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Abstract
Educational videos are increasingly used to let students prepare lesson material at home prior to in-class activities in flipped
classrooms. The main challenge of this teaching strategy is to stimulate students to watch these videos attentively before going to
class. This paper describes the use of questions that pop-up within relatively long educational videos of 16 min on average and
designed to enhance students’ engagement and understanding when preparing for in-class activities. The effects of such pop-up
questions on students’ learning performance were studied within a flipped course in molecular biology. Students had access to
videos with or without a variable set of pop-up questions. The experimental group with pop-up questions showed significantly
higher test results compared to the group without pop-up questions. Interestingly, students that answered pop-up questions on
certain concepts did not score better on items testing these specific concepts than the control group. These results suggest that
merely the presence of pop-up questions enhances students’ learning. Additional data from interviews, surveys, and learning
analytics suggest that pop-up questions influence viewing behavior, likely by promoting engagement. It is concluded that pop-up
questions stimulate learning when studying videos outside class through an indirect testing effect.
Keywords Interactive video . Pop-up questions . Flipped classroom . Testing effect . Molecular biology . Undergraduate

Introduction
Educational videos are regularly used to study information at
home in flipped classroom education (Bishop and Verleger
2013). The main idea of this flipped classroom model is that
traditional class activities are shifted or “flipped” to activities
outside class and vice versa. Thus, students study the lesson
content outside class, which is often done with the aid of
educational videos. Afterwards, students use the knowledge
on a higher cognitive level during in-class activities. The main
aim of this setup is that teachers are present when students
apply the information and probably when most help is needed.
Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10956-020-09847-3) contains supplementary
material, which is available to authorized users.
* Marjolein E. Haagsman
M.E.Haagsman@uu.nl
1

Institute of Education, Department of Biology, Faculty of Science,
Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands

2

Department of Education, Faculty of Social and Behavioral Sciences,
Utrecht University, Heidelberglaan 1, 3584
CS Utrecht, The Netherlands

Accordingly, flipped lessons have shown to improve students’
test performance within Science, Technology, Engineering
and Mathematics (STEM) higher education (Baepler et al.
2014; Gross et al. 2015; Lax et al. 2016; Barral et al. 2018).
Although these results of flipped lessons on learning performance are promising, some challenges remain (Lo and
Hew 2017). Herreid and Schiller (2013) described two major
challenges for flipped classroom education experienced by
STEM teachers. The first, rather practical challenge is that
teachers find it hard to obtain or design proper videos suitable
for studying the lesson content at home. The second challenge
is that some students are not prepared well enough for the inclass activities. This last challenge is a fundamental issue of
the flipped classroom model since student preparation is a
prerequisite for in-depth in-class activities. The current paper
aims to investigate whether students’ learning outside the
classroom can be improved through video design by using
questions that pop-up within educational videos.
Some suggestions for effective video design for learning
have been made from the perspective of cognitive theory of
multimedia learning (Mayer 2002). This theory suggests that
media in learning should prompt cognitive processing of the
relevant information without overloading the processing capacity of students. This cognitive process is mainly thought to
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be promoted by two conditions in video design: segmentation
and signaling (Ibrahim 2011). In this model, segmentation is
defined as the division of videos into smaller segments while
signaling encompasses visual and audial signs that increase
students’ focus on the most relevant information. As such,
students that watch videos with clear signals and small fragments are expected to have less attention to irrelevant information and will better remember the relevant information
(Ibrahim 2011).
One highly promising tool to increase the effectivity of
educational videos is the introduction of questions that popup within the video (Szpunar et al. 2013, 2014; Cummins et al.
2016; Lavigne and Risko 2018). These questions can either be
in the form of single interspaced pop-up questions or as socalled interpolated tests with multiple questions. In either case,
questions are included at certain intervals within an educational video and are expected to promote active engagement and
thereby learning (Kumar 2010; Brame 2016). When used at
regular intervals during the video, these pop-up questions hold
both segmenting and signaling functions as advised by
Ibrahim (2011). The high interest in pop-up questions as a
learning tool is reflected in the number of companies that
provide tools to enrich videos with integrated questions
(HapYak 2020; Hihaho 2020; H5P 2020; Panopto 2020;
PlayPosit 2020; Scalable Learning 2020).
One of the early studies on videos with questions revealed
that psychology students achieved higher performance on
video-related test questions when watching the video with
guiding questions on a separate sheet of paper (Lawson et al.
2006). Furthermore, several studies show that interpolated
tests within or between videos do improve students’ final test
performance (Szpunar et al. 2013; Vural 2013; Lavigne and
Risko 2018). The interpolated tests even appeared to be more
effective on test performance than extra study time (Szpunar
et al. 2013). In contrast, in a study of Wieling and Hofman
(2010), interpolated tests did not affect students’ final test
performance within a course on European Law.
The positive effect of interpolated tests on final test performance observed in some studies could relate to the retrieval or
testing effect, which is the finding that taking or practicing
tests in general improves retention of information (Glover
1989). This testing effect has been supported by many studies
and can be explained by both direct and indirect effects (e.g.,
Karpicke and Blunt 2011; Pastötter and Bäuml 2014;
Roediger and Butler 2011; Szpunar et al. 2008). The direct
effect of testing occurs when testing enhances retention on a
specific tested topic (Jacoby et al. 2010). One explanation for
the direct testing effect is that students need to retrieve and
process specific information when doing tests (Roediger and
Karpicke 2006). A second possible mechanism for the direct
testing effect of pop-up questions in particular is that these
questions operate as a signaling tool by recapitulating and
testing the most relevant video content.

