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Abstract: In this study, the scientific puzzle film, “Story of the Comet”, is taken as a case to implement
scientific teaching to guide students to find correct answers, through which it can train their learning
and judging abilities. The students in the experimental group received the scientific teaching guiding
system of the puzzle film “Story of the Comet” with a facial emotion recognition system to recognize
the emotional reaction of the subjects at the moment. According to their facial expressions of
“disgust”, “sadness”, or “joy” appearing in the moment, the system presented differently captioned
positive encouragement cards particularly designed for four different levels, for when the subjects
answered the questions incorrectly at different levels and their emotions were detected at the same
time. Furthermore, the positive encouragement cards encouraged the subjects to complete the puzzle
film learning process. The subjects were students in the higher grades of Grade 5 and Grade 6
in elementary school. A total of 130 students participated in this experiment and were randomly
divided into two groups. Both the control group (i.e., the group without emotion recognition) and
the experiment group (i.e., the group with emotion recognition) received a before-watching test
of learning effectiveness. After implementing the scientific teaching of the puzzle film “Story of
the Comet”, both the control group and the experimental group also received an after-watching
test of learning effectiveness. Finally, the subjects filled out a “learning satisfaction” questionnaire,
“system availability” questionnaire, and “system satisfaction” questionnaire. The analysis of the
results of the two groups’ tests and questionnaires: a comparative analysis of learning effectiveness
indicates that there is a statistically significant difference between the choice answers of the two
groups after the interactive teaching; for the experimental group, the average correct answers in the
after-watching test was 5.86, which is 2.48 more than the before-watching test; that of the control
group was 4.74, which is 1.47 more than the before -watching test. For comparative analysis of
questionnaires for “learning satisfaction” and “system satisfaction”, the statistical data analysis
indicates that the experimental group was more satisfied than the control group.

Keywords: emotion recognition; puzzle film; learning satisfaction; emotion feedback;
learning effectiveness

1. Introduction

In this era, in public and private universities in Taiwan, despite teachers’ great flow of
speech on the podium, students in their seats usually mind their own business, chatting,
sleeping, eating bento, playing mobile phones and video games, and watching movies;
few students listen to teachers attentively [1]. The inattention of students at different
levels, including elementary, junior high, and senior high schools, should not vary much.
According to the concentration survey of Parenting magazine, more than 90% of teachers
from elementary and middle schools believe that students do not concentrate enough,
while “cannot understand contents in class”, “teaching methods cannot attract students”,
and “teaching contents are too simple, which they have learned in continuation class and
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daycare centers” are the three major reasons for their inattention [2]. Therefore, learning
effectiveness is very poor. How to raise students’ interest in learning and guide them
to study attentively is an important topic of the education circle. As positive emotion
improves students’ learning interest and motivation [3], by using the function of emo-
tion detection and adding emotional feedback through encouragement cards, this study
explored whether the addition of timely encouragement cards can improve the learning
effectiveness of students.

Research Question

1. Explore the relationship between emotional feedback and learning effectiveness when
watching films with emotion detection added for learning.

2. Explore the relationship between emotion detection and learning satisfaction when
using film teaching.

3. Explore the relationship between the availability of the teaching system and emotion
detection when using film teaching.

4. Explore the relationship between the satisfaction of the teaching system and emotion
detection when using film teaching.

2. Literature Review

With the rapid development of science and technology and the innovation of teaching
aids, the narrative teaching method in the classroom is no longer favored by students, and
the visualization of an image is better than purely text description in cognition [4,5]; in
the following four teaching methods—(1) digital learning by an interactive film; (2) digital
learning by a non-interactive film; (3) digital learning without using film; (4) traditional
teaching in class—comparing learning achievements based on the four different learning
environments and learning equipment, results confirmed that students viewing interactive
films in a digital learning environment achieved significantly better learning results and
higher satisfaction [6]. With both sound and light effects, films are an excellent instrument
to attract students’ attention. The audio–visual experience of film can improve students’
awareness and encourage critical thinking skills [7]. On the other hand, in addition to
the function of an oral account, films allow the teacher to replay and pause, which makes
them a good medium to promote learning [8–10]. Learning effectiveness is an indicator
for judging students’ learning outcomes. The purpose of evaluating effectiveness is to let
students become aware of their own learning situation and to serve as a basis for teachers
to improve teaching and students to improve learning. [11] Learning effectiveness is a
measure of the performance indicators or a behavior change after a student participates
in a learning activity [11,12]. Generally, we can use two data to measure the effect of
learning. The first is academic achievement, such as semester grade or test score [13,14],
and the second is learning satisfaction [15–17]. Correspondingly, Huang et al. [18], they
also use academic achievement and learning satisfaction as the two criteria to measure the
learning effect of students. Learning satisfaction can be regarded as the learner’s feelings
about learning activities [19,20], or the learner’s attitude [19] or sense of pleasure [21].
Piccoli et al. [17] and Maki et al. [16] believe that learning satisfaction expresses learners’
satisfaction with the learning process and learning results. Therefore, learning satisfaction
is a very suitable criterion for evaluating learners’ satisfaction with classroom learning.
As a result, we can further understand the learning effect of students based on academic
achievement and learning satisfaction [22].

With the rapid changes of the times, it is more important to use effective ways to
enable learners to quickly absorb the information they have learned in this fast-developing
environment. Because of this, digital learning has stood out from the digitization of
traditional methods. So far, it has evolved from inefficient computer-aided teaching to
intelligent guidance learning through intelligent classrooms and mobile devices (digital
learning by mobile equipment) [23]. In addition, studies found that observation and
recognition of the learners’ emotional status enable teachers to adopt actions of significant
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impact on teaching quality and execution to a large extent and interact with students
in more humanized ways. Therefore, an intelligent teaching system should consider
relations among emotions, perceptions, and behaviors in the learning environment [24].
It is very important to explore students’ emotions, as there are inextricably connections
between emotion and perception, which facilitates effective learning. The study also
found that perception plays a role in emotion generation. Positive emotions can actually
improve students’ learning interest and motivation [3]. Therefore, an emotion recognition
system can help teachers interact fully and accurately so as to encourage students to learn
actively. In this way, teachers will have the opportunity to monitor and propose appropriate
expression models, especially when dealing with students’ negative emotions. Therefore,
“effective emotion detection” allows the design of modular and reusable activities suitable
for students’ learning styles, which can provide stronger and powerful educational activity
planning [25]. According to the studies of Elias and Weissberg [26]; and Payton, Wardlaw,
Graczyk, Bloody, Trompsett, and Weissberg [27], if children can use emotional intelligence
in class, they can achieve better results in tests or other forms of academic performance. In
addition, the study finds the relationship between emotional factors and students’ academic
performance, which believes that students with healthy emotions have the opportunity
to succeed in college, and one of the basic mechanisms of learning is students’ active
participation. To be more exact, when a student begins to actually engage in the learning
process, the student will usually be more active rather than assume passivity or total
acceptance. In view of this, how to help students speed up their learning and obtain
better learning results have always been the research topic of many researchers who are
concerned about this issue.

