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Introduction: The flipped classroom (FC) model shifts the initial presentation of new content from in-class to out-of-class, while in-class time focuses on elaborating previously presented content. Although FC’s benefits on learning outcomes are well-documented, the mediating processes remain unclear due to the simultaneous enrichment of learning activities in many studies. This study investigates whether merely flipping the initial presentation of new content, without additional enrichment, enhances learning outcomes.

Method: In two studies, psychology students (Study 1: N = 306; Study 2: N = 413) participated in either a non-flipped lecture series (new content presented in class) or a flipped lecture series (new content presented out-of-class via lecture recordings). Learning outcomes were assessed in terms of knowledge acquisition, knowledge application, and metacognitive monitoring.

Results: Results showed that students in the flipped classroom condition had significantly higher learning outcomes compared to those in the non-flipped condition. Specifically, the flipped approach improved knowledge acquisition, knowledge application, and metacognitive monitoring.

Discussion: These findings indicate that simply shifting the initial presentation of new content to an out-of-class setting is sufficient to enhance learning outcomes in a flipped classroom. This study highlights the effectiveness of the flipped classroom model in fostering student learning without the need for additional enrichment activities, suggesting a structured approach to analyze the components that contribute to learning benefit from flipping the classroom.
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1 Introduction

In recent years, flipped classroom is frequently discussed as an innovative method to foster instruction. This approach suggests reconsidering which learning processes are prompted in class and which out of class. In traditional higher education, courses usually follow this sequence: (a) Instructors synchronously present learning content in a classroom setting and (b) learners organize and elaborate the presented learning content out of class in self-study. Flipped classroom approaches invert this pattern (Lage et al., 2000). What was traditionally presented in class, is now acquired out of class; what was traditionally elaborated individually out of class is now subject of in-class processes. With accumulating research, it became evident that, in most implementations of flipped classroom, activities were not simply switched between in and out of class (e.g., Bishop and Verleger, 2013; Kapur et al., 2022), but flipped classroom represents “an expansion of the curriculum, rather than a mere re-arrangement of activities” (Bishop and Verleger, 2013, p. 4). Flipping a traditional teaching concept may be a chance for practitioners to create new learning opportunities and thereby to enhance learning. From a research perspective, however, this approach complicates investigating the extent that beneficial effects of flipped classroom can be attributed to flipping the setting of learning or to enriching learning activities. The present work aims at contributing to attempts of disentangling the impact of these two factors by examining traditional and flipped university lectures.



2 Components of flipped classroom

In the following, we denominate the learners’ first contact with new learning material as primary processing of learning content, in traditional university lectures often a teacher-centered presentation. In addition to the presentation, primary processing may also include first questions to instructors or peers in order to initially understand new learning content. Secondary processing includes more active processing and elaboration of learning content by learners, in traditional lectures usually realized by individual or group work after and out of class. This simplified description may also apply to flipped classroom, with the difference that primary processing takes place before and out of class, whereas secondary processing occurs in class. If the key to flipped classroom approaches laid entirely in the “flipping” of where these components take place (in or out of class), experimental and control groups in flipped classroom research should work on the same tasks. Otherwise, it is impossible to differentiate the extent that increased learning outcomes are due to flipping the setting of primary and secondary processing (in or out of class) or due to qualitative changes in primary and secondary processing. This ambiguity is aggravated as researchers and instructors in secondary and tertiary education have contributed to a growing but heterogenous pool of studies on flipped classroom, and thereby generated a large pool of additional learning methods and opportunities suitable to enrich primary and secondary processing.


2.1 Challenge for research: heterogeneity and enrichment

Flipped classroom research has grown exponentially within the last decade (Talbert, 2022), resulting in a great body of articles, as well as reviews and meta-analyses with various foci (O'Flaherty and Phillips, 2015; Zainuddin and Halili, 2016; Låg and Sæle, 2019; Zheng et al., 2020). Only few studies, however, were dedicated to explore the reasons why and how flipped classroom affects learning (Abeysekera and Dawson, 2014; Kapur et al., 2022). There are several interesting, yet vague ideas why flipped classroom might enhance learning (Abeysekera and Dawson, 2014; DeLozier and Rhodes, 2017) although they do not provide conclusive explanations of flipped classroom effects on learning success (Låg and Sæle, 2019). Partially, this situation might be due to the fact that most reported implementations of flipped classroom change the setting of primary and secondary processing and add various activities to primary and secondary processing. Thus, many implementations of flipped classroom entail enrichment of primary and secondary processing.

