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Introduction
The number of online courses in higher education has increased as digital technologies 
have opened up the possibilities of online learning. A Taiwan Open Course Consortium, 
for example, was established in 2008 and is now supported by 22 universities to provide 
students with open online courses in the fields of science, technology, mathematics, and 
humanity for life-long learning (Sheu & Shih, 2017). Nearly 70% of universities in Taiwan 
have already developed online programs to enrich the breadth and depth of educational 
opportunities and interconnectivity. Over 12 thousand college students have taken at 
least one online course. The high registration rates of online courses have led researchers 
to explore effective instructional online teaching models by analyzing students’ online 
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learning behaviors, learning strategies (Tsai, Lin, Hong, & Tai, 2018), and learning expe-
riences (Shen, Cho, Tsai, & Marra, 2013). However, little research has paid attention 
to course videos which students watch to acquire knowledge in online courses. One of 
the research topics which remains underexplored is how to improve students’ learning 
engagement when watching course videos.

Course videos are powerful primary teaching materials that teachers use to present 
learning content in online courses in subjects such as language, science, engineering and 
physics (Aldera & Mohsen, 2013; Dufour, Cuggia, Soula, Spector, & Kohler, 2007). The 
popularity of course videos in online courses is attributed to their multimedia presenta-
tion of learning content using moving images, audio, and text to help students gain a 
deep understanding of abstract content, which can be difficult to verbalize but easy to 
demonstrate (Lange & Costley, 2020). The visual and auditory features of course vid-
eos also enable students to better retain learning content in online courses (Jonassen, 
Peck, & Wilson 1999; Schnotz & Rasch, 2005). Another useful feature of course videos 
for student learning is control features such as “play”, “forward”, and “stop,” which allow 
students to consume learning content at their own pace. Based on these features, video-
based content is shown to be better than reading-based content in improving students’ 
learning outcomes (Love, Hodge, Grandgenett, & Swift, 2014).

Although course videos are powerful teaching resources in online courses, problems 
with course videos have been discussed in the literature. For example, some students 
cannot sustain their attention when the video content is long and difficult to understand 
(Hughes, Costley, & Lange, 2019). The absence of teacher support is another problem 
with course videos. Without teacher support, students, especially beginners not familiar 
with video topics, often encounter difficulty in comprehending the video content and 
sustaining their attention (Homer, Plass, & Blake, 2008). Thus, teacher support should 
be provided to assist students to comprehend video content and improve their learning 
engagement (Ronchetti, 2010; Zhang, Zhou, Briggs, & Nunamaker Jr, 2006). This study 
adopted teacher annotations on videos as a method of instructional support to address 
the following research questions:

What is the difference in learning engagement between the students who watched a 
course video with teacher annotations and those who watched a course video with-
out teacher annotations?
What is the relationship between the teacher annotations and the students’ learning 
engagement?
What are the students’ perceptions of watching a course video with teacher annota-
tions?

Literature review
Learning engagement and technologies

Learning engagement refers to the time and effort which students invest in learning 
activities (Heflin, Shewmaker, & Nguyen, 2017). It typically involves three components: 
behavioral engagement, cognitive engagement, and emotional engagement (Appleton, 
Christeson, & Furlong, 2008). Behavioral engagement is the students’ participation in 
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learning activities, such as playing, stopping, and rewinding the course video (Fredricks, 
Blumenfeld, Friedel, & Paris, 2005; Goggins & Xing, 2016). Cognitive engagement is the 
cognitive effort students make to acquire and comprehend complex concepts, and it 
involves the use of high-order thinking skills such as analysis, reasoning, and critiquing 
(Finn & Zimmer, 2012; Ding, Kim, & Orey, 2017). Emotional engagement is regarded as 
students’ psychological perceptions of learning activities (Jung & Lee, 2018). These three 
components of learning engagement were used as criteria to predict students’ learning 
performance and success in learning environments (Phan, McNeil, & Robin, 2016).

