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Abstract
Video lectures are one of the primary learning resources embedded in e-learning environ-
ments. Many universities prepare video lectures and share them as open course materi-
als with students. In order to make the learning process more efficient and effective, it is 
very important to design and personalize those learning resources for learners, taking into 
their needs and cognitive differences. The literature regarding how cognitively diverse 
users benefit from which media design is scarce. Therefore, the purpose of this research is 
to explore the effect of video lectures types (voice over type, picture-in-picture type, and 
screencast type) and learners’ sustained attention levels (low, and high) on their learning 
performance in an e-learning environment. The research was designed as a 2 × 3 factorial 
design. In addition, learners’ eye movements have been recorded during study sessions. 
Results indicate that main effect of learners’ sustained attention levels and video lecture 
types on learning performance were significant. Furthermore, it was observed that both 
for the students with high level of sustained attention and for the students with low level of 
sustained attention, the use of picture-in-picture types of video lectures led higher learning 
performance scores. Similarly, the eye tracking analyses also supported this finding.
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Introduction

Videos have been widely used both in informal and formal learning environments. Indeed, 
the use of video in support of learning dates back at least to 1986 for motion pictures, and 
the current century is sometimes referred to as the Internet video age (Mayer et al. 2020). 
With the easy accessibility of YouTube, the Khan Academy, and the wide range of MOOC 
platforms, video usage in learning environments is growing day by day.

In these learning environments, different video types have been designed, among them 
lecture capture, voiceover, picture-in-picture, and hand-drawn videos (Chen and Wu 2015; 
Sadik 2016). Literature regarding which design is more effective for which learners is 
certainly worth exploring. One can certainly argue that different types of video lectures 
might lead to different learning outcomes for different learners. Furthermore, as Altun 
(2012) once posited, the paradigm of “one design for all learners” has morphed into “mul-
tiple designs for all learners.” Finally, individual differences, among which are cognitive-
based individual differences (such as, memory, attention, etc.), should be considered when 
designing such environments.

In this regard, the aim of this study is to examine the effects of video lecture types and 
learners’ sustained attention levels on their learning performances. In the following sec-
tion, first, multimedia learning theory will be presented along with existing principles of 
video design. Second, video lecture types and their effects on learning performances will 
be scrutinized. Finally, the role of sustained attention as a cognitive difference will be illus-
trated within the scope of e-learning.

Multimedia learning

In the move to digital learning environments, the learning and teaching processes are being 
transformed. In recent years, greater learner diversity has created a wider variety of learner 
traits and preferences. Learners’ interest (Zhang et al. 2006), intention (Davies 2006), cog-
nitive abilities (van Merriënboer and Ayres 2005; Wu et  al. 2010), prior experience and 
anxiety (Sun et al. 2008), and the presentation of content (Zhang et al. 2006) are some of 
the variables which are thought to have an effect on learning process.

Research in the literature of multimedia design reveals a gap in theoretical arguments for 
how videos could be designed (Boateng et al. 2016; Fee and Budde-Sung 2014). For exam-
ple, the Cognitive Theory of Multimedia Learning, described by Mayer (2009), provided 
design tips for developing effective multimedia materials. Mayer focused on how multime-
dia should be designed and should work in the context of learning. This theory is based on 
three central assumptions: (1) the dual channel (coding) assumption, (2) the active process-
ing assumption, and (3) the limited capacity assumption (Mayer 2014a, see Fig. 1). The 
dual channel assumption states that individuals use separate channels for processing audio 
and visual information because memory codes each differently (Paivio 1971); the limited 
capacity assumption states that individuals can process only a limited amount of informa-
tion on each channel at one time (Baddeley 1999; Sweller 1999); and, lastly, the active 
processing assumption states that individuals are active learners who select and organize 
coherent information and integrate it with their prior knowledge (Mayer 2009; Wittrock 
1989).

Based on these assumptions, multimedia design principles, such as signaling (Prera-
dovic et  al. 2020), embodiment and temporal contiguity (Chen and Thomas 2020), and 
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modality (Wang and Antonenko 2017) have been investigated by many studies in the 
context of video lectures. Some studies comprehensively discussed the relation between 
video lectures and multimedia learning principles (Day et al. 2006; Fee and Budde-Sung 
2014). For example, Fee and Budde-Sung (2014) examined students’ perspectives towards 
instructional videos according to the features of the videos from individual differences like 
language competence, culture, age, and gender. In their qualitative study, the researchers 
reported that students had expressed positive opinions about the videos and had found 
the videos useful for learning. The researchers further commented that their study sup-
ported Mayer’s principles of multimedia design in signaling (use of remarkable images), 
segmenting (presentation of content in units), and personalization (characterization of dia-
logue); however, the results conflicted with the principles of redundancy and coherence. In 
terms of redundancy principle, Mayer (2009) suggested that instructional designers should 
reduce the use and the complexity of on-screen texts, such as subtitles, but in Fee and 
Budde-Sung’s (2014) study, the researchers concluded that subtitles and complex authen-
tic contexts provide learners the necessary support during the learning process. Another 
contradictory finding was related to the coherence principle, which dictates the removal of 
extraneous content; they argued that the complex authentic video type was more beneficial 
for students simply because the authentic content was relevant to students’ lives and per-
ceptions. They urged researchers to conduct further experimental studies to examine the 
effect of video features and individual characteristics on learning outcomes with a focus on 
video types.

Video lecture types and their effects on the learning process

Video lecture types differ in terms of multimedia elements and other features used in 
content presentation (Chen and Wu 2015; Hansch et al. 2015; Ilioudi et al. 2013; Scag-
noli et  al. 2019). Each type of video lecture brings new questions about its design. A 
number of studies have examined effect of video lecture types on learning outcomes, 
engagement, and learner perceptions. For instance, Guo et  al. (2014) compared types 
of video lectures using student engagement in edX, a massive open online course plat-
form, created and hosted by M.I.T. and Harvard. They found that informal talking-head 
videos and the Khan-style tablet drawings were more engaging than other types of 
videos and that students engaged differently with lecture and tutorial videos. Kizilcec 
et  al. (2015) examined the effects on visual attention of the presence of the instruc-
tor. They found that students who watched video lectures that included the instructor’s 
face achieved better learning results with less effort than did students who watched the 
video lectures without the image of the instructor. In another study, Chen and Thomas 

Fig. 1   Cognitive theory of multimedia learning (Mayer 2009)
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(2020) investigated the difference between video lecture types, including a hand-drawn 
type and a narration-over-PowerPoint type, in terms of engagement and learning in a 
controlled experimental setting. They revealed that the hand-drawn videos did result in 
higher levels of engagement.

