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Effects of In-video Questions and Feedback on 
Learning Performance

Abstract　The eye-tracking technology was used in this study to investigate the 
effects of embedded questions and feedback in instructional videos on learning 
performance and attention allocation and whether an expertise reversal effect 
existed. The experiment involved 49 learners with high-level prior knowledge 
and 45 ones with low-level prior knowledge from a university. Meanwhile, they 
learned instructional videos with no embedded feedback, embedded questions 
without feedback and embedded questions with feedback. Findings from the 
experiment showed that the instructional videos with embedded questions 
but without feedback not only improved the participants’ attention but also 
enhanced their learning performance. Furthermore, there was an expertise 
reversal effect on the learning performance whereby instructional videos with 
embedded questions but without feedback improved the learning performance 
of learners with low-level prior knowledge, but not those with high-level prior  
knowledge. 
Keywords　instructional videos, embedded questions, feedback, prior knowledge, 
learning performance, attention allocation, expertise reversal effect, eye-tracking

Introduct on

The global education has been rocked by the novel coronavirus disease 2019 (COVID- 
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19) pandemic, which continues to wreak havoc worldwide. According to the 
statistics of UNESCO (2020) by April 20, 2020, offline classes had been suspended 
in 151 countries and regions, and 1.291 billion students had been affected, accoun- 
ting for 81.8% of the total enrolled students. Large-scale and longterm online 
teaching has become a necessity to ensure the continuous teaching, posing a huge 
challenge to the educational system. With the wide application of various open 
online course platforms at home and abroad, instructional videos are the most 
important teaching resource, and the influence of their teaching design strategy 
on teaching effect has grown into one of the most crucial online teaching research 
fields. However, instructional videos cannot completely guarantee good learning 
performance due to their passive natures such as passive acceptance and lack of 
interaction (Wachtler et al., 2015). Question-oriented teaching is considered to 
be an effective teaching strategy in traditional teaching activities, which helps to 
improve both motivation and interest, and then learning performance (Liang et 
al., 2015; Zhou et al., 2015). The design and application of embedded questions 
are becoming increasingly extensive to improve the interactivity and instructional 
effect of instructional videos (Callender & Mcdaniel, 2007; Szpunar et al.,  
2013).

Video learning is a complex cognitive process, so teachers should not only pay 
attention to the design of the video itself, but also understand the learners’ internal 
knowledge reserves, that is, their prior knowledge. It is found that the effects of 
instructional video design on learners with different levels of prior knowledge 
differ (Boer et al., 2014). No prior research has conducted to investigate whether 
the effects of in-video questions on the learning performance are modulated by 
learners’ prior knowledge. Hence, this study aims to investigate the effects of in-
video questions and learners’ prior knowledge levels on their attention allocation 
and learning performance.

L terature Rev ew

Effects of In-video Questions on Learning

The embedded questions of instructional videos on online open course platforms 
include pre-questions (embedded before knowledge points) (Carpenter & Toftness, 
2017) and lag questions (embedded after knowledge points) (Shu, 2016, p.16).  
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A large number of studies indicate that lag questions in videos benefit learners’ 
understanding and mastery of knowledge, because teachers often test the 
learning performance by asking questions at the end of learning to strengthen the 
consolidation of knowledge (Carpenter, 2009; Szpunar et al., 2013).

The cognitive conflict theory provides a possible explanation for whether in-
video questions are beneficial to learning. It holds the view that asking questions 
prior to knowledge points can arouse cognitive conflicts and learning motivation 
so as to attract attention to the learning materials (Huff et al., 2016; Rahim et al., 
2014). Furthermore, some studies compare the learning performance between 
watching instructional videos with embedded questions and those without 
embedded questions in order to investigate the effect of pre-questions on teaching 
effect. The results show that pre-questions not only improve learning performance 
related to embedded questions, but also learning performance unrelated to 
embedded questions (Szpunar et al., 2013). However, the instructional video 
materials with embedded questions used in the research above do not provide any 
feedback. This kind of research fails to investigate whether the question feedback 
affects the positive effect of embedded questions. Therefore, it remains to be 
further explored whether the pre-questions added with feedback in video learning 
can better promote learning performance.