Besides enhancing retention on the specific tested topic, testing has also shown to enhance retention on subsequent nontested lesson material (Chan et al. 2006; Szpunar et al. 2008).
This indirect testing effect implies that also factors other than reexposure and retrieval contribute to improved learning performance from tests. Recently suggested mechanisms for indirect
testing effects of pop-up questions are an increase in notetaking (Lawson et al. 2006; Szpunar et al. 2013) and spending
more time on the online learning material (Vural 2013).
Moreover, students have reported to be more focused after each
video fragment when they were tested during the videos
(Szpunar et al. 2013), suggesting that the questions function
as a segmentation tool. Summarizing, previous studies on
videos with integrated questions suggest that they might promote learning both directly and indirectly by helping students to
focus on the tested and most relevant information, process the
tested information more elaborately, retain attention and stay
actively involved. The number of studies on pop-up questions
is however rather scarce and results are inconclusive.
More insight into the effect of pop-up questions on learning
may help teachers to design effective videos. Such insights
can be essential for flipped classroom education since the
success of this model depends on the preparation by the students. In this study, educational videos on molecular biology
are used of about 16 min on average. These rather long educational videos are segmented with questions that pop-up
about once per 5 or 6 min. The aim of this paper is to examine
whether pop-up questions enhance students’ learning outside
class within a flipped course in molecular biology. This study
specifically aims to address the following three questions:
1. Do students experience that pop-up questions help them
in learning the video content?
2. Does the content of pop-up questions result in a direct
testing effect?
3. Does the presence of pop-up questions result in an indirect
testing effect?
Based on the results from these studies we performed an
additional explorative study to address the question:
4. How do students use pop-up questions?
The studies were performed in an authentic setting, meaning that the students watched the videos at home, while data
were obtained from tests, surveys, interviews, and learning
analytics.

Methods
For this study a multimethod evaluation design was used.
Qualitative and quantitative methods were employed
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Fig. 1 Schematic representation
of the first three primary studies
and final fourth explorative
study performed for this research.
The connections between the
research questions show how the
result of one study is used to
inform the next

QUESTION 1

Do students
experience that
pop-up
questions help
them in
learning?

survey

STUDY 1

95% of students (totally) agree
that pop-up questions help them
in learning.

STUDY 2

QUESTION 2

QUESTION 3

Does the
content of
pop-up
questions result
in a direct
testing effect?

Does the
presence of
pop-up
questions result
in an indirect
testing effect?

A+

test
performance

STUDY 3

Test scores are similar with or
without pop-up questions
relating to the test.

A+

test
performance

Test scores are higher for students
who watch videos with pop-up
questions.
QUESTION 4

How do students
respond to
pop-up
questions?

STUDY 4A

interview

Some students indicate that they
rewind videos when pop-up
questions appear.

STUDY 4B

questionnaire

37% of students rewind when
they do not know the answer to
a pop-up question.

