
Vol.:(0123456789)

Education and Information Technologies
https://doi.org/10.1007/s10639-023-12303-5

1 3

Improving the effectiveness of video‑based flipped 
classrooms with question‑embedding

Ruiqi Deng1,2  · Siqi Feng1,3 · Suqin Shen4 

Received: 2 July 2023 / Accepted: 21 October 2023 
© The Author(s) 2023, corrected publication 2023

Abstract
Although video-based flipped learning is a widely accepted pedagogical strategy, 
few attempts have been made to explore the design and integration of pre-class 
instructional videos into in-class activities to improve the effectiveness of flipped 
classrooms. This study investigated whether question-embedded pre-class videos, 
together with the opportunity to review these questions at the beginning of in-class 
sessions, affected student learning processes and outcomes. Seventy university stu-
dents from two naturally constituted classes participated in the quasi-experimental 
study. The experiment adopted a pre-test/post-test, between-subjects design and 
lasted for six weeks, with the same instructional content for the experimental and 
control groups. Students’ age, sex, pre-experiment motivation, prior knowledge, and 
perceived knowledge were controlled for in the study. The results indicate that the 
educational intervention significantly strengthened learning performance, likely due 
to the increased regularity of engagement with pre-class materials. The intervention 
did not influence student satisfaction with the pre-class videos or the video viewing 
duration. Overall, the findings suggest that instructors should consider embedding 
questions in pre-class videos and reviewing them at the beginning of in-class ses-
sions to facilitate student learning in video-based flipped classrooms.

Keywords Flipped learning · Flipped classroom · Video-based learning · Learning 
performance · Instructional design

1 Introduction

Flipped learning has been positively received by university students and instructors 
(Akparibo et al., 2021). There is growing evidence that flipped classrooms are more 
effective than traditional classrooms in reinforcing students’ academic performance 
(Hew et  al., 2021; Torres-Martín et  al., 2022), affective and attitudinal outcomes 
(Jeong et al., 2021; Tutal & Yazar, 2021), self-efficacy (Algarni & Lortie‐Forgues, 
2022), and deep learning (Shen & Chang, 2023) and decreasing perceived course 
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difficulty (Price & Walker, 2021) and assignment stress (Aydin & Demirer, 2022). 
To date, most studies investigate the effectiveness of flipped learning by compar-
ing student experiences in flipped classrooms with traditional classrooms. Empirical 
evidence in favour of flipped classrooms has been observed in both university (e.g. 
Ozudogru & Aksu, 2020; Wu et al., 2022) and K-12 education settings (e.g. Mogh-
adam & Razavi, 2022; Yang & Chen, 2020).

In flipped classrooms, the adoption of instructional videos as pre-class learning 
materials is a prevalent pedagogical practice also known as video-based flipped 
learning (Liao & Wu, 2023; Yu & Gao, 2022). A recent systematic review and meta-
analysis of 64 studies revealed that 62 studies used videos as pre-class instructional 
materials (Turan, 2023). Despite widespread discussion of the strengths of video-
based flipped learning (e.g. Fathi et al., 2022; Jensen et al., 2018; Lee et al., 2021), 
an important question remains: how can pre-class videos be designed and integrated 
with in-class activities to improve the effectiveness of flipped classrooms? This 
question is important partly because pre-class videos play an instrumental role in 
video-based flipped learning environments (Bordes et  al., 2021; Tse et  al., 2019). 
More importantly, students’ pre- and in-class learning behaviours and achievement 
are closely correlated (Chen et al., 2023), and fostering an overall supportive learn-
ing environment that connects in-class and out-of-class contexts is critical for stu-
dent success (Ranellucci et al., 2021; Song, 2020). While much attention has been 
paid to the online components of this blended learning mode, there has been less 
inquiry into the design of face-to-face aspects of the instruction (Buhl-Wiggers et al., 
2023a, b). In this context, the present study aims to provide empirically supported 
suggestions for improving the effectiveness of video-based flipped classrooms.

2  Literature review

In flipped classrooms, students are provided with learning materials before class to 
gain exposure to them beforehand and participate in student-centred activities during 
class that often involve interaction and collaboration. Videos have been identified as 
the most common resource used in the pre-class stage of flipped learning (Londgren 
et  al., 2021). Although pre-class learning materials can take many forms such as 
audio and readings, the adoption of videos is so widespread that flipped learning 
has often come to be identified with pre-recorded instructional videos (Amstelveen, 
2018; Çakiroğlu et al., 2020; Hew & Lo, 2018). Bordes et al. (2021) discovered that 
online asynchronous videos were preferred over reading assignments as pre-class 
learning materials and that the consistent scheduling of videos prompted student 
preparation for in-class sessions. Pulukuri and Abrams (2021) found that individuals 
assigned videos for out-of-class preparation outperformed those who used textbook 
reading. The more helpful students perceived pre-class videos to be, the more satis-
fied they were with flipped learning, and the more knowledge they felt they acquired 
in flipped lessons (Das et  al., 2019). Consequently, this study considers videos a 
vital learning resource during the pre-class stage of flipped learning.

