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Abstract

With the advancement of technology and the spread of the COVID19 epidemic, learning
can no longer only be done through face-to-face teaching. Numerous digital learning mate-
rials have appeared in large numbers, changing people’s learning mode. In the era of infor-
mation explosion, how to capture the learners’ attention to teaching videos and improve
learning effectiveness is the common goal of every designer of e-leaning teaching con-
tent. Previous researches focused on the analysis of learning effectiveness and satisfaction.
Instructional designers only provided design elements with high learning effectiveness or
high satisfaction, and lacked in-depth analysis of the learners’ perspectives. The opinions
of these e-learning users are often the key to the success of online teaching videos. There-
fore, this study aims at the design elements that will be used in the teaching film. The oper-
ation mode of the piano mechanism will be employed as the content of the teaching film.
Based on eight elements including arrow cueing, dynamic arrow cueing, spreading-color
cueing, contrary to cueing, font style, color application, anthropomorphic, and audiovisual
complementarity, we use Refined Kano Model to analyze learners’ needs of categorization
of each element, and discover learners’ expectations for teaching videos. In addition, this
study also conducts in-depth data analysis through decision trees algorithm, and stratifi-
cation analyses using different variables (such as design expertise, using frequency, and
usage experience, etc.) to find out the key design factors that affect learners’ learning.
Depending on the learner’s background, the use of e-learning experience, using frequency,
and the length of the learning video, our results could provide for reference when designing
teaching videos. Instructional designers can better understand how to effectively use design
elements, so that the teaching videos can achieve the best learning effect.
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1 Introduction

The outbreak of COVID-19 and advanced information and communication technologies
have changed people’s learning behaviors. The World Economic Forum has reported that
technology can extend knowledge outside the classroom and provide learners with more
learning opportunities. In addition, learners can customize their learning model according
to their needs [73]. Nowadays, e-learning has become an indispensable existence in the
teaching field. In order to attract more attention, many knowledge transmitters use “videos”
or “multimedia” as a medium for transmitting information and knowledge. Augmented
Reality (AR) technology also has been used to increase users’ learning interests [59, 68].
Due to COVID-19 epidemic, the use of multimedia, such as instructional animations, vid-
eos, and virtual reality (VR) in distance teaching, has attracted lots of academic attention
[3, 6, 22, 56, 63]. Compared with text, “video” has a dynamic visual effect. During the fast
browsing process, it will attract the viewer’s attention and help the viewer to receive the
content delivered in a short time [18].

In the teaching videos, the elements to be conveyed through visualization are gener-
ally called “design elements,” which can include text, images, animation, sound, etc. Using
“visual cueing” which can promote information through visual effects is more prominent to
attract attention. The cognitive theory of multimedia learning also mentioned that appro-
priate use of “cues” can reduce cognitive loads and make it easier for learners to under-
stand the content delivered [44]. In “emotional design”, “emotions” are the individual’s
judgments about the world. These judgments refer to the reactions and interactions that the
individual produces when stimulated [15, 21, 38, 51, 53-55, 70]. In 2004, Norman [51]
presented the theory of emotional design, thinking that how to stimulate positive and nega-
tive emotions when interacting with the design is very important.

When people use instructional videos for learning, they all hope to acquire knowledge
quickly and clearly [6]. Therefore, instructional designers play an important role between
learners and textbooks, and each design element must be carefully used to make it can be
used to its maximum effect in teaching videos [72], combining learning objectives with
multimedia, achieving interaction, and delivering teaching content to learners more effec-
tively and accurately. At present, many researches on design elements only discuss learn-
ing effectiveness or satisfaction. When the design element has learning effectiveness or is
highly satisfied, the textbook designer is recommended to use the design element [7, 28,
29, 58, 71]. However, the results analyzed only through learning effectiveness and satisfac-
tion are not accurate enough. In addition, designers often fail to consider the perspectives
of learners when designing elements, but the opinions of these users are often the key to
the success of teaching videos.

To discover the expectations and needs of users for digital instructional videos, this
study defines “visual cues” [7, 28, 29] and “emotional design” [58, 71], containing eight
elements to analyze learners’ needs of categorization of each element, and discover learn-
ers’ expectations for teaching videos. These eight elements are arrow cueing, dynamic
arrow cueing, spreading-color cueing, contrary to cueing, font style, color application,
anthropomorphic, and audiovisual complementarity. Refined Kano Model [74] has been
employed to categorize elements and provide suggestions based on the results to help
designers make instructional videos.

Moreover, this study also conducts in-depth data analysis through decision trees algo-
rithm, and stratification analyses using different variables (such as design expertise, using
frequency, and usage experience, etc.) to find out the key design factors that affect learners’
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learning. Depending on the learner’s background, the use of e-learning experience, using
frequency, and the length of the learning video, our results could provide for reference
when designing teaching videos. Instructional designers can better understand how to
effectively use design elements, so that the teaching videos can achieve the best learning
effect.

The current paper has been structured in six sections. Section 1 provides an introduc-
tion while Sect. 2 provides a literature review of multimedia learning, e-learning, design
elements in teaching videos, decision trees, and re-fined Kano model. The study’s method-
ology including implemental procedure and illustrative example are presented in Sect. 3.
The results of the study are analyzed and discussed in Sects. 4 and 5, respectively. Finally,
conclusion and possible future research directions are discussed in Sect. 6.

2 Literature Review
2.1 Cognitive theory of multimedia learning

In the cognitive theory of multimedia learning, Mayer [44] mentioned that compared with
a single text, visually presented multimedia teaching materials (such as images, videos,
animations, etc.) are usually more effective in learning and can be effectively transmitted
complex information. The presentation of multimedia teaching materials is a key factor
affecting the effectiveness of learning. Therefore, how to effectively combine teaching
content with multimedia presentation is the goal of every instructional designer. The three
basic principles in cognitive theory of multimedia learning are as follows:

(a) Two-way pipeline: humans have independent sensory receiving channels, such as audi-
tory processing of heard sounds and visual processing of images.

(b) Limited capacity: human beings can only process limited information at any time, and
cannot multi-task.

(c) Active processing: when humans are learning, the coherent process of organizing and
memorizing relevant data in the brain is extremely meaningful learning.

When designing textbooks, it is necessary to take the learner as the center and take the
needs and feelings of the learners as the main considerations [52]. It is not an ignorant pur-
suit of new technologies, which causes the learners to be unable to adapt, produces cogni-
tive load, and affects the learning effect. Cognitive load theory [55], mainly to help learners
reduce cognitive load in the learning process. Cognitive load can be divided into:

(a) External cognitive load: the cognitive load generated when using textbooks due to
presentation methods that have nothing to do with learning goals.

(b) Intrinsic cognitive load: the cognitive load that a learner generates when he understands
the learning goal. The amount of this load depends on the difficulty of the content of
the textbook.

(c) Associated cognitive load: refers to the load generated by the additional notes or refer-
ence files made by learners in order to understand the content of the textbook.

In [44], he also mentioned that there are five ways to reduce external cognitive
load, namely the principle of consistency, the principle of prompting, the principle of
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redundancy, the principle of spatial continuity and the principle of temporal continuity.
Therefore, in the case of limited audiovisual capabilities and reduced cognitive load, it is
necessary to combine design elements with learning objectives to help learners understand
the knowledge content more easily.

2.2 E-learning

E-learning generally refers to the way of learning through electronic devices [5, 16, 42, 52,
62]. The three key points of e-learning materials are content, method, and purpose, which
are described as follows:

(a) Content: Content presented in e-teaching materials, including text, images, illustrations,
diagrams, photos, animations, or movies.

(b) Method: The media used in e-learning, such as desktop computers, notebook comput-
ers, tablets, smart phones, virtual reality, etc.

(c) Purpose: Arouse learners’ motivation for autonomous learning.

E-learning has the characteristics of being able to watch, search, and learn whenever and
wherever possible. Nowadays, the types of e-learning materials are very diverse. Learners
can choose their own learning tools to improve learning efficiency and effectiveness.

Moller et al. [48] used teaching videos combined with role-playing for employee train-
ing. Their results showed that when a teaching video or role-playing has been used sepa-
rately, both can improve learning effectiveness, but the difference between these two is not
significant. If the teaching film can be combined with other methods, such as role-playing,
it can dramatically increase the learning effect. Abachi et al. [1] also believed that the com-
bination of film and other learning methods is more effective in learning. Recently, new
technologies such as AR, VR and games [52, 59, 68] have employed to enhance the learn-
ing performance of e-learning. It can be seen that videos in e-learning materials are often
used in combination with other learning methods. Therefore, this study will design eight
elements into our teaching videos.

