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Preface 

 

International Conference on Computational Thinking Education 2019 (CTE2019) is the third international conference 

organized by CoolThink@JC, which is created and funded by The Hong Kong Jockey Club Charities Trust, and co-created 

by The Education University of Hong Kong, Massachusetts Institute of Technology, and City University of Hong Kong.  

 

CoolThink@JC strives to inspire students to apply digital creativity in their daily lives and prepare them to tackle future 

challenges in any fields. Computational thinking (CT) is considered as an indispensable capability to empower students to 

move beyond mere technology consumption into problem-solving, creation and innovation. This 4-year initiative benefits 

over 18,500 upper primary students at 32 pilot schools on computational thinking through coding education. Through intensive 

professional teacher development, the Initiative develops teaching capacity of over 100 local teachers and help them master 

computational thinking pedagogy. Over time, the project team targets to make greater impact by sharing insights and curricular 

materials beyond the pilot schools. 

 

CTE2019 is held at The Education University of Hong Kong on 13-15 June, 2019. Last year, the conference was held together 

with a Coding Fair to reach out to over 4500 parents and children. Riding on the success, the conference this year is organized 

along with the fair again to welcome enthusiastic family. Through a series of coding workshops and booth exhibition by pilot 

schools, participants will get a taste of computational thinking education. The parent seminars, with the theme ñCode, Music 

and Sportsò, include sharing from influencers who excel to incorporate coding in their expertise. We are excited to welcome 

participants to join us at the conference and the fair. 

 

 

 

 

 

 

 

 

 



 

 ñComputational Thinking Educationò is the main theme of CTE2019 which aims to keep abreast of the latest development 

of how to facilitate studentsô CT abilities, and disseminate findings and outcomes on the implementation of CT development 

in school education. CTE2019 gathers educators and researchers around the world to share implementation practices and 

disseminate research findings on the systematical teaching of computational thinking and coding across different educational 

settings. There are 16 sub-themes under CTE2019, namely: 

 

Computational Thinking 

Computational Thinking and Coding Education in K-12 

Computational Thinking and Unplugged Activities in K-12 

Computational Thinking and Subject Learning and Teaching in K-12 

Computational Thinking and Teacher Development 

Computational Thinking and IoT 

Computational Thinking and STEM/STEAM Education 

Computational Thinking and Data Science 

Computational Thinking and Artificial Intelligence Education 

Computational Thinking Development in Higher Education 

Computational Thinking and Special Education Needs  

Computational Thinking and Evaluation 

Computational Thinking and Non-formal Learning 

Computational Thinking and Psychological Studies 

Computational Thinking in Educational Policy 

General Submission to Computational Thinking Education  

 

 

 

 

 

 

 

 



 

The conference received a total of 64 submissions (45 full papers, 12 short papers and 7 poster papers) by 137 authors from 

17 countries/regions (see Table 1). 

Table 1: Distribution of Paper Submissions for CTE2019 

 

The International Programme Committee (IPC) is formed by 88 Members and 14 Co-chairs worldwide. Each paper with 

author identification anonymous was reviewed by at least three IPC Members. Related sub-theme Chairs then conducted 

meta-reviews and made recommendation on the acceptance of papers based on IPC Membersô reviews. With the 

comprehensive review process, 49 accepted papers are presented (20 full papers, 19 short papers and 10 poster papers) (see 

Table 2) at the conference.  

Table 2: Paper Presented at CTE2019 

 

 

 

Country/Region No. of Authors Country/Region No. of Authors 

Taiwan 37 Israel 2 

China 36 Malaysia 2 

The United States 17 Sweden 2 

Finland 8 Australia 1 

Germany 6 Canada 1 

Japan 5 Hong Kong  1 

Singapore 5 Indonesia  1 

South Korea 5 The Netherlands 4 

The United Kingdom 4 Total 137  

 

Sub-themes Full Paper Short Paper Poster Paper Total 

CT 1 2 0 3 

CT and Coding Education in K-12 3 2 3 8 

CT and Unplugged Activities in K-12 1 2 1 4 

CT and Subject Learning and Teaching in K-12 2 0 0 2 

CT and Teacher Development 3 2 1 6 

CT and STEM/STEAM Education 4 1 0 5 

CT and Data Science 0 2 0 2 

CT and Artificial Intelligence Education  0 1 1 2 

CT Development in Higher Education 1 0 1 2 

CT and Special Education Needs 0 0 1 1 

CT and Evaluation 0 3 0 3 

CT and Non-formal Learning  1 1 1 3 

CT and Psychological Studies 1 0 0 1 

CT in Educational Policy 1 0 0 1 

General Submission to CT Education 2 3 1 6 

Total 20 19 10 49 



 

The conference comprises keynote, invited speeches and forum by internationally renowned scholars; workshops as well as 

academic paper and poster presentations. 

