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This paper aims to develop an effective and engaging instructional design technology (IDT) course. Pre-service
teachers (PSTs) designed lesson plans and answered questionnaires before and after the IDT conrse. The result
revealed that the IDT course was beneficial independent of the PSTs’ specific subjects. The PS'Ts could design
lessons in terms of Gagné’s Nine Events of Instruction theory and the ARCS model. The allowance to view the
checklists of ID theories can be considered to support the PSTs to design lessons in terms of the IDs. However, the
PSTs do not seem to identify mathematics content or concept between advanced mathematics knowledge. A further
direction will focus not only on the pedagogical aspect but also on content aspects.
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Introduction
Instructional Design and Technology in Japanese Teacher-Training Courses

The Central Council for Education (2016) in Japan considers the new curriculum guidelines, which are to take
effect in junior high schools and high schools in 2021 and 2022, respectively, based on the following three
pillars: (1) what students will be able to do, (2) what they will be able to learn, and (3) how they will be able to
learn it. In particular, item (3) implies improvements in providing instructions from an active learning
perspective.

In response to these needs, the Ministry of Education, Culture, Sports, Science and Technology (MEXT,
2017) summarized the skills required for the pre-service teacher-training courses of all Japanese universities in
a document titled “A Core Curriculum of Pre-Service Teacher-Training Courses.” In this core curriculum, pre-
service teacher-training courses are divided into four categories. The categories of the curriculum and specific
examples of the course at University A are presented in Table 1 below. For example, the “Instructional Design
and Technology Course” falls under the category of “Teaching Method for Morals, Integrated Studies, Student
Counseling, and Educational Consultation” at University A. The goal of these subjects was to understand the
fundamental theories and practices of instructional design (ID). Specifically, pre-service teachers (PSTs) have
the opportunity to design lesson plans. Therefore, there is a need to improve and gain an understanding of ID
theories in lesson plans.
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Table 1
Core Curricutum Categories and Specific Examples of the Conrse in University A (MEXT, 2017)

Category Specific Examples of Course
o Spedialization Subjects and Teaching Methods e Teaching Methods of Mathematics Course
e Teaching Methods of Science Course
o Basic Understanding of Education  Foundation of Pedagogy

o Introduction to the Teaching Profession
o Teaching Methods for Morals, Integrated Studies, Student Instructional Design and Technology (IDT)
Counseling, and Educational Consultation o Extracurricular Activities and Career Guidance
 Educational Practice o Preparation for Teaching Practice
e Seminar in Teaching Profession

Japanese Students’ Motivation in Secondary Education

The results of the Programme for International Student Assessment (OECD, 2018) revealed that Japanese
high-school students have the highest level of mathematics literacy. However, according to the results of the
Trends in International Mathematics and Science Study (TIMSS), Japanese junior high school students have
low motivation for mathematics (TIMSS, 2015). Therefore, there is a problematic gap between high literacy
and low motivation to learn.

To control students’ mathematics motivation, we focused on the ARCS (Attention, Relevance, Confidence,
and Satisfaction) model, which is a problem-solving approach to designing motivational aspects of learning
environments that stimulate and sustain students’ motivation to learn (Keller, 1987). Recently, some studies
have focused on how attractive mathematics or science courses based on the ARCS model affect junior or
high-school students’ motivation (e.g., Feng and Tuan, 2005). However, few studies have focused on how
mathematics or science teachers design motivational instruction in terms of the ARCS model.

Instructional Design in Lesson Plans

Suzuki (2005) explains ID as a model and research field that combines methods to increase the effectiveness,
efficiency, and appeal of educational activities. For example, Gagné’s Nine Events of Instruction and the ARCS
model comprise an ID theory and model, respectively.

In the current study, the participants designed lesson plans, design documents that outline the type of lesson
to be taught as well as its background, goals, and main contents (Ichikawa, 2019). In Japan, the lesson procedure
traditionally comprises three parts: “Introduction,” “Body,” and “Summary.” However, Gagné’s theory is
divided into nine events, from “Gaining attention” to “Enhancing retention and transfer.” Considering these
nine events, lesson planners may design lessons in more detail (Table 2).