2.3 Design elements in teaching videos

Design elements could be considered as factors that visualize the content to be delivered in
the film, including text, images, animation, sound, etc. [36, 66, 67]. Through meta-analysis,
Hoffler et al. [27] indicated that dynamic visual presentations can produce better learning
effect than static visual presentations. Brame [8] mentioned that three elements need to
be considered when designing instructional videos: (1) How to effectively use the film as
a learning tool when watching instructional videos and reduce cognitive load; (2) How to
maximize learners’ participation of the film; (3) How to motivate learners to learn inde-
pendently when watching the film. Based on these three elements, Brame [8] provided the
following suggestions for designing instructional videos:

(a) The screen should be concise, with learning as the goal.

(b) Appropriately match visualization and music to achieve complementary effects, rather
than redundancy.

(c) Use prompt messages to highlight important information.
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(d) Therole’s lively and enthusiastic dialogue style can increase learners’ sense of partici-
pation.

(e) Enhance autonomous learning motivation through role interaction, guiding questions
or incorporating relevant information.

Augmented reality [4, 68], virtual reality [22], and other multi-media technologies
have widely applied to enhance learners’ motivation and learning performance. But, for
designing e-learning materials, related studies are diverse. They focus on specific ele-
ment individually. For examples, Imhof et al. [29] utilized arrow tips. Ilgaz et al. [28]
employed flicker and brightness contrast. Boucheix et al. [7] employed the dynamic
spreading-color arrows. According to available literature, relatively few works aims to
fully consider all related elements in design teaching videos. From current researches,
“visual cueing” and “emotional design” [8] are the key for making instructional videos.
Therefore, this study attempt to consider all elements of “visual cueing” and “emotional
design” in the same time. Two dimensions, “visual cueing” and “emotional design”, of
design elements have been introduced as follows.

2.3.1 Visual Cueing

“Cue” is one of the elements of visual communication in multimedia learning. It uses
dynamic effects to attract the learner’s attention, thereby helping learners understand
the knowledge conveyed by the textbook and deepen their memory. Consequently, in
the process of “cueing”, how to attract the learner’s attention is the main key, such as
increasing the brightness, changing the color, enlarging the font or changing it to bold,
etc. to increase the visual effect of a specific element and highlight the importance of
the element.

The so-called “visual cues” of videos are intended to make the information more
prominent through various visual effects or methods, and make it easier for learn-
ers to obtain the information of the learning goals without adding new content [34,
43, 64]. Instructional videos often use visual cueing as a tool to help learners under-
stand complex content (e.g. explanatory content, emphasized/reinforced instructions).
Instructional designers can give corresponding visual cues for different learning goals
to achieve different effects. In addition to the function of guiding learners to focus on
learning goals, visual cueing can also enhance attractiveness and interest. In visual
cueing methods, lots of studies often use “arrows” or “lines” combined with visual
effects to present visual cues. For examples, Scholl [65] used flashing visual effects to
attract learners’ attention and maintain their attention. Imhof et al. [29] utilized arrow
tips between multiple pictures to enable learners to produce mental animations. Ilgaz
et al. [28] employed flicker and brightness contrast to prompt in static images to attract
learners’ attention. Boucheix et al. [7] employed the dynamic spreading-color arrows
to explain the operation mode in the animation, which improves the understanding of
learners. Table 1 summarized the types and applications of visual cueing used in related
works.

The goal of “cueing” is to minimize cognitive load that has nothing to do with learn-
ing. Renkl [61] presented three points of view on visual cues will affect learners’ atten-
tion. They are prior knowledge, attention, and abstraction instead of simulation, detailed
as follows:
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(a) Prior knowledge: The research of Reid et al. [60] shows that, compared with ordinary
children who have never been in contact with this field, children who already have prior
knowledge in this field can learn from pictures and texts more easily.

(b) Attention: How to effectively enhance attention through visual cues, so that it is no
longer just a pleasing function, but can achieve the effect of assisting understanding,
which is the task of instructional designers.

(c) Abstract instead of immersion: Realistic visualization with shapes, colors, textures,
and details may cause distraction. Learners need to capture the correct learning target
information in a short time. Excessive details may be not related to the learning target,
and will lead to external cognitive load.

Although “cues” have the advantages of attracting attention and assisting viewers to
quickly find the key points, they must also be used to properly control the frequency and
method of use. Research on eye tracker tracking shows that students who are new to visual
learning will pay special attention to the screen prominent element, but this element is not
necessarily related to the learning goal [9, 25, 41]. This will cause learners to be distracted
and ignore important information. Therefore, too many “cues” on the contrary will lead to
the opposite effect.

Moreover, the concept of “seductive details” is intended to have interesting design ele-
ments that are not related to the learning goals [45]. In order to make boring courses attrac-
tive, previous researches will add “seductive details”, but Harp [24] stated that because of
the limited memory capacity of humans, it is not recommended to use too many “seductive
details” in multimedia. So, how to find relevant and learning goals elements that interest
learners is a big challenge.

In summary, based on the above-mentioned literatures, this study uses visual cueing
elements, including “arrow cueing”, “dynamic arrow cueing”, “spreading-color cues”, and
“cueing method: contrary to cueing” to design questionnaire. Among them, “spreading-
color cues” refer to [7], and we changed the application of color gradients from arrows to
materials.

2.3.2 Emotional Design

“Emotional design” is a way to induce emotions. In the process of learning, “emotions”
have a vital function [26, 33, 49]. Each design element will stimulate various emotions of
learners. Emotions are mainly divided into positive emotions and negative. Positive emo-
tions represent enjoyment, pride and satisfaction, and negative emotions represent anger,
depression and anxiety. When learning tools can satisfy the learner’s heart, it will trigger
positive emotions, which in turn will inspire learners and improve learning effectiveness
[14, 47, 57]. In addition, positive emotions can increase attention, stimulate curiosity and
creativity [20, 69].

Regarding negative emotions, Moridis et al. [49] and Fredrickson et al. [20] both show
that negative emotions can also improve learning effectiveness. The negative emotion of
anxiety represents the learner’s incomprehension of the teaching film, but it will prompt the
learner to focus more on the teaching film and try to understand the content [51]. Table 2
lists the references for emotional design in this study. We will use these design elements to
develop teaching film and design questionnaires based on this.

The font and color of the text in the teaching film are also one of the factors that affect
mood. Many studies have shown that when teaching videos use bright colors such as red,
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green and blue, or brighter colors such as yellow and orange, and the font is Kristen ITC,
the size is between 15-24pt, which can arouse learners’ enthusiasm mood. In contrast,
when using dim, low-brightness colors such as white, brown, and purple, and the font size
is between 10-13pt, it will trigger negative emotions [17, 35, 39, 50]. Lohr [40] suggested
that teaching designers use warm colors to make design elements more eye-catching, and
clear and easy-to-read fonts and pictures can also help learners better understand the learn-
ing content.

Dalacosta et al. [13] applied anthropomorphic elements, such as baby face, big eyes,
small nose, and high forehead to attract learners’ attention and trigger positive emotions.
In the work of Kaya et al. [32], color has the energy to convey information and express
emotions. It includes (1) color hue, saturation and brightness (2) color block size (3) fore-
ground and background color contrast, proportion, etc. Raihan [58] and Uzun et al. [71]
also believe that the contrast between the object and the background color can also improve
attention.

In teaching videos, visual communication is usually accompanied by some sound
effects, so that the teaching videos will not be boring [71], but the sound effects presented
in the teaching videos must be related to the learning content. If the design element is
purely entertaining, it will lead to “seductive details.” For example, when the scene of the
crane moving goods appears in the teaching video, it must be accompanied by the sound
of the crane starting, so that the learner can pay attention to the next behavior of the crane.

In the application of emotional design, we can use appropriate “visualization” to stim-
ulate learners’ emotional responses to the teaching videos, but we must pay attention to
maintaining the principle of “ensure that information can be accurately conveyed to learn-
ers”. The design must be visualized to balance with the cognitive load, overly complex ani-
mations will cause learners to need more sense of space and rhythm, which will increase
the external cognitive load and affect the learning effect. Based on the above, this study
will takes “font style”, “personification”, “color application”, and “audiovisual comple-
mentarity” as our design elements that affect “emotion”.

