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Abstract: This paper reports the findings of a study on teacher-training programs for 
elementary school science education. In an effort to increase pre-service teachers’ teaching 
skills that involve using information and communication technology (ICT), a design 
experiment approach was used at a Japanese university. In Study 1, pre-service teachers 
discussed the strengths and weaknesses of using ICT materials in practice. They then 
conducted a trial lesson using ICT. The findings indicate that their teaching skills were 
increased—not only for using ICT in researching teaching materials and preparing for 
instruction, but also in class instruction. However, we observed that their skills used in 
teaching students how to use ICT in class did not increase. Therefore, in Study 2, the 
pre-service teachers conducted a trial lesson in which not only the teacher but also the students 
used ICT for learning in class. The results showed an increase in the skills used to teach ICT 
in class. 

 
 
Introduction 
 
 Education institutions worldwide have instituted national policies that entail educating children to acquire 
“21st century skills” (Griffin et al., 2011). Regarding information education, such skills are defined according to 
information and communication technology (ICT) literacy and information literacy. The Conference of the Central 
Council of Education (2016) reported that the next teaching course of study for elementary school education in 
Japan would come into force by 2020, as many subjects now include ICT literacy and information literacy. 
Therefore, all Japanese elementary and junior high school students will have their own tablet PC with Wi-Fi access 
at their school, to learn to communicate with not only their teachers but also their classmates in almost all subjects 
(MEXT, 2016). According to these reports, teachers should teach the mentioned literacies to students in every 
subject. However, one of the problems with teacher training aimed at increasing pre-service teachers’ teaching skills 
using ICT is that some active teachers are not adept at using ICT in instruction (Morishita, 2015). Therefore, it is 
important for universities to train elementary school teachers to implement lessons using ICT and to be aware of 
pre-service teachers’ ICT instructional capabilities. 
 It is crucial for pre-service teachers to use ICT in practical instruction in order to increase their recognition of 
teaching skills using ICT. The Ministry of Education, Culture, Sports, Science and Technology of Japan reported 
that the curriculum and teaching methods of each subject at universities for teachers must be adapted in order to 
assist pre-service teachers in acquiring ICT instructional skills (Conference of the Central Council of Education, 
2015). For this objective, Ogawa et al. (2015) suggested using a “spot the different videos” training method. After 
pre-service teachers used this method in a teacher-training course, their teaching skills using ICT increased. 
Moreover, Kitazawa and Morimoto (2017) had pre-service teachers create movies that included scenes of instruction 
using ICT; several of the pre-service teachers collaboratively reflected on the movies afterward as peer assessment. 



The results showed that the pre-service teachers’ ICT methods and techniques for improving instructional skills 
increased.   
 For this study, we designed a curriculum of teacher training aimed at increasing pre-service teachers’ 
instructional skills using ICT. We focused on science education because digital science materials are not only 
abundant but also commonly used at Japanese elementary schools to increase student understanding of science 
(Setozaki et al., 2013). In addition, pre-service teachers can easily learn the benefits of using ICT when applying this 
curriculum in practical science instruction (Morita et al., 2016). 
 The purpose of this research was to clarify the effectiveness of our curriculum design based on the results of 
analyzing changes in students’ (i.e., pre-service teachers’) teaching skills using ICT, before and after class meetings. 
Thus, we conducted two studies as follows. 
 In Study 1, we investigated a particular science teaching method for the 2014 academic year, focusing on 
pre-service teachers who discussed the strengths and weaknesses of using ICT materials in practice. Afterward, they 
conducted a trial lesson using ICT in instruction. 
 In Study 2, we modified the curriculum design, based on the analysis results of Study 1. Specifically, we 
focused on not only the use of ICT for teaching but also the students who used ICT for their learning but exhibited 
no improvement; hence, we adopted and implemented a design for improving instruction using ICT and then 
analyzed the changes in the students’ targeted recognition following its implementation.  
 Given the findings of Studies 1 and 2, we suggest that curriculum designs be modified so that pre-service 
teachers can increase their teaching skills using ICT through the investigated science teaching method. 
 
