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ARTICLE INFO ABSTRACT
Keywords: The flipped classroom is a well-recognized instructional approach that improves learning per-
Flipped classroom formance and experience through two sequential phases: pre-class preparation and in-class
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Learning experience
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collaboration. Despite the large differences between the two phases, few studies have explored
their separate effects on flipped learning. This study conducted a hierarchical linear regression to
investigate how the two sequential phases and their featured behaviors can predict learning
performance and experience in a flipped classroom at the undergraduate level. The results
indicated that students’ pre-class discussion positively predicted their assignment scores to a
moderate degree, while the in-class collaboration was negatively correlated with test scores.
However, the two phases had a limited impact on students’ flipped learning experience. The
results also highlight the influence of students’ initial interest and prior achievement on their
flipped learning experience. The findings can extend our understanding of the flipped classroom
approach and inform its design and implementation in higher education contexts.

1. Introduction

The flipped classroom is a student-centered instructional approach that leverages digital technologies such as video streaming and
learning management systems (LMSs) to achieve effective integration of self-directed and instructor-facilitated learning activities
[1-3]. Due to its proven effectiveness and operational flexibility [4-6], the flipped classroom approach has been widely utilized in
higher education and emerged as an increasingly mainstream practice of blended learning in the post-COVID era [7,8], further
obscuring the lines between traditional and online education [9]. A well-designed flipped classroom is known to yield various learning
benefits, including superior learning performance, enhanced behavioral engagement, increased peer interaction, and improved
learning experience [10-13].

While there are various definitions of the flipped classroom in the literature [1,4,14], researchers in general agree that this
approach consists of two sequential phases: pre-class preparation and in-class collaboration. The pre-class preparation usually takes
place in an online learning environment enabled by an LMS where students engaged in self-regulated learning activities such as
watching video lectures, reading assigned materials, taking quizzes, or contributing to asynchronous online discussions [15-17].
Recent literature suggests online discussion as a preferable pre-class learning activity because meaningful reflection and social
interaction are known to promote active learning and group dynamic [4,18], which are essential for the ensuing in-class collaboration.
Consequently, the current study focuses on pre-class discussion as the preparatory work for flipped learning.
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The in-class collaboration of the flipped classroom occurs in brick-and-mortar classroom settings. In this phase, students engage in
meaningful social dialogue and active knowledge construction through instructor-facilitated activities such as problem-solving,
collaborative inquiry, and student presentations [10,13,19]. According to a scoping review by O’Flaherty and Phillips [10], com-
mon collaborative learning activities include solving-problems in groups, case-based activities, role-play simulation, joint assignment,
peer assessment, and group presentation. In sum, owing to their distinct pedagogic purposes and contextual characteristics, the
pre-class and in-class learning behaviors differ substantially in a flipped classroom.

Despite the substantial distinction between its two phases, the flipped classroom approach has often been investigated as a whole,
without in-depth examination of the vast difference between pre-class and in-class behaviors and their varying effect on overall flipped
learning outcomes and perceptions. Consequently, the existing findings on the benefits and limitations of flipped classrooms cannot be
properly attributed at a more detailed level, and little is known regarding the priority of flipped learning behaviors and phases, as well
as their intricate interrelationship. To address this research need, the present study conducted hierarchical linear regression analysis to
investigate the roles of pre-class and in-class learning behaviors in predicting learning performance and experiences in a flipped
classroom at the undergraduate level. The following questions guided our research inquiry:

1. What are the effects of pre-class and in-class instructional phases on students’ flipped learning?
a) Does pre-class discussion significantly predict learning performance and experiences, and to what extent?
b) Does in-class collaboration significantly predict learning performance and experiences, and to what extent?
2. What are the effects of pre-class and in-class learning behaviors on students’ flipped learning?
a) Which pre-class behaviors are significant predictors of learning performance or learning experience, and to what extent?
b) Which in-class behaviors are significant predictors of learning performance or learning experience, and to what extent?
3. What are the possible demographic factors that predict students’ flipped learning performance and experience?

2. Literature review
2.1. The flipped classroom and its benefits

The literature in general supports the effectiveness of the flipped classroom as measured by improved learning performance and
experience [4,10,20,21]. Students participating in flipped classrooms were often found to outperform those receiving traditional
instruction in subject-content exams. For example, Lin [22] conducted an experiment in the context of engineering and showed that the
flipped classroom can significantly increase students’ final test scores by fifteen percent. Similar findings were reported in instructional
contexts such as humanities [21], nursing [23], and chemistry education [24]. With its emphasis on active learning activities and
meaningful student-instructor interactions during the class session [2,25], the flipped classroom is known to promote students’
higher-order thinking skills such as analysis, application, evaluation, and creation [26]. For example, Baepler et al. [27] revealed that
students demonstrated superior problem-solving skills measured by three instructor-generated midterm tests during flipped learning,
and they attributed such learning gain to the enhanced collaboration feature of the flipped classroom. Likewise, Jung et al. [28]
associated flipped learning performance with an enhanced level of knowledge construction in the group among students.

In addition to learning performance, many research studies have identified improved learning experience as a major benefit of
flipped classrooms. By providing students with more time for their self-study, as well as encouraging students to participate in
interactive and higher-level activities, the flipped classroom increases students’ school engagement and promotes learning satisfaction
[29]. For example, Jamaludin and Osman [30] confirmed that the use of a flipped classroom in an instructional design class promoted
active learning and enhanced students’ behavioral, emotional, and cognitive engagement. Meanwhile, other studies have demon-
strated that students exposed to a flipped classroom had a significantly higher level of satisfaction compared with those in a traditional
classroom [31,32]. Enabling a customized learning pace during the pre-class preparation and timely instructor feedback during the
in-class collaboration [16] can effectively promote students’ self-efficacy during flipped learning by reducing the perception of task
difficulty and learning anxiety [31]. However, most of the literature fails to differentiate the pre-class and in-class behaviors when
predicting learning gains in flipped classrooms.

2.2. Pre-class activities in the flipped classroom

The most common pre-class activity is watching lecture videos, some of which are created by instructors [13,33], and some are
open educational resources [34,35]. However, simply imparting instructional content might not be sufficient to prepare students for
in-class interaction in a flipped classroom [19]. Hence, researchers have explored the use of textual materials as pre-learning resources
and achieved good results. For instance, Susantini et al. [36] designed and implemented an e-book to promote students’ metacognitive
learning strategies and achieved high validity and readability. In addition, accomplishing the task assigned by teachers and conducting
asynchronous online discussions were also common pre-class activities, including reporting the hardest topic and the questions to be
clarified [14], answering the questions related to learning content [13], and posting in the discussion forum [37].

Several research studies have described the LMS as a learning space for pre-class learning activities, which provides a seamless,
real-time, and non-invasive measure to gather pre-class behavioral data [37,38], including time spent watching videos or browsing the
course site, the forum post length, and assignment logs. Students’ LMS log data could allow the derivation and interpretation of their
learning strategies for interactions in the design context [35], and DeLozier and Rhodes [19] also emphasized that the evaluation of
flipped classrooms should be guided by objective measures, and the observable measurement could increase the predictive capabilities
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of learning performance [39]. In addition, research studies have measured students’ readiness for pre-class self-study from the level of
cognitive engagement by scoring the content of students’ forum posts [17,40].

