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Abstract: The Japanese government conducted curriculum reform to integrate computer science 
into its informatics education and will implement it by 2020 at the elementary level. There is a 
growing need for research in this field to deliver effective teaching.  This research extracted 
learning goals from empirical studies of computer science education from Japan and other countries 
at the elementary level and inductively classified the learning goals into nine categories. The 
learning goal categories are analyzed by the stand point of view to look at differences between 
studies where computer science education was conducted as an individual subject and studies 
where it was conducted as a cross-curricular approach, including differences in approach between 
Japan and other countries. The analysis showed future research needs in the areas of grades, 
subjects, and effective teaching strategies. 

 
 
Background 
 

The rapid advancement of information technology in society has led to a growing need for more individuals    
within the Science Technology Engineering and Math (STEM) workforce (Sargent, 2014), the need of which is not 
always met. Indeed, while the Compound Annual Growth Rate (CAGR) of Science and Engineering Employment 
(S&E) increased by 1.5% from 2008 to 2012, the overall U.S. employment rate for STEM related employment 
increased by only 0.9% in the same period (Sargent, 2014). The Congressional Research Service has begun to 
address the need to foster the skills of science, technology, engineering, and math (STEM) for students, including 
integrating computer science education (Association for Computing Machinery, 2014; Informatics Europe & ACM 
Europe Working Group on Informatics Education, 2013; The Royal Society, 2012).   

The initiative to reform informatic curricula in K-12 has already begun in various countries in and outside 
of Europe (Bocconi et al., 2016). The curriculum reform initiative has expanded not only in secondary level, but also 
at the elementary level.  Bocconi et al. (2016) note that eight countries in Europe, including the UK, France, and 
Finland, have reformed their informatics curricula at the elementary level and integrated computer science education 
into it. Some countries have introduced informatic education as a subject of its own while others have integrated it 
with other subjects as a cross-curricular approach (e.g. Finland). Similarly, Japan, which is ranked 3 in gross 
domestic product (GDP) and yet is far behind in its computer science education, has decided integrate computer 
science education into their elementary curricula by 2020 as a part of ongoing K-12 curriculum reform.  

 
 

Educational Context in Japan 
 
Informatics Education in Japan’s K-12 Curricula 
 

Japan’s K-12 education system includes six years of elementary schooling, three years of middle schooling, 
and three years of high school. High school enrollment rate is over 98% though the compulsory education includes 
an elementary and a middle school. The Japanese Ministry of Education, Culture, Sports, Science and Technology 
makes a public notice of curriculum guidelines for grades K-12, and each school works to develop their school 
curricula following these guidelines; textbooks, which are provided for free, are also developed using these 
guidelines. Informatic education is integrated as a cross-curricular subject at the elementary level but is taught as an 



individual subject as the secondary level, specifically “industrial arts and homemaking” in middle school and 
“informatics” in high school. These have been mandatory subjects since 2000 (middle school) and 2001(high 
school) based on the curriculum guidelines published in 1998 (Horita, 2016). 

With the growing demand of the global economic competitiveness, and the growing need for informatic 
education reform, the Japanese government has examined curriculum reform of the informatics education. As a 
result, the new curriculum guideline, which will be executed by 2020, shows that computer science education will 
be incorporated into the informatics education beginning in elementary school and carrying through high school. In 
particular, at the elementary level, computer science education will be a part of the informatics education and will be 
integrated as a cross-curricular approach. Similarly, in middle and high school the computer science education (in 
the ‘industrial arts and homemaking’ subject and ‘informatics’ subjects) will be more rigorous.   
 