Scaffolding the pre-class learning process is important in flipped classrooms, not 
only because engagement with pre-class learning materials lays the foundation for 
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effective participation in synchronous in-class activities (Lee & Martin, 2020), but 
also because students can fail to identify key information in these materials dur-
ing the pre-class preparation phase (Shibukawa & Taguchi, 2019). Furthermore, a 
polarisation effect is observed in flipped instruction: while some individuals tend to 
perform better, others struggle even more (Ficano, 2019; Stöhr et al., 2020; Wagner 
& Urhahne, 2021). A potentially effective strategy to scaffold pre-class learning is 
to redesign instructional videos by adding prompts and interactive elements (Mayer, 
2021). Wehling et  al. (2021) enriched pre-existing video lectures with multiple-
choice questions and opportunities to access further information; however, their 
study did not evaluate the effectiveness of such endeavours. van Alten et al. (2020a) 
presented self-regulated learning prompts as forced open question stops in videos, 
aiming to support their self-regulated learning at the pre-class stage of flipped learn-
ing; however, their results indicated that embedding prompts within videos impacted 
neither video-watching time nor academic achievement. To enhance the effective-
ness of flipped learning, Awidi and Paynter (2019) contended that scholars should 
refine the subcomponents of the flipped design, particularly pre-class videos, and the 
structure of in-class sessions. This study accordingly aims to refine the design and 
utilisation of pre-class videos to maximise student learning in flipped classrooms.

Research has shown that students can achieve better performance when pre-class 
videos are supplemented with learning exercises and activities (Shahnama et  al., 
2021). However, not all supplementary exercises or activities enhance learning per-
formance. For example, supporting the learning of pre-class videos with an instant 
messaging mobile application was found to have no effect on student achievement 
(Huang et al., 2022). Lai et al. (2021) proposed that embedded questions could be 
a promising instructional strategy because they promote interaction between videos 
and learners. Presumably, individuals tend to actively process and interact with the 
learning content when instructional videos are interpolated with questions (Gla-
dys et al., 2022; Sauli et al., 2018). However, empirical studies have yielded mixed 
results on the effectiveness of these interventions. Sezer and Abay (2019) indicated 
that students taught using question-embedded videos outperformed those taught 
using the traditional method. However, their study did not disentangle the influ-
ence of embedded questions from the differences in instructional approaches. Kos-
maca and Siiman (2023) and Chang (2021) reported that embedded questions led to 
improved achievement, whereas Deng and Gao (2023b) and Mar et al. (2017) did 
not observe a beneficial effect of question-embedded videos on overall post-test per-
formance. This discrepancy in findings implies that additional research is warranted 
to determine strategies for the effective utilisation of question-embedded videos in 
flipped classrooms.

Empirical research indicates that guidance is the strongest predictor of positive 
learning experiences in flipped classrooms (Sointu et al., 2023). Tomas et al. (2019) 
suggested that additional instructor-led guidance and scaffolding may be required 
before learners participate in student-centred in-class activities because individuals 
who have trouble understanding pre-class materials can be reluctant to engage with 
these planned activities. Similarly, Guo (2019) recommends that instructors review 
pre-class instructional materials at the beginning of in-class sessions to help students 
activate prior knowledge and prepare for subsequent learning activities. Individuals 
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watching pre-class videos with embedded questions may not fully understand the 
solutions to these questions, which may reduce the effectiveness of in-class sessions. 
Therefore, additional guidance may be required to diagnose and correct students’ 
misconceptions and enhance their understanding of pre-class learning materials. 
Flipped learning research has argued for the importance of aligning the content 
of pre-class videos and in-class sessions (Förster et al., 2022); however, empirical 
research on this subject is scarce. Unlike previous research, the educational inter-
vention in the present study involved not only presenting multiple-choice questions 
in pre-class videos but also reviewing these questions at the beginning of in-class 
sessions.

While most past research has compared flipped and traditional instruction (Chen 
et al., 2019; Debbağ & Yıldız, 2021), the present study compares two flipped class-
rooms with the aim to explore strategies to improve the effectiveness of video-based 
flipped instruction. In this study, effectiveness is operationally defined as the extent 
to which students’ learning processes are strengthened and learning outcomes are 
elevated as a result of participating in the intervention. This study defines learning 
processes as comprising two components: student engagement with pre-class vid-
eos and time spent watching pre-class videos. Students’ self-reports of engagement 
(Fidan, 2023) and observed viewing time (Cho et al., 2021a) are frequently used as 
indicators of active involvement in the learning process and are regarded as deter-
minants of flipped learning success. Both indicators were used in this study because 
individuals may have overestimated the amount of time spent watching pre-class 
videos (Scott et al., 2021). Learning outcomes are defined as comprising cognitive 
and affective parts – students’ learning performance and satisfaction with pre-class 
videos. The rationale is that motivational and emotional factors can mediate learn-
ing (Deng & Gao, 2023a). Moreover, students’ affective outcomes can be influenced 
by configurations of flipped classrooms (Ozudogru & Aksu, 2020) – they tend to 
experience greater enjoyment in flipped classrooms when the perceived value of 
pre-class videos is higher (Cho et  al., 2021b). To address the research aim, this 
study proposes the following specific research question: Does interpolating pre-class 
instructional videos with multiple-choice questions and reviewing these questions 
at the beginning of in-class sessions affect learning processes (student engagement, 
video viewing time) and outcomes (learning performance, student satisfaction)?

3  Methodology

3.1  Research design

The quasi-experiment followed a pre-test/post-test between-subjects design. Stu-
dents in the experimental and control groups were required to watch pre-class vid-
eos and participate in in-class learning activities. The difference between the two 
research conditions was that the experimental group watched videos interpolated 
with multiple-choice questions that were subsequently reviewed at the beginning of 
each in-class session. Notably, the questions embedded in the videos and reviewed 
in the classes were derived directly from the video content and did not introduce any 
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supplementary information beyond what is already presented in the videos. There-
fore, both the experimental and control groups had equal access to the learning con-
tent and materials.

