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ABSTRACT 
Watching online instructional videos has been a popular 
way of learning. As universities and schools moved their 
teaching activities online due to the ongoing pandemic, it 
has gained further popularity. This study aims to provide 
empirical evidence on how to present the image of the 
instructor so it could hold the audience’s attention better. 
To investigate the question, we carried out a remote 
crowdsourcing experiment where fifty-six UK participants 
were invited to watch instructional videos assigned to them. 
The experiment adopted a 2 (instructor presentation: 
interleaving/floating) × 2 (instructor virtual background: 
fun/professional) mixed design. Participants’ perceived 
immersion level and their window/tab switching behaviour 
during watch were measured as dependent variables. This 
experiment was hosted on a custom website, which 
automatically assigns conditions to participants, plays the 
corresponding instructional video, registers participants’ 
multitasking behaviour, and displays relevant 
questionnaires. A series of repeated measures ANOVAs 
revealed no significant effect of presentation and virtual 
background on the dependent variables. In conclusion, this 
study could not provide statistically significant evidence 
that the presentation and virtual background of the 
instructor affect the audience’s attention retention. Future 
studies could further investigate this problem by moving the 
experiment into different environments or adjusting the 
measurements.  
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1. INTRODUCTION 
Watching online instructional videos has become an 
increasingly popular way of studying, through which the 
audience can learn a wide variety of skills or knowledge. 
For example, one can learn how to prepare a dish through a 
YouTube video, or learn to programme via a Massive 
Online Open Course (MOOC). As schools and universities 
move their teaching activities online on an unprecedented 
scale due to the ongoing pandemic, the use of instructional 
videos has gained further popularity. Since instructional 
videos are usually watched in informal and unsupervised 
environments, it is natural to explore if there exist certain 
production styles of such videos that can facilitate the 
audience’s attention holding. 
In the production of instructional videos, many decisions to 
be made revolve around how to present the instructor. For 
example, Figure 1 illustrates one of the common solutions: 
floating the instructor’s “talking head” over the supporting 
materials such as slides. Talking heads can stimulate social 
responses, but it has also been observed to distract the 
audience [27]. According to a previous study which 
involved eye-tracking, the audience spent 41% time looking 
at the talking head when it was available [28]. Is there a 
way to maintain talking heads’ positive effects while 
minimising its distracting effect? In this experiment, we 
would like to investigate if the way we present the 
instructor in instructional videos affects the audience’s 
attention. The answer to this research question could inform 

Figure 1. A frame of an instructional video with the 
instructor’s face (talking head) floated in the top-right 

corner. 
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the production of instructional videos, as well as 
multimedia educational content in general. 
An abundant amount of existing studies has investigated the 
effect of instructor visibility in instructional videos. 
Generally, they carried out lab-based experiments by 
manipulating the presence of talking heads in an 
instructional video and then testing participants’ learning 
after the video. Despite many studies found that talking 
heads did not affect learning [11,27,28,45], there exist 
variances under specific conditions [21,44,46]. The results 
were generally in line with the image principle raised by 
Mayer [33], which argues that displaying the instructor’s 
face does not always facilitate learning due to the extra 
cognitive load. However, these inconsistent results could be 
the product of underpowered manipulations, as talking 
heads usually only take a small area of the whole screen. 
Manipulating merely the talking head’s visibility is likely to 
result in a visually static video with low visual 
interestingness. Specifically, we were interested in if there 
exists a way of showing the instructor while not introducing 
too much cognitive load at once, and if a more visually 
salient manipulation of the instructor’s visibility would lead 
to different results. 
Moreover, while environmental interruptions and 
distractions are prevalent in the real-world consuming of 
instructional videos, the majority of the studies above were 
carried out in controlled lab settings, which were sterile 
environments with distractions or interruptions purposely 
removed [7]. In a field study on dropouts of online lectures, 
over half of the watching sessions terminated before the 
video completes [26]. A study carried out in a more realistic 
setting would help us better understand the topic. 
Additionally, previous studies have identified that the 
instructor’s setting (where the video was recorded) [35], 
dressing style, and facing direction [2] affect the audience’s 
learning. However, controlling these elements would 
increase the production cost of instructional videos, 
especially in limiting situations such as the one we are 
currently experiencing. Given rise by video conferencing 
tools, the virtual background is a balanced choice in terms 
of convenience and effectiveness. Also, the wide adoption 
of remote video communication has made virtual 
background an aspect of our self-presentation, in addition to 
traditional aspects such as attire. For these reasons, apart 
from the overall presentation, we also examined how 
additional visual features, such as virtual background, 
would come into play in terms of audience attention. 
To investigate the questions raised above, we carried out a 
remote in-situ experiment which manipulated the 
presentation of the instructor’s talking head by changing the 
presenting style instead of varying only the presence of the 
talking head. We also varied the theme of the talking head’s 
background. During the watching session in experiments, 
participants’ multitasking behaviour was collected 
automatically. After watching the video, participants’ 
perceived immersion level was collected. However, our 

results failed to provide evidence that manipulating the 
presentation of the instructor in instructional videos could 
affect the audience’s attention retention.  
2. LITERATURE REVIEW 