 
Computer Science Education in the New Elementary School Curriculum  
 

The Ministry of Education, Culture, Sports, Science and Technology describes the learning goals of the 
computer science education as “(1) nurturing computational thinking, (2) nurturing the disposition that includes 
recognizing how technologies work and bring benefits in the society, using technologies to solve problems and make 
a better society, and (3) fostering understanding of subjects” (Ministry of Education, Culture, Sports, Science and 
Technology 2018, p.9). The general provision of the elementary school curriculum guideline addresses the computer 
science education as “learning activities to foster logical reasoning skills for children to make the computer work 
based on objectives while experiencing the programming” (Ministry of Education, Culture, Sports, Science and 
Technology, 2017, p.22). In particular, teachers are expected to deliver computer science education using a cross-
curricular approach by designing curriculum to achieve the learning goals in each subject (Ministry of Education, 
Culture, Sports, Science and Technology, 2017). Based on the general provision, learning activities have been 
exemplified in mathematics, science, and the period of integrated study on the guideline. The examples are as 
follows: 

(1) Fifth grade, math: “In relation to learning for drawing regular polygons, educators can deliver the 
computer science education at the drawing process that includes an accurate and repetitive tasks and similarities that 
can apply the varieties of regular polygons” (Ministry of Education, Culture, Sports, Science and Technology, 2017, 
p.92). 

(2) Sixth grade, science: “educators can deliver the computer science education at the learning process that 
children can control the results depending on conditions. The learning process includes understanding tools that can 
be utilized nature of electricity” (Ministry of Education, Culture, Sports, Science and Technology, 2017, p.110). 
 (3) the period of integrated study: “programming experience should be incorporated into the project-based 
learning” (Ministry of Education, Culture, Sports, Science and Technology, 2017, p.183). 
 
 
Related Work 
 

With the advent of programming languages such as LOGO and BASIC, teaching programming to K-12 
students flourished in 80s and 90s (Grover and Pea, 2013; Jesús Moreno-León & Robles, 2016; Inagaki, et.al., 
1993). However, programming disappeared from the school curriculum in the early 90s, since students and teachers 
found it difficult to learn the syntax (Benton et al., 2018; Calao et al., 2015). The recent development of the visual 
programming languages such as Scratch, however, has promoted the programming movement again, since these 
languages lower the difficulty of learning programming language. 
 After Jeannette Wing’s influential statement on computational thinking was published in 2006, the trend of 
integrating computational thinking into K-12 curriculum has been growing. This movement has moved toward not 
only the individual computer science education, but also the cross-curricular approach of computer science 
education. For example, The Next Generation Science Standards (NGSS) (National Research Council, 2013) 
describes that “Using mathematics and computational thinking” (p.xx) is one of the eight science and engineering 
practices (SEPs) that strengthen students’ skills to develop students’ understanding of the nature of science and 
engineering” (p.xx). This movement has stimulated the research on examining similarities and differences between 
computational thinking and mathematical thinking (Cuny et al., 2010, Weintrop et al., 2016). There has been, 
however, growing argument over the viability of integrating computational thinking as both an individual subject 
and as a cross-curricular approach. One example of this is found with Lye and Koh (2014) who describe 27 
empirical studies on programming in K-12 and higher education and, as a result, recommend that more intervention 
studies in regular K-12 classrooms is necessary for implementing suitable curriculum for the K-12 students. In 
addition, Moreno-León & Robles (2016) reviewed 15 articles on programming in K-12 and argued that more 



empirical studies in the classroom was crucial to figure out the types of learning that could be enhanced through 
programing. It thus seems that it could be beneficial to make steps towards more effectively implementing computer 
science education in Japan, especially at the elementary level. 
 
 
Research Purpose 
 

This research involves a comparative study on empirical studies on computer science education at the 
elementary level examining the differences between curriculum offered as a self-contained subject and those that 
offer a cross-curricular approach (like that utilized in Japan). The ultimate purpose of this research is to examine the 
similarities and differences between the learning goals of cross-curricular approaches and individual subject 
approaches to computer science education. In addition, there are many terms related to computer study. This 
includes: "computer programming education", "computing", "computer science education", "programming", etc. 
This research uses the term "computer science education" to represent all computer related study. 
 
 
Methods 
 
 This research was conducted in three steps: gather pertinent papers, extract the learning goals from the 
papers, and develop categories of the learning goals inductively.   
 