Outline 
Curriculum Design of the Science Teaching Method 
 
 The science teaching method that we investigated in this study was implemented in a course held in the fall 
semester of the third year at a teacher-training university in Tokyo. The teacher-training course that was the subject 
of this study was composed of students majoring in elementary education. The course had 15 class meetings and was 
divided into two classes, although the curriculum design and the teacher were the same for each of them (Table 1). 
In total, approximately 40 students were enrolled in the course. 
 Lessons 1–3 were taught by the course instructor (first author), with the aim of prompting students to reflect 
on teaching guidelines and science videos for elementary schools. Specifically, we focused on not only the 
importance of science education for elementary school (e.g., teachers educating children on the aims, knowledge, 
motivation, viewpoints, and thought processes of science) but also how ICT can facilitate student learning. 
 Lessons 4–15 were implemented by the pre-service teachers, who conducted a trial science lesson for 
elementary school. The pre-service teachers had to submit a lesson plan 2 weeks before implementing a lesson. 
After the lesson, the pre-service teachers discussed how to improve the lesson and offered feedback to the students 
who conducted a trial lesson. 

 
Lessons Lesson titles Specific contents 

1 Introduction 

Lecture on the outline of the science teaching method: designing a detailed schedule for trial 
lessons; reviewing the teaching guidelines of science instruction in elementary schools; and 
collaborating and discussing the strengths and weaknesses of using ICT devices such as a digital 
camera, tablet PC, and digital science textbook. 

2 
Knowledge 
required for a 
science teacher 1 

Pre-service teachers watch two videos (one with ICT use and without ICT) about science classes 
in elementary schools. Afterward, they discuss student understanding and the requirements of a 
science teacher. Lecture on how to write a science lesson plan. 

3 
Knowledge 
required for a 
science teacher 2 

Lecture on accident prevention, safe instruction, classification criteria, and how to write a 
science lesson plan.  

4–15 Trial lessons Pre-service teachers conduct a trial science lesson for elementary school by using ICT for 
approximately 20 minutes independently. Afterward, they discuss how to improve the lesson. 

 
Table 1.	Curriculum Design of the Science Teaching Method 

 



Design Experiment Approach 
 
 In this study for improving curriculum design, we introduced an analysis method based on the design 
experiment approach (Brown, 1992; Collins, 1993). We adopted a research design that did not entail assuming 
control over multiple factors in the learning environment (e.g., gender of students and personality) 
 
Study 1 
Methods 
Experimental subjects 
 Thirty-four undergraduate students (21 males, 13 females, including a credited auditor) enrolled in an 
elementary education course at a teacher-training university in Tokyo were investigated. 
 
Procedure 
 Questionnaires were administered on October 2, 2014, at the first class meeting of the preliminary study, and 
on January 22, 2015, at the final class meeting of the follow-up study. 
 
Method of analysis 
 The Ministry of Education, Culture, Sports, Science and Technology (2007) conducts an annual survey, 
“Teachers ICT Instruction Capabilities Checklist” for elementary school teachers (Fukumoto & Kikuchi 2008). The 
survey has a questionnaire comprising five categories: (A) “ability to use ICT for materials study, instruction 
preparation, and assessment”; (B) “ability to use ICT in class”; (C) “ability to teach children how to use ICT”; (D) 
“ability to teach information morals”; and (E) “ability to use ICT for school affairs” (e.g., the teacher manages the 
performance and the attendance of the students). In our study, we administered this questionnaire, which totals 18 
questions scored on a 4-point scale (1 = strongly disagree to 4 = strongly agree). For the results of the preliminary 
study and follow-up study, we performed comparative analysis of the differences in the average value of each item 
by using a paired t test. 
 
Results and Discussion 
 

Table 2 shows the results of the paired t test on the results of the preliminary study and follow-up study, for 
the science teaching method in the 2014 academic year. Significant differences were observed for eight items 
(described as follows), with the highest probabilities of significant difference determined for items D-1 “I take 
responsibility for the information transmitted by the children I teach and the behavior they exhibit in the information 
society, and I teach them to think about others while exchanging information” (p < .10) and E-2 “To promote closer 
collaboration among teachers, parents, and local people, I use the Internet and school network to exchange and share 
necessary information” (p < .10). 
  
A) Ability to use ICT for materials study, instruction preparation, and assessment  
 Significant differences were observed for the following four items: A-1 “To enhance the educational effect, I 
plan a lesson on how to use computers and the Internet in a classroom setting” (e.g., the teacher explains to the 
students with digital movies or animated slides) (t (33) = 2.20, p < .05); A-2 “To collect materials used in lessons, I 
use the Internet and CD-ROM” (t (33) = 2.20, p < .05); A-3 “To create the prints and presentation materials 
necessary for the course, I use word processing and presentation software” (t (33) = 3.66, p < .01); and A-4 “To 
improve assessment, I compile and manage students’ work, learning status, and grades using computers, digital 
cameras, and other related equipment” (t (33) = 2.69, p < .05). We found that the average values were significantly 
higher after the course. 
 