Table 2
Correspondence Table of a Lesson Procedure and Gagné’s Instructional Events (Ichikawa, 2019)

Lesson Procedure Instructional Event

Introduction Gaining attention

Informing the leamer of the objective

Stimulating recall of prerequisite learned capabilities
Presenting the stimulus material

Providing leaming guidance

Eliciting performance

Providing feedback about performance correctness
Assessing the performance

Enhancing retention and transfer

Body

Summary
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Instructional Design and Technology Course

In pre-service teacher-training courses, many researchers have focused on the effectiveness of Information and
Communication Technology use (e.g., Hicks and Bose, 2019). In addition, simply learning computer or
instructional technology courses is not sufficient for PSTs to develop their understanding of Technological
Pedagogical Content Knowledge (TPACK) and its application (Aktas and Ozmen, 2020). Therefore, we need
to develop an instructional design and technology (IDT) course from the pedagogical aspect of the TPACK
framework, such as ID theories.

In Japan, Nakamura, Misono, and Watanabe (2020a) surveyed how learning instructional design theories affect
PSTs’ ID. Through learning ID theories, the PST's were able to design lesson plans from the perspective of
“Attention” of the ARCS model. However, there is also room to incorporate other aspects of the ARCS model,
that is, “Relevance,” “Confidence,” and “Satisfaction.” Thus, the current IDT course must be revised.

Purpose

The purpose of this study was to develop an effective, engaging IDT course. To do so, we designed two studies
(Study 1 and Study 2) and sub-goals: (1) surveying the qualitative change in PSTs’ lesson plans, and (2)
engagements toward ID. Specifically, the following research questions were explored:
1. Through the IDT course, how does the quality of PSTs” ID change from the perspective of Gagné’s
Nine Events of Instruction?
2. Through the IDT course, how does the quality of PSTs’ ID change from the perspective of the
ARCS model?
3. Through the IDT course, how do PSTs’ teaching experience levels change?
4. Through the IDT course, how do PSTs’ motivation toward ID change?

An Outline of the IDT Course at University A

University A has a pre-service teacher-training course for junior high and high schools, where students can
obtain their teachers’ licenses in mathematics, science, and information. At University A, the goals of the IDT
course included learning ID theories and practical methods. The course contents are listed in Table 3 and
include fundamental ID theories and models.

Table 3
Learning Content of the IDT Course

Title Concrete Content
« Introduction e Educational Technology, TPACK
o Design Instructions o ID, Gagné’s five types of leaming outcome, Gagné’s nine events of instruction
o Active Leaming o 2lstcentury skills, Active learning
o ID considering student motivation o ADDIE model, ARCS model
o Leaming Environment o learning space, activity, and community
e The consistency of objective and o teaching objective, method of assessment
assessment method
o Instructional Media o history of instructional media, practical use of ICT
Methods
Participants

The participants in this research comprised the PSTs at the Faculty of Science, Faculty of Industrial Science
and Technology, University A. The number of PSTs in Studies 1 and 2 were 65 and 118, respectively. We did
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not calculate the ratio of male to female PST's due to the removal of the gender section. The PSTs specialized
in one of the following subjects: mathematics, physics, chemistry, or biology; no one specialized in pedagogy.
They were aged around 21 years because the IDT course was held for juniors. None of them had ever been to
teaching practice, nor had they learned ID theories through other pre-service teacher-training courses.
Therefore, the PSTs designed lesson plans for the first time based on ID theories.

Data Collection

Qualitative data were gathered from the two lesson plans that the PSTs had designed through the IDT course:
a lesson plan after the first lesson (pre-lesson plan) and the last lesson (post-lesson plan).

Quantitative data were gathered from the two questionnaires that the PST's had answered before and after the
IDT course.

Lesson Plans

We set a learning unit for each specific subject. For example, mathematics PSTs have designed lessons in
“Trigonometric Ratio” in “Mathematics 1.” We also set information about high-school students to define the
in-class context. In particular, the classroom situation has been set “The students understand the learning
contents mostly based on what they learned in junior high school.” The PSTs have been required to design
lesson plans developed using the ID theories learned in the IDT course.

Questionnaires
We surveyed questionnaires from five perspectives as follows:
Instructional Design Motivation

We created 24 items of ID Motivation Scales for pre-service teacher-training course students with reference to
a six-level definition of learning experience (Parrish and Wilson, 2008) using a 5-point Likert scale (1 = I don’t
think so; 5 = I think so). Each level has four items (e.g., “I am interested in the content of ID” for Level 1).
We used the pre- and post-scores of Study 2 to understand the motivational change to ID.