There is no consensus on the role of feedback in learning. Most studies confirm  
that feedback is conducive to learning (Filius et al., 2018), but there is a 
prerequisite for the promotion of feedback on learning, that is, when feedback 
can be understood by learners. Not until the mistakes are corrected and understood  
by the learners, can their understanding be promoted (Jordan, 2012). It is believed  
that because feedback can confirm that learners have gained knowledge or 
changed their existing knowledge beliefs (Mory, 2004), learners’ cognition 
of learning content and environment is motivated (Higgins et al., 2002). 
Nevertheless, if feedback becomes a psychological placebo, the learners will 
immediately relax when reading the explanation of feedback, which is bad for 
learning (Kluger & Denisi, 1996). Therefore, some studies point out that just 
adding questions might improve learners’ learning performance (Roediger 
& Karpicke, 2006), but some others believe that it will not really work 
until appropriate feedback is added to appropriate situations (Roberts et al.,  
2016).

Researchers also probe into the feedback of the instructional videos with lag 
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questions. Feedback is found to improve learning performance (Roberts et al., 
2016). However, the difference between pre-questions and lag questions lies 
in that lag questions are answered after learning so that the feedback can play 
the role of correcting mistakes, and thus promote learning performance. In the 
instructional videos with pre-questions, the feedback is revealed prior to the 
learning content. According to Kluger and Denisi (1996), it can be inferred 
that the cognitive conflict stimulated by pre-questions is easy to be resolved 
by immediate answers. Therefore, it still needs to be further discussed whether 
feedback should be added to the instructional video with prequestions.

Expertise Reversal Effect

In the study of instructional video effect on learning performance, the expertise 
reversal effect has also gained great concern among scholars. Ausubel believes 
that prior knowledge is one of the key factors affecting learning performance 
(as cited in Shi, 2001, p. 221). Learners’ attention processing can be classified 
into two types: (1) top-down processing, that is, goal-driven search based on 
the current learning task; (2) bottom-up processing, that is, stimulus-driven 
search based on the current content (Chu & Zhou, 2004). Learners with high-
level prior knowledge tend to take the former while those with low-level prior 
knowledge prefer the latter. The difference in processing methods increases the 
boundary conditions for the functioning of some instructional design principles. 
The expertise reversal effect describes this phenomenon, namely, some effective 
principles for learners with low-level prior knowledge are ineffective for those 
with high-level prior knowledge, or even hinder their learning process (Kalyuga, 
2014). For example, adding animation teaching agents to instructional videos 
might improve the learning performance of learners with low-level prior 
knowledge but it has no obvious effect on those with high-level prior knowledge 
(Li et al., 2016).

Based on the conjecture of expertise reversal effect, it is possible that the 
design of pre-questions and feedback in instructional videos may have different 
effects on learners with different prior knowledge levels. For learners with high-
level  prior knowledge, their knowledge advantage can make up for the negative 
impact caused by the lack of interaction in instructional videos. But for those 
with low-level prior knowledge, it is doubtful whether the embedded questions 
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in instructional videos can compensate for their knowledge disadvantage. Due to 
the lack of existing research, it is not clear whether there is an expertise reversal 
effect in the design of pre-questions and feedback in instructional videos, while 
the function and internal mechanism need to be further studied.

Research Purposes and Hypotheses

This study aims to investigate the effects of in-video questions and feedback on 
learning performance and attention allocation of learners with different levels 
of prior knowledge. All participants involved in the experiment were asked to 
watch one of the three instructional videos randomly, namely, an instructional 
video with no embedded questions, one with embedded questions but without 
feedback, and one with both embedded questions and feedback. The eye-
tracking technology was used to record their eye movements in real time while 
the participants were watching the videos, followed by the study quiz after the  
lesson.

Based on the literature review above, the authors of this study made the following  
hypotheses: (1) The expertise reversal effect influences attention allocation related  
to the learning content; (2) the expertise reversal effect influences attention 
allocation related to all learning contents; and (3) the expertise reversal effect 
influences learning performance.