 
Sample 
 
 A review of the papers was carried out using databases, digital libraries, journals, and conference papers. J-
STAGE, CiNii, Information Processing Society of Japan Digital Library, Japan Journal of Educational Technology, 
Proceedings of the Annual Conference of JSET, and Research Report of JET Conferences were selected for 
searching Japanese empirical studies. Springer, ACM Digital Library, Elsevier, ERIC were selected for searching 
other countries empirical studies. Databases and digital libraries were accessed via online. The keywords were 
"computational thinking" OR "computing education" OR "computer science education" AND "elementary school" 
OR "primary school". For the Japanese databases and digital libraries, appropriate Japanese translation of keywords 
was applied aiming to search under the same condition. In addition, the pertinent empirical studies were selected 
from the journal and conference papers based on the same conditions.   
 To develop categories of the learning goals inductively papers that matched the following criterion were 
removed by checking the titles, abstracts, and contents:  

• Papers that do not include learning goals 
• Papers that do not evaluate learning outcomes 
• Papers that do not include empirical studies 
• Papers that conducted empirical studies outside of schools (camps, public facilities, etc.) 
• Papers aimed at special education 
• Papers targeted the secondary level 
The remaining 24 papers in Japanese studies and 27 papers from other countries studies were used as the sample 

of this research. 
 
 
Extraction and Categorization of Learning Goals 
  

Applying the heuristics for identifying learning goals that was developed by Rich, Strickland, & Franklin 
(2017) the learning goals were extracted from each of the papers. Following the method provided by Rich, 
Strickland, & Franklin (2017) verbatim text from the papers was recorded. After extracting learning goals as 
verbatim text from the papers, inductive categorization of the learning goals was carried out. The learning goals 
were selected carefully by checking whether the evaluations on papers matched the learning goals. 56 learning goals 
were extracted from the 24 papers in Japanese studies and 58 learning goals were extracted from the 27 papers in 
studies from other countries. Categorization of the learning goals was conducted inductively after extracting the 
learning goals.  



 
 
Results 
 

Table 1 and 2 shows the students grades. First and second grades were categorized as a lower grade, third 
and fourth grades were categorized as a middle grade, and fifth and sixth grades were categorized as a higher grade. 
More than half of the papers’ subjects were higher grade students, both from Japan and from other countries. 

Table 3 and 4 depicts the research length of the papers. For example, when a study showed that this 
research was held for a total 26 hours from June 2008 to March 2009 the number 26 was added in the ‘Hour’ row in 
the table. In addition, hour meant a class session among the papers. Since some papers showed frequency and some 
papers didn’t, the lengths that were common among papers were extracted. Japanese studies tended to use “hour/s” 
with one third of the papers being less than three hours. Other countries studies tended to use “week/s”, “month/s”, 
and “year/s” with five papers being more than one year. 

24 papers from Japanese studies were divided into seven on cross-curricular and 17 on individual subject. 
27 papers from other countries were divided into nine on cross-curricular’ and 18 on individual subject. Japanese 
cross-curricular only contained one peer reviewed paper and individual subject contained nine peer reviewed papers; 
however, all papers of other countries were peer-reviewed.  

 
 
Categorization of Learning Goals 
 
 The 56 learning goals extracted from Japanese studies were classified into nine categories, and the 58 
learning goals that extracted from other countries studies were classified into eight categories. The categories and 
number of the learning goals are listed in Table 5. The learning goals that represent each category are referred as 
follows: 

Interests in Programming: learning goals that relate to improving interest in learning and doing 
programming. Learning goal example: “Students' attitudes in terms of their interest and motivation to learn 
programming” (Asad, Tibi, & Raiyn, 2016, p.21). 

Understanding Programming Syntax: learning goals that relate to utilizing programming syntax to develop 
program. Learning goal example: “Pupils could successfully implement the broadcasting functionality”(Benton et 
al., 2018, p.73). 