Teacher Efficacy

We quoted 7 items related to subject instruction from the teacher efficacy scale for the Faculty of Education
(Igarashi, Miyauchi, and Yamada, 2018) using a 5-point Likert scale (1 = I don’t think so; 5 = I think so, e.g.,
“I can teach in a way that is easy to understand”).

Change of Instructional Design Motivation (Study 1 only)

In the post-questionnaire, we asked whether students had changed their ID motivation using a 5-point Likert
scale (1 = declined; 5 = increased). Subsequently, we asked why they had answered as they did both from the
perspective of their own motivations and environmental causes.

We used these question items only in Study 1 to focus on understanding the effect of the IDT course on the
PSTs’ instructional design motivation changes.

Teaching Experience Level (Study 2 only)

We created one item of Teaching Experience Level for pre-service teacher-training course students with
reference to a six-level definition of Learning Experience (Kawamoto, Watanabe, and Hidaka, 2018) using a 6-
point scale ranging from 1 for “I am not interested in this class. I do not think this class is useful” to 6 for “ID
is important in life. I am happy to design instructions assuming the environment of education.”
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We used these question items only in Study 2 because we could not determine the absolute position of the
PSTSs’ teaching experience level in the question, “change of instructional design motivation,” asked in Study 1.

Procedure

Figure 1 illustrates the procedures used in the two studies. Study 1 was conducted between September and
November of 2019. Study 2 was conducted from May to July of 2020. In both studies, the participants answered
the questionnaires and designed lesson plans twice throughout the course.

In Study 1, the IDT course was held face-to-face in the active learning classroom of University A. The teacher
of the IDT course used course slides on screens, as well as providing slide handouts of the course in each
lesson.

In Study 2, the IDT course was held in an on-demand online style using a Moodle-based learning management
system. The PST's could access the course materials, except from 04:00 to 05:30. The course contains the video
content and slide handouts and materials as pdf files. For example, the PST's are allowed to view the checksheets
of two ID theories that we developed to be described.

We developed lesson-planning version checksheets for the two ID perspectives. The first checksheet, “check
sheet for Gagné’s Nine Events of Instruction,” comprises 36 items referring to Gagné’s Nine Events of
Instruction tips developed by Suzuki (1995). For example, items such as “Starting the class with something
strange, unusual, or make a sudden change to open the learner’s eyes wide” were mentioned from the first
event of “Gaining attention.” The second checksheet, “check sheet for the ARCS model,” comprises 73 items
referring to the motivational tactics checklist developed by Keller (1987), with Attention,” “Relevance,”
“Confidence,” and “Satisfaction” having 17, 22, 15, and 19 items, respectively. For example, items such as “Is
there reference to specific people rather than mankind, people, or other such abstractions?” were mentioned
from the perspective of “Attention.”

After collecting data, we evaluated the PSTs’ pre- and post-lesson plans using the checksheets. Each event or
perspective of the forementioned ID theories has been evaluated “1” when at least one item satisfies the
criterion item, or “0” otherwise. The lesson plan score is the sum of the score(s) of each event or perspective;
that is, Gagné’s Nine Events of Instruction ranged from 0 to 9, while the ARCS model ranged from 0 to 4.

We randomly selected 32 lesson plans (11% of all) following the guidelines for assessing and reporting
intercoder reliability (Lombard, Snyder-Duch, and Bracken, 2010); The first and third authors double coded to
calculate inter-rater reliability. According to Landis and Koch’s (1977) criteria, we have got fair Gwet’s (2014)
agreement coefficient (ACy), M = .28, §.D. = 0.34. The first author then evaluated the rest lesson plans.
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Study 1
September 2019 Answer pre-questionnaire
( Take 1st lesson )

Design pre-lesson plans
)

[ Take 2nd ~ 6th lessons
I I
( Create notebooks for an exam |

Design post-lesson plans

( Take last lesson (exam)

]
November 2019 LGEEIg JeR e[V (ol T TS

Study 2

May 2020 Answer pre-questionnaire

( Take 1st lesson )

Design pre-lesson plans

[ Take 2nd ~ 7th lessons ]
I 1

( Create notebooks for an exam |

r—) —
Take last lesson (exam) |

Design post-lesson plans
\/
A0  Answer post-questionnaire

Figure 1. Research procedure

—

Guides to Analysis

To survey the effectiveness of the IDT course, we compared the scores of the PSTs’ lesson plans evaluated by
the first author using a three-way analysis of variance (ANOVA). Here, the variables are Study, Pre-Post, and
Subject. We then conducted McNemar’s test of the scores of PSTs’ lesson plans to compare the pre- and post-
scores from the perspective of Gagné’s Nine Events of Instruction and the ARCS model to answer the first
and second research questions, respectively.

