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Abstract—In order to study the influence of different modes of online
educational videos as teaching materials on learners’ learning effect, 60 college
students were invited to conduct an experiment. On the experimental materi-
als, traditional and automatic video recording and playing, which account for a
large proportion of online education, were selected. The process of watching was
recorded by eye tracker experiment, and the learning differences were reflected
by subjective evaluation and objective indicators. It was found that compared
with the automatic video, the traditional video was more attractive to the subjects,
the subjects had more concentration, but the cognitive load was higher, and there
was no significant difference between the two groups in terms of performance.
In addition, the attention distribution of learners in different modes is mainly
illustrated, followed by portrait and subtitles. In the two modes of pictures and
text, pictures are the main mode. The above research can provide a scientific basis
for video designers to select appropriate modes to highlight key information, help
teachers and learners to choose more reasonable learning videos from a large
number of educational videos, and help online education providers to improve
learners’ intuitive experience of videos and enhance their competitiveness.
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1 Introduction

Online education began to develop since 1998 in China. So far, the market size of
online education has exceeded 450 billion yuan. With the social background of the
post-epidemic era and the rapid development of information technology, online edu-
cation will become an increasingly important education model in the future. As of
December 2020, there were 342 million online education users in China, an increase of
109 million from before the epidemic.

As an important teaching means, online education is mainly focused on platform
construction, model optimization and teaching video improvement in academic circles.
In order to improve the quality of online education, some domestic scholars focus on
the function construction of the platform, improving the efficiency and effect of using
the student platform by improving the learning recommendation system [1], [2], [3]
enhancing the online monitoring function [4], [5], identifying students’ emotional
states [6], [7] and adding game elements [8].
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Some scholars combine online education with classroom teaching, and it is proposed
to build a mixed classroom by promoting technology integration [9], improving teach-
ers’ information literacy [10], solving the problem of separation between online and
offline teaching [11], and rationally distributing the proportion of online learning and
classroom learning [12].

The above two types of research still need a lot of time to invest in practical appli-
cation. Firstly, it is difficult to promote technology. Many technologies used to improve
the quality of online education services have only been tested in a small range of effects,
with technical instability or cost issues. In addition, at present, there are many learning
platforms, among which there are compatibility problems. All of these problems set up
barriers to the mass adoption of platform functionality. Secondly, the mixed education
model is not mature enough. Scholars have conducted in-depth studies on the connota-
tion, effectiveness and formation mechanism of mixed education, However, it still has
problems such as poor teaching effect, poor connection between online and offline, and
unclear division of labor between online and offline. It still needs time for development.

Other scholars focus on teaching videos. Online education relies on the Internet,
with more diversified videos and richer presentations. As an important part of teaching,
students’ exposure to different teaching videos will have an impact on their learning
results and behaviors, which has been proved by many studies. For example, colors,
sounds and simulative design in teaching videos will have an impact on learners’ emo-
tions and cognitive load [13]. The design of subtitles in videos will influence learn-
ers’ eye movement behavior [14], etc. But these studies have a narrow scope, usually
looking at a single element of video design. There are gaps in overall comparison and
exploration. The improvement cost of teaching video is low and it is easy to popularize.
Therefore, it is of great practical significance to study the learning behavior rules under
different video modes.

Online learning includes two types based on live broadcasting and recorded broad-
casting [15]. Due to research equipment limitations and the importance of videos, this
paper conducts an overall study on recorded videos, which are relatively important in
online learning, and discusses their influence on learning effect. Recorded videos can
be divided into traditional recorded videos mode, full automatic recorded videos mode,
mobile recorded videos mode, and compound recorded videos mode [16]. However,
the latter two are more inclined to be a recording system rather than a single video.
Therefore, this paper focuses on the former two forms and considers their influence
on learning effect from both form and content. Among them, form mainly refers to the
composition of modal, which is the symbol form [17], such as image, sound, anima-
tion, text, chart, video, color and other symbols for communication and ideographic
expression.