B) Ability to use ICT in class 
 Significant differences were observed for the following two items: B-1 “To enhance children’s interest in 
learning, I effectively present lesson materials using computers, presentation devices, and other related equipment” 
(t (33) = 2.69, p < .05); and B-2 “To help each child understand the problem clearly, I effectively present lesson 
materials using computers, presentation devices, and other related equipment” (t (33) = 2.77, p < .01). We found that 
the average values were significantly higher after the course. 



 

Categories Items 
Pre Post 

p M SD M SD 

A) Ability to 
use ICT for 
materials 
study, 
instruction 
preparation, 
and 
assessment  

A-1 To enhance the educational effect, I plan a lesson on how to use 
computers and the Internet in a classroom setting. 2.56 0.79 2.94 0.78 * 

A-2 To collect materials used in lessons, I use the Internet and 
CD-ROM. 2.68 0.98 3.06 0.95 * 

A-3 To create the prints and presentation materials necessary for the 
course, I use word processing and presentation software. 2.88 0.98 3.50 0.56 ** 

A-4 To improve assessment, I compile and manage students’ work, 
learning status, and grades using computers, digital cameras, and 
other related equipment. 

2.26 0.96 2.74 0.93 * 

B) Ability to use 
ICT in class 

B-1 To enhance children’s interest in learning, I effectively present 
lesson materials using computers, presentation devices, and other 
related equipment. 

2.56 0.75 2.97 0.76 * 

B-2 To help each child understand the projects of the subject clearly, 
I effectively present lesson materials using computers, 
presentation devices, and other related equipment. 

2.44 0.75 2.94 0.85 ** 

B-3 To explain in a way that is easy to understand, and to broaden 
the thinking and understanding of children, I effectively present 
lesson materials using computers, presentation devices, and other 
related equipment. 

2.59 0.89 2.88 0.77  

B-4 To increase the children’s knowledge when summarizing the 
contents of the class, I effectively present lesson materials using 
computers, presentation devices, and other related equipment. 

2.62 0.89 2.85 0.74  

C) Ability to 
teach children 
how to use 
ICT 

C-1 I teach children how to select and collect information using a 
computer and the Internet. 2.74 0.99 2.94 0.95  

C-2 I teach children to write their ideas using word processing 
software and to summarize what they investigated in tables and 
figures using spreadsheet software. 

2.35 0.88 2.56 0.96  

C-3 In a way that is easy to understand, I teach children how to 
express their ideas and give presentations using computers and 
presentation software. 

2.68 0.98 2.85 0.86  

C-4 Through repeated practice, I help children acquire the 
knowledge and master the skills necessary for using educational 
software and the Internet. 

2.47 0.96 2.79 0.88 * 

D) Ability to 
teach 
information 
morals  

D-1 I take responsibility for the information transmitted by the 
children I teach and the behavior they exhibit in the information 
society, and I teach them to think about others while exchanging 
information. 

2.65 0.92 3.06 0.92 + 

D-2 I teach children how to collect and transmit information while 
they observe the rules and manners of the information society. 3.12 0.84 3.29 0.84  

D-3 I teach children to understand the correctness and safety of 
using information, and to take care of their health when using the 
Internet. 

3.06 0.85 3.09 0.83  

D-4 I teach children how to acquire the basic knowledge of 
information security, such as the importance of passwords and 
other information. 

2.94 0.92 3.09 0.75  

E) Ability to use 
ICT for 
school affairs	

E-1 I collect information necessary for school affairs and classroom 
management on the Internet, and I create documents and 
materials using word processing and spreadsheet software. 

2.09 0.75 2.71 1.03 ** 

E-2 To promote closer collaboration among teachers, parents, and 
people in the school area, I use the Internet and school network 
to exchange and share necessary information. 

2.41 0.82 2.76 0.96 + 

+ p < .10, * p < .05, ** p < .01 
 

Table 2.	Results of the Pre- and Post-surveys (2014 Academic Year) 



C) Ability to teach children how to use ICT 
 A significant difference was observed for item C-4 “Through repeated practice, I help children acquire the 
knowledge and master the skills necessary for using educational software and the Internet” (t (33) = 2.34, p < .05). 
We found that the average value was significantly higher after the course. 
 