2.4 Decision Trees

Decision trees are algorithms of establishing a classification model through a tree struc-
ture [12]. Through the learning of training samples, classification rules are established, and
then new samples are classified according to the classification rules. In this study, we use
the C5.0 algorithm and the boosting method to improve the accuracy of the model. C 5.0
takes up less system resources and memory, so the calculation speed is faster.

Decision trees are not only easy to be used, but also can quickly find the knowledge rule
for classifying complex data. At present, decision trees have been successfully applied in
many fields, including education areas. For example, Kabra et al. [30] and Hamoud et al.
[23] used decision tree methods to predict and analyze student behaviors. The experimen-
tal results show that students’ health, social activities, interpersonal relationships and aca-
demic performance will affect learning performance. Chen et al. [11] also used the deci-
sion tree method to conduct research on students’ employment wisdom courses, provide
solutions for training professionals and employment courses, and solve the contradiction
between training plans and enterprise needs. Al-Hoqani and Regula [2] built a semi-auto-
mated assessment model by using decision tree. However, most of these studies only focus
on the behavior of learners, and do not analyze the teaching materials. Therefore, this
study will apply the decision tree method to the in-depth analysis part of the video learning
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materials, and uses the decision tree to find the corresponding knowledge rules between the
categorization of design elements and the user data of the teaching video.

2.5 Refined Kano Model

Kano et al. [31] were inspired by the two-factor theory of psychologist Herzberg, and
proposed the well-known Kano Model, which can better understand and evaluate quality
attributes. Recently, Kano model has been widely applied in lots of areas. For examples,
Yu and Ye. [76] used Kano model to discover the users’ needs of automobile functions.
Chen and Hsu [10] utilized Kano model to analyze users’ needs of e-learning. Lai and Lu
[37] employed Kano model to discover the needs of dynamic display of clothing VR. Kano
model already has successful application in lots of areas, except for instructional videos.
Consequently, we also employed Kano model to analyze the VR exergaming users’ needs
in this work.

However, the Kano Model does not take into account the importance of attributes.
Therefore, Yang [74] proposed the Refined Kano Model, which expanded the 4 quality
elements of the original Kano Model into 8 quality elements, and provided companies with
more precise decision-making.

The quality elements of the Refined Kano Model are defined as follows.

(1) High Attractive Quality: This attractive quality element is of high importance and has
a strong appeal to customers. Therefore, the company needs to invest more in such
quality factors as a weapon to attract customers.

(2) Less Attractive Quality: The importance of this attractive quality attribute is low.
Although such quality elements can attract customers, they have little effect. Whether
the company needs to provide it continuously depends on the cost.

(3) High Value-Added Quality: The importance of this one-dimensional quality attribute
is high, and such quality elements have a significant contribution to customer value.
Therefore, manufacturers should try their best to improve and maintain these quality
factors to enhance customer value and loyalty.

(4) Low Value-Added Quality: The importance of this unary quality element is low, so it
does not contribute much to customer value. The company can determine the amount
of such quality elements after measuring the cost. However, this quality element cannot
cause shortage of supply and make customers dissatisfied.

(5) Critical Quality: In addition to the essential quality, such quality factors are also highly
important, so they are of considerable importance to customers. The company must try
its best to maintain the degree of availability of this quality element

(6) Necessary Quality: Although such quality elements are necessary qualities, their impor-
tance is low, so they are not the focus of customers’ attention. Therefore, manufacturers
only need to provide an appropriate level, but they need to avoid providing too low and
soliciting customer dissatisfaction.

(7) Potential Quality: This quality factor is temporarily indifferent, but its importance is
showing signs of increasing. This phenomenon is not easy to occur, but it is possible,
so the company cannot ignore this quality factor.

(8) Indifferent Quality: This quality attribute is not only indifferent quality but also low
in importance, so customers will not pay too much attention to this quality attribute.
Companies can choose to eliminate such quality attributes in order to reduce costs in
formulating strategies.
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The Refined Kano Model has provided precise decision-making for many areas. For
examples, Ferreira et al. [19] used multicriteria satisfaction analysis combined with Refined
Kano Model to find ways to improve patient satisfaction. Through the categorization of key
elements, they provide suitable strategies to increase patient satisfaction in Portuguese hos-
pitals. Yeh et al. [75] used the Refined Kano Model, Quality Function Deployment (QFD)
and Grey Relation Analysis (GRA) to improve the nursing capacity and competitiveness
of nursing homes, and more importantly, the services to satisfy local residents. And the
Refined Kano Model was used to find the key elements. Therefore, this study will also use
the Refined Kano Model to find the key design elements of teaching films.

3 Methodology
3.1 Implemental Procedure

The implemental procedure of this study is mainly divided into two parts. In the first part,
we use the Refined Kano Model to analyze, categorize the design elements that will appear
in the instructional film, and find the expectations and needs of the learners. In the second
part, this study will use decision tree to analyze learners with different backgrounds (fre-
quency of viewing, whether they have experience in use, etc.) to find out the important fac-
tors that affect learners’ categorization of design elements.

The implemental procedure of used methods can be divided into the following six steps.

Stepl: Define the design elements of the Refined Kano Model

Through reading literature (including e-learning, design elements, emotional design,
etc.), we can define design elements of teaching film. In fact, 8 elements from two dimen-
sions, visual cueing and emotional design, have been employed to design teaching film. To
sum up, eight elements including “visual cues” and “emotional design” are designed in the
teaching film (animation).

Step2: Make a teaching film and evaluate the defined design elements

This study uses the operation mode of the piano mechanism [7] as the content of the
teaching film. In Fig. 1, we can find that the operation of piano mechanism can be divided
into three stages: (1) hitting the key; (2) hitting the string with a hammer (3) bouncing back
hammer, and the damper close to the string to stop the string. Finally, the mechanism will
return to the original position and wait for the next action. The piano sound must use the
operation of piano mechanism. However, the operation sometimes will have the problem
of time overlap and rapid operation, which cannot effectively enable learners to understand
the whole operation mode.

In instructional videos, we have to incorporate design elements into them. The design
elements of teaching videos and presentations of teaching films are evaluated by experts in
the field through expert interviews. According to its suggestions, we can adjust the presen-
tation of the design elements in the film.

Step 3: Design Kano style questionnaire
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Fig.1 An example of teaching
film- Steps of the operation in
piano mechanism (3)

In this step, we design Kano style questions based on defined design elements which
have been modified in step 2. For each design element, we’ll design a pair of question
items, the functional and dysfunctional questions. These Kano style questions are designed
for Kano analysis. In addition, an importance question of the defined design element is also
measured in this questionnaire for doing Re-fined Kano Model and constructing decision
trees. To sum up, in this questionnaire, learners indicate if they feel satisfied or dissatisfied
with a given situation. First, a situation supposes the design element is present or sufficient,
and a second situation assumes the design element is absent or insufficient. Finally, they
express the feeling about the level of importance for a certain design element.

Step 4: Collect data

Since respondents have to view teaching film first, they could answer our questionnaire.
Therefore, the questionnaire will be issued and responded in the Surveycake platform.
Before issuing, the designed questionnaire will be given to a small group of internet users
for pilot testing. 30 participants are requested to respond the designed questionnaire online.
Based on their responses, we can slightly modify the questionnaire. In 8 defined elements,
we adjust the descriptions of questions, including changing terms and marking keywords
in red.

Then, we attempt to collect some representative samples from the internet. In this study,
those who have online learning experiences will be our survey target. Random sampling
will be used. To make sure that we can get right samples, first, we organize an email list
which contains almost 1,500 contact persons. From October 2019 to February 2020, we
randomly sent requests to about 1,000 persons to respond our online questionnaire which
can make sure they have experiences of seeing teaching films. Those learners might have
experiences of e-learning will be requested to respond our questionnaire.

Step 5: Implement Re-fined Kano Model analysis

The main purpose of this step is to analyze the collected data to determine the catego-
rization of elements. In this step, we analyze the collected data by Re-fined Kano model.
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Table 3 Kano evaluation table

31] Customer require- Dysfunctional

ments

Like Must-be Neutral Live with Dislike

Functional Like Q A A A (6]
Must-be R I 1 1 M
Neutral R I I I M
Live with R I I I M

Dislike R R

=
=
l®)

Note: A: Attractive, O: One-dimensional, M: Must-be, I: Indifferent,
R: Reverse, Q: Questionable.