STUDY 4C

learning
analytics

Students rewind significantly
more often just after pop-up
questions appear.

sequentially, using the results of one method to design the next
(Fig. 1). First, students’ perception of the effect of interactive

videos on their learning was measured using an evaluation survey in 2015 (Table 1). Second, in 2016, we studied direct
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Table 1 Descriptive statistics for studies on effects of pop-up questions
on students’ learning
Study Research question

Study Do students
1
experience that
pop-up questions
help them in learning the video content?
Study Does the content of
2
pop-up questions
result in a direct
testing effect?
Study Does the presence of
3
pop-up questions
result in an indirect
testing effect?
Study How do students use
4A
pop-up questions?
Study What do students do
4B
when pop-up questions appear?
Study Do students rewind
4C
the video more
often after pop-up
questions appear?

Instrument

Number of Year of
participants, data
N (%)
collection

Survey

168 (69%)

2015

Test
performance

253 (94%)

2016

Test
performance

170 (57%)

2017

Interview

14 (8%)

2017

Questionnaire 118 (69%)

2017

Learning
analytics

2017

244 (82%)

comparative studies were randomly divided among experimental groups. Descriptive statistics on these groups can be
found in Table 2.

Course Design
The study was performed within the freshman course
Molecular Biology, taught at Utrecht University in the
Netherlands. The course is given in Dutch and is compulsory
for all students participating in the undergraduate program of
biology. The course content was based on the Text Book
Biology, A Global Approach; Chapters 2–13 and Chapters
16–20 (10th and 11th International Edition) (Campbell et al.
2015, 2017). Research on video use was only performed within the first 5 weeks of the course. During this time, students
were provided with four to eight videos per week. Students
could view the videos voluntarily at home, at their own pace
and in their own time. Additionally, understanding of the video content was tested weekly in online tests and then applied
in group assignments. All tests, assignments and answers to
pop-up questions were discussed weekly with the teacher during obligatory in-class activities in groups of approximately
40 students.

Video Design
testing effects of specific pop-up questions on the understanding of corresponding concepts. As a third step in 2017, we
studied indirect testing effects from overall test performances.
Based on results from these studies, we performed an extra
study using focus group interviews to explore how students
make use of pop-up questions. This outcome similarly resulted
in a next study to explore students’ viewing behavior with the
aid of questionnaires. The result of this examination ultimately
led to a final study to measure effects of pop-up questions on
students’ viewing behavior from learning analytics data.

The educational videos were recorded by the teacher of the
course. The videos were recorded as screencasts of slides with
audio and lasted, on average, 16 min. The topics discussed
within the videos were atoms and molecules, chemistry of
water, carbon chemistry, biological macromolecules and
lipids, energy, cell structure and function, cell membranes, cell
signaling, cell cycle, cell respiration, and photosynthesis. The
learning goals of the videos are reported in Online Resource 1.
The videos were linked to the online video platform
ScalableLearning (Scalable Learning) to include pop-up questions within pre-made videos.

Participants

Pop-up Questions Design

The participants in this study were freshman students on the
Molecular Biology course (Department of Biology, Utrecht
University). The first study on students’ perception included
168 participants (69% response rate). The second study on the
direct testing effect included 253 participants (94% response
rate). The third study on the indirect testing effect was conducted with 170 (57% response rate) participants. The
resulting extra studies on viewing behavior from interviews,
questionnaires, and learning analytics included respectively
14 (8% response rate), 118 (69% response rate), and 244 participants (82% response rate). Note that the total number of
students differs per experiment as the experiments were conducted over a period of 3 years. The participants within the

Educational videos were enriched with pop-up questions
reviewing the previously explained concepts. In 2015, the
questions within the videos popped up once per 8 min, on
average. In the consecutive year, the main teacher added extra
questions to the video as students reported that they would like
to have more of them. Extra questions were added up to one
question per 5 or 6 min, on average, depending on the experimental group. The questions were designed at the conceptual
knowledge level of Bloom’s taxonomy (Bloom et al. 1956).
The videos paused when pop-up questions appeared within
the video and automated feedback was provided after answering the question. Students that viewed the video clip for the
first time could only continue the video after the pop-up
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Table 2

Descriptive statistics for comparative studies on effects of pop-up questions on students’ learning

Year Comparative study Instrument
2016 Study 2
2017 Study 3
Study 4C

Group

Direct testing effect

Group A
Group B
Indirect testing effect Control group
Experimental group
Rewinding behavior Control group
Experimental group

Response rate, N (%) %Male %Female Average second exam grade (SD)a
149 (95%)
104 (94%)
83 (56%)
87 (59%)
121 (82%)
123 (83%)

