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Abstract— The Fourth Industrial Revolution led to accelerated development and promotion of software (SW) usage in various fields. 

SW has been integrated into various areas to address multiple problems. As the importance of SW convergence increased, the need for 

SW convergence talent concomitantly increased. Korea implemented the “Science, Mathematics and Information Education Promotion 

Act” in 2018 to cultivate SW convergence talents. The Act includes not only the promotion of individual subjects but also science, 

mathematics, and information convergence education (SMICE). With the Act's enforcement, education programs for SMICE have 

been formulated. A study analyzed student satisfaction and perception regarding SMICE, but its effect on student education was not 

analyzed. Therefore, the present study analyzed the effects of SMICE on middle school students. The subjects comprised 163 middle 

school students who were divided into experimental and control groups. The control (n=83) received general informatics education. 

The experimental group (n=80) received both informatics education and SMICE. Creative problem-solving (CPS), a common 

competency of the three subjects, was selected as the test factor to analyze the educational effect. Changes in student CPS were examined 

using pre-and post-tests. The results showed no difference in the pre-test CPS between the experimental and control groups. The post-

test results showed that the experimental group had higher CPS than the control. Notably, there was a significant increase in problem 

discovery and analysis, idea generation, persuasion, and communication metrics. These findings demonstrated that SMICE is effective 

in the CPS development of middle school students. 
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I. INTRODUCTION

New changes have emerged as computing has improved 

and merged with the existing domain. These changes are seen 

not only in industry, but also in society, economy, culture, and 

in the shape of life. Computing technologies, such as artificial 
intelligence and IoT, have led the fourth industrial revolution. 

Unlike the previous industrial revolution, the fourth industrial 

revolution had a fast pace of change and a wide range [1]. This 

is because SoftWare(SW) has been integrated into the existing 

domain (such as a SW+X), innovatively solving problems that 

have remained unsolved. This promoted the emergence of 

new industries and broader and more complex problems to 

solve than the existing ones [2]. To solve these new problems, 

there is a need for creative convergence talents who can solve 

problems by the convergence of knowledge from various 

fields [3], [4]. 

The need for convergence education has emerged to 

cultivate creative and convergent talents. In Korea, Science, 

Technology, Engineering, Arts, and Mathematics (STEAM), 

which added arts to Science, Technology, Engineering, and 

Mathematics (STEM), was introduced to the schools to 

cultivate convergence talents [5]. STEAM education aims to 

increase students' interest and understanding of science and 

technology by the convergence of subjects, and to cultivate 

convergence thinking skills based on science and technology 
and problem-solving skills [5], [6].  

However, STEAM education has been difficult to activate 

due to certain limitations in schools. Lim [7] noted that 

STEAM education convergence was focused only on the 

knowledge of several subjects, and this limited STEAM to the 

situation where much subject knowledge was convergent. 

Therefore, there was no linkage or consistency between 

subjects or grades in STEAM convergence education [7], [8]. 

The observed convergence education could not develop 
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competencies, such as science inquiry ability, STEAM 

literacy, engineering problem solving, and convergence 

attitude. 

Further, convergence education combines knowledge of 

several subjects, and more content is learned than possible in 

a single subject. Therefore, convergence education seems to 

increase the cognitive burden on learners [7], [8]. Kim and 

Lee [9] analyzed the research trends of STEAM education and 

indicated that only 5% of STEAM studies used programming  

The development of computing has promoted its 

convergence with other domains. As new domains and 
industries emerge through convergence, the demand for 

education to cultivate SW convergence talents has increased 

[10]. However, the problems of convergence education hinder 

fostering creative and convergent talents [9], [11]. Some 

studies have started addressing the limitations of convergence 

education by cultivating SW convergence talents in integrated 

science, mathematics, and informatics subjects [9], [12–[14]. 

The reason is that mathematics and science subjects are 

similar to informatics subjects and problem-solving 

processes. Thus, Korea has been implementing the 'Science, 

Mathematics, and Informatics Education Promotion Law' 
since 2018 to promote convergence between science, 

mathematics, and informatics subjects and to promote 

convergence education in schools. This law was previously 

enacted to promote science education, but as the importance 

of informatics education increased with changes such as the 

fourth industrial revolution, the law was revised to support 

convergence education in science, mathematics, and 

informatics subjects [15], [16]. 