Table 4 Quality element categorization in Kano Model and Refined Kano Model

Kano model Refined Kano Model

High importance Low importance
Attractive Quality High Attractive Quality Less Attractive Quality
One-dimensional Quality High Value-Added Quality Low Value-Added Quality
Must-be Quality Critical Quality Necessary Quality
Indifferent Quality Potential Quality Indifferent Quality

By combining the two answers in the Kano evaluation table, we can categorize learner’s
requirements into a category of Kano model. Based on the learner’s answers to Q1 (func-
tional) and Q2 (dysfunctional), we can then find the categorization (Attractive, One-dimen-
sional, Must-be, Indifferent, Reverse & Questionable) of that the design element according
to Table 3.

Then, we have to masure the importance level. If one leaner’s importance score is higher
than the average value, the element will be categorized into attributes of high importantce
(High Attractive Quality, High Value-Added Quality, Critical Quality & Potential Qual-
ity). If one leaner’s importance score is lower than the average value, the element will be
viewed as attributes of low importantce (Less Attractive Quality, Low Value-Added Qual-
ity, Necessary Quality, Indifferent Quality). Table 4 provides the comparison of quality
element categorization between Kano and Re-fined Kano model.

Step 6: Implement decision tree analysis

In this step, we attempt to extract advanced knowledge from the collected data. We use
the background data of learners to predict their quality element categorization. The input
variables include gender, age, design expertise, e-learning platform, usage length, usage
frequency, and viewing time. And the output should be specific design element with its
categorization. Then, we can construct decision trees. The detailed steps to build a decision
tree are as follows.

Step 6.1: Determine the input and output variables of the decision tree

Step 6.2: Use C5.0 algorithm to construct a decision tree
Step 6.2.1: Establish the initial rule tree
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Step 6.2.2: Prune this rule tree and increase readability
Step 6.2.3: Select the best performing rule tree
Step 6.3: Pick a tree whose performance is the best among all constructed trees

In this step uses fivefold cross validation experiment and construct a decision tree for
each fold of data. In other words, the collected data set will be divided into 5 equal sized
sets and each set is then in turn used as the test set. Beside test set, we use other 4 sets as
our training set to build decision trees. Therefore, we will have 5 trees. Finally, the tree
which has the best performance will be left for further analysis.

Step 7: Draw a conclusion

Finally, from the results of steps 5 and 6, we find the important design elements of
teaching films, understand the learners’ thinks, and then we can draw conclusions based on
them.

3.2 Anlllustrative Example

Let’s take the element “arrow cueing” as an example. For this element, according to the
definition of “arrow cueing” mentioned in Table 9, we can create two Kano style question
items and one importance question item, as follows.

Q1: How would you feel if we use “arrow cueing” to mark the location of the key points,
so that the learner can directly and quickly see the learning target that needs to be paid
attention to (See Fig. 2a)? (A)Like (B) Must-be (C) Neutral (D) Live with (E) Dislike
Q2: How would you feel if we DON’T use “arrow cueing” to mark the location of the
key points, so that the learner can directly and quickly see the learning target that needs
to be paid attention to (See Fig. 2b)? (A)Like (B) Must-be (C) Neutral (D) Live with (E)
Dislike

Q3: How would you feel the importance of “arrow cueing”? (A)Very important (B)
Important (C) Neutral (D)Unimportant (E)Very unimportant

If one learner’s answers to Q1 (functional) and Q2 (dysfunctional) are “Like” and
“Must-be”, respectively. According to Table 3, we can then find that the design element

“arrow cueing” will be considered as an “attractive” quality factor for Kano analysis. Next,
based on results of Kano analysis (attractive quality), we can get results of Re-fined Kano

Functional question Dystfunctional question

. B
@)

(b)

Fig.2 An example of question items of “arrow cueing” design element
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model based on Q3 (importance). From Table 4, if the answer of Q3 is larger than the aver-
age value of all samples for this element, the categorization of Re-fined Kano model will
be “High Attractive Quality”. If the answer of Q3 is smaller than the average value of all
samples, the categorization of Re-fined Kano model will be “Less Attractive Quality”.

Next, we use basic information of responders, including gender, age, design expertise,
digital learning platform, the frequency of using instructional videos, and so on to be our
input variables. Categorization results of Kano analysis of one specific element will be our
output variable (class). In this case, we use results of Kano analysis of “arrow cueing” as
our output variable. After implement decision tree algorithm, we can have three knowledge
rules listed as below. From these rules, we can know male responder whose age is below
30 years old and have no design expertise; the length of their viewing video is less than
4 min; and think the importance of arrow cueing element is a little bit important. Then,
they will consider “arrow cueing” element is “attractive”.

Rule #1
IF Gender = Male AND Age < 30 AND Design expertise = NO

AND Average video viewing time < =4 Min AND Importance =3 ~4.
THEN Arrow cueing = Attractive.

Rule #2

IF Age > =30 AND Average video viewing time =4 ~20 Min AND Importance > 3.
THEN Arrow cueing = Attractive.

Rule #3

IF Design expertise =NO AND Frequency> =3 times per week AND Importance > 4.
THEN Arrow cueing = Attractive.

4 Implementation and Results
4.1 Quality factors of keyword advertisements

In this study, eight elements including “visual cues” and “emotional design” are designed
in the teaching videos (animation). The element names and their academic supports are
shown in Table 5. Next, the 8 designed elements will be reviewed by 5 domain experts.

Table 6 provides their brief background including education and service length in design
or online teaching areas. After reviewing designed elements in teaching animation, they
provide some opinions and modification suggestions which are summarized in Tables 7
and 8. These five experts have many years of experience in the field of design or teaching,
so they can give objective suggestions on the design elements in the teaching film.

According to the comprehensive opinions given by the experts in Table 8, the experts
believe that the presentation of visual cues in the teaching film needs to have a sense of
rhythm, and the color matching of the overall picture is also very important. The font and
typeface need to be fine-tuned according to the aspect ratio of the teaching film to clearly
present the knowledge content. In “personification” part, they think that there is still the
possibility of blurring the focus. Finally, eight design elements and their definitions, sup-
ports have been summarized in Table 9.
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Table 5 Design elements and

their academic supports No Design elements Supports

1 Arrow cueing Imbhof et al. [29]

2 Dynamic arrow cueing Imhof et al. [29]

3 Spreading-color cues Boucheix et al. [7]

4 Cueing method Mayer [46]

5 Font style Kumar et al. [35]

6 Color application Uzun et al. [71]

7 Personification Dalacosta et al.
[13] & Uzun
etal. [71]

8 Audiovisual complementarity Uzun et al. [71]

Table 6 Background of domain experts

Expert Education Length of service
in related industry
(years)

A Bachelor of Visual Communication Design 8

B Bachelor of Visual Communication Design 12

C Master of Multimedia Design Institute 8

D Master of Business Design Institute 20

E PhD in Information Engineering 13

Table 7 Expert suggestion about

. . Expert A
revising design element

Design element

Arrow cueing

Dynamic arrow cueing
Spreading-color cues

Cueing method

Font style X
Color application

Personification X
Audiovisual complementarity

X
X X
X
X
X X X
X

Note: “X” represents “this design element should berevised”

4.2 The collected data

This study mainly investigates learners who have used instructional videos, and issue
online questionnaires to allow respondents to watch the design elements of the video
while answering question items. A total of 316 online questionnaires were collected.
After manual examination, excluding invalid questionnaires with incomplete answers

and contradictory questions, there are 309 valid questionnaires.
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Table 8 Summary of 5 experts’ suggestions

Design element Suggestions

Arrow cueing The presentation of the arrow zooms in again

Dynamic arrow cueing The way of dynamic presentation is plain, lack of rhythm and not obvious
Spreading-color cues The red is indeed conspicuous, but the overall color scheme is slightly

improper, so you should choose a brighter tone. The visual perception
is messier and the rhythm is slower

Font style The font should be adjusted according to the aspect ratio of the teaching
video, such as 2 K or 4 K
Personification The focus will be blurred in the teaching video

Table 10 shows the basic statistics of 309 respondents. In terms of gender distribution,
“male” accounted for 38%, and “female” accounted for 62%. Regarding age, the propor-
tion of 254 persons with “18-30 years old” accounted for the most 82%, followed by the
proportion of “30-50 years old” with 34 persons accounting for 11%. The most commonly
used digital learning platform is ““YouTube” (93%). In terms of the distribution of "whether
the expertise is related to design”, 76 people with “yes” account for 25%, and 233 people
with “no” account for 75%. Most people’s expertise is not design-related. About the ques-
tion “How long have been using instructional videos?”, the proportion of “less than half a
year” was 33%, followed by the proportion of “three years or more” accounting for 23%.
Regarding “How often did you use the teaching videos to learn in the past month?” the
number of “less than three times a week” was 215, accounting for 70%, followed by “three
to five times a week” with 56 samples, accounting for 18%. About “the average length of
time you watched an instructional video for learning in the past month”, the number of
people with “4-20 min” accounted for 54%, followed by those with “4 min (inclusive) or
less” accounted for 26%.