2.3. In-class activities in flipped classroom

The literature indicates that the main form of in-class learning activity is group-based collaborative learning through social
interaction and knowledge construction [41,42]. Based on constructivist learning theory, the flipped classroom emphasizes students’
understanding and construction of knowledge in the process of dialogue and communication with others [43]. The literature mentions
that common forms of collaborative learning in in-class include discussion [44], task/project completion [45], and joint inquiry [46,
47]. For example, Zheng et al. [13] adopted the flipped classroom in a seventh-grade information technology class, and participants in
the class were divided into groups and asked to collaborate on a DVD cover design task. As an internal cognitive process, knowledge
construction reflects students’ higher-order thinking skills, such as understanding, evaluation, and creation of knowledge, which
usually occur in overt discussions [48,49]. Wilhelm-Chapin and Koszalka [50] have suggested that students can complete knowledge
construction in the process of drawing concept maps, knowledge bases, and infographics.

In the process of collaboration, one of the most common behaviors is interaction, which can include providing suggestions, giving
feedback, and guiding thinking. When students engage in face-to-face discussion, one person is listening while the others express
opinions, and this interaction is helpful for developing problem-solving skills [51]. Previous research has demonstrated that a high
level of student-student interaction can improve the learning experience [52] and positively influence learning outcomes [53,54].
Researchers have also observed that leadership behavior, such as distributing tasks and making decisions, emerges from the collab-
orative process. It is confirmed that students who self-identify as leaders show higher academic performance and social self-efficacy
[55]. Moreover, off-task behaviors can also occur during collaboration [38], such as looking around or having sluggish eyes; this can be
considered irrelevant behavior. It has been revealed that irrelevant behaviors have negative impacts on learning gains and may be
related to students’ negative emotions, such as boredom and frustration [56,57].

2.4. Individual differences in flipped classrooms

The impact of individual difference on learning has been recognized in the literature [58,59]. In particular, learner characteristics
such as learning interest and prior academic achievement are known to be important predictors of learning performance and expe-
rience. Research studies have identified learning interest as a key construct affecting learning motivation and facilitating cognitive
function [60], as well as being associated with academic achievement [61]. High interest may evoke fuller, more adequate, and more
creative responses, which can promote more interaction behaviors among students in a class [62].

In addition, academic achievement—as represented by grade point average (GPA) or standardized exam scores, such as the ACT
(American College Testing)—not only is able to predict learning performance in traditional classrooms [63] but has also been shown to
be a powerful factor affecting success in flipped classrooms [64]. Research studies have demonstrated that, all things being equal,
students with higher GPAs may have better study skills, better time-management skills, more motivation, and greater self-regulated
skills than students with a lower GPA in technology-enhanced learning environments [65,66]. Consequently, student characteris-
tics such as learning interest and prior GPA were also included as possible predictors of flipped learning in this study.

Classroom collaborative learning
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Fig. 1. The flipped classroom process.
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3. Method
3.1. Participants

The participants in this study were 44 first-year undergraduate students (age: 18-20) majoring in educational technology from
Central China Normal University, a top-tier research university in China. Of the participants, 25% were male (n = 11), and 75% were
female (n = 33). The mean value of the participants’ GPA in the last school semester was 82.32 (SD = 4.100, Max: 90, Min: 73),
suggesting moderate variance among the participants. Participants voluntarily selected their group members, and each group con-
sisted of 5-7 participants.

This study was conducted in accordance with the ethical standards of the Helsinki Declaration. The research protocol and in-
struments of the present study were reviewed and approved by the Institutional Review Board of Central China Normal University
(CCNU-IRB-202103019, approved on 2021/03/16). All participants provided their written informed consent to participate in this
study. They were made aware that their participation was completely voluntary, and their personal identifiable information would not
appear in any future publications and presentations.

3.2. Research context and procedure

The research study was implemented in the Introduction to Educational Technology course in the spring semester of the under-
graduate course. Introduction to Educational Technology focuses on learning theory and instructional design, emphasizing students’
understanding and construction of knowledge. The fourth week’s lesson employed the flipped classroom approach, which included
pre-class self-study, in-class group-based collaborative learning, and after-class testing, as shown in Fig. 1.

The participants were required to complete the pre-class self-study on the Xiaoya platform (http://www.ai-augmented.com/), an
LMS that supports a variety of teaching services. The learning content includes two video clips (12 min in total) and five relevant
papers uploaded by the instructor. After completing the self-study, participants were required to post their views and reflections on the
study materials in the LMS.

In-class activities included two parts: The first part was group collaborative learning. Before the start of the in-class collaboration
learning, the research team placed a camera and a microphone in the best shooting position for each group and read out instructions to
the participants, informing them that the activities in this class would be filmed but that their learning performance would not affect
their grades in the course. The instructor listed 45 key terms related to educational technology, which were classified into four cat-
egories: representative scholars (12 items), instructional theories (9 items), instructional media (15 items), and landmark events (9
items). Each group selected a category and discussed how to present these keywords in chronological order. In the second part, the
instructor randomly selected four groups responsible for different themes to present their work to the whole class.

After the class, students had one week to review the content, and made a mind map around the relevant content, which they then
submitted to the Xiaoya platform. We also had students take a knowledge test and complete the Learning Experience Questionnaire
(LEQ) prior to the next class.

3.3. Data collection and analysis

3.3.1. Predictors

This study collected learner characteristics as control variables, and pre-class and in-class behaviors as predictors of flipped
learning. The key information for the research variables, such as measuring constructs, operational definitions, and data sources, is
listed in Table 1. Learner characteristic variables included students’ interests and self-reported prior GPA, which were collected by the
LEQ developed by the research team. The pre-class behaviors included post length and post quality, which were collected from the
forum logfile. The in-class behaviors such as interaction and irrelevant actions were captured by the video cameras.

For the pre-class behaviors, the first and third authors counted the length of the posts and rated the posts on the criteria of both
accuracy and reflective, each accounted for 50% of the total score (100). Accuracy means that the post accurately answers the dis-
cussion question, and reflexivity means that the post not only shows mastery of the knowledge, but also provides reflective analysis and
commentary. For example, when asked about the key stages of educational technology, the following post received 90 rating because it
correctly identified the development stages in chronological order and included the following reflective argument: “I think the process

Table 1
The measurement of learner characteristics, pre-class behaviors, and in-class behaviors.
Construct Variables Definition Source
Learner characteristics Interests Learner interest in the educational technology major LEQ
Prior GPA Participant’s GPA in the previous academic year LEQ
Pre-class behaviors Post length Number of words posted Logfile
Post quality Rating of post quality for accuracy and reflection Logfile
In-class behaviors Interaction behaviors Number of verbal (conversation) and nonverbal (gesture, eye contact, etc.) interactions Video recording
Irrelevant behaviors Actions irrelevant to learning task (disruption, distraction, chitchat, etc.) Video recording

Note: LEQ: learning experience questionnaire; GPA: grade point average.
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and results of teaching are very important, and we should always look at the whole process of teaching from a holistic, comprehensive and
developing perspective”. Contrarily, if a post simply described the timeline of technology development without commentary would
receive zero score on the criterion of reflexivity. After ensuring that the internal consistency coefficient reached above 0.9, the average
of the two researchers’ scores was used as the post’s final score.

We used video cameras to record the whole process of student discussions to examine in-class behaviors. The video capture device
used was a DJI POCKET 2, which has 64 megapixels and 4 K resolution, and it works with a microphone to ensure the video and sound
are sufficiently clear. The video encoding process consisted of two phases. In the first phase (March-April 2022), we divided the video
recordings into 1-min segments, forming the units of analysis, and each 1-min segment was divided into 15-s minimum coding units,
because most learning events can be captured in such segments, while the workload remains manageable for manual coding. When
participants engaged in one of the target behaviors, we observed the duration (T) and calculated the times (n) according to the
following equation: n = T/15 s (remainder = 0), orn = T/15 s + 1 (remainder # 0). For example, if a student continuously talked with
others for 17 s, the time for “interaction behaviors” was coded as 2, while if a student remained distracted for 15 s, the time for
“irrelevant behaviors” was coded as 1. The total length of the video was 30 min, which was divided into 30 encoded segments.