Film teaching materials integrate various media materials such as images, pictures,
music, sounds, and words to present information in an appropriate way and appearance.
Therefore, it is normal to use films as a teaching aid in school teaching or in the daily
work of industry, commerce, and society. As a cognitive theory, dual coding theory was
proposed by Allan Paivio of the University of Western Ontario in 1971. Paivio believed that
the “formation of imagery is beneficial to learning”. According to Paivio, people can use
“verbal association” and “visual imagery” to further remember what they have learned [28].
Dual coding theory proposes that both visual information and verbal information are
the way to express information, which is different in their processing methods. They
are processed in different blocks of the brain, and information processed by each channel
creates its own unique representation. When learning information, if people use visual code
and verbal code at the same time, that is, generate a relevant image in visual code and link
it with a verbal code, such an ability to use the two different codes improves the chances of
remembering the item [29]. In addition, some people like to receive information through
visual modes such as charts and illustrations, while others like to obtain information by
reading or listening to verbal information; Richardson [30] called the former a “visualizer”,
while the latter is a “verbalizer”. Through the study, Richardson found that there are
obvious differences between visualizers and verbalizers in many characteristics; visualizers
tend to think specifically, while verbalizers tend to think with more abstract symbols;
visualizers like to think with physical images or mental images. Their thinking mode
is subjective and self-oriented, while the thinking mode of verbalizers is objective and
task-oriented.

According to the Cognitive Theory of Multimedia Learning of Mayer [31–33], there
are two separate channels (auditory and visual) for processing information; there is limited
channel capacity; and learning is an active process of filtering, selecting, organizing,
and integrating information. Mayer points out that “people learn more from words and
pictures” “rather than just words” [34,35]. However, only adding words to pictures is
not an effective way to achieve this goal. The purpose of multimedia learning is to make
teaching media according to people’s way of thinking. This is the basis of Mayer’s cognitive
theory of multimedia learning. When it comes to multimedia learning, the theory puts
forward three main assumptions:
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1. There are two separate channels (auditory and visual) for processing information
(sometimes referred to as Dual-Coding theory).

2. Each channel has a limited (finite) capacity, similar to Sweller’s notion of Cognitive
Load. [36,37]

3. Learning is an active process of filtering, selecting, organizing, and integrating infor-
mation based upon prior knowledge. Humans can only process a finite amount of
information in a channel at a time, and they make sense of incoming information by
actively creating mental representations.

Image, sound, action, and plots are the four characteristics of films. Combining these
characteristics, it becomes a powerful force, which is far more than the media effect of
pure text or ordinary text plus pictures. The advantage of film is that it has sound and
light effects at the same time, giving viewers extreme sensory stimulation. Therefore, it is
undeniable that film itself has a unique charm in attracting learners’ attention. Furthermore,
due to the development of digital audio–visual technology and the population of networks,
digital audio–visual information is everywhere in our daily life. Many teachers have used
film as an auxiliary tool for teaching in school classes, but the format of films is mostly
in a one-way communication mode, that is, relying on the authors’ intention to produce
and play the content of the film, and the audience is expected to watch and accept the
content. However, in the digital era, the one-way communication mode cannot meet the
information audio–visual needs of the audiences. Responding to this trend, producers
integrate new media materials and new technology and produce two-way films with
interactive characteristics, through which users can participate and even dominate the
content. In recent years, interactive films have been widely used in advertising, marketing,
education, publicity, navigation, and other aspects of daily life. Interactive films have
become an efficient instrument in education and communication.

3. Research Design and Method
3.1. Research Design

In this study, the interactive puzzle film “Story of the Comet” (Halley’s Comet) is pro-
vided to students to watch (Figure 1); the film is modeled after puzzle-solving in a scientific
teaching guidance system to study the learning process and effectiveness of students and
further confirm whether this teaching mode can improve teaching effectiveness of teachers
and learning effectiveness of students. In the experiment, when the emotion recognition
system was added—through which doubtful students were encouraged with emotion-
related feedback—to inspect the impact of emotion-related feedback on the learning process
of students.

Figure 1. Student participating in this experiment watching “The Comet’s Story” puzzle film.
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The learning effectiveness block was divided into two groups. One group was the
experimental group, and the other group was the control group. In both the experimental
group and control group, the students were asked to complete the first knowledge test on
Halley’s Comet discovery process (Figure 2). The test had 10 true or false questions and 10
multiple-choice questions, with 5 points for each question, totaling 100 points. Then, the
students in the experimental group and control group watched the interactive puzzle film
“Story of the Comet” and chose their answers for four levels according to the guidance
in the interactive puzzle film (Figure 3). When the students of the experimental group
watched the interactive puzzle film, facial emotion detection and recognition systems were
added (Figure 4). If emotions of disgust, sadness, or joy were detected when choosing
answers while watching the interactive puzzle film “Story of the Comet”, the corresponding
encouragement card of emotion feedback was given at different levels (Figures 5–9). When
watching the interactive puzzle film, students in the control group the facial emotion
detection and recognition systems were not used (Figure 10); in other words, there was no
encouraging emotional feedback; the content of the interactive puzzle film “Story of the
Comet” was entirely about the story of discovering Halley’s Comet. The 16 short films were
organized into four levels, including the historical story of Halley’s Comet and fabricated
stories, and students were required to choose answers. After completing the interactive
puzzle film, the second test on the discovery process of Halley’s Comet was immediately
conducted on students in the experimental group and control group. The question content
and question numbers were completely the same as the first test, including 10 true or false
questions and 10 multiple-choice questions, with each question valuing 5 points, totaling
100 points. After completing the interactive puzzle film and the second test, the test results
were compared with those of the first test to check learning effectiveness. In addition, the
students were asked to fill the questionnaire on system availability, system satisfaction, and
learning satisfaction (Figure 2). Before the test, Excel was employed to generate a random
number table to decide whether the students who participated in the test before and after
belonged to the experimental group to join the emotional detection or to the control group
without adding emotional detection.

Figure 2. Student participating in this experiment—filling out the questionnaire.
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Figure 3. Puzzle film, “The Comet’s Story”, combined with emotion detection system.

Figure 4. Research framework—experimental group.

Figure 5. Title insert 1: Go! Please work hard.

Figure 6. Title insert 2: Go, there are three levels ahead.
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Figure 7. Title insert 3: Go, only two levels left.

Figure 8. Title insert 4: Go, it is almost finished.

Figure 9. Title insert 5: Now in a happy mood. Go! Let us finish it!

Figure 10. Research framework—control group.

The script of the film is in Appendix A.
The 5 captioned encouragement cards (Figures 5–9) are as follows:
Thus, this study proposed the following hypotheses.

3.2. Research Hypothesis

Hypothesis 1 (H1). When using film with emotion detection for learning, emotional feedback will
have a positive impact on learning effectiveness.
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Hypothesis 2 (H2). The addition of emotion detection when using film teaching will have a
positive impact on learning satisfaction.

Hypothesis 3 (H3). The availability of the teaching system when using film teaching will be
positively impacted by the addition of emotion detection.

Hypothesis 4 (H4). The satisfaction of the teaching system when using film teaching will be
positively impacted by the addition of emotion detection.