To survey the engagement of the IDT course, we compared the PSTs’ teaching experience level in Study 2 to
answer the third research question. Here, we used Wilcoxon’s signed-rank test to compare the pre- and post-
teaching experience levels through the IDT course.

We also surveyed the PSTs” engagement in IDs using the pre- and post-data of Study 2 to answer the fourth
research question. We used Wilcoxon’s signed-rank test to compare improvements through the IDT course.

Results

In total, 141 participants answered both the pre- and post-questionnaires and designed pre- and post-lesson
plans (Table 4). To accomplish our goals, we checked for qualitative changes in lesson plans and students’
motivation.

Table 4
Number of Participants for Each Specific Course and Study

Specific Course
Science
Study Math Physics Chemistry Biology Total
1 18 8 15 0 41
2 63 9 23 5 100
Total 81 17 38 5 141
Result of Lesson Plans
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The descriptive statistics scores of Gagné’s Nine Events of Instruction are reported in Table 5.

Table 5

Descriptive Statistics Scores (M, SD) of the Score of Gagné’s Nine Events of Instruction

Study 1 (2 = 41) Study 2 (2 = 100)
pre post pre post
Math 278 (1.00) 3.11 (0.90) 2.25(1.05) 325 (147)
Science 2.52(090) 3.09 (1.20) 176 (0.80) 330 (145)
Total 2,63 (094) 310 (1.07) 2,07 (099) 327 (146)

In Study 1, PINtath — 18, Tdence = 23. In. Study 2, Nath — 63, Mdence = 37

The results of a three-way ANOVA of Gagné’s Nine Events of Instruction are presented in Table 6. The three
factors in this analysis are “Study (Study 1, Study 2),” “Pre-Post (Pre, Post),” and “Course (Mathematics,

Science).”

The results revealed no significant main effect or interaction with the Course factor, which means that there is
no difference in the scores of either mathematics or science PSTs. Therefore, we used the data of mathematics
and science PST's together for later analyses.

The results revealed that there was a significant Study X Pre-Post interaction. Therefore, we conducted
Bonferroni’s multiple comparison of the scores and found four significant differences: pre; < posti, # (274) =
4.29, p <.001, 4= 0.29, prei < posta, # (274) = 2.82, p <.050, 4= 0.17, prez < prey, # (274) = 2.90, p <.050, 4 =
0.17, and prez < posta, # (274) = 7.36, p <.001, 4= 0.44 (figure 2).

Table 6

Results of Three-way ANOV A of the Score of Gagné’s Nine Events of Instruction

Factors ) af MS F 7
Study 308 1.00 308 2.22 001
Pre-Post 41.67 1.00 41.67 2097 009
Course 1.90 1.00 1.90 1.37 0.00
Study X Pre-Post 9.50 1.00 9.50 083~ 0.02
Study X Course 011 1.00 011 008 0.00
Pre-Post X Course 210 1.00 210 1.51 0.00
Study X Pre-Post X Course 034 1.00 034 024 0.00
Residuals 380.87 274.00 139

1= 141, 55: Sum of Squares, MS: Mean Square
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Figure 2. Mean Scores of PSTs Number of Gagné’s Nine Events of Instruction in Their

Lesson Plans

post

This result means that although the pre-score of Study 2 was lower than that of Study 1, the post-score of Study

2 was higher than that of Study 1. That is, the IDT course in Study 2 seemed to be effective.

We then conducted McNemat’s test for the score of Gagné’s Nine Events of Instruction in Study 2 (Table 7).
As a result, the number of PST's who designed lesson plans developed with the following events significantly
increased: “l. Gaining attention,” “2. Informing the learner of the objective,” “3. Stimulating recall of
prerequisite learned capabilities,” “5. Providing learning guidance,” “6. Eliciting performance,” “8. Assessing
performance,” and “9. Enhancing retention and transfer.” However, only approximately 10% of PSTs could

design the summary part.