Using the coding framework in Table 1, the first and third authors freely encoded approximately 30% of the video segments with
the aim of further validating and revising the tentative encoding protocol. After completing the encoding protocol, we launched the
second phase (April-May 2022), recruiting 14 undergraduate students as volunteers to encode the video segments. Volunteer coders
all received 2 h of rigorous coding training and passed coding assessments based on a 15-min sample video. Each video segment was
coded by two persons to ensure inter-rater reliability. Any controversial issues and disagreements that arose during the coding process
were resolved through weekly discussions by the research team. Upon reaching satisfactory reliability, the mean score of the two
coders was used as the final encoding statistic.

3.3.2. Outcome variables

In this study, learning performance and learning experience were selected as the outcome variables. Learning performance was
comprehensively evaluated by the multiple-choice knowledge test score and individual assignment score. Informed by the Bloom’s
taxonomy of cognitive learning objectives [67], the knowledge test was designed to measure participants’ lower-order thinking such as
recall and comprehension while the assignment to measure higher-order thinking such as analysis and creation. Meanwhile, partic-
ipants’ learning experience was measured in four dimensions (i.e., behavioral engagement, affective engagement, cognitive engage-
ment, and learning satisfaction). It is important to know that the data of all outcome variables were collected at the end of the flipped
learning, after the in-class collaboration session. The definition and instruments are listed in Table 2.

The knowledge test aimed to examine students’ recall and comprehension of key concepts from the lectures and reading materials,
which consisted of 10 multiple-choice questions on the instructional topic (the history of educational technology). The test items were
developed by the researchers and revised by two experienced teachers to ensure its test validity.

The mind map assignment was based on the collaborative learning task during the in-class session, which required individual
participants to arrange historical events of educational technology (e.g., scholars, events, theories, and technologies) in the correct
chronological order depict their proper relations. This assignment was designed from the perspective of generative learning to measure
students’ reconstruction of knowledge and synthesizing ability. For the assignment score, the first and third authors rated the as-
signments based on four criteria: completeness, accuracy, integration, and divergence. Completeness refers to whether the mind map
involves all key historical events as instructed; Accuracy refers to whether the mind map correctly depicts the chronological order and
the relations of the events; Integration means that the mind map is an integrated conceptual presentation of the historical elements
rather than a simple list of them; Divergence refers to the degree of variety and originality of the relations and classifications in the
mind map. After ensuring that the internal consistency coefficient reached above 0.9, the average of the two researchers’ scores was
used as the assignment final score.

The LEQ for the flipped classroom consisted of 36 items (including 30 items scored on a 5-point Likert scale), informed by learning
engagement, including four dimensions: behavioral engagement [68], affection [69], cognitive engagement [70], and learning
satisfaction (See Appendix A). The total Cronbach’s alpha value of the LEQ was 0.955, and Cronbach’s alpha values of the first and
second parts of the LEQ were 0.946 and 0.844, respectively. Such results support the reliability of the LEQ instrument, showing that it
can consistently measure learning experiences in the flipped classroom. The LEQ was created using an online survey tool and could be
accessed with mobile devices.

Table 2
The measurement of learning performance and experience.
Construct Variables Definition Instrument
Learning performance Test score Score received in a 10-item multiple-choice test Knowledge test
Assignment score Mind map quality rating based on the four evaluation criteria Mind map
Learning experience Behavioral engagement Behavioral participation in pre-class activities and in-class collaboration LEQ
Affective engagement Mean rating of emotion and attitude towards pre- and in-class phases LEQ
Cognitive engagement Mean rating of all items in this sub-scale of engagement LEQ
Deep engagement Perceived engagement in higher-order thinking activities
Shallow engagement Perceived engagement in recall and comprehension activities
Learning satisfaction Students’ evaluation of their flipped learning experience LEQ

Note: LEQ: learning experience questionnaire.
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3.3.3. Data analysis

The two main data analysis methods utilized in this study were Pearson’s correlation and hierarchical linear regression. We first
explored the relationship among variables using Pearson’s correlation, and then screened potential variables to be entered into the
hierarchical linear regression model. To answer the three research questions, we constructed three hierarchical linear regression
models with test score, assignment score, and learning experience rating as the dependent variable for each model, respectively. We
put the learner characteristics as control variables in the first block of the regression model and put the pre-class and in-class behaviors
variables as independent variables in the second and third blocks, respectively. In addition, we conducted a series of analyses such as
Levene’s test, the VIF (Variance Inflation Factor) and tolerance values, and Durbin—-Watson statistics, to ensure all statistical as-
sumptions of linear regression were met. Data analysis was conducted using IBM SPSS software (version 25).

4. Results
4.1. Descriptive and correlational results

Correlation analysis was performed to determine the relationships among learner characteristic variables, pre-class behavior
variables, in-class behavior variables, learning performance, and learning experience. The preliminary results for the descriptive
statistics and Person’s correlation coefficients are shown in Table 3. In terms of learning performance, prior GPA, post quality, and
irrelevant behaviors were not correlated with test scores, while interest was positively significantly correlated with test score (r =
0.340), and post length and interaction behaviors were significantly negatively correlated with test score (r = —0.321). In addition,
only the post quality was significantly positively related to the assignment score (r = 0.565). For learning experience, interest and prior
GPA were significantly positively correlated with learning engagement (r = 0.537; r = 0.426), while prior GPA was negatively
correlated with learning satisfaction (r = —0.346). It is important to note that no significant correlation was found between the test
score and the assignment score. A possible explanation is that the knowledge test and mind map assignment were designed to measure
different types of learning performance, with the former focusing on lower-order thinking and the latter on higher-order thinking.

4.2. Predictors of learning performance

Hierarchical linear regression was conducted to investigate the predictive effect of pre-class and in-class behaviors on learning
performance. As shown in Table 4, when the outcome variable was the test score, the predictive ability of the final model was 28.8%,
and learner characteristics and classroom behavior had significant predictive effects on test scores (Adj. R% = 0.126, p < 0.05; Adj. R2
= 0.288, p < 0.05). In addition, it was found that interaction behaviors significantly predicted test scores (8 = —0.315, p < 0.05).

Table 5 presents the regression model results for learner characteristics, pre-class behaviors, and in-class behaviors on assignment
scores. As the table indicates, the predictor of this model is very different from the prediction model for test scores. In particular,
learner characteristics and in-class behaviors had no predictive ability for the assignment score. By contrast, when pre-class behavior
was included, the explained variance was 27.7% (Adj. RZ = 0.277, p < 0.001), reaching a statistically significant level; when in-class
behavior was included, the explained variance dropped to 23.9%, indicating that in-class behavior is not a good predictor of
assignment scores. The result suggests that post quality could significantly predict assignment scores ($ = 0.686, p < 0.001).

4.3. Predictors of learning experience

Hierarchical linear regression analysis was used to predict the learner characteristics, pre-class discussion, and in-class collabo-
ration on learning experience. It can be seen from the data in Table 6 that learner characteristics and in-class behaviors could
significantly predict learning engagement, with a predictive ability of 33.3% and 39.4% (Adj. R? = 0.333, p < 0.000; Adj. R? = 0.394, p
< 0.000), respectively. Interests could positively significantly predict learning experience ( = 0.536, p < 0.000); however, neither pre-
class nor in-class behaviors predicted learning engagement.