Past researchers (e.g., Cheng & Chiu, 2016;  Topu & Goktas, 2019) have explored tech-
nologies to foster student learning engagement. These technologies included gamifica-
tion tools (Ding, et  al., 2017), Information and Communication Technologies (ICTs) 
(Chen, Lambert, & Guidry, 2010), and 3D virtual environments (Topu & Goktas, 2019). 
Göksün and Gürsoy (2019), for example, utilized gamification tools such as Kahoot to 
promote learning engagement and academic performance. They divided a total of 97 
participants into the Kahoot experimental group (N = 30), the Quizizz experimental 
group (N = 33), and the control group (N = 34). The three groups underwent the six-
week-long instructional activities and took an academic achievement test and a student 
engagement survey before and after the instructional activities. Their results showed 
that the Kahoot experimental group had higher scores on the student engagement sur-
vey and on the academic performance test than the control group. In the same vein, 
Rashid and Asghar (2016) also found that the students who used ICT technologies such 
as social media, internet search engines, and video games in their learning scored higher 
in the traditional student engagement measures. In addition, 3D virtual environments 
such as Second Life have been developed to allow students to deal with realistic tasks 
and interact with 3D avatars to effectively engage them in learning activities (Topu & 
Goktas, 2019). These research findings demonstrate the potential of using technologies 
to improve student learning engagement.

Learning engagement in video watching

Although the value of using technologies to support learning engagement has been well 
established, few studies have investigated how to promote student learning engage-
ment in watching online course videos. Past studies mainly focused on the develop-
ment of annotation tools to help students comprehend video content. These annotation 
tools included Microsoft Research Annotation System (MRAS), Media Annotation 
Tool (MAT), VideoANT, Open Video Annotation, and Annotating Academic Video. 
MRAS was the earliest video annotation tool, designed by Bargeron, Gupta, Grudin, 
and Sanocki (1999) to enable students to take notes on a section while watching a video. 
Bargeron et  al. (1999) compared the video annotations with handwritten note-taking 
to investigate students’ preferences for the two types of the annotations. The results 
showed that the students preferred video annotations over traditional note-taking 
because taking notes on the video made it easier to organize and contextualize the notes 
within the video content. Later, video annotation tools evolved from individual annota-
tions to collaborative annotations, which encourage group discussion on video content. 
MAT, for example, was developed by RMIT University to allow students to read each 
other’s video annotations and provide feedback. In these annotation tools, students were 
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able to annotate a video section and read and reply to peers’ video annotations. But ask-
ing students to annotate videos did not absolutely enhance their learning engagement in 
watching online course videos (Piolat, Olive & Kellogg, 2005; Risko, Foulsham, Dawson, 
& Kingstone, 2013).

Students’ difficulty in annotating videos according to the cognitive theory of multime-
dia learning (CTML) (Mayer, 2001) is due to the limited cognitive capacity of working 
memory. Students can only process a small portion of the visual and auditory infor-
mation in a video at one time in their working memory. Students may stop and replay 
the video content several times so as to reflect on the content and identify the gap 
between the video content and their existing knowledge structure. Annotating videos 
can thus become an intensive and overwhelming cognitive activity for students. Piolat 
et al. (2005) also found that students felt cognitively overwhelmed while annotating and 
watching videos at the same time. Annotating videos became a distraction for the stu-
dents, especially when the students were not familiar with the video content. Therefore, 
asking students to annotate videos significantly increased their cognitive load. In addi-
tion, students’ annotations on videos are not thought-provoking enough to promote 
deeper reflection on video content. Risko et al. (2013) indicated that students preferred 
teachers to annotate video content so they could read the annotations to better compre-
hend the video. These studies suggested that teacher annotations on videos are neces-
sary to engage students in watching course videos.

The impact of the teacher annotations on student learning engagement in watching 
videos remains underexplored because past research focused on students’ comprehen-
sion of video content and student annotations (e.g., Mu 2010; Li, Kidziński, Jermann, 
& Dillenbourg, 2015). It is still unknown how teacher annotations can support stu-
dent engagement in watching course videos. In addition, previous studies relied on 
self-reported data, such as interviews. The use of self-reported data has been criticized 
because the data might provide a biased result rather than an accurate depiction of the 
actual learning behaviors (Gonyea, 2005). Video analytic techniques are encouraged to 
supplement the self-reported data to assure the interpretations of the results are valid 
and consistent. To fill in these research gaps, this study aimed to investigate how teacher 
annotations engage students in watching course videos through video analytics, which 
can capture a more objective and nuanced picture of the student’s behaviors while 
watching videos embedded with teacher annotations.