Some video lecture types, such as voiceover presentations, lecture captures, picture-
in-picture style, and Khan-style, are preferred over other types for e-learning (Chen and 
Wu 2015; Hansch et al. 2015; and Ilioudi et al. 2013). Screencast video lectures are com-
monly used for video tutorials, multimedia software courses, and online programming 
teaching (Kokoç 2019; Swarts 2012). Sadik (2016) concluded that a majority of students 
rated screencast videos as better than lecture capture videos in terms of their usefulness. 
Previous studies have shown that picture-in-picture types, including instructor presence, 
reduce distraction and contribute to positive learning perceptions, learning performances, 
and satisfaction (Chen and Wu 2015; Wang and Antonenko 2017). Many video lectures 
created by edX and Coursera integrate a video of the instructor next to the learning content 
presented in the slides (Wang et  al. 2020). One of the most used types of video lecture 
is the voiceover with slides style, which includes a presentation of slides, narrated by an 
instructor (Hansch et al. 2015). This type of video lecture has been widely employed for 
e-learning due to its cost efficiency (Köster 2018). For the current study, it was decided to 
focus on three different types of widely used video lectures: picture-in-picture, voiceover, 
and screencast.

Although Mayer (2014b) presented principles that could be used in designing video lec-
tures, the characteristics of these lectures (duration, interaction elements, presenter qualifi-
cations, hand-arm movements, voice and video features) suggest that more comprehensive 
and detailed design recommendations are needed. When the important issues related to 
the design of video lectures are taken into consideration, it can be concluded that there is 
a relation between such features of video lectures as length of the video (Guo et al. 2014) 
and contextual cues (Koning et al. 2009; Zimmermann et al. 2015), and the learners’ atten-
tion levels (Chen and Wu 2015; Wang and Antonenko 2017). Only a few studies have 
focused on the relation between attention and video lecture types. In an experimental study 
exploring the relation between video lectures and attention, Chen and Wu (2015) inves-
tigated the effect on sustained attention levels of three different types of video lectures: 
affective status, cognitive load, and learning performance. The results of the study indi-
cated that lectures in picture-in-picture type videos were more effective for learner perfor-
mance than voiceover videos, and it was found that affective status did not differ according 
to the type of video lectures. Furthermore, the use of voiceover type videos caused dis-
traction and excessive cognitive load on learners. Chen and Wu recommended that further 
research could help to establish the effects of different types of videos across learners with 
various attention levels, incorporating eye-tracking methodology. Another study found that 
students dwelled for longer periods on the instructor’s face while viewing video lectures, 
although the number of fixations was not significantly different (Kizilcec et al. 2015). This 
implies that the instructor’s presence has an impact on visual attention paid to video lec-
tures. Similarly, Wang and Antonenko (2017) investigated whether learners’ visual atten-
tion to the on-screen instructor presence had an effect on learning and to what extent visual 
attention patterns in instructor-present videos would predict learning. They found that the 
instructor presence had an effect on learning performance in that it improved transfer per-
formance and increased judgement of learning for the difficult topic. Furthermore, they 
concluded that the instructor-present videos attracted a considerable amount of overt visual 
attention, and the amount of attention allocated to the instructor positively predicted par-
ticipants’ satisfaction level for both easy and difficult topics.
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Although previous studies have investigated the possible impact of video lecture types 
on visual attention and learning, how the attention level of learners affects cognitive per-
formances while learning with video lectures remains unclear. In addition, the importance 
of using attention-related elements in designing e-learning environments and video lec-
tures is well-established (Chen and Wu 2015; Ilgaz et al. 2014; Pi et al. 2017). Therefore, 
investigating the relationship between the types of video lectures and learners’ attention 
levels could support the creation of a model for personalized learning in video lectures. 
Learners could be shown the video with the most efficient video type suitable for their 
attention level. Moreover, studies on designing personalized video lectures would also help 
answer the question of whether presenting video lectures of the same type for everyone 
would have the same result.

Sustained attention

Attention plays an important role in the maintenance of effective online learning experi-
ences. Essential attention theories in the literature outlines six different types of attention 
such as divided, focused, selective, shifting, spatial and sustained (Kokoç et  al. 2020). 
Attention has been at the focus of research in investigations of the effects of different types 
of attention on learning, recall, retention, and memory performances in e-learning envi-
ronments (Driver 2001; Schweizer 2010). Moreover, multimedia learning theories focus 
on the role of learners’ attention in learning performance and multimedia design (Mayer 
2014a). Sustained attention is increasingly recognized as a vital attention type and valuable 
reference for video lecture design (Chen and Wu 2015).

Sustained attention is defined as a type of attention in which attention is directed to a 
single task continuously by focusing and concentrating on a certain point (Roda 2011). 
Sustained attention has great importance in tasks in which attention must be sustained for 
long periods, such as air traffic control or radar operation (Helton et al. 2009). Sustained 
attention has been shown to be an important component of learning processes. Different 
studies investigating the effects of sustained attention in learning environments have shown 
that sustained attention has a direct effect on academic achievement (Steinmayr et al. 2010) 
and is associated with intelligence (Schweizer et al. 2000). Clinical studies suggest that the 
relationship between intelligence and academic achievement is balanced by sustained atten-
tion. A study of 231 first- and second-year high school students investigated whether this 
finding can be valid outside the clinical setting or not. The sustained attention was meas-
ured by verbal, numerical, and general intelligence scores. The results of the study show 
that sustained attention has a significant correlation to school performance. This study is 
important in terms of confirming the relationship between sustained attention, intelligence, 
and school performance outside a clinical setting (Steinmayr et al. 2010).