In traditional recorded videos, through editing, the elements in the video are more
abundant, the scene conversion is more smooth, and a variety of symbol systems such
as small video, text, static image, animation and sound can be used. Fully automatic
recorded videos for the convenience of operation and reduce the possibility of error,
the use of elements will often be simpler, the form will be a little more simple. In addi-
tion to the modal differences, there are also differences in content design. Because of
the long pre-production cycle and high cost of traditional recorded videos, the con-
tent updating speed is low. However, due to the simple recording and low cost, the
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automatic recorded videos has more advantages in content replacement, higher timeli-
ness of content and more flexible and convenient design. And automatic recorded vid-
eos often record teachers’ classroom teaching directly, including the interaction process
with students, so that learners have a better sense of presence.

For the whole online education industry, through the comparative study of different
online video modes, it can improve students’ learning effect and promote the devel-
opment of the whole industry. For online education provider, on July 24, 2021, the
state has introduced policies to ease the burden on students, external training discipline
class is compulsory education stage, the development of online education space further
compression. Facing the competition trend, improving teaching quality through online
video mode can provide new development direction for them. For learners, Lazora
believes that students’ learning autonomy is an important factor to improve the teaching
effect under the current information technology background. He believes that modern
learners already know very clearly how to navigate in the digital space and evaluate the
effectiveness of digital information sources. However, whether such evaluation ability
can be further improved? Can the assessment of technical forms be improved to help
students choose the right video from the myriad open sources? Mastering the charac-
teristics of different videos can help them select appropriate video materials from tens
of thousands of online videos based on their own characteristics [18].

To sum up, this paper studies the influence of traditional recorded videos and auto-
matic recorded videos on students’ learning effect from two aspects of mode and con-
tent design, so as to fill the blank of online video research and provide scientific basis
for the development of online education industry and providers.

2 Theoretical basis

Learning effect evaluation is an important way to determine whether teaching meth-
ods can achieve teaching objectives. The shortcomings of the traditional learning effect
evaluation by summative evaluation method are gradually revealed, and the formative
evaluation method which is more scientific and complete is gradually improved. For-
mative evaluation refers to the evaluation of learning effect carried out by teachers in
the teaching process in order to understand students’ learning situation [19]. Formative
assessment can be roughly divided into three development stages, as shown in Table 1.

Table 1. Development history of formative evaluation

Stage of Development Message

Formative evaluation Receipt data is used for subsequent adjustments at different
stages of the development and implementation process

Formative assessment + mastery learning | The classroom teaching is divided into several successive
stages. At the end of each stage, students are evaluated by an
exam. Teachers will use the results for teaching adjustment
and give feedback to students

Formative evaluation + cybernetics Collect the data of students’ learning status, understand

the gap between the current teaching status and teaching
objectives, and give teaching feedback in time to ensure the
realization of teaching objectives.
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In the third stage, the formative evaluation method expands the evaluation scope
again, and the teaching information collected is no longer limited to the test scores,
but expands the vision to each factor that affects the realization of learning objectives.
According to zhao Juming, all factors related to learning, such as students’ existing
knowledge level, learning interest, physical state and emotion, should be taken into
account in teaching evaluation.

The purpose of this study is to compare the differences in the effects of online
teaching videos of different modes, which is actually to evaluate the learning effects
of learners under the teaching videos of different modes. Therefore, in order to ensure
the scientificity and comprehensiveness of evaluation, the theory of formative eval-
uation + cybernetics is taken as the theoretical basis. The four factors of students’
existing knowledge level, learning interest, physical state and emotion listed by Zhao
Juming are selected as the indicators used in the comprehensive evaluation of subse-
quent papers. Among them, the physical state was reflected by recording students’ eye
movement index with eye tracker, and the emotional latitude was measured by learning
satisfaction. At the same time, plus the latitude of examination results.