The rationale of teacher annotations on videos

Teacher annotations on videos are defined as the behavior of adding notes on a specific 
segment of a video (Cross, Bayyapunedi, Ravindran, Cutrell, & Thies, 2014). Teacher 
annotations on videos are regarded as a teaching strategy to align with students’ cogni-
tive structures to overcome the limited capacity of students’ working memory by attract-
ing attention and indexing and organizing information (Barak, Herscoviz, Kaberman, 
& Dori, 2009; Jones, Blackey, Fitzgibbon, & Chew, 2010). These features of annotations 
support the cognitive process of watching course videos by helping students (a) focus 
their attention on an important segment of video content, (b) interpret or summarize 
video content, and (c) share personal reflections on the video content (Bargeron, et al., 
1999; Ibrahim, Callaway, & Bell, 2014).
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The demonstration-based training (DBT) model could be used as a pedagogical design 
to integrate video annotations into course videos through four interrelated processes: 
attention, retention, production, and motivation (Grossman, Salas, Pavlas, & Rosen, 
2013). Attention refers to the active process of filtering and selecting video content to be 
transferred into working memory (Anderson, 2010). To sustain students’ attention to the 
video content, teachers can highlight key points by adding an arrow or a circle (Richter, 
Scheiter, & Eitel, 2015). The second process of the DBT model, retention, is the process 
of organizing and integrating video information into the existing knowledge structure in 
the long-term memory (Bandura, 1986). One strategy for supporting students’ retention 
of video content via video annotation is the use of tagging. Tagging is used to annotate 
the key points of a short video section with a word or a short phrase. The tags on the 
video section can help students summarize and grasp the structure and concepts of the 
learning content.

The last two processes of the DBT model are production and motivation. Production 
entails students using what they have learned from the video content to accomplish a 
learning task, and motivation refers to students’ engagement in the process of watching 
course videos (Bandura, 1986). To facilitate production and motivation, teachers can use 
video annotations to build an interactive learning environment by generating questions 
on a video section for students to answer. The teachers’ questions on the video section, 
furthermore, can prompt students to re-examine, clarify, defend, or elaborate on their 
thoughts about the video content, thus leading to deeper comprehension and engage-
ment (Kessler & Bikowski, 2010; Storch, 2005).

Methods
Participants

Forty-two students were recruited from an undergraduate course at a university in Tai-
wan. The age of the students ranged from 20 to 22. Among the 42 students, 25 were 
female and 17 were male. They had taken online courses in which they were required 
to watch online course videos to acquire knowledge. However, this was the first time 
for them to watch a course video with the support of teacher annotations. The 42 stu-
dents were randomly divided into a control group (N = 20) that watched a video without 
teacher annotations and an experimental group (N = 22) that watched a course video 
with teacher annotations.