4.3 Theresults
4.3.1 Refined Kano analysis

First, eight design elements were analyzed by Kano Model, and results have been summa-
rized in Table 11. From this table, it can be found that the “dynamic arrow cueing” belongs
to the “attractive quality”, which means that in the instructional video, the instructional
designer will not make the learner dissatisfied even if the instructional designer does not
provide this design element. But, when the instructional designer provided this element in
video, it will increase learners’ satisfaction. “Font style” belongs to the “must-be quality”,
which means that this design element must have but does not affect the increase of satisfac-
tion, and not having it will increase the learner’s dissatisfaction with this design element.
Besides, “arrow cueing”, “spreading-color cues”, “cueing method”, “color application”,
“personification” and “audiovisual complementarity” have been categorized into “indiffer-
ent qualities,” which means that the presence or absence of these design elements does not
affect learners’ satisfaction and dissatisfaction. And, we can find that most of the quality
factors are indistinguishable, so we use the Refine Kano Model for in-depth analysis.
Results of Refine Kano Model analysis also could be found in Table 10. We can find
that “dynamic arrow cueing” are classified as “highly attractive quality”. This means
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Table 9 The designed elements (functional) and their definitions

Element Definitions Teaching film screenshot

Use the “arror cueing” to mark the location of
the key points, so that the learner can directly
Arrow and quickly see the learning target that needs to
cueing be paid attention to. As shown in the right
screenshot, the red arrow is used to mark the
action component that is being explained.

Using “dynamic arrow cueing” as the path of
operation, through this method, learners can
Dynamic better understand the relationship between

arrow objects. As shown in the right screenshot, the

cueing “Dynamic Arrow Cue” passes through the
piano keys and then affects the operation of the
spring and jack.

Here we refer to the work of Boucheix et al.
[7], and apply the original arrow color gradient
prompt to the components of the action. Using
the method of “color gradient reminder applied
to the material”, red represents the active place.
Spreading- | Through this method, the learner can
colour understand the operation and stop operation of
cues apply | the object, and make the operation method
to material | more clear.

As shown in the screenshot on the right, the
gradual red color starts from the right side of
the key until the key becomes completely red,
indicating that the key is struck and is about to
affect the ejector.

This design element is prompted by the
change of color. This method is used in
individual explanations. The objects that need
to be explained are emphasized with bright and

S;f}l:)%_ saturated colors, and other objects are changed
Contra . to dark colors, so that learners can focus on the

Y learning goal. For example, when using this
to cueing

method to illustrate the keys in the picture on
the right, the remaining part is dimmed. When
using this method to describe the ejector rod,
the keys are changed to dimmed colors.

This element refers to the literature of Kumar
et al. [35]. The Kristen ITC font and 24pt
mentioned in the literature are applied to the
Font style: | text to attract learners to watch the knowledge
24pt content in the video, and it is easy to read. As
shown in Figure right hand side, when
describing individually, use Kristen ITC font
and 24pt to introduce component names.

that this design element is of high importance and can have a great appeal to learners.
Therefore, instructional designers need to invest more in this design element as a tool
to attract learners to watch instructional videos and guide correct learning goals. “Font
style” is classified as “critical quality”. It means that in addition to the essential exist-
ence of this design element, it is also highly valued by learners. Consequently, instruc-
tional designers must try their best to maintain this design element. Additionally,
“arrow cueing”, “spreading-color cues”, “color application” and ‘“audiovisual com-
plementarity” have been considered as “indifferent qualities.” It means that learners
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Table9 (continued)

Element Definitions Teaching film screenshot

Color

;afphca};(})]e This element refers to the study of Uzun et al.

fc;re roun [71]. Use bright warm colors as the main color

d g color of the learning objectives to attract the learners'

uses bricht attention. As shown in the picture on the right,

warm & when the stringer is bright and warm and the

colors  as background is blue, the stringer can be

the main highlighted.

color

This element refers to the design of Uzun et
al. [71]. Add inanimate objects to the five
senses or limbs of the characters to attract the
learners' attention and interest, and guide the
Personific | attention of the learning goals. As shown in the
ation picture on the right, the hand that hits the
keyboard uses white gloves, eyes, mouth, and
limbs instead of real hands. When the glove
goes to the stringer and presses the key, it is
guiding the learner to operate the stringer.

‘When the object is operating, the sound effect

Sudlovlsu that matches the object itself can attract the
compleme learner's attention in addition to the sound
P effect related to the learning goal. For example,
ntarity: . . . > .
Apply  to in the teaching video, the action of the stringer
. hits the strings and the sound effect of the
operation . . .
mode piano can make learners notice that the action

mode of the stringer is completed.

will not pay too much attention to these design elements, so instructional designers
can choose to eliminate them to reduce costs. The “Cueing method” and “personifica-
tion” are classified as “potential qualities.” This means that these two design elements
are only temporarily indifferent quality. Due to the phenomenon of rising importance,
teaching designers cannot ignore this design element.

4.3.2 Decision trees

In this study, eight variables, “gender”, “age”, “design expertise”, “most commonly
used video learning platform”, “use of teaching video learning time”, “average use of
teaching video learning frequency”, “average learning time spent watching a teach-
ing video” and “importance” are used as input variables, and the Kano model element
categorization results are used as output variables. Through decision tree analysis, in-
depth analysis of the key conditions that affect the design element categorization. To
have a stable performance, we implement tenfold cross validation experiment. There-
fore, for each output variable, we construct 10 trees. Table 12 summarize the perfor-
mances of decision trees in eight elements.

From Table 12, we could find the average accuracies are not good. Therefore, for
each element, we only pick the tree with best performance for later analysis. And, the
best classification accuracy of “cueing method” element is below 50% and it has been
removed. The selected trees with the best performance are shown in Table 13.
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Table 12 Summary of results

of decision tree with different Output variable Accuracy
output variables Mean Standard
(%) Deviation
(%)
Arrow cueing 45.1 5.5
Dynamic arrow cueing 53.4 35
Spreading-color cues 48.1 2.8
Cueing method 349 74
Font style 52.6 3.1
Color application 45.4 3.1
Personification 50.2 5.6
Audiovisual complementarity 449 6.5

5 Discussions

According to the results of the stratification analysis listed in Table 14, we can find
that design expertise and non-design expertise have some differences. “Design exper-
tise” learners pay more attention to the balance of the overall picture, so for the “arrow
cueing” and “cueing method,” they hope that the text and the visual cues will be bal-
anced, so they think these two design elements are very important. “Non-design exper-
tise” learners pay attention to whether they clearly receive the correct learning goals,
so the lack of “arrow cueing” and “cueing methods” will not affect their dissatisfac-
tion improvement, but proper use can help them to understand knowledge and increase
satisfaction. Therefore, this study suggests that instructional designers mainly provide
“cueing methods” for “design expertise” learners as a balance between visual impact
and knowledge content, and occasionally provide “dynamic arrow cues” as a method to
guide learning goals and increase satisfaction. For “non-design expertise” learners, we
can mainly provide “font style” so that learners can acquire knowledge content more
clearly, and occasionally provide “dynamic arrow cues” and “cueing methods” as meth-
ods to guide and focus on learning goals. This will increase satisfaction.