Research Methods

Participants

One hundred learners (16 male and 84 female) from a university in Wuhan, 
China were recruited randomly. After entering the laboratory, the learners 
first accessed a test on their prior nutrition knowledge, and then they were 
divided into two groups according to their scores (ranging from 3 to 11 points), 
that was, the high-level prior knowledge group (score ≥ 7 points) and low-
level prior knowledge group (score < 7 points). The two groups were close in 
number and there was a small difference in gender distribution. In the follow-
up test, one member in the high-level prior knowledge group and five ones in 
the low-level prior knowledge group failed to pass eye movement correction 
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or complete the eye movement experiment, and some eye movement data were 
lost during the experiment (see Table 1). All participants were volunteers with 
normal or corrected-to-normal vision and normal hearing, and with no color 
blindness or weakness. Each of them was given a small gift at the end of the  
experiment.

Table 1　Descriptive Statistics for the Learners with High- and Low-level Prior Knowledge

Participant

Number of 
people

Gender Age
Prior knowledge 

level

n Male Female M SD M SD

High-level prior knowledge group 49 4 45 20.73 1.46 8.20 1.17

Low-level prior knowledge group 45 6 39 20.73 1.71 5.75 0.89

Note. Participants were divided according to their scores measured by the prior knowledge test.

Experimental Equipment

The Eyelink 1000 eye tracker was used to record the eye movement track of the 
participants watching the instructional video in real time. The screen was 21 
inches, the resolution was 1,024×768, and the refresh rate was 75 Hz. During the 
experiment, the participants were seated at a distance of 60 cm from the monitor 
and the sampling rate of the eye tracker was 1,000 Hz.

Experimental Materials

Video Materials

The health instructional videos drawing more attention from learners were selected  
for the test to ensure that the research conclusions had strong reference significance  
for the instructional videos commonly used in online teaching. Therefore, this 
study adopted the instructional micro-video with the theme of “Weight Control? 
Start from Calorie Recognition” as its learning materials. Because of its sports 
and health content catering to most young people, it effectively stimulated the 
interest in learning. The main content referred to the textbook Public Dietitian 
(Basic Knowledge) and supplementary exercises, compiled by three experimental 
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testers. After compilation, the final draft was revised by a professional nutrition 
teacher from the College of Life Sciences in a university.

This study included three kinds of instructional videos. (1) Without embedded 
questions: There was no embedded question in the video, and the total length 
was 4 minutes and 50 seconds. (2) With embedded questions but without 
feedback: A question was embedded every four knowledge points, and a 
total of four questions were pre-embedded, including three multiple-choice 
questions with a single correct answer and one multiple-choice question with 
multiple correct answers. Each question was presented for 10 seconds, and the 
total length was 5 minutes and 30 seconds. (3) With both embedded questions 
and feedback: One question was embedded every four knowledge points, 
and a total of four questions were embedded, including three multiple-choice 
questions with a single correct answer and one multiple-choice question with 
multiple correct answers. Each question was presented for 10 seconds, feedback 
was presented at the fifth second, and the total length was 5 minutes and  
30 seconds.

In order to avoid the influence of other factors, the three instructional videos 
were consistent (such as the content of presentation, voice and picture quality, 
etc.) except for the different designs of embedded questions and feedback.

Measuring Tools

Prior Knowledge Test

It consisted of 13 questions, including four true or false questions (1 point 
for the correct answer), six multiple-choice questions with a single answer (1 
point for the correct answer), one multiple-choice question with multiple correct 
answers and two essay questions (2 points for the correct answers, no point for 
incorrect or missed answers), for a total of 16 points. The true or false questions 
were about the basic knowledge of calories, while the multiple-choice and essay 
questions were about the basic knowledge and calculation of calories. In terms 
of assessment, the rater was responsible for evaluating and analyzing the 
scoring results. The higher the score was, the more calorie-related knowledge 
the learner mastered in advance, and the lower the score was, the less calorie-
related knowledge the learner had.
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Learning Test

The short-term learning performance was mainly investigated from two levels, 
including retention test and transfer test, with the knowledge points covering the 
learning content of instructional videos. Specific information is as follows:

The retention test mainly examined the memory of the knowledge content 
in the video. The topic selection focused on the instructional video, which was 
reviewed and determined by a professional nutrition teacher. There were totally 
seven questions in the test, including four fill-in-the-blank questions (1 point for 
each blank, eight blanks in total), two multiple-choice questions with a single 
answer (1 point for the correct answer), and one multiple-choice question with 
multiple answers (2 points for the correct answers, no point for incorrect or 
missed answers). In terms of retention test, the higher the score was, the better 
the retention performance was. In contrast, the lower the score was, the poorer 
the mastery of the learning content was. The test items had satisfactory internal 
consistency reliability (Cronbach’s α = 0.63).

The transfer test mainly examined the ability of the subjects to apply what they 
had learned from the instructional videos to new situations. It consisted of four 
questions, two true or false questions (1 point for each question) and two essay 
questions (the first question was worth 3 points and the second question was 
worth 7 points). The two essay questions were scored by two raters, respectively, 
and the average value of the two was taken as the final test score. The consistency 
between the two raters was high (Cronbach’s α = 0.96, 0.98), and the test had 
high internal consistency reliability (Cronbach’s α = 0.77).

Eye Movement Data Analysis

This study examined the effects of embedded questions and feedback on attention  
allocation from two aspects. First, the video content directly related to the  
embedded question was taken as an area of interest (AOI). Based on the propor- 
tion of fixation time and the first fixation time in the AOIs, we investigated the 
effects of embedded questions or feedback on attention to the video content. The 
proportion of fixation time in the AOIs referred to the proportion of the time of 
gazing at the AOI in the total screentime. And the first fixation time referred to 
the time when the participant looked at the AOI for the first time. Second, based 
on the complete record of the viewing situation during the entire video playback 
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process, the total time spent gazing at the screen was counted, and the effect of 
embedded questions and feedback on the attention to the video were investigated. 
The total fixation time referred to the sum of time the learner gazed at the screen 
during the entire video process.

Experimental Design and Procedure

This study adopted a 3 × 2 between-subjects experimental design. Independent 
variables included the types of instructional videos (without embedded questions,  
with embedded questions but with no feedback, with both embedded questions 
and feedback) and prior knowledge levels (high or low). The test was adminis- 
tered alone in the eye-tracking laboratory, where the participants were asked to 
fill out the demographic questionnaire and the prior knowledge test. The main 
tester explained the experimental requirements and experimental procedures and 
then the participants were randomly assigned to watch an instructional video. 
Before watching the instructional video, all the participants were required to 
pass the 9-point calibration of the eye tracker. As the participants watched the 
instructional video, their eye movements were recorded in real time. At the end 
of the learning, the participants took part in the learning tests (the retention test 
and the transfer test). The experiment took about 30 minutes.

F nd ngs

Learners’ Attention Allocation

In order to explore the interactive effects of learners’ prior knowledge level and 
instructional video types on visual attention allocation, this study investigated 
respectively learners’ visual attention allocation to the content related to embedded  
questions and their attention to all video contents (the hot area map as shown in 
Figure 1). The descriptive statistical results of eye movement indexes are shown 
in Table 2.
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Figure 1　Hot Area Map of Learners’ Attention

Table 2　Descriptive Statistics of Eye Movement Indexes in Each Group (Mean and Standard 

Deviation)

Participant 
type

Video type
Eye movement index in AOIs

Total fixation time
(min)Proportion of 

fixation time
First fixation 

time (s)

Low-
level prior 
knowledge 

group

Without embedded 
questions

0.44 (0.06) 1.15 (0.73) 1.62 (0.18)

Embedded questions 
without feedback

0.46 (0.04) 0.51 (0.35) 1.74 (0.15)

Embedded questions 
with feedback

0.52 (0.10) 0.73 (0.41) 1.58 (0.18)

High-
level prior 
knowledge 

group

Without embedded 
questions

0.43 (0.06) 1.18 (0.49) 1.64 (0.14)

Embedded questions 
without feedback

0.45 (0.05) 0.64 (0.39) 1.67 (0.18)