3.3. Research Method

This study shot a total of four films to tell the “Story of the Comet” (Halley’s Comet)
and designed a teaching guidance system. By combining the films with the teaching
guidance system and through emotion detection and emotion feedback, this teaching
guidance system was installed in private laptops of the researcher, and the researcher took
the paper questionnaires and laptops to elementary schools in different cities to conduct
the experiment one school after another. The researcher made a parental consent form and
then asked the fifth- and sixth-grade class teachers to distribute it to their students. The
students took the forms home and obtained consent signed by their parents. The students
with parental consent were the samples in this study. The elementary schools participating
in this research provided a classroom with no classes as an experimental classroom. The
researcher used an experimental system installed on a notebook computer to process. The
class teacher assigned one student to the experimental classroom for the experiment at
a time. This student filled out test paper on the discovery process of Halley’s Comet
for the first time and then used the notebook computer to watch puzzle film of Halley’s
Comet. After the puzzle film of Halley’s Comet test was over, the student filled out the
test paper on the discovery process of Halley’s Comet for the second time. Furthermore,
after filling out some other paper questionnaires at the same time, the student completed
the experiment and went back to invite the next student to the experimental classroom to
continue the experiment.

The four films are coded with One, Two, Three, and Four. The first film is a story
about Halley and Newton, the second film is about Halley and Hooke, the third film is
about Halley and Wren, and the fourth film is about Halley and Flamsteed. Except for the
first film, the other three films are fabricated. Every film has four plots to form a complete
film plot; therefore, the first film is about Halley and Newton, which is made up of four
short plots of D, F, I, and O; the second film is about Halley and Hooke, which is made
up of four short plots of C, H, J, and M; the third film is about Halley and Wren, which
is made up of four short plots of B, E, K, and P; and the fourth film is about Halley and
Flamsteed, which is made up of four short plots of A, G, L, and N. There are 16 short films
in total, in which D, F, I, O is the right sequence, and the rest—C, H, J, M; B, E, K, P; A, G, L,
N, etc.—are fabricated plots, and the 16 short films are compiled in the following mode:

First-level film: Answer (A). Flamsteed (1); Answer (B). Wren (1); Answer (C). Hooke (1);
Answer (D). Newton (1).
Second-level film: Answer (E). Wren (2); Answer (F). Newton (2); Answer (G). Flamsteed
(2); Answer (H). Hooke (2).
Third-level film: Answer (I). Newton (3); Answer (J). Hooke (3); Answer (K). Wren (3);
Answer (L). Flamsteed (3).
Fourth-level film: Answer (M). Hooke (4); Answer (N). Flamsteed (4); Answer (O). Newton
(4); Answer (P). Wren (4).

Before the first level, there was an introduction of the film’s characters in words. Then,
before every level, there was a part of words showing the choices of the answers, and there
was a caption of plot introduction before each plot was performed by an actual person, at
the beginning of which the options were shown, such as A, B, and C; then, the plot was
performed by actual persons. After watching the performance of the four answers by actual
persons, there was a captioned film that asked the subjects to choose the correct answer
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from the four options. If the subject chose the correct answer, the caption guided the subject
to go on to the next level of the film; if the wrong answer was chosen, the caption told
the subject to choose another film plot of the level, and the film plot was returned to the
beginning page. In this way, until choosing the correct plot answers for the four levels, the
subject completed the levels in sequence.

The film content sequence of the first level was as follows:
(Captioned film) Based on the story of the first level, there are four different plots A,

B, C, and D. Please choose the right one.
(Captioned film) A: Halley and Flamsteed were both British astronomers and celebri-

ties at that time. Halley paid a special visit to Flamsteed to look for the comet data he was
studying.

The actors performed the above plot film.
(Captioned film) B: Halley and Wren were both British astronomers and good friends;

Halley paid a special visit to Wren to look for the comet data he was studying.
The actors performed the above plot film.
(Captioned film) C: Halley, Hooke, and Wren were friends. One day, the friends met

to chat. Halley asked Hooke for the calculation formula in order to look for the comet data
he was studying.

The actors performed the above plot film.
(Captioned film) D: Active Halley and lonely Newton were good friends in spite of

their difference in age. Halley always had doubts about the laws of planetary motion and
could not find the answer.

The actors performed the above plot film.
(Captioned film) Please choose the correct answer from A, B, C, and D.
The film content order of the second level is as follows:
(Captioned film) There are E, F, G, and H, totaling four different plots in the second

level. Please choose the right one.
(Captioned film) E: Three months later, Wren published a book on astronomy and

astrology—On the Revolutions of Heavenly Spheres. One day, Halley went to Wren’s house
and asked for books On the Revolutions of Heavenly Spheres.

The actors performed the above plot film.
(Captioned film) F: In August 1684, Halley paid a special visit to Newton in Oxford

to look for the comet data he was studying and borrowed the formula data of the law of
planetary motion from Newton.

The actors performed the above plot film.
(Captioned film) G: Two months later, Flamsteed published a book on astronomy

and astrology — The Origins of Astrology. One day, Halley went to Flamsteed’s house and
wanted to borrow the book, The Origins of Astrology.

The actors performed the above plot film.
(Captioned film) H: A few days later, Halley went to Hooke’s house. Hooke lent the

calculation formula of planetary orbit to Halley.
The actors performed the above plot film.
(Captioned film) Please choose the right answer from E, F, G, and H.
The film content order of the third level is as follows: (Captioned film) There are I, J,

K, and L, totaling four different plots in the third level. Please choose the right one.
(Captioned film) I: Based on the hypothesis mentioned in The Principia: Mathematical

Principles of Natural Philosophy of Newton, Halley analyzed all the comet observation
records collected and found the movement law of a certain comet.

The actors performed the above plot film.
(Captioned film) J: After studying the data of the Scientific Principles of Nature written

by Hooke for some time, Halley found the movement law of a certain comet.
The actors performed the above plot film.
(Captioned film) K: After studying data of On the Revolutions of Heavenly Spheres

written by Wren for some time, Halley found the movement law of a certain comet.
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The actors performed the above plot film.
(Captioned film) L: After studying data of The Origins of Astrology written by Flamsteed

for some time, Halley found the movement law of a certain comet.
The actors performed the above plot film.
(Captioned film) Please choose the right answer from I, J, K, and L.
The film content order of the fourth level is as follows: (Captioned film) There are M,

N, O, and P, totaling four different plots in the fourth level. Please choose the right one.
(Captioned film) M: Two years later, on Christmas eve, Hooke and Halley sat in a chair

outside the café. Halley found that the comet he had speculated using Hooke’s formula in
the sky returned.

The actors performed the above plot film.
(Captioned film) N: Three years later, one night in September, Halley sat in front of

his house to enjoy the cool. He found in the sky that the comet he had speculated by using
the Flamsteed formula had returned.

The actors performed the above plot film.
(Captioned film) O: On December 25, 1758, this comet was observed by a German

farmer and amateur astronomer, Johann Georg Palitzsch. However, Halley died in 1742
and failed to see the return of this comet.

The actors performed the above plot film.
(Captioned film) P: Seven years later, one night in March, Mary, Halley’s wife, sat

in front of her house to enjoy the cool. She found in the sky that the comet Halley had
speculated by using the Wren formula had returned.