Regarding online learning experience, learners of “less than half a year” need to
understand “how to quickly find learning goals” and “how to learn to watch teaching
videos,” so they need “cueing methods” and “font style” to help learners. “More than
half a year” learners have experience in using instructional videos, so they can directly
focus on the correct learning goals. This means that the “cueing method” can help learn-
ers find learning goals more, but does not have it and does not affect learners to acquire
knowledge. “Font style” can help explain that the design element must be used con-
tinuously. Therefore, this research suggests that instructional designers mainly use the
“cueing method” for learners who are “less than half a year old” to focus on the correct
learning goals, and use the “font style” to clearly explain the learning goals and meth-
ods. Designers can occasionally provide “dynamic arrow cues.” In addition to guiding
learning goals, it can also greatly increase satisfaction. For learners of “more than half
a year”, we should occasionally provide “dynamic arrow cues” and “cueing methods”
as methods to guide and focus on learning goals can also greatly improve satisfaction.
“Font style” is appropriately provided as an aid to explain the content of knowledge.
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Table 14 Results of stratification analysis

Stratification variable

Design expertise

Design expertise

Non-design expertise

Arrow cueing

Cueing method

Font style
Stratification variable

Cueing method
Font style
Stratification variable

Cueing method

Font style

Personification

Audiovisual complementarity

Stratification variable

Font style

Potential (41.79%)

High Value-Added (25.37%)
Indifferent (28.77%)

Usage experience

<0.5 year

High Value-Added (28.57%)
High Value-Added (21.88%)
Usage frequency

<3 times per week

High Value-Added (24.62%)
High Value-Added (21.63%)
Indifferent (36.68%)
Indifferent (31.19%)

Length of viewing video

< =4 min

High Value-Added (23.61%)

Indifferent (30.05%)
High Attractive (26.54%)
High Value-Added (22.62)

> =0.5 year
High Attractive (25.74%)
Critical (22.22%)

> =3 times per week
High Attractive (31.33%)
Critical (29.07%)

High Attractive (34.94%)
Less Attractive (24.14%)

>4 min
Critical (21.62%)

In terms of the frequency of using instructional videos, the needs of learners of “less
than three times a week” and “more than three times a week” are also different. Learners
with “less than three times a week” have a limited usage frequency per week, and each
time they use it, they must pay attention to the learning goals directly and quickly. So, they
hope to provide more “cueing methods” and “font styles” elements. The learners of “more
than three times a week”, because of the high frequency of use, in addition to the knowl-
edge content, will gradually be attracted by the learning-related design elements, so they
will pay attention to the “cueing method” and “personification”. The “audiovisual comple-
mentarity” has a certain appeal but is not very effective. Therefore, this research suggests
that instructional designers should mainly provide “cueing methods” for learners who have
less usage frequency to focus on learning goals and provide “font style” element to clearly
explain the knowledge content. And it could occasionally provide “dynamic arrow cues”,
in addition to guiding learning goals, it can also greatly improve satisfaction. For learners
who have high usage frequency, they can occasionally be provided “dynamic arrow cues”,
“cueing methods” and “personification” elements, which not only have the effect of attract-
ing attention, but also enable learners to acquire knowledge while increasing satisfaction.
“Font style” element can be provided appropriately. As for “audiovisual complementary”,
the decision to provide is based on time cost.

Considering the length of the video, it turns out that learners of “less than 4 min” and
“more than 4 min” differ only in the element of “font style”. For learners of “less than
4 min”, under the time compression, it is more necessary to clearly explain the knowledge
content. For learners of “more than 4 min”, when watching the video, there is enough time
for the video to show the design elements, and the text description can assist in the expla-
nation. Therefore, this research suggests that instructional designers mainly provide “font
style” for learners “less than 4 min” so that the knowledge content can be fully explained,
and “dynamic arrow cues” and “cueing methods” as guidance and focus on learning goals.
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The “dynamic arrow cues” and “cueing method” for learners of “more than 4 min” as a
method to guide and focus on learning goals can also greatly increase satisfaction. “Font
style” provides appropriate information that can help explain the complete knowledge
content.

6 Conclusions

Teaching videos are part of e-learning content, and they are also the learning methods clos-
est to people’s lives. When people use instructional videos for learning, they all hope to
acquire knowledge quickly and clearly. Therefore, instructional designers play an impor-
tant role between learners and teaching materials, including multimedia, animation, and
video. These designers must use each design element carefully to maximize the effective-
ness of teaching films, to combine learning objectives with multimedia teaching materi-
als, to achieve interaction, and to convey teaching content to learners more effectively and
accurately.

At present, most of the researches on multimedia teaching materials only discussed
learning effectiveness or satisfaction. When one design element has learning effectiveness
or is highly satisfied, the designer will be recommended to use this design element. How-
ever, the results analyzed only through learning effectiveness and satisfaction. They are not
accurate enough. In addition, when design elements are considered by designers, they often
fail to consider the views of learners, and the ideas of these users usually are the key to
the success of e-learning materials. Therefore, this study attempts to use the Refined Kano
Model and decision tree model to conduct a two-dimensional quality analysis and clas-
sification based on the learner’s satisfaction and importance of the design elements in the
instructional video, and give designers instructions and suggestions.

In this study, we defined 8 design elements through analyzing literatures which is
regarding e-learning, design elements, emotional design, etc. Through the online question-
naire, a teaching video which includes designed elements is presented so that learners can
understand the design elements and respond. In results of Refined Kano Model analysis,
we found that “dynamic arrow cueing” is classified as “highly attractive quality”. “Font
style” is classified as “key quality”. “Cueing method” and “personification” are classified
as “potential quality”. “Arrow cueing”, “Spreading-color cues”, “color application” and
“audiovisual complementarity” are classified as “indifferent quality.”

Therefore, through the analysis of the Refined Kano Model, it is found that “dynamic
arrow cues” are very important to learners. It can also improve learners’ satisfaction while
guiding learning goals, indicating that instructional designers should make good use of
this design element and become a weapon for teaching videos. The analysis result of “font
style” shows that the configuration and style of this design element are of great importance
to learners, which means that instructional designers must try their best to maintain the use
of this element.

This study uses respondents’ basic data variables to conduct a stratification analysis,
and gives advices to instructional designers for different types of learners, as shown in
Table 15. Among them, “mainly provided” means that the learner’s satisfaction is directly
proportional to the degree of provision and is of high importance. “Occasionally provided”
means that when the design elements are not yet provided, it will not make the learners dis-
satisfied with the instructional video, but when the design elements are provided, the learn-
er’s satisfaction can be greatly improved, because the learner does not expect this design
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Table 15 Suggestions from results of stratification analysis in Refined Kano Model

Suggestions Mainly provided Occasionally provided Appropriately provided
Classification
Design expertise o Cueing method e Dynamic arrow cues
Non-design expertise o Font style e Dynamic arrow cues
o Cueing method
Less than 0.5 year o Cueing method e Dynamic arrow cues
More than 0.5 year e Dynamic arrow cues e Font style
o Cueing method
Less than 3 times a week o Cueing method e Dynamic arrow cues
o Font style
More than 3 times a week e Dynamic arrow cues o Font style

o Cueing method
o Personification

Less than 4 min o Font style e Dynamic arrow cues
o Cueing method

More than 4 min e Dynamic arrow cues o Font style
o Cueing method

Overall e Dynamic arrow cues o Font style
o Cueing method

element to help him gain knowledge more easily. And “appropriately provided” means that
the learner believes that the design element must exist in the instructional video, but it does
not need to be excessive if it is appropriate.

Table 16 summarizes the important variables extracted in knowledge rules by decision
trees. The important variables affect the categorization of design element. For example,
for “arrow cueing”, gender, age, design expertise, frequency, length, and importance are
important variables. The information listed in Tables 15 and 16 could provide instructional
designers valuable knowledge for designing good quality teaching films.

Some possible directions for future researches could be found as follows. Firstly, this
study focuses on individual design elements, we can try to combine different design ele-
ments in the future to find more applications. Otherwise, future works could try differ-
ent innovative design elements to enhance the learning performance of teaching videos.

Table 16 The important variables in decision trees

Variables Gender Age Design  Plat- Experi- Fre- Length Impor-
Element expertise form  ence quency tance
Arrow cueing v v v v v v
Dynamic arrow cueing v v v v v
Spreading-color cues v v v v v v v
Cueing method v v v v v v v
Font style v v v v v v v v
Color application v v v v v v
Personification v v v v v v v
Audiovisual complementarity v/ v v v v v v
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Secondly, this study uses a questionnaire survey to analyze the collected examples through
the Refined Kano Model and decision tree to find the needs of learners. In the future, eye
trackers could be used to find which kind of design elements can attract learners’ attention.
Thirdly, virtual reality devices and social media could be involved to design more innova-
tive teaching videos. Fourthly, future researches can provide games for quizzes after watch-
ing instructional videos to understand whether the design elements correctly guide learners
to focus on the correct learning goals. Last but not the least, because of the COVID-19
epidemic, there will be more and more demand for distance learning. Consequently, we can
also conduct research on the design elements applied to distance learning, and find out the
design elements that can enhance learning performance.

Acknowledgements This work was supported in part by the Ministry of Science and Technology of Tai-
wan, R.O.C. (Grant No MOST 110-2410-H-324-003).
Not applicable.

Declarations

Conflicts of interest To the best of our knowledge, the named authors have no conflict of interest.