42%
38%
33%
39%
47%b
43%b

58%
62%
67%
61%
53%b
57%b

5.6 (1.50)
5.9 (1.44)
6.2 (1.52)
6.5 (1.46)
6.0b (1.62)
6.3b (1.48)

a

All comparative studies were performed within the first part of the course. The presented grade is the average exam grade for the second part of the
course. Students receive exam grades within a range of 1.0 (lowest) to 10.0 (highest)

b
The demographic information and exam grades for study 4C are given for the total number of students instead of the respondents as data on rewinding
behavior are anonymous

question was answered correctly. However, students that
rewatched the video clip could continue watching the video
at any time by pressing the play button. The number of attempts and correct answers is provided to the teacher for the
group as a whole but not per specific student. During the video
clip, students also had the opportunity to use additional interactive tools. These tools included making digital notes, asking
questions to the teacher and/or fellow students and pressing
the “I am confused” button to label video fragments they did
not understand. Students could also rewind, fast-forward,
pause and change the speed of the video.

Test Design
Online tests were designed to practice the concepts explained
in the videos. The tests were, similarly to the pop-up questions, designed at the comprehension level of Bloom’s taxonomy (Bloom et al. 1956). Furthermore, these tests were also
used to measure students’ learning performance for study 2
and 3 discussed further on. Students were asked to do eight
tests of approximately 20 questions each. The tests were performed digitally at home, and the deadline for these tests was
1 day before the corresponding in-class activities. The average
score of the eight tests accounted for 5% of the final course
grade.

Study 1—Exploring Students’ Experience on the
Effect of Pop-up Questions on Their Learning
In 2015, videos within the Molecular Biology course were
embedded in ScalableLearning for the first time. Students’
general perception of (interactive) videos was explored using
a survey at the end of the course. Students responded to statements on a 5-point Likert scale, ranging from strongly disagree (1) to strongly agree (5). The survey contained 14 questions on how students used these interactive tools within the
video platform and whether these tools affected their learning.
Only the following three statements concerning pop-up

questions and the learning effect of educational videos are
considered within this paper: The video clips helped me in
learning; Answering the pop-up questions helped me in
learning; and I would like to have fewer questions within a
video clip. A translated version of the complete evaluation
survey is provided in Online Resource 2.

Study 2—Measuring the Direct Testing Effect
Students were randomly divided into two groups (A and B) at
the start of the course. Each of these groups used a different
course environment for watching the educational videos. The
videos within the course environments were the same, but 14
extra pop-up questions were inserted for alternating groups
(Fig. 2).
The pop-up questions were based on the course learning
goals and developed on the level of comprehension.
Corresponding test questions were designed for each of those
questions and were incorporated into the tests covering the
entire study content. The test questions were not identical to
the pop-up questions but tested the same concept at the same
comprehension level. For example, one pop-up question was:
“Which of the following amino acids does not contain asymmetric carbon atoms?” Whereas, the corresponding test question contained a structural formula with the question: “Which
of the carbon atoms within the structural formula below
is asymmetric?” A translated version of the test questions with the corresponding learning goals is provided
in Online Resource 3. Each individual score per specific test
question was obtained for comparison. Only test scores were
analyzed for students that attempted to answer the corresponding pop-up question. Students who did the digital test before
fully watching the corresponding videos were excluded from
analysis in order to obtain a solid measurement of the effect of
video preparation on test performance. The remaining students did the tests with a median time interval of 1 day 6 h
and 58 min after watching the videos.
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Study 4A—Exploring Students’ Use of Pop-up
Questions via Focus Groups

Fig. 2 Schematic design for measuring understanding of concepts (study
2). In this experiment, students were divided into group A and B. Both
groups viewed the same videos with different pop-up questions (PQ). The
corresponding test questions (TQ) in the test are marked similarly

Study 3—Measuring the Indirect Testing Effect
In the subsequent year, students were randomly divided
between an experimental and a control group. Both
groups watched two educational videos on cell signaling, with durations of, respectively, 20:10 min and
19:33 min. Four pop-up questions were designed for
both educational videos. However, in this experiment,
only one experimental group received these pop-up
questions whereas the other control group received no
pop-up questions at all (Fig. 3).
Students’ general conceptual understanding of these
two videos was tested with a corresponding test on cell
signaling. The scores of this test were compared between
the control and experimental group and corrected for
other test scores obtained prior to the experiment. A
translated version of the pop-up questions, test questions,
and corresponding learning goals are provided in
Online Resource 4. Again, students were excluded from
the analysis when they did the digital test before fully
watching the corresponding videos.