The rationale behind this combined approach stems from previous research that 
has reported limited efficacy in using embedded questions to enhance learning per-
formance (e.g. Mar et al., 2017). Our recent research also found that merely inserting 
interactive questions in pre-class videos did not sufficiently bolster learning perfor-
mance in flipped classrooms (Deng & Gao, 2023b). Furthermore, it is not uncom-
mon in educational experiments to introduce multiple differences between experi-
mental and control groups (e.g. Jung et al., 2022; Yoon et al., 2021). For instance, in 
the study by Jung et al. (2022), a quasi-experimental design was employed, with the 
control group following a traditional flipped classroom approach and the experimen-
tal group engaging in a flipped classroom with additional activities before, during, 
and after class. Similarly, in a quasi-experiment conducted by Yoon et  al. (2021), 
participants in the experimental group received self-regulated learning support but 
did not have access to the summary and reminders provided to the control group. 
Thus, there were at least two discrepancies between the experimental and control 
groups in their research: the instructor’s summary and reminders, and self-regu-
lated learning support. In this context, our intervention adopts a two-step approach: 
embedding pre-class videos with questions and subsequently reviewing these ques-
tions at the beginning of the in-class sessions. The goal was to create an encompass-
ing supportive learning environment for bridging the gap between in-class and out-
of-class contexts, which is vital for student success in flipped classrooms (Ranellucci 
et al., 2021; Song, 2020).

3.2  Participants

The participants were sophomores at a Chinese university. Two parallel classes 
within the same undergraduate course were randomly selected and assigned to either 
the experimental or control conditions. Both groups watched the same pre-class 
instructional videos, with the key distinction being the inclusion of pop-up ques-
tions in the videos and the subsequent review of these questions in the experimen-
tal condition. Most participants majored in foreign languages, mathematics, or the 
political sciences. A prior sample size calculation was conducted using G*Power, 
with the alpha level set at 0.05, the power set at 0.08, and the effect size set at large 
(Faul et al., 2009). The calculation results indicated that at least 68 students were 
required for the experiment. A total of 70 students participated in the study, 28 in 
the experimental and 42 in the control group. The mean age of the participants was 
20.41 years (SD = 0.67). Students did not receive monetary compensation for their 
participation.

3.3  Materials

The pre-class materials contained two versions of eleven 10-min instruc-
tional videos featuring presentation-slide designs. The videos comprised verbal 
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explanations and stepwise demonstrations. The videos were obtained from a pub-
lic online education platform. The design of the pre-class videos followed evi-
dence-based multimedia design principles such as segmenting (i.e. longer vid-
eos were broken down into shorter, meaningful chunks) and coherence (i.e. only 
learning materials directly related to learning goals were presented). The ques-
tions were positioned during rather than after the videos, because students tended 
to prefer answering questions during the videos (Zolkwer et al., 2023).

A total of 26 multiple-choice questions were inserted into the pre-class videos 
watched by the experimental group, whereas no questions were presented in the 
videos for the control group. Each question had four options. A question would 
pop up on the screen when the progress bar reached a certain time node. Partici-
pants in the experimental group had to choose the correct option before continu-
ing with the video. All the questions were pertinent to the information presented 
in the videos and appeared after the segment containing the presented informa-
tion. A translated example of an embedded question is shown in Fig. 1.

As providing feedback on student answers tended to enhance self-efficacy 
beliefs and learning performance (Thai et al., 2023), this study followed this best 
practice to not only provide correct answers but also detailed feedback on answers 
to each question (Fig.  2). To ensure validity, the questions and feedback were 
designed by an e-learning expert and checked by another expert specialising in 
instructional technology. TronClass proved to be a reliable learning management 
system (LMS) in a previous study (Chen, 2022) and was used for flipped learning 
in the current study. Pre-class videos were uploaded to the LMS six days before 
the in-class sessions for both research conditions. As the present study was 
conducted in the natural context of flipped classrooms, students had unlimited 
access to videos, embedded questions, and question feedback.

Fig. 1  An example of embedded questions
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3.4  Procedures

The study received ethics clearance through an institutional review board prior 
to conducting the experiment. The Modern Educational Technology course is 
intended to prepare students to design instructional resources and was held for 
3 hours a week over 16 weeks, and the intervention lasted 6 weeks. The course 
instructor had more than eight years of teaching experience in higher education 
and was the same in both research conditions.

The experimental procedure is illustrated in Fig.  3. As unfamiliarity with 
flipped learning can adversely affect its implementation (Singh et al., 2022), the 
instructor provided students with information on how to excel in flipped class-
rooms during Week 1. To ensure compliance with pre-class study (He et  al., 
2016), the instructor explained to students the importance of pre-class preparation 
for subsequent face-to-face instruction and monitored their weekly video progress 
through the LMS dashboard. Students were also told upfront that instructional 
content in both pre-class videos and in-class sessions would be assessed in the 
performance test in Week 6, which would constitute 15% of the course grade. In 
class, the students completed the pre-test in 20 min and the pre-experiment ques-
tionnaire in 10 min.

In the pre-class stage of flipped learning during Weeks 2 to 5, students watched 
instructional videos, practiced the operations steps explained in the videos, and 
wrote down questions they had. The difference is that the experimental group 
watched videos embedded with questions, whereas videos viewed by the control 
group contained no such questions. For both research conditions, ‘prevent skipping’ 
feature was turned on to prevent students from skipping one or more portions of the 
video while watching it the first time. As learner control is crucial for video-based 
learning (Fyfield et al., 2022), students were given control over playback and pause 
while watching pre-class videos.