McLaughlin et al. (2014), for example, flipped a first-year pharmaceutics course. Primary processing in the traditional lecture consisted of assigned reading (out of class) and instructor-centered lecture (in class). The lecture included occasional quizzes, interactive tasks as well as opportunities to ask questions. In the flipped condition, primary processing included the same reading assignments plus self-paced interactive learning modules. Secondary processing comprised various tasks (regularly answering clicker questions, interactive tasks, quizzes and micro-lectures). Additionally, students gave presentations, held discussions in class and worked on course projects throughout the semester. This is a typical example of flipped classroom implementations with various additional active and interactive learning opportunities in the flipped condition (Kapur et al., 2022). Primary processing was enriched through interactive learning modules and secondary processing via more frequent and additional elaboration tasks such as application of learning content in a course project. Although, in this case, the flipped condition led to a significant increase in exam grades compared to the traditional condition (McLaughlin et al., 2014), the reason for this increase remains unclear.

Giving a rather different example, Burgoyne and Eaton (2018) implemented flipped classroom in a course on research methods in social sciences. In the non-flipped condition, the instructor presented learning content with slides for primary processing in class. For secondary processing, students were assigned critical thinking tasks as homework. Students in the flipped condition received recordings of the same slides presented by the same instructor via their online learning platform. Secondary processing included the same critical thinking tasks. The flipped condition additionally included working in groups and sharing their results in class. Remarkably, this flipped classroom implementation contained enrichments only in secondary processing but not in primary processes. Nevertheless, Burgoyne and Eaton (2018) reported a small but significant difference in quiz results between traditional and flipped condition.

These examples illustrate how differently flipped classroom can be implemented in higher education. In both cases, students achieved higher performance in the flipped conditions. Yet, we are unable to conclude from the heterogeneous body of (quasi-) experimental manipulations which components induce beneficial effects because flipped classroom conditions often offer more learning opportunities than the non-flipped conditions by enriching primary and secondary processing of learning content. Consequently, several researchers pointed out that more homogenous standards in research on flipped classroom could facilitate the identification of underlying mechanisms (Jensen et al., 2015; Chen et al., 2018). Kapur et al. (2022) demand that in research on flipped classroom, the interventions should be better controlled in order to gain more solid insights.

Table 1 schematically summarizes the research options which result from the distinction of primary and secondary processing (columns 2 and 3), the idea of shifting primary processing to out of class and secondary processing into class (rows 2–5), and the opportunity to enrich primary or secondary processing or both (rows 3–5). We suggest this schema as an orientation framework for designing and evaluating research on flipped classroom in a more differentiated way.



TABLE 1 Illustration of traditional and flipped classroom approaches.
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2.2 Framework of the present studies

We recommend investigating flipped classroom by varying single, distinctly defined components of flipped classroom step by step instead of investigating arrangements varying many components of flipped classroom at once. Following this approach, research may answer the question whether (a) flipping primary processing from in to out of class, (b) flipping secondary processing from out of into class, (c) enrichments to primary processing, (d) enrichments to secondary processing and/or (e) the interplay between the aforementioned variations produce essential effects on learning.

In the present studies, we focused on option (a) to observe if there are any effects on learning if flipping entails changes exclusively to primary processing. We therefore implemented a minimalistic concept of flipping primary processing by using the video recordings of a traditional lecture to present learning content out of class in the flipped condition. Secondary processing, however, was operationalized highly similar in the non-flipped and flipped condition of the lecture. This design ensures that the students were presented with the same contents in the flipped and non-flipped condition. This type of comparison between flipped and non-flipped conditions was conducted in two thematically different psychology lectures (studies 1 and 2).




3 Study 1

We investigated the effect of merely flipping primary processing (see Table 1, row 2) on learning performance in psychology lectures at university. Participants were teacher students of three psychology courses (lecture series), each spanning a complete semester. One lecture series implemented primary processing in class (non-flipped condition), two lecture series implemented primary processing out of class (flipped condition) using the video recordings of the non-flipped lecture series for presenting the learning content. Secondary processing was highly similar in all lecture series. To assess and compare the students’ learning performance, we evaluated the quality of written products which students had to submit to pass the course. If the mere flipping of learning activities from in to out of class is effective, the quality of students’ written products in the flipped condition should be higher compared to the non-flipped condition.


3.1 Method


3.1.1 Design and participants

In Winter Semester 2019/20, N = 61 students participated in a traditionally organized lecture series (non-flipped condition) consisting of 12 weekly sessions of 90 min each. Primary processing included nine sessions, in which the lecturer used Power Point to present the learning topics orally and answered to students’ questions in class. Each 90-min session during the semester was completely recorded on video and the recordings could be accessed on the university’s learning platform one or two days later. Each video showed the lecturer’s presentation in full length including, in a separate window, the Power Point slides. All recordings were available for the students until the end of the semester. For secondary processing, students received study questions with the lecture recordings and three writing assignments. These tasks were accomplished during three self-study phases (out of class).