Visual Attention  
Attention in psychology, as Styles explained, is not a well-
defined term [41]. Instead, it is a term that describes a 
collection of psychological phenomena closely related to 
various human visceral abilities, such as hearing and vision. 
In Just and Carpenter’s work on reading and comprehension, 
they made an assumption which was referred to as the eye-
mind assumption [24]. It assumes that when a visual 
element is being processed by the reader, it is usually being 
gazed upon at the same time. Following the assumption, we 
will discuss attention as visual attention in this project, 
which emphasises on the visual aspect of instructional 
videos. 
A commonly accepted metaphor used to describe visual 
attention is the spotlight metaphor [12]. It claims that 
attention can only be directed to a continuous area with the 
target element lies in the centre. Other visual elements 
(apart from the target itself) that fall in this area are 
considered noises, whose distracting effect diminishes as 
their distance from the target increases [13], much like the 
light fall-off that can be observed at the edge of the area 
illuminated by a physical spotlight. This metaphor remains 
an area for improvement as our understanding of visual 
attention progresses. For example, some studies believed 
that the size of the attentional spotlight beam is flexible, 
depending on factors such as the task [29], the perceptual 
load [30] and expertise [22] of the subject. Derived from 
the spotlight metaphor, some argued that a zoom lens better 
represents the characteristics of visual attention [14], in 
instructional videos with a talking head, when the audience 
focuses on the supporting materials such as slides, the 
talking head becomes noise, and vice versa. Consequently, 
we believe an interference effect exists between these two 
elements of instructional videos. In the current study, to 
compare with the traditional floating talking head, we will 
experiment with another presentation/editing style: 
interleaving slide-only and talking-head only video feeds. 
Videos of the interleaving condition will not have the 
aforementioned interference effect since only one type of 
visual element is visible at a time.  
Apart from the pattern, understanding what attracts visual 
attention is also important for this study. In the classic work 
on the psychology of curiosity by Berlyne [4], the author 
argued that novelty, uncertainty, conflict and complexity 
contribute to people’s perception of interestingness by 
moderating arousal. Building upon Berlyne’s theory, later 
work carried out in educational settings by Chen et al. [10] 
found that novelty, challenge (difficulty relative to ability), 
instant enjoyment, and demand for attention are the sources 
of interestingness. More relevant to this study, Abrams and 
Christ found motion onset, instead of simple motion, 
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captures visual attention [1]. In their target identification 
experiments which compared motion onset and continuous 
motion, objects recently started to move led to shorter 
identification time, which suggested attention capture. The 
primary manipulation of instructor presentation in our 
experiment was informed by the theory. In instructional 
videos with traditional talking heads, the layout of the 
screen stays the same throughout the whole video. 
Although the talking head is in continuous motion, it is hard 
to notice due to its small relative size. Addressing this, we 
adopted the interleaving condition where motion onset was 
amplified to capture the audience’s attention. 
Cognitively speaking, the attraction of human attention is 
closely related to the two-process human information 
processing theory [39]. The first process in the theory is 
automatic processing, which refers to information 
processing moderated by information already stored in the 
subject’s long-term memory. As the name suggests, 
automatic processing is bottom-up and stimuli-driven. For 
example, according to the research on curiosity referenced 
earlier, a novel image would naturally attract one’s visual 
attention. Motion onset, as covered In the previous 
paragraph, also captures visual attention in this bottom-up 
fashion [1]. The second process of the theory is controlled 
processing, which refers to the top-down information 
processing that requires resources in working memory. 
Compared to automatic processing, controlled processing 
requires the subject to actively direct attention. The 
manipulation of the virtual background theme in the current 
study was motivated by these theories. Since the fun 
background is generally more novel than the professional 
background, we would like to examine if a novel 
background would affect participant’s automatic 
information processing and visual attention.  
Attention and Learning 
Divided attention has been observed to undermine long-
term memory retention [32,36,42]. For instance, in a series 
of experiments carried out by Fernandes and Moscovitch 
[15], participants performed the primary task which 
involved listening to a list of words and recalling words in 
the list from their memory afterwards. During this primary 
task, part of the participants were also asked to perform a 
non-audio distracting secondary task. Results showed that 
the interference effect of the secondary task during memory 
encoding (listening in this case) was pronounced: 
participants distracted by the secondary task recalled fewer 
words. According to these findings, in instructional videos 
with floating talking heads, it is possible that the talking 
head and the supporting material will compete for the 
audience’s attentional resources. Additionally, although 
there exist desirable difficulties that can enhance memory 
retention [5], divided attention does not have the same 
positive effect [16]. These previous studies motivated our 
current study to investigate how to hold the attention of 
instructional video audiences. 