D) Ability to teach information morals  
 No significant difference was observed for any of the five items in this category. 
 
E) Ability to use ICT for school affairs 
 A significant difference was observed for item E-1 “I collect information necessary for school affairs and 
classroom management on the Internet, and I create documents and materials using word processing and spreadsheet 
software” (t (33) = 3.45, p < .01). We found that the average value was significantly higher after the course. 
 These results show that the curriculum design of the science teaching method investigated in this study was 
able to change the pre-service teachers’ recognition of the items that were significantly increased in Study 1. We 
determined that category A (“ability to use ICT for materials study, instruction preparation, and assessment”) and 
items B-1 and B-2 were significantly increased because of the effects of contents such as the pre-service teachers’ 
collaborating and discussing the strengths and weaknesses of using ICT at the first class meeting (when they 
watched and discussed the two videos—one with ICT use and without ICT—on science classes in elementary 
schools, and conducted a trial science lesson for elementary school by using ICT). We determined that the items of 
category D “ability to teach information morals” were not increased because the pre-service teachers’ recognition 
was high before this study (Table 2). However, the average values of items C-4 and E-1 indicated a nearly median 
value of 2.5; as such, the results show that they are considered neutral even though they were increased significantly. 
Additionally, we found that they recognized the items of category C (“ability to teach children how to use ICT”) less 
than the other categories. For Study 2, we modified the curriculum design of the science teaching method in order to 
increase the value of these items. 
 
Study 2 
Modifying the curriculum design 
 
 In Study 1, improving the attainment targets of categories B (“ability to use ICT in class”) and C (“ability to 
teach children how to use ICT”) was identified as necessary; therefore, we focused on not only the use of ICT for 
teaching but also the students who used ICT for their learning. We modified the curriculum design of Lessons 2 and 
4–15. In Lesson 2 of 2014, the pre-service teachers watched the video that involved a few scenarios in which the 
students used ICT in elementary school science classes. In Lesson 2 of 2015, we used videos that had many 
scenarios in which students used ICT. In addition, we added a condition to the trial lesson involving ICT: the 
students, as well as the teachers, must use ICT. 
 
Methods 
Experimental subjects 
 Forty-one undergraduate students (20 male, 21 female) enrolled in an elementary education course at a 
teacher-training university in Tokyo were investigated. 
 
Procedure 
 Questionnaires were administered on October 1, 2015, at the first class meeting of the preliminary study, and 
on January 28, 2016, at the final class meeting of the follow-up study. 
 
Method of analysis 
 For the results of the preliminary and follow-up surveys in Study 1, as well as the results of the preliminary 
and follow-up surveys in Study 2, we performed comparative analysis on the difference in the average value of each 
item by using a two-factor analysis of variance. 
 
Results and Discussion 
Year-by-year pre- and post-survey comparison 



 Table 3 shows the results of the two-factor analysis of variance comparing questionnaire results from the 
preliminary and follow-up surveys in the academic years of 2014 and 2015. Comparative analysis was performed on 
the responses from 15 students in the 2014 academic year (excluding four with missing results) and 21 students in 
the 2015 academic year. The results for each item are described as follows. 
 
A) Ability to use ICT for materials study, instruction preparation, and assessment  
 For items A-1 to A-4, when a corresponding two-factor analysis of variance was performed for “before/after” 
and “year,” the main effect of “before/after” was found to be significant. Furthermore, for items A-1 (F (1, 73) = 
24.36, p < .01), A-2 (F (1, 73) = 7.87, p < .01), A-3 (F (1, 73) = 18.99, p < .01), and A-4 (F (1, 73) = 14.05, p < .01), 
the main effect of “year” was found to be significant. The main effects “year” and interaction were not observed for 
any of the A items. For all the items of 2014, as well as items A-1 and A-4 of 2015, a simple main effect of 
“before/after” was observed. The results of multiple comparisons show that for all A items, the average values were 
significantly higher after the course in both 2014 and 2015. There were no significant differences for items A-2 and 
A-3 of 2015, because these averages were higher before Study 2 (Table 3). 
 
