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Abstract 
We aim to investigate technological pedagogical content knowledge (TPACK), and mathematics 
teaching anxiety (MTA) components affect the instructional designs (IDs) of pre-service 
mathematics teachers. Thirty-three Japanese pre-service mathematics teachers participated in the 
research. Through learning ID theories, PCK of the TPACK components affected the ID of pre-
service mathematics teachers. On the other hand, no MTA components affected the ID of the 
pre-service mathematics teachers. These results indicate that pre-service mathematics teachers 
can design lessons considering ID theories by acquiring PCK, not reducing MTAs. 
 
Keywords: Pre-Service Teacher, Instructional Design, TPACK, Mathematics Teaching Anxiety 
 

1. Introduction 
 
1.1. Teachers’ Anxieties Toward Teaching Mathematics 
 

Teachers have anxieties when teaching mathematics. Peker (2006) explains these 
mathematics teaching anxieties (MTAs) as teachers’ tension and anxiety while teaching 
mathematical concepts, theories, and formulas or during problem-solving. Hunt and Sari (2019) 
suggested two factors student- and teacher-directed mathematics teaching anxiety. The former 
MTA represents anxiety concerning pupils/students failing assessments or not reaching 
curriculum/school targets. The latter MTA represents a teacher’s teaching practice and perceived 
ability. Therefore, mathematics teachers have anxieties toward not only students but also 
teachers themselves. Focusing on pre-service teachers’ MTA, Patkin and Greenstein (2020) 
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suggested that the mathematics teaching anxiety of pre-service teachers is higher than that of in-
service teachers. 

Moreover, the higher the teachers’ mathematics teaching anxieties, the more the teachers 
use teacher-centered instructions. Therefore, there are need to lower teachers’ mathematics 
teaching anxiety in the pre-service phase. We then aim to reduce pre-service teachers’ anxiety by 
acquiring knowledge. 
 
1.2. Technological Pedagogical and Content Knowledge (TPACK) 
 

From the perspective of teachers’ knowledge, TPACK represents a framework that 
teachers need to acquire. TPACK stands for technological, pedagogical, and content knowledge. 
The interaction of these bodies of knowledge, both theoretically and in practice, produces the 
types of flexible knowledge needed to successfully integrate technology use into teaching 
(Schmid et al., 2009. Table 1 shows the TPACK components, definitions, and their examples. 

 
Table 1. TPACK components and definitions (Hunt & Sari, 2020) 
TPACK Components Definitions Examples 
Pedagogical 
Knowledge (PK) 

Knowledge about the process and 
practices or methods of teaching 
and learning and how it 
encompasses educational 
purposes, values, and aims. 

Student learning, classroom 
managements, lesson plan 
development and implementation 

Content Knowledge 
(CK) 

Knowledge about the actual 
subject matter that is to be taught. 

Central facts, concepts, theories, 
procedures 

Technological 
Knowledge (TK) 

Knowledge about standard 
technologies and how to operate 
them. 

From books and chalkboards to the 
internet and digital video 

Pedagogical Content 
Knowledge (PCK) 

Knowledge of pedagogy that is 
applicable to the specific teaching 
content. 

Knowing what teaching approaches 
fit the content, knowing how 
elements of content can be 
arranged for better teaching  

Technological 
Pedagogical 
Knowledge (TPK) 

Knowledge of how technology 
and content are reciprocally 
related. 

Knowing that range of tools exist, 
ability to select based on fitness 
and knowledge of affordances of 
these tools for pedagogical practice 

Technological 
Pedagogical Content 
Knowledge (TPCK) 

Knowledge for good teaching 
with technology which requires 
understanding how technologies 
can support teaching subject 
matter 

Knowing how technologies can 
help overcome problems in the 
processes of teaching and learning, 
and how they can be used for 
constructively content and 
pedagogy 

 
Prior TPACK research revealed that much of the knowledge related to TK (i.e., TK, TPK, 

TCK, TPCK) is evident. For example, Schmid et al. (2021) suggested that pre-service STEM 
teachers obtain higher levels of TK and TCK. However, fewer kinds of research focus on the 
development related to PK (i.e., PK, PCK, TPK, TPCK).  
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1.3. Instructional Design in Pre-service Phase 
 
Considering PK, in Japan, the Ministry of Education, Culture, Sports, Science, and 

Technology (MEXT; 2017) summarized the skills required in pre-service teacher-training 
courses of all Japanese universities as the core curriculum of pre-service teacher-training courses. 
For instance, the Instructional Methods of Specific Subject Course and the Instructional Design 
and Technology Course. Here, the latter course aims to acquire fundamental instructional design 
theories and practices. Therefore, pre-service teachers need to acquire instructional design (ID) 
theories.  