Judging from our life experiences intuitively, juggling too 
many tasks at the same time would cause a burn-out. From 
a cognitive perspective, divided attention may cause 
cognitive overload. In the work of Mayer and Moreno, they 
covered three assumptions of how the human mind operates 
in multimedia educational settings [34]. The first 
assumption is that humans have two information processing 
channels, verbal/auditory and visual. Second, the 
information processing capacity available to any of the two 
channels at any time is limited. Lastly, to achieve learning, 
cognitive capacity is required for both verbal and visual 
channels. Given this theory, instructional videos with 
floating talking heads always present two types of visual 
information for the audience to process, which may 
overload the audience’s visual processing channel. Mayer 
and Moreno named this single-channel overload as type 1 
overload, and suggested to offload from the visual channel 
to the verbal/auditory channel. Kizilcec et al. have 
experimented with this type of offloading in instructional 
videos by showing the talking head only when they believe 
the audience should see the instructor’s face [27]. However, 
as elaborated in a later section, the learning of the 
participants did not vary significantly. Thus, in the current 
study, we experimented with offloading within the same 
channel by controlling the temporal distribution of the two 
visual elements. 
Attention and Immersion 
Immersion is often used to describe the engagement level to 
interactive media, such as video games [6]. In the context of 
gaming, Grimshaw et al. argued that attention is crucial to 
the achieving of immersion [18] because attention is 
important in the process of selectively responding to some 
stimuli while ignoring others deemed irrelevant. Based on 
various empirical evidence, the author then discussed that 
immersion and selective attention might be the same 
attentional process. Hence immersion could be a single-
component factor. Calleja refuted this point of view in their 
theory [9]. They argued that one of the problems of 
immersion as the term for this type of engaging experience 
is that it is usually considered a single experience. 
Nevertheless, Calleja still acknowledged the crucial role of 
attention in this type of experience, despite their referring to 
the experience as incorporation instead of immersion. 
In view of these theories, we took immersion as the 
subjective measure that reflects attention in the current 
study. It was measured using the Film Immersion 
Experience Questionnaire (IEQ) [38]. The Film IEQ is a 
24-item inventory developed by Rigby et al. to measure 
participants’ perceived immersion level during the 
consumption of video media. Modified from a game-
specific IEQ, it took captivation (12 items), real-world 
dissociation (3 items), comprehension (4 items), and 
transportation (5 items) into account. The Film IEQ could 
be used to examine potential differences between various 
viewing conditions. For instance, in the validation 
experiment after developing the questionnaire, Rigby et al. 
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used the Film IEQ to examine how screen size affects the 
audience’s immersion in film watching. Participants 
watched a film of their choice on three differently sized 
screens and answered a Film IEQ after watching on each 
screen. The results suggested that watching on the largest 
screen led to a significantly higher immersion score than 
watching on the smallest screen.  
We used the Film IEQ in the current study in a similar 
fashion. The Film IEQ was chosen to measure attention 
because of its emphasis on captivation (12 out of 24 items), 
which we believe reflects the attention-holding of the 
participant.  
Attention Retention in Multimedia Learning 
Multimedia learning is often unsupervised, previous studies 
have experimented with methods that can guide or maintain 
participant’s attention. Jamet et al. experimented on two 
methods to guide the attention of the audience in an 
instructional video [23]. The first method was changing the 
colour of corresponding areas in the supporting diagram 
when it was addressed verbally in the recording. The 
second method was to talk through areas of the supporting 
diagram sequentially. The results showed that both methods 
facilitated information retention and the perceived ease of 
learning in most cases. The effect of changing the colours 
on the diagram is in line with the principle of motion onset 
covered previously [1]. 
Using participants’ pupil size changes as an indicator of 
mental workload increasing, Ueno found that after 18 
minutes into an instructional video, participants experience 
their first distinct mental workload increase [43]. In order to 
reduce this workload and maintain participants’ attention, 
the author added an animated cartoon agent of the instructor 
to the instructional video. At 18 minutes from the start of 
the video, the first attention cue appeared on the animated 
agent. Generally, these social cues were humorous special 
effects such as a plant growing out of the agent’s head. 
Henceforth, every 10 minutes an attention cue will be 
displayed. The log of participants’ pupil size demonstrated 
that these attentional cues were effective in alleviating their 
mental workload, which in turn would maintain their 
attention. These results show that visually interesting 
elements can help in participants’ attention retention. 
Instructor’s Visibility in Instructional Videos 
Kizilcec et al. [28] investigated the effect of talking heads 
on audiences’ knowledge retention, visual attention and 
affect in a lab-based experiment. Participants were 
presented with an instructional video that consists of seven 
segments. Each of the segments lasted around two minutes. 
The talking head was either present or absent in these 
segments. Both short-term and medium-term knowledge 
retention were measured as the score of knowledge recall 
tests. Visual attention was measured using an eye-tracking 
camera. Affective responses were collected using 10 point 
bi-polar scales. Individual preference on the learning 
channel (visual or verbal) was also measured using two 