Embedded questions 
with feedback

0.50 (0.08) 0.62 (0.40) 1.66 (0.14)
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Analysis of AOIs

A two-way ANOVA was conducted to investigate whether an expertise reversal 
effect existed in terms of video type on participants’ attention to the question-
related content. In the process of analysis, video and participant types were taken 
as the independent variables, and the proportion of fixation time on the AOIs 
as the dependent one. The analysis found that the main effect of video type was 
significant (F (2, 88) = 9.96, p < 0.001, η2 = 0.19), while that of participant type 
was not significant (F (1, 88) = 0.43, p > 0.05, η2 < 0.01), and the interaction 
effect between video and participant types was not significant, either (F (2, 88) 
= 0.02, p > 0.05, η2 < 0.001). It was revealed in LSD post-hoc test of the main 
effect of video type that, in the instructional videos with embedded questions and 
feedback, the proportion of fixation time on the content related to the questions 
was significantly higher than that of the other two groups (MD = 0.07, p < 0.001; 
MD = 0.05, p < 0.01), while there was no significant difference between the other 
two groups (MD = 0.02, p > 0.05). Then, a two-way ANOVA was performed with 
video and participant types as independent variables, and the arrival time of the 
first gaze at the AOI as the dependent one. The analysis found that the main effect 
of video type was significant (F (2, 88) = 12.98, MSE = 0.25, p < 0.001, η2 = 0.23), 
that of participant type was not significant (F (1, 88) = 0.03, MSE = 0.25, p > 0.05, 
η2 < 0.001), and the interaction effect between video and participant types was not 
significant (F (2, 88) = 0.44, MSE = 0.25, p > 0.05, η2 = 0.01). The LSD post-hoc 
test of the main effect of video type found that by comparing the two groups of 
instructional videos with embedded questions but without feedback and with both 
embedded questions and feedback, the participants who watched the video with 
embedded questions spent less time than those watching videos without embedded 
questions in the content related to the questions (MD = 0.58, p < 0.001; MD = 
0.50, p < 0.001). There was no significant difference in first fixation time between 
the two groups watching the instructional videos with embedded questions but 
without feedback and with both embedded questions and feedback (MD = 0.08,  
p > 0.05).

The results above showed that for learners either with high- or low-level prior 
knowledge, embedded questions in instructional videos could shorten the first 
fixation time and improve the attention on the question-related content. There 
was no expertise reversal effect on the influence of the attention degree to the 



57Effects of In-video Questions and Feedback on Learning Performance

question-related, which did not support the hypothesis (1).

Analysis of Total Fixation Time

A two-way ANOVA was conducted to investigate the influence of video type on 
the participants’ attention to all video contents in the whole instructional videos, 
and whether an expertise reversal effect existed. In the process of analysis, video 
and participant types were taken as the independent variables, and the total 
fixation time as the dependent one. It was found that the main effect of video type 
was marginally significant (F (2, 88) = 2.65, MSE = 0.03, p > 0.05, η2 = 0.06), 
while that of participant type was not significant (F (1, 88) = 0.20, MSE = 0.03,  
p > 0.05, η2 < 0.01), and the interaction effect between video and participant 
types was not significant (F (2, 88) = 1.35, MSE = 0.03, p > 0.05, η2 = 0.03). The 
LSD post-hoc test of the main effect of video type found that the participants 
who watched the videos with only embedded questions but without feedback 
concentrated longer on all the contents than the other two groups (MD = 0.08, p = 
0.05; MD = 0.07, p > 0.05).

The results above showed that video type had a certain influence on the 
time that participants were concentrating on the entire instructional videos. 
The instructional videos embedded with questions but without feedback could 
effectively improve participants’ total attention to the learning content. There was 
also no expertise reversal effect of feedback design on the total fixation time of 
learners, which did not support hypothesis (2).