Although the Science, Mathematics, and Informatics 

Education Promotion Law was implemented, the application 

of Science, Mathematics, and Informatics Convergence 
Education (SMICE) at school sites is insufficient, and 

research on SMICE is not actively conducted. Therefore, this 

study aimed to apply SMICE in middle school and conducted 

a study to analyze the effects of SMICE on middle school 

students. 

II. MATERIAL AND METHOD 

A. Research Overview 

This study analyzed the effects of SMICE on the CPS of 

middle school students. The study's middle school students 
were divided into experimental and control groups. Both 

groups received informatics education, whereas the 

experimental group also received SMICE. The effect of 

SMICE on the CPS of middle school students was analyzed 

using pre- and post-results. 

B. Participants 

The research subjects were 163 middle school students, 80 

students in the experimental group and 83 in the control group. 

The research subjects were students who agreed to participate 
in this study and faithfully participated in the treatment and 

pre-test and post-test assessments. 

The characteristics of the research subjects showed more 

females (53.37%) than males (46.63%), although there was 

no significant difference between males and females. The 

gender ratio was similar in the experimental group and the 

control group. There were no sophomores or juniors, and all 

the subjects were freshman. 

More than 80% of both groups answered 'yes' to having 

experienced SW education. The most experienced 

programming languages were blocks, followed by experience 

with both block and text-based programming languages, only 

text experience, and no programming language experience. 

More than 75% of the students had experienced physical 

computing. The average value of the interest in software 

education was 3.42 in the control group and 3.39 in the 

experimental group.  

C. Measurement 

The Creative Problem Solving Profile Inventory (CPSPI) 

developed by Lee, Pyo, and Choe [18] was used to measure 

the creative problem-solving ability (CPS) of middle school 

students. CPSPI is a test tool developed to complement the 

limitations of the existing CPS test tools. To proceed with the 

analysis of the literature review on creative problem solving 

for the development of CPSPI, sub-factors were derived 
CPSPI: Problem Finding and Analysis (PFA), Idea 

Generation (IG), Execution Plan (EP), Execution (EX), and 

Persuasion and Communication (PC). Sub-items were 

developed for each derived factor, and reliability and validity 

were verified through item and exploratory factor analysis. 

There are 39 questions in the test tool, with responses based 

on a 5-point Likert scale. The Cronbach's value of the test tool 

ranged from .73 to .83. The characteristics of the test tool used 

in this study are shown in Table 1. 

TABLE Ⅰ  

TEST TOOL 

Factor Definition N 
Cronbach’s 

α 

PFA 
Which a new question or 
problem is found in an 
unstructured problem situation 

9 .80 

IG 
The process of creating as 
diverse and original ideas as 
possible for problem-solving. 

8 .83 

EP 

The factor of carefully 
evaluating the ideas obtained 
from the idea, selecting the 
optimal alternative, constantly 

improving the idea to make it 
real, and devising a concrete 
action plan 

10 .76 

EX 
The process of implementing a 
planned idea with confidence 
and making it a reality 

5 .73 

PC 

The process of persuading 
others about the merits of the 
outcome of their own 
execution and drawing 
empathy 

7 .81 

D. Materials 

As the Science and Mathematics Informatics Education 

Promotion Law was revised, Lee et al. [17] developed an 

educational program to activate SMICE. To develop a SMICE 
program, professors and teachers in science, mathematics, and 

informatics education collaborated to develop convergence 
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types, themes, learning goals, teaching-learning, and 

educational content. The developed SMICE program was 

administered to students to investigate site suitability and 

satisfaction in the field, and teachers verified the validity of 

the SMICE program. 

The existing convergence education was conducted with a 

focus on 'convergence'. Therefore, although a lot of 

knowledge of various subjects was presented, there was no 

actual convergence but rather an increase in students' 

cognitive burden. This caused difficulties in achieving 

academic achievement for students [7], [8]. In the SMICE 
program, three types of convergence were defined to promote 

meaningful convergence between science, mathematics, and 

informatics subjects and to develop competency emphasized 

in the 2015 revised curriculum. The types of convergence are 

'Convergence of Subject Knowledge (CSK)', 'Real Life 

Problem-Solving (RLPS)', and 'Creative-Activities 

Curriculum and Free Semester (CACFS)'. 