The actors performed the above plot film.
(Captioned film) Please choose the right answer from M, N, O, and P.
In the first level, after watching films of the four answers, when the subjects chose

the wrong answer, a 10-s caption of “Sorry, you chose the wrong answer, please choose
again.” would appear, and the system would start to detect facial emotions. When disgust
or sadness emotions were detected, the 01 captioned encouragement card would appear
for 2 s, then return to the current page. For the wrong answer, when a joy expression was
detected, the 05 captioned encouragement card would appear for 2 s and return to the
current page. At the same level, if the wrong answers were chosen multiple times or joy
expression was detected, the captioned encouragement card would appear under the same
rule. The rules were the same for the second, third, and fourth levels. In the first, second,
and third levels, when the subjects chose the right answer, the system would display the
caption of “Congratulations! Your answer is right. Please go on to the next level.” and the
system would automatically be guided to the next level. In the fourth level, if the subjects
chose the right answer, the system would display the caption of “Congratulations! Your
answer is right, and all levels have been finished. The test is completed.” The test time of
interactive puzzle film “Story of the Comet” was 60 minutes; the sample was regarded as
invalid if this time limit was exceeded.

Characters and Script Are Introduced as Follows

Characters in “Story of the Comet”:

1. Edmond Halley (1656–1742): A British astronomer for Greenwich Observatory.
2. Isaac Newton (1643–1727): A British physicist, mathematician, astronomer, natural

philosopher, and alchemist. In 1687, he released The Principia: Mathematical Princi-
ples of Natural Philosophy. The universal gravitation and three laws of motion were
expounded, which laid the foundation of mechanics and astronomy in the next
three centuries.

3. Robert Hooke (1635–1703): A British naturalist, inventor, physicist, machinist, and
architect. In terms of physical research, he put forward the basic law describing
material elasticity—Hooke’s law. In terms of mechanical manufacturing, he designed
and manufactured vacuum pumps, microscopes, and telescopes and wrote his own
observations with a microscope in his book Micrographia. The English word “cell”
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was named by him. Hooke also made important contributions to urban design and
architecture, but he was barely known after his death due to a debate with Newton.

4. Christopher Wren (1632–1723): A British astronomer, architect, academician of The
Royal Society, President of The Royal Society, and junior knight.

5. Mary Stuart: Wife of Halley, who married Edmond Halley in 1682 and died in 1736.
6. Johann Georg Palitzsch: A farmer and amateur astronomer in Germany in the eigh-

teenth century.
7. John Flamsteed: The first royal astronomer in Britain in the seventeenth century.

His successor was Edmond Halley. He recorded more than 3000 stars. The famous
Flamsteed naming method was invented by John Flamsteed.

4. Research Results

Experimental Results: There were 130 subjects in this test and questionnaire, in which
there were 125 valid samples and 5 invalid samples; the valid rate of the questionnaire was
96.15%. There were 63 valid subjects in the group with emotion recognition and 62 valid
subjects in the group without emotion recognition.

1. For comparative analysis of learning satisfaction, a p-value of 0.000 < 0.05 indicates
that there is a significant difference between the learning satisfaction average of the
two groups; the learning satisfaction average of the group with emotion recognition
was 4.13, and that of the group without emotion recognition was 3.69. The statistical
analysis shows that the group with emotion recognition was higher in learning
satisfaction than the group without emotion recognition.

2. In the comparative analysis of teaching system availability, there was no significant
difference between the two groups.

3. In the comparative analysis of teaching system satisfaction, with a p-value of 0.00 < 0.05,
there was a significant difference between the teaching system satisfaction of the two
groups; the teaching system satisfaction average of the group with emotion recog-
nition was 4.26, and that of the group without emotion recognition was 3.46. The
statistical analysis shows that the group with emotion recognition was higher than
the group without emotion recognition in terms of teaching system satisfaction.

Research Findings:

1. According to the test results before and after watching the puzzle film, results show
that among the subjects, the group with emotion recognition and receiving encour-
agement words performed better than the group without emotion recognition and
no encouraging words. The appearance of encouragement cards facilitated better
learning performance.

2. According to results of the questionnaire, for comparative analysis of learning satis-
faction and comparative analysis of teaching system satisfaction, the two analyses
indicated that the learning satisfaction of the group with emotion recognition was
higher than that of the group without emotion recognition; the increase of perception
accessibility also enhanced the entertainment perception, which has a direct impact
on the use intention of students and indirectly affects students’ use intention.

3. Learning through multimedia aims to make teaching media according to people’s
thinking modes from an overall perspective. In response to this trend, we should
integrate various materials and novel technologies, arrange appropriate content,
determine teaching strategies based on the learning status of students, and make
two-way interactive films. An interactive film can design changing story trends,
increase diversified learning pathways, and provide interesting, positive, encouraging
interaction when questions are answered. With adaptive learning strategies and a
good learning mood, it helps to improve students’ interest in watching the film.

4.1. Implementation and Collection of Test and Questionnaire

The survey subjects of this testing and questionnaire, who were tested and questioned
on-site and whose answers were collected, totaled 130 cases. During the implementation
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of the 130 student samples in the puzzle film, all students finished the task in one hour
(60 minutes). There were 125 valid test and questionnaire samples and 5 invalid test
and questionnaire samples (A21, A57, B3, B8, B26), so the valid rate of the questionnaire
was 96.15%.

4.2. Analysis of Basic Data

The valid questionnaires indicated that there are a total of 125 valid respondents,
including 63 in the group with emotion recognition and 62 in the group without emo-
tion recognition.

Gender and gender distribution (Table 1): there are 64 females (51.2%) and 61 males
(48.8%), and there are 2.4% more females. In the group with emotion recognition, there are
11.2% more females; in the group without emotion recognition, there are 6.4% more males.

Table 1. Gender, grade, and age distribution of the two groups.

Group Group with Emotion
Recognition

Group without Emotion
Recognition Total

Gender Female Male Female Male Female Male

No. 35 28 29 33 64 61
% 55.6 44.4 46.8 53.2 51.2 48.8

grade Grade 5 Grade 6 Grade 5 Grade 6 Grade 5 Grade 6
No. 28 35 23 39 51 74
% 44.4 55.6 37.1 62.9 40.8 59.2

Age 10 11 12 13 10 11 12 13 10 11 12 13
No. 10 28 22 3 7 23 27 5 17 51 49 8
% 15.9 44.4 34.9 4.8 11.3 37.1 43.5 8.1 13.6 40.8 39.2 6.4

Total 63 62 125

Grade and grade distribution (Table 1): There are 51 (40.8%) students in Grade 5.
There are 74 (59.2%) students in Grade 6, which is 18.4% more than Grade 5. For the group
with emotion recognition, Grade 6 is 11.2% larger than Grade 5; for the group without
emotion recognition, Grade 6 is 25.8% larger than Grade 5.

Age and age distribution (Table 1): There are 17 (13.6%) students aged 10, 51 (40.8%)
students aged 11, 49 (39.2%) students aged 12, and 8 (6.4%) students aged 13; students
aged 11 and 12 are almost the same numbers. For the group with emotion recognition,
students aged 11 account for more with a ratio of 44.4%; for the group without emotion
recognition, students aged 12 account for more with a ratio of 43.5%.

Learning time (time used to finish four levels): the average learning time spent by the
group with emotion recognition was 20 min 9 s, and that of the group without emotion
recognition was 17 min 15 s; the group with emotion recognition spent 2 min 54 s more
on average, and their emotional reaction was detected 3.3 times on average, upon which
occasion they received encouragement cards. The group with emotion recognition took
16.8% more time than the group without emotion recognition.