Fig. 3 Schematic design for measuring students’ overall test performance
(study 3) and viewing behavior (study 4C). In this experiment, students
were divided into an experimental and a control group. Both groups
viewed the same videos on cell signaling. The experimental group
received pop-up questions (PQ) within the videos, whereas the control

After the Molecular Biology course in 2016, two groups
of six and eight students participated in a semi-structured
focus group interview on their use of pop-up questions.
Students were asked to describe their actions when questions appeared within the video. A translated version of
the guiding questions of the focus group interview is
provided in Online Resource 5.

Study 4B—Exploring Students’ Use of Pop-up
Questions via Questionnaires
The results of the focus group interviews were used to design a
questionnaire on the use of videos and pop-up questions. The
questionnaire contained closed questions on students’ use of
videos, and the multiple-choice answers to these questions
were derived from student discussions during the focus group
interviews. Only one question concerning students’ behavior
when not knowing the answer to a pop-up question is used in
this paper (N = 118). Other questions concerning students’
general use of video were considered to be irrelevant for the
current paper. A translated version of the questionnaire is provided in Online Resource 6.

Study 4C—Measuring Students’ Rewinding Behavior
Viewing behavior was analyzed for the same video clips on
cell signaling (Fig. 3). The specific data used for this study
were the number of rewinds per student. Only rewinds of
more than 1 s were used for analysis. The percentage of rewinds per student was determined for every timeframe of 30 s

group did not receive any pop-up questions. Students’ test performances
on the overall video content were compared between the experimental
and control group. The groups were also compared on the number of
rewinds and fast-forwards per student
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in the video. The total use of rewind and fast-forward buttons
within the video was also determined for the experimental and
control group and compared with a control clip. This control
clip was a video clip of 18:07 min on cell structure and function which contained five pop-up questions that were identical
for both the control and experimental groups. The raw data on
rewinds and fast-forwards were provided personally by the
development team of the video platform ScalableLearning.

Statistical Analysis
For the first step of the analyses, we performed descriptive
statistics. The answers to the test questions within study 2
were scored as either correct or incorrect, and Pearson’s chisquare analysis was performed to compare these results for
groups with or without corresponding pop-up questions. For
study 3, a one-way analysis of covariance (ANCOVA) was
conducted to compare test scores of the experimental and
control group. The test scores were controlled for the second
exam grade of the course. An independent t test was used for
study 4C to compare the mean percentages of rewinds within
the 30 s after pop-up questions between the control group and
experimental group. The average number of rewinds and fastforwards throughout the entire videos was not normally distributed and compared with a Mann-Whitney test. Individual
rewinds and fast-forwards greater than three times the interquartile range of each experimental group were considered as
outliers and removed from this analysis. All statistical analyses were performed using IBM SPSS Statistics Version 24.

Results
Student Perception on the Effect of Interactive Video
on Their Learning
The present study started with a general student evaluation of
the interactive video platform. A few questions within this
survey examined whether students believed that educational
videos and pop-up questions helped them in learning
(Table 3).
Table 3 shows that 97% (totally) agreed that video clips in
general helped them in studying the learning content. In addition, 91% of the students (totally) agreed that pop-up questions, specifically, helped them in studying. This positive attitude towards pop-up questions was confirmed by the finding
that 79% of the students (totally) disagreed with decreasing
the number of questions within the video.

Direct Testing Effect
Tests were performed prior to the in-class activities to
investigate whether a pop-up question on a specific

concept helped students to understand that specific concept. An experimental setup was designed in which two
groups watched the same video clips with different popup questions on different concepts. Afterwards, both
groups did a test on the video content. The test scores
on the individual items are shown in Table 4.
Surprisingly, the percentage of correctly answered test
questions was not significantly different between students that did (72%) or did not (69%) receive corresponding pop-up questions (χ2(1, N = 2901) = 2.52, p =
0.11). Students with corresponding pop-up questions only performed significantly better on one question (item
5), which was the only question that was nearly identical
to the pop-up question (χ2 (1, N = 181) = 15.10, p <
0.001).