Table 3
Correlation analysis between variables.
Mean SD 1 2 3 4 5 6 7 8 9 10
1 3.390 0.579 1 0.002 —0.027 —0.319* —0.322* —0.048 0.340* —0.238 0.539%** 0.426**
2 82.323 4.100 1 —-0.126 —0.082 - 0.097 0.047 0.226 —0.048 —0.270 —0.346*
3 691 354.072 1 0.654*** 0.205 0.136 —0.321* 0.254 0.032 0.114
4 73.466 13.321 1 0.213 0.035 —0.234 0.565%** —0.243 0.154
5 10.886 7.879 1 —0.005 —0.446** 0.088 0.069 0.048
6 0.591 1.304 1 —0.260 0.008 —0.234 —0.093
7 27.61 7.738 1 -0.171 0.092 0.043
8 75.443 17.983 1 -0.221 0.222
9 3.961 0.437 1 0.721**
10 3.671 0.590 1

Note: ®1: Interest, 2: Prior GPA, 3: Post length, 4: Post quality, 5: Interaction behaviors, 6: Irrelevant behaviors, 7: Test score, 8: Assignment score, 9:
Learning engagement, 10: learning satisfaction; ®*p < 0.05, ***p < 0.001.
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Table 4
Hierarchical linear regression analysis results of test score.
Factors Adjusted R? AR? AF SE i t
Learner characteristics Interests 0.126 0.166 4.088* 1.980 0.257 1.736
Prior GPA 0.048 0.180 1.383
Pre-class behaviors Post length 0.184 0.094 2.469 0.004 —0.272 —1.496
Post quality 0.108 0.116 0.624
In-class behaviors Interaction behaviors 0.288 0.127 3.849* 0.139 —-0.315 —2.259*
Irrelevant behaviors 0.778 —0.225 -1.718

Note: *p < 0.05, ***p < 0.001; SE: Standard Error.

Table 5
Hierarchical linear regression analysis results of assignment score.
Factors Adjusted R? AR? AF SE i} t
Learner characteristics Interests 0.013 0.059 1.281 4.758 —0.034 —0.221
Prior GPA 0.115 —0.020 —0.146
Pre-class behaviors Post length 0.277 0.285 * 0.010 —-0.193 —-1.026
Post quality 0.260 0.686 3.556%**
In-class behaviors Interaction behaviors 0.239 0.001 0.027 0.333 —0.032 —0.220
Irrelevant behaviors 1.869 0.009 0.069
Note: *p < 0.05, ***p < 0.001; SE: Standard Error.
Table 6
Hierarchical linear regression analysis results of learning engagement.
Factors Adjusted R? AR? AF SE B t
Learner characteristics Interests 0.333 0.364 11.726%** 0.103 0.536 3.922%**
Prior GPA 0.002 —0.239 —2.239
Pre-class behaviors Post length 0.322 0.021 0.826 0 0.146 0.870
Post quality 0.006 —-0.230 —1.334
In-class behaviors Interaction behaviors 0.394 0.094 3.323* 0.007 0.237 1.839
Irrelevant behaviors 0.081 —0.207 -1.715

Note: *p < 0.05, ***p < 0.001.

When the outcome variable was learning satisfaction, only learner characteristics had a significant predictive effect (Adj. R% =
0.268, p < 0.000). Table 7 indicates that students’ interest in their major and prior GPA could significantly predict learning satis-
faction. The higher the students’ interest, the higher the learning satisfaction (# = 0.410, p < 0.000), while the higher the prior GPA,
the lower the learning satisfaction (f = —0.321, p < 0.05).

5. Discussion and conclusion

This study investigated the roles of the two phases of the flipped classroom—pre-class discussion and in-class collaboration—in
influencing learning performance and learning experience. The results revealed that pre-class discussion can significantly predict
students’ assignment scores, and the quality of students’ posts in the forum had a significant impact on their assignment scores.
However, in-class collaboration could significantly predict students’ test scores and learning experiences, and interaction behavior was
a significant predictor of test scores. In addition, we examined the influence of learner characteristics, and the results demonstrated
that students’ interest in the major and their prior GPA could significantly affect learning performance and experience. This section
provides theoretical explanations for the research findings and proposes meaningful practical guidance for the implementation of
flipped classrooms.

Table 7
Hierarchical linear regression analysis results of learning satisfaction.
Factors Adjusted R? AR? AF SE i} t
Learner characteristics Interests 0.268 0.302 8.870 *** 0.155 0.410 2.697%**
Prior GPA 0.004 -0.321 —2.398*
Pre-class behaviors Post length 0.260 0.027 0.786 0 0.202 1.081
Post quality 0.008 —0.211 —1.105
In-class behaviors Interaction behaviors 0.251 0.027 0.767 0.011 0.153 1.066
Irrelevant behaviors 0.122 —-0.078 —-0.578

Note: *p < 0.05, ***p < 0.001; SE: Standard Error.
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5.1. Flipped learning phases and their predictive capacity

Both pre-class discussion and in-class collaboration had a limited impact on flipped learning performance in this study, and their
impact varied with the different types of learning outcomes. Consistent with a previous study [64], pre-class discussion was found to
significantly predict the final learning outcome measured by assignment quality rating. Particularly, the mind map creation assign-
ment indicated that students’ generative learning performance was largely owing to quality pre-class discussion behaviors rather than
their social interaction during in-class activities. A possible explanation is that, in the process of in-class collaboration, students tended
to focus on the hasty completion of the task at hand due to the limited class time, thus lacking higher-order thinking opportunities such
as synthesis and reflection. During the pre-class phase, by contrast, students were able to study the learning materials independently
and repeatedly, and active engagement with the learning resources is known to promote generative learning outcomes [50].

Interestingly, inconsistent with previous findings [12], the study results revealed that the in-class collaboration only negatively
predicted test scores, indicating students who were more active in in-class collaboration may have lower test scores. One possible
reason is that several students only focused on the collaboration process, such as agreeing on the division of labor and determining the
presenter, but lacked attention to the knowledge content, thus achieving superficial rather than meaningful collaboration. In addition,
because of the 1-h time limit for the in-class collaboration, there was insufficient time for students to internalize the constructed
knowledge. Another possible explanation is that the in-class collaboration suffered from instances of irrelevant behaviors such as idle
chitchat and mobile phone surfing. The prevalence of such behaviors is known to have a detrimental influence on collaboration
performance [71].

Compared with flipped learning performance, students’ flipped learning experiences were rarely determined by either of the
flipped learning phases (pre-class and in-class). The only exception was that students’ in-class collaboration was found to increase the
capacity for predicting learning engagement to a small degree (AR? = 0.094). One possible reason is that students’ participation in
forum discussions was shallow, featuring “essay-type posting” [72] with insufficient meaningful interactions among peers, which is
considered a key factor to improve the learning experience [73]. Another explanation could be that although there are many by-
standers in the process of in-class collaboration, they can still acquire good learning experience through observing or listening without
the pressure of actively participating in group tasks and conversations. Contrarily, active learners might be more anxious to complete
the task at hand and thus report inferior learning experience.

5.2. Specific behaviors as flipped learning predictors

In addition, we examined the influence of specific behaviors on flipped learning and identified pre-class post quality and in-class
interaction behaviors as important predictors of flipped learning performance. Students who generated high-quality posts during pre-
class discussion were more likely to submit a high-quality assignment, suggesting that it is quality rather than quantity of pre-class
forum discussion that promotes higher-order learning outcomes [72]. According to Chen and Yeh [74], post quality is a good indi-
cator of a student’s willingness and agency to engage in active learning, and students with those traits also tend to hand in high-quality
assignments.

One unanticipated finding was the negative correlation between students’ in-class interaction behaviors and their test performance.
This correlation might be explained by cognitive load theory [75]: social interactions for the purpose of coordination and management
are considered extraneous cognitive load, the increase in which reduces germane cognitive load for processing and rehearsing new
information, thus causing poor performance in knowledge recall and retention as measured by objective testing. In addition, the leader
with more interaction behaviors does not guarantee improved learning performance, as the added responsibility might negatively
affect knowledge acquisition.