Table 7

Accomplishment of Gagné’s Nine Events of Instruction

Event Mpre Mpost ()

1 Gaining attention 14 37 23,00~

2 Informing the learner of the objective 40 64 24.00™

3 Stimulating recall of prerequisite learned capabilities 24 49 23.15™

4 Presenting the stimulus material 84 86 0.50

5 Providing learning guidance 1 9 800

6 Eliciting performance 42 57 1071

7 Providing feedback about performance correctness 0 3 -

8  Assessing the performance 1 13 1200

9 Enhancing retention and transfer 1 9 640"

7=100 * p <050, % p < 001
ARCS Model

The descriptive statistics scores of the ARCS model are reported in Table 8.

Table 8
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Descriptive Statistics Scores (M, SD) of the Score of ARCS' model

Study 1 (2 = 41) Study 2 (2 = 100)
pre post pre post
Math 056 (062) 0,67 (059) 040 (066) 110 (1.09)
Science 0,61 (050) 0.78 (0.60) 059 (064) 130 (097)
Total 059 (055) 073 (0.59) 047 (066) 117 (1L04)

In Study 1, PINIath — 18, Tdence = 23. In Study 2, Nath — 63, Mdence = 37

The results of a three-way ANOVA of the ARCS model are presented in Table 9. The three factors in this
analysis are “Study (Study 1, Study 2),” “Pre-Post (Pre, Post),” and “Course (Mathematics, Science).”

The results revealed no significant main effect or interaction with the Course factor, which means that there is
no difference in the scores of either mathematics or science PSTs. Therefore, we used the data of mathematics

and science PST's together for the later analyses.

The results revealed that there was a significant Study X Pre-Post interaction. Therefore, we conducted
Bonferroni’s multiple comparison of the scores, as a result of which there were four significant differences:
pre; < posty, £ (274) = 4.08, p < .001, 4 = 0.24, post; < posta, # (274) = 3.13, p < .050, 4 = 0.19, and pre; <

posts, #(274) = 5.99, p < .001, 4= 0.36 (Figure 3).

Table 9
A Three-Way ANOVA of the Score of ARCS Model
Factors Y)Y df MSs F s
Study 209 1.00 209 327 001
Pre-Post 10.02 1.00 10.02 15.68™ 005
Course 1.14 1.00 1.14 179 001
Study X Pre-Post 439 1.00 439 687" 0.02
Study X Course 019 1.00 019 029 0.00
Pre-Post X Course 0.02 1.00 0.02 0.02 0.00
Study X Pre-Post X Course 001 1.00 001 0.02 0.00
Residuals 174.99 274.00 0.64

** p <010,

Sk p

1= 141, 55: Sum of Squares, MS: Mean Square <.001
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Number of Perspective(s)

1 -
0 0.47
pre post
Figure 3. Mean Scores of PSTs” Number of ARCS Models in Their Lesson

Plans

In particular, students were better able to use the ARCS model for their specific course through the learning
style of Study 2 than that of Study 1.

We then conducted McNemat’s test for the score of the ARCS model in Study 2 (Table 10). As a result, all
perspectives of the ARCS model improved. However, less than 50% of the PSTs designed the components
of the ARCS model.

Table 10

Number of Accomplishment of the ARCS Model

Perspective of the ARCS Model Hpre Ppost b))
Attention 29 46 15217
Relevance 6 20 12.25™
Confidence 11 34 23.00™
Satisfaction 1 17 14.227
7=100 wrk < 001

Result of Questionnaires
Teaching Experience Level

The results of the pre-and post-scores of Teaching Experience Level in Study 2 are presented in Table 11. More
students reported Level 4 than any other level. According to the results of Wilcoxon’s signed-rank test, the
PSTSs’ teaching experience level did not change through the IDT course, Mpre = 3.50, Mpose = 3.58, W= 495.50,
n.s, r=0.12.

Table 11
Number of Teaching Experience Level

Level 1 2 3 4 5 6 Total
Ppre 1 9 39 43 6 2 100
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Hpost 0 7 40 43 8 2 100

Instructional Design Motivation

The results of Wilcoxon’s signed-rank test for the pre- and post-scores of ID motivation in Study 2 are
presented in Table 12. The results show that the PSTs could design instructions by considering the learning
content. However, their specific courses, such as mathematics, were less useful for designing instructions.