B) Ability to use ICT in class 
 For items B-1 to B-4, when a corresponding two-factor analysis of variance was performed for “before/after” 
and “year,” the main effect of “before/after” was found to be significant. Furthermore, for items B-1 (F (1, 73) = 
23.39, p < .01), B-2 (F (1, 73) = 23.64, p < .01), B-3 “To explain in a way that is easy to understand, and to broaden 
the thinking and understanding of children, I effectively present lesson materials using computers, presentation 
devices, and other related equipment” (F (1, 73) = 30.78, p < .01), and B-4 “To increase the children’s knowledge 
when summarizing the contents of the class, I effectively present lesson materials using computers, presentation 
devices, and other related equipment” (F (1, 73) = 19.01, p < .01), the main effect of “year” was found to be 
significant. The main effect of “year” was not observed for any of the items. The interaction of B-3 was found to be 
significant (F (1, 73) = 5.96, p < .01). For all the items in 2015, a simple main effect of “before/after” was observed. 
The results of multiple comparisons show that for all B items, the average values were significantly higher after the 
course in 2015. Thus, items B-3 and B-4 indicated areas in which improvement was observed after the course in 
2015, despite these items not being increased in 2014. 
 
C) Ability to teach children how to use ICT 
 For items C-1 to C-4, when a corresponding two-factor analysis of variance was performed for “before/after” 
and “year,” the main effect of “before/after” was found to be significant. Furthermore, for C-1 “I teach children how 
to select and collect information using a computer and the Internet” (F (1, 73) = 7.43, p < .01), C-2 “I teach children 
to write their ideas using word processing software and to summarize what they investigated in tables and figures 
using spreadsheet software” (F (1, 73) = 7.70, p < .01), C-3 “In a way that is easy to understand, I teach children 
how to express their ideas and give presentations using computers and presentation software” (F (1, 73) = 9.72, p 
< .01), and C-4 (F (1, 73) = 22.22, p < .01), the main effect of “year” was found to be significant. The main effects 
of “year” and interaction were not observed for any of the items. For all the items in 2015, a simple main effect of 
“before/after” was observed. The results of multiple comparisons show that for all C items, the average values were 
significantly higher after the course in 2015. Thus, the C items indicated areas in which improvement was observed 
after the course in 2015, despite these items not being increased in 2014. This finding shows that it is important for 
pre-service teachers to implement a trial lesson with ICT; however, not only the teacher but also the students must 
use ICT in order for teachers to increase their “ability to teach children how to use ICT.” However, some of the 
items’ average values indicated a nearly median value (2.5); therefore, we must improve the curriculum design to 
increase these items in the future. 
 
D) Ability to teach information morals  
 For items D-1 (“I take responsibility for the information transmitted by the children I teach and the behavior 
they exhibit in the information society, and I teach them to think about others while exchanging information”), D-2 
(“I teach children how to collect and transmit information while they observe the rules and manners of the 
information society”), D-3 (“I teach children to understand the correctness and safety of using information, and to 
take care of their health when using the Internet”), and D-4 (“I teach children how to acquire the basic knowledge of 
information security, such as the importance of passwords and other information”), when a corresponding two-factor 



analysis of variance was performed for “before/after” and “year,” the main effect of “before/after” was found to be 
significant for items D-1 and D-2.  Furthermore, for items D-1 (F (1, 73) = 8.78, p < .01) and D-2 (F (1, 73) = 5.35, 
p < .05), the main effect of “year” was found to be significant. The main effects of “year” and interaction were not 
observed for any of the items. The results of multiple comparisons show that for D-2, the average values were 
significantly higher after the course in 2015. However, the other D items were not significantly increased because 
information morals have not been thoroughly addressed in science education at Japanese elementary schools. 
 
 

 
 

Table 3.	Results of Yearly Comparison of the Pre- and Post-surveys 
 
 
E) Ability to use ICT for school affairs 
 For items E-1 and E-2, when a corresponding two-factor analysis of variance was performed for “before/after” 
and “year,” the main effect of “before/after” was found to be significant. Furthermore, for items E-1 (F (1, 73) = 
35.37, p < .01) and E-2 (F (1, 73) = 9.14, p < .01), the main effect of “year” was found to be significant. The main 
effects of “year” and interaction were not observed for any of the E items. The results of multiple comparisons show 
that for E-1 and E-2, the average values were significantly higher after the course in both 2014 and 2015. However, 
these average values indicated a nearly median value of 2.5, although they were increased significantly. Therefore, 
we must consider how to increase the recognition of pre-service teachers in the future. 
 