Fig. 2  An example of question feedback
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During the in-class sessions, the instructor helped the students consolidate and 
extend their knowledge through various learning activities. Under the experimen-
tal conditions, questions embedded in the pre-class videos were reviewed at the 

Fig. 3  Experimental procedures
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beginning of each in-class session. The instructor applied a questioning strategy to 
guide the students in reviewing the embedded questions (Wei et al., 2020). Specifi-
cally, the instructor called on students to answer questions and provide justifications 
for their chosen options. After the students attempted to justify their answers, the 
instructor did not directly point out whether the answer was correct, but rather ran-
domly called on other students to comment on the answers provided. This is because 
students tend to value the instructor’s role as a moderator rather than as an informa-
tion deliverer during in-class activities (McLean & Attardi, 2018). The instructor 
then provided verbal feedback on students’ answers, justifications, and comments. 
This process ensured that as many students as possible actively recalled the learning 
content and participated in the review process.

Under both research conditions, the instructor addressed students’ questions. 
Subsequently, students were instructed to download a task sheet from the LMS and 
complete it on their personal computers. Each task sheet contained at least three 
tasks. While the students worked to complete the task sheet, the instructor circulated 
the classroom, interacted with students to keep them on track, and provided scaf-
folding questions and feedback to address their immediate queries. Students were 
instructed to upload the completed task sheets to Padlet, a real-time collaborative 
web platform. After completing the tasks, students were called on to present their 
completed work to the class and verbally explain the operation procedures, and the 
instructor commented on the students’ work and explanations. Finally, the instructor 
summarised the key information that emerged from the pre-class videos and in-class 
sessions by drawing connections among the concepts.

In Week 6, the experimental and control groups completed the same post-exper-
iment questionnaire and learning performance tests. The performance test was a 
closed-book exam, during which students had no access to pre-class videos or other 
study materials. The students were required to complete the test within 50 min. To 
control for the potential influence of familiarity with the stimuli on test performance, 
the questions in the learning performance test were intentionally designed to be dis-
tinct from those presented in the pre-class videos and reviewed during the in-class 
sessions.

3.5  Measurements

Key variables were collected and measured using a pre-test, pre-experiment ques-
tionnaire, post-test, post-experiment questionnaire, and learning analytics. All items 
were presented to the students in Chinese.

The pre-test was designed to detect possible differences in prior knowledge 
between the experimental and control groups. The pre-test included 20 multiple-
choice questions that were delivered to the participants in random order. Each cor-
rect answer was given 1 point, up to a maximum score of 20. Questions on the 
pre-test were relevant to the instructional content but differed from the questions 
embedded in the pre-class videos and those used in the post-test. The difficulty level 
of the pre-test was lower than that of the post-test because the students had little pre-
vious experience with the topic to be learned. A reliability test was not performed 
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because the pre-test was not designed to assess a coherent construct (van Alten 
et  al., 2020b). Indeed, a high Cronbach’s alpha value may be undesirable when a 
performance test contains items tested across a range of concepts (Taber, 2017).

The pre-experiment questionnaire assessed the students’ motivation, perceived 
knowledge, and demographic information. Motivation was measured to investigate 
whether participants in different research conditions were equally motivated to study 
the instructional content. A global item was used to measure the level of motivation 
of students on an 11-point Likert scale (i.e. ‘How motivated are you to learn about 
this topic’) from (0) not very much motivated to (10) very much motivated. Because 
a higher level of perceived knowledge can result in greater feelings of efficacy and 
ultimately shape one’s behaviour (Eija et al., 2017), perceived knowledge was meas-
ured to understand whether the two research conditions differed in the knowledge 
that students believed they held. The questionnaire used a global item addressing 
students’ perceived knowledge about the topic to be learned on an 11-point Likert 
scale (i.e. ‘How much do you know about this topic’), from (0) not very knowledge-
able to (10) very knowledgeable. Additionally, the questionnaire asked participants 
to report their demographic information, including year of birth, sex, and study 
major. The year of birth was transformed into age for data analysis.

The post-test was designed to detect possible differences in learning performance 
between the two research conditions after the intervention was implemented. Stu-
dents’ performance was evaluated based on their cognitive level of knowledge reten-
tion. The post-test consisted of 40 multiple-choice questions and 10 sequencing 
tasks. One point was given for each correct answer, with a total of 50 points for the 
post-test. The questions and options in the post-test were randomly ordered for each 
student. Similar to the pre-test, reliability analysis was not performed because the 
post-test was not intended to measure the same underlying construct.

The post-experiment questionnaire evaluated students’ engagement with the 
instructional videos. The student engagement scale included 12 items adapted from 
the course engagement scale used in a previous study (Deng et al., 2020). Learners 
rated their level of engagement with the pre-class videos by scoring the 12 questions 
(e.g. ‘I often searched for further information when I encountered something in the 
instructional video that puzzled me’) on a 6-point Likert scale from (0) not agree at 
all to (6) totally agree. A high internal consistency of the student engagement scale 
was indicated by a Cronbach’s alpha value of 0.83 in this study. Responses to the 
12 items were averaged to yield an aggregated engagement score, which was opera-
tionalised as an outcome variable in the data analysis. The post-experiment ques-
tionnaire measured student satisfaction with videos using two items adapted from 
Alqurashi (2018) on a 6-point Likert scale. Researchers averaged the items to obtain 
an aggregate satisfaction score. A Cronbach’s alpha value of 0.82 indicated good 
reliability of the construct.

