constantly shocked, thrilled, and inspired faculty via the incorporation of PowerPoint-based presentations into conventional classroom instruction. Moreover, FCM supposes a general designer for online and face-to-face learning, that is, the in-school tutor.



SPOCs provide an alternative to the design of flipped learning, where instructors are able to flip their classes with available SPOCs. With this method, in-school course students are required to attend SPOCs that are designed and deployed by other organizations. SPOCs are a fairly novice technology that has not yet been “normalized” for daily practical purposes [5]. A growing body of SPOC studies centers on the integration of SPOCs as part of a more general pedagogy. The SPOC-based flipped classroom is an effective and sustainable teaching model to promote teaching. Nevertheless, SPOC-based flipped classroom remains in an early phase. While research on the perceptions and behaviors of students is scarce and no comparative analysis of SPOC-based flipped classroom and traditional learning has been conducted, studies on its practicality and strengths from a teaching and mental science viewpoint have been deficient. As a quasi-experimental study, the purpose of this research is to incorporate shared SPOCs into typical classroom practices in bachelor’s courses. In particular, it examines the experiences and academic performance of students under this burgeoning learning paradigm. Before presenting the research methodology, a summary of related literature on the practice of SPOCs and flipped classrooms will be provided.




2. Literature Review


2.1. SPOCs


SPOC is an acronym that refers to a small-scale, limited online course. Small is changed to massive in MOOC, which refers to the implementation of the flipped classroom. The number of objects is the number of school students, and the number is small; private is changed to open in MOOC, which means that only recognized learners on campus have access to these resources. “Minority” means that the number of students is generally in the dozens. Therefore, it has also become a “private broadcasting class” [6]. The advantage of SPOC lies in its customization and privacy. SPOC can fully customize a series of teaching links from time and space to learning objects and teaching contents. At the same time, SPOC teachers can choose whether the customized teaching contents are public, which not only ensures the teaching quality of SPOC but also protects the personal privacy of SPOC learners. SPOC provides more detailed and accurate personal data analysis services, which effectively monitor learners’ learning behavior and the learning effect in each specific time period. In the online learning stage, SPOC teachers make some important teaching arrangements (such as homework, experiment, examination, etc.) and adopt the mixed teaching mode most prevalent in flipped offline classrooms to enhance the teaching quality in traditional classrooms. This new model not only incorporates the unique strengths of MOOC and SPOC but also makes up for the quality crisis caused by MOOC large-scale learning [7]. In MOOC, the content and style of teaching, educational philosophy, and technological platforms are enhanced [8,9]. SPOC classroom activities adopt a variety of learning methods, such as team learning, collaborative training, and inquiry learning [10], which realizes the comprehensive and in-depth integration of online learning and traditional classroom teaching to a certain extent.




2.2. SPOCs-FCM


The research on the flipped classroom model (FCM) based on SPOC originated from Harvard University. Researchers carefully created small-scale and restrictive online courses for teaching students. In addition, the FCM also creatively teaches by combining SPOC and flipped classrooms so as to promote an efficient connection between MOOC high-quality resources and the online evaluation system, and thus ensure high-quality teaching in the offline physical classroom.



In 2013, the first SPOC platform in China created by Tsinghua University—“zhixueyuan”—was officially launched, and teaching practice based on flipped classrooms was carried out successively. So far, China has begun to focus on the integration of SPOC and flipped classrooms. On the basis of the background of the post-“MOOC” era, Li et al. [11], based on the background of the post-“MOOC” era, deeply analyzed the connotation of SPOC, advocated taking “experience and personalization” as the internal source of power of learning, and created an SPOC experiential learning model based on distribution reversal. Xue et al. [6] first analyzed the essence and advantages of the teaching model of the SPOC flipped classroom and then designed the teaching model of a flipped classroom of SPOC with the typical characteristics of “four threes” in computer foundation courses.