Analysis of Learning Performance

In this study, retention and transfer tests were used to investigate whether an 
experience reversal effect existed in the effect of embedded questions and feedback  
in instructional videos on learning performance. The descriptive statistics of 
learning performance (of retention test and transfer test) are shown in Table 3.
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Table 3　Descriptive Statistics of Learning Performance in Each Group

Participant 
type

Video type n
Retention test Transfer test

M SD M SD

Low-
level prior 
knowledge

group

Without embedded questions 19 6.47 2.12 3.91 2.01

Embedded questions without 
feedback

15 8.33 1.84 5.35 2.10

Embedded questions with 
feedback

11 5.91 1.30 4.91 2.77

High-
level prior 
knowledge

group

Without embedded questions 15 7.87 2.13 5.87 2.16

Embedded questions without 
feedback

16 7.44 2.34 5.42 2.33

Embedded questions with 
feedback

18 7.72 2.08 5.60 2.67

Analysis of Retention Performance

A two-way ANOVA was conducted to investigate the influence of video type 
on the participants’ retention performance, and whether an expertise reversal 
effect existed. In the process of analysis, video and participant types were taken 
as the independent variables, and the participants’ retention performance as the 
dependent one. It was found that the main effect of video type was not obvious (F 
(2, 88) = 2.12, p > 0.05, η2 = 0.05), by contrast, the main effect of the test type was 
marginally significant (F (1, 88) = 3.27, p = 0.07, η2 = 0.04), and the interaction 
effect between video and participant types was significant (F (2, 88) = 3.88,  
p < 0.05, η2 = 0.08). Figure 2 shows a further simple effect analysis on the interaction  
effect between video and participant types. For those with low-level prior 
knowledge, there was a significant difference in their performance in the three 
videos. After watching the video with embedded questions but without feedback, 
they retained the best performance (F (2, 42) = 6.51, p < 0.01, η2 = 0.24). 
There was no significant difference in retention performance of people when 
either watching the video without embedded questions or with both embedded 
questions and feedback. For those with high-level prior knowledge, there was 
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no significant difference in performance in the three videos (F (2, 46) = 0.16,  
p > 0.05), and the results were almost the same.

f

f

p

Figure 2　Analysis of Interaction Effect between Video and Participant Types
Note. **p < 0.01; values in the figure are the mean difference (MD) between the group groups, and the 

below is the same.

The results above showed that the retention of learning effect increased when 
the participants with low-level prior knowledge watched the videos embedded 
with questions but without feedback, indicating that the embedded questions 
without feedback could promote the retention of learning effects for learners with 
low-level prior knowledge. There was an expertise reversal effect of embedded 
questions and feedback of instructional videos on participants’ retention perfor- 
mance, which supported hypothesis (3).

Analysis of Transfer Performance

In order to investigate the influence of video type on the transfer performance 
of the subjects and whether there was an experience reversal effect, a two-way 
ANOVA was conducted with video and participant types as the independent 
variables and the transfer performance as the dependent one. It was found that the 
main effect of video type was not significant (F (2, 88) = 0.40, p > 0.05), that of 
participant type was marginally significant (F (1, 88) = 3.49, p > 0.05, η2 = 0.04), 
and the interaction effect between video and participant types was not significant 
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(F (2, 88) = 1.40, p > 0.05). The main effect of participant type indicated that the 
transfer performance of those with high-level prior knowledge was higher than 
that of those with low-level prior knowledge when they were watching the three 
types of videos. The results showed that different video types had no significant 
effect on the transfer effect of learners either with high- or low-level prior 
knowledge, which did not support the hypothesis (3).

Conclus on

We investigated the effects of embedded questions and feedback in instructional 
videos on visual attention and learning performance of learners with different 
prior knowledge levels. Findings from the experiment showed that there was 
an expertise reversal effect of embedded questions and feedback on learners’ 
learning performance in instructional videos. Specifically, learners with low- 
level prior knowledge maintained the best scores when watching videos with 
embedded questions but without feedback, while there was no difference for 
those with high-level prior knowledge. It can be concluded that instructional 
videos with embedded questions but without feedback improve the learning 
performance of learners with low-level prior knowledge, but not those with high-
level prior knowledge.