Existing research has revealed few studies which focus on the role of sustained atten-
tion in educational multimedia and video lectures. In a study that investigated the effects of 
sustained attention and contextual cues in e-learning environments, sustained attention was 
found to have a direct effect on memory performance, while the use of contextual cues had 
benign effects on memory performance (Ilgaz et al. 2014). In another study, Pi et al. (2017) 
investigated whether an instructor’s pointing gestures were more effective than nonhuman 
cues in improving learning performance with video lectures. In their study, the research-
ers measured learners’ visual attention by means of an eye-tracking device. The findings 
of this study showed that the pointing behavior of the instructor was more effective and 
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also more successful in directing the visual attention of the learners to the relevant course 
content.

Modeling cognitive differences in the design of video lectures that take account of 
learners’ behaviors is at an early stage in the literature. To the best of our knowledge, there 
are limited studies on what kind of video lectures facilitate learning performances of learn-
ers with different attention levels. In addition, testing the role of attention in learning with 
video lectures using eye-tracking analysis could provide new insights into designing effec-
tive personalized video lectures (Stull et al. 2018; Wang et al. 2020). Therefore, the aim 
of this study is to examine eye movements during a task and to investigate the effects of 
video lecture types and learners’ sustained attention levels on learning performances in 
the context of learning programming. In sum, the research questions for this study are as 
follows: (1) Does high and low sustained attention level and video lecture type, including 
picture-in-picture, voiceover, and screencast, affect learning performances? (2) Does sus-
tained attention and video lecture type affect eye tracking measurements of learners while 
they interact with video lectures?

Method

Research design

The study made use of a 2 × 3 factorial design between groups to test the main effects of 
factors and the common effects of two or more independent variables on the dependent 
variable within the same statistical model. The dependent variable was set to be students’ 
learning performances. The independent variables (factors) were sustained attention level 
and video lecture type. Participants were clustered as low or high, based on their sustained 
attention levels. The video lecture types (the modality of presentation) were three different 
formats, including picture-in-picture type, voiceover presentation type, and screencast type 
as the most commonly used video lecture formats. Table 1 shows the six treatment condi-
tions in the factorial design.

Participants

The participants of the study consisted of 201 university students (88 females and 113 
males; median age: 20.92  years; age range: 19–27) recruited from two Turkish public 
universities on a voluntary basis. All were enrolled in various teacher training programs 

Table 1   The research design

Independent variable 1: 
sustained attention

Independent variable 2: Video lecture type

Picture-in-picture type Voiceover type Screencast type

Low sustained attention Picture-in-Picture
Video Lectures (Condi-

tion 1)

Voiceover
Video Lectures (Condi-

tion 3)

Screencast
Video Lectures (Con-

dition 5)
High sustained attention Picture-in-Picture

Video Lectures (Condi-
tion 2)

Voiceover
Video Lectures (Condi-

tion 4)

Screencast
Video Lectures (Con-

dition 6)
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(elementary and early childhood education, mathematics and science education, Turkish 
and social sciences education, and instructional technology). All of the participants volun-
tarily took part in the study at times outside of class hours and received a reward (snacks 
and pens) at the end of the experiment as a form of appreciation for their participation in 
the study. Data on sustained attention were collected in the spring term of 2018. The eye 
tracking portion of the data collection occurred in the spring term of 2019. All participants 
had normal or corrected-to-normal vision and hearing.

Procedure and materials

The participating students were all measured for their sustained attention levels. In order 
to ensure that the study group had participants with different levels of sustained attention, 
purposive sampling was conducted according to the results of a sustained attention test. 
In order to identify upper and lower groups based on their sustained attention levels, the 
upper and lower 27% rule as a discrimination index is commonly used (Kelley 1939; Rovai 
et al. 2013). Thus, the participants were ranked from highest to lowest mean scores on the 
sustained attention test, and 58 participants (29%) were included in the “high sustained 
attention” group, while 60 participants (30%) made up the “low sustained attention” group. 
The students were then randomly assigned to one of the three main experimental condi-
tions in terms of video lecture type. There were between 18 and 22 participants in each 
condition. In order to have reliable results from the attention test, two participants who had 
problems in the calibration phase of the eye movements were excluded from the data set. 
Finally, experiments were conducted with 116 students (50 females and 66 males: median 
age: 20.87  years; age range: 19–25). Before the experiment sessions, a pretest covering 
topics dealt with in each of the video lectures was conducted to measure the prior knowl-
edge of the students. A one-way analysis of variance was conducted to test whether their 
pretest scores differed across experimental conditions. The results showed that there were 
no significant differences between the six experimental conditions on pretest scores of the 
students, F(5, 110) = 1.16, p = .330. Figure 2 displays the procedure of the study and exper-
iment sessions.

In the current study, each video lecture for the three different modalities was devel-
oped by the researchers. The topic of the video lectures was “Sequencing in Python.” The 

Fig. 2   Procedures of the study
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content of the lectures was determined based on suggestions by two programming lan-
guages experts who have taught Python in a university setting. The content in the video 
lectures involved logic of sequences, types of sequences, and the operations on sequences. 
The reason for selecting this topic were that, first, it would be beneficial to understand 
whether design types would differ for learners at differing attention levels. Secondly, 
sequencing is one of the topics that presents difficulties for many learners.

The guide for instructional video design proposed by van der Meij and van der Meij 
(2013) and the recommendations for developing video lectures in the literature (i.e., Chen 
and Wu 2015; Guo et al. 2014; Hansch et al. 2015) have been taken into consideration in 
those video lectures. Accordingly, the following conditions were observed with all groups: 
(1) all videos were recorded in the same environment, (2) a playback panel was used to 
provide flexible user control, (3) audio and image were synchronized, (4) the lecturer spoke 
with a slow and vivid tone in all videos, (5) the lecturer wore a simple outfit instead of an 
ostentatious one, and his/her image was transferred to the video lectures, (6) the lecturer 
used a conversational approach to increase social presence of students (7) the same font 
was used in the text content, and (8) each of the video lectures was about 3 min long and it 
did not exceed video duration limit and medium engagement length (6 min) suggested by 
Guo et al. (2014).

Expert opinions were obtained from the two academic experts as to the compatibility 
of the subject titles and video content. In line with their feedback and suggestions, the 
video lectures were reviewed, and necessary corrections were made. The revised lectures 
were presented to the experts again for their approval. During the editing phase, three 
types of video lectures were developed. We used the same subject matter in all types of 
the video lectures. The same male instructor gave the same information about the topic, 
titled “Sequences in Python,” in all of the video lectures. Mean duration of the video lec-
tures was approximately three minutes. In the following section, these three video types are 
described with sample screenshots.