 

Keynote and Invited Speeches 

There are four Keynote Speeches and one Invited Speech at CTE2019:  

 

Keynote Speeches 

1. ñA Rigorous, Inclusive, and Sustainable Approach to CTforALLò  

by Dr. Leigh Ann DELYSER (CSforALL, The United States) 

2. ñDesigning for Disciplinary-specific CT: How to Bring CT into Mathematics Classrooms?ò  

by Prof. Chee-kit LOOI (Nanyang Technological University, Singapore) 

3. ñEvaluation and Assessment of Computational Thinking and óUnpluggedô Activitiesò  

by Prof. Jan VAHRENHOLD (University of Münster, Germany) 

4. ñComputational Thinking is Winning: What it is About?ò 

by Prof. Valentina DAGIENǞ (Vilnius University, Lithuania) 

 

Invited Speech 

ñComputational Thinking in the Interdisciplinary Robotic Game: the CHARM of STEAMò 

by Prof. Ju-ling SHIH (National University of Tainan, Taiwan) 

 

 

International Forum on Research, Practices and Policies on Computational Thinking Education in K-12 

In this forum, there are presentations by speakers from different countries/regions on their sharing of research, practices and 

policies for promoting computational thinking education in their own countries/regions. Discussions focus on the directions 

related to the curriculum, teacher development plan, parent education campaign, and nation-/region-wide social consensus for 

CTE. 

 

 

 

 



 

Panelists:  

Dr. Leigh Ann DELYSER (CSforALL, The United States) 

Prof. Rong-huai HUANG (Beijing Normal University, China) 

Prof. Chee-kit LOOI (Nanyang Technological University, Singapore) 

Prof. Marcelo MILRAD (Linnaeus University, Sweden) 

Prof. Ju-ling SHIH (National University of Tainan, Taiwan) 

 

Moderator:  

Prof. Siu-cheung KONG (The Education University of Hong Kong, Hong Kong)   

 

 

Workshop ñExploring MIT App Inventor: Past, Present, and Futureò 

This workshop introduces the history, architecture, and pedagogy of MIT App Inventor over the ten years since its inception. 

The new features and features under development are also demonstrated and discussed. 

 

Speaker: 

Dr. Evan PATTON (Massachusetts Institute of Technology, The United States) 

 

 

Workshop on Artificial Intelligence: How to Make It Easier for Students? 

Artificial Intelligence (AI) is a smash hit topic around the world. Gravity Link International Limited (Hong Kong) conducts 

a workshop on AI, in which participants are introduced with ways to bring AI education to schools. 

 

Speaker: 

Mr. Denny XIA, (Gravity Link International Limited (Hong Kong)) 

 

 

 

 

 



 

Doctoral Consortium 

An occasion where outstanding doctoral students can present and discuss their research projects and ideas with other scholars, 

and thereby facilitating fruitful exchange and communication. 

 

Moderators:  

Prof. MÄ KITALO, Kati (University of Oulu, Finland) 

Prof. SHIH, Ju-ling (National University of Tainan, Taiwan) 

 

 

Academic Paper and Poster Presentations 

There are 14 sessions of academic paper presentation and an academic poster presentation session with 49 papers (20 full 

papers, 19 short papers and 10 poster papers) in the conference. Worldwide scholars present and exchange the latest research 

ideas and findings, which highlight the importance and pathways of computational thinking education covering K-12 

education, artificial intelligence education, teacher development and STEM/STEAM education etc. 

 

On behalf of the Conference Organizing Committee and CoolThink@JC, we would like to express our gratitude towards all 

speakers, panelists, as well as paper presenters for their contribution to the success and smooth operation of CTE2019. 

 

We sincerely hope everyone enjoy and get inspired from CTE2019. 