In the following Summer Semester 2020 (N = 138) and Winter Semester 2020/21 (N = 107), students participated in a flipped version of the same lecture series (flipped condition). In these semesters, the lecture recordings (recorded during the Winter Semester 2019/20) were made available to students on the university’s learning platform. The videos were published once per week in the same temporal pattern as in the non-flipped condition. All recordings were available to the students until the end of the semester. The students were asked to study the lecture recordings self-paced out of class. Questions concerning the content of specific sessions could be uploaded to a question forum on the learning platform within the same week of presentation to be answered by the lecturer in written form. Beyond, the students had the opportunity to discuss their questions orally with the lecturer in three (summer semester 2020) or five (winter Semester 2020/21) discussion sessions distributed across the semester. These discussion sessions lasted up to 45 min and were conducted – due to Covid-19 regulations – in a synchronous video conference format. The three self-study phases were conducted in the same way as in the non-flipped condition. The flipped and the non-flipped lectures were given by the same lecturer.

Flipped and non-flipped condition were highly similar. In primary processing, the same learning content was presented by the same lecturer with the same methods and in the same style in both conditions. However, in the non-flipped condition, the lecturer presented the learning contents in class, whereas in the flipped condition, the students perceived the lecturer via recordings of exactly these lectures. In both conditions, the students had opportunities to ask questions. In the non-flipped condition, students could ask during the live lecture in presence, whereas in the flipped condition, students could raise questions via the learning platform in a question forum or the discussion sessions after having worked through the lecture recording. In both conditions, the lecture recordings were available for recapitulating the lecture’s content. Secondary processing included the same tasks for both conditions. Under the flipped condition no additional learning activities were requested compared to the non-flipped condition. The implementation of flipped classroom in Study 1 can therefore be classified as merely flipped classroom, as categorized in Table 1 (row 2).



3.1.2 Learning materials

The lecture series is part of a psychology module for teacher students with a Bachelor’s (of Education) degree focussing the interplay of psychological research and application at school. Students are required to have completed successfully a prior basic psychology module. The lecture series addressed research and application of evidence-based learning and teaching methods, such as spaced learning, retrieval practice, multimedia learning, and metacognition.

In presenting the learning content, the lecturer informed about research and theoretical accounts of the evidence-based learning and teaching methods using Power Point presentations. The presentations were uploaded in portable data format to the university’s learning platform one day before each week’s lecture (non-flipped condition) or together with the current week’s lecture recording (flipped condition). The lecture recordings presented the lecturer, his voice and in split screen the current page of the Power Point presentation. The students could switch to a full-screen mode showing only the current page of the presentation but not the lecturer. Clicking on the side bar showing the miniaturized pages of the presentation allowed for jumping back and forth in the video. The recordings were available from the date of their publication until the students passed their oral exam at the end of the module. Within this time frame, there was no limitation in watching the recordings.

Furthermore, the students in both conditions received a list of references mentioned during the lectures and a list of self-study questions to help students reflecting their understanding of topics and to guide their self-regulated learning activities. Answering the study questions, however, was optional and not part of the study requirements.

In the self-study phases, students were prompted to apply the previously presented learning contents by designing applications of evidence-based learning and teaching methods in school, as concrete as possible and in written form.



3.1.3 Learning performance and dependent variables

In the flipped and the non-flipped condition, the same type of learning performance was requested. The students submitted three written products to pass the lecture series and to be allowed to register for the final exam of the module. In the three self-study phases across the semester, the students designed an application of an evidence-based learning and teaching method in written form. The students were instructed to include the following aspects: (a) short definition of the evidence-based learning and teaching method, (b) elaborated description of the application in a concrete learning situation with a concrete learning content at school, (c) reflection on the theoretically assumed mechanisms connecting learning method and performance in the given situation, and (d) reflection on potential practical problems within this context (including solution approaches). The written products were not graded but checked by the lecturer and a summarizing feedback across all written products was given to the students including suggestions to review and revise their applications. Reviewing and revising their applications, however, was optional and not part of the study requirements.

For research purposes, we assessed the quality of the students’ written products. To this end, we selected four indicators: (a) the extent of the written product, (b) the concreteness of the application description, (c) the reflection on theoretical mechanisms in the described situation, and (d) the reflection on practical problems.

The first indicator reflects the student’s effort and was operationalized by the number of words in the written product. The other three indicators represent the task goals of the assignment. Trained and blinded evaluators checked the written products and rated the extent the task goals were achieved. On a three-point scale, the evaluators rated whether the student addressed and achieved each goal “appropriately” (2 points), “in part appropriately” (1 point), or “not at all “(0). We decided to realize this evaluation process only with the students’ first submission within each of the three semesters to avoid confounding with feedback effects. At this time, students could select one of two topics (spaced learning or testing effect). Each written product was rated by two of three evaluators. The evaluators were trained with ten written products of a prior semester. The assignment of two evaluators to one written product was counterbalanced across topics and semesters.



3.1.4 Procedure

The lecture series of all three semesters were facultative and the students signed on deliberately. However, participation was only approved if the student submitted three written products at definite dates during the semester. Two weeks after submitting, a summarizing feedback across all submissions was given and made available on the learning platform of the university.