Voiceover video lectures

The voiceover video lectures consisted of PowerPoint slides with text and visuals, narra-
tion, and a table of contents. The audio recordings of a lecture or voice of the instruc-
tor accompanied the content slides and made use of specialized lecture recording software 
(Chen and Wu 2015). Figure 3 illustrates a screenshot of the experiment voiceover video 
lectures designed for the current study.

Fig. 3   Sample of the video 
lecture developed in the type of 
voice over
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The video lectures developed in the voiceover condition contain a narration-over-Power-
Point presentation explaining content on the slides. They consist of text and visuals related 
to the topic and the voice of the lecturer as speech-based lecture.

Picture‑in‑picture video lectures

Picture-in-picture video lectures include the instructor’s image being present next to the 
PowerPoint slides as a talking head or in a superimposed small window in the lower right 
corner (Chorianopoulos 2018). The screenshots of the picture-in-picture video lecture type 
is shown in Fig. 4.

Video lectures developed in the picture-in-picture format consist of a synchronized 
video of the lecturer explaining the content and a presentation slide consisting of text and 
images related to the content. The instructor’s image is located in the upper- or lower-right 
corner of the screen depending on the structure of the video content.

Screencast video lectures

Screencast video lectures display an image of the screen, along with voice of instructor. 
Computer users prefer screencast video lectures when watching a demonstration and to 

Fig. 4   Sample of the video 
lecture developed in the type of 
picture-in-picture

Fig. 5   Sample of the video lecture developed in the type of screencast
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learn the use of particular features of software (Swarts 2012). In screencast video lectures, 
the instructor can show videos, display websites, or run computer applications while choos-
ing not to be visible at all. (Köster 2018). Figure 5 illustrates an example of the screencast 
type of video lecture.

Video lectures developed for screencast presentation consisted of the content and codes 
on PyCharm Community 2018.3, a development environment (IDE program) for Python 
7.3 programming language; the cursor image reflecting mouse movements; and the voice 
of the instructor. In the related video lectures, sequences were explained with examples 
by using the PyCharm interface. The opinions of two experts in the Open and Distance 
Education Center and one expert in instructional design were used to evaluate the devel-
oped videos in terms of design, confirmability, and video stream. Necessary changes were 
reflected in the final form of the videos.

Video learning sessions were presented for each learner individually in a room with 
appropriate conditions for sound, light, and ventilation and under the guidance of the 
researcher in a preset time period. This process consisted of four stages. First, participants 
were informed about the process and an “Informed Consent Form” was given to the par-
ticipants. After the participant agreed to participate in the study, the experimental set was 
opened, and a computer-based pretest, which included 19 questions along with a demo-
graphic information section, was performed in order to determine each participant’s level 
of knowledge about the content of the video lecture. This second phase took approximately 
16  min. Third, participants completed a calibration of the eye tracker before beginning 
the learning task. The percentage of quality for the calibration process to be deemed suc-
cessful was set to 90%. Once the calibration process was successful, the participants were 
directed to complete the learning task and their experimental set. Finally, once the learners 
had completed the tasks, the achievement test was conducted as a final test. Participants 
thus viewed the video lectures corresponding to their assigned group as a learning task, 
and their eye movements were recorded while viewing the video lectures without a break. 
Then they completed the achievement tests. No time limit was set for the participants for 
application period; however, their completion times were recorded and found to fall within 
an average range of 50–60 min.

Data sources

Three different data sources have been utilized in this study, and these data sources and the 
data collection tools are explained in detail below.

Computerized sustained attention test

In order to determine the sustained attention levels of individuals, a computer-based test 
developed according to the Multiple Object Tracking Paradigm at Yale University (Halad-
jian and Pylyshyn 2006) and adapted for the target population by Ilgaz et al. (2014). The 
aforementioned test was developed in MATLAB (R2012a, 32-bit) and the Psychtoolbox-3 
plug-in and used on a touch-screen LCD monitor. Participants are asked to complete a four-
step task, which includes a practice session and three ball tracking sessions: easy, medium, 
and difficult. The practice session is provided to enable participants to understand the task 
and what they are asked to complete. After the practice session, eight balls are displayed on 
the screen in the main application. A certain number of balls from each level blink in order 
to show the participant the ball that he or she must follow. After this stage, all the balls 
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move randomly on the screen for 10 s. The participants are expected to follow the flashing 
targets in the first session and identify the targets when all the balls stop.

In the easy level, one of the eight objects is the target; for the medium level, two objects 
are targets; and for the difficult level, four of the eight objects are set to be targets. Each of 
these levels is repeated 10 times. A minimum score of 0 and a maximum of 10 points can 
be earned on each level of the test. The duration for each stage of the test is three to four 
minutes, and the total duration is about 15 min. Figure 6 illustrates the sample screenshots 
of the sustained attention test. The image on the left shows the moment when the balls are 
blinking in each session, and the image on the right shows the moment when the move-
ment of the balls stops for the participants to mark.

Learning performances

In this study, the learning performance score can be calculated by subtracting the score 
obtained from the pretest from the score obtained from the posttest. An achievement test 
aligned with topics covered by each of the videos was developed to measure students’ 
learning performances to use as pretest and posttest. The test required students to use their 
knowledge of sequences in Python, including basic concepts and types of sequences (for 
first and second video lectures), defining lists, and analyzing and solving lists problems 
in Python (for other video lectures). First, learning outcomes related to the content in the 
video lectures were determined, and they were translated into statements. Afterwards, 
a draft table of learning outcomes was prepared, and an item pool with multiple-choice 
questions was created by the research team. The item pool consisted of 22 multiple-choice 
questions. For the content validity, the opinions of two experts in programming languages 
were sought. The Cohen kappa coefficient was calculated to determine the interpreter reli-
ability of the faculty members (κ = .802). Based on experts’ feedback, two questions were 
removed from the draft achievement test, and a distractor and the statement of a question 
was reviewed. After the corrections, a total of 19 multiple-choice questions was obtained. 
Every question had five choices, and only one choice was correct.