questions. Although participants on average looked at the 
talking head for 41% of the time when it was available, the 
result showed that the presence of the talking head had no 
effect on knowledge retention. However, all participants 
preferred the video segments with talking heads, and visual 
learners expressed a strong preference for talking heads.  
On the same topic of instructors’ visibility, Kizilcec et al. 
carried out another two longitudinal large-scale field studies: 
an observational study and a controlled experiment [27]. In 
the observational study, 2951 participants could choose the 
presence of the talking head in lecture videos of a MOOC 
lasting eight weeks. Participants reported a better 
experience when the talking head was available. However, 
thirty-five percent of participants chose to watch without 
the talking head. In the experiment, the lecture videos of 
another 10-week MOOC were divided into two conditions: 
one with constantly visible talking head and another with 
strategically displayed or hidden talking head. In the 
constant condition, the talking head was present throughout 
the whole video. In contrast, in the strategic condition, the 
talking head appeared and disappeared depending on 
whether the audience should focus on the slides or the 
instructor’s speech. Participants of the two groups did not 
vary significantly in terms of course grades.  
The empirical studies provided a paradigm for this current 
study. However, the root of the non-significant effect of 
instructor’s visibility on learning remains under-explored. 
Apart from the potentially insufficient manipulation of 
talking head visibility, as the eye-tracking results from the 
first study suggest, specific visual features of the talking 
head may also have introduced noises to the results.  
Visual Features of Talking Heads 
In a study on the social entities in instructional videos, 
Beege et al. experimented on whether the instructor’s 
bodily addressing style and dress style affect learning [2]. 
Two addressing styles (frontal or lateral) and two dress 
styles (professional or non-professional) were compared. 
The researchers believed that the results from this 
experiment were influenced by insufficient manipulation of 
professionalism of the instructor’s outfit. A second 
experiment with stronger manipulation of professionalism 
was carried out in response. Results of the second 
experiment revealed that professional dress style facilitates 
retention in the frontal addressing condition. That is to say, 
when an instructor faces the camera directly with 
professional attire in an instructional video, the audience 
will find the topic easier to learn and will be able to 
memorise the content better. 
Merkt et al. performed an experiment to investigate the 
effect that instructional video’s setting has on the 
audience’s Learning [35]. The researchers assigned the 
participants to two conditions, authentic setting or neutral 
setting. Participants assigned to the authentic setting 
condition watched a shot-in-greenhouse instructional video 
about the floral. In contrast, those in the neutral setting 
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condition watched the video with a plain white wall as the 
background. Results suggested that participants in the 
authentic condition performed better in the information 
retention test than participants from the neutral setting 
condition. A follow-up experiment was also carried out to 
test the authentic setting’s effect during the retention and 
application test. After watching a video either with the 
authentic or neutral setting, participants did the tests with a 
screenshot from corresponding settings as the background. 
The results did not vary significantly across two conditions. 
The use of virtual backgrounds has become a common 
practice in virtual conferencing as working from home has 
been adopted on a large scale in the past few months. 
People use virtual background images to mask their 
suboptimal physical background, or simply use it as a way 
of self-expression. Either way, under the circumstance 
where remote communication is likely to be a new standard 
in our lives, virtual backgrounds are becoming a part of 
self-presentation. Similar to one’s attire in face-to-face 
communications, background chosen by the user in video 
communications could be understood as a social symbol of 
the person’s preference on self-presentation. The sudden 
rise of virtual background’s popularity updated our 
understanding of self-presentation in the context of remote 
communications. However, since virtual backgrounds only 
came to people’s attention recently, there lack studies that 
provide insights into how virtual backgrounds would affect 
our communications. Aimed to provide empirical evidence 
to this domain, we will manipulate the theme of virtual 
backgrounds in the current study. 
Multitasking 
Multitasking is common in learning environments, and it 
impairs learning [19,31]. Calderwood, Ackerman and 
Conklin’s study set out to investigate and quantify 
university students’ multitasking behaviour while 
completing their homework [8]. During a three-hour 
homework session in a lab, participants were monitored 
with either multiple external cameras, point-of-view 
cameras, or wearable eye trackers. Participants also 
answered a questionnaire probing their mood state, fatigue, 
self-efficacy and motivation to do the homework. The 
results showed that participants on average multitasked 35 
times and had a total multitasking duration of 26 minutes. 
Longer multitasking duration was positively correlated with 
lower motivation, lower self-efficacy, and negative mood 
state. 
As one of the common reasons for inattentiveness, 
multitasking is our focus in this study. Due to this 
relationship, we used multitasking as an objective 
measurement of attention drift. In this remote experiment, 
one challenge is to collect participants’ multitasking 
behaviour. Benbunan-Fich et al. developed a series of 
activity-based multitasking metric for digital multitasking 
[3]. It took a holistic approach which accounted for the task, 
the user and the devices. As a result, the collection of these 
metrics would require field observation or access to the 

participant’s computer operating system log. There do exist 
activity tracking software that can return data of this level 
of fidelity [25,37]. In a six-month longitudinal study, Sim 
and van der Meer researched PhD students’ computer using 
habits [40]. After a briefing and training session at the 
beginning of the study, participants installed ManicTime, a 
dedicated time management software which operates 
silently in the background of their computer system. The 
software collected data such as what applications, websites, 
or files have the user used or accessed, as well as the time. 
At the end of the six months, the researchers met with the 
participants and collected data that were exported from 
ManicTime. Although the data quality of this approach is 
high, the setup and privacy issues it may involve made it 
less ideal for a remote experiment like the current study.  
To study the roots of the inattentiveness of workers on 
crowdsourcing platforms, Gould et al. carried out a remote 
in-situ experiment which measures multitasking behaviour 
[17]. The researchers developed and deployed a custom 
website which not only hosts the primary task of the 
experiment but also logs participants’ multitasking 
behaviour automatically. Both passive metrics, such as 
window/tab switching, and active probes, such as pop-up 
dialogue boxes asking about the detected switches, were 
used. A similar non-obtrusive method for behavioural data 
collection will be used in the current study to gain insights 
on participants’ behaviour during watching. Since pop-up 
dialogue boxes would interrupt the video, we will only 
measure window/tab switching behaviours as a proxy for 
participants’ attention on the video. Specifically, we used a 
custom web application to measure how the participant 
switched away from the playing video to other distractions, 
and how long did these switches last. 
Current Study 
This study set out to investigate if the way instructors are 
presented in instructional videos affects participants’ 
attention. Two styles of presenting the instructor, 
interleaving slides-only and talking head-only shots or 
floating the talking head over full-screen slides, were 
compared. In addition, the theme of the talking head virtual 
background was manipulated between a fun one and a 
professional one. The experiment had two measurements to 
reflect participants’ attention, which were subjectively 
reported immersion level and objectively collected 
multitasking behaviours (namely frequency and duration of 
window/tab switches). Respectively, they were measured 
using the Film IEQ [10] and a custom webpage we 
developed, which also hosts the stimulus video. Given the 
previous related works, we made the following hypotheses: 
H1. Participants who watched the instructional video with 
an interleaving presentation would have higher perceived 
immersion scores. 
H1a. Participants who watched the instructional video with 
an interleaving presentation would have higher captivation 
subscale scores. 
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Since the video of interleaving condition has simplified 
visuals to avoid distraction [13], and intentionally 
emphasised motion onset to capture the audience’s visual 
attention [1], participants in the interleaving condition 
should feel more immersed and more captivated by the 
video.  
H2. Participants who watched the video with an 
interleaving presentation would multitask less frequently. 
As a result of overall improved attentiveness in the 
interleaving condition, participants in the multitasking 
condition would direct more attention to the video. 
H3. Participants who watched the video with a fun 
background would multitask less frequently. 
H4. Participants who watched the video with a fun 
background would have a shorter total multitasking 
duration. 
We believe the fun background is novel and visually 
interesting [4,10] in the online learning context. Hence it 
could facilitate the audience’s automatic processing [39], 
and improve their mood [8,43], which will help in attention 
retention. 
H5. Participants watched the video with an interleaving 
presentation and a fun background would multitask less 
frequently. 
Lastly, in the interleaving condition, the virtual background 
of the instructor takes more screen real estate, hence it is 
more salient. Consequently, the effect of facilitating 
attention retention was expected. 
3. METHOD 
Participant 
Fifty-six UK residents (36 female and 20 male) were 
recruited using the online experiment platform Prolific. 
Prolific was chosen for its ability to work with our custom 
website. The distribution of participants’ age is shown in 
Table 1. Among all the participants, 55 reported to have 
completed secondary or higher education, 49 reported no 
previous experience in Fitts’s Law, which was the topic of 
the videos.  