Research design
The research was conducted over 9 weeks. In week 1, the researcher randomly divided 
the students into control and experimental groups and introduced the research project. 
When introducing to the research project, this study adopted the blinding strategy to 
reduce the Hawthorne effect. The researcher did not announce that the students would 
be allocated to either the control or experimental groups, and stated that all students 
would watch a course video with teacher annotations in a separate period of time: before 
and after week 9. Before week 9, the experimental group watched the video with teacher 
annotations, while the control group watched the video without teacher annotations. 
After week 9, the researcher did not collect the data from students but allowed the con-
trol group to watch the video with teacher annotations and the experimental to watch 
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the video without teacher annotations. By doing so, the students received the equal 
opportunity of watching the video with teacher annotations and did not know they were 
allocated to either the control or experimental group, which reduced the Hawthorne 
effect. From weeks 2 to 4, the researcher selected and annotated a course video from 
Youtube. The length of the video was around 15 min and presented a story from Chinese 
literature which the students had never seen before. VideoANT, a web-based annota-
tion tool, was used to allow the researcher to make timeline-based textual comments in 
synchronization with videos and shared annotations with the students. VideoANT was 
selected for several reasons. First, VideoANT supports teacher-student interactions by 
allowing teachers to (a) tag a video segment on which they wish to make a comment, 
and (b) share their annotations for their students to read and reply to (see Fig. 1), while 
most video annotation tools, such as TurboNote, ReClipped, and Cincopa, do not allow 
students to provide feedback on teachers’ annotations. Second, VideoANT is an open 
educational resource offered to everyone, unlike commercial annotation tools which 
require users to pay to access their full set of features. Third, as VideoANT has been 
widely applied by previous researchers in educational settings, the use of VideoANT in 
this study could contribute to the literature by providing pedagogical suggestions for 
further use of VideoANT in educational settings.

During weeks 5 and 6, the researcher assigned the annotated course video for the stu-
dents to watch. Both the control and the experimental groups watched the same video. 
The students in the experimental groups watch the video with the teacher annotations, 
while the control group watched the video without seeing annotations. The researcher 
as the teacher used the DBT model as an instructional framework to annotate the 
course video in three ways: by tagging, questioning, and signaling (see Fig. 2). Based on 
the DBT model, the teacher annotations were categorized into the (a) highlights of the 
video content with a phrase or a keyword, (b) the literal questions of the video content, 
(c) the reflective questions of the video content, and (d) the inferential questions of the 
video content. In the course video, the teacher annotations consisted of 3 highlights, 2 
literal questions, 3 highlights of video content, 2 reflective questions, and 2 inferential 

Fig. 1  The VideoANT interface
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questions. Students in the experimental groups were told they could decide whether to 
view the teacher annotations and respond to the annotations. After watching the video, 
both groups immediately took a learning engagement survey and were also asked to 
write a short reflection on their learning experience while watching the video.

Data collection and analysis
The collected data included (a) a learning engagement survey, (b) students’ video watch-
ing behaviors, and (c) student interviews. A learning engagement survey was distributed 
to the control and experimental groups after they watched the video to examine the dif-
ferences in learning engagement between the two groups (RQ1). The learning engage-
ment survey was adapted from the School Engagement Measure (SEM; Fredricks, et al., 
2005), which consists of 21 Likert-scale items (5 = agree; 4 = basically agree; 3 = hard to 
say; 2 = not quite agree; 1 = disagree). Each of the 21 items was categorized as behavioral 
engagement, emotional engagement, or cognitive engagement. Examples of the ques-
tion items in the survey or the three categories above are I watched the video several 
times towards understanding the course video (behavioral engagement), I am interested 
in participating in watching the course video (emotional engagement), and I always try 
to understand the course video even if it is not easy (cognitive engagement). Fredricks 
et al. (2005) reported Cronbach’s alpha values of 0.72 for behavioral engagement, 0.83 
for emotional engagement, and 0.84 for cognitive engagement. The learning engage-
ment surveys of the control and experimental groups were analyzed using a multivariate 
analysis of variance (MANOVA) to compare the learning engagement between the two 
groups in watching the course video.

The students’ video watching behaviors were recorded via a screen recorder app. Stu-
dents were interviewed to explain their watching behaviors including clicking on the 
teacher annotations and playing, rewinding, and forwarding the video. The examples of 

Fig. 2  DBT model of integrating video annotations into instructional videos
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the interview questions included “Why did you pause, resume, forward the video at this 
moment”, “Why did you click on the teacher annotations?”, “Why did you click on the 
peers’ answers to the teacher annotations?”. The students’ video watching behaviors were 
analyzed with the learning engagement survey using the Pearson correlation to investi-
gate the relationship between the teacher annotations and student learning engagement 
(RQ2). Interview data were then collected to further explain how the teacher annotations 
were related to the students’ learning engagement in watching the video. The extreme-
case sampling strategy was used to select students from the experimental group for the 
interview, as Patton (2002) indicated that “more can be learned from intensively study-
ing extreme or unusual cases than can be learned from statistical depictions of what the 
average case is like” (p. 170). Thus, the three students who had the highest scores on 
the learning engagement survey were selected to be interviewed by the researcher at the 
end of the experiment. The three students were asked to explain their video watching 
behaviors during the interview. The students’ interview data were analyzed using Braun 
and Clarke’s (2006) thematic analysis. Three themes related to students’ learning paths 
emerged from the data: reflective questions, literal questions, and teacher’s highlights of 
video content.