3.1.5 Statistical analyses

The ratings of the quality of the students’ written products were checked for their inter-rater reliability by computing Spearman correlations between the two independent ratings of each quality indicator. In case of mismatching ratings, the mean of the two ratings was computed for further analyses.

To assess the effect of flipping the setting of presenting contents (in class or on video recordings out of class), a univariate ANOVA was conducted with the number of words of each written product. For the remaining quality indicators (concreteness of the description, reflection on of theoretical mechanisms, and reflection on practical problems), due to the scale level, Kruskal-Wallis-tests were computed. In each analysis, semester was the between-participants factor (Winter Semester 2019/20 vs. Summer Semester 2020 and Winter Semester 2020/21). An alpha of 0.05 was used as the level of statistical significance and effect sizes are reported as partial eta square (ηp2) for indicator (a) and eta square (ηH2) for indicators (b–d). In case of significant effects of the semester, pairwise comparisons were executed (including Bonferroni corrections).




3.2 Results


3.2.1 Preparatory analyses

The interrater reliability of the quality indicators across all three criteria was ρ = 0.68 (p < 0.001). Furthermore, we computed the specific interrater reliability for each criterion: concreteness of the application description (ρ = 0.28, p = 0.031), reflection on theoretical mechanisms in the described situation (ρ = 0.68, p < 0.001), reflection on practical problems (ρ = 0.80, p < 0.001). Boxplot analyses identified two extreme cases in the Winter Semester 2019/20 (non-flipped condition) regarding the extent of the written products. Consequently, these two cases were excluded from further analyses.



3.2.2 Hypotheses testing

Means and standard deviations of the dependent variables are reported in Table 2. Comparing the number of words of the written products revealed a significant effect of the semester: F(2, 301) = 25.58, p < 0.001, ηp2 = 0.14. Pairwise comparisons further revealed that written products in the non-flipped condition of the Winter Semester 2019/20 consisted of less words than written products in the flipped condition of the Summer Semester 2020 (p < 0.001) and in the flipped condition of the Winter Semester 2020/21 (p < 0.001).



TABLE 2 Measures of learning outcomes in study 1 (means, SD in parentheses).
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Comparing the ratings of the concreteness in the application description (see Table 2) revealed a significant effect of the semester: H(2) = 7.24, p = 0.03, ηH2 = 0.02. Pairwise comparisons via Mann-Whithey-U Tests further revealed that the concreteness of the description was significantly lower in the non-flipped condition than in the flipped condition of the Summer Semester 2020 (p = 0.009), and numerically lower compared to the flipped condition of the Winter Semester 2020/21 (p = 0.07).

Comparing the ratings concerning the reflection on theoretical mechanisms in the described situation (see Table 2) revealed no significant effect of the semester: H(2) = 1.52, p = 0.47.

Comparing the ratings concerning the reflection on practical problems (see Table 2) revealed a significant effect of the semester: H(2) = 17,04, p < 0.001, ηp2 = 0.05. Pairwise comparisons via Mann-Whithey-U Tests further revealed significantly lower ratings of reflection in the non-flipped condition compared to the flipped condition, in the Summer Semester 2020 (p < 0.001) and Winter Semester 2020/21 (p = 0.02).




3.3 Discussion

In all four indicators of learning performance mean performance values were descriptively lower in the non-flipped condition than in both flipped conditions. This led to a significant overall effect in three of the four quality indicators (extent of the written products, concreteness of the description, and reflection on practical problems). At the level of Bonferroni-corrected pairwise comparisons, the written products in the non-flipped condition were significantly shorter und presented significantly less profound practical reflections than in both flipped conditions. Differences in performance reached small to medium effect sizes (Cohen, 1992, p. 157; Cohen, 1988, pp. 283–286). The concreteness of the description was significantly lower in the non-flipped condition than in the flipped condition of the Summer Semester 2020 but the difference between the non-flipped and the flipped condition in the Winter Semester 2020/21 narrowly missed the level of significance. The reason might the unsatisfactory interrater-reliability of the concreteness variable.

This pattern of results is compatible with the hypothesis that enrichment of the teaching activities is no necessary condition for improving learning in flipped classroom. No doubt, enriching the learning setting may gain additional benefits. However, even flipping primary processing to out of class without any enrichment seems to be sufficient for a learning-supportive effect. Moreover, Study 1 demonstrated this effect not only once. The comparison of both flipped versions of the lecture series with the traditional, non-flipped lecture series showed similar differences. Thus, the findings demonstrate that mere flipping of primary processing can improve learning performance.




4 Study 2

In the second study, we pursued the same research question as in Study 1. Does the mere flipping of primary processing (see Table 1) suffice to enhance learning performance in a university lecture? We investigated teacher students in two psychology lecture series, each spanning a complete semester. One lecture series implemented primary processing in class (non-flipped condition); in the other lecture series, primary processing was flipped to out of class (flipped condition) using the video recordings of the non-flipped lecture series as input. As in the first study, the conditions for secondary processing were highly similar in the flipped and the non-flipped condition.