Suzuki (2005) explains ID as the models and research fields that combine methods to 
foster educational activities’ effectiveness, efficiency, and appeal. For example, in this research, 
ID theories represent Gagné’s Nine Events of Instruction and the ARCS model for Attention, 
Relevance, Confidence, and Satisfaction. Gagné et al.’s (1974) theory is a nine-Step process 
based on an information processing model. In Japan, a lesson's procedure has three parts: 
introduction, body, and summary. However, Gagné’s nine events of instruction theory are 
divided into nine events, from “Gaining attention” to “Enhancing retention and transfer.” The 
ARCS model (Keller, 1987) is a problem-solving approach for designing motivational aspects of 
learning environments to stimulate and sustain students’ motivation to learn. This model helps to 
design lessons considering learners’ motivation. 

 
2. Purpose 

 
We aim to investigate TPACK and MTA components affect the instructional designs of 

pre-service mathematics teachers. We set two research questions: (1) Through learning ID 
theories, are pre-service mathematics teachers’ PK, PCK, TPK, and TPCK affect their 
instructional design? and (2) Through learning ID theories, are pre-service mathematics teachers’ 
mathematics teaching anxieties affect their instructional design? 
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3. Methods 
 

Figure 1 shows the procedure of the research.  
 

Lecture Participants’ learnings 

5th
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8th
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1st

3rd

・Gagné’s Nine Events of 
Instruction
・ARCS model

Questionnaires
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Evaluation on lesson plans

Correlation Analysis → Multiple Regression analysis
Objective value: Gagné’s Nine Events of Instruction
Explanatory value: TPACK, MTA
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• TPACK
• MTA
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• MTA

Designing the final lesson plan

ID theories

Active learning 

Motivation

Learning environment

learning goals and evaluation methods

Instructional media

Designing the first lesson plan

 
Figure 1. Procedure of Instructional Design and Technology Course and the participants’ 
learning. 
 
3.1. Participants 
 

Participants are pre-service mathematics teachers at University A. This university is one 
of the oldest Japanese private science and technology universities. The participants took the 
“instructional design and technology course,” a pre-service teacher-training course subject for 
juniors, from April to June 2021. Therefore, the participants have never been to education 
practice in primary and secondary education fields. Also, the participants never designed lesson 
plans or other instruction abilities based on the ID theories. 

 
3.2. Instruments 

 
The research instruments are questionnaires and lesson plans.  
 

Questionnaires 
 
We asked the participants about the face sheets, TPACK referred from the English 28-

item TPACK scale “TPACK.xs” (Schmid et al., 2020), and MTA referred from the English 19-
item MTA Scale “MTAS” (Hunt et al., 2019) to the participants using the measure developed 
from prior research translated into Japanese using a 5-point Likert scale. 
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Lesson Plans 
3.3. Guidelines for Analysis 
 

We conducted Pearson’s correlation analysis to determine the correlation between 
TPACK, MTA, and ID. We then conducted the multiple regression analysis setting the score of 
Gagné’s Nine Events of Instruction as an objective value and seven TPACK and two MTA 
components as the Explanatory value. 
 

4. Results 
 

In total, 33 pre-service mathematics teachers completed both questionnaires and lesson 
plans. The teachers did not answer questionnaires biased (i.e., SD ≠ 0) and were willing to be a 
teacher in the future, 
 
4.1. Correlation between TPACK, MTA, and ID  
 

We eliminated some items to maximize Cronbach’s reliability coefficient α. α score of 
one of the TPACK components was =.28, then We eliminated one item to raise the α score. We 
eliminated one item for student-directed MTA, and three items for teacher-directed MTA 
likewise. The final descriptive statistics and coefficient α of the post-score are shown in Table 2. 