The student interview was conducted with the students in the experimental group 
after they watched the course video with annotations. During the interview, the students 
responded to the such questions as, “Why did you click pause or resume the video at this 
moment”, “Why did you click on the teacher annotations?”, “What did you like or dislike 
about the teacher annotations?” and “How did you benefit from the teacher annotations 
when watching the video?” to explore students’ perceptions of watching the course video 
with teacher annotations (RQ3). The students’ responses to the questions were analyzed 
using an inductive analysis approach (Attride-Stirling, 2001; Seidman, 2006) featuring a 
sequence of activities including (1) organizing and reading through data, (2) coding data, 
(3) generating themes, (4) interrelating themes, and (5) interpreting the themes.

Results
Differences in learning engagement between the students who watched the course video 

with teacher annotations and those who watched the video without annotations

The students who watched the course video with teacher annotations and those who 
watched the video without annotations all took a learning engagement survey after 
watching the video. Table 1 shows the means and standard deviations of each learning 
engagement variable for the two groups. The standard deviations of the three learning 

Table 1  Means and standard deviations for learning engagement in video watching

Learning engagement in video 
watching

Groups Mean Standard 
deviations

N

1. Behavioral engagement Teacher annotation group 3.97 0.41 22

No teacher annotation group 3.18 0.47 20

2. Emotional engagement Teacher annotation group 3.74 0.71 22

No teacher annotation group 3.31 0.81 20

3. Cognitive engagement Teacher annotation group 3.73 0.58 22

No teacher annotation group 3.01 0.60 20
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engagement variables were below 1, indicating that they are clustered closely around the 
mean. The multivariate result presents a significant difference in the learning engage-
ment of the two groups, Wilk’s lambda = 0.49, F = 13.08, p = 0.00 (see Table 2). The effect 
size (Eta Square, η2 ) was calculated to measure the magnitude of the difference when 
a significant difference was observed. Cohen (1992) stated that the larger effective size 
the stronger the relationship between variable and suggested that the effect size of 0.20, 
0.50, and 0.80 denote small, medium, and large effect sizes respectively. The  η2 = 0.58 
reached a medium effective size, showing that 58% of the learning engagement was asso-
ciated with the teacher annotation scaffold. The results suggest that the use of teacher 
annotations on the course video resulted in the differences in student learning engage-
ment in watching the video.

ANOVAs were conducted to investigate the statistical difference in each of the learn-
ing engagement variables between the two groups. The univariate ANOVA results show 
significant differences in behavioral engagement, F(1, 40) = 33.31, p = 0.00, and cognitive 
engagement, F(1, 40) = 15.29, p = 0.00. However, there was no significant difference in 
emotional engagement F(1, 40) = 3.32, p = 0.08. The results show a medium effect size 
in behavioral engagement, η2 = 0.45, and a small effect size in cognitive engagement, 
η
2 = 0.28. The ANOVA results (see Table 3) suggest that the teacher annotations could 

increase students’ behavioral and cognitive engagement in watching the course video, 
but not their emotional engagement.