Lin et al. [12] looked at the dilemma in that students’ innovation abilities could not be sufficiently supported under the conventional teaching model and constructed a teaching model integrating “online and offline” SPOC and a flipped classroom. Based on the learning characteristics and practical needs of college students, Zhu [13] strived to study the localization of SPOC and flipped classrooms and designed a flipped classroom teaching model for higher education institutions on the basis of SPOC. Ding et al. [14] improved and sublimated the flipped classroom. While emphasizing the importance of knowledge and skills, they advocated paying attention to students’ personalization and comprehensive ability training and carefully constructed a “flipped classroom 2.0 teaching mode based on SPOC”. Chen et al. [15] put forward the mixed teaching mode of analytical chemistry course based on SPOC and expounded the principles and ideas of course analysis, overall design, resource development, teaching process, and evaluation design. The mixed teaching environment and the implementation of analytical chemistry based on flipped classrooms were discussed.



2.2.1. Students’ Participation


As a teaching model with stronger teacher–student interaction, the flipped classroom helps to improve the engagement of students. The class time can be occupied by student-centered learning activities, such as exploring and problem-solving, through face-to-face instruction by the teachers. As a result, the class time becomes more interactive [16]. The typical practice of flipping the classroom combines microlectures with practices based on the theory of humanistic learning, which achieves “re-education with video”. One study compared student performance in flipped-learning and traditional classes. Student performance was enhanced when using the flipped-classroom methodology, with 83% of the students gaining a C grade or better, compared to 56% when using a traditional course methodology [17]. Currently, only a few studies have compared student grades of students in a traditional classroom with those in a flipped classroom using SPOC technology.



Wang et al. [18] introduced the novel concept of “MOOC + SPOC + flipped classroom” hybrid teaching and proposed that local universities should “make good use of MOOC”, building “SPOC” and grasping “flipped classroom” as the foundation, and build a new mixed teaching model in line with the reality of local universities to achieve the expected results. Based on Flanders’ interactive analysis system theory [19], three experiments were carried out in three classes of the same major, using the same heterogeneous class model, and classroom records were used to evaluate and make comparisons between the interactions in the traditional and flipped classroom. The results showed that the proportion of students’ effective discussion, communication, and speech in class increased greatly; the students actively participated in learning; and student-centered teaching gradually took shape.



Zheng et al. [20] combined SPOC online learning activities with the process design of the flipped classroom and built the structural framework of a teaching model from four parts: curriculum objective and content design, teaching strategy design, learning activity design, and teaching evaluation design. According to the findings, the application of SPOC flipped-classroom teaching was conducive to stimulating students’ enthusiasm for participation and promoting the development of students’ thinking skills and hands-on operation abilities, thus contributing remarkably to the improvement of the teaching effect.




2.2.2. Experience and Academic Performance of Students


Concerning student experiences, there are a variety of studies indicating that students share favorable perspectives regarding the flipped-classroom approach. For instance, a report used SPSS to conduct an independent sample t-test on the midterm exam scores and compared experimental and control classes. The results showed that the scores of the experimental and control classes were dramatically different at the level of p = 0.05 (F = 3.282, SIG = 0.041), and the experimental class had higher test scores than the control class obviously (M experimental class = 89.000, m control class = 81.406) [21]. A questionnaire was designed using Likert’s five-point scale, which was scored from negative to positive according to 1–5 points, including 3 dimensions: basic situation, teaching form, and teaching effect. After the initial test, the questionnaire yielded a Cronbach’s alpha coefficient of 0.964, so the reliability of the questionnaire was good [22].



A study involving 752 undergraduates showed that they preferred SPOC rather than traditional pedagogical methodologies [23]. Lu Hua reported that in linguistics courses, the students preferred SPOC over MOOC, and a SPOC-based learning model had its advantages and was shown to be effective in a demonstration of its application [24].