The achievement test was given to 62 students who had previously taken a course in pro-
gramming languages. The results showed that the item difficulty indexes (pj) of the ques-
tions were between .20 and .75 and that the item discrimination indexes (rj) were between 
.42 and .78. In general, the majority of the questions in the test were at a medium level of 

Fig. 6   Sample images of the sustained attention test
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difficulty. Moreover, there were two difficult and discriminating questions, and three ques-
tions had an acceptable discrimination index. The data show that there is not any question 
to be removed from the achievement test. The KR-20 value calculated for the achievement 
test was .84. The minimum score that can be gathered from the achievement test is 0, and 
the maximum score is 19.

Measuring eye tracking

Eye movements provide objective data and are considered an innovative method to exam-
ine the behaviors of the participants during video lectures. Measurements related to the 
cognitive characteristics of the individuals (perception, attention, memory) can be taken 
by tracking eye movements (Duchowski 2007). iMotions software and portable GazePoint 
device integrated with this software were used for collecting eye tracking metrics. The 
device is connected to a 23-inch touchscreen computer with iMotions software. The data 
collection frequency is set at 60 Hz and has a sensitivity ratio of .50–10.

In studies of eye movements, eye tracking metrics are set by the researchers accord-
ing to the purpose, context, and characteristics of the eye tracking device. The most com-
monly used eye tracking metrics in the literature are the number of fixations and the dura-
tion of fixations (Duchowski 2007; Hyönä 2010). Fixation count indicates the frequency of 
the fixation in a given time for a specific area of the screen (Duchowski 2007; Holmqvist 
et al. 2011). Fixation duration corresponds to the duration of the ongoing cognitive process 
related to the focused object or area (Henderson 2007; Irwin 2004). The highest number 
of fixations and the longest fixation time indicate that the attention to an object and area is 
highest based on eye movements (Raney et al. 2014). Fixation count and fixation duration 
of the eye movements of learners were recorded as they interacted with video lectures in 
the experiments.

To ensure the reliability of the eye tracking data, the compatibility of the eye move-
ments of each participant with the eye tracking device was tested before each session, and 
a nine-point calibration was performed. No participant was allowed to continue if he or she 
failed the calibration process. In order to analyze the data related to the participants’ eye 
movements, areas of interest were determined on the video lectures. Three areas of interest 
were set to be the regions of the talking head, the presentation on the screen, and the pro-
gramming editor. Eye tracking measurements of the participants collected using iMotions 
software constituted the raw data. The obtained raw data were examined by creating pivot 
tables on Excel. First, the frequency values of the eye tracking metrics were determined. In 
addition, heat maps reflecting the focus of visual attention for learners were created based 
on the eye tracking measurements.

Data analysis

Descriptive statistics were conducted to determine frequency, percentage, average, and 
standard deviation values of the research variables. Relevant to the first research question, 
a two-way factorial ANOVA was performed to determine the difference in learning perfor-
mances by sustained attention level and video lecture type. A post-hoc Tukey test was per-
formed to allow pairwise comparisons among the means. Before carrying out the two-way 
factorial ANOVA, normal distribution and the assumption of homogeneity of the variances 
were checked. The values of effect size for significant differences were also reported. Rel-
evant to the second research question, a Mann–Whitney U test was conducted to compare 
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the eye tracking measurements according to sustained attention levels. This non-paramet-
ric test was preferred since the data on eye tracking measurements did not show normal 
distribution.

Results

Descriptive results

Before the inferential analysis, descriptive statistics were calculated and are presented in 
Table 2. The values of skewness and kurtosis confirmed that the distribution is normal.

Effects of sustained attention and video lecture types on learning performances

A two-way factorial ANOVA was conducted to evaluate the effects of sustained atten-
tion and video lecture type on learning performances. Assumptions of the analysis were 
checked with a Levene test. The Levene test results indicated that there was no signifi-
cant difference between the variances across the groups, showing that the variances of the 
groups can be considered equal and that the assumption of homogeneity of the variances 

Table 2   Descriptive results on learning performances according to sustained attention level and type of 
video lecture

Attention level Video lecture type N Min Max Mean Standard 
devia-
tion

Skewness Kurtosis

Low sustained attention Picture in picture 19 4 12 7.52 2.26 .153  − 1.042
Voiceover presentation 18 2 10 5.66 2.24 .225  − .475
Screencast 22 2 10 5.22 2.02 .686 .152

High sustained attention Picture in picture 19 5 16 11.68 3.24  − .596  − .385
Voiceover presentation 19 2 13 6.73 2.80 .706 .260
Screencast 19 5 14 9.15 2.52 .359  − .323

Table 3   A comparison of learning performances in terms of sustained attention and video lecture type by 
two-way factorial ANOVA with the tukey test

*p < .01

Source Type III sum of 
squares

df Mean square F p Ƞp2

Sustained attention level 269.25 1 269.25 41.66* .00 .27
Video lecture type 231.31 2 115.65 17.89* .00 .24
Sustained attention level X 

Video lecture type
55.74 2 27.87 4.31* .01 .07

Error 710.91 110 6.46
Corrected total 1279.31 115
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across groups is not violated (p > .05; p = .302). The results of a two-way factorial ANOVA 
are presented in Table 3.

Table 3 illustrates the results of the analysis. It can be seen that the interaction of the 
sustained attention levels and types of video lecture had a significant effect on the learning 
performance of the participants (F(2110) = 4.31; p < .05). This finding indicates that the 
learning performances differ significantly according to the between-subjects effect of the 
video lecture type and sustained attention levels. In order to examine which subgroups dif-
fered significantly in terms of their learning performances, a Tukey test was employed, and 
multiple comparisons were made. According to the results of multiple comparison tests, 
it was determined that the learning performances of the participants with a high sustained 
attention level watching who exposed to a picture-in-picture type of video lecture were 
significantly different from those of the other subgroups and had the highest mean scores 
(p < .05). Moreover, there was a significant difference between the learning performances 
of the participants watching the voiceover type of videos with high sustained attention level 
and the learning performances of the participants watching the screencast type of videos 
(p < .05). Similarly, it was found that there was a significant difference between the learn-
ing performances of the participants watching the screencast videos with high sustained 
attention level and the learning performance of the participants watching voiceover type 
and screencast type of videos with low sustained attention level (p < .05).