CSK indicates that the Core Subject (CS) exists, and the 

knowledge of Supplement Subjects (SS) is converged to 

achieve the learning goal of the core subject. For example, if 

science is the CS, then the mathematics or informatics subject 
is SS. Therefore, to achieve the learning goal of a science 

subject, the knowledge previously learned in mathematics and 

informatics subjects (knowledge learned in elementary school) 

is converged. RLPS is designed so that self-directed learning 

can be achieved by utilizing knowledge of SS for enrichment 

learning of CS. Lastly, CACFS is developed to solve 

problems in cooperation with teachers or colleagues to 

achieve the learning goals of the CS.  

CSK was developed to be used in a regular class, whereas 

RLPS was developed to be used in after-school classes, and 

CACFS was developed to be used in creative-experience 
activities or free semester classes [12], [17]. The SMICE 

program was developed for middle and high school students. 

The block-based programming language (e.g., Scratch and 

Entry) for middle school students and the text-based 

programming language (e.g., Python) for high school 

textbooks were used in the informatics subject. 

In the SMICE program, convergence education was based 

on the core competencies of the subject. Therefore, the 

common competencies of science, mathematics, and 

informatics subjects were derived, and the teaching-learning 

process was designed based on the common competencies. 

The core competencies of the science, mathematics and 
informatics subjects were analyzed in the 2015 revised 

curriculum to derive common competencies. So, the problem-

solving ability was derived as a common competency [15]. As 

a result of comparing the problem-solving process of the three 

subjects, the teaching-learning process was designed with 

understanding-design-implement-evaluation. In the 

'understanding' stage, the problem is comprehended, and the 

relevant factors are derived to solve the problem. In the 

'design' stage, a problem is structured (problem 

decomposition, pattern recognition, and abstraction), and an 

algorithm is designed and 'executed' to solve the problem. In 
the 'implement' stage, program screening and programming 

are performed. Lastly, in the 'evaluation' step, problem-

solving is evaluated through the output result according to the 

input from the program [17]. 

The educational program derived three themes: the CS of 

science, mathematics, and informatics by convergence type 

(CSK, RLPS, and CACFS) [17]. Further, an educational 

program was developed based on the theme.  

E.  Treatments 

Middle schools in Korea are taught as a compulsory state-

led curriculum. Therefore, except for schools operated for 

special purposes, all middle schools in Korea should be taught 
based on the same curriculum. Although textbooks are 

different for each school, the same educational content is 

taught, as the textbooks are also certified by the country. 

Therefore, the informatics education treatment was the same 

in each school. It was difficult to conduct different treatments 

for each class in one school, so treatments were performed at 

two schools. One school recruited an experimental group, 

which received informatics education and SMICE, while the 

other school was set as a control group and received 

informatics education. 

The treatments were conducted for two months, from 
December 2019 to January 2020 (9 hours). The control group 

received treatment based on the middle school informatics 

curriculum of the 2015 revised curriculum in Korea. The main 

contents of the treatment were algorithm design and 

programming for problem-solving. Teaching-learning 

proceeded in the order of explanation of learning content, 

algorithm, problem-solving by programming, and problem 

application. 

The experimental group conducted the same informatics 

education as the control group and treated the SMICE 

program. The SMICE program was conducted based on the 

middle school textbook developed by Lee et al. [17]. The 
teaching-learning process proceeded in the following order: 

understanding-design-implement-evaluation.  

The programming language used Entry in the control and 

experimental groups. In the 2015 revised curriculum, a block-

based programming language is recommended for middle 

school informatics subjects, and all textbooks were written 

using block-based programming. Therefore, as indicated by 

Lee et al. [17], textbooks developed for middle school 

students were developed using a block-based programming 

language. 

As a block-based programming language, Scratch is 
usually used. However, informatics education uses Entry 

more in Korean elementary and middle schools. Entry is a 

block-based programming language similar to Scratch, but it 

has been developed as an educational tool suitable for the 

educational field in Korea [20]. It is a block-based 

programming language that is widely used in Korea by 

continuously supporting new blocks or functions at the 

request of Korean teachers or researchers. Thus, in the 

treatments performed in this study, Entry was used as the 

programming language. 

F. Analysis 

This study assessed the effect of SMICE on the CPS of 

middle school students. The differences between the two 

groups in the pre-test - and post-test were analyzed using an 

independent sample t-test. To evaluate the group-specific 

changes according to the treatment, pre-test and post-test were 

analyzed by the paired sample t-test. 