Research on flipped learning has been increasing dramatically in recent years as its utilization in educators’ practices has increased [25,26]. Flipped classrooms can generate higher final exam scores compared to online and traditional studying. Egbert, Herman, and Lee [27] and Leis, Cooke, and Tohei [28] affirm that flipped learning can be of great help to students’ language learning. Strayer [29] states that flipped classrooms facilitate students to be more open to cooperative study in courses on statistics. An increasing number of studies have centered on flipped-classroom design, with an emphasis on the ways in which flipped classrooms can facilitate student engagement and achieve better academic performance [30,31].




2.2.3. The Role of Student Variables


This study concentrates on the impacts of flipped learning based on SPOC on two student-centered variables, SN (subjective norms) and SE (self-efficacy). SN reflects an individual’s perception of the importance of using SPOC cloud class. Teo et al. found that the higher the subjective norms of students, the stronger the learning intention [32]. Zhao et al., through an empirical study, claimed that subjective norms positively influence students’ continuous learning in online open courses in a significant way [33]. Yuan et al. used a structural equation model to explore the pronounced positive effect of subjective norms on students’ mathematics learning behavior [34]. SE is described as a person’s faith in his or her capacity to accomplish the actions required to generate a specific achievement of performance [35]. SE indicates confidence regarding one’s capacity to manipulate their motives, actions, and social context. Lai and Hwang [36] asserted that the methodology of the flipped classroom has obvious benefits for students’ SE. In a study, similar efficacy was also observed, wherein students taught with flipped learning methods were superior in SE to those who learned with conventional teaching [37].




2.2.4. Research Objectives and Research Questions


This study aims to examine how SPOC-based flipped learning (SBFL) influences students’ academic performance in inorganic chemistry courses at the undergraduate level. In particular, there are four key research questions in this study: (1) what kind of challenges do students face, and what adaptation strategies do they use to cope with these challenges while studying inorganic chemistry in a flipped classroom? (2) What are their perceived learning outcomes due to participation in SBFL? (3) How do the students think about the learning platform they choose in the flipped classroom? (4) After completing the program, do students have an increased SN and SE in the SBFL environment?






3. Methodology


To examine and compare the validity of flipped learning based on SPOC, this research adopted a quasi-experimental design. Moreover, it combined the collection of both quantitative and qualitative data to enable us to obtain a more holistic knowledge of the experiences and opinions of students in the context of SPOC-based flipped learning. Our data consisted of three categories: firstly, student engagement, that is, viewing of microlessons and taking online tests. Secondly, data were grouped in the experience as well as the pre- and post-test academic performance of the students. Finally, we also included students’ interview data from the quasi-experimental group.



3.1. Participants and Setting


This study chose two classes of first-year chemistry majors from Harbin University in 2019, with 34 and 35 students in each class, respectively. Most of the students utilized SPOCs for the first time. SPOC-based flipped learning was applied to a group of 34 students. The control group comprised 35 students, and both groups were given lessons by the same instructor. Inorganic chemistry is a three-credit course that is taught two times per week for 90 min on Mondays and Thursdays in the winter 2019 semester. Courses lasted 18 weeks, and our quasi-experiment ran for 6 weeks, commencing in week 12 and ending at the end of the semester. A number of higher education institutions provide similar courses on the MOOC platform of Chinese universities. Upon discussion with the instructor, we chose to adopt the course on inorganic chemistry produced by Dalian University of Technology, which consists of 11 chapters, each comprising 6 to 8 microlessons, each of which is around 12 min in length.




3.2. Learning Process and Events


Once the quasi-experiment starts, an account on the SPOC platform is required for every student in the flipped classroom to watch the microlessons and complete the online practices. The flipped classroom consisted of two sections: pre-class and classroom events. Students were requested to view two to 3 microlectures on the SPOC platform prior to every class, an example of which is shown in Figure 1. Once the microlectures were viewed, students were asked to finish 10 drills. Because faculty in the prospective experimental class lacked access to see the data of students on the platform, students were required to note their wrong answers to the exercises by hand upon completion of the task, which is shown in Figure 2. In the classroom, students were separated into 7 groups of about 5 students each. For the first 45 min, students attended group discussions, exchanged their ideas, and talked about the reasons for their erroneous answers to the online practice. The instructor provided instruction individually to the students who raised questions throughout the discussion, and the engagement of the students is shown in Figure 3. In the closing of the discussion, students were requested to present issues and themes which they had not fully understood. After that, in the following 45 min, the lecturer highlighted the topics presented by every group. Accordingly, traditional class students received conventional face-to-face teaching for 90 min. In a traditional class, the instructor guided the teaching, lectures, or presentations while students viewed, heard, and made notes.