3 Research tools

Table 2. List of research tools

Research Dimension Research Tools

Content design Examination

Form tissue Eye tracker

The tools used to evaluate the impact of differences in content design and formal
organization on learning outcomes are shown in Table 2. In the past, researches on stu-
dents’ learning behavior from the multi-modal perspective mostly adopted the method
of qualitative research or questionnaire, which was subjective to some extent. About
80%—-90% of external information is acquired by human eyes. It can be seen that human
information processing is highly dependent on vision [20], and studies have shown that
visual channels are more prone to redundancy during integration [21]. Therefore, it is
of great significance to study the visual state of learners. At present, researches carried
out with the help of eye tracker have been involved in many fields, such as studies on
the visual characteristics of drivers of different road designs in the field of traffic [22]
or studies on the effects of different advertising designs and layouts on the cognition
of viewers in the field of marketing [23]. In the field of education, eye tracker related
research is also increasing day by day. A large number of studies have been conducted
on media combination, whether to add animation, prompt information, whether to use
subtitles and colors, etc., to evaluate the cognitive process and visual processing of
learners by using eye tracker [24]. Visual eye tracker is reliable and accurate in visual
data collection. However, these research progress are only based on the behavior dif-
ferences caused by the existence or absence of a certain mode, and the overall study of
multi-mode video is missing. Therefore, this paper analyzes the changes of attention
and cognitive load in students’ learning process by using RED eye tracker, which has
scientific tool selection and academic research value.
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4 Study 1: the influence of different video modes
on students’ learning effect

4.1  Research hypothesis

In previous studies, the influence of modal richness on learning has been divided.
Those who support it believe that using multiple modes has a positive impact on learning
results. First, the use of multi-modal can create a good teaching atmosphere and stimulate
students’ interest. The characteristics of its use of multiple media enrich the connotation
of information transmission and interaction, and bring people’s experience has been
significantly improved. Classroom knowledge points are output through more diversi-
fied channels, thus bringing students more unique physical and mental experience [25].
Multimodal teaching can stimulate learners’ senses through various means. Organic
combination of various teaching forms to improve teaching efficiency [26]. Second, the
use of multimodal can help learners to understand knowledge more deeply. Language
can combine video, image, photo and other modes to explain the teaching content or
highlight the key points with different modes. When students use multi-modal teaching
materials for learning, they can recall more information [27], [28], [29]. Thirdly, use
music, animation, color and other multi-modes to improve students’ arousal level and
enhance their motivation [30]. Fourthly, students have a higher acceptance of multi-
modal teaching. In some investigations and studies, a large number of students prefer
multimodal teaching [28], [31].

The opposition thinks that the use of multimodal will cause students to consume
too much cognitive resources and bring negative effects. Due to the limited capacity of
working memory, the brain cannot take into account the information received through
various channels. When these information come together, learners are often at a loss
to know how to effectively process and output information [32]. Some scholars have
conducted researches on multimodal in classroom teaching links, web pages and PPT
design. For example, on-screen text on PPT or web pages with the same information
as oral presentation may impair learning [33], [34]. In addition, in the multi-modal
teaching design, modal types in the multi-sensory channels such as visual and auditory
channels are very diverse, which may bring pressure to learners.

Combined with research objects and materials, the use and variation of modes in tra-
ditional video recording and broadcasting are more abundant than PPT and web pages.
Under the use of multi-modes, students’ learning interest is high and their learning
motivation is sufficient. As for the problem of impaired learning caused by multimodal,
Jingwei Li believes that this is related to the characteristics of the research object. The
multi-source information brought by multimodal may have negative effects on profes-
sionals, but may be good for beginners [35]. In this study, the research object is limited
to the group that has insufficient cognition of the learning content and therefore needs
to receive education, belonging to the novice. In conclusion, these novice subjects have
better positive performance when faced with multi-modal teaching materials.

From the content dimension, automatic recording and playing video production cycle
is short, the cost is low, so the video change speed is fast; Teachers can better visualize
concepts and principles according to changes in internal and external environment,
knowledge development, updating cases, and technology, and help students better mas-
ter these concepts and apply them to real life [36].
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Based on this, hypotheses 1 and 2 are proposed.

Hypothesis 1: Compared with automatic video recording, students are more inter-
ested in learning and more satisfied with learning when using traditional video
recording;

Hypothesis 2: Compared with full-automatic video recording, students have worse
academic performance when using traditional video recording for learning.

4.2  Experimental design

To select 60 students were explained by the same teacher to watch the same knowl-
edge about organizational behavior of the two video, recorded a video for the traditional
video, produced by special video team under the special arrangement of site late for
recording and processing completed, modal is rich, including video, audio, animation,
text, image multiple modal subtitles, pictures, teachers, There are many kinds of visual
language, auditory language and body language, and there are many scenes switching
times. Another for automatic recorded video, it is by the same teacher through tencent
meeting broadcast live this platform, through the platform to record function is a key,
have better interaction, in the case of knowledge points on combining with the social
environment for the update, contains two modal words and images, compared to the
amount and type of modal were small. The two videos conform to the research Settings
in terms of modal and content design. This paper chooses these two videos as materials
for experimental research.