Age (years) Numbers of Participants 
18 - 24 7 
25 - 34 18 
35 - 44 16 
45 - 54 7 
55 - 64 5 
65 - 74 2 
75 - 84 1 

Table 1. The distribution of participants’ age (N = 56). 

 

Participants were randomly assigned to either the 
interleaving condition or the floating condition (twenty-
eight in each condition). The experiment took 
approximately 35 minutes to complete. Upon completion, 
each participant received a £7 ($9.17) compensation 
through Prolific for their time. 
Design 
The purpose of this experiment was to evaluate the way of 
presenting the instructor and virtual background’s effect on 
the attention of online instructional video audiences. The 
experiment adopted a 2 (instructor presentation: 
interleaving/floating) × 2 (virtual background themes: 
fun/professional) mixed design.  
The first independent variable of this experiment was the 
presentation of the instructor, which was manipulated as the 
between-subjects factor. It had two levels: interleaving and 
floating. In the interleaving condition, the video interleaved 
slides-only and instructor’s face-only shots. While in the 
talking head condition, the instructor’s face was displayed 
as a floating window at the top right corner over the full-
screen slide-only shot throughout the whole video. An 
illustration of the two conditions is shown in Figure 2.  

We were also interested in the effect of the instructor’s 
virtual background. The theme of such background was 
manipulated as the within-subject factor. It had two levels: 
fun (i.e., cartoon) and professional (i.e., office interior). 
Therefore, each participant, either assigned to the 
interleaving or the floating condition, watched two videos: 
one with a fun background, and another with a professional 
background. The order of the two videos was 
counterbalanced. 
In terms of the dependent variables, participants’ 
multitasking level and perceived immersion were measured 
as indicators of attention. Multitasking was measured as the 
frequency and duration of window switching behaviours of 
participants [17]. Perceived immersion during watching 
was measured using the film IEQ [38]. 
Materials 
The Instructional Video 
The stimulus used in this experiment was variations of the 
same 11-minute audio-visual instructional video on the 
topic of Fitts’s Law delivered by Professor Duncan  

Figure 2. A temporal illustration of the between-subject factor. 

 



 7 

Brumby. Based on the original video, the following four 
versions were edited using Adobe Premiere Pro: 

• Interleaving + Fun background 
• Interleaving + Professional background 
• Floating + Fun background 
• Floating + Professional background 

All videos were exported at the resolution of 720 by 480 
pixels (480P) as MPEG-4 files. In the videos of floating 
condition, the window of the instructor’s face was floated at 
the top-right corner of the frame to avoid occlusion. When 
the videos were played on the website, standard video 
controls such as play/pause button and volume controls 
were removed to prevent participants from pausing the 
video. 
Virtual Backgrounds 
One virtual background for each theme was searched on 
Google image to ensure ecological validity. The following 
two searching formulae were used: 

• “zoom background” + “fun” 
• “zoom background” + “professional” 

The virtual backgrounds used in the experiment were 
selected from the top results, based on their appropriateness. 
Samples of the two images are shown in Figure 3. 

      
Figure 3. The virtual background images used in the 

experiment. (Left: fun, Right: professional.) 

The Custom Website 
Signed up from Prolific, participants were redirected to a 
custom website where the experiment was hosted. In terms 
of the stimulus, the instructional video was displayed at the 
centre of the page. As the participants watched the video,  
the page tracked participants’ window switching frequency 
in the background, taking the focus and blur events of 
jQuery, a JavaScript library, as indicators [17]. The 
duration and relative occurring time of window/browser tab 
switches were tracked as well. The follow-up 
questionnaires will be hosted on the same website. 
Interaction wise, the website only proceeds when the 
participant is accessing from a desktop or laptop. This 
website was hosted on a server managed by the Department 
of Computer Science of a London university.  
Questionnaires 
Before the start of the experiment, participants finished a 
demographic questionnaire. It covered their age, gender, 
education, experience in instructional videos, expertise and 
interest in the topic of Fitts’s Law. After watching each 
video assigned to them, participants will be invited to fill 
the film IEQ [38], which is a standard questionnaire for 