Emotion detection data: among the 65 students in the group with emotion recognition,
an emotional reaction was not detected in five respondents—A11, A27, A28, A38, and
A46—during the test. Among the 65 respondents, the most detected emotional reaction was
disgust, with a total number of 177 times, and for individuals, disgust was detected nine
times at most; sadness was detected 11 times, and for individuals, sadness was detected
three times at most; joy was detected 12 times in total, and for individuals, joy was detected
three times at most. The longest time for a student to finish the four levels in the group with
emotion recognition was 30 min 36 s, and the shortest time was 10 min 38 s; the longest
time for a student to finish the four levels in the group without emotion recognition was 35
min 36 s, and the shortest time was 4 min 21 s.
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4.3. Effectiveness Analysis of the Interactive Teaching Test

An independent sample t-test was adopted to compare whether there is a significant
difference between the average of the two groups of samples. (1) There is no significant
difference between the group with emotion recognition and the group without emotion
recognition in the before-watching true or false questions test, with a p-value of 0.10 >
0.05, indicating that there is no difference between the true or false answers of the two
groups before the interactive teaching; for the group with emotion recognition, the average
right answers of true or false questions in the before-watching test is 5.05, and that of the
group without emotion recognition is 5.42. (2) There is no significant difference between
the group with emotion recognition and the group without emotion recognition in the
before-watching multiple-choice questions test either. With a p-value of 0.69 > 0.05, it
indicates that there is no difference in the multiple-choice question answers of the two
groups before the interactive teaching; for the group with emotion recognition, the average
right answers of multiple-choice questions in the before-watching test is 3.38, and that of
the group without emotion recognition is 3.27, which indicates that there is no difference
between the performances of the two groups in the before-watching test before watching
the “Story of the Comet”.

An independent sample t-test is used to compare whether there is a significant dif-
ference between the average of samples of the two groups. (1) There is no significant
difference between the group with emotion recognition and the group without emotion
recognition in the after-watching true or false questions test, with a p-value of 0.43 > 0.05, it
indicates that there is no difference between the true or false answers of the two groups
after the interactive teaching; for the group with emotion recognition, the average right
answers of true or false questions in the after-watching test is 6.19, which is 1.14 more
than the before-watching test; that of the group without emotion recognition is 6.39, which
are 0.97 more than the before-watching test. (2) However, there is a significant difference
between the group with emotion recognition and the group without emotion recognition
in the after-watching multiple-choice question test; with a p-value of 0.00 < 0.05, it indi-
cates that there is a difference between the choice answers of the two groups after the
interactive teaching; for the group with emotion recognition, the average right answers
of multiple-choice questions in the after-watching test is 5.86, which is 2.48 more than
the before-watching test—that of the group without emotion recognition is 4.74, which is
1.47 more than the before-watching test, and indicates that during the interactive teaching
of “Story of the Comet”, the appearance of the encouragement card helps students of the
group with emotion recognition to obtain better learning performance in the after-watching
test of multiple-choice questions.

4.4. Construct Validity and Reliability of the Questionnaire
4.4.1. Construct Validity Analysis

After investigation and collection of all questionnaires, the valid samples collected
is 125, which ensures the validity of the factor analysis. Statistics software of SPSS 18.0
for Windows is taken as the main tool for data analysis; generally, the method to measure
construction validity is to use factor analysis to analyze the factor structure matrix of each
item of each scale, and then retain the item only if the factor loading listed in the structure
matrix is greater than 0.5, otherwise; it is deleted. To judge the validity of the framework,
the greater the factor loading, the better the validity. KMO is Kaiser-Meyer-Olkin sampling
adequacy. When the KMO value is greater, it means that there are more common factors
among variables, which is more suitable for factor analysis. When the KMO value is less
than 0.5, it is not suitable for factor analysis. When the KMO value is greater than 0.7,
the effect is acceptable, and when the KMO value is greater than 0.9, the effect is the best.
Factor analysis can be verified by the KMO value and Bartlett’s test.
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4.4.2. Reliability Analysis

To understand the validity and reliability of the questionnaire, reliability analysis
should be completed. Cronbach’s α coefficient is the commonly used reliability analysis
method in the Likert scale. The higher the coefficient, the higher the degree of internal
consistency of items. Devellis [38] and Nunnally [39] believed that the minimum reliability
coefficient should be more than 0.7 to be acceptable. This study uses this method to verify
the consistency of scale questionnaires in learning satisfaction, teaching system availability,
teaching system satisfaction, etc.

4.4.3. Validity and Reliability Analysis of the Questionnaire

(1) Survey analysis of learning satisfaction
Factor analysis on the learning satisfaction survey is conducted. There are nine items

in the scale of students’ statements about learning satisfaction. KMO and Bartlett’s tests
are conducted to test whether it is suitable for factor analysis. With a KMO of 0.917 and
Bartlett’s test p = 0.000 < 0.001, the value reaches a significant level, indicating that the
correlation matrix has common factors and is suitable for factor analysis; the α coefficient
of Factor 1 is 0.899, which has reached high reliability.

(2) Survey analysis on teaching system availability
Factor analysis on teaching system availability is conducted. There are 10 items in the

scale of students’ statements about teaching system availability. KMO and Bartlett’s tests
are conducted to test whether it is suitable for factor analysis. With a factor load of 0.488,
item 10 is deleted; after deleting item 10, the remaining 9 items underwent factor analysis
again. With a KMO value of 0.847 and Bartlett’s test p = 0.000 < 0.001, the value reaches a
significant level, indicating that the correlation matrix has common factors and is suitable
for factor analysis; the α coefficient of Factor 1 is 0.838, which has reached high reliability;
that of Factor 2 is 0.776, which has also reached high reliability.

(3) Survey analysis on teaching system satisfaction
Factor analysis on teaching system satisfaction was conducted. There are six items in

the scale of students’ statements about teaching system satisfaction. KMO and Bartlett’s
tests were conducted to test whether it is suitable for factor analysis. With a KMO value of
0.890 and Bartlett’s test p = 0.000 < 0.001, the value reaches a significant level, indicating
that the correlation matrix has common factors and is suitable for factor analysis; the α

coefficient of Factor 1 is 0.869, which has reached high reliability.

4.5. Comparative Analysis of the Group with Emotion Recognition and the Group without
Emotion Recognition
4.5.1. Comparative Analysis of Learning Satisfaction

(1) Frequency-distribution table
Based on the questionnaire collected, there are 125 valid samples, including 63 in the

group with emotion recognition and 62 in the group without emotion recognition. There
are nine questions in learning satisfaction. In the group with emotion recognition, “strongly
agree” accounts for most answers with a ratio of 42.2%—however, there is no “strongly
disagree”; in the group without emotion recognition, “agree” accounts for most answers,
with a ratio of 40.1%.

(2) Average learning satisfaction based on gender
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average learning satis-
faction of females and males; with a p-value of 0.336 > 0.05, it indicates that there is no
significant difference in the average of learning satisfaction based on gender—the average
of learning satisfaction of females is 3.86, and that of males is 3.97.

(3) Average learning satisfaction based on grades
An Independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average of learning
satisfaction of Grade 5 and Grade 6, with a p-value of 0.000 < 0.05. It indicates that there



Sustainability 2021, 13, 11107 15 of 24

is a significant difference between the average learning satisfaction based on grades; the
average learning satisfaction of Grade 5 is 4.18, and that of Grade 6 is 3.73, so Grade 5 is
higher than Grade 6 in learning satisfaction.