5.3. The importance of individual differences in the flipped classroom

Another interesting finding is that learning interest and prior academic achievement significantly predicted learning experience.
Students with high interest in learning showed more engagement and higher satisfaction. According to Ning and Downing [76],
students with high learning interest generally have high intrinsic learning motivation, and enhanced learning motivation is known to
result in improved learning experience. Students with higher prior academic achievement, however, reported worse learning expe-
rience marked by lower learning satisfaction. A likely reason is that high-achieving students are more demanding and have higher
expectations of the course, while low-achieving students benefit more from cooperation and collaborative practice and thus perceive
their flipped learning experience more positively (Sergis et al., 2018).

5.4. Practical implications

Based on the research findings, we propose several implications for creating effective flipped classrooms. First, in the process of
implementing a flipped classroom, the importance of pre-class discussion should be emphasized for better learning outcomes. Teachers
need to provide well-designed self-study materials and tasks to enhance the quality of pre-class learning, which can lead to better
preparation for in-class activities. Second, teachers should be aware of the potential negative effects of excessive social interaction
during the in-class learning process, as it might prove to be a distraction to certain students, such as group leaders, who might spend too
much time on coordination instead of learning. Third, instructors should seek to diminish the influence of individual differences during
flipped learning. Special attention needs to be paid to students with low learning interest and high academic achievement, as they are
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likely to withdraw from the flipped learning process cognitively due to their negative learning experience.
5.5. Limitations and future research

There are several limitations to this study. First, the participants were selected from a single course offered by a top-tier university
using convenience sampling, of which the gender ratio and overall high learning achievement level suggest that this sample might not
be representative of the entire college student population, thus undermining the generalizability of the study results. Second, due to the
small sample size, the number of predictors in the regression model was limited; the small sample size thus reduced the statistical
power of our analysis in this study, making it prone to Type II error. Third, the research instruments for measuring learning perfor-
mance (i.e., the knowledge test and the assignment grading rubric) were developed specifically for the course content. While the
preliminary evidence supports their inter-rater reliability and content validity, the criterion and construct validity need to be further
verified. Finally, the pre-class and in-class behaviors occurred sequentially, and their possible synergistic effects on flipped learning
cannot be ruled out. Consequently, we recommend conducting future research in varied instructional contexts with more accurate
flipped learning constructs, more diversified empirical data, and more advanced statistical methods to enhance the credibility,
generalizability, and interpretability of the study results.

6. Conclusion

This study differentiated the impact of two flipped learning phases, pre-class discussion and in-class collaboration, on college
students’ learning performance and experience in a flipped classroom. Several specific learning behaviors and learner characteristics
were identified as significant predictors of student performance and experience, including post quality, interaction behaviors, learning
interest, and academic achievement. The study results confirm the importance of pre-class preparation for flipped learning perfor-
mance, prompting us to re-evaluate the role of in-class collaboration on the flipped learning experience and highlighting the
importance of students’ initial interest and prior achievement as confounding factors.
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Appendix A. Learning Experience Questionnaire
Part One: Basic Information
. Name:
. Gender:
Age:
. Student ID:
. Prior GPA:

. I am very interested in educational technology ()
A. Strongly disagree

oUlA WN
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B. Disagree

C. In general

D. Agree

E. Strongly agree

Part Two

This section is about views on flipped classroom activities. There are 30 question descriptions below, ranging from “strongly
disagree-strongly agree” to 5 levels, please choose according to your actual situation.

Behavioral engagement

1. I actively participated in the pre-class discussion.
2. I actively participated in the in-class collaboration.
3. I completed the pre-class discussion on time.
4. I completed the in-class collaboration on time.
5. During the pre-class discussions, I interacted with other group members.
6. During the in-class collaboration, I interacted with other group members.
Affective engagement
1. I was interested in the pre-class discussion.
2. I was interested in the in-class collaboration.
3. I'had a lot of fun during the pre-class discussions.
4. Thad a lot of fun during the in-class collaboration.
5. Regardless the difficulty level and learning task of the pre-class discussion, I believed that I could complete it efficiently.
6. Regardless the difficulty level and learning task of the in-class collaboration, I believed that I could complete it efficiently.
7. I hope that my participation in the pre-class discussion can benefit my group members.
8. I hope that my participation in the in-class collaboration can benefit my group members.
9. During the pre-class discussion, I recognized and appreciated the peer contributions.
10. During the in-class collaboration, I recognized and appreciated the peer contributions.

11. I could feel my value to my peers in the pre-class discussions.
12. I could feel my value to my peers in the in-class collaboration.

Cognitive engagement
Deep engagement

. During the pre-class discussions, I tried to integrate different pieces of information from course materials in new ways.

. During the in-class collaboration, I tried to integrate different pieces of information from course materials in new ways.

. When I finished the pre-class discussion, I would analyze it to see if there was more than one way to get the right answer.

. When I finished the in-class collaboration, I would analyze it to see if there was more than one way to get the right answer.

A WN

Shallow engagement

. I tried to memorize the steps for solving problems presented in the pre-class discussion.

. I tried to memorize the steps for solving problems presented in the in-class collaboration.

. Reviewing the messages in the pre-class discussion was useful to study for test preparation.
. Reviewing the solved problems in the in-class collaboration was useful for test preparation.

A WN R

Learning satisfaction

. Overall, I liked the pre-class discussion.

. Overall, I liked the in-class collaboration.

. I would like to recommend the pre-class discussion for future flipped classrooms.

. I would like to recommend the in-class collaboration activity for future flipped classrooms.

A WN -

References

[1] S. Aaron, B. Jonathan, Flip your students’ learning, Educ. Leader 70 (6) (2013) 16-20.

10


http://refhub.elsevier.com/S2405-8440(23)02441-6/sref1

T. Chen et al. Heliyon 9 (2023) e15234

[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]
[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

M.K. Kim, S.M. Kim, O. Khera, J. Getman, The experience of three flipped classrooms in an urban university: an exploration of design principles, Internet High.
Educ. 22 (2014) 37-50, https://doi.org/10.1016/j.iheduc.2014.04.003.

H. Luo, T. Yang, J. Xue, M. Zuo, Impact of student agency on learning performance and learning experience in a flipped classroom, Br. J. Educ. Technol. 50 (2)
(2019) 819-831, https://doi.org/10.1111/bjet.12604.

L. Cheng, A.D. Ritzhaupt, P. Antonenko, Effects of the flipped classroom instructional strategy on students’ learning outcomes: a meta-analysis, Educ. Technol.
Res. Dev. 67 (4) (2019) 793-824, https://doi.org/10.1007/s11423-018-9633-7.

J.K. Nachatar Singh, S. Nagpal, S. Inglis, J. Jacob-John, International students’ experiences in a flipped classroom environment: an Australian perspective, Int. J.
Educ. Manag. 30 (6) (2019) 1303-1315, https://doi.org/10.1108/ijem-11-2018-0362.

L.Q. Zheng, K.K. Bhagat, Y.Y. Zhen, X. Zhang, The effectiveness of the flipped classroom on students’ learning achievement and learning motivation: a meta-
analysis, Educ. Technol. Soc. 23 (1) (2020) 1-15.

M.S.H. Khan, B.O. Abdou, Flipped classroom: how higher education institutions (HEIs) of Bangladesh could move forward during COVID-19 pandemic, Soc. Sci.
Humanit. Open 4 (1) (2021), 100187, https://doi.org/10.1016/j.ssah0.2021.100187.