measuring immersion level during the consumption of 
video media. For every participant, two immersion scores 
were collected. 
Procedure 
A pilot study for quality assurance was carried out before 
the formal data collection. Six volunteers were informally 
approached and asked to experience the custom website that 
hosts the experiment. Problems raised in this process were 
solved before the next step.  
Following the pilot study, details about the study were 
posted on Prolific. The study was restricted unless the 
participant was 1) over 18 years old and 2) a UK resident 
and 3) used a desktop or a laptop computer. After signing 
up through Prolific, participants were redirected to the 
custom website hosting the experiment.  
In the pre-experimental information, participants were 
instructed to use only the speaker of their device instead of 
a headphone. They were also instructed to adjust the 
volume to a suitable level. The project information sheet 
and the informed consent form were then displayed on the 
website for the participants to read and digitally sign.  
Before the beginning of the experiment, the process and the 
requirements of the experiment were reiterated. A condition, 
either interleaving or floating, was randomly assigned to 
each participant as the experiment started. As the first 
segment of the experiment, an instructional video is played 
when the participants clicked on the play button. When the 
first video has ended, participants were prompted to fill the 
first film IEQ. After which, participants were invited to 
watch the second video with a differently themed virtual 
background of the instructor and fill the second film IEQ 
right after. During both periods where a video was being 
played, the website automatically collected the frequency 
and duration of participants’ window/tab switching 
behaviours in the background. The experiment ended after 
two videos and two corresponding Film IEQs. A participant 
ID was shown to every participant before they were 
directed back to Prolific. After the data quality check, each 
qualified participant was paid £7 through the Prolific 
payment system for their participation.  
Results 

Immersion Scores 
The immersion scores of participants in the four conditions 
were calculated by summing their answers to the Film IEQ: 
The results are shown in Table 2. A factorial repeated-
measures ANOVA revealed that presentation had no 
significant main effect on immersion score (F(1, 54)  = .50, 
p = .48, ηp2 = .01), neither did the background (F(1, 54)  
= .09, p = .77, ηp2 = .00). The presentation × background 
interaction effect was also non-significant, F(1, 54)  = .50, p 
= .48, ηp2 = .01.  
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In addition, the independent variables’ effects on the four 
subscales of the Film IEQ factors were also examined. 
Immersion scores for captivation, real-world dissociation, 
comprehension, and transportation were calculated by 
summing the relevant items [38]. As demonstrated in Table 
3, a series of factorial repeated measures ANOVA showed 
that presentation, background and their interaction had no 
effect on any of the four factors.  

Effect F(1, 54) p ηp2 
On Captivation    

Presentation 0.82 0.37 0.02 
Background 0.34 0.57 0.01 

Presentation × Background 1.21 0.28 0.02 
On Real-World 

Dissociation    

Presentation 0.12 0.73 0.00 
Background 0.01 0.91 0.00 

Presentation × Background 1.16 0.29 0.02 
On Comprehension    

Presentation 0.70 0.40 0.01 
Background 0.38 0.54 0.01 

Presentation × Background 0.60 0.44 0.01 
On Transportation    

Presentation 0.03 0.87 0.00 
Background 1.60 0.21 0.03 

Presentation × Background 0.00 0.95 0.00 

Table 3. Results of repeated measures ANOVAs performed on 
the Film IEQ subscale scores 

The above results suggest that there was no statistically 
significant evidence on the effect of presentation 
(interleaving vs floating) and background (fun vs 
professional) on participants’ perceived immersion level.  
Switch Count 
Our custom web application counted the numbers of 
switches away from the video while it was playing. Switch 
count was taken as a measure of participants’ engagement 

level. A high switch count indicates that participants were 
performing other tasks as they watched the video. The 
distribution of the switch count (M = 2.70, SD = 7.50) is 
shown in Figure 4. What worth noting is that thirty-three 
participants (over half of the sample size) did not switch 
between windows/tabs during the experiment. On the other 
hand, the participant who switched the most had a switch 
count of 42.  

 
Figure 4. The histogram of switch count distribution. 

The plot shown in Figure 5 describes the effect of the 
independent variables’ effect on switch count. Three 
repeated-measures ANOVAs revealed that all effects on 
switches were statistically non-significant. The main effect 
of presentation yielded F(1, 54)  = .00, p = .99, ηp2 = .00, 
while the main effect of background yielded F(1, 54)  = 
1.69, p = .20, ηp2 = .03. The interaction effect yielded F(1, 
54)  =  1.13, p = .29, ηp2 = .02. The results indicate that the 
manipulation of presentation and background does not 
significantly affect participants’ multitasking frequency.  

 
Figure 5. The effect on switch count. Error bars represent 

standard errors. 

 Interleaving - Fun Interleaving - 
Professional Floating - Fun Floating - 

Professional 
 M SD M SD M SD M SD 

Overall Immersion 88.21 21.80 91.82 22.68 87.32 23.85 85.86 22.01 
Captivation 45.89 13.85 47.32 14.68 44.89 13.02 43.11 4.02 
Real-World 
Dissociation 10.57 4.34 11.46 4.42 10.75 4.02 10.68 4.33 

Comprehension 18.07 3.54 18.14 3.83 17.79 3.15 17.14 2.76 
Transportation 13.68 5.75 14.89 6.62 13.89 6.62 14.93 6.24 

Table 2. Overview (means and standard deviations) of immersion scores of all conditions. 
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Switch Duration 
The total duration of window/tab switches away from the 
video for each participant was calculated by summing the 
duration of all the switches. Figure 6 demonstrates the 
effect of our manipulations on switch duration. Participants 
from the interleaving-fun background condition had the 
longest mean switch duration of 109.65 seconds (SD = 
222.28), while the floating-fun background condition had 
the lowest mean switch duration of 49.90 seconds (SD = 
135.82). The interleaving-professional background and 
floating-professional background condition had mean 
switch durations of 104.21 seconds (SD = 218.95) and 
61.23 (SD = 199.51) respectively. 

 
Figure 6. The effect on total switch duration. Error bars 

represent standard errors. 