Relationship between the teacher annotations and learning engagement

The teacher annotations consisted of 2 literal questions, 3 highlights of video content, 2 
reflective questions, and 2 inferential questions. The average number of student clicks 
on these four types of teacher annotations is shown in Table 4. “Literal questions” and 
“Highlights of video content” were the top 2 teacher annotations that the students 
clicked on when watching the course video. The Pearson correlation results indicate that 
the literal questions were positively correlated with cognitive engagement, r = 0.484, 
p = 0.022, and behavioral engagement, r = 0.536, p = 0.010. The highlights of video 

Table 2  Multivariate effects for learning engagement in video watching

Learning engagement 
in video watching

Wilk’s lambda F Sig η
2

Teacher annotation scaffold 1. Behavioral engagement 0.49 13.08 0.00 0.58

2. Emotional engagement

3. Cognitive engagement

Table 3  Univariate effects for learning engagement in video watching

Learning engagement in video 
watching

SS df MS F Sig η
2

1. Behavioral engagement 6.53 1 6.53 33.31 0.00 0.45

2. Emotional engagement 1.90 1 1.90 3.32 0.08 0.08

3. Cognitive engagement 5.30 1 5.30 15.29 0.00 0.28
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content were positively correlated with cognitive engagement, r = 0.591, p = 0.004. The 
reflective questions were positively related to cognitive engagement, r = 0.561, p = 0.007. 
However, the inferential questions were not related to any types of learning engagement. 
These results conclude that the teacher’s literal questions could increase students’ behav-
ioral and cognitive engagements in watching the course video. The highlights of the 
video content and reflective questions could also promote students’ cognitive engage-
ment in watching the course video.

Student 1 (S1), student 5 (S5), and student 9 (S9) were selected from the experimen-
tal group to illustrate how the teacher’s literal questions, highlights of the video con-
tent, and reflective questions enhanced student behavioral and cognitive engagement in 
watching the course video. S1, S5, and S9 were selected using the extreme case sampling 
strategy to represent the students who had higher behavioral and cognitive engagement 
(see Table 5). Emotional engagement was not discussed because no significant improve-
ment in emotional engagement was found among the students.

Teacher annotations: literal questions

The teacher’s literal questions were intended to elicit responses directly stated in the 
video content. Figure  3 shows an example of the learning path prompted by a literal 

Table 4  The total number of student clicks on the teacher annotations (N = 22)

Types of teacher annotations Average number of students’ 
clicks on the teacher 
annotation

Literal questions 3.5

Highlights of video content 2.05

Reflective questions 1.32

Inferential questions 0.64

Table 5  The behavioral and cognitive engagement of the selected students

Students Behavioral engagement Cognitive 
engagement

S1 4.6 4.4

S5 4.4 4.0

S9 4.3 3.9

Fig. 3  S1′s learning path following the literal question
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question: What did the little boy take from the tree? After clicking on the literal ques-
tion, S1 went back to a video segment to review the video content. She also clicked on 
the teacher’s highlights of the video content to look for the answer and reviewed the 
question before answering. It was observed that the learning path of the literal ques-
tion was an interactive process in which S1 rewound the video, clicked on the teacher’s 
highlights, and reviewed the literal question several times until she could find the right 
answer to the question.

As Fig. 3 shows, S1 clicked on the literal question 4 times, rewound the video 6 times, 
and clicked on the teacher’s highlights 6 times. When asked to describe her learning 
path following the literal question, S1 stated, “It is not easy to find the correct answer 
to the teacher’s questions [the literal questions]. So I watched the video back and forth 
and read the question many times to get the right answers.” She further elaborated, “But 
I liked the experience. The questions pushed me to spend more time watching the video 
and I was able to better remember the video content.” These results indicate that the 
literal questions which the teacher annotated on the video promoted the student’s cogni-
tive and behavioral engagement by stimulating the student to review and remember the 
video content.

Teacher annotations: reflective questions

The reflective questions asked the students to relate the video content to their life expe-
riences or share personal feelings about the video. The learning path prompted by the 
reflection question was different from that of the literal questions. As Fig. 4 shows, S5 
stopped the video 2 times and read peers’ responses 4 times after clicking on the reflec-
tive question “Has anyone done the same thing to you in your life?”.