1694



III. RESULTS AND DISCUSSION 

A. Results 

In the pre-test results, there was no statistically significant 

difference in creative problem-solving abilities between the 

experimental group (M = 2.95, SD = .43) and the control 

group (M = 2.94, SD = .41), t = -.14, p = .89. Also, PFA (t = 

-.14, p = .89), IG (t = .62, p = .54), EP (t = -.47, p = .64), EX 

(t = -1.25, p = .21), and PC (t = 1.30, p = .19) did not show 
any significant difference. These results confirmed that the 

CPS of the experimental and control groups was not different 

before treatment was performed. Although the schools of the 

experimental and control groups were not the same, there was 

no difference in the CPS of the two groups because education 

was delivered using the same curriculum.  

In the control group, CPS was improved in the post-test 

(M= 2.98, SD= .49) than in the pre-test (M= 2.94, SD= .41). 

However, the difference between the pre-test and post-test 

was not statistically significant, t = -.60, p =.55. There were 

no statistically significant differences in PFA (t = -.03, p 
= .98), IG (t = -.13, p = .90), EP (t = -.49, p = .63), EX (t = -

1.67, p = .10), and PC (t =.60, p = .55). Therefore, middle 

school students who received informatics education did not 

show any significant change in their CPS. According to these 

results, the control group did not exhibit a significant change 

in CPS due to the treatment. The change in CPS of the control 

group is shown in Table 2.  

TABLE Ⅱ 

INDEPENDENT SAMPLES T-TEST RESULTS IN CONTROL GROUP 

 Test M SD t p 

PFA 
Pre 2.73 .78 

-.03 .98 
Post 2.73 .79 

IG 
Pre 2.82 .63 

-.13 .90 
Post 2.83 .62 

EP 
Pre 3.24 .71 

-.49 .63 
Post 3.30 .70 

EX 
Pre 2.57 .79 

-1.67 .10 
Post 2.77 .72 

PC 
Pre 3.58 .95 

.60 .55 
Post 3.50 .85 

Total 
Pre 2.94 .41 

-.60 .55 
Post 2.98 .49 

 

In the experimental group, the CPS was improved in the 

post-test (M = 3.27, SD = .59) than in the pre-test (M = 2.95, 

SD = .43). Unlike the control group, the difference between 
the pre-test and post-test in the experimental group was 

statistically significant, t = -3.73, p < .01. In all detailed 

factors, the value of the post-test was improved compared to  

the pre-test. There was a statistically significant difference in 

PFA (t = -2.45, p = .02), IG (t = -3.70, p <.01), and PC (t = -

3.37, p <.01). However, there was no statistically significant 

difference in the EP (t = -1.97, p = .05) and EX (t = -1.76, p 

= .09). These findings confirmed that SMICE had a 

significant effect on middle school students' CPS, with 

problem discovery and analysis, idea generation, persuasion, 

and communication being the main factors driving this 

outcome. The change in CPS of the experimental group is 

shown in Table 3. 

TABLE Ⅲ 

INDEPENDENT SAMPLES T-TEST RESULTS IN THE EXPERIMENTAL GROUP 

 Test M SD t p 

PFA 
Pre 2.75 .85 

-2.45 .02* 
Post 3.08 .87 

IG 
Pre 2.76 .60 

-3.70 .00* 
Post 3.16 .70 

EP 
Pre 3.29 .71 

-1.97 .05* 
Post 3.54 .77 

EX 
Pre 2.72 .78 

-1.73 .09 
Post 2.97 .81 

PC 
Pre 3.41 .72 

-3.37 .00* 
Post 3.79 .68 

Total 
Pre 2.95 .43 

-3.73 .00* 
Post 3.27 .59 

*p< .05 

 

The CPS of the experimental group (M = 2.98, SD = .49) 

was higher than that of the control group (M = 3.27, SD = .59), 

and the difference between the two groups was statistically 

significant, t = -3.34, p < .01. In the pre-test results, there was 

no difference between the control group and the experimental 
group, and the change in CPS appeared only in the 

experimental group. This indicates that SMICE was effective 

in improving CPS for middle school students. 

The experimental group’s CPS exhibited higher values in 

all detailed factors than the control group. However, the 

factors that showed statistically significant differences were 

PFA (t = -2.64, p = .01), IG (t = -3.18, p < .01), and EP (t = -

2.10, p = .04), and PC (t = -2.42, p = .02); there was no 

significant difference in EX (t = -1.66, p = .10). In the 

experimental group, significant changes were found only in 

PFA, IG, and PC. Given the limit in interpreting the 

significant difference in the EP as an effect of SMICE, these 
findings suggest that SMICE exerted a significant effect on 

the PFA, IG, and PC factors as indicators of the creative 

problem-solving abilities of middle school students. Middle 

school students' CPS in pre- and post-test is shown in Fig. 1. 
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Fig. 1  Middle school students' CPS in pre- and post-test 

 

B. Discussion 

By executing SMICE, the creative problem-solving 

abilities of middle school students were improved. However, 

improvements were only significant in PFA, IG, and PC.  