3.3. Tools


Students were given a research instrument that comprised two subscales with an emphasis on SN and SE at the start and end of the study [20,38]. Learner SN was measured by five items, and a sample statement was “SPOC has a significant meaning to me”. Learner SE was measured by four items, and a sample statement was “I have the ability to use SPOC to study the materials from both computer and mobile”. Detailed questionnaire survey is labeled in Appendix A. The questionnaire was administered on a five-point Likert scale using “strongly disagreed (SD) as 1, “disagreed (D)” as 2, “agreed (A)” as 4, and “strongly agreed (SA)” as 5, whereas “neutral (N)” was 3. To measure students’ experience of flipped learning based on the SPOC, we also carried out a post-mission questionnaire, which was adjusted from the Student Perception of Instruction Questionnaire (SPIQ). The questionnaire consisted of 15 closed-ended questions about students’ perceptions of the content and instruction of the course, evaluation and assessment, and exchange and study experiences. Students were surveyed by the time they finished the course. Responses to each question were devised with a 5-point Likert scale, which is shown in Table 1.




3.4. Interview


Following the flipped-learning experience, qualitative data were captured through semi-structured face-to-face interviews, which were conducted in accordance with the following ten instructional questions: (1) How did you feel in flipped classroom? Why? (2) What challenges did you face at the beginning? How did you solve them? Where teachers’ support sufficient to adjust to flipped classroom learning? (3) Please share how did you study on SPOC cloud class? How did it help your learning? How effective was the platform? (4) How did you feel sharing your views/comments on SPOC cloud discussion forum? What are the benefits of sharing views in your learning? What challenges did you experience? (5) Please give an example of the video materials that you liked most. Why? What skills were developed? How? Please comment on the quality and quantity of the videos/lecture materials? (6) It is seen in most classes you took quiz using mobile phone. What are the benefits of taking quiz using mobile phone. What are the benefits of taking quiz using technology in your learning? How? (7) Please share one classroom activity that helped you in your learning. What parts of the class were most difficult? (8) What study habits have changed as a result of taking this class? How would you describe your relationship with your classmates? Please describe your views on teachers’ role? (9) Did you face any challenges in performing in class activities? In which flipped classroom did you learn more? How? (10) Would you recommend this type of learning method to other students? Why?/Why not? Interviews lasted from 30 to 40 min, and all were recorded with audio, annotated, and transcribed to allow later analysis of the data.




3.5. Academic Performance


Academic performance was assessed by the final mark obtained by the end of the semester to investigate the level of change caused by the variables studied in the quasi-experimental conditions, and the final mark was calculated on a scale from 0 to 100.




3.6. Data Analysis


The present study employed SSPS 23.0 to perform an analysis of the data gained from the questionnaire, the pre-test, and post-test. Initially, we investigated the data through descriptive statistics to examine the means, standard deviations, and frequencies. This study then employed independent t-tests to identify differences in previous knowledge, SN and SE, and their opinions of the flipped learning context between the two groups. Pairwise t-tests were conducted to examine the differences in SN and SE between the experimental groups. We proceeded to employ an analysis of covariance (ANCOVA) to measure differences in the post-test academic performance between the two groups, with prior knowledge being included as a covariate. Lastly, we utilized MAXQDA 12 to conduct an analysis of data obtained from semi-structured interviews regarding students’ views on the flipped-learning context.