The researchers collected learners’ viewing times of instructional videos from 
the LMS. Viewing time was measured in minutes. To ensure data accuracy, learn-
ers were asked to watch pre-class videos from the LMS and were not permitted to 
download these videos to their personal computers. The average amount of time 
each learner spent watching the videos was calculated and operationalised as the 
outcome variable in the data analysis.
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4  Results

The predictor variable consisted of two independent groups, with different participants in 
each group. Outcome variables were measured on a continuous scale. IBM SPSS Statis-
tics Version 29 was used for processing and analysing data. Prior to the analysis, the study 
variables were examined for outliers and assumptions of normality. First, we calculated 
the z-scores and inspected stem-and-leaf plots to eliminate outliers. Two participants were 
excluded from the control and experimental groups because they had very low post-test 
performance scores (z-score <  − 3.0). Outliers were deleted, leaving 68 cases for analysis. 
Next, skewness and kurtosis statistics were calculated, and histograms were inspected to 
check for normality. The outcome variables exhibited univariate normality with skewness 
and kurtosis statistics within an acceptable level between − 2 and + 2, indicating that para-
metric tests were appropriate to analyse the data (George & Mallery, 2016).

The researchers checked whether the participants in the two research conditions 
differed significantly in terms of demographic variables, including age and sex. 
Results were considered significant at a p-value < 0.05. Because the assumption 
of homogeneity of variance was not met for age, Welch’s statistical test was con-
ducted (West, 2021). The results revealed no significant differences in age between 
the experimental (M = 20.22, SD = 0.51) and control groups (M = 20.51, SD = 0.75), 
t(66) = 1.91, p = 0.06. A chi-square test of independence revealed no significant sex 
differences between the groups (χ2 (1, N = 68) = 1.57, p = 0.21).

The researchers then checked whether the participants in the two research condi-
tions differed in motivation, perceived knowledge, and prior knowledge of the topic 
to be learned. The experimental (M = 6.56, SD = 2.67) and control groups (M = 6.88, 
SD = 2.25) demonstrated no significant differences in motivation to study, t(66) = 0.54, 
p = 0.59. Similarly, there was no significant difference between the experimental 
(M = 5.22, SD = 1.93) and control groups (M = 4.27, SD = 2.09) in perceived knowledge, 
t(67) =  − 1.90, p = 0.06, or between the experimental (M = 16.04, SD = 1.93) and control 
groups (M = 15.37, SD = 2.40) in prior knowledge, t(66) =  − 1.12, p = 0.23. The absence 
of statistical differences in age, sex, motivation, prior knowledge, and perceived knowl-
edge indicates that the effects of educational interventions on learning performance 
could be analysed. As the level of prior knowledge and interest can affect the flipped 
learning experience (Chen et al., 2023), this study operationalised prior knowledge and 
pre-experiment motivation as covariates in analysis of covariance (ANCOVA).

4.1  What is the effect of the intervention on student engagement with pre‑class 
videos?

An independent t-test was performed to investigate the differences in student 
engagement with pre-class videos between the experimental and control groups. 
The researchers found no statistically significant difference in the aggregated 
engagement scores between the groups, t(44) =  − 0.87, p = 0.39, despite the fact 
that the experimental group (M = 4.64,  SD = 0.83) demonstrated higher scores 
than the control group (M = 4.48, SD = 0.60; Table 1).
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To take a closer look at the group differences in student engagement with the vid-
eos, a series of independent t-tests was performed to identify the relationship between 
the intervention and the scale values for each item. Results showed no statistically sig-
nificant differences except for the item ‘I set aside a regular time each week to watch 
the instructional video’, for which the experimental group (M = 5.33, SD = 1.11) dem-
onstrated significantly higher scores than the control group (M = 4.07,  SD = 1.21), 
t(66) =  − 4.34, p < 0.001.

The researchers further inspected group differences on this item when controlling for 
pre-experiment motivations. Levene’s test indicated that the variances could be assumed 
to be equal between the experimental and control groups for the item scores (p > 0.05). A 
customised model, including the main effects of intervention and motivation scores and the 
interaction term (intervention × motivation scores), indicated that the assumption of homo-
geneity of regression slopes was met, F(1, 64) = 0.24, p > 0.05. Once the assumptions were 
shown to have been met, a one-way ANCOVA was performed to determine the differences 
in the engagement items between the two groups when controlling for pre-experimental 
motivations. A significant effect of the covariate pre-experiment motivation on this item 
was observed, F(1,65) = 6.21, p = 0.02. Despite this, there was still a significant effect of 
the intervention on students setting aside regular time to watch the video after controlling 
for the effect of pre-experiment motivation, F(1,65) = 21.70, p < 0.001 (Table 2).

Researchers recommend using partial eta squared (η2) to enhance the compara-
bility of effect sizes among experimental studies (Kahn, 2017; Richardson, 2011). 
The following equation was used to calculate the proportion of variance explained 
by the intervention, where SSEffect is the sum of squares of the intervention effect, 
and SSError is the sum of squares of the error associated with the effect:

The partial-eta-squared value of 0.25 implied that approximately 25% of the 
unique variance in the item was ascribable to the intervention, corresponding to a 
large effect size (Cohen, 1988).

Partial�2
Effect

=

SSEffect

SSEffect + SSError

Table 1  Differences in 
aggregated engagement scores 
between the groups

Groups Mean SD 95% CI for 
mean

t df p-value

Lower Upper

Experimental 4.64 0.83 4.31 4.97  − 0.87 44 0.39
Control 4.48 0.60 4.29 4.67

Table 2  Descriptive statistics and ANCOVA of the items

Groups Motivation means (SD) Item means (SD) Adj. M F(df1, df2) p-value η2

Experimental 6.56 (2.67) 5.33 (1.11) 5.36 21.70 (1,65)  < 0.001 0.25
Control 6.88 (2.25) 4.07 (1.21) 4.06
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4.2  What is the effect of the intervention on students’ viewing time of pre‑class 
videos?