PFA has a high correlation with curiosity, flexibility, and 

originality and refers to the ability to define problems by 

analyzing new problems from multiple directions in 

unstructured situations (such as real-life) [22], [23], [24]. 
SMICE is designed for students to experience the process of 

understanding the problem, structuring the problem, and 

extracting the core concepts in the problem situation based on 

real-life topics [17], [18]. Since SMICE uses topics that can 

be encountered in real life, it can induce interest, participation, 

and motivation for learning, unlike existing classes [5], [19], 

[22]. Also, SMICE delivers the contents of the CS based on 

the knowledge of the SS previously studied, and the process 

of defining problems is based on the learned contents. The 

learner experiences the process of core concepts from 

problems using real-life topics and defining problems by 
using the learned content. Therefore, cognitive structures are 

developed with new knowledge based on already learned 

knowledge. This process is more effective in expanding the 

learner's cognitive structure than learning a single subject, 

which can promote the learner's experience of generating new 

ideas through the convergence of their knowledge by learning 

[22]. Thus, learners can develop curiosity, flexibility, and 

originality based on real-life topics [23], [24]. The findings of 

this study showed that the PFA of middle school students 

improved through SMICE. 

IG is related to fluency and originality and refers to the 

ability to generate various ideas [22], [24]. Park et al. [25] 
posited that IG is related to convergence literacy that can be 

developed when multiple subjects are converged. Han [26] 

confirmed that convergence literacy does not develop even 

with mathematics subject-centered convergence education. 

Unlike previous studies, this study showed an improvement 

in IG, indicating an improvement in convergence literacy. In 

this study, science, mathematics, and informatics, which are 

adjacent subjects, were converged, and convergence 

education was conducted by deriving the common 

competencies of the three subjects. These results confirmed 

that, unlike the existing convergence education, SMICE has 
an effect on the development of convergent literacy when the 

education is conducted using the common competencies of 

the three subjects. 

Moreover, fluency and originality, which are the factors for 

IG, also constitute creativity [24]. According to Lee et al. [17], 

convergence education effectively improves creativity and 
problem-solving ability. PFA and IG are related to the sub-

factors of creativity. Improvements in PFA and IG 

demonstrated that SMICE is also effective in developing 

creativity. This observation is consistent with other studies 

that showed that experiencing the process of solving problems 

by the convergence of multiple subjects is effective for the 

development of creativity [5], [27], [28]. 

PC develops by elaborating one's thoughts, embodying 

learned knowledge, and obtaining feedback on the results of 

EX [18], [29]. In SMICE, the output according to the input of 

the self-produced program is assessed in the 'evaluating' stage. 

Learners experience the process of inferring the relationship 
between inputs and outputs, confirming new facts based on 

previously learned content, debugging programs, or applying 

them to new problems. Debugging or application in 

programming provides the learner with reflection. In the 

programming learning process, reflection provides learners 

with elaboration and clarification of knowledge [13], [14], 

[21]. Therefore, PC was developed through activities 

conducted in the 'evaluating' stage.  

PC includes communication and the ability to persuade 

others to empathize. The core competencies pursued in 

Korea's convergence education are convergence, creativity, 
communication, and caring [5]. Our results showed improved 

communication, indicating an improvement of PC [18]. Thus, 

SMICE is effective in developing competency aimed at the 

existing convergence education [5], [25]. 

Unlike other factors, there was no significant improvement 

in EP and EX. The necessary knowledge is collected in EP to 

make a practical plan, and the collected knowledge is 

compared and confirmed. Therefore, EP shows a high 

correlation with factors such as efficiency and knowledge in 

creative motivation [18], [22], [30]. Previous studies have 

shown that learners' cognitive burden increases in the 

convergence of knowledge of various subjects [7], [8]. 
Science, mathematics, and informatics subjects have similar 

problem-solving processes, but in SMICE, learners proceed 

with solving problems using knowledge of each subject [31]. 