Effects of sustained attention and video lecture type on eye tracking measurements 
of learners interacting with video lectures

Eye tracking measurements were recorded while learners watched different types of video 
lectures. These metrics were examined for each type of video lecture. Although the types 
of video lectures are the same in terms of subject and content, it is not possible to com-
pare eye tracking measurements in terms of specific metrics because they differ in terms 
of multimedia elements and the objects they contain. For example, the presenter image 
(talking head) is included in picture-in-picture type of video lectures but not in voiceover 
type of video lectures. Therefore, since the areas of interest vary and eye tracking measure-
ment metrics differ, separate analyses have been conducted and are reported in detail below 
depending on video lecture type.

Results for picture‑in‑picture type of video lecture group

Picture-in-picture video lectures consisted of such multimedia elements as text, visuals, 
and a talking head (server image). Therefore, areas of interest (AOIs) have been set in eye 
tracking software to cover these multimedia elements separately. Then eye tracking meas-
urements were obtained. The Mann–Whitney U test was employed to determine whether 
eye tracking measures of the participants differed according to their levels of sustained 
attention. The results are presented in Table 4.

The results of Mann–Whitney U test showed that there was no statistically signifi-
cant difference between the number of fixations between participants with low sustained 
attention levels and participants with high sustained attention levels (U = 99.50; p < .05; 
η2 = .15) on written texts. Yet there was a statistically significant difference between the 
participants with low sustained attention and those with high sustained attention by means 
of the number of fixations on the talking head (U = 106.50; p < .05; η2 = .12). Findings 
showed that participants with a low sustained attention level have focused on the written 
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texts and the talking head in the picture-in-picture type of video lecture more than the other 
participants. Moreover, when the number of fixations on visuals were examined, it was 
found that there was no statistically significant difference between the participants with low 
and high sustained attention levels (U = 171.50; p > .05).

When the between-subjects differences were examined in terms of fixation time, 
it was found that there was a statistically significant difference between the participants 
with a low sustained attention level and the participants with a high sustained attention 
level across the fixation times both for the written text and the talking head, respectively 
(U = 90.00; p < .05; η2 = .18. U = 109.00; p < .05; η2 = .11). This finding suggests that par-
ticipants with low sustained attention have a longer fixation time than the other participants 
on the written text and the talking head in picture-in-picture type of video lecture.. In terms 
of fixation time for visuals, it was observed that there was no statistically significant differ-
ence between the participants with low sustained attention and those with high sustained 
attention (U = 165.00; p > .05). An example of a heat map based on the fixation behavior 

Table 4   Mann–whitney U-test results on eye tracking measurements between sustained attention levels for 
picture-in-picture video lectures

AOIs areas of interests

AOIs Eye tracking metrics Sustained 
attention 
level

N Mean rank Sum of ranks U p

Text Fixation count Low 19 23.76 451.50 99.50 .01
High 19 15.24 289.50

Fixation duration Low 19 24.26 461.00 90.00 .00
High 19 14.74 280.00

Visual Fixation count Low 19 19.97 379.50 171.50 .79
High 19 19.03 361.50

Fixation duration Low 19 20.32 386.00 165.00 .66
High 19 18.68 355.00

Talking head Fixation count Low 19 23.39 444.50 106.50 .03
High 19 15.61 296.50

Fixation duration Low 19 23.26 442.00 109.00 0.03
High 19 15.74 299.00

Fig. 7   An example of heat maps of AOIs for in-picture type in Conditions 1 and 2
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for the picture-in-picture type of video lecture is shown in Fig. 7. The heat map reflecting 
the fixation behavior of the participants with low sustained attention is located on the left, 
and the heat map reflecting the fixation behavior of the participants with high sustained 
attention is located on the right.

Results for voiceover presentation type of video lecture group

Voiceover type video lectures contain only text, visuals, and the voice of the instructor 
as multimedia items. Therefore, the elements of video content as text and visuals have 
been identified as areas of interest in eye tracking software and eye-tracking metrics have 
been gathered. The Mann–Whitney U test was employed to determine whether eye track-
ing measures of the participants differed according to their sustained attention levels. The 
results of the analysis are presented in Table 5.

The results showed that there was no statistically significant difference between fixation 
counts between the participants with low sustained attention and the participants with high 
sustained attention (U = 170.00; p > .05) on the written text. Similarly, no statistically sig-
nificant difference was found between fixation counts between participants with low sus-
tained attention and those with high sustained attention (U = 161.00; p > .05) on visuals.

In terms of fixation duration on written texts, no statistically significant difference 
was observed between the metric values of the participants with low sustained attention 

Table 5   Mann–whitney U test results on eye tracking measurements between sustained attention levels for 
voiceover presentation

AOIs Eye tracking metrics Sustained 
attention level

N Mean rank Sum of ranks U p

Text Fixation count Low 18 18.94 341.00 170.00 .97
High 19 19.05 362.00

Fixation duration Low 18 17.50 315.00 144.00 .41
High 19 20.42 388.00

Visual Fixation count Low 18 18.44 332.00 161.00 .76
High 19 19.53 371.00

Fixation duration Low 18 18.72 337.00 166.00 .87

Fig. 8   An example of heat maps of AOIs for voiceover presentation type of video lecture
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and those with high sustained attention (U = 144.00; p > .05). A similar result was 
obtained for the fixation times for the visuals. No statistically significant difference was 
found between the fixation durations of the participants with low sustained attention 
and those with high sustained attention (U = 166.00; p > .05). An example of a heat map 
based on the fixation behavior for voiceover type of videos is displayed in Fig. 8.

Results for screencast type of video lecture group

The screencast types of video lectures include coding and compiler components as 
design elements. In the coding component section, relevant information and codes are 
written simultaneously in text format. In the compiler component section, the output of 
the code is presented. Therefore, the sections of coding and compiler components have 
been identified as AOIs when gathering eye movement (fixation number and fixation 
duration) metrics. The Mann–Whitney U test results are presented in Table 6.

There was no statistically significant difference in the number of fixations between 
the participants with low sustained attention and those with high sustained attention 
(U = 204.00; p > .05) on the compiler screen. Similarly, no statistically significant dif-
ference was found between the number of fixations between the participants with low 
sustained attention and those with high sustained attention (U = 194.50; p > .05) on the 
coding screen.