Positive Effect of Embedded Questions and Feedback in Instructional Videos 
on Learning

The study found that embedded questions without feedback could not only 
effectively guide learners’ attention, but also improve their learning performance 
when they were watching instructional videos; in contrast, embedded questions 
with feedback could only improve visual attention on the question-related 
content, but not learning performance. This result is consistent with the cognitive 
conflict theory and related research findings. Learners’ learning performance 
improves when they are watching instructional videos with embedded questions 
but without feedback, because this form of interaction helps them concentrate 
on the entire video contents. On the contrary, embedded questions with feedback 
in instructional videos do not improve learning performance due to the fact that 
this form of interaction only increases the learners’ attention to the question-
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related content, but not all the video contents. According to the cognitive conflict 
theory, the problem situation is set before video learning. When learners’ prior 
knowledge does not match the new knowledge or new situation, it can trigger 
their cognitive conflict, thereby stimulating their learning motivation and 
making them actively participate in learning activities. By integrating existing 
learning materials and prior cognitive experience, learners can ultimately achieve 
meaningful learning (Rahim et al., 2015; Yuan, 2015).

Furthermore, embedded questions in instructional videos can be used as cues 
to reduce the first fixation time on the relevant content, regardless of whether 
answers are provided, which indicates that embedded questions can improve the 
efficiency of learners’ visual search for the corresponding content. It is necessary 
to point out the difference between embedded questions and other common cues. 
As other common cues (such as arrows, bold, and teachers’ indicative actions) 
can only improve attention to the content being cued (Wang et al., 2013; Xie 
et al., 2016), embedded questions without answers can not only help learners 
concentrate on the relevant content, but also the whole video contents. In this 
sense, the instructional design of embedded questions but without answers is 
better than other conventional cues for attention guidance. Compared with the 
instructional video without embedded questions, embedded questions not only 
attract learners’ visual attention, but also stimulate their thinking activity changes, 
enabling them to start the processing and coding program, completing the active 
construction of problems, so as to achieve their meaningful learning. These 
results complement previous studies on the mechanism of embedded questions 
affecting learning in instructional videos.

Expertise Reversal Effect of Embedded Questions and Answers in Instructional 
Videos on Learning Performance

The study also found that there was an expertise reversal effect in the design of 
embedded questions and feedback in instructional videos on learners’ learning 
performance. Specifically, learners with low-level prior knowledge achieved 
better learning performance when watching instructional videos with embedded 
questions but without feedback, whereas embedded questions did not facilitate 
learning for learners with high-level prior knowledge. It is consistent with 
previous research results. The researchers (Arslan-Ari, 2018; Kalyuga et al., 
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2012) point out that the cognitive processing methods adopted by learners 
with low-level prior knowledge differ from ones adopted by those with high-
level prior knowledge. Specifically, learners with low-level prior knowledge 
mainly use bottom-up cognitive processing methods to study. In other words, 
their attention allocation or cognitive resource allocation is more susceptible 
to the prominence of visual information. For learners with low-level prior 
knowledge, embedded questions help them avoid unnecessary visual search, 
reduce their external cognitive load, and release more cognitive resources 
for the information integration, and thereby their learning performance is  
improved.

In addition, according to the cognitive conflict theory, learners’ prior knowledge 
might interact with the embedded questions to produce cognitive conflict. Due to 
learners’ different prior knowledge levels, the embedded questions in instructional 
videos might also play different roles in stimulating learners’ cognitive conflict. 
Embedded questions are more likely to arouse cognitive conflicts for learners 
with low-level prior knowledge, and thus effectively improve their learning 
performance (Rahim et al., 2015; Yuan, 2015).

It should be pointed out that there was no expertise reversal effect of embedded 
questions and feedback on learners’ visual attention in instructional videos, 
that was, embedded questions improved all learners’ search efficiency for the 
question-related content, whereas embedded questions but without feedback 
improved their attention to the whole video contents. In terms of learning 
performance, although the embedded questions in the video helped all learners 
concentrate on the relevant content, they only improved the learning performance 
of learners with low-level prior knowledge. It is speculated that learners with 
high-level prior knowledge can achieve better learning performance even if they 
do not allocate too much attention to the instructional content. These results 
imply that during the process of video lecture learning, the factors affecting 
the learning performance of learners with different prior knowledge levels may  
differ.