(4) Learning satisfaction comparison based on groups
An independent sample t-test was used to determine whether there is a significant

difference between the sample averages of the two groups and the average learning
satisfaction, including the group with emotion recognition and the group without emotion
recognition. With a p-value of 0.000 < 0.05, it indicates that there is a significant difference
between the average of the learning satisfaction of the two groups; learning satisfaction
average of the group with emotion recognition is 4.13, and that of the group without
emotion recognition is 3.69—the statistics show that the group with emotion recognition is
higher in learning satisfaction than the group without emotion recognition.

(5) Learning satisfaction comparison of questions within the groups
An independent sample t-test was used to determine whether there is a significant

difference between the sample averages of the two groups and the learning satisfaction
averages of questions within the two groups—the group with emotion recognition and
the group without emotion recognition—with a p-value < 0.05. Results indicate that the
learning satisfaction of questions within groups has a significant difference. By comparing
questions of learning satisfaction, * indicates a p-value < 0.05 and has a significant difference.
Questions 1–9 (Table 2), except question 2, failed to reach a significant level; the learning
satisfaction of the remaining 8 questions all reached a significant level, indicating that
except for question 2, learning satisfaction of the remaining questions in the group with
emotion recognition is better than that of the group without emotion recognition.

Table 2. Comparative analysis table of the two groups on questions of learning satisfaction.

Content of Learning Satisfaction With Emotion
Recognition

Without Emotion
Recognition p-Value

1. This learning mode can improve
my learning interest. 4.22 3.87 0.022 *

2. This learning mode can improve
my learning concentration. 4.06 3.76 0.054

3. Learning by this mode is relatively
easy and there is no pressure. 4.21 3.60 0.000 *

4. This learning mode is completely
acceptable. 4.22 3.76 0.003 *

5. Through this learning mode I can
learn the scientific knowledge

content of “Story of the Comet”.
4.32 3.87 0.004 *

6. I am satisfied with the interesting
content of “Story of the Comet”. 4.03 3.56 0.004 *

7. I think the content of “Story of the
Comet” is easy to understand. 3.68 3.26 0.008 *

8. I feel satisfied with the whole
explanation of the content of “Story

of the Comet”.
4.17 3.66 0.001 *

9. I feel satisfied with the learning
process of “Story of the Comet”. 4.25 3.90 0.022 *

(* indicates a p-value < 0.05).

4.5.2. Comparative Analysis of Teaching System Availability

(1) Frequency distribution table
Based on the questionnaire collected, there are 125 valid samples, including 63 in the

group with emotion recognition and 62 in the group without emotion recognition. There
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are nine questions in teaching system availability. Questions 1, 3, 5, 7, and 9 express the
teaching system availability positively, in the group with emotion recognition “strongly
agree” accounts for most answers with a rate of 33.3%; in the group without emotion
recognition, “agree” accounts for most answers with a rate of 35.2%. Questions 2, 4, 6, and
8 express the teaching system availability negatively in the group with emotion recognition.
“Ordinary” accounts for most answers with a rate of 36.9%; in the group without emotion
recognition, “ordinary” accounts for most answers with a rate of 41.9%.

(2) Teaching system availability based on gender
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average of teaching
system availability based on gender. Questions 1, 3, 5, 7, and 9 express the teaching
system availability positively, with a p-value of 0.613 > 0.05. Results indicate that there is
no significant difference between the positive average based on gender. For females, the
positive average of teaching system availability is 3.84, and that of males is 3.90. Questions 2,
4, 6, and 8 express the teaching system availability negatively, with a p-value of 0.252 > 0.05.
Results indicate that there is no significant difference between the negative average based
on gender. For females, the positive average of teaching system availability is 2.68, and
that of males is 2.52. Overall, there is no significant difference between genders in ratings
of teaching system availability.

(3) Teaching system availability based on grades
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average of teaching
system availability for Grade 5 and Grade 6. Questions 1, 3, 5, 7, and 9 express the
teaching system availability positively, with a p-value of 0.000 < 0.05. Results indicate
that there is a significant difference between the positive average based on grades. For
Grade 5, the positive average of teaching system availability is 4.19, and that of Grade
6 is 3.65. Grade 5 is higher than Grade 6. Questions 2, 4, 6, and 8 express the teaching
system availability negatively, with a p-value of 0.014 < 0.05. Results indicate that there
is a significant difference between the negative average based on grades. For Grade 5,
the positive average of teaching system availability is 2.39, and that of Grade 6 is 2.76,
Grade 5 is lower than Grade 6. Overall, Grade 5 is higher than Grade 6 in teaching system
availability.

(4) Teaching system availability comparison based on groups
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and teaching system availability
average of two groups, including the group with emotion recognition and the group
without emotion recognition. Questions 1, 3, 5, 7, and 9 express the teaching system
availability positively, with a p-value of 0.969 > 0.05. Results indicate that there is no
significant difference between the positive average based on groups. The positive average
of teaching system availability of the group with emotion recognition is 3.87, and that of
the group without emotion is 3.87. Questions 2, 4, 6, and 8 express the teaching system
availability negatively; with a p-value of 0.378 > 0.05, results indicate that there is no
significant difference between the negative average based on groups. The negative average
of teaching system availability of group with emotion recognition is 2.66, and that of
the group without emotion is 2.57. Overall, for teaching system availability, there is no
significant difference between the two groups.

(5) Teaching system availability comparison based on questions within the groups
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the teaching system avail-
ability average of two groups, including the group with emotion recognition and the group
without emotion recognition. With a p-value < 0.05, results indicate that questions within
the two groups in teaching system availability have no significant difference. All questions
from 1 to 9 did not reach a significant level (Table 3), which indicates that there is no



Sustainability 2021, 13, 11107 17 of 24

difference in the teaching system availability between the group with emotion recognition
and the group without emotion recognition.

Table 3. Comparative analysis table of the two groups on questions of teaching system availability.

Applicable Content of the
Teaching System

With Emotion
Recognition

Without Emotion
Recognition p-Value

1. I think I would like to use this
teaching system often. 3.83 3.81 0.914

2. I think this teaching system is too
complicated. 2.78 2.73 0.794

3. I think this teaching system is easy
to use. 3.84 3.84 0.988

4. I think I need the help of a
technician to use this teaching

system.
3.00 2.98 0.937

5. I think the functions of the
teaching system are integrated very

well.
4.11 4.16 0.750

6. I think there are too many
inconsistencies in the teaching

system.
2.33 2.37 0.795

7. I can imagine that most people
can learn to use this teaching system

very quickly.
3.94 3.94 0.995

8. I think it is very inconvenient to
use this teaching system. 2.54 2.08 0.005

9. I am confident that I can use this
teaching system. 3.67 3.61 0.778

4.5.3. Comparative Analysis on Teaching System Satisfaction

(1) Frequency distribution table
Based on the questionnaire collected, there are 125 valid samples, including 63 in the

group with emotion recognition and 62 in the group without emotion recognition. There
are six questions in teaching system satisfaction. In the group with emotion recognition,
“strongly agree” accounts for most answers with a ratio of 44.7%; in the group without
emotion recognition, “neutral” accounts for most answers with a ratio of 40.0%.

(2) Teaching system satisfaction based on gender
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average of teaching
system satisfaction based on the gender of males and females. With a p-value of 0.295 > 0.05,
results indicate that there is no significant difference between the average teaching system
satisfaction based on gender; for females, the average teaching system satisfaction is 3.93,
and that of males is 3.80.