T. Tang, A.M. Abuhmaid, M. Olaimat, D.M. Oudat, M. Aldhaeebi, E. Bamanger, Efficiency of flipped classroom with online-based teaching under COVID-19,
Interact. Learn. Environ. (2020) 1-12, https://doi.org/10.1080/10494820.2020.1817761.

B.B. Lockee, Online education in the post-COVID era, Nat. Electron. 4 (1) (2021) 5-6, https://doi.org/10.1038/541928-020-00534-0.

J. O’Flaherty, C. Phillips, The use of flipped classrooms in higher education: a scoping review, Internet High. Educ. 25 (2015) 85-95, https://doi.org/10.1016/j.
iheduc.2015.02.002.

E.E. Olakanmi, The effects of a flipped classroom model of instruction on students’ performance and attitudes towards chemistry, J. Sci. Educ. Technol. 26 (1)
(2017) 127-137, https://doi.org/10.1007/s10956-016-9657-x.

J.C.Y. Sun, Y.T. Wu, Analysis of learning achievement and teacher-student interactions in flipped and conventional classrooms, Int. Rev. Res. Open Dist. Learn.
17 (1) (2016), https://doi.org/10.19173/irrodl.v17i1.2116.

X.L. Zheng, H.S. Kim, W.H. Lai, G.J. Hwang, Cognitive regulations in ICT-supported flipped classroom interactions: an activity theory perspective, Br. J. Educ.
Technol. 51 (1) (2020) 103-130, https://doi.org/10.1111/bjet.12763.

L.R. Murillo-Zamorano, J.A. Lépez Sénchez, A.L. Godoy-Caballero, How the flipped classroom affects knowledge, skills, and engagement in higher education:
effects on students’ satisfaction, Comput. Educ. 141 (2019), 103608, https://doi.org/10.1016/j.compedu.2019.103608.

S.R. Hanieh, R. Ali, R.D. Masoud, Flipping EFL learners’ writing classroom through role-reversal and discussion-oriented models, Lang. Learn. Technol. 25 (2)
(2021) 158-177.

C.L. Lai, G.J. Hwang, A self-regulated flipped classroom approach to improving students’ learning performance in a mathematics course, Comput. Educ. 100
(2016) 126-140, https://doi.org/10.1016/j.compedu.2016.05.006.

Y.N. Lin, L.H. Hsia, G.J. Hwang, Promoting pre-class guidance and in-class reflection: a SQIRC-based mobile flipped learning approach to promoting students’
billiards skills, strategies, motivation and self-efficacy, Comput. Educ. 160 (2021), 104035, https://doi.org/10.1016/j.compedu.2020.104035.

J. Jovanovic, N. Mirriahi, D. Gasevi¢, S. Dawson, A. Pardo, Predictive power of regularity of pre-class activities in a flipped classroom, Comput. Educ. 134
(2019) 156-168.

S.J. DeLozier, M.G. Rhodes, Flipped classrooms: a review of key ideas and recommendations for practice, Educ. Psychol. Rev. 29 (1) (2017) 141-151, https://
doi.org/10.1007/510648-015-9356-9.

L.T. Awidi, M. Paynter, The impact of a flipped classroom approach on student learning experience, Comput. Educ. 128 (2019) 269-283, https://doi.org/
10.1016/j.compedu.2018.09.013.

H.T. Hung, Flipping the classroom for English language learners to foster active learning, Comput. Assist. Lang. Learn. 28 (1) (2015) 81-96, https://doi.org/
10.1080/09588221.2014.967701.

Y.T. Lin, Impacts of a flipped classroom with a smart learning diagnosis system on students’ learning performance, perception, and problem solving ability in a
software engineering course, Comput. Hum. Behav. 95 (2019) 187-196, https://doi.org/10.1016/j.chb.2018.11.036.

K. Missildine, R. Fountain, L. Summers, K. Gosselin, Flipping the classroom to improve student performance and satisfaction, J. Nurs. Educ. 52 (10) (2013)
597-599, https://doi.org/10.3928,/01484834-20130919-03.

J.F. Eichler, J. Peeples, Flipped classroom modules for large enrollment general chemistry courses: a low barrier approach to increase active learning and
improve student grades, Chem. Educ. Res. Pract. 17 (1) (2016) 197-208, https://doi.org/10.1039/c5rp00159%.

A. Roehl, S.L. Reddy, G.J. Shannon, The flipped classroom: an opportunity to engage millennial students through active learning strategies, J. Fam. Consum. Sci.
105 (2) (2013) 44-49, https://doi.org/10.14307/jfcs105.2.12.

L.W. Anderson, D.R. Krathwohl, A taxonomy for learning, teaching, and assessing: a revision of bloom’s taxonomy of educational objectives, Longman (2001)
323-331.

P. Baepler, J.D. Walker, M. Driessen, It’s not about seat time: blending, flipping, and efficiency in active learning classrooms, Comput. Educ. 78 (2014) 227-236,
https://doi.org/10.1016/j.compedu.2014.06.006.

H.J. Jung, S.W. Park, H.S. Kim, J.C. Park, The effects of the regulated learning-supported flipped classroom on student performance, J. Comput. High Educ. 34
(1) (2022) 132-153, https://doi.org/10.1007/s12528-021-09284-0.

G. Akgayir, M. Akcayir, The flipped classroom: a review of its advantages and challenges, Comput. Educ. 126 (2018) 334-345, https://doi.org/10.1016/j.
compedu.2018.07.021.

R. Jamaludin, S.Z.M. Osman, The use of a flipped classroom to enhance engagement and promote active learning, J. Educ. Pract. 5 (2) (2014) 124-131.

S. Sergis, D.G. Sampson, L. Pelliccione, Investigating the impact of flipped classroom on students’ learning experiences: a self-determination theory approach,
Comput. Hum. Behav. 78 (2018) 368-378, https://doi.org/10.1016/j.chb.2017.08.011.

R. Yilmaz, Exploring the role of e-learning readiness on student satisfaction and motivation in flipped classroom, Comput. Hum. Behav. 70 (2017) 251-260,
https://doi.org/10.1016/j.chb.2016.12.085.

R. Zeng, L.R. Xiang, R.Z. Yue, J. Zeng, X.H. Wan, C. Zuo, Friend or foe? Flipped classroom for undergraduate electrocardiogram learning: a randomized
controlled study, BMC Med. Educ. 17 (1) (2017) 53, https://doi.org/10.1186/s12909-017-0881-8.

Y. Li, M.H. Zhang, C.J. Bonk, W.J. Zhang, Y.Q. Guo, Open educational resources (OER)-based flipped classroom practice in an undergraduate course, in: F.Q. Lai,
J.D. Lehman (Eds.), Learning and Knowledge Analytics in Open Education, Springer, Cham, Switzerland, 2017, pp. 109-123.

F.H. Wang, Interpreting log data through the lens of learning design: second-order predictors and their relations with learning outcomes in flipped classrooms,
Comput. Educ. 168 (2021), 104209, https://doi.org/10.1016/j.compedu.2021.104209.

E. Susantini, R.P. Puspitawati, Raharjo, H.L. Suaidah, E-book of metacognitive learning strategies: design and implementation to activate student’s self-
regulation, Res. Pract. Technol. Enhanc. Learn. (RPTEL) 16 (1) (2021) 13, https://doi.org/10.1186/s41039-021-00161-z.

F.H. Wang, On the relationships between behaviors and achievement in technology-mediated flipped classrooms: a two-phase online behavioral PLS-SEM
model, Comput. Educ. 142 (2019), 103653, https://doi.org/10.1016/j.compedu.2019.103653.

C.R. Henrie, L.R. Halverson, C.R. Graham, Measuring student engagement in technology-mediated learning: a review, Comput. Educ. 90 (2015) 36-53, https://
doi.org/10.1016/j.compedu.2015.09.005.