References

1. Abachi HR, Muhammad G (2013) The impact of m-learning technology on students and educators.
Comput Hum Behav 30:491-496
2. Al-Hoqani WMA, Regula T (2021) A semi automated assessment and marking approach of decision
tree diagram. Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2021.01.708
3. Ali S, Hafeez Y, Abbas MA et al (2021) Enabling remote learning system for virtual personalized
preferences during COVID-19 pandemic. Multimedia Tools and Applications. https://doi.org/10.1007/
s11042-021-11414-w
4. Apichaya N, Worapat P, Suwannit CC (2019) Enhancing user experience for mobile learning using
augmented reality and learning style. Journal of University of Babylon, Pure and Applied Sciences
27:345-355
Arvidsson A, Delfanti A (2019) Introduction to digital media. Wiley Blackwell, Hoboken, NJ
6. Beege M, Ninaus M, Schneider S, Nebel S, Schlemmel J, Weidenmiiller J, Moeller K, Rey GD (2020)
Investigating the effects of beat and deictic gestures of a lecturer in educational videos. Computers &
Education 156:103955
7. Boucheix JM, Lowe R (2010) An eye tracking comparison of external pointing cues and internal con-
tinuous cues in learning with complex animations. Learn Instr 20:123-135
8. Brame CJ (2016) Effective educational videos: Principles and guidelines for maximizing student learn-
ing from video content. CBE Life Sciences Education 15:es6.1-es6.6
9. Canham M, Hegarty M (2010) The effect of knowledge and display design on comprehension of com-
plex graphics. Learn Instr 20:155-166
10. Chen, L. and Hsu, J. (2019), Discover Users’ Needs in e-Learning by Kano Analysis and Decision
Trees, 2019 IEEE 6th International Conference on Industrial Engineering and Applications (ICIEA),
2019, pp. 572-576, https://doi.org/10.1109/IEA.2019.8714873.
11. Chen SH, Pai FY, Yeh TM (2020) Using the Importance-Satisfaction Model and Service Quality Per-
formance Matrix to improve long-term care service quality in Taiwan. Applied Sciences 10:85
12. Chen X, Zheng J, Du Y, Tang M (2020) (2019), “Intelligent course plan recommendation for higher
education: A framework of decision tree.” Discret Dyn Nat Soc 7140797:1-11
13. Dalacosta K, Kamariotaki-Paparrigopoulou M, Palyvos JA, Spyrellis N (2009) Multimedia application
with animated cartoons for teaching science in elementary education. Comput Educ 52:741-748
14. Daumiller, M., Janke, S., Hein, J., Rinas, R., Dickhauser, O., Dresel, M. (2021), “Do teachers’ achieve-
ment goals and self-efficacy beliefs matter for students’ learning experiences? Evidence from two
studies on perceived teaching quality and emotional experiences,” Learning and Instruction, 101458,
https://doi.org/10.1016/j.learninstruc.2021.101458.
15. Desmet P (2002) Designing emotion. doctoral thesis. Delft University of Technology, Netherlands

4

@ Springer


https://doi.org/10.1016/j.matpr.2021.01.708
https://doi.org/10.1007/s11042-021-11414-w
https://doi.org/10.1007/s11042-021-11414-w
https://doi.org/10.1109/IEA.2019.8714873
https://doi.org/10.1016/j.learninstruc.2021.101458

Multimedia Tools and Applications (2022) 81:8317-8347 8345

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.
39.

40

41.

Docimini G, Palumbo F (2013) How to build an e-learning product: Factors for student/customer
satisfaction. Bus Horiz 56:87-96

Dong C (2010) Interface design, positive emotions and multimedia learning. In: Song H, Kidd TT
(eds) Handbook of research on human performance and instructional technology. Information Sci-
ence Reference, Hershey, PA, pp 182-194. https://doi.org/10.4018/978-1-60566-782-9.ch011
Expésito A, Sanchez-Rivas J, Gomez-Calero MP, Pablo-Romero MP (2020) Examining the use of
instructional video clips for teaching macroeconomics. Computers & Education 144:103709
Ferreira DC, Marques RC, Nunes AM, Figueira JR (2018) Patients’ satisfaction: the medical
appointments valence in Portuguese public hospitals. Omega 80:58-76

Fredrickson BL, Branigan C (2005) Positive emotions broaden the scope of attention and though-
action repertoires. Cogn Emot 19:313-332

Frijda NH (1993) Moods, emotion episodes, and emotions. In: Lewis M, Haviland JM (eds) Hand-
book of emotions. Guilford Press, NewYork, pp 381-403

Halabi O (2020) Immersive virtual reality to enforce teaching in engineering education. Multime-
dia Tools and Applications 79:2987-3004. https://doi.org/10.1007/s11042-019-08214-8

Hamoud A, Hashim AS, Awadh WA (2018) Predicting student performance in higher education
institutions using decision tree analysis. International Journal of Interactive Multimedia and Artifi-
cial Intelligence 5(2):26-31

Harp SF, Mayer RE (1997) The role of interest in learning from scientific text and illustrations: On
the distinction between emotional interest and cognitive interest. ] Educ Psychol 89:92-102
Hegarty M, Canham MS, Fabrikant SI (2010) Thinking about the weather: how display salience
and knowledge affect performance in a graphic inference task. J Exp Psychol Learn Mem Cogn
36:37-53

Heidig S, Miiller J, Reichelt M (2015) Emotional design in multimedia learning: Differentiation on
relevant design features and their effects on emotions and learning. Comput Hum Behav 44:81-85
Hoffler, & Leutner, (2007) Instructional animation versus static pictures: a meta-analysis. Learn
Instr 17:722-738

Ilgaz H, Altun A, Askar P (2014) The effect of sustained attention level and contextual cueing on
implicit memory performance for e-learning environments. Comput Hum Behav 39:1-7

Imhof B, Scheiter K, Edelmann J, Gerjets P (2013) Learning about locomotion patterns: Effective
use of multiple pictures and motion-indicating arrows. Comput Educ 65:45-55

Kabra RR, Bichkar RS (2011) Performance prediction of engineering students using decision trees.
International Journal of Computer Applications 36(11):8-12

Kano N, Seraku N, Takahashi F, Tsuji S (1984) “Attractive quality and must-be quality”, Hinshitsu.
The Journal of the Japanese Society for Quality Control 14:39-48

Kaya N, Epps H (1998) Relationship between color and emotion : A study of college students. Coll
Stud J 38:396-406

Knautz, K. (2012), “Emotion felt and depicted : consequences for multimedia retrieval,” in Index-
ing and Retrieval of NonText Information, D. R. Neal, Ed. Berlin, Boston, MA: De Gruyter Saur,
pp- 343-375.

De Koning BB, Tabbers HK, Rikers RMIJP, Paas F (2009) Towards a framework for attention cue-
ing in instructional animations: guidelines for research and esign. Educ Psychol Rev 21:113-140
Kumar JA, Muniandy B, Yahaya WAJW (2016) Emotional design in multimedia learning: How
emotional intelligence moderates learning outcomes. International Journal of Modern Education
and Computer Science 8:54—63

Kumins NH, Qin VL, Driscoll EC, Morrow KL, Kashyap VS, Ning AY, Tucker NJ, King AH,
Quereshy HA, Dash S, Grobaty L, Zhou G (2021) Computer-based video training is effective in
teaching basic surgical skills to novices without faculty involvement using a self-directed, sequen-
tial and incremental program. The American Journal of Surgery 221(4):780-787. https://doi.org/
10.1016/j.amjsurg.2020.08.011

Lai, H., Lu, M. (2021), Dynamic VR Display System of Digital Garment Display Design Based on
5G Virtual Reality Technology. In: Atiquzzaman M., Yen N., Xu Z. (eds) Big Data Analytics for
Cyber-Physical System in Smart City. BDCPS 2020. Advances in Intelligent Systems and Comput-
ing, vol 1303. Springer, Singapore. https://doi.org/10.1007/978-981-33-4572-0_171

Lazarus RS (1991) Cognition and motivation inemotion. Am Psychol 46:352-367

Lidwell W, Holden K, Butler J (2003) Universal principles of design. Rockport Publishers,
Gloucester

Lohr L (2007) Creating graphics for learning and performance: lessons in visual literacy. Pearson
Prentice Hall, Upper Saddle River, New Jersey

Lowe R (2004) Interrogation of a dynamic visualization during learning. Learn Instr 14:257-274

@ Springer


https://doi.org/10.4018/978-1-60566-782-9.ch011
https://doi.org/10.1007/s11042-019-08214-8
https://doi.org/10.1016/j.amjsurg.2020.08.011
https://doi.org/10.1016/j.amjsurg.2020.08.011
https://doi.org/10.1007/978-981-33-4572-0_171

8346 Multimedia Tools and Applications (2022) 81:8317-8347

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56

57.