The first study demonstrated the stability of the effect of merely flipping primary processing from in to out of class: The flipped versions of both semesters showed similar differences to the non-flipped lecture. The second study aimed at broadening the data base by examining a thematically different lecture given by a different teacher and measuring different dependent variables. Whereas, in the first study, we focused on the quality of midterm writing assignments, we measured performance in a knowledge test at the end of the semester in the second study. The dependent measures not only included learning outcome at the cognitive level but also at the metacognitive level. Given that (a) mere flipping is a sufficient condition for enhancing learning outcome and (b) enrichment of the teaching activities is no necessary condition, we expected that performance in a knowledge test at the end of the semester should be higher in the flipped than in the non-flipped condition.


4.1 Method


4.1.1 Design and participants

The hypothesis was tested by comparing students’ learning outcomes between two semester-spanning lecture series on educational psychology for teacher students in their master’s phase. In Winter Semester 2019/20, N = 187 students (n = 139 female, n = 48 male) participated in a traditionally organized lecture series (non-flipped condition) consisting of 14 weekly sessions of 90 min each. The lecturer presented the learning contents orally supported by Power Point presentations and answered the students’ questions while they were present in the lecture hall. As in Study 1, each 90-min session of the semester was completely recorded on video, which was accessible one day later on the university’s learning platform and remained available to the students until the final test in the end of the semester.

In the following Winter Semester (2020/21), N = 226 students (n = 137 female, n = 89 male) participated in the flipped implementation of the same lecture series. In the flipped condition, the recordings of the 14 lectures of the non-flipped condition (recorded during the previous winter semester) served to present the learning content and were made available to the participants on the university’s learning platform. Each video showed the lecturer’s presentation in full length including, in a separate window, the Power Point slides. The participants watched the recordings instead of attending a live lecture in class and could use it later for recapitalizing the lecture’s content. The videos were published one per week in the same temporal pattern as the corresponding live lectures in the non-flipped condition. All recordings were available for the students until the final test in the end of the semester. The students were asked to study the lecture recordings self-paced and to prepare for sessions with the lecturer in which their questions would be discussed. These discussion sessions (n = 6) took place every two weeks (with one exception due to winter holidays), lasted for 90 min and were conducted – due to Covid-19 regulations – in a synchronous video conference format. The flipped and the non-flipped lectures were given by the same lecturer.

Summarized, due to using the lecture recordings for primary processing, in the flipped and the non-flipped condition, exactly the same learning content was presented by the same lecturer with the same methods and in the same style. However, in the non-flipped condition, the lecturer presented the learning contents live in class, whereas in the flipped condition the students saw and heard the lecturer in the recordings of exactly these lectures. In both conditions, the students had opportunities to ask questions: in the non-flipped condition, students could ask during the lecture, in the flipped condition, students could ask in separate discussion sessions after working through the lecture recording. In both conditions, the lecture recordings were available for recapitulating the lecture’s content. Secondary processing included working on the self-study questions, which were the same for both conditions. Under the flipped condition no additional learning activities were requested compared to the non-flipped condition. Therefore, as in Study 1, the main difference between non-flipped and flipped condition consisted in the setting of presenting learning content during primary processing. The implementation of flipped classroom in Study 2 can therefore be classified as merely flipped classroom, as categorized in Table 1.



4.1.2 Learning materials

The lectures informed about psychological research relevant to learning and teaching at school, such as cognitive learning, memory, motivation, development during adolescence, social processes in and between groups. The topics were prepared for teacher students with a Bachelor’s (of Education) degree with only minor prior knowledge of psychology.

The Power Point presentations visualized information that complemented the lecturer’s talk and were thought to support comprehension, such as pre-and reviews, citations from the research literature, figures showing research designs and results. The presentations were uploaded in portable data format to the university’s learning platform one day before each week’s lecture (non-flipped condition) or before the current week’s lecture recording was published (flipped condition).

Furthermore, the students in both conditions received a list of references mentioned during the lectures, a commented list of textbooks, and a list of self-study questions. Reflecting on these questions was intended to help students to guide their self-regulated learning activities during secondary processing. Answering the study questions was not obligatory and not part of the study requirements.



4.1.3 Test materials and dependent variables

The students in both conditions completed the same test at the end of the semester. The test consisted of 40 confidence-weighted true-false items in the form of one-sentence statements (Dutke and Barenberg, 2015). The statements tested facts presented in the lectures or propositions that could be inferred from the knowledge acquired in the lectures.

For each statement in the test, the students judged whether it was true or false and concurrently indicated their confidence in the correctness of each decision. The true-false decision and the confidence judgment were integrated on a single scale resulting in four response options: (1) I am sure the statement is correct, (2) I think the statement is correct, but I am unsure, (3) I think the statement is incorrect, but I am unsure, or (4) I am sure the statement is incorrect. Thus, students had to give only one answer to each item.