A. Pardo, F. Han, R.A. Ellis, Combining university student self-regulated learning indicators and engagement with online learning events to predict academic
performance, IEEE Trans. Learn. Technol. 10 (1) (2017) 82-92, https://doi.org/10.1109/t1t.2016.2639508.

K. Hanselman, L.P. Liu, Characteristics of initial posts and peer engagement: density score analyses for social presence in online discussions, J. Educ. Technol.
Dev. Exch. 14 (2) (2021) 41-74, https://doi.org/10.18785/jetde.1402.03.

H. French, A. Arias-Shah, C. Gisondo, M.M. Gray, Perspectives: the flipped classroom in graduate medical education, NeoReviews 21 (3) (2020) e150-e156,
https://doi.org/10.1542/neo.21-3-e150.

11


https://doi.org/10.1016/j.iheduc.2014.04.003
https://doi.org/10.1111/bjet.12604
https://doi.org/10.1007/s11423-018-9633-7
https://doi.org/10.1108/ijem-11-2018-0362
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref6
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref6
https://doi.org/10.1016/j.ssaho.2021.100187
https://doi.org/10.1080/10494820.2020.1817761
https://doi.org/10.1038/s41928-020-00534-0
https://doi.org/10.1016/j.iheduc.2015.02.002
https://doi.org/10.1016/j.iheduc.2015.02.002
https://doi.org/10.1007/s10956-016-9657-x
https://doi.org/10.19173/irrodl.v17i1.2116
https://doi.org/10.1111/bjet.12763
https://doi.org/10.1016/j.compedu.2019.103608
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref15
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref15
https://doi.org/10.1016/j.compedu.2016.05.006
https://doi.org/10.1016/j.compedu.2020.104035
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref18
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref18
https://doi.org/10.1007/s10648-015-9356-9
https://doi.org/10.1007/s10648-015-9356-9
https://doi.org/10.1016/j.compedu.2018.09.013
https://doi.org/10.1016/j.compedu.2018.09.013
https://doi.org/10.1080/09588221.2014.967701
https://doi.org/10.1080/09588221.2014.967701
https://doi.org/10.1016/j.chb.2018.11.036
https://doi.org/10.3928/01484834-20130919-03
https://doi.org/10.1039/c5rp00159e
https://doi.org/10.14307/jfcs105.2.12
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref26
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref26
https://doi.org/10.1016/j.compedu.2014.06.006
https://doi.org/10.1007/s12528-021-09284-0
https://doi.org/10.1016/j.compedu.2018.07.021
https://doi.org/10.1016/j.compedu.2018.07.021
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref30
https://doi.org/10.1016/j.chb.2017.08.011
https://doi.org/10.1016/j.chb.2016.12.085
https://doi.org/10.1186/s12909-017-0881-8
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref34
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref34
https://doi.org/10.1016/j.compedu.2021.104209
https://doi.org/10.1186/s41039-021-00161-z
https://doi.org/10.1016/j.compedu.2019.103653
https://doi.org/10.1016/j.compedu.2015.09.005
https://doi.org/10.1016/j.compedu.2015.09.005
https://doi.org/10.1109/tlt.2016.2639508
https://doi.org/10.18785/jetde.1402.03
https://doi.org/10.1542/neo.21-3-e150

T. Chen et al. Heliyon 9 (2023) e15234

[42] G.J. Hwang, P.Y. Chen, Effects of a collective problem-solving promotion-based flipped classroom on students’ learning performances and interactive patterns,
Interact. Learn. Environ. 27 (2019) 1-16, https://doi.org/10.1080/10494820.2019.1568263.

[43] T. Andrews, What is social constructionism? Grounded Theory Rev 11 (1) (2012) 39-46.

[44] H. Jonsson, Using flipped classroom, peer discussion, and just-in-time teaching to increase learning in a programming course, in: FIE. El Paso, TX, USA, 2015,
pp. 1-9.

[45] O.S. Kvashnina, E.A. Martynko, Analyzing the potential of flipped classroom in ESL teaching, Int. J. Emerg. Technol. Learn. 11 (3) (2016) 71-73, https://doi.
org/10.3991/ijet.v11i03.5309.

[46] M. Loizou, K. Lee, A flipped classroom model for inquiry-based learning in primary education context, Res. Learn. Technol. 28 (2020), https://doi.org/
10.25304/rlt.v28.2287.

[47] B. Love, A. Hodge, C. Corritore, D.C. Ernst, Inquiry-based learning and the flipped classroom model, Primus 25 (8) (2015) 745-762, https://doi.org/10.1080/
10511970.2015.1046005.

[48] C.E. Hmelo-Silver, Analyzing collaborative knowledge construction: multiple methods for integrated understanding, Comput. Educ. 41 (4) (2003) 397-420,
https://doi.org/10.1016/j.compedu.2003.07.001.

[49] L.S. Vygotsky, M. Cole, Mind in Society: Development of Higher Psychological Processes, Harvard university press, 1978. https://www.jstor.org/stable/j.
ctvjfovz4.

[50] M.K. Wilhelm-Chapin, T.A. Koszalka, Generative Learning Theory and its Application to Learning Resources (concept paper). Retrieved from: https://ridlr.syr.
edu/resources/concept-paper/, 2016.

[51] M. Laal, S.M. Ghodsi, Benefits of collaborative learning, Procedia — Soc. Behav. Sci. 31 (2012) 486-490, https://doi.org/10.1016/j.sbspro.2011.12.091.

[52] J.W. Peltier, W. Drago, J.A. Schibrowsky, Virtual communities and the assessment of online marketing education, J. Market. Educ. 25 (3) (2003) 260-276,
https://doi.org/10.1177/0273475303257762.

[53] A.P. Cardoso, M. Ferreira, J.L. Abrantes, C. Seabra, C. Costa, Personal and pedagogical interaction factors as determinants of academic achievement, Procedia —
Soc. Behav. Sci. 29 (2011) 1596-1605, https://doi.org/10.1016/j.sbspro.2011.11.402.

[54] C. Costa, A.P. Cardoso, M.P. Lima, M. Ferreira, J.L. Abrantes, Pedagogical interaction and learning performance as determinants of academic achievement,
Procedia — Soc. Behav. Sci. 171 (2015) 874-881, https://doi.org/10.1016/j.sbspro.2015.01.203.

[55] R.L. Dunbar, M.J. Dingel, L.F. Dame, J. Winchip, A.M. Petzold, Student social self-efficacy, leadership status, and academic performance in collaborative
learning environments, Stud. High Educ. 43 (9) (2016) 1507-1523, https://doi.org/10.1080/03075079.2016.1265496.

[56] R.S.J.d. Baker, S.K. D’Mello, M.M.T. Rodrigo, A.C. Graesser, Better to be frustrated than bored: the incidence, persistence, and impact of learners’
cognitive—affective states during interactions with three different computer-based learning environments, Int. J. Hum. Comput. Stud. 68 (4) (2010) 223-241,
https://doi.org/10.1016/j.ijhcs.2009.12.003.

[57] J. Sabourin, J.P. Rowe, B.W. Mott, J.C. Lester, When off-task is on-task: the affective role of off-task behavior in narrative-centered learning environments, in:
G. Biswas, S. Bull, J. Kay, A. Mitrovic (Eds.), Lecture Notes in Computer Science, Springer, Berlin, Heidelberg, Germany, 2011, pp. 534-536.

[58] C.M. Chen, C.H. Wu, Effects of different video lecture types on sustained attention, emotion, cognitive load, and learning performance, Comput. Educ. 80 (2015)
108-121, https://doi.org/10.1016/j.compedu.2014.08.015.