4. Results


4.1. Students’ Engagement in Completing Microlessons and Exercises


Completion of the microlearning showed a higher percentage than 60%, shown in Figure 4, demonstrating that students were inclined to finish the videos as they participated in them. It is estimated that 75% stated that they viewed over half of the videos in their experiment completely. In addition, there was a maximum number of students who watched all of the videos in week 4.



Around 50% of the students accomplished an excess of half of the online exercises (as shown in Figure 5), and there were 19 students who finished everything in the second week. Nevertheless, this dropped to approximately 16 every time in the following weeks. From week one to week five, the number of students who failed to perform the practices increased from one to six (17.6%), a number that fluctuated over the next few weeks.



Along with the course, the timing of the microlessons and assignments was distributed differently. Students who engaged in the SPOC were driven and motivated to view the microlessons and perform the drills before the initial two sessions, which enabled students to originally cover a high proportion of the videos. The practices occasionally did not appeal to students because they did not offer explicit interpretations of the right responses.




4.2. Analysis of Students’ SE and SN


To explore if there were major differences between pre-test and post-test SN and SE in a flipped-learning environment, this study conducted a comparison of testing scores by applying a paired-samples t-test. According to the results, there was no major discrepancy between the SN and SE scales before and after the test (t = 0.75, p > 0.05), so there was no obvious difference between the students’ SN and SE pre- and post-flipped learning.




4.3. Learning Performance


Pre-tests were carried out in both groups to evaluate students’ previous cognition of the curriculum content. The mean score for the control group was 38.20, and the mean score for the experimental group was 40.16. It was revealed by an independent t-test that there was no apparent disparity between the pre-test scores of both groups (t = 0.81, p > 0.05), which indicated that the two groups possessed similar prior knowledge regarding the course curriculum ahead of the experiment. Upon conducting the learning sessions, ANOVA was selected to investigate the relationship among the post-test scores of both groups—with the pre-test marks as the covariate, the post-test marks as the dependent variable, and “different learning environments (two groups)” as the controlled variable. Findings of the ANOVA showed a considerable difference between the post-test scores (t = 4.82, p < 0.001) of the experimental group (M = 72.92) and the controlled group (M = 64.61) while keeping the pre-test scores under control.




4.4. Student Experience Analysis


Survey results are shown in Table 1, where we merged “strongly disagree” and “disagree” as negative replies, while “agree” and “strongly agree” were merged as affirmative replies. Across the 15 items, 70.6% of students mastered basic theory and knowledge. Students were further questioned about their participation in the content and materials they learned, and the majority of interviewees (64.7%) found it interesting to expand their knowledge of this course in the previous 6 weeks. Most interviewees felt that they made comprehensive use of what they had learned (70.6%). Meanwhile, skills such as learning efficiency (64.7%), learning interest (76.5%), teamwork and cooperation (64.7%), technical communication ability (58.8), interdisciplinary and professional vision (73.5%), practical ability (61.8%), innovation (58.8%), and autonomous-learning skills (73.5%) were highly developed. A total of 73.5% of the interviewees showed positive opinions about teacher–student communication.



Semi-structured interviews were then administered to interpret this finding more fully. A total of 10 of the 34 students interviewed took part in these interviews. Using five instructional interview questions, the researcher managed to code each recording, and the findings are presented in Table 2. 80% of the students replied that it was their first time taking this course. They were only initially intrigued during the study, after which 70% of the students remained in favor of conventional face-to-face instruction for different reasons. Eighty percent of the students gave high marks to the quality of the microlessons, and the majority stated that they enjoyed viewing the microlessons through the platform in order to gain a better insight into a concept or a topic from the textbook. More importantly, a number of students had absolutely no trouble seeing the videos but had trouble figuring them out on their own. Relatively speaking, a mere 30% of students felt that the overall quality of the online practices was found to be at a generally high standard. A total of 80% of students rated student–student communication, and 70% of students rated student–teacher communication favorably, stating that they felt the flipped classroom enabled them to take a significant amount of time in class to discuss their issues with the instructor and classmates. A total of 90% of the students used their time outside of class to see the microlessons, and 80% of the students felt that they were able to become more active in their learning by flipping their studies.