Table 12
Change to PSTs’ Instructional Design Motivation and Result of Wilcoxon’s Signed-Rank Test

pre post
Moosc w r
M SDpe My SDpos Moxe

1 1gain something through ID. 391 082 424 073 033  31850° 050

2 Taminterested in the ID contents. 377 069 374 085 003 57050 006

5 Lintemctwith other students when 308 121 304 133 004 131650 006
designing instructions.

4 IDisnotasingle task. 383 083 398 093 015 56700 024

5 Designinginstructions is not boring 358 073 367 094 009 8500 010
because it is not a mindless routine.

6 TknowwhyI design instructions. 361 084 395 078 034 33250 054

7 Igrow through ID. 3,56 083 395 083 039 24700 060

g wantto design instructions again if 367 080 377 105 010 58200 016
possible.
I priotitize the preparation for design

9 instructions even when T am busy 279 084 280 110 001 97250 000
with other class activities.

10 Theother specific courses I take are 376 092 346 110 030 158300° -027
useful to design instructions.

11 Theother teacher-training courses | 382 080 405 080 023 46050° 036
take are useful to design instructions.

1o Theother specific subject courses T 384 071 387 093 003 77500 009
take are useful to design instructions.

13 Lspendalotof time designing 282 09 319 109 037 52650 042
instructions in my school life.

14 Ltytolookfor the subjects and. 386 077 405 080 019 64800 027
topics that attract students’ attention.

15 Designing instructions is interesting, 365 082 391 09 026 760500 031

16 Disessential whenIbecomea 446 060 461 058 015 41750 026
teacher.
I try to look for books and materials

17 apart rom the losure natcils 2.99 110 310 111 011 98200 011

1g 1ty toadoptvarious teaching 341 082 368 084 027 591000 033
methods when I design instructions.

19 1 changemy teaching methods 330 077 356 101 026 8900 028
depending on the learning contents.

gy Luytoaskothers o review my ID o 307 085 289 117 018 148050  -019
design better.
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re St
P po Mo w r
My SDpe My SDpos Moxe

o1 1o tosocieties, study groups, or 201 123 180 118 021 71550  -027
academic conferences for ID.

oy Through ID, I sometimes feel happy 287 084 294 094 007 43950 015
that Tam a PST.
Through ID, I want to be a teacher

23 soon and be active in the 345 108 343 103 002 88900 004
environment for education.

pq  Morgetthe time when I devote 305 087 285 121 02 133400 021
myself to design instructions.

1= 100, 0= .88, ctpens= .87, 5-point Likert scale %< 050, p < 010, p < 001

Discussion

Discussion on Lesson Plans

From the two ID theories’ perspectives, there were no significant interactions between “Course” and “Study”
or “Course” and “Pre-Post.” That is, there is no difference between pre-service mathematics and science
teachers in terms of the quality of lesson plans from the perspective of ID theories. This result suggests that,
through the IDT course, PST's acquired knowledge related to pedagogical knowledge in the TPACK framework
regardless of their specific subject (Alrwaished, Alkandari, and Alhashem, 2017).

From the perspective of Gagné’s Nine Events of Instruction, the post-lesson plan scores were high in Study 2,
although the pre-lesson plan scores were lower than those of Study 1. The reason why the PSTs’ post-lesson
plans in Study 1 marked a low score is that the PSTs might have had difficulties designing lesson plans from
the perspective of ID theories without having ID theory checksheets. Therefore, in Study 2, we allowed the
PSTs to view the checklists of ID theories, which could be considered to have made the PST's design lesson
plans effectively from the perspective of ID theories compared to the PSTs in Study 1. That is, providing the
checksheets of ID theories can trigger PSTs to design instructions better from the perspective of Gagné’s Nine
Events of Instruction.

However, the number of students who designed lesson plans considering “4. Presenting the stimulus material”
and “7. Providing feedback about performance correctness” showed no significant difference between the pre-
and post-scores. The reason for this lack of increase is that the number of students who designed the former
event was already at 84%, and there may, therefore, have been no room to increase. Moreover, only 3% of the
PSTs could design lesson plans considering the latter event. The PSTs may have had no idea how to design the
summary part of a lesson, as Choi (2020) reports that few mathematics PST's have reconstructed lesson plans
in terms of teaching and learning methods in the summary part. This may be attributed to the lack of
opportunities for PSTs to design and perform instructions in a real classroom environment. Further IDT
courses should consider actual classroom environments, such as micro-teaching, considering ID theories.