58.

59.

60.

61.

62.

63

64.

65.

66.

67

68.

Matthew LB, Jeffrey AG, Helen C (2019) Mobile technology, learning, and achievement: Advances
in understanding and measuring the role of mobile technology in education. Contemp Educ Psychol
58:1-34

Mautone PD, Mayer RE (2007) Cognitive aids for guiding graph comprehension. J Educ Psychol
99:640-652

Mayer RE (2005) Cognitive theory of multimedia learning. In: Mayer RE (ed) The Cambridge hand-
book ofmultimedia learning. Cambridge University Press, New York, pp 3148

Mayer RE (2009) Multimedia Learning. Cambridge University Press, New York, USA

Mayer RE (2019) Thirty years of research on online learning. Appl Cogn Psychol 33:152-159

Miller C, Veletsianos G, Hooper S (2006) Demystifying aesthetics: an exploration of emotional
design. In Proceedings of the ninth IASTED international conference computers and advanced tech-
nology in education. Lima, Peru, pp 15-20

Moller G, Wiesbeck AB, Prenzel M (2015) Fostering professional communication skills of future phy-
sicians and teachers: Differential effects of e-learning and role-play. Instr Sci 43:443-462

Moridis CN, Economides AA (2008) Toward omputeraided affective learning systems: a literature
review. Journal of Educational Computing Research 39:313-337

Nezlek JB, Vansteelandt K, Mechelen IV, Kuppens P (2008) Appraisal-emotion relationships in daily
life. Emotion 8:145-150

Norman, & Donald, A (2004) Emotional design. Basic Books, New York

Nuguri SS, Calyam P, Oruche R et al (2021) vSocial: a cloud-based system for social virtual reality
learning environment applications in special education. Multimedia Tools and Applications 80:16827—
16856. https://doi.org/10.1007/s11042-020-09051-w

Oatley K, Johnson-Laird PN (1987) Towards a cognitive theory of emotions. Cogn Emot 1:29-50
Ortony A, Clore GL, Collins A (1988) The Cognitive structure of emotions cambridge. Cambridge
University Press, UK

Pass, & Sweller (2014) Implications of cognitive load theory for multimedia learning. In: Mayer RE
(ed) The Cambridge Handbook of Multimedia Learning. Cambridge University Press, New York, NY,
pp 39-54

Pi Z, Xu K, Liu C, Yang J (2020) Instructor presence in video lectures: Eye gaze matters, but not body
orientation. Computers & Education 144:103713

Plass JL, Heidig S, Hayward EO, Homer BD, Um E (2014) Emotional design in multimedia learning:
Effects of shape and color on affect and learning. Learn Instr 29:128—140

Raihan MA (2017) Interface design, emotions, and multimedia learning for TVET. In Proceedings
of the 1st International Conference on Engineering Research and Practice. Dhaka, Bangladesh, pp
116-125

Rebollo C, Remolar I, Rossano V et al (2021) Multimedia augmented reality game for learning math.
Multimedia Tools and Applications. https://doi.org/10.1007/s11042-021-10821-3

Reid DJ, Beveridge M (1986) Effects of text illustration in children’s learning of a school science topic.
Br J Educ Psychol 56:294-303

Renkl A, Scheiter K (2015) Studying visual displays: How to instructionally support learning. Educ
Psychol Rev 29:1-23

Rodrigues H, Almeida F, Figueiredo V, Lopes SL (2019) Tracking e-learning through published
papers: A systematic review. Comput Educ 136:87-98

Salmerén L, Sampietro A, Delgado P (2020) Using Internet videos to learn about controversies: Evalu-
ation and integration of multiple and multimodal documents by primary school students. Computers &
Education 148:103796

Scheiter K, Eitel A (2005) Signals foster multimedia learning by supporting integration of highlighted
text and diagram elements. Learn Instr 36:11-26

Scholl BJ (2009) What have we learned about attention from multiple-object tracking (and vice versa)?
In: Dedrick D, Trick L (eds) Computation, cognition, and Pylyshyn. MIT Press, Cambridge, MA, pp
49-77

Shoukot A (2019) Impacts of watching videos on academic performance at university level. European
Journal of Education Studies 6:114-125

Skukauskaité A, Girdzijauskiené R (2021) Video analysis of contextual layers in teaching-learning
interactions Learning. Culture and Social Interaction 29:100499. https://doi.org/10.1016/j.1csi.2021.
100499

Tsai CY, Liu TY, Lu YH et al (2020) A novel interactive assembly teaching aid using multi-template
augmented reality. Multimedia Tools and Applications 79:31981-32009. https://doi.org/10.1007/
$11042-020-09584-0

Springer


https://doi.org/10.1007/s11042-020-09051-w
https://doi.org/10.1007/s11042-021-10821-3
https://doi.org/10.1016/j.lcsi.2021.100499
https://doi.org/10.1016/j.lcsi.2021.100499
https://doi.org/10.1007/s11042-020-09584-0
https://doi.org/10.1007/s11042-020-09584-0

Multimedia Tools and Applications (2022) 81:8317-8347 8347

69.

70.

71.

72

73.

74.

76.

Um ER (2008) The effect of positive emotions on cognitive: processes in multimedia-based learning.
New York University, ProQuest Dissertations Publishing, 3308294

Um ER, Plass JL, Hayward EO, Homer BD (2012) Emotional design in multimedia learning. J Educ
Psychol 104(2):485-498

Uzun AM, Yildirim Z (2018) Exploring the effect of using different levels of emotional design features
in multimedia science learning. Comput Educ 119:112-128

Wang J, Antonenko P, Dawson K (2020) Does visual attention to the instructor in online video affect
learning and learner perceptions? An eye-tracking analysis, Computers & Education 146:103779
World Economic Forum (2015) New vision for education: unlocking the potential of technology.
World Economic Forum, Geneva. Retrieved from http://www3.weforum.org/docs/WEFUSA_New Vi
sionforEducation_Report2015.pdf. Accessed 15 Aug 2020

Yang CC (2005) The refined Kano’s model and its application. Total Qual Manag 16:1127-1137

Yeh TM, Chen SH (2014) Integrating refined Kano model, quality function deployment, and grey rela-
tional analysis to improve service quality of nursing homes. Human Factors and Ergonomics in Manu-
facturing & Service Industries 24:172-191

Yu, Z., Ye, J. (2021), Research on the Function Design of 5G Intelligent Network Connected Cars
Based on Kano Model. In: Kromker H. (eds) HCI in Mobility, Transport, and Automotive Systems.
HCII 2021. Lecture Notes in Computer Science, vol 12791. Springer, Cham. https://doi.org/10.1007/
978-3-030-78358-7_11

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Wen-Kuo Chen' - Jing-Rong Chang? - Long-Sheng Chen?® . Rui-Yang Hsu?

Wen-Kuo Chen
wkchen@cyut.edu.tw

Jing-Rong Chang
chrischang @cyut.edu.tw

Rui-Yang Hsu

j5520310@gmail.com

Department of Marketing and Logistics Management, Chaoyang University of Technology,
Taichung 413310, Taiwan

Department of Information Management, Chaoyang University of Technology, Taichung 413310,
Taiwan

@ Springer


http://www3.weforum.org/docs/WEFUSA_NewVisionforEducation_Report2015.pdf
http://www3.weforum.org/docs/WEFUSA_NewVisionforEducation_Report2015.pdf
https://doi.org/10.1007/978-3-030-78358-7_11
https://doi.org/10.1007/978-3-030-78358-7_11
http://orcid.org/0000-0002-2967-9956

	Using refined kano model and decision trees to discover learners’ needs for teaching videos
	Abstract
	1 Introduction
	2 Literature Review
	2.1 Cognitive theory of multimedia learning
	2.2 E-learning
	2.3 Design elements in teaching videos
	2.3.1 Visual Cueing
	2.3.2 Emotional Design

	2.4 Decision Trees
	2.5 Refined Kano Model

	3 Methodology
	3.1 Implemental Procedure
	3.2 An Illustrative Example

	4 Implementation and Results
	4.1 Quality factors of keyword advertisements
	4.2 The collected data
	4.3 The results
	4.3.1 Refined Kano analysis
	4.3.2 Decision trees


	5 Discussions
	6 Conclusions
	Acknowledgements 
	References