Table 2. Student Grade of Other Countries Studies Table 1. Student Grade of Japanese Studies 

Table 3. Research Length of Japanese Studies Table 4. Research Length of Other Countries Studies 



Problem Solving and Logical Reasoning: learning goals that relate to problem solving and logical 
reasoning. Learning goal example: “Scratch programming affect problem solving skills” (Kalelioglu & Gülbahar, 
2014, p.41). 

Understanding Programming Concepts: learning goals that relate to utilizing and fostering computational 
thinking concepts and capabilities. Learning goal example: “acquisition of basic computational programming 
concepts in primary education”(Sáez-López, Román-González, & Vázquez-Cano, 2016, p.113). 

Understanding Subjects: learning goals that relate to understand and improve outcome of subject study. 
This goal was found only in cross-curricular and study was conducted in English, Mathematics and Science. 
Learning goal example: “Improve the student's abilities to identify numerical sequences through interaction with 
Scratch applications”(Zavala, Gallardo, & García-Ruíz, 2013, p.423). 

Improve Technology Competencies: learning goals that relate to improving technology competencies. 
Learning goal example: “Improving technology competencies through programming” (Yamamoto & Yabuta, 2016,  
p.176). 

Communication and Collaboration: learning goals that relate to quality of communication through pair 
programming. Learning goal example: “Expect to deepen the learning through interacting with peers” (Yamamoto & 
Yabuta, 2016, p.176). 

Interests in Computing Career: learning goals that relate to changing attitude for children such as 
improving awareness of computer related work. Learning goal example: “Change students’ attitudes to computing as 
a career” (Duncan and Bell 2015, para.3). 

Table 5. Learning Goal Category 

Table 6. Learning Goal Category in Cross-Curricula 

Table 7. Learning Goal Category in Individual Subject 



Interests in Subjects: learning goals that relate to improving interest of subject study. This learning goal 
was also found only in cross-curricular. Learning goal example: “their interest in mathematics, and their math 
anxiety” (Lambert & Guiffre, 2009, p.123). 

 
 

Categorization of Learning Goals in Cross-Curricular and Individual Subject 
 
The learning goal categories for both the cross-curricular and the individual subject approach are listed in 

Table 6 and 7. The Understanding Subjects category is the highest both Japan and other countries in cross-
curricular. Subjects in this research were defined as mathematics, science, social studies, etc. except for the 
individual subject of computer science education. The categories that relate to subject study, including 
Understanding Subjects and Interests in Subjects were found only in the cross-curricular learning goal categories.   

Three learning goal categories: Understanding Programming Concepts, Understanding Programming 
Syntax, and Interests in Programming, are positioned from first place to third place in the categories of individual 
subject in both Japanese studies and studies from other countries. These three categories are still found in the 
learning goal categories of cross-curricular’. 

 
 

Findings 
 
Differences of Learning Goals Between Cross-Curricular and Individual Subject Approaches 
 

The differences between the learning goals of cross-curricular and individual subject approaches include 
that there are subject related categories in the cross-curricular approach such as Understanding Subjects and 
Interests in Subjects, but there are no such categories in individual subject. A qualitative analysis of the learning 
outcomes of the Understanding Subjects category shows that there are both positive and negative results. For 
example, some studies showed that the post-test scores in experimental groups increased significantly (Calao et al., 
2015; Moreno León, Robles, & Román-González, 2016), but there are other studies that show that no significant 
post-test score improvements occurred in experimental groups (J. Moreno-León & Robles, 2015). Similarly, a study 
that conducted for 6th grade and 2nd grade students addressed that there were significant differences between control 
and experimental groups in a post-test in  6th grade, but no significant differences in a post-test in 2nd grade (Moreno 
León et al., 2016). In addition, some studies showed that outcomes among experimental groups varied. For example, 
a study, which delivered the same instructions to three experimental groups, showed that the percentage increase 
among three groups between pre and post score varied. The other study showed that a success rate to develop a 
programming task varied between two groups who received same curriculum (Benton et al., 2018). Though the 
learning goals of the cross-curricular prioritize understanding subjects, the results of the outcomes are diverse, and 
the cross-curricular approach does not always lead to improve the subject understanding or its outcomes.  