 

 

Prof. Siu-cheung KONG 

The Education University of Hong Kong, Hong Kong 

Conference Chair of CTE2019 cum Coding Fair 

 

Principal Tsz-wing CHU 

St. Hilaryôs Primary School, Hong Kong 

Conference Chair of CTE2019 cum Coding Fair 
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The System-analytic Approach for Gifted High School Students to Develop 

Computational Thinking  

 
Nguyen-thinh LE1*, Niels PINKWART2 

12 Humboldt Universität zu Berlin, Germany 

nguyen-thinh.le@hu-berlin.de, niels.pinkwart@hu-berlin.de 

 

ABSTRACT  

In this paper, we report lessons learned from applying the 

system-analytic approach in developing computational 

thinking for high school students. We have been establishing 

a network of Society for Gifted School Students in 

Computer Science since two years. Every year, we offer a 

ten-weeks project for gifted students from schools around 

the city Berlin in Germany. In one study case in summer 

semester 2016, after ten weeks, students finished 

successfully their own projects ideas with a small software 

product. For evaluating the system-analytic approach, we 

used three measure instruments: 1) the subjective attitude of 

teacher students who supervised the school students, 2) 

products of the projects, and 3) the repeated participation of 

the school students. We could report the following results: 

Three teacher students showed positive experience with the 

system-analytic approach; Each student group could realize 

their own ideas and successfully developed apps; 70% of 

school students, who attended the project in summer 

semester 2016 applied for participation in the second 

project. 

KEYWORDS  

gifted students, system-analytic approach, computer science 

education 

1. INTRODUCTION  
We were faced by a question from the parents of a gifted 

high school student: ñMy son is able to write programs in 

five programming languages. Do you have a method to boost 

him?ò To answer this question, first, we looked into the 

curricula of different federal states in Germany, and then 

international curricula (e.g., the CSTA K-12 Computer 

Science standards of ACM, 2011). Unfortunately, we could 

not really find a didactical principle or contents for gifted 

school students in Computer Science. A possible solution 

might be recommending such students to attend local 

courses held in communities around the globe such as 

CoderDojo (https://coderdojo.com), Hour of Code 

(https://hourofcode.com) or attending self-paced courses 

from online coding schools such as Code.org 

(http://code.org), CodaKid (https://codakid.com), Khan 

Academy (https://khanacademy.org). With those self-paced 

online courses and communities, they might develop their 

competency by themselves in programming. However, those 

courses rather support students in developing programming 

skills than computational thinking, which is a fundamental 

competence to be acquired. 

Didactical approaches for developing computational 

thinking have mostly been developed and validated with 

average intellectual level students. For gifted school 

students, specific didactical approaches for developing 

computational thinking are rare. In a textbook, Schubert and 

Schwill (2011) proposed the system-analytic approach for 

novice Computer Science students, who have just begun 

learning Computer Science. They found a disadvantage of 

this approach that it would require high intellectual level of 

students. Exploiting this ñdisadvantageò, we hypothesize 

that this approach might be appropriate for gifted students, 

because they have higher ability level than others and have 

more curiosity.   

In this paper, we investigate the research question: Can the 

system-analytic approach be adopted to gifted students? We 

briefly review approaches to teaching gifted students in 

Section 2 and didactical approaches for teaching 

computational thinking in Section 3. The implementation of 

the system-analytic approach for a group of gifted students 

is described in Section 4. We report on the success of our 

first implementation of the system-analytic approach to 

developing computational thinking for gifted students in 

Section 5. 

2. APPROACHES TO TEACHING 

GIFTED STUDENTS 
There are many diverse definitions for ñgiftednessò. While 

the definition for ñgiftednessò in most English literature 

relies on the Section 9101 of US Elementary and Secondary 

Education Act, ñStudents, children, or youth who give 

evidence of high achievement capability in areas such as 

intellectual, creative, artistic, or leadership capacity, or 

in specific academic fields, and who need services and 

activities not ordinarily provided by the school in order to 

fully develop those capabilities.ò (US, 2019), the definition 

for ñGiftednessò in German literature is rather based on a 

specific IQ (intelligence quotient) level. The Federal 

Ministry for Education and Research of Germany considers 

gifted students as the ones, who have IQ over 130 (BMBF, 

2019). Johnsen (2004) summarized three common features 

among definitions for gifted students: 1) Students show high 

performance in different areas (e.g., intellectual, creative, 

artistic, leadership, academic); 2) The comparison with other 

groups (e.g., general education classrooms, of the same age, 

experience, or environment); 3) A need for development of 

the gift (e.g., capability or potential). Adopting these three 

features, in our following study case, we consider students, 

who participate in the Society for School Students in 

Computer Science, as potentially gifted, because they are 

recommended by their school teachers and are required to 

pass an exercise from the Computer Science Competition 

ñInformatik Biberò (https://bwinf