From these data, different measures were derived assessing the students’ cognitive and metacognitive learning performance. As a measure of correctness (cognitive performance), the relative number of correct true-false decisions was computed, irrespective of the reported confidence level. As a measure of confidence (metacognitive performance), the relative number of confident judgments was computed, irrespective of the answers’ correctness. To assess the quality of metacognitive monitoring, measures of correctness and confidence were combined (see Appendix A for formulas). The following indices reflect different facets of metacognitive monitoring accuracy typically assessed in the field of metacognition (see Schraw, 2009; Schraw et al., 2013; Barenberg and Dutke, 2019). The bias of the confidence judgments (BS) was calculated by subtracting the proportion of correct answers from the proportion of confident answers. Positive or negative values reflect general over-or underconfidence across all items. As the BS score does not reveal whether correct and incorrect answers are biased in the same way, two conditional probabilities were calculated. The confident-correct probability (CCP) indicates the proportion of confident answers given the answer is correct, and the confident-incorrect probability (CIP) indicates the proportion of confident answers given the answer is incorrect.



4.1.4 Procedure

Both lectures were facultative and students signed on deliberately. However, participation was only approved if the student passed the end-term test. The test was written at the end of the semester, one week after the final session. The students were familiar with the test format due to presenting sample items throughout the semester. The test was written in the lecture hall and the participants had 40 min to complete it.



4.1.5 Statistical analyses

T-tests were used to test the hypothesis that the dependent variables differed between the flipped and the non-flipped condition, showing a higher learning outcome in the flipped condition. The sizes of the effects were measured with Cohen’s d.




4.2 Results

Comparing the relative number of correct answers demonstrated the expected difference between the experimental conditions. Means and standard deviations of the dependent variables are reported in Table 3. In the flipped condition, more items were answered correctly than in the, non-flipped condition. Though the effect is small (d = 0.22), it is significant, t(411) = 2.22, p = 0.027. The relative number of answers given with confidence did not differ between the flipped and the non-flipped condition, t(411) = 1.28, p = 0.200.



TABLE 3 Measures of learning outcomes in study 2 (means, SD in parentheses).
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The metacognitive variables indicate that participants of the flipped condition underestimated the correctness of their answers more than participants of the non-flipped condition, t(411) = 2.98, p = 0.003, d = 0.29. However, confidence was not generally reduced in the flipped condition. Particularly, the probability of answering with confidence given the answer was incorrect (CIP) was lower in the flipped condition than in the non-flipped condition, t(410) = 3.27, p < 0.001, d = 0.32. In contrast, the probability of answering with confidence given the answer was correct (CCP) did not differ significantly between the flipped and the non-flipped condition.



4.3 Discussion

Regarding the cognitive level of learning success, Study 2 shows evidence in support of our expectation: Students in the flipped condition performed better in the knowledge test at the end of the semester than students in the non-flipped condition. Evidence at the metacognitive level of learning success, at the first glance, seemed to point in the opposite direction, as participants in the flipped condition underestimated their performance more than students in the non-flipped condition. Further analysis, however, revealed that students in the flipped condition, compared to the non-flipped condition, judged the correctness of their answers particularly critically when their answers were actually wrong. This effect indicates that students in the flipped condition were more sensitive to uncertain knowledge, which is a desirable learning outcome. Differentiating adequately between correct and incorrect answers before external feedback is provided, is essential to successfully regulate one’s learning process. Thus, these results suggest benefits at the cognitive as well as the metacognitive level of learning as a function of flipping primary processing.




5 General discussion

We proposed, for investigating how flipping a classroom fosters learning, to vary distinctly defined components of flipped classroom step by step rather than comparing complex and variously enriched learning arrangements. In the two studies reported above, we demonstrated learning benefits for flipped over non-flipped conditions while merely flipping primary processing. Thereby, we neglected possible enrichments and took a defined first step towards understanding mechanisms underlying flipped classroom learning. Most measures indicated a learning benefit on the cognitive level of learning in both studies. Study 2 additionally investigated metacognitive measures of learning, which indicated a more accurate differentiation between correct and incorrect answers within the flipped condition.


5.1 Learning performance

Recent meta-analyses (Chen et al., 2018; Låg and Sæle, 2019; Zheng et al., 2020) demonstrated statistically significant small effects for flipped classroom conditions on cognitive learning performance. These results are in line with the results found in our studies. Study 1 showed that learning performance in flipped classroom surpassed cognitive learning performance in the non-flipped comparison group regarding the extent and quality of written products with small to medium effect sizes (ηp2 = 0.14 and ηH2 = 0.02–0.05). Study 2 extended these results, finding higher performance in a knowledge test at the end of the semester in the flipped than in the non-flipped condition with a small effect size (d = 0.22).