Enl ghtenment and Prospect

It was found that embedded questions but without feedback in instructional 
videos could improve learners’ attention on what they were learning, as well 
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as the learning performance of learners with low-level prior knowledge, but 
could not facilitate learning for learners with high-level prior knowledge. This 
means that there is no expertise reversal effect of instructional videos embedded 
with questions but without feedback on learners’ attention, but an expertise 
reversal effect exists on learning performance. It is also supported by some 
other researchers, for instance, Arslan-Ari (2018) confirms that learners with 
low-level prior knowledge benefit from videos with instructional cues for those 
attracted learners’ attention in the video, while for learners with high-level 
prior knowledge, it makes no difference whether there are visual cues or not. 
Furthermore, the research conducted by Pi et al. (2017) also indicates that the 
setting of cues can effectively help learners devote their finite attention to the 
processing of key information materials. Other scholars have confirmed that the 
feedback mechanism of embedded questions may have an interference effect 
or no effect on learning (Price et al., 2010). As the conclusions obtained in this 
study are echoed by the research above, the following suggestions are given for 
instructional video design.

Effectively Creating Problem Situations to Stimulate Learners’ Interest and 
Potential

The conclusions of this study can be directly used to guide the interaction 
design of instructional videos. Embedded questions in videos can help learners 
concentrate on the learning content, and then arouse their interest in learning. 
Specifically, with the guidance of constructivist theory, meaningful questions 
can be embedded as the relevant context so as to form a context-based video, 
which can effectively enhance learners’ concentration, learning motivation and 
devotion (Choi & Johnson, 2005). In addition, we can also consider introducing 
the embodied cognition theory, embodied questions and situations in videos 
to construct embedded interactive videos. And by using the natural interactive 
technology to provide the embodied learning experience and context, the learning 
platform is optimized to facilitate the retention of learners’ attention and promote 
the transfer of learning (Hung & Chen, 2018). These practices can also be used in 
classroom teaching, guiding teachers to effectively use video resources in online 
teaching activities. That is, before playing the video, the teacher can attract the 
students’ attention by constructing a problem situation related to the learning 
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content, so that students can study the video with questions, and then enhance 
their learning efficiency. It is essential that when constructing problem situations, 
teachers need to avoid any deteriorating structure of problem design, and open-
ended questions without standard answers are encouraged.

Classified Design of Embedded Questions to Improve Learning Performance 
of Learners with Different Levels

The expertise reversal effect in this study shows that for learners with low-
level prior knowledge, the teaching strategy of embedding some questions 
before learning the relevant content but not providing answers can effectively 
improve their learning performance. Khacharem et al. (2015) point out that it is 
one of the key factors to effective teaching to match the intervention measures 
of instructional design with learners’ existing knowledge level. Based on 
the conclusions of this study, the design of embedded pre-questions is more 
beneficial to learners with low-level prior knowledge. Specifically, for learners 
with a weak learning foundation, relevant questions can be embedded in a 
variety of ways prior to learning so as to effectively guide students’ learning and 
thinking activities and then improve their learning performance. For example, 
by implanting serialized representations (Khacharem et al., 2013), adding 
symbolic representations (Homer & Plass, 2010; Lee et al., 2006; Plass et al., 
2009), using oral explanations (Kalyuga et al., 2000; Plass et al., 2007), and 
slicing questions (Spanjers et al., 2011), the learning effect of learners with low-
level  prior knowledge can be improved effectively. For learners with a good 
learning foundation, there is no need to embed relevant questions or answers in 
instructional videos, but other measures should be taken to adapt to their top-
down cognitive processing and improve the learning effect.

This study found that embedded questions but without feedback in instructional 
videos could effectively improve learners’ visual search efficiency and learning 
performance. Further research should account for verifying some factors, such 
as the deep-seated reasons for no expertise reversal effect of embedded questions 
in instructional videos on learning transfer. Besides, a small research sample and 
large gender differences may affect the scope of application and promotion. In 
the future, it can be considered for application testing in online teaching, and the 
electroencephalo-graph technology can be used to further verify the objectivity of 
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and further expand the usage scope of research conclusions herein.
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