[59] J. Lee, H. Choi, Rethinking the flipped learning pre-class: its influence on the success of flipped learning and related factors, Br. J. Educ. Technol. 50 (2) (2019)
934-945, https://doi.org/10.1111/bjet.12618.

[60] B.J. Zimmerman, Becoming a self-regulated learner: an overview, Theory Pract. 41 (2) (2002) 64-70, https://doi.org/10.1207/s15430421tip4102_2.

[61] A. Krapp, Interest, motivation and learning: an educational-psychological perspective, Eur. J. Psychol. Educ. 14 (1) (1999) 23-40, https://doi.org/10.1007/
bf03173109.

[62] S. Hidi, Interest and its contribution as a mental resource for learning, Rev. Educ. Res. 60 (4) (1990) 549-571, https://doi.org/10.3102/00346543060004549.

[63] C. Blake, E. Scanlon, Reconsidering simulations in science education at a distance: features of effective use, J. Comput. Assist. Learn. 23 (6) (2007) 491-502,
https://doi.org/10.1111/j.1365-2729.2007.00239.x.

[64] J. Lee, T. Park, R.O. Davis, What affects learner engagement in flipped learning and what predicts its outcomes? Br. J. Educ. Technol. 53 (2) (2022) 211-228,
https://doi.org/10.1111/bjet.12717.

[65] M. Taub, R. Azevedo, F. Bouchet, B. Khosravifar, Can the use of cognitive and metacognitive self-regulated learning strategies be predicted by learners’ levels of
prior knowledge in hypermedia-learning environments? Comput. Hum. Behav. 39 (2014) 356-367, https://doi.org/10.1016/j.chb.2014.07.018.

[66] M. Touchton, Flipping the classroom and student performance in advanced statistics: evidence from a quasi-experiment, J. Polit. Sci. Educ. 11 (1) (2015) 28-44,
https://doi.org/10.1080/15512169.2014.985105.

[67]1 D.R. Krathwohl, A revision of Bloom’s taxonomy: an overview, Theor. Pract. 41 (4) (2002) 212-218, https://doi.org/10.1207/s15430421tip4104 2.

[68] M.D. Dixson, Creating effective student engagement in online courses: what do students find engaging? J. Scholarsh. Teach. Learn. 10 (2) (2012) 1-13.

[69] J.A. Fredricks, P.C. Blumenfeld, A.H. Paris, School engagement: potential of the concept, state of the evidence, Rev. Educ. Res. 74 (1) (2004) 59-109, https://
doi.org/10.3102/00346543074001059.

[70] B.A. Greene, Measuring cognitive engagement with self-report scales: reflections from over 20 years of research, Educ. Psychol. 50 (1) (2015) 14-30, https://
doi.org/10.1080/00461520.2014.989230.

[71] C.L. Lin, H.T. Hou, C.C. Tsai, Analyzing the social knowledge construction and online searching behavior of high school learners during a collaborative problem
solving learning activity: a multi-dimensional behavioral pattern analysis, Asia-Pac. Educ. Res. 25 (5-6) (2016) 893-906, https://doi.org/10.1007/540299-016-
0317-y.

[72] T.A. Koszalka, Y. Pavlov, Y.Y. Wu, The informed use of pre-work activities in collaborative asynchronous online discussions: the exploration of idea exchange,
content focus, and deep learning, Comput. Educ. 161 (2021), 104067, https://doi.org/10.1016/j.compedu.2020.104067.

[73] X.Q. Gu, Y.J. Shao, X.F. Guo, C.P. Lim, Designing a role structure to engage students in computer-supported collaborative learning. Internet High, Educ. Next 24
(2015) 13-20, https://doi.org/10.1016/j.iheduc.2014.09.002.

[74] K.Z. Chen, H.H. Yeh, Acting in secret: interaction, knowledge construction and sequential discussion patterns of partial role-assignment in a MOOC, Australas. J.
Educ. Technol. 37 (6) (2021) 41-60, https://doi.org/10.14742/ajet.6979.

[75] J. Sweller, Element interactivity and intrinsic, extraneous, and Germane cognitive load, Educ. Psychol. Rev. 22 (2) (2010) 123-138, https://doi.org/10.1007/
5s10648-010-9128-5.

[76] H.K. Ning, K. Downing, Influence of student learning experience on academic performance: the mediator and moderator effects of self-regulation and
motivation, Br. Educ. Res. J. 38 (2) (2012) 219-237, https://doi.org/10.1080/01411926.2010.538468.

12


https://doi.org/10.1080/10494820.2019.1568263
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref43
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref44
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref44
https://doi.org/10.3991/ijet.v11i03.5309
https://doi.org/10.3991/ijet.v11i03.5309
https://doi.org/10.25304/rlt.v28.2287
https://doi.org/10.25304/rlt.v28.2287
https://doi.org/10.1080/10511970.2015.1046005
https://doi.org/10.1080/10511970.2015.1046005
https://doi.org/10.1016/j.compedu.2003.07.001
https://www.jstor.org/stable/j.ctvjf9vz4
https://www.jstor.org/stable/j.ctvjf9vz4
https://ridlr.syr.edu/resources/concept-paper/
https://ridlr.syr.edu/resources/concept-paper/
https://doi.org/10.1016/j.sbspro.2011.12.091
https://doi.org/10.1177/0273475303257762
https://doi.org/10.1016/j.sbspro.2011.11.402
https://doi.org/10.1016/j.sbspro.2015.01.203
https://doi.org/10.1080/03075079.2016.1265496
https://doi.org/10.1016/j.ijhcs.2009.12.003
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref57
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref57
https://doi.org/10.1016/j.compedu.2014.08.015
https://doi.org/10.1111/bjet.12618
https://doi.org/10.1207/s15430421tip4102_2
https://doi.org/10.1007/bf03173109
https://doi.org/10.1007/bf03173109
https://doi.org/10.3102/00346543060004549
https://doi.org/10.1111/j.1365-2729.2007.00239.x
https://doi.org/10.1111/bjet.12717
https://doi.org/10.1016/j.chb.2014.07.018
https://doi.org/10.1080/15512169.2014.985105
https://doi.org/10.1207/s15430421tip4104_2
http://refhub.elsevier.com/S2405-8440(23)02441-6/sref68
https://doi.org/10.3102/00346543074001059
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1080/00461520.2014.989230
https://doi.org/10.1080/00461520.2014.989230
https://doi.org/10.1007/s40299-016-0317-y
https://doi.org/10.1007/s40299-016-0317-y
https://doi.org/10.1016/j.compedu.2020.104067
https://doi.org/10.1016/j.iheduc.2014.09.002
https://doi.org/10.14742/ajet.6979
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1080/01411926.2010.538468

	The role of pre-class and in-class behaviors in predicting learning performance and experience in flipped classrooms
	1 Introduction
	2 Literature review
	2.1 The flipped classroom and its benefits
	2.2 Pre-class activities in the flipped classroom
	2.3 In-class activities in flipped classroom
	2.4 Individual differences in flipped classrooms

	3 Method
	3.1 Participants
	3.2 Research context and procedure
	3.3 Data collection and analysis
	3.3.1 Predictors
	3.3.2 Outcome variables
	3.3.3 Data analysis


	4 Results
	4.1 Descriptive and correlational results
	4.2 Predictors of learning performance
	4.3 Predictors of learning experience

	5 Discussion and conclusion
	5.1 Flipped learning phases and their predictive capacity
	5.2 Specific behaviors as flipped learning predictors
	5.3 The importance of individual differences in the flipped classroom
	5.4 Practical implications
	5.5 Limitations and future research

	6 Conclusion
	Author contribution statement
	Funding statement
	Data availability statement
	Additional information
	Declaration of interest’s statement
	Appendix A Learning Experience Questionnaire
	References