Metacognitive monitoring has been established to enhance learning (Swanson, 1990). This especially applies to situations in which learners have to regulate their own learning process (Boekaerts, 1999; Pintrich, 2002), such as the self-study part (primary processing) of flipped classroom. While research on metacognition in the context of flipped classroom is scarce, few studies indicate learning benefit on the metacognitive level (Hsu and Hsieh, 2014; van Vliet et al., 2015; Bredow et al., 2021). The results from our second study add to this research by demonstrating that students in the flipped condition monitored their learning more critically as they were less confident in incorrect answers. As students in the flipped condition also answered more often correctly than the participants of the non-flipped lecture series, our second study supported the idea that increased quality of monitoring contributed to enhanced learning performance on a cognitive level.



5.2 Enrichment as a facultative condition

A variety of researchers (e.g., McLaughlin et al., 2014; Altaii et al., 2017; Gilette et al., 2018; Cannon, 2021) report extensive use of resources to implement flipped classroom approaches, especially consuming time as well as personnel in the preparation of comprehensive material for primary processing, specifically videos. Noetel et al. (2021) suggest that extensive revision and employing design principles may increase efficacy in teaching via video. This would point to enrichment of primary processing materials resulting in higher learning outcomes for learners in flipped classrooms. The present studies, however, show that enrichment in primary processing is not necessary in order to enhance learning. Merely utilizing lecture recordings held the design of information input in primary processing constant between flipped and non-flipped conditions. Therefore, observed differences in learning performance cannot be explained by enrichment which indicates that flipping primary processing from in to out of class alone fostered learning performance. According to these results, enrichment (regarding learning material as well as elaboration tasks) is not required in order to successfully flip a classroom although it may contribute to the further optimization of learning arrangements.



5.3 Differences in primary processing

What, if not enrichment, caused the advantage of the flipped lecture condition? As the design of the learning activities with regard to secondary processing did not differ substantially between flipped and non-flipped condition, the reason could only lie in the flipping of primary processing from in class to out of class. However, neither the amount of information delivered nor the way how this information was conveyed differed, as the recordings of non-flipped lectures served as input for flipped lectures. If, at all, an advantage may be seen for the non-flipped condition, as students in this condition were presented with the live lecture in classroom and lecture recordings, whereas the students in the flipped condition only had the recordings at their disposal. Thus, the observed learning benefits in flipped conditions might seem counterintuitive (cf. Missildine et al., 2013). Apparently, even when lecture recordings are available in non-flipped conditions, they may not be used or be used in an ineffective way when seen as additional material to in-class lectures. Learning analytics suggest that additional availability of lecture recordings in traditional lectures show only marginal improvement in student academic performance (Owston et al., 2011). It seems likely that students in non-flipped conditions used lecture-recordings mostly for exam preparations (elaboration in secondary processing). Support for this thought can be seen in levels of effect sizes, which were small to medium in Study1, where data was gathered at the beginning of the semester, before exam preparation efforts can be expected, while in Study 2, effect sizes were small and data was collected at the end of semester, after exam preparations.

A second idea why primary processing in flipped conditions was more effective than in non-flipped conditions, refers to learners’ increased requirements and opportunities of self-regulation in the flipped lectures. Especially when learners prepare learning material out of class (primary processing) for in class secondary processing, the role of metacognition in successful learning may be emphasized. In flipped classrooms, learners are aware that after out of class primary processing, the quality of their acquired knowledge co-determines how much they can benefit from supervised secondary processing in class. This may result in more frequent monitoring of their own learning process. In contrast, during secondary processing in non-flipped higher education courses, no immediate consequences arise due to learners unsuccessful self-regulated primary processing. Typically, greater efforts in secondary processing occur shortly before achievement tests or exams at the end of the semester (e.g., Algayres and Triantafyllou, 2020), which may decrease the sense of urgency to monitor learning during in class primary processing.

Increased or more effective metacognitive monitoring in flipped lectures may also affect the way how students controlled information input via the lecture recording. For example, Abeysekera and Dawson (2014) as well as Rankl (2016) suggest that cognitive load during primary processing can be managed more easily by means of controlling primary processing in flipped classroom learning (such as pausing, rewinding, and repeating the lecture video). Thereby, the pace of presentation can be aligned with the learner’s pace of processing learning content allowing more time to utilize learning strategies that benefit primary processing of learning material.

In traditional lectures, students can interact with learning material by listening, taking notes, highlighting, or asking questions which represent passive to active engagement, according to Chi and Wylie (2014). With a shift of primary processing from in-class lecture to out of class, the variety of learning strategies and methods available in primary processing increases for students. Increased variety of strategies may enhance opportunities to engage actively or constructively (Chi and Wylie, 2014), thereby enable further elaboration. Considering disuse theory (Bjork and Bjork, 1992), we can assume that differences in primary processing likely affect storage strength of new learning content. The option to individually adapt the pace of presentation, insert pauses to utilize learning strategies, or rewind and re-watch parts of a lecture, seem appropriate to make a difference in information processing.