An independent t-test was conducted to explore the differences in viewing times 
between the experimental and control groups. The results revealed no statis-
tically significant differences in the viewing time of the instructional videos, 
t(66) = 0.91, p = 0.37, even though the experimental group (M = 17.57, SD = 6.78) 
demonstrated a shorter viewing time than the control group (M = 19.23, SD = 7.78) 
(Table 3).

4.3  What is the effect of the intervention on students’ post‑test performance?

An ANCOVA was used to determine the associations between the intervention 
and post-test performance while controlling for pre-test scores. Prior to the analy-
sis, Levene’s test was performed to assess whether the variances of the experi-
mental and control groups were approximately equal for learning performance 
scores. The results suggested that the assumption of homogeneity was tenable, and 
the variances could thus be assumed to be equal between the two research condi-
tions (p > 0.05). To test the assumption of homogeneity of the regression slopes, 
the researchers customised an ANCOVA model to inspect the interaction between 
the predictor variable and the covariate. The customised model included the main 
effects of the intervention and pre-test scores, and the interaction term (interven-
tion × pre-test scores). The results show that the assumption of homogeneity of the 
regression slopes was met, F(1, 64) = 0.01, p > 0.05.

As all assumptions were met, an ANCOVA was conducted to determine the 
differences in learning performance between the experimental and control groups 
when controlling for the level of prior knowledge. The results of the ANCOVA 
are presented in Table 4. The covariate pre-test scores were significantly related 

Table 3  Differences in viewing 
time between the groups

Groups Mean SD 95% CI for 
mean

t df p-value

Lower Upper

Experimental 17.57 6.78 14.89 20.25 0.91 66 0.37
Control 19.23 7.78 16.77 21.68

Table 4  Descriptive statistics and ANCOVA of the post-test results

Groups Pre-test means (SD) Post-test means (SD) Adj. M F(df1, df2) p-value η2

Experimental 16.04 (1.93) 40.85 (4.80) 40.61 7.64 (1, 65) 0.01 0.11
Control 15.37 (2.40) 37.49 (4.21) 37.64
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to post-test performance, F(1, 65) = 6.13,  p < 0.05. The intervention had a sig-
nificant effect on post-test performance after controlling for the effect of pre-test 
scores, F(1, 65) = 7.64,  p < 0.05. In other words, the intervention significantly 
improved the students’ academic performance.

The calculation result yielded a partial eta-squared value of 0.11, indicating 
that approximately 11% of the unique variance in post-test performance was 
attributable to the intervention. Based on Cohen’s (1988) for behavioural sci-
ences, partial η2 = 0.11 would correspond to a medium effect size.

4.4  What is the effect of the intervention on students’ satisfaction with pre‑class 
videos?

ANCOVA was adopted to examine the relationship between the intervention 
and students’ satisfaction with the pre-class videos while controlling for their 
pre-experiment motivation scores. The researchers checked the assumption 
of equal variance and homogeneity of the regression slopes before the analy-
sis. Levene’s test indicated that the variances in student satisfaction could be 
assumed to be equal between the experimental and control groups (p > 0.05). 
A customised ANCOVA model, including the main effects of intervention and 
motivation scores and the interaction term (intervention × motivation scores), 
was used to inspect the interaction between the predictor variable and covari-
ate. The assumption of homogeneity in the regression slopes was retained, F(1, 
64) = 0.16, p > 0.05.

As all assumptions were satisfied, a one-way ANCOVA was implemented 
to assess the intervention on satisfaction with the pre-class videos, controlling 
for pre-experiment motivations. The results of the ANCOVA are presented in 
Table 5. The covariate motivation scores were significantly related to student sat-
isfaction, F(1, 65) = 5.78, p < 0.05. After controlling for the effect of pre-experi-
ment motivation scores, the intervention on student satisfaction was not statisti-
cally significant, F(1, 65) = 0.02, p > 0.05. In other words, the more motivated the 
students were, the more satisfied they were with the pre-class videos. The educa-
tional intervention did not result in greater satisfaction with the pre-class videos.

Table 5  Descriptive statistics and ANCOVA of the student satisfaction scores

Groups Motivation means (SD) Satisfaction means (SD) Adj. M F(df1, df2) p-value η2

Experimental 6.56 (2.67) 4.74 (0.88) 4.78 0.02 (1, 65) 0.89 0.00
Control 6.88 (2.25) 4.79 (0.59) 4.76
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5  Discussion

The results revealed that the intervention significantly improved post-test scores, 
and there was a medium effect size favouring the effectiveness of the intervention. 
Previous research has shown that embedding questions in instructional videos is 
more effective than priming students to read statements in presented materials 
(Griswold et al., 2017) or watching videos without any questions (van der Meij & 
Bӧckmann, 2020). It is noteworthy that the mere presence of questions in instruc-
tional videos may not always be sufficient to promote student learning. For exam-
ple, Kestin and Miller (2022) recently found that solely incorporating embedded 
questions into educational videos had no effect on learning performance; how-
ever, combining embedded questions with enhanced visuals substantially contrib-
uted to learning gains. As this is one of the few studies that has examined the 
combined effect of inserting and reviewing embedded questions, its results indi-
cate that interpolating pre-class videos with questions and subsequently review-
ing these questions in face-to-face class sessions is beneficial for learning.