The reasons that were addressed by the samples included grades, subjects, and teacher performances. The 
future studies are expected to examine which grades and subjects effectively lead to improved learning outcomes, as 
well as what proficiencies teachers will need to be possess in order to deliver effective instruction. 
 
 
Differences of Learning Goals in Cross-Curricular between Japan and Other Countries  
 

The differences in learning goal categories of cross-curricular studies between Japan and Other countries 
include that there is a Problem Solving and Logical Reasoning category in Japanese studies but there is no such 
category in other countries’ studies. Specifically, the Japanese Learning goal category of Problem Solving and 
Logical Reasoning connects to the idea that problem-solving and logical reasoning are general competences; 
however, the variation in learning goals of other countries connect to the idea that understanding or learning 
outcomes come through developing problem-solving skills. For example, Calao et al. (2015) evaluated mathematics 
outcomes between an experimental group who were taught Scratch incorporated lessons and a control group who 
were taught traditional lessons. Brown et al. (2008) evaluated mathematics problem solving skills between an 
experimental group who received Scratch based activities and a control group who received traditional teaching. The 
other study incorporated mathematics concepts into the Scratch activities aiming to improve understanding of the 
mathematics concepts (Benton et al., 2018). Benton et al. (2018) remarked that this relates to the common idea of 
‘transfer’ in that “Learning something in one context, such as programming, and subsequently utilizing this skill or 
knowledge in another context” (p.69). This was discussed earlier by Miyata et al., (1997) who found that 
transferring problem solving skills can be nurtured through Logo programming. This likely explains why most 



countries who have integrated computer science education in schools have a rationale for introducing computer 
science to foster the logical reasoning and problem solving skills (Bocconi et al., 2016). This is especially so since 
Japan integrates computer science education in elementary level as a cross-curricular approach and the learning 
goals includes “fostering understanding of subjects” (Ministry of Education, Culture, Sports, Science and 
Technology, 2018, p.9); thus, the future study on transfer to improve subject understanding and learning outcomes 
through programming is necessary to achieve the learning goal.   
 
 
Conclusions 
 

This research examined the learning goals between cross-curricular and individual subject approaches to 
computer science education. The learning goals of cross-curricular and individual subject were divided into nine 
categories and analyzed qualitatively.   
  Within the cross-curricular approach, the learning goal category of Understanding Subjects is the highest in 
both Japan and other countries’; however, there is not the same category in the individual subject approach in both 
countries’ studies. Although the learning goals of the cross-curricular approach aim to improve learning outcomes, 
there are positive and negative results of these learning outcomes. Future studies are expected to examine the grades, 
subjects, and proficiencies required by teachers to deliver effective instruction for teaching of the field. Additional 
differences within the cross-curricular approach include that Japanese studies tended to evaluate general 
competencies as an outcome of programming, while other countries’ studies tended to evaluate subject achievement 
because of transferring problem-solving skills through programming. Future studies in this area should address the 
role of transfer to improve subject understanding and learning outcomes within the cross-curricular approach. 
 There is a common sense of urgency for nurturing technology competencies, including computer science, 
for students who will ultimately support current and future technology and knowledge-based economies in Europe, 
the US, and Japan, etc. using both the cross-curricular and individual subject approaches  (Association for 
Computing Machinery, 2014; European Schoolnet, 2015; The Royal Society, 2012; The Ministry of Education, 
Culture, Sports, Science and Technology, 2018a). Moreover, Miyata et al., (1997) suggested that there were both 
positive and negative results of transferring problem-solving skills through programming to another context, and that 
teaching approach could affect these results. However, little research has been conducted on how to deliver teaching 
effectively using transfer, especially within the cross-curricular approach in Japan. Since Japanese teachers have to 
deliver computer science as a cross-curricular approach at the elementary level, much study, including that regarding 
transfer, is necessary for determine ways to effectively teach within the cross-curricular implementation. 
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