4.3  Experimental process

Hamse believes that students’ learning styles should be considered so as to provide
them with different teaching methods. Therefore, we control the variable of learn-
ing style here [37]. Here we use cognitive style instead. The subjects were pretested,
including basic information, cognitive style and previous knowledge level. After the
test, 60 students were randomly assigned to two groups to watch two videos respectively.
After watching the video, we filled in the recall knowledge and transfer knowledge test,
cognitive load scale and learning satisfaction questionnaire. After filling in the post-test
questionnaire, the experiment ended. In order to simulate the daily online learning envi-
ronment of learners, the subjects conducted the experiment in a separate room without
other people present. Among them, the cognitive style questionnaire used Solomon
Learning Style scale; The video satisfaction questionnaire adopts the questionnaire
designed by Duan Zhaohui during the network satisfaction survey [38]. The cogni-
tive load scale used the PAAS cognitive load self-rating scale. The previous knowl-
edge level questionnaire contains 9 subjective assessment questions about knowledge
familiarity related to organizational behavior. In the recall knowledge test, two multiple
choice questions were designed according to the content explained in the video, with
5 points for each question and a total of 10 points. In the transfer knowledge test, a
short answer is designed based on the knowledge explained in the video, with a total of
10 points. Subject experts are invited to design knowledge test questions.
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A total of 60 college students volunteered to participate in this experiment. None
of them had ever received the teaching of organizational behavior before, including
25 males and 35 females. 23 sophomores; 37 junior students; All subjects were ran-
domly assigned to two experimental groups, 30 in the traditional video recording group
(25 in visual cognitive style; Speech type 5); Automatic recording and broadcasting
group 30 people (including 25 visual cognitive style; Speech type 5).

4.4 The results

Previous knowledge level. Independent sample T test was performed on the prior
knowledge level of the control items. The results showed that the group effect of pre-
vious knowledge level was not significant, P=0.831. The results showed that there was
no difference in previous knowledge level between the two groups, so the influence of
this variable will not be taken into account in subsequent studies.

Evaluation of subjective psychological effort involvement, learning task diffi-
culty and learning satisfaction. The independent sample T test was used to evaluate
the subjective effort involvement and learning task difficulty as dependent variables.
The results showed that there was no significant difference in subjective effort invest-
ment between the two groups (AM=0.333, P=0.197); There was no significant dif-
ference in learning task difficulty evaluation between the two groups (AM=—0.303,
P=0.393); In terms of learning satisfaction, there is no significant difference between
the two groups (AM=0.727, P=0.225), indicating that there is no difference in sub-
jective effort investment, learning task difficulty and satisfaction evaluation between
traditional and automatic recording and broadcasting videos.

Recall score and transfer score. Recall test and transfer test scores were used as
dependent variables to conduct independent sample T-test. The scores will be evaluated
by two graduate students respectively and the final average will be taken. When the differ-
ence between two people is more than 3 points, the two people will discuss until they reach
a unified opinion. The results showed that there was no significant difference in recall
performance between the two groups (AM=—0.567, P=0.385); There was no significant
difference in migration achievement between the two groups (AM=—0.0833, P=0.829)

In conclusion, the post-test questionnaire results of the two groups showed that there
were no significant differences between the two groups in subjective effort involve-
ment, learning task difficulty, learning satisfaction, recall performance and transfer per-
formance, which failed to support hypothesis 1 and 2. The following will be analyzed
by objective eye movement indicators.