5. Discussion


With regard to RQ1 (what are the challenges faced by the students and what adaptation strategies do they take to cope with these challenges while studying inorganic chemistry in the flipped classroom?), the research instruments employed in this study consistently gave evidence that students experienced various challenges, namely, a lack of confidence to communicate, forgetfulness, a lack of self-learning skills, and workload, when they entered the flipped classroom. The students faced these challenges because of their long exposure to traditional teacher-centric and textbook-dependent learning practices in their schools. Therefore, to cope with the active learning environment of the flipped classroom, the students took various initiatives, such as motivating themselves to communicate, acquiring autonomous learning skills and self-control, developing cooperative learning, and managing learning through technology. Students took these initiatives on their own because they found the flipped classroom opportunistic and supportive of learning.



Secondly, as for the RQ2 (what are their perceived learning outcomes due to participation in SBFL?), the flipped classroom creates a more engaging learning environment than the usual traditional classroom. Therefore, students’ experiences with this more engaging and less-effective learning environment help them to develop confidence, performance, and various lifelong learning skills. As Chinese students tend to be quiet, their engagement in various cooperative activities promotes them to be active and expressive. It was shown that in contrast to students in the controlled group of conventional learning, students who were taught in a flipped learning environment showed superior achievement in academics. This finding is in line with other studies [38,39]. This may be associated with students’ proactive participation in watching the microlessons and due to the curriculum design that allowed them to spend additional time beyond class to deal with the information presented in the microlessons. Students were able to avail themselves of the microlectures they viewed in this course, backing up the assertion that microlectures are an effective instrument for reaching the intended academic objectives [40]. In addition, the online practices presented a just-in-time approach to reinforcing learning after viewing the microlectures, by facilitating students’ greater command of acquired knowledge. It has been shown that when lessons are individualized and tailored to personal needs, students perform better and gain a deeper appreciation of notions [41]. In line with earlier studies, our findings suggest that flipped learning causes higher levels of student readiness for the classroom [42], as it permits a more efficient use of class time and empowers students to incorporate information and to reflect critically on it [43]. Different from typical classroom settings, the flipped method facilitates student involvement [44] and promotes collaborative problem-solving. Our outcomes are consistent with Richardson, Abraham, and Bond’s [45] description of proactive learning, who believe that flipped-teaching methods have a favorable influence on in-class learning by enabling students to assume responsibility and take initiative. This is due to the fact that prompt person-to-person instruction in question-and-answer periods with the instructor aids students in perceiving that their private matters and attention count. Furthermore, following small group presentations, the instructor can readily respond to frequently asked questions before the class.



Thirdly, another very important finding is the reason for students’ behavioral intention to use the SPOC cloud class and how much they are satisfied with the platform, which answered RQ3 (how do the students perceive the platform selected for learning in the flipped classroom?). Although previous studies have worked on SPOC cloud classes, almost none of them particularly focused on first-year students majoring in inorganic chemistry. Therefore, this study’s findings can be used to appropriately design a flipped classroom equipped with an SPOC cloud class for freshmen. It is evident that Chinese freshmen have positive subjective norms of using the online platform.



Fourthly, regarding RQ4 (will students’ SN and SE in the SBFL setting increase after the completion of the course?), one needs not only an insight into the supervisory process but also into its determinants for the facilitation of SN. To what degree students utilize their SN will greatly rely on their motives [46,47], and students could possibly develop their SN through the use of controlled or self-directed motivational procedures [48]. Moreover, Hart and Friesner suggested that Chinese learners may possibly find themselves submissive to their tutors [49]. The results of our interviews reveal that these students entered university just after passing the college entrance exam, so they have become familiar with their instructors’ routines for study. Although some students engaged in flipped learning on demand, they displayed almost no indication of SN in terms of watching microlessons, tending to do so only when the teacher declared the deadline in an online group of the class. The findings of our study are in disagreement with prior research findings [50] indicating that the experience of the context of learning leads to alterations in SE levels, for which several interpretations can be proposed. To begin with, a six-week research duration is likely too limited to allow for the detection of variation in SE. Furthermore, variations in student variables are likely to be influenced by students who operate in an unknown learning context.