When the compiler screen was examined in terms of fixation time, it was found that 
there was no statistically significant difference between the participants with low sus-
tained attention and those with high sustained attention (U = 200.00; p > .05). Similarly, 
no statistically significant difference was found between the duration of fixation between 
the participants with low sustained attention and those with high sustained attention 
(U = 190.00; p > .05) on the coding screen. An example of a heat map based on the fixa-
tion behavior for videos with a screencast type is shown in Fig. 9.

Table 6   Mann–whitney U test results on eye tracking measurements between sustained attention levels for 
voiceover presentation

AOIs Eye tracking metrics Sustained 
attention 
level

N Mean rank Sum of ranks U p

Compiler component Fixation count Low 22 20.77 457.00 204.00 .89
High 19 21.26 404.00

Fixation duration Low 22 20.59 453.00 200.00 .81
High 19 21.47 408.00

Coding component Fixation count Low 22 20.34 447.50 194.50 .70
High 19 21.76 413.50

Fixation duration Low 22 20.14 443.00 190.00 .61
High 19 22.00 418.00
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Discussion and conclusions

In this study, three different types of video lectures were designed and developed to teach 
sequences in the Python programming language for learners with different levels of sus-
tained attention. In addition, the effects of these video lectures were examined in terms 
of how students’ learning performances changed across modalities. Participants who were 
randomly assigned to three different groups studied voiceover, picture-in-picture, and 
screencast types of videos in their corresponding groups, categorized as either low- or 
high-level sustained attention groups. The data were collected through a computer-based 
achievement test, and the experimental set was prepared on iMotions software, which 
enabled eye tracking data collection and metrics generation. A general summary of the 
research and an evaluation of those findings based on the relevant literature is presented 
below.

Relationship between sustained attention levels, video lecture type, and learning 
performance

The research findings in this study showed that participants’ learning performances dif-
fered significantly across video lecture type and level of sustained attention. It was con-
cluded that the most successful subgroups in terms of learning performance consisted 
of participants with high-level sustained attention watching picture-in-picture type of 
video and screencast type of video, respectively. Moreover, it was determined that the 
subgroup with the lowest learning performance consisted of the participants with low 
sustained attention level watching the screencast type of video lectures. It was to be 
expected that students with high sustained attention would be more successful since 
sustained attention is the state of focusing attention on a certain point for a long time 
and directing attention to a single task continuously with concentration (Roda 2011). In 
this study the participants with low sustained attention performed worse in screencast 
video presentation than in the other video types. It is noteworthy that the screencast 
video type did not include any attention-cueing items such as pointing or highlighting, 
and that this type can be perceived as monotonous due to a lack of intimate and per-
sonal presence (Guo et al. 2014). It is reflected in the results of the study that sustained 
attention is related to learning performance (Kokoç et al. 2020; Steinmayr et al. 2010). 

Fig. 9   An example of heat maps of AOIs for screencast type of video lectures
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Moreover, it is emphasized that effective recognition, learning, and memorization pro-
cesses cannot be performed effectively in a learning process without sustained attention 
(Broadbent 1958). Therefore, the better performance of participants with a high level 
of sustained attention should not be surprising. Those who can focus on a specific task 
over a long period of time by rejecting distracting external stimuli may always be ready 
for stimuli that develop frequently and unexpectedly over long periods of time (Ilgaz 
et al. 2014). When the fluency of the videos and the presented modality are considered 
together, it can be posited that learners with high sustained attention level would be 
more successful.

However, participants’ learning performance scores differed significantly according to 
the types of video lectures presented, independent of sustained attention levels. Those who 
saw the picture-in-picture videos produced higher learning performance scores than the 
other participants. This result is consistent with the studies of Chen and Wu (2015) and 
Day et  al. (2006). It can be argued that picture-in-picture video lectures could be more 
effective than voiceover lectures simply because they reduce distraction (Chen and Wu 
2015). Social cues provided by the instructor’s presence in these video lectures could help 
direct the visual attention of learners to the learning content (van Gog et al. 2014; Wang 
et  al. 2020). Similarly, Kizilcec et  al. (2015) concluded that students who watched the 
video lectures that contained the instructor’s image produced better learning performance 
with less effort than the students who watched the video lectures without the instructor’s 
image.

Another argument that makes the picture-in-picture type of video lectures more effec-
tive in terms of learning performance may also be attributed to the appearance of the 
instructor’s image in the talking head videos. This result is supported by the conclusion 
that the appearance of the instructor, eye contact, and body language in the video lectures 
can have a compelling effect and thus help increase learning performance (i.e., Beege et al. 
2017; Leong et al. 2017). In addition, these findings conflict with the image principle of 
Mayer (2009), who argued that the inclusion of an instructor’s image in learning materials 
will not have a strong impact on learning. To conclude, it should be kept in mind that the 
video lectures have their own design features and the effect of the instructor’s image on 
learning outcomes in the video stream should be examined further in detail.

The results of the research suggest that there is a difference in learning performance 
between the types of video lectures. Furthermore, the modality, redundancy, and visual-
pictorial principles of Multimedia Learning Theory (Mayer 2009, 2014a) should be recon-
sidered for the video lectures. The principle of modality emphasizes that the transfer of 
knowledge and the retention of learning will increase when audio narration and graphics 
are put together in a multimedia environment instead of written text (Mayer 2014a; Pashler 
et al. 2007). The findings of this study, on the other hand, showed that there was no signifi-
cant difference in learning performances between the video lectures of the voiceover type 
and the screencast type.

Mayer’s (2009) principle of redundancy states that the combination of fewer items will 
produce better results. According to Harp and Mayer (1998) the instructor’s image can be 
a distractor, and the instructor’s image is not essential and is extraneous material (Pi et al. 
2017). However, in this research, far from reducing learning performance, the use of mul-
tiple multimedia elements in accordance with the picture-in-picture type of video lecture 
yielded improved performances. This result is also consistent with the Fe and Budde-Sung 
(2014) study, which examined the role of subtitles in videos to support non-English speak-
ing students. In addition, Wang and Antonenko (2017) have reported that instructor pres-
ence affects students positively in terms of perceived learning, satisfaction, and mental 
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effort. Therefore, more research is needed to explore the design of video lectures along 
with other individual characteristics.