Repeated measures ANOVAs revealed non-significant 
main effects of both presentation, F(1, 54)  = 1.12, p = .29, 
ηp2 = .02, and background, F(1, 54)  = .02, p = .89, ηp2 = .00. 
The interaction effect was non-significant as well, F(1, 54)  
= .17, p = .69, ηp2 = .00. The results failed to provide 
evidence on the effect of presentation and background. 
4. DISCUSSION 
Before the experiment, we made the hypotheses that 
interleaving presentation would result in a higher overall 
immersion score and higher captivation subscale score. As 
the result of an overall higher immersion level and 
improved attention, we also expected to see a lower 
multitasking frequency in the interleaving presentation 
condition. However, the results revealed no significant 
effect. Hence the null hypotheses of H1, H1a and H2 were 
retained. Given novelty’s effect in attracting visual attention 
and alleviating cognitive load, we predicted that 
participants who watched the video with a fun background 
would multitask less frequently and overall spend less time 
on multitasking. The results could not support these 
predictions, the null hypotheses of H3 and H4 were retained. 
Lastly, because interleaving editing would improve the 
visual saliency of the virtual backgrounds, we predicted an 
interaction effect between presentation and virtual 
background: the combination of interleaving condition and 
fun background would reduce the multitasking frequency. 
The results showed no significant interaction effect. 
Therefore, retain the null hypothesis of H5. To summarise 
the results, all the null hypotheses were retained. 

The hypotheses H1, H1a and H2 were made based on 
principles of visual attention such as the spotlight metaphor 
and its variations. According to the spotlight metaphor, 
visual attention can only be focused on a continuous area 
instead of on a spot. Thus, we argued that floating the 
talking head over the supporting slides provided more-than-
necessary visual elements on the screen at any one time, 
which increased the number of potential distractions. By 
interleaving the slides-only and talking head-only video, we 
believed that it could minimise distractions and help 
participants’ attention retention. However, the results 
demonstrated that this was not the case. On reflection, there 
were two potential reasons.  
Firstly, we implemented the interleaving editing as a 
method to display the instructor’s image while avoiding an 
overload of the visual information processing channel [34]. 
Assuming this manipulation was effective, participants in 
this condition should have had a lower cognitive load 
compared to those who watched the videos with floating 
talking heads. According to the theory of Lavie [30], the 
attentional spotlight would expand when the subject 
experiences a low cognitive load. As a result, the subject 
may start to notice more distractors. Since only the talking 
head or the slides were displayed at any time in the 
interleaving condition, the distractors could be a certain 
element in the video such as the instructor’s clothing, or an 
external distraction such as a notification bubble on the 
edge of the screen or another device. The former would 
lead to implicit inattentiveness, the later would result in 
multitasking. These phenomena reflected in the 
measurements of the current study would be lower 
immersion score and more frequent multitasking behaviours. 
Secondly, there may exist a fundamental issue in terms of 
using the spotlight attention model when the stimuli are 
dynamic. Driver and Baylis carried out an empirical study 
and found the spotlight metaphor may not be able to explain 
visual attention to stimuli with motions. According to the 
spotlight model, the distracting effect of a distractor 
diminishes as its distance to the target increases. However,  
in Driver and Baylis’s experiment [12], they found when a 
distractor moved along with the target, it became more 
distracting compared to motionless distractors that are 
located even closer to the target. Although this finding does 
not directly translate to the instruction video of this current 
experiment, we must consider the consumption of 
instructional videos as a behaviour happens in an ecosystem 
of the device which the audience uses for watching. In this 
case, we required a desktop or laptop computer. An 
animated distractor could be a pop-up notification, or it 
could be an animated element that appears on the rest of the 
screen if the participant chose to juxtapose multiple 
windows or browser tabs.  
The hypotheses H3 and H4 were based on theories about 
visual interestingness [4,10], the two-process information 
processing [34] and the connection between mood and 
attention [8,43]. Since the fun background is novel in 
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instruction videos, it may be able to facilitate the stimulus-
based automatic information processing and improve 
participants’ mood. We anticipated that it would help to 
lower the multitasking frequency and the total multitasking 
duration. Again, these predictions were rejected by the 
results. We believe the primary reason contributed to the 
non-significant results is the low motivation of participants 
recruited on Prolific. In a paper introducing mechanisms of 
human gaze control [20], Henderson divided human gaze 
control into two types: stimulus-driven and knowledge-
driven. This could be compared with the automatic 
information processing and controlled information 
processing. According to Henderson, knowledge-driven 
gaze control could override the priority of stimulus-based 
gaze control. In view of the eye-mind assumption, a similar 
override may happen in the directing of attention as well. In 
the context of the current study, it means if a participant 
was more motivated to work on the secondary task of their 
choice, their attention may drift even if the instruction video 
was visually interesting to them. 
Additionally, participants’ subjective opinion to aspects of 
the talking head may also affect their immersion level. In 
the study of Beege et al. [2], the authors varied participants’ 
perceived professionalism of the instructor by manipulating 
the instructor’s dressing style. The instructor’s style of 
addressing the audience was also varied. The results 
demonstrated that when the instructor dressed 
professionally and addressed the audience with their frontal 
face, the audience’s information retention performance was 
significantly better. In the manipulation of the virtual 
background theme, we unintentionally changed the 
perceived professionalism as well. As a result, this effect of 
perceived professionalism may also have affected 
participants’ attention level. 
The last retained hypothesis of the current study, H5, was 
about an interaction effect. Since the interleaving condition 
has made the talking head full screen, the manipulation of 
background should be more salient compared to the floating 
condition. Thus, participants watched the video with an 
interleaving presentation and fun background should have a 
lower multitasking frequency. We believe the non-
significant result was caused by all the factors discussed 
above. 
Limitations 
This study had various limitations, which may have 
introduced confounding variables and eventually 
contributed to the non-significant results. The overall 
approach of the current study is as follows. To study the 
effect that the presentation of the instructor has on 
instructional video audience’s attention, we manipulated the 
presentation of the instructor, either as a traditional floating 
talking head or interleaved with the slides. The instructor’s 
virtual background was also varied between a fun one and a 
professional one. As the measurement of attention, we had 
chosen participants’ perceived immersion level probed 
using the Film IEQ, as well as their window/tab switching 