6. Conclusions and Implications


The efficacy of flipped learning based on SPOC was proven in this study through an applicable quasi-experimental study. It was shown that the flipped learning design based on SPOC could boost students’ academic achievement. A further important discovery was that students experienced microlearning and online practices in a positive way. This study holds vital significance that can inform instructors and SPOC developers in the future. Firstly, we identified challenges that students faced while attending SPOC flipped classrooms in inorganic chemistry. The challenges students faced and strategies that students took to cope with the student-centric learning environment were cross-verified. In combining SPOCs with their own teaching approaches, faculty require reflection on ways to make sure that their pedagogical resources and online materials accompany each other to assist students in the comprehension and grasp of challenging issues and knowledge.



Despite the fact that the primary goal of the study was accomplished, it is important to be aware of the limitations of this study. In our quasi-experiment, the first constraint is the possible influence of extrinsic circumstances on the results. Cause–effect extrapolation from the quasi-experiment would be finite because attendees had not been stochastically allocated to a given condition. Due to the syllabus and course setting, students in two college classes frequently could not opt for the experimental or controlled group willingly.



In conclusion, for future studies, experiments in which there is a random allocation of persons to situations under conditions will contribute to the reproduction or examination of our findings. The next constraint is that the limited sample size of the quasi-experiment probably does not allow extrapolation of the outcomes to other examples or other contexts. In addition, the SPOC design of our study is designed to look only at campus students in China; it is possible that future research in other nations with different scholastic cultures, in terms of attitudes, values, and other modes of behavior, may yield diverse findings. Furthermore, the analytical findings and results of this study are subject to interpretation with caution due to time limitations since the curiosity of students to use SPOC may affect the findings of the research over a short period of time. Last but not least, though visibly in the flipped classroom responsibility is shifted from teachers to students, it actually diversifies teachers’ roles as an instructor and increases their working hours. The influencing factors of teachers are also worth studying. Accordingly, further studies may investigate matters of interest through bigger sample sizes and lengthier time trials.
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Appendix A


This survey is to understand your overall learning perception of the use of SPOC in the course. There is no right or wrong answer. Please circle the answer which best reflects your overall thoughts about each statement. Your answers are ANONYMOUS and CONFIDENTIAL. Thank you in advance for your time.
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Table A1. The survey of Subjective norms and Self-efficacy.






Table A1. The survey of Subjective norms and Self-efficacy.





	
Strongly Disagree

	
Disagree

	
Neutral

	
Agree

	
Strongly Agree






	
1

	
2

	
3

	
4

	
5




	
Subjective norms (SN)




	
SN1

	
SPOC has a significant meaning to me.

	
1

	
2

	
3

	
4

	
5




	
SN2

	
It is necessary to conduct SPOC to meet the need of society.

	
1

	
2

	
3

	
4

	
5




	
SN3

	
It is beneficial for me to experience SPOC for my future job.

	
1

	
2

	
3

	
4

	
5




	
SN4

	
People who are important to me think that I should use SPOC.

	
1

	
2

	
3

	
4

	
5




	
SN5

	
It is necessary to learn more use of technology in classroom for better future.

	
1

	
2

	
3

	
4

	
5




	
Self-efficacy (SE)




	
SE1

	
I have the ability to use SPOC to study the materials from both computer and mobile.

	
1

	
2

	
3

	
4

	
5




	
SE2

	
I have the ability to find the learning resources on SPOC.

	
1

	
2

	
3

	
4

	
5




	
SE3

	
I know how to watch videos and write comments on SPOC.

	
1

	
2

	
3

	
4

	
5




	
SE4

	
I have the skills required to use to enhance the quality of my learning.