From the perspective of the ARCS model, the post-lesson plan scores were high in Study 2. Specifically, the
number of students who design lesson plans considering all the components of the ARCS model, “Attention,”
“Relevance,” “Confidence,” and “Satisfaction,” significantly increased from the pre-lesson plans. For example,
some students could introduce topics problematically to inquire about arousing inquisitiveness. However, in
the post-lesson plans, less than 50% of the PSTs designed the components of the ARCS model (e.g., 20% for
“Relevance”). This means that even though the PSTs have completed the IDT course, only half of them can
design lessons considering the ARCS model. This implies that PST's have trouble adapting the ARCS model to
their specific subjects. To adapt the ARCS model, a solution may be for PST' to design lesson plans with other
PSTs, such as peer-reviewing lesson plans.
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Discussion on PSTs’ Engagements

We compared the pre- and post-data of PSTs’ teaching experience levels and ID motivation using a
questionnaire. As a result, more students reported Level 4 than any other level. However, there was no change
in the teachers’ teaching experience level through the IDT course. This result means that the PSTs did not lose
their teaching experience level; however, the PSTs’ teaching experience level also did not increase through the
IDT course. Future research should discuss when to increase PSTS’ teaching experience level, focusing not
only on the IDT course, but also throughout the teacher training course.

Moreover, the PSTs’ motivation toward ID increased significantly overall. For example, by designing
instructions, the PSTs come to find something, know why they design instructions, and feel they have grown.
That is, students’ engagement with ID increased through the IDT course of Study 2.

However, through the IDT course, the PSTs feel that their other specific college courses, such as geomettry,
are less useful in designing instructions. This means that they do not design lesson plans considering their
specific courses, such as mathematics, at a higher education level. Unfortunately, the contents of the PSTs’
lesson plans seem to remain at the secondary education level. They do not seem to identify mathematics content
or concept connections between advanced mathematics knowledge (acquired during undergraduate studies)
and mathematics taught in secondary schools, as Zazkis and Leikin (2010) suggest that few mathematics PST's
provide content-specific examples of PSTs” advanced mathematics knowledge. A further direction of this study
will focus not only on the pedagogical knowledge aspect of PSTs, but also on content knowledge aspects such
as mathematics content knowledge and pedagogical content knowledge for mathematics teachers.

Conclusion

In this study, we developed an effective and engaging IDT course. ID theories such as Gagné’s Nine Events
of Instruction were taught to affect PSTs in designing lessons based on such theories. Specifically, from the
perspective of the aforementioned theory, students can design lessons that gain attention, informing the learner
of the objective, stimulating recall of prerequisite learned capabilities, providing learning guidance, eliciting
performance, assessing performance, and enhancing retention and transfer. From the perspective of the ARCS
model, students can design lesson plans that focus on and find the relevance of learning content, make learners
confident, and satisfy learners. In addition, the IDT course of Study 2 was meaningful and understandable due
to the increase in students’ motivation regarding ID; the PSTs’ teaching experience level did not decrease.
Therefore, this research can serve as a case study of an IDT course as an online asynchronous course.

However, this study had several limitations. Despite the PST's’ lesson plans improving from the perspective of
Gagné’s Nine Events of Instruction and the ARCS model, some students were unable to design lesson plans
considering ID theories or models. As a future task, there may be a need to determine what makes these PST's
design lesson plans that do not consider these aspects. In addition, the relationship between the PSTSs’ teaching
experience level and their ID engagement remains unknown.

Moreover, in this study, the PSTs designed lesson plans rather than an entire lesson. Therefore, whether PST's
can instruct actual lessons is not the focus. Furthermore, from the perspective of ID theory, this IDT course

concerns effectiveness and appeal (engagement), but there is no focus on efficiency. In future tasks, researchers
may consider how long PSTs spend designing lesson plans.
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Postscript

IJEMT, Vol. 15, No. 1, 2021, ISSN 1882-2290 102



International Journal of Educational Media and Technology
2021, Vol. 15, No. 1 pp.90-104

This study expands and orgamizes the results of a study presented by Nakamura, Misono, and Watanabe
(2020b) and Nakamura, Misono, and Watanabe (2020c).
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