Conclusions 
 
 In this study, we investigated the science teaching method used at universities that offer teacher certification 
in Japan in the 2014 academic year. This study designed a curriculum aimed at increasing the teaching skills of 
pre-service teachers using ICT. Based on the analysis results, we modified the curriculum design for the science 
teaching method in the 2015 academic year and investigated the effects of the curriculum design by administering 
Teachers ICT Instruction Capabilities Checklist. The results obtained in this study for increasing pre-service 
teachers’ teaching skills using ICT in their classes are as follows: (1) a curriculum design must involve pre-service 
teachers’ collaboration and discussion of the strengths and weaknesses of using ICT materials in practice, observing 
and discussing videos of classes that use ICT and those that do not, and implementing a trial lesson with ICT; and 
(2) a curriculum design must entail pre-service teachers’ conducting a trial lesson with ICT, one that involves not 
only the teacher using ICT but also the students, to increase their “ability to teach children how to use ICT.” 
 The challenges for our future work are as follows: (1) to continually implement and assess the curriculum 

M SD M SD M SD M SD
1 2.56 0.79 2.94 0.78 2.34 0.53 2.98 0.57 24.36 ** 0.64 1.49 2014: Pre < Post, 2015: Pre < Post
2 2.68 0.98 3.06 0.95 2.73 0.74 2.98 0.65 7.87 ** 0.01 0.38 2014: Pre < Post
3 2.88 0.98 3.50 0.56 3.20 0.60 3.46 0.60 18.99 ** 1.21 2.95 2014: Pre < Post
4 2.26 0.96 2.74 0.93 2.37 0.83 2.71 0.81 14.05 ** 0.04 0.36 2014: Pre < Post, 2015: Pre < Post
1 2.56 0.75 2.97 0.76 2.63 0.66 3.10 0.54 23.39 ** 0.08 0.63 2014: Pre < Post, 2015: Pre < Post
2 2.44 0.75 2.94 0.85 2.37 0.77 2.93 0.57 23.64 ** 0.12 0.08 2014: Pre < Post, 2015: Pre < Post
3 2.59 0.89 2.88 0.77 2.34 0.57 3.10 0.54 30.78 ** 0.01 5.96 * 2015: Pre < Post
4 2.62 0.89 2.85 0.74 2.29 0.64 2.88 0.56 19.01 ** 1.24 3.46 Pre: 2014 > 2015, 2015: Pre < Post
1 2.74 0.99 2.94 0.95 2.46 0.78 2.93 0.57 7.43 ** 0.95 1.10 2015: Pre < Post
2 2.35 0.88 2.56 0.96 2.17 0.70 2.51 0.71 7.70 ** 0.51 0.47 2015: Pre < Post
3 2.68 0.98 2.85 0.86 2.51 0.75 2.98 0.69 9.72 ** 0.02 1.96 2015: Pre < Post
4 2.47 0.96 2.79 0.88 2.20 0.64 2.80 0.68 22.22 ** 0.74 2.09 2014: Pre < Post, 2015: Pre < Post
1 2.65 0.92 3.06 0.92 2.76 0.66 3.05 0.71 8.78 ** 0.12 0.25 2014: Pre < Post
2 3.12 0.84 3.29 0.84 2.90 0.58 3.22 0.61 5.35 * 1.29 0.43 2015: Pre < Post
3 3.06 0.85 3.09 0.83 2.93 0.75 3.17 0.67 1.36 0.03 0.84
4 2.94 0.92 3.09 0.75 2.83 0.67 2.98 0.57 1.68 0.80 0.00
1 2.09 0.75 2.71 1.03 2.10 0.77 2.71 0.72 35.37 ** 0.00 0.00 2014: Pre < Post, 2015: Pre < Post
2 2.41 0.82 2.76 0.96 2.32 0.88 2.63 0.58 9.14 ** 0.54 0.03 2014: Pre < Post, 2015: Pre < Post

C

D

E

* p  < .05; ** p  < .01Note: "Inquest of simple main effect and multiple comparison" indicates significant difference less than 5% significance

B

Categories Items
2014（N  = 34） 2015（N  = 41）

A

F-value
Inquest of simple main effect

and multiple comparison
Pre Post Pre Post Inner sample

（Pre vs Post）
Between
sample

Interaction



design introduced in Study 2, and to analyze the relationship between the curriculum design and items for which 
improvement is observed before and after the course in all academic years; (2) to improve the curriculum design in 
order to increase pre-service teachers’ “ability to teach children how to use ICT”; and (3) to analyze qualitatively the 
contents of pre-service teachers’ trial lessons and comments. From the findings of these future works, we expect not 
only to improve curriculum design of method to teach science, but also increase ICT skills of the pre-service 
teachers’ skills so that it becomes easy for students to understand how to use ICT. 
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