Indirect Testing Effect
In the previous experiment, group A and B were both required
to answer pop-up questions although on different concepts. A
follow-up experiment was performed to examine whether
merely the presence of pop-up questions might affect student
performance on the full video content. In this experiment,
students watched a video on cell signaling either with or without pop-up questions. Afterwards, students were tested on the
entire video content and their test scores compared with an
ANCOVA. Interestingly, there was a significant effect of the
presence of pop-up questions on these overall test scores after
controlling for their exam grade (Fig. 4). Students who
watched videos with pop-up questions scored significantly
better on the test (Madj = 79%, SE = 1.17) than students who
watched the same video without pop-up questions (Madj =
75%, SE = 1.11); F(1,218) = 7.68, p = 0.006
(Online Resource 7). Students with pop-up questions particularly scored more often above 85% when pop-up questions
were present (Fig. 4).

Students’ Use of Pop-up Questions
The previous two experiments suggest that pop-up questions
do not improve test performance on the specific tested concept, but that merely the presence of pop-up questions affects
test performance on the video content as a whole. These results motivated us to perform a set of extra studies and explore
possible causes of indirect testing effects. Two semistructured focus group interviews were performed to investigate how students use pop-up questions. First, students were
asked how, where and when they were watching the video.
Some students watched the video when commuting in the
train or bus but most students watched them at home. Some
students explained that they watched the video in one go
whereas others said they used their phone or computer at the
same time:
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Table 3

Descriptive statistics from an evaluation survey on interactive video for items on video clips and pop-up questions (study 1, N = 168)
Likert scale response (%)

Item Statement
3b
12a
12b

1 Totally Disagree 2 Disagree 3 Neutral

The video clips helped me in learning
0 (0%)
Answering the pop-up questions helped
0 (0%)
me in learning
I would like to have fewer pop-up questions 38 (24%)
within a video clip

4 Agree

0 (0%)
3 (2%)

4 (2%)
11 (7%)

87 (55%)

22 (14%) 9 (6%)

5 Totally Agree N

51 (31%) 108 (66%)
95 (61%) 48 (31%)
1 (1%)

Mean S.D

163 4.64
157 4.20

0.53
0.65

157 2.03

0.82

The numbers in each category represent the numbers of students answering in that category. The mean (M) and standard deviation (SD) presented are the
mean and standard deviation values derived from the Likert scale ranging from 1 (totally disagree) to 5 (totally agree). The sum of the percentages is not
equal to 100% due to rounding errors

STUDENT 8: It’s not like I am continuously on my
phone or something. No. Otherwise I could not follow
the story.
STUDENT 9: I sometimes turn that thing (educational
video) on and then I do something else on my computer
in the meantime. (…) I always try to do a bit of
multitasking.
Students were then asked to describe their first actions
when a question pops up and what they did when their
answer to a pop-up question was incorrect. Some students commented that they simply tried the next answer,
as they explained:

Table 4

A few students specifically clarified that they guessed because
they wanted to continue listening to the video lecture:
STUDENT 9: Yes, I do this as quickly as possible because you want to continue the rest of the thing. So you
quickly think about it…
Other students explained that they rewind the video when they
do not know the answer to a pop-up question, although one

Test scores of students with or without access to corresponding pop-up questions (Study 2, N=253)

Experimental group
Group A
(N=151)

Group B
(N=108)

STUDENT 4: Most often when I receive a question, I
just give the answer that I think is right and then I just try
the next. It’s not like I look back for those things.

Without pop-up question

With pop-up question

Test Item
2
4
6

Na
102
85
94

Correct
44%
68%
51%

Na
97
123
128

Correct
50%
64%
54%

0.575
0.359
0.404

df
1
1
1

p
0.448
0.549
0.525

7
10
12
14
1
3
5c
8
9
11
13

78
81
90
70
148
139
103
124
121
89
109

72%
75%
86%
81%
95%
94%
45%
90%
30%
67%
57%

103
107
114
89
103
103
79
89
84
70
85

65%
80%
86%
85%
95%
98%
73%
96%
29%
66%
57%

0.928
0.694
0.007
0.450
0.038
2.172
15.098
2.003
0.033
0.051
0.003

1
1
1
1
1
1
1
1
1
1
1

0.335
0.405
0.934
0.502
0.846
0.196b
<0.001***
0.157
0.855
0.821
0.954

2

The percentages represent the percentage of students with a correct answer to the test questions. 2 and p-values show the results of a Pearson’s chisquare analysis on test scores between the student groups with and without corresponding pop-up questions
a