This study found that the intervention had a significant effect on students set-
ting aside a regular time each week to watch the pre-class videos, and the inter-
vention showed a large effect size relative to the control condition. In other words, 
the experimental group showed a tendency towards improved regularity of learn-
ing. One possible explanation for this outcome is that the intervention helps students 
stay involved in the learning process, motivating them to establish a regular learning 
pattern. Students tend to be more self-regulated and study consistently when they 
are actively involved in learning activities (Qiao et al., 2023; Tang & Hew, 2022). 
Incorporating interactive opportunities, such as providing frequent assessment and 
feedback, helps students maintain their attention and make progress towards their 
learning goals (Saqr & López-Pernas, 2021). When students watch a video without 
interpolated questions and are not given opportunities to review these questions in 
class, they may passively view the video without fully engaging with the materials 
or processing the content (Sun & Lin, 2022). In this case, they could lack the moti-
vation to establish a consistent and regular learning routine.

The results of this study also corroborate previous findings that the regularity of 
engagement with pre-class learning materials on a weekly basis is positively associ-
ated with learning performance in flipped classrooms (Jovanović et al., 2019). In this 
study, students’ post-test performance and regularity of engaging with pre-class vid-
eos were positively correlated, r(68) = 0.27, p < 0.05. When students engage in regu-
lar, repeated practice of a skill or learning activity, they reinforce their knowledge, 
making it easier for them to recall and apply that knowledge in the future (Förster 
et  al., 2022). Moreover, regularity helps solidify new information into long-term 
memory, enabling students to retain the information over a longer period of time 
(Theobald, 2021). This explains why it is important for students to maintain regu-
lar study schedules and to engage in consistent, focused practice to enhance learn-
ing performance. Empirical research supports this view by showing that individuals 
who make good use of study time and keep up with course materials tend to perform 
well academically (Neroni et al., 2019). For instance, Förster et al. (2022) observed 
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that watching pre-class videos before attending in-class sessions was linked to supe-
rior learning performance and that the timing of video watching outweighed the 
frequency of video watching in determining knowledge retention. Aggregation of 
findings indicates that the mechanism of the effect of the intervention on learning 
performance may be its promotion of regularity of learning in flipped classrooms, 
which is known to enhance student success in traditional learning environments 
(Jovanović et al., 2021). In the present study, students in the experimental group may 
have worked on a more regular basis to acquire key information from viewing pre-
class videos, and subsequently retrieved this information through the review activity 
and effectively combined it with the knowledge obtained during in-class sessions.

The present study indicated that the intervention had no impact on students’ view-
ing time for pre-class videos. In video-based learning environments, an increase in 
viewing time can be interpreted as a positive signal of a higher level of interaction 
with learning materials (Vural, 2013) and more active processing of video content 
(van der Meij & Bӧckmann, 2020). Simultaneously, the same indicator can be con-
sidered as indicating processing difficulty and the exertion of greater cognitive effort 
(Barut Tugtekin & Dursun, 2022). Recently, a learning analytics study showed that 
individuals who performed at an average level on the pre-test and whose performance 
was manifestly degraded at the end of the course exhibited the largest time ratio for 
skipping backwards, whereas those who scored the highest in the pre-test and post-
test demonstrated only a small skipping-backwards time ratio, indicating that a longer 
viewing time may not necessarily imply academic success (Liao & Wu, 2023). Future 
research could include video interaction events (e.g. Yurum et al., 2023) to provide a 
more nuanced understanding of the impact of the intervention on learning processes.

The current study showed that the intervention did not affect students’ satisfac-
tion with the pre-class videos. The adjusted mean score for satisfaction was approxi-
mately 4.8 on a 6-point scale for both the experimental and control groups. This 
result echoes the previous finding that both the question-present and question-absent 
groups reported a satisfaction mean score of 5.5 on a 7-point scale (van der Meij & 
Bӧckmann, 2020). This result is also in line with findings from cross-sectional stud-
ies showing that students tend to react positively to instructional videos interpolated 
with questions (Desai & Kulkarni, 2022; Palaigeorgiou & Papadopoulou, 2019). The 
aggregated findings suggest that learners report positive appraisals of videos contain-
ing embedded questions. The absence of an effect of the intervention on student sat-
isfaction may be attributable to the overall positive appraisals of instructional content, 
which could overshadow the perceived benefits of the embedded questions (van der 
Meij & Bӧckmann, 2020). Based on these findings, our study provides several theo-
retical contributions and practical implications, which are discussed below.

5.1  Theoretical contributions

First, this study reinforces the view that boundary conditions should be considered a 
means of theory development in multimedia learning research (Deng & Gao, 2023a). 
It highlights that contextual factors in an authentic learning environment can medi-
ate the efficacy of design principles observed under laboratory conditions (Fyfield 
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et al., 2019). For example, while laboratory studies have shown that videos contain-
ing seductive details can decrease learning performance, the study by Maloy et al. 
(2019) reveals that such videos do not harm students’ actual or perceived learning in 
flipped classrooms. Although interpolating videos with questions has been shown to 
enhance student learning in experiments conducted in laboratory or artificial settings 
(Kestin & Miller, 2022; Tweissi, 2016; van der Meij & Bӧckmann, 2020), evidence 
regarding its effectiveness in flipped classrooms is not yet well-established. Flipped 
classroom observations and experiments have been conducted in ecologically valid 
settings; however, existing flipped classroom research often provides ‘little, if any, 
information on the design of the instructional videos’ (van der Meij & Dunkel, 2020, 
p. 2). This study represents an important step towards understanding how instructors 
can refine the design and utilisation of instructional videos to improve student learn-
ing. As videos form an instrumental part of flipped learning, future research should 
continue exploring effective interventions for optimising the use of video resources 
in flipped classrooms.