behaviours automatically collected by the custom website. 
The experiment was carried out in a remote and 
crowdsourcing manner. 
Fundamentally, it remains debatable whether it is 
appropriate to use perceived immersion level as a 
measurement of attention. Although attention plays a 
significant role in immersion [9,18], we cannot simply 
understand the two terms as one. Calleja believed that 
attention is only one of the prerequisites which lead to the 
experience of a higher level [9]. Attention focuses upon the 
cognitive process on the basic level. On the other hand, 
immersion is a holistic experience and is the result of 
various factors, including the subject’s motivation. 
Our way of measuring the immersion was also questioned 
by one of the volunteers who tested the prototype website 
before the official release. The problem raised by the 
volunteer was since the Film IEQ was originally developed 
for video media with storytelling, some items in it explicitly 
asked about characters, plot and events. Therefore, 
participants may find the questions difficult to understand 
and fail to provide accurate responses. However, to 
maintain the validity of this empirically-based questionnaire, 
we only rephrased some questions minimally. 
When it comes to the measurement of multitasking, our 
approach of using the website was a trade-off between the 
fidelity of data and access to participants. It only considered 
two types of multitasking on the same device where the 
instructional video was displayed: switching between 
application windows and switching between browser tabs. 
However, real-world multitasking takes a variety of forms. 
Our approach did not consider multitasking that does not 
involve switching. For example, reading from another 
window side-by-side with the window containing the 
instructional video could be overlooked. Furthermore, our 
website could not register one of the most omnipresent 
forms of multitasking: checking the mobile phone. What 
worth mentioning is that even the multitasking data we 
have collected was somewhat confounded. According to 
two participants who had high switch counts, the video 
paused to load for a few times during the experiment. A 
possible reason for this issue could be that the web server 
we used were not specialised for video streaming. It is also 
related to the participant’s internet connection bandwidth. 
In the current study, we did not implement attention checks 
or the information retention test at the end of each video. 
The absence of the attention check was because we wanted 
to minimise interruptions. We abandoned the retention test 
because in reality, dropping out before the video ends is 
common among the audience of online instructional videos 
[26]. Therefore, the performance of information retention 
may not be the most suitable dependent variable. The 
removal of the retention test was also motivated by keeping 
the experiment relatively short. These decisions have made 
the whole experiment require minimal attention. With the 
additional effect of participants’ low motivation to learn as 
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they signed up through Prolific, our overall dependent 
variable of attention may be affected as well. 
Last but not least, a non-negligible limitation of this study 
is that due to the pandemic, the experiment could not be 
carried out in a controlled lab environment. Although we 
attempted to eliminate the confounding variables by giving 
clear instructions and restricting the device types, our 
control over the experiment apparatus and the environment 
was still diminished. For example, apparatus wise, 
participants may have differently sized monitors or even 
multiple monitors. In terms of the environment, participants 
who work at home could be interrupted by other members 
of the same household. 
Future Work 
Despite the insignificant results, the current study’s 
framework for investigating similar research questions 
could be adopted and improved on in future studies. Future 
work on this topic could push the crowdsourcing approach 
further by reaching a larger sample size. Alternatively, 
future researchers could move similar experiments back 
into a highly controlled lab environment while allowing the 
occurrence of realistic interruptions and distractions [8]. A 
lab-based study will enable a more direct measure of 
attention using technologies such as eye-tracking [28]. On 
the other end of the spectrum, the experiment could also be 
conducted as a longitudinal field study to improve 
ecological validity [27,40]. For example, researchers could 
recruit participants from university students who have 
registered for a certain remotely taught course (which 
ensures the motivation to learn), and collect their 
behavioural data while studying throughout the time span of 
the whole module.  
In spite of the justifications, it is worth reflecting on if the 
current study examined the appropriate measurement. 
Future studies could also improve on the current study by 
using a different set of dependent variables. A low hanging 
fruit would be collecting richer data. For instance, 
integrating qualitative independent variables which probe 
for participants’ rationales behind various behaviours, and 
their subjective responses towards the instructor would be a 
complement to the current study. To further enrich the 
quantitative data collection, further study could use 
ManicTime to gain more comprehensive information about 
participants’ behaviour [40], or add the information 
retention test at the end of each video as a measure of 
learning outcome. Lastly, as mentioned before, future 
studies could also start by exploring which independent 
variables are more appropriate for this context. 
From a more abstract perspective, our research is concerned 
with the presentation issues in virtual communications. Due 
to the prevalence of video communication, the way we are 
presented in videos and our virtual backgrounds have also 
become an aspect of self-presentation, in addition to 
traditional aspects such as attires. Therefore, future studies 

could further investigate what roles does presentation play 
in other forms of virtual communications. 
5. CONCLUSION 
This study investigated if the way we present the instructor 
(interleaving vs floating) and instructor’s virtual 
background (fun vs professional) in instructional videos 
affect participants’ attention holding by analysing self-
reported immersion level and software-tracked window/tab 
switching behaviour. Quantitative data analysis revealed 
that our experiment failed to provide significant empirical 
evidence on the effect that the instructor’s presentation has 
on the audience’s attention. In other words, whether the 
way of editing instructional videos and instructor’s virtual 
background influences the audience’s attention remains 
inconclusive. However, we believe the framework we used 
to investigate this research question is of value for future 
work. 
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