As stated earlier, although it is effective to combine the three 

subjects in the process of learning knowledge and analyzing 
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problems, the process of designing algorithms and 

programming to solve problems acted as a cognitive burden 

on learners [7], [8]. In this study, a block-based programming 

language was used in consideration of the learner's cognitive 

level. However, students actually had a lot of difficulties in 

learning the programming language [13], [14], [21]. In 

situations where difficulties exist in the programming 

learning process, utilizing and converging the knowledge of 

the three subjects’ places more cognitive burden on the 

learner.  

In considering the opinions of teachers who actually 
conducted SMICE, there were many cases where students 

could not properly recall or did not know the contents of the 

convergence subject. In SMICE, the CS is learned in class, 

but the SS is configured to utilize the knowledge previously 

learned [12], [17]. However, there were indications that the 

learner felt a lot of cognitive burden in the process of solving 

the problem. There were many cases where learners had 

difficulties in activities included in the action plan factors, and 

additional time was needed to explain the contents related to 

convergence education [21]. In this study, three hours of 

treatment were allocated for each subject. However, more 
time was needed, depending on the level of students. Thus, 

the development of the EP in middle school students was 

difficult due to the characteristics of SMICE. 

EX is the stage of executing a planned idea and finding the 

answer to a problem. EX is related to the willingness and 

confidence to solve a problem and has a high correlation with 

efficacy [32]. Efficacy refers to the judgment of the ability to 

organize and execute the actions necessary to perform a task 

[33]. Since efficacy is a result of recognition, “perceived 

efficacy” and “belief or expectation of self-efficacy” are 

inferred [34]. Bandura [34], [35] argued that it is necessary to 
provide an achievement experience to improve efficacy. 

When student experiences achievements in various situations, 

a belief is formed that students can do well on their own. 

These beliefs improve efficacy so students can solve problems 

independently [36], [37]. Therefore, it is important to form a 

belief to improve efficacy. Conviction is the most reliable 

method of actual achievement experience, and it is necessary 

to proceed with tasks at a level lower than students' ability for 

achievement experience [33], [38]. As described earlier, 

SMICE was found to induce cognitive burden in students [39]. 

Cognitive burden hinders the learner from forming a belief in 

problem-solving, and because a belief cannot be formed, a 
significant improvement in efficacy cannot be achieved [7], 

[8], [40], [41]. Thus, SMICE did not significantly affect EX, 

as shown in this study. 

IV. CONCLUSION 

This study analyzed the effect of SMICE on the CPS of 

middle school students. The conclusions obtained through this 

study are as follows. First, SMICE was effective in improving 
the CPS of middle school students. The group who received 

additional treatment of SMICE showed a significant 

improvement in CPS, observed by the change of pre-test and 

post-test scores compared to the group receiving only 

informatics education.  

Second, SMICE was effective in achieving the goal of 

convergence education. Convergence education in Korea 

aims at convergence, creativity, communication, and caring. 

In this study, SMICE significantly affected the PFA, IG, and 

PC components of CPS. PFA (convergence), IG (creativity), 

and PC (communication and caring) are factors related to the 

competencies of convergence education. Thus, SMICE is 

effective in achieving the goal of convergence education. 

However, SMICE did not significantly change CPS's EP 

and EX components. These factors describe the EP of CPS. 

Convergence education in Korea presents context 

presentation, creative design, and emotional touch as 

teaching-learning criteria. SMICE satisfies the presentation of 

situations by presenting real-life problems. Teaching-learning 
is constructed for the experience of success or failure 

(emotional experience) through idea expression and artifacts 

(creative design). However, there was no significant 

improvement in EP and EX related to creative design and 

emotional experience. This problem was due to the cognitive 

burden in the existing convergence education research. 

Although SMICE achieves the goal of convergence education, 

it exhibited the same problems encountered in the existing 

convergence education. Therefore, in future research, the 

SMICE program should be improved by adjusting the 

teaching-learning process, the amount of learning, and the 
number of hours executing the program. 

Given that problem-solving ability is included as the goal 

of convergence education, this study measured CPS to 

analyze the effect of SMICE. The educational goals of 

convergence education include problem-solving skills, 

interests, and attitudes toward convergence. As new things are 

created through convergence, analyzing educational effects 

such as convergence literacy is necessary. Furthermore, 

investigations on the effects of the core competencies of 

science, mathematics, and informatics subjects are needed. 

Therefore, research should be conducted to analyze not only 
CPS, but also attitude toward convergence, literacy, science, 

mathematics, and core competencies of informatics subjects. 
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