(3) Teaching system satisfaction based on grades
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the average teaching system
satisfaction for Grade 5 and Grade 6. With a p-value of 0.000 < 0.05, results indicate that
there is a significant difference between the average of teaching system satisfaction base on
grades; for Grade 5, the average of teaching system satisfaction is 4.11, and that of Grade 6
is 3.70. Grade 5 is, therefore, higher than Grade 6 in teaching system satisfaction.

(4) Teaching system satisfaction comparison based on groups
An independent sample t-test was used to determine whether there is a significant

difference between the sample average of the two groups and the teaching system satis-
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faction of the two groups, including the group with emotion recognition and the group
without emotion recognition. With a p-value of 0.00 < 0.05, results indicate that there is
a significant difference between the teaching system satisfaction of the two groups; the
teaching system satisfaction average of the group with emotion is 4.26, and that of the
group without emotion recognition is 3.46. Statistical analysis indicates that the group with
emotion recognition is higher in teaching system satisfaction as a whole than the group
without emotion recognition.

(5) Teaching system satisfaction comparison in questions within the groups
An independent sample t-test was used to determine whether there is a significant dif-

ference between the sample average of the two groups and the teaching system satisfaction
average of the two groups, including the group with emotion recognition and the group
without emotion. With a p-value < 0.05, results indicate that there is a significant difference
between teaching system satisfaction within questions of the two groups.

By comparing questions within the groups in teaching system satisfaction, * indicates
p-value < 0.05, which shows a significant difference. From questions 1 to 6 (Table 4), all six
questions reached the significance level in teaching system satisfaction, which indicated that
the teaching system satisfaction of questions within the group with emotion recognition is
better than the group without emotion recognition as a whole.

Table 4. Comparative analysis table of the two groups on questions of teaching system satisfaction.

Content of Teaching System
Satisfaction

With Emotion
Recognition

Without Emotion
Recognition p-Value

1. The activity design of this
teaching system makes me learn the

content of “Story of the Comet”
more easily (easy to learn).

4.17 3.56 0.000 *

2. The activity design of this
teaching system improves my

learning efficiency (effectiveness).
4.27 3.44 0.000 *

3. The activity design of this
teaching system makes me

remember the content of “Story of
the Comet” more easily (easy to

remember).

4.08 3.15 0.000 *

4. The activity design of this
teaching system makes me

understand the content of “Story of
the Comet” more correctly

(correctness).

4.37 3.32 0.000 *

5. The activity design of this
teaching system makes me feel

useful (usefulness).
4.21 3.50 0.000 *

6. The activity design of this
teaching system makes me feel

satisfied (subjective satisfaction).
4.49 3.81 0.000 *

(* indicates a p-value < 0.05).

5. Conclusions

According to Elias et al., if students can use emotional intelligence in the classroom,
they can achieve better results in tests or any other form of academic performance. In this
study, the test results before and after watching the interactive film show that the experi-
mental group performed better in learning (answered 2.48 more questions correctly) than
the control group (answered 1.47 more questions correctly), proving that the encourage-
ment cards enhanced the students’ learning effectiveness. The results of this research fully
echo the research of several scholars, such as Elias et al. In addition, Mary E. Pritchard et al.
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suggested that positive emotions can increase students’ learning interest and motivation. In
this study, the learning satisfaction of the experimental group (average 4.13) is higher than
that of the control group (average 3.69), and the system satisfaction of the experimental
group (average 4.26) is also higher than that of the control group (average 3.46). Neverthe-
less, the teaching system availability of the two groups has no significant difference. The
increase of perception accessibility also enhances the perception of entertainment, which
has a direct impact on the use intention of students. The results of this research also echo
the research of several scholars, such as Mary E. Pritchard. The goal of this research is
to understand the impact of emotional feedback on learning when using a puzzle film
in teaching. The research results also confirmed that emotions play an important role in
learning. An intelligent learning system can arouse pleasant emotions and reduce learning
resistance for learners who may feel frustrated or confused during learning. A positive
learning mood can enhance learning effectiveness, and this teaching system improves the
past teacher-oriented teaching methods. The sound and light effects of the film stimulate
learning enthusiasm. The more important purpose is to increase students’ continuous
learning motivation and improve their learning ability. Therefore, it is recommended that
teachers can make good use of film combined with emotion detection to teach, which will
be of great help to improve learning results and the future development of education.

Author Contributions: Conceptualization, H.-C.K.L. and S.-C.T.; methodology, H.-C.K.L. and S.-
C.T.; software, S.-C.T.; validation, H.-C.K.L. and S.-C.T.; formal analysis, H.-C.K.L. and S.-C.T.;
investigation, S.-C.T.; resources, H.-C.K.L. and S.-C.T.; data curation, S.-C.T.; writing—original
draft preparation, S.-C.T.; writing—review and editing, H.-C.K.L. and S.-C.T.; visualization, S.-C.T.;
supervision, H.-C.K.L. and S.-C.T.; project administration, S.-C.T.; funding acquisition, H.-C.K.L. and
S.-C.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Flipped Education, Parenting, Dialogue between Teaching and Learn-
ing, Available online: https://flipedu.parenting.com.tw/article/139, accessed on 18 August 2021.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Film Script

Script of the First Film
Act 1
(Caption): Although with 14 years apart, active Halley and lonely Newton were good

friends. In newton’s mind, Halley was the most trustworthy friend.
(Caption): In 1680.
Halley: According to Kepler’s third law of planetary motion, the gravitational attrac-

tion of the sun to the planet should be inversely proportional to the square of the distance,
but can this gravitational attraction comply with Kepler’s first law of planetary motion that
the orbit of the planet is elliptical?

(Caption): Halley could not prove it himself. He once consulted Mr. Hooke who
studied the same question and other members of The Royal Society, but he couldn’t get the
answer. Finally, Halley decided to ask Newton.

Act 2
(Caption): In August 1684, Halley went to Oxford to visit Newton.
Halley: Mr. Newton, I’d like to ask you a question this time.
Newton: Oh, what’s that?
Halley: According to Kepler’s law of motion, if the planets really move around the

sun along the elliptic orbit, what’s the law they follow?

https://flipedu.parenting.com.tw/article/139
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Newton: I calculated the inverse-square law ratio almost ten years ago, that is, the
planets move around the sun along the elliptic orbit under the law of inverse-square ratio.

Halley: Really, wow! Great. Can you show me all the data of the calculation process?
Newton: OK, wait a moment. I’ll get it for you.
(Caption): At that time, Kepler’s law of planetary motion was only summary according

to the observation records without knowing the principle. Newton could explain the reason
through calculation formula. With the support of observation data, it was deduced that
the motion of celestial bodies in the sky and objects on the earth could be explained by the
same law, that is, the law of universal gravitation!

Act 3
(Caption): The book The Principia: Mathematical Principles of Natural Philosophy of

Newton was published in 1686, in which a hypothesis was proposed that in addition to
planets, there were also many comets had closed orbits, which meant that they would
move around the sun regularly. Hoping to test this hypothesis, Halley had been collecting
previous observation record since 1695. Analyzing by Newton’s law of motion, he found
that the orbit of a comet in 1305, 1380, 1456, 1531 and 1607 were very similar to that of the
1682, which should be the same comet.