In this study, participants’ sustained attention levels and the main effect of types of 
video lecture on learning performance were both significant. This result indicates that both 
the students with a high level of sustained attention and the students with a low level of 
sustained attention produced higher learning performances in the picture-in-picture type 
of video lecture. However, it is interesting to note that, for learners with a high level of 
sustained attention in the context of programming education, voiceover types of videos had 
significantly less impact on learning performance than other types of video lectures. It can 
be said that the video lectures in voiceover may not be effective in terms of attracting effi-
cient use of attention sources. This result is also consistent with the findings of Day et al. 
(2006).

To summarize, when designing a video lecture, presenting the same type of video for 
all learners does not lead to the same result in terms of learning. However, various types of 
video lectures reflect different learning performances for participants with different levels 
of sustained attention. This indicates that personalization is important in designing video 
for learning purposes, and it is vital that learners’ cognitive differences and the modality of 
the video lectures should be taken into consideration when designing video-based learning 
environments.

Eye tracking measurements of learners while interacting with video lectures

In this study, participants’ eye movements were recorded while they studied different types 
of video lectures. These behavioral metrics were examined separately for each type of 
video lecture across different levels of sustained attention. For this purpose, the non-para-
metric Mann–Whitney U test was performed to explore possible differences in eye tracking 
measurements. The findings showed that there was no significant difference in the number 
of fixations and the duration of the fixations on the areas of interest both in voiceover type 
and screencast type lectures.

When the eye tracking measurements of the participants were examined in the picture-
in-picture type of video lectures, it was found that there was a statistically significant dif-
ference between the number of fixations and the duration of fixations on both the written 
text and the talking head between the participants with low sustained attention and the 
participants with high sustained attention. The number of fixations indicates the frequency 
and intensity of the attention directed to areas of interest at a given time (Duchowski 2007; 
Holmqvist et al. 2011). The increase in the number of fixations may be due to the fact that 
the area of interest is more remarkable or important. The fixation time corresponds to the 
duration of the ongoing cognitive process related to the focused object or area (Henderson 
2007; Irwin 2004). The highest number of fixations and the longest fixation time indicate 
that the attention to an object and area is highest based on eye movements (Raney et al. 
2014

One of the crucial findings in the study is that the participants with a low sustained 
attention had a significantly higher number of fixations and longer duration of fixations on 
the image of the lecturer than did the participants with a high sustained attention level. One 
can speculate that those participants preferred to focus on the instructor in the process of 
acquiring new information and had mimicked eye contact when processing information. 
This finding can be explained by social agent theory, which suggests that the use of social 
cues in learning materials increases social reactions in the learner and creates a sense of 
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unity between the instructor and learner. These cues also indicate active participation dur-
ing the learning process (Fiorella and Mayer 2016; Mayer 2014b). In this context, it has 
been concluded that such social cues as the lecturer’s image, eyes, and facial expressions 
can increase learning (Lusk and Atkinson 2007; van Gog et al. 2014). Therefore, for the 
video lectures developed for learners with various sustained attention levels, the effective 
use of the lecturer’s presence in video lectures may support the learning process.

In a study conducted by Stull et al. (2018), students’ responses to the instructor’s pres-
ence in the video lecture were examined with eye tracking measurements. Their findings 
showed no significant difference in the learning performance of the participants when 
focusing on the instructor image. One reason why the results of the current study are not 
consistent with Stull et al.’s (2018) could be that the earlier study did not include attention 
types as an individual cognitive difference in their research. Such individual cognitive dif-
ferences could help account for this difference, as shown in other studies (e.g., Ilgaz et al. 
2014; Mutlu Bayraktar and Bayram 2017). How other cognitive differences would change 
the learning outcomes still needs further exploration.

Limitations

Our results have to be interpreted in light of several limitations. First, the study focused 
on differences in learning experiences and eye tracking measures while learning in Python 
programming language under three specific types of video lecture. To suggest that one type 
of video lecture is more effective than another would require an analysis of the type of 
learning being required. Thus, the results might not generalize to other settings and learn-
ing contexts, where, for example, the type of knowledge to be learned might be procedural 
or conceptual. Second, the experiments in the study were conducted in a controlled study 
room with the use of an eye tracker. This may have influenced video viewing behavior of 
students and limited the applicability of the results to authentic classroom settings. Third, 
the students were not allowed to use "pause" and "skip forward/back" buttons on the video 
player while viewing video lectures. Future study is needed to examine the effects of self-
paced viewing of video lectures in the same experimental context.

Implications and further research

In this research, the following conclusions can be drawn for the design of video lectures 
based on the experiences of researchers in the design and development process and the 
findings obtained from the research. While instructors are developing e-learning environ-
ments, the learners should be presented with materials based on their needs and character-
istics by taking into consideration their sustained attention. First, designing video lectures 
of the picture-in-picture variety and having the talking head image in the video lecture 
may increase the effectiveness of learning a programming language. In the design of the 
video lecture, if there is no specific evidence-based criterion previously in place, it may be 
recommended that the instructor speak by looking directly at the camera. This will allow 
learners looking at the instructor’s image to have the feeling of direct eye contact. In pic-
ture-in-picture videos and voiceover videos, using appropriate written texts on the subject, 
instead of relying on a larger number of visuals, can be more effective in helping learners 
acquire new knowledge, especially for those with low levels of sustained attention.
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Second, in the screencast videos, arranging the coding and compiler components of the 
programming editor to be close to each other in the video stream may provide the efficient 
use of attention sources. It should be noted that the video lectures for programming instruc-
tion can contain different kinds of multimedia elements (pictures, shapes, text, sound, and 
talking heads) instead of a single item. Finally, placing the instructor’s image on the upper 
right or the bottom right corner (if the image is going to be used in the video) has a dis-
tracting effect, and the instructor’s image should not cover other elements.

Based on the findings of this research, some recommendations could be made for fur-
ther studies. The study results reveal that picture-in-picture types of video including the 
presenter’s image are more effective in terms of learning performance. For further stud-
ies, manipulation of the presenter image (such as body posture, direction of glance, and 
hand gestures) can be investigated in the picture-in-picture type of video lecture in order 
to understand which situation may be more effective in fostering learning and sustaining 
attention. This study focused on sustained attention as a vital cognitive trait of learners. 
Further studies could focus on participants’ moods, affective stances, and selective con-
sideration and attention during multiple tasks. Furthermore, based on this research design, 
video lectures for different subject areas can be developed, and comparison studies can be 
performed with participants with different demographic characteristics.
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