	
1

	
2

	
3

	
4

	
5
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Figure 1. Example of microlecture with slides. 
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Figure 2. Example of an online practice for a selected course. Each unit of the course platform has a matching exercise test, submission deadline, and corresponding scores. Students can use those online exercises to test the effect of watching the video. 
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Figure 3. Panel discussion for the face-to-face class. During the first 45 min of the face-to-face class, students in each group talked about the issues they could not understand while watching the video and practicing online before the class. Meanwhile, a leader was assigned to each group who was in charge of the group’s self-discipline. 
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Figure 4. Results of the frequency of viewing microlessons. The horizontal axis represents times students were asked to engage in watching the video, and the vertical axis represents the rate at which students finished watching the video. The number of students who viewed and finished the video every time is far higher than those who did not finish the video in the graph. 






Figure 4. Results of the frequency of viewing microlessons. The horizontal axis represents times students were asked to engage in watching the video, and the vertical axis represents the rate at which students finished watching the video. The number of students who viewed and finished the video every time is far higher than those who did not finish the video in the graph.



[image: Sustainability 14 05707 g004]







[image: Sustainability 14 05707 g005 550] 





Figure 5. Results of online practices. The horizontal axis represents the number of times required for students to accomplish the online practices, and the vertical axis represents the rate of finishing the online practices. The graph shows that there were far more students who accomplished the online practices every time than those who did not finish them. 
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Table 1. Post-task questionnaire items and results on students’ experiences with SPOC-based flipped learning.
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	No.
	Items
	SD
	D
	N
	A
	SA
	Mean





	Q1
	In the past 6 weeks, I have mastered the basic theory and knowledge
	1
	4
	5
	19
	5
	3.68



	Q2
	In the past 6 weeks, I am interested in expanding my knowledge.
	2
	6
	4
	18
	4
	3.47



	Q3
	I can make comprehensive use of what I have learned, such as, for example, to carry out chemical experiments and explain chemical phenomena.
	1
	3
	6
	17
	7
	3.76



	Q4
	During the last 6 weeks, my learning efficiency has improved.
	1
	3
	8
	19
	3
	3.59



	Q5
	During the last 6 weeks, my interest in learning has improved.
	2
	2
	4
	20
	6
	3.76



	Q6
	During the last 6 weeks, my teamwork has improved.
	2
	4
	6
	18
	4
	3.53



	Q7
	My technical communication ability has improved.
	3
	5
	6
	16
	4
	3.38



	Q8
	I have an interdisciplinary and professional vision.
	1
	3
	5
	18
	7
	3.59



	Q9
	Hands on ability has been enhanced.
	3
	5
	5
	16
	5
	3.44



	Q10
	The ability to innovate has been enhanced.
	4
	6
	4
	14
	6
	3.35



	Q11
	The autonomous-learning skills has been improved.
	1
	3
	5
	19
	6
	3.76



	Q12
	I have the ability to find information and collect information.
	2
	4
	5
	20
	3
	3.53



	Q13
	During the last 6 weeks, I prefer to communicate with teachers.
	2
	2
	6
	19
	6
	3.82



	Q14
	I have set up a scientific ideal and have the spirit of scientific research and exploration.
	1
	3
	4
	20
	6
	3.79



	Q15
	The ability to solve problems independently has improved.
	2
	4
	6
	17
	5
	3.71










[image: Table] 





Table 2. Students’ experience of flipped learning based on SPOC.
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Subject

	
Topic

	
Percentage






	
Overall experience

	
Reward

	
8 (80%)




	
Shortage

	
7 (70%)




	
Learning content

	
Microlectures

	
8 (80%)




	
Online exercises

	
3 (30%)




	
Learning interaction

	
Student–student communication

	
8 (80%)




	
Teacher–student communication

	
7 (70%)




	
Learning motivation

	
Watching time

	
9 (90%)




	
attitude

	
8 (80%)




	
Self-evaluation

	
Self-efficacy

	
5 (50%)




	
Self-regulated learning

	
3 (30%)
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