The number of participants differs per test item as data were removed for analysis for students not doing the specific test or not watching the
corresponding video clip before the test

b

The p-value for item 3 was calculated with a Fishers’ exact test, because one of the frequencies had an expected count below 5

c

Test item 5 was nearly identical to the corresponding pop-up question
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20%

without pop-up questions

Percentage of students

with pop-up questions
15%

10%

5%

0%
0

10

20

30

40

50

60

70

80

90

100

Test scores

Fig. 4 Percentage of students with distinct test scores for groups that
watched a video clip on cell signaling with or without pop-up questions
(study 3). The possible test scores ranged from 0 to 100. The dashed lines
represent the mean adjusted test scores for both the control group (N = 83)
and the experimental group (N = 87)

These results reveal that students rewind relatively more
often within the 30 s after pop-up questions occur (M = 0.22,
SD = 0.23) as compared to the same time points in the control
video without questions (M = 0.10, SD = 0.12); t(168) = −
4.535, p < 0.001. Similar results were found for a comparable
video clip (Online Resource 8).
We also explored the effect of pop-up questions on the general use of both rewind and fast-forward buttons throughout the
entire video. Interestingly, students in the experimental group
(with pop-up questions) rewound significantly less (Mdn = 3)
compared to the control group (Mdn = 8), U = 3946.50,
p < 0.001 (Fig. 6a). In addition, students also fast-forwarded
significantly less when pop-up questions were present
(Mdn = 0) as compared to when no pop-up questions appeared
(Mdn = 5), U = 3524.00, p < 0.001 (Fig. 6b). Similar results
were found for a comparable video clip (Online Resource 9).
No significant difference in the average number of rewinds
was found for a control clip similar for both groups. Thus,
students rewind and fast-forward less often throughout the
video clip as a whole, although they do rewind more often
just after pop-up questions appear.

explains that he/she only does this when preparing for final
exams and not when preparing for in-class activities:
STUDENT 10: For me it is an indicator of understanding the previous fragment. Usually, when I answer incorrectly, I rewind part of the video.
Similar results were found from the subsequent questionnaire,
showing that 47% of all students indicated that they guessed
the answer until they found the correct one (Table 5). About
37% of the students indicated rewinding the video first when
not knowing the answer to the question. The remaining students claimed to search for the answer on the Internet or in the
textbook.
In order to get more insight into the influence of pop-up
questions on students’ rewinding behavior, we used learning
analytics data. We determined the use of the rewind buttons
for both the experimental group with pop-up questions and the
control group without pop-up questions. The effect of pop-up
questions on rewinding behavior was analyzed from the relative
number of rewinds through the course of a video clip (Fig. 5).

Table 5

Discussion
The study demonstrates that pop-up questions within educational videos improve students’ test performance on the overall video content. Accordingly, students agreed that pop-up
questions within educational videos helped them to study at
home and were positive about including more pop-up questions within the videos. However, pop-up questions on a particular concept within the video did not improve test performance on that specific concept. Thus, our pop-up questions
did not result in a direct effect, but rather in an indirect effect
on students’ test performance.
It is surprising that we did not find a direct testing
effect for pop-up questions, since such an effect has been
reported by several previous studies (Butler 2010; Glover
1989; Karpicke and Roediger 2008; Szpunar et al. 2008).
One explanation is that studies on the direct testing effect
mainly addressed the memorization of vocabulary lists in
which students are tested at the level of remembering of

Students’ responses to the statement “What do you do first when you do not know the answer to a pop-up question?” (study 4B, N = 118)
Likert scale response (%)

Item Statement

5

Guess
answer

What do you do first when you do not know the answer to a pop-up ques- 47%
tion?

The sum of the percentages is not equal to 100% due to rounding errors

Rewind
video

Search on
Internet

Search in
textbook

37%

9%

6%

Average percentage of rewinds per student
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a

b
without pop-up questions

12.5%

PQ

with pop-up questions

12.5%
PQ

10%

10%

7.5%

7.5%

5%

5%

2.5%

2.5%

PQ

0%

0%
0

2

4

6

8

10

12

14

16

0

18

2

4

6

8

10

12

14

16

18

Time within video clip (minutes)

Time within video clip (minutes)

Fig. 5 Average percentage of rewinds per student within the time course
of a video clip with (a) and without (b) pop-up questions (study 4C). The
percentages of rewinds are shown for every 30 s of the video for both the
control group (N = 117) and the experimental group (N = 120). The

arrows illustrate time points of the pop-up questions shown to the experimental group at 3m22s, 6m31s, 16m39s, and 16m57s. Error bars represent standard errors of the means