To date, few studies focused on learners’ interaction with out of class learning material, as a gateway to assess primary processing in flipped classrooms. In a recent study with aspiring math-teachers, Dusanek and Kollar (2023) reported increasing extraneous cognitive load along with decreasing opportunities to interact with learning videos. Compared to traditional lectures, Karaca and Ocak (2017) as well as Müller and Wulf (2023) demonstrated how primary processing in flipped classroom can lead to reduced cognitive load in university students. Both results imply evidence in support of Abeysekera and Dawson’s (2014) rational regarding cognitive load as potential bridge between primary processing and learning performance in flipped classroom. Altierie et al. (2018) documented increased learning success in engineering students when pausing while learning with a video compared to watching the same video without pausing. While the gap between these yet isolated findings and a comprehensive understanding of flipped classroom mechanisms remains, such findings support the perspective that learners’ interaction with learning material in primary processing affects their capacity and success in primary processing and thereby their subsequent learning outcomes.



5.4 Limitations and research perspectives

Data collection regarding the flipped conditions was conducted in 2020 and 2021 during distance learning within the Covid-19 pandemic. It is possible, that aspects of observed learning benefit can be attributed to this unique setting. However, our results demonstrated some robustness. We obtained measures of learning outcome within the course of the semester (Study 1) as well as at the end of semester (Study 2), offering a variety of supplementary indicators of student’s learning performance before and after a period of exam preparations including data from open-and closed-answer items. Moreover, in Study 1, the positive effects of flipping primary processing from in to out of class were not only observed in Summer 2020, but also in the following winter semester. Thus, it is improbable that these findings are simply artefacts of this specific time period. Nevertheless, results need to be replicated under conditions beyond the specific pandemic situation.

In Study 2, it becomes evident that students’ cognitive performance was at the higher end of the performance spectrum although no indications of a ceiling effect were found. Nevertheless, observed effects may be even larger when replicated in a field with more variance within the dependent measures.

The mere flipping approach, as implemented in the present studies, brings primary processing into focus, thereby neglecting potential additional effects of enriching group interaction, which is often implemented in secondary processing of flipped classrooms. It could be argued that our research approach does not allow a full picture of potential effects of flipping. Yet, this is the core idea of this approach: In carefully controlling implementation with precisely defined changes from non-flipped to flipped classroom, we can gather empirical evidence and clarify which of these components make a difference in learning performance. Therefore, this research needs to be extended by replicating the mere flipping effect as well as gradually enrich flipped classroom settings as illustrated in Table 1. In the present study, we opted for investigating our research question in a genuine teaching context and avoided an artificial learning situation. If, in future research, the effects of possible enrichments of the learning context are focused, it might be necessary to add follow-up tests in order to assess long-term effects, commonly fostered by evidence-based teaching methods (Lyle et al., 2020; Kim and Webb, 2022) and switch to even better controlled laboratory learning setting.

In the present design, students had many degrees of freedom how they organized their learning activities. For example, accessing lecture recordings via learning platform, working with the study question (Study 1 and 2) or revising their written products (Study 1) was optional. One may speculate whether making these activities mandatory would have diminished inter-participants variance and, therefore, augment the flipped classroom effects. However, in compliance with our study program regulations, arrangements that introduce additional study requirements, such as additional mandatory activities could not be realized. For similar reasons, it was not possible assign students randomly to the flipped or non-flipped condition. Whereas these features may be evaluated as a limitation, it is also a strength of our studies that they were conducted in the context of the ordinary teaching program, which enhances external validity.

Measuring cognitive load, time spent with learning material as well as the use of means to control the pace of primary processing (such as pausing, rewinding, repeating the lecture recordings), might help to explore the mechanisms underlying the effect of merely flipping primary processing. We suggest to invest research efforts into identifying how learners interact with the learning content in primary processing out of class compared to in class, for our research shows that merely flipping does result in different learning outcomes. Our results also indicate clear benefits on the cognitive and the metacognitive level of learning performance. This is why we suggest zooming into this aspect of flipped classroom and exploring the opportunities and incentives to monitor one’s own learning under flipped and non-flipped conditions.

In any case, future research would be well advised to differentiate between effects that could be attributed to the flipping of learning activities itself and effects of additional learning activities that become possible because learning activities were flipped from in to out of class. We anticipate that such an approach will enhance our understanding of how flipped classroom fosters learning – beyond measuring that the effect is existent.
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Appendix

APPENDIX A 2 × 2 (correctness × confidence) data array resulting from the response scale (adapted from Barenberg and Dutke, 2013).
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The indices of metacognitive monitoring accuracy were computed according to the following formulas:

1. Bias of the confidence judgments (BS): 
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2. Confident-correct probability (CCP): 
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3. Confident-incorrect probability (CIP): 
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The attributes of the answer to each item (correct or incorrect, confident or unconfident) were coded as 1 (given) or 0 (not given).
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