Eye movement indicators. In order to test the cognitive load and interest difference
between the two groups of videos, representative indicators such as blink frequency,
average fixation time, average saccade range and average fixation deviation were
selected to measure the learning status of the subjects. Table 3 shows the correspond-
ing behavior meanings of each indicator. In order to avoid the interference of duration
factor to the results, we planned to intercept the eye movement data of the same length
of two videos for study. The length of the traditional recorded and played video was
26 minutes. In order to avoid fluctuations in the eye movement data at the end of the
video, the eye movement data of the first 21 minutes of the two groups of videos were
intercepted forward for analysis.
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Table 3. Definitions of eye movement indicators

Indicator (Unit) Indicates the Indicator Source
Blink frequency Low blink frequency indicates that more effort is needed to Zhang Li [39]
[count/s] manage and analyze information
Average fixation Average fixation time reflects how carefully the subject Wang Xue [13]
time [ms] processed the material, and is also affected by the length,

difficulty and layout of the material, etc. A long fixation time
indicates that the task is difficult or the subject is interested in

the video
Average fixation Large average fixation deviation indicates a wide range of Jiang Bo [40]
deviation [px] attention or unfocused river wave
Average saccade Average saccade amplitude related to the distance between Zhang Li [39]

amplitude [degree] | materials and elements and the processing content

Inter-group independent sample T test of the above indicators shows that there is
a significant difference in blink frequency between the two groups (AM=—177.87,
P=0.01), a significant difference in average fixation time between the two groups
(AM=224.25, P=0.00), and a significant difference in average fixation distance between
the two groups (AM=—632365.35, P=0.00), there was significant difference between
the two groups (AM=13.25, P=0.00). In conclusion, compared with automatic video,
traditional video recording has lower blink frequency, longer average fixation time,
smaller average gaze deviation, lower saccade frequency and larger average saccade
amplitude.

The study partially supports hypothesis 1, but does not support hypothesis 2.
Combined with the meaning of the indicators, it can be inferred that, for the subjects,
the rich modal composition of traditional video recording requires them to work harder
to manage and analyze information, process materials more carefully, and have a higher
cognitive load. The saccade range was relatively large during the whole video, indicat-
ing that the subjects were constantly adjusting the allocation of attention in multiple
modes. The other two videos explained the same content, and there was no difference
in task difficulty, indicating that the traditional recording and playing videos were more
attractive to the subjects. The size of the two videos was 1280*720, and there were
fewer modes in the automatic recording and playing videos, and they were mainly
concentrated in the center of the screen compared with the traditional recording and
playing videos. Therefore, The results showed that the attention of the subjects was not
as good as that of the traditional video.

5 Study 2: modal and attention distribution

According to the results of study 1, students showed higher interest and more con-
centration when faced with multimodal learning videos, but multimodal brought about
an increase in cognitive load during task processing. Learners divide their attention
between different modes to complete information acquisition and retention. In the
process of video presentation, the designers of some teaching materials often cause
information repetition in order to highlight the key and difficult points, that is, when
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there is only mode difference between two information sources without information
difference, or when the information of two information sources can be understood inde-
pendently without integration, redundancy effect will be caused when they appear at
the same time [41]. Therefore, repeated design should be reduced in the presentation of
difficult and important information. If repetition is not an option to capture the learner’s
attention, can excessive modes be used to capture the learner’s interest? The answer is
no. Christof Wecker found that the large number of elements in traditional PPT made
students prone to problems in the allocation of attention, which inhibited the retention
of information in the presentation to the teacher [42]. Therefore, how to highlight the
difficult information in the limited modal selection becomes very important.

5.1 Experimental design

In the second study, the two videos were further analyzed by eye tracker data.
According to the characteristics of the two videos, the attention distribution of students
in different modes was studied. The first video can be divided into two categories:
modal teaching and modal discourse. From the two kinds of video clips, some modes
that appear more frequently and are commonly used in daily videos are selected for
analysis. In modal teaching, three kinds of teacher image, subtitle and text are selected.
Choose text, text and subtitles in modal discourse. The research focus of the first video
is to specifically analyze the differences of learners’ fixation time allocation in the three
modes of teacher, subtitle and text in the two video clips. In the second video study, the
difference of fixation time allocation between pictures and texts was studied.

The length of learners’ fixation time in different interest zones was recorded by
dividing the two videos into different interest zones of different modes. Each mode
corresponds to one interest zone. Considering the modal in a video teaching modal
words and rendering time is different, the two types of stimulus directly in present time
as the denominator of all stimuli proportion is not scientific, so the teaching mode and
modal words present whole screen each designated as an interest area, choose this two
interest looking time respectively as the denominator consider different modal looking
time accounted for.