Stopping the video and viewing peers’ responses were the two unique behaviors 
prompted by the reflective question. When asked about his learning path follow-
ing the reflective question, S5 explained that he stopped the video because “the ques-
tions [reflective questions] were about personal stuff. Even though I could understand 
the video content, I still need time to find the connection between the video content 
and my life.” The statement shows that the reflective questions led the students to go 
beyond their current understanding of video content to build the connection between 
the video content and their life experiences. Therefore, the reflection question enabled 
the students to increase their cognitive engagement in video watching. S5 also stated 
that reading peers’ responses to the literal questions were interesting because “every-
one’s answers were different. So, I could learn something from reading peers’ responses.” 

Fig. 4  S5′s learning path following the reflective questions
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The statement demonstrates that the reflective questions were positively related to stu-
dent cognitive engagement because it motivated the students to discuss and analyze the 
video with their classmates, which helped them comprehend the video from different 
perspectives.

Teacher annotations: highlights of video content

Highlighting video content was a means of signaling important points in the video’s 
message. S9′s learning path prompted by the teacher’s highlights involved first clicking 
on the teacher’s highlights, then continuing the video, and finally going back to review 
the highlights.

Figure 5 shows that S9 reviewed the teacher’s highlights 5 times. Such behaviors rep-
resented S9′s cognitive engagement in comprehending the video content. S9 explained 
that “because the teacher’s highlights were just like hints for the important message of 
the video content, I think it is important to read them carefully.” In other words, the 
teacher’s highlights functioned to direct the students’ attention to the important video 
content and encourage the students to devote more cognitive effort to understanding the 
main video messages by reviewing.

Students’ perceptions of watching the course video with the teacher annotations

This was the first time for the students to watch a course video with the assistance of 
teacher annotations. Nineteen out of 22 students enjoyed the learning experience, as 
S2′s comment reflects: “The activity was fun. In the past, the teacher simply asked us to 
watch the video, which was a little boring.” These 19 students identified the benefits of 
the teacher annotations. For example, four students made the following statements in 
their reflections:

“I can remember the important message of the video content with the teacher’s high-
lights” (S2).
“I can better understand the video content” (S3).
“The teacher questions helped me recall the video content” (S8).
“I replayed the video several times in order to answer the teacher questions” (S17).

Fig. 5  S9′s learning path prompted by the teacher’s highlights
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As these statements show, the first benefit of the teacher annotations for the students 
was to help them comprehend the video at the surface level. For example, the teacher’s 
highlights made it easy for the students to locate the main video message so that they 
could remember the factual information in the video. The teacher questions were also 
useful in helping them retain the video content since the students reviewed the video in 
order to answer the questions correctly.

Deep comprehension of the video content was achieved by the students with the assis-
tance of the teacher annotations and their peers’ responses. For instance, six students 
made the following statements in their reflections:

“I liked the teacher questions, because the teacher questions pushed me to think 
more about the video content” (S9).
“I especially liked the peer responses. After reading those responses, I would have 
more ideas or questions about the video content” (S15).
“Reading my classmates’ responses was the fun part because some of their answers 
were creative and interesting” (S17).
“They [the responses] helped me clarify the points I did not understand in the video” 
(S20).
“I spent more time reading peers’ responses [to the teacher questions]” (S1).
“I like the teacher annotations. But it is more interesting to read peers’ responses to 
the teacher annotations.” (S14).

As the excerpts above demonstrate, the teacher questions and the peers’ responses 
opened the eyes of the students to different ways of interpreting the video content. 
Specifically, their peers’ responses supported the students to extend the video content 
beyond personal understanding, as S15, S17, and S20 stated in the excerpts. The excerpts 
of S1 and S14 also show that the peer responses helped to sustain students’ attention and 
enhanced their enjoyment of the video activity. The results suggest that teachers should 
focus more on the use of question type annotations to increase students’ behavioral and 
emotional engagement in watching the course video.