 
Table 2. Descriptive statistics and α score of ID, TPACK, and MTA 
Perspectives Components MPost SDPost αPost 
ID Gagné’s Nine Events of Instruction (Gagné) 5.94 1.64 - 
 ARCS model (ARCS) 3.42 0.66 - 
TPACK PK 3.89 0.57 0.77 
 CK 3.46 0.70 0.72 
 TK 3.23 0.78 0.70 
 PCK 3.66 0.61 0.76 
 TPK 3.67 0.63 0.72 
 TCK 2.92 0.88 0.84 
 TPCK 3.73 0.58 0.74 
MTA Student-Directed MTA (MTAS) 2.91 0.79 0.81 
 Teacher-Directed MTA (MTAT) 3.50 0.78 0.87 
Note: n = 33. MTA: flipped 

   

 
We found that both TPACK and MTA questionnaires were reliable as the adjusted α of 

each post-score was >.80. We then conducted the Pearson’s correlation analysis to two ID, seven 
TPACK, two MTA components as shown in Table 3. Focusing on the ID perspective, Gagné’s 
Nine Events positively correlate to PCK and TPCK. On the other hand, focusing on the MTA 
perspective, there were no correlations to both ID theories (i.e., Gagné’s Nine Events of 
Instruction and the ARCS model). However, teacher-directed MTA positively correlates to PK, 
CK, and TPK. 

 
Table 3 Pearson’s correlation analysis of ID, TPACK, and MTA components 
items  Pearson’s r         
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 ID  TPACK      MTA 
 Gagné ARCS PK CK TK PCK TPK TCK TPCK MTAS 
Gagné           
ARCS 0.54***          
PK 0.24*** 0.08***         
CK 0.09*** 0.24*** 0.45***        
TK 0.16*** 0.24*** 0.52*** 0.37***       
PCK 0.38*** 0.45*** 0.50*** 0.63*** 0.69***      
TPK 0.30*** 0.15*** 0.71*** 0.37*** 0.57*** 0.56***     
TCK -0.04*** 0.30*** 0.50*** 0.62*** 0.70*** 0.64*** 0.33***    
TPCK 0.35*** 0.29*** 0.78*** 0.52*** 0.60*** 0.59*** 0.77*** 0.45***   
MTAS -0.29*** -0.17*** 0.13*** -0.14*** -0.13*** -0.19*** 0.19*** -0.12*** -0.03***  
MTAT -0.11*** 0.23*** 0.42*** 0.40*** 0.03*** 0.17*** 0.34*** 0.28*** 0.32*** 0.59*** 
Note: n = 33.  MTA: flipped   * p < .050, ** p < .010, *** p < .001 

 
4.2. Multiple Regression to the Gagné’s Nine Events of Instruction 
 

Table 4 shows the results of the multiple regression analysis using Gagné’s Nine Events 
of Instruction as the objective value. Focusing on the TPACK components, the standardized 
coefficient of only PCK was significant. However, no MTA components have significant 
standardized coefficients.  
Table 4. Multiple regression analysis      

Descriptive Valuable (items) B SEB Std. β VIF 
PK (4) 0.46 0.81 .16* 3.16 
CK (4) -0.57 0.60 -.25* 2.65 
TK (4) -0.37 0.66 -.17* 3.94 
PCK (4) 1.76 0.73 .65* 2.92 
TPK (3) 0.19 0.78 .07* 3.65 
TCK (4) -0.83 0.57 -.44* 3.72 
TPCK (4) 0.51 0.93 .18* 4.28 
MTAS (6) 0.72 0.47 .37* 2.36 
MTAT (9) -0.17 0.57 -.08* 2.95 
intercept -1.05 2.87   
Note: n = 33. Objective Value = Gagné, DW = 2.24 (n.s.), Adj. R2 = .20 * p < .05 

 
5. Discussion 

 
5.1. The impacts of learning ID theories to TPACK 
 

The answer to the first research question, through learning ID theories, whether pre-
service mathematics teachers’ PK, PCK, TPK, and TPCK affect their instructional design is a 
partial yes, according to the results. Only PCK and TPCK had a significant positive correlation 
to Gagné’s Nine Events of Instruction. Moreover, only PCK has a significant positive coefficient 
of the multiple regression analysis. We can say that pre-service teachers who acquire PCK are 
the only persons that can design instructions according to ID theories. In other words, acquiring 
the essential three TPACK components does not help pre-service mathematics teachers design 
instructions based on ID theories. This implication supports the TPACK framework's 
transformative model (Schmid et al., 2020). 
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5.1. The impacts of learning ID theories to MTA 
 

The answer to the second research question, through learning ID theories, whether pre-
service mathematics teachers’ MTA affect their instructional design is no, according to the 
results.  
 

6. Conclusion 
 

This research identified the effects of Japanese pre-service mathematics teachers’ 
learning ID theories. In conclusion, only PCK of the TPACK components affected the ID of pre-
service mathematics teachers. On the other hand, no MTA components affected the ID of the 
pre-service mathematics teachers. These results indicate that pre-service mathematics teachers 
can design lessons considering ID theories by acquiring PCK, not reducing MTAs. 
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