Second, our study contributes to the flipped learning literature by examining the 
combined effects of embedding and reviewing questions on learning processes and 
outcomes in flipped classrooms. The results demonstrate that embedding questions 
in pre-class videos and reviewing them during in-class sessions promotes consist-
ent learner engagement and leads to improved learning performance. The possible 
mechanism of the effect of the intervention on performance could derive from stu-
dents’ regular engagement with pre-class materials, which may have primed them 
to establish a more regular study pattern to make sense of the materials, leading 
to improved academic achievement (Jovanović et  al., 2019). These findings rein-
force previous evidence from experimental (van der Meij & Bӧckmann, 2020) and 
cross-sectional studies (Desai & Kulkarni, 2022) that the question-present and ques-
tion-absent conditions demonstrate comparable satisfaction levels, indicating that 
embedded questions exert a limited influence on affective outcomes. The findings 
also advance our understanding of the specific advantages and boundary conditions 
of interpolated questions.

5.2  Practical implications

This study has important practical implications for designing video-based flipped 
classrooms. Despite the pervasive use of instructional videos as pre-class learn-
ing materials, there is a paucity of evidence-based studies that inform instruc-
tors on how to improve the effectiveness of video-based flipped learning (van der 
Meij & Dunkel, 2020). This study provides empirical evidence that students per-
form better and maintain a more consistent learning pattern when questions are 
embedded in pre-class videos and reviewed during in-class sessions. Although 
the researchers cannot dismiss the potential effectiveness of other instructional 
techniques, the findings strongly support the practice of incorporating questions 
into pre-class videos and reviewing them at the beginning of in-class sessions. 
Therefore, instructors can employ this technique to emphasise the most salient 
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learning points. Moreover, the design of the educational intervention was thor-
oughly described, which will allow other researchers to replicate this study in dif-
ferent flipped classrooms. Not all interactive elements embedded in videos pro-
mote content learning (Cojean & Jamet, 2022). Future studies should continue to 
identify empirically validated teaching practices and their associated parameters. 
Such endeavours would enable more effective implementation of flipped class-
rooms, particularly for instructors who are not familiar with this teaching mode 
(Buhl-Wigger et al., 2023b).

6  Limitations and future directions

First, like many other flipped learning studies, this study considers the use of 
videos as an essential part of pre-class learning activities. Despite their pervasive 
use, pre-class activities in flipped classrooms can be structured in many ways. 
Future studies should explore and optimise the design of pre-class activities 
beyond watching instructional videos, such as peer coaching (Xu et  al., 2021), 
game-based learning activities (Hwang & Chang, 2023), as well as the appli-
cation of new technologies such as Virtual Reality (Marks & Thomas, 2022) 
and Metaverse (Onu et  al., 2023). For instance, the results of our study can be 
extended to the context of flipped classes based on VR technologies such as vir-
tual laboratories. In that regard, we can investigate whether embedding questions 
and cues in VR learning materials has an impact on student performance. Second, 
this study was based on a content area featuring procedural knowledge. Future 
research could replicate this study in other study areas and explore whether the 
effectiveness of the intervention is mediated by knowledge type (Liu et al., 2023). 
Third, this study evaluated learning performance at the cognitive level of knowl-
edge retention. Future studies should focus on the development of higher cogni-
tive levels of learning, such as knowledge application (e.g. Wang et  al., 2023). 
Lastly, our study aimed to assess the combined effects of embedding and review-
ing questions, and we did not investigate their individual effects. This approach 
is motivated by previous studies (e.g. Mar et al., 2017) that have reported mixed 
findings regarding the effectiveness of solely inserting questions in videos to 
enhance students’ performance. Additionally, our recent research (Deng & Gao, 
2023b) has indicated that solely inserting questions in videos does not signifi-
cantly improve students’ performance. Although investigating the combined 
effects of multiple instructional strategies is common in experiments conducted 
in flipped classrooms (e.g. Jung et al., 2022; Yoon et al., 2021) and broader edu-
cational settings (e.g. de Buisonjé et al., 2017; Marwaha et al., 2021; Motameni, 
2018), isolating the individual effect of the explanatory variables would further 
determine whether the effectiveness of the intervention is attributable to present-
ing questions in videos, reviewing questions during class, or in combination. 
Future research could advance this line of inquiry by adding control conditions 
that enable individuals to access pre-class videos interpolated with questions or 
the opportunity to review the questions in class.
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7  Conclusions

To improve learning effectiveness, instructors commonly interpolate pre-class 
instructional videos with questions (Cornwell, 2021; Fidan, 2023; Gibson & Shel-
ton, 2021; Gündüz & Akkoyunlu, 2019). However, studies of the effectiveness of 
this design practice have yielded inconsistent results in flipped classrooms. While 
some researchers have reported positive effects (e.g. Haagsman et al., 2020), oth-
ers have found that the presence of questions has a limited contribution to flipped 
learning (e.g. Deng & Gao, 2023b; Mar et  al., 2017). This may be because indi-
viduals who watched the question-embedded videos did not fully understand the 
solutions to these questions, and additional guidance is warranted to clarify stu-
dents’ doubts and better prepare them for subsequent learning activities. In this 
vein, this study designed an educational intervention in which the experimental 
group watched pre-class videos interpolated with multiple-choice questions and 
was given the opportunity to review these questions at the beginning of each in-
class session. The results showed that the intervention had a positive influence on 
learning performance, with a medium effect size. The intervention also improved 
the regularity of learning, and a large effect was observed. The experimental condi-
tions did not affect student satisfaction with pre-class videos or the video viewing 
duration. The study findings have important implications for flipped learning litera-
ture, as well as for instructors and educational institutions seeking to enhance the 
effectiveness of video-based flipped classrooms.
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