Discussion and conclusions
This study examined the influence of the teacher annotations on student learning 
engagement using an annotation tool, VideoAnt. The results corroborate previous stud-
ies (e.g., Colasante & Douglas, 2016; Miller, Zyto, Karger, Yoo, & Mazur, 2016; Mirriahi, 
Jovanovic, Dawson, Gašević, & Pardo, 2018; Pardo et  al., 2015) showing that annota-
tion tools are beneficial for enhancing student learning engagement. The results further 
discovered that the teacher annotations fostered the students’ behavioral and cognitive 
engagement, but not emotional engagement. The results echoed Colasante and Lang’s 
(2012) study showing that the students’ emotional engagement decreased while students 
actively engaged in learning with the teacher annotations through a media annotation 
tool. This study attributed the students’ low emotional engagement to the fact that the 
teacher annotations distracted them from watching the video, as several students indi-
cated that they could not enjoy the video because they needed to pay attention to the 
teacher annotations. But this study would argue that the students’ low emotional engage-
ment did not synergistically interact with their cognitive and behavioral engagement, 
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since the students who saw the annotations demonstrated higher behavioral and cog-
nitive engagement. Teachers can add annotations on a course video to promote stu-
dents’ learning engagement and increase their comprehension of the video content, 
even though this may decrease students’ motivation. Future studies may explore how 
to foster students’ emotional engagement when watching the course video with teacher 
annotations.

The main contribution of this study is to present the learning paths of the students that 
were prompted by the teacher annotations including teacher’s highlights of the video 
content, literal questions, and reflective questions. These learning paths reveal how the 
teacher annotations benefited students’ learning of the course video based on Bloom’s 
Taxonomy. The teacher’s highlights could support students to “remember” the video 
content, as the students clicked on the teacher’s highlights to review the important seg-
ment of the video content. The results were in line with the findings of previous studies 
(Ibrahim, Callaway, & Bell, 2014) stating that annotations can reduce students’ cogni-
tive load of memorizing the course video. In addition, the learning paths showed that 
the teacher’s literal questions prompted students to stop, rewind, and replay the video. 
Such results suggest that the teacher’s literal questions motivated the students to clar-
ify the video content to enhance their “comprehension” of the video. The other type of 
teacher annotation was the reflective questions, which encouraged the students to view 
their peers’ responses. The results showed the potential of using reflective questions to 
facilitate the students to discuss and “analyze” the video content, as S15 said “I espe-
cially liked the peer responses. After reading those responses, I would have more ideas 
or questions about the video content” in the result section. The results above suggest 
that the teacher annotations effectively promoted students’ cognitive engagement to 
help students remember and understand the course video content.

This study concludes that the teacher annotations and student learning engagement 
were positively correlated. Nineteen out of 22 students in this study acknowledged the 
value of the teacher annotations on the course video, as they perceived that their reten-
tion and comprehension of the video content increased with the support of the annota-
tions. In line with previous studies (Chen, Li, & Chen, 2020), several students pointed 
out that they really liked the fact that the annotation tool allowed them to view peers’ 
responses to the teacher’s questions. In addition, this study found that very few students 
responded to the peers’ responses that they read, possibly because the researcher did 
not give enough instruction regarding how to respond to peer feedback on the annota-
tion. Future studies may explore how video annotation tools and teacher annotations 
can support collaborative learning while students watch the course video and investigate 
the interactive patterns among students that lead to successful performance.

There are few limitations of this study. Firs, the novelty effect could often occur with 
the introduction of novel technology (Tsay, Kofinas, Trivedi, & Yang, 2020). The intro-
duction of teacher annotation might lead to the novelty effect on student learning 
engagement. As a result, this study utilized qualitative data including students’ video 
watching behaviors and student interviews to examine and reveal students’ motivations 
to engage with teacher annotations, which were addressed in the second and the third 
research questions. A longitudinal study is also encouraged to be conducted for future 
studies to examine the novelty effect on student learning engagement with the teacher 
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annotations. Second, this study could only recruit 42 students due to the policy of main-
taining small class size to improve students’ learning. The small sample size may influ-
ence the generalizability of quantitative results; however, this study collected students’ 
video watching behaviors and student interviews to validate the quantitative results and 
offer insights not been seen in the quantitative results. Third, this study did not inves-
tigate how the teacher annotations are helpful for beginners. Future studies can con-
sider students’ level to explore the impact of the teacher annotations on student learning 
engagement and exam performance.
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