Bloom’s taxonomy (Bloom et al. 1956). In the present
study, however, students were tested at the level of comprehension. Interestingly, one of the test questions accidently appeared to be designed for the level of remembering since it was nearly identical to the corresponding popup question itself. This pop-up question was also the only
question that resulted in a significantly higher score of the
corresponding test question. This finding suggests, although speculative, that pop-up questions and answers
were remembered but simply not improved students’
comprehension of that specific concept.
This study was performed in an authentic setting, meaning
that we could only slightly control how students watch the
educational videos and how they answer the tests. Therefore,
one limitation of this study is that we could not control whether students used any help when performing tests at home. One
other limitation of this authentic setting is that data acquisition
occurred over multiple years, leading to subtle differences in
the course set-up between experiments. Nonetheless,

conclusions were only drawn by comparing results of groups
within one cohort. Students were randomly divided over these
groups and group results on test performances were corrected
for differences in their knowledge.
Future studies are required to determine whether differences in cognitive levels of pop-up questions affect learning
differently. It is however unlikely that the use of questions at
the level of evaluation will improve the conceptual understanding, since Cummins et al. (2016) reported low study
engagement for such pop-up questions. These results were
confirmed by the students in our study, who claimed that
they would not benefit from more difficult questions, as
this would only stimulate them to guess and click through
all of the possible answers until correct. Nonetheless, we
recommend future studies to investigate different parameters of pop-up questions that might result in direct testing
effects such as the level and the frequency of pop-up
questions or whether pop-up questions either review or
preview the video content.

without pop-up questions

20

without pop-up questions

20

15

10

***
5

0

with pop-up questions

Average number of fas t-forwards

with pop-up questions

Average number of rewinds

Fig. 6 Average number of
rewinds (a) and fast-forwards (b)
during videos with and without
pop-up questions (study 4C). The
experimental video clip contained
four pop-up questions for the experimental group (N = 120) and
no pop-up questions for the control group (N = 117). The control
video clip contained four pop-up
questions for both the control
group (N = 132) and the experimental group (N = 127). Error
bars represent standard errors of
the means

15

10

***

5

0

Control Clip
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Control Clip
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The lack of a direct effect on concept understanding may
also be partly explained by the following explorative studies
showing that nearly half of the students claimed to guess the
answer to a pop-up question and thus did not review the learning content. Some of the students did search for the right answer, either by rewinding or studying other sources, although
the effect of this more dedicated approach did not show in the
test results. The learning analytics data confirmed that students
rewound the video more often just after a pop-up question. A
similar effect has been reported before in a study on text instead
of videos (Rouet et al. 2001). Rouet et al. provided online texts
to students and recorded their scrolling behavior. Interestingly,
these students appeared to reread previous information more
often when in-text questions were present. The authors of this
study propose that text reviewing promotes and guides a deeper
level of text comprehension. However, our study did not investigate the effects of the different approaches of students towards
pop-up questions. It would be interesting to determine whether
students that review the content, do have an increase in conceptual understanding when analyzed separately.
Although we do not report a direct testing effect for pop-up
questions, we do show that merely the presence of pop-up
questions promoted student performance in the test as a
whole. Possible mechanisms for such indirect testing effects
have been proposed from previous studies on interpolated
tests between video fragments (Lawson et al. 2006; Szpunar
et al. 2013; Vural 2013). For example, students have reported
to show less mind-wandering when these interpolated tests
were present (Szpunar et al. 2013). Although we did not specifically examine mind-wandering, our learning analytics data
do reveal that students rewind and fast-forward less over the
course of an entire video when pop-up questions are present.
We hypothesize that this decrease in zapping back and forth
through a video might actually be a result of a higher focus of
attention, and this might be particularly true when using relatively long educational videos such as the videos in this study.
Other previously reported mechanisms are more note-taking
and spending more time on the learning material when video
fragments are interpolated with tests (Lawson et al. 2006;
Vural 2013). Just the presence of pop-up questions could
hence increase students’ attention to the video.
In conclusion, our results suggest that teachers can manipulate students’ attention and (re-)viewing behavior by
inserting pop-up questions within educational videos. Hence,
pop-up questions can improve students’ learning when
watching videos at home. This finding is of particular interest
for teachers in a flipped classroom setting who design videos
as a preparation for in-class activities.
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