(Caption): In 1705.
Halley: If my hypothesis is correct, the comet should come back about every 76 years,

so it should reappear in 1758. I want to announce this message. If it does reappear in 1758,
future generations will remember that the credit for discovering the comet belongs to a
Briton.

Act 4
Johann Georg Palitzsch: Wow! It’s really back. This is the comet mentioned by Mr.

Halley before. Halley’s prediction is correct.
(Caption): On December 25, 1758, this comet was observed by Johann Georg Palitzsch,

a farmer and amateur astronomer in Germany. Halley died in 1742 and failed to live to
see the return of this comet. Later, this most legendary comet, named after Halley, an
Englishman, is still in use today.

Script of the Second Film
Act 1
(Caption): Halley is friends with Hooke and Wren. One day, these three people got

together to chat.
Wren: The attraction between the sun and the planets should be the endless motion of

the planets around the sun.
Halley: Then what orbit do the planets revolve around the sun? If it is really like

Kepler said, if the planets revolve around the sun in an elliptical orbit, then what law of
gravitation does this follow?

Hooke: I know the answer. If there is no error in the calculation process, the orbit of
the planet should be elliptical.

Halley: So what law of gravitation does it follow?
Hooke: Of course it is based on the principle of the inverse square ratio formula.
Halley: Can you borrow me to study your calculation data?
Hooke: I’ll find it and you will get it in two days.
Halley: Okay, thank you.
Act 2
(Caption): Halley went to Hooke’s residence, Hooke lent the calculation data of

planetary orbits to Halley.
Halley: Wow, your information is so precious, let me study it for a while.
Hooke: OK.
Halley: I suggest that you can publish these materials into books, the name of the

book is called “Science Principles of Nature”.
Hooke: Your suggestion is very good, but I am worried that my funds are not enough.
Halley: It’s okay, I’ll support you, That’s it.
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Act 3
(Caption): Halley happily ran to Hooke after studying the books and materials of

Hooke’s “Science Principles of Nature”.
Halley: Mr. Hooke, Mr. Hooke, I have calculated it. This comet should come back

every 38 years, so after the calculation, it should be two years later that we can see its traces
again.

Hooke: Great, we will come together to welcome its visit at that time.
Act 4
(Caption): On Christmas night two years later, Hooke and Halley were sitting in chairs

outside the café.
Halley: Wow, it’s this one, the comet I speculated is back.
Hooke: It’s true, what a beautiful comet.
(Caption): Later, in commemoration of the comet that Halley and Hooke discovered

together, the world named the comet Hooke Halley’s Comet.
Script of the Third Film
Act 1
(Caption): Halley and Wren are British astronomers, and they are also very good

friends.
Wren: I have been observing astronomy for many years. According to my observations,

the sun should be the center of the entire universe. I want to publish my observations into
a book so that the general public can share my results. The title of my book will be called
“Celestial movement theory”.

Halley: Does the comet also orbit the sun, do you think it is?
Wren: Of course it is.
Halley: What shape do you think the orbit of the comet orbiting the sun should be?
Wren: It should be circular. There is a detailed calculation method in my book

“Celestial movement theory”. It operates in accordance with the formula of the law of
gravitational velocity that I discovered.

Halley: Can you give me a copy after the book is published.
Wren: Of course no problem.
Act 2
(Caption): Three months later, Wren published a book “Celestial movement theory”

on astronomy. On this day, Halley arrived at Wren’s residence and asked him for the book
on “Celestial movement theory”. At this time, Wren was sitting outside the house to enjoy
the cool.

Halley: Congratulations, Wren, your masterpiece has finally come out, you promised
me to give me a copy.

Wren: No problem, I’ll get it to you.
Wren: On page 107 of the book, there is a formula for the law of gravitational velocity

when a comet orbits the sun.
Halley: Great. Recently, I am very interested in a certain comet on the celestial body.

Now I have enough information to do research.
Act 3
(Caption): Halley happily ran to find Wren after studying the book materials of Wren’s

“Celestial movement theory” for a period of time.
Halley: Mr. Wren, Mr. Wren, I have calculated. This comet should come back every 60

years, so it should be 10 years from now.
Wren: That’s great, I hope we have the honor to see it.
(Caption): Halley passed away due to overwork and illness after three years of

studying comets. Halley confessed to his wife Mary Stuart before his death.
Halley: Mary, thank you very much for taking care of me for so many years. The

comet I studied may come back in seven years. You must help me pay attention to this
matter.

Mary: Halley, don’t worry, I will help you pay attention.
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Act 4
(Caption): Seven years later, one night in March, Mary sat in front of the house to

enjoy the cool.
Mary: Wow, it’s a comet. It’s such a beautiful comet. According to the date, it is

supposed to be the comet Halley was studying. It has returned again. Its cycle around the
sun is really 60 years. I want to announce this message. Let the world know.

(Caption): In order to commemorate Halley’s research on comets, the world named
this comet Mary Halley’s Comet.

Script of the Fourth Film
Act 1
(Caption): Halley and Flamsteed were both British astronomers and celebrities at

that time. Halley paid a special visit to Flamsteed in order to find the comet data he was
studying.

Flamsteed: I have been observing astronomy for many years. According to my
observations, the sun should be the center of the entire universe. I want to publish my
observations into a book so that future generations will always remember my contribution
to astronomy. My book title will be called “Principle of Planetary Motion in the Universe”.

Halley: May I ask Mr. Flamsteed, is the comet also orbiting the sun?
Flamsteed: Of course it is.
Halley: What shape do you think the orbit of the comet orbiting the sun should be?
Flamsteed: It should be round. There is a detailed explanation in my book “Principle

of Planetary Motion in the Universe”.
Halley: After your book is published, can you borrow a copy for me to study?
Flamsteed: Of course it can.
Act 2
(Caption): Two months later, Flamsteed published an astronomy book “Principle of

Planetary Motion in the Universe”. On this day, Halley arrived at Flamsteed’s residence
and wanted to borrow from him the book “Principle of Planetary Motion in the Universe”.
At this time, Flamsteed just taking a walk outside the house.

Halley: Congratulations, Flamsteed, your masterpiece has finally come out. You said
you would lend me a copy for me to study the comet.

Flamsteed: No problem, I’ll bring it to you now.
Flamsteed: On page 59 of the book, there is information about comets orbiting the

sun.
Halley: Great, I can finally do my research.
Act 3
(Caption): Halley happily ran to Flamsteed after studying the book materials of

“Principle of Planetary Motion in the Universe” written by Flamsteed for a period of time.
Halley: Mr. Flamsteed, Mr. Flamsteed, I have calculated that this comet should come

back every three years, so we should be able to see it again in September after three years.
Flamsteed: Great, I want to include the comet you discovered in my next edition of

“Principle of Planetary Motion in the Universe”
Halley: I will pay special attention to the coming of this comet in September in three

years.
Flamsteed: Remember to tell me the observation data at that time.
Halley: OK
Act 4
(Caption): Three years later, one night in September, Halley sat in front of the house

to enjoy the cool.
Halley: Wow, it’s a comet. It’s such a beautiful comet. It’s the comet I studied three

years ago. It is inferred from the date that it really came back again. I want to inform
Flamsteed of this information as soon as possible.

(Caption): In order to commemorate Halley’s research on comets, the world named
this comet as Flamsteed Halley’s Comet.
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