5.2 The results

Table 4. Attention distribution in traditional video recording

Category Modal Fixation Time (ms) Proportion

Modal Teaching Subtitle 2691172.9 18.54%
Teacher 5396089.8 37.18%
Pictures and Texts 1706816.1 11.76%
Total Fixation Time 14514865 100%

Modal Discourse Pictures and Texts 3262812.5 60.98%
Subtitle 786090.1 14.69%
Total Fixation Time 5350207.8 100%
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Research on the distribution of attention in traditional video recording. It can
be seen from Table 4 that the selected mode is the main mode in the video, accounting
for more than 60% of the attention distribution. In modal teaching, most of the subjects’
attention was paid to the teacher, followed by the subtitle, and the proportion of pic-
tures and texts was the lowest. In modal discourse, text and text account for the highest
proportion, followed by subtitle. Since the text and text are not always presented in
the modal teaching, the text and text, subtitles and teacher images cannot be compared
together in the fragment. However, the teacher image and subtitle in modal teaching
and the picture and text in modal discourse always appear simultaneously. Combining
the two clips, when the text and caption were presented together, the subjects’ atten-
tion was largely focused on the text and caption; when the caption and portrait were
presented together, the attention was more allocated to the portrait, but at this time, the
attention allocated was reduced and the attention on the subtitles increased. To sum up,
the attention of the subjects in the face of these three modes was allocated in the order
of text, portrait and subtitles.

Table 5. Attention distribution in automatic recording and playing video

Modal Fixation Time (ms) Proportion
Pictures 10451294.5 58%
Texts 7416371.2 41%
Automatic recording and playing video 17888305.8 100%

Research on attention distribution in automatic recording and playing video.
In the fully automatic recording and playing video, it was mainly composed of pic-
tures and words. Through comparison, it was found that subjects paid more attention to
pictures than words. To sum up the two groups of videos, we can conclude that learn-
ers’ habits in attention allocation are carried out in the order of pictures, portraits and
subtitles, and pictures are the main part in the pictures. Therefore, in subsequent video
production, appropriate modal presentation forms for different knowledge points can
be selected according to this rule of attention distribution.

6 Discussion

The above research mainly selects recorded and played videos of high importance
in online education as research materials, and compares the subjective evaluation and
objective performance of learners when learning traditional and automatic recorded
and played videos, so as to discover the rules of learning behavior. The differences
between the two types of videos are shown in Table 6.
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Table 6. Comparison of differences between traditional video recording
and full-automatic video recording

Category Cost Modal Content Learning Effect
Traditional video High production Rich Slow update Students are more interested,
recording cost; Long more focused and have a

production cycle higher cognitive load.
Automatic recording | Low production Simple | Quick update; Students lack concentration.
and playing video cost; Short Effective; Strong

production cycle interaction

Learners have different attention allocation in different modes, which provides a
basis for subsequent video production. Learners pay a lot of attention to pictures and
texts, which are mainly pictures. It is suggested that video producers highlight the dif-
ficult points through pictures more. In addition, portraits and subtitles will also occupy
a lot of learners’ attention. In video production, the presentation time should be con-
trolled to reduce the distraction effect.

There is no obvious difference between the two groups in learning achievement
and learning satisfaction. There was no significant difference between students’ recall
scores and transfer scores, so the learning effect brought by knowledge timeliness of
automatic recording videos was not significant in this study. In the author’s opinion, the
reason may be that in order to control the experiment time, each video contained lim-
ited knowledge points, so it was not obvious in the performance. There is no obvious
difference between the two groups in the subjective satisfaction evaluation of learners.
In the post-test questionnaire evaluation, a number was set for each subject in order
to ensure the correspondence with eye movement data. Although in-depth experimen-
tal communication has been carried out, the subjective choice may be affected by the
social praise behavior of the subject.

Video production of the paper for online education provides advice, improve the
quality of video can directly influence learners’ learning evaluation, on the one hand,
can help learners in countless choose appropriate forms of video in the video learning,
on the other hand can also help improve video quality online education provider, to
improve learners’ learning evaluation, for online education in the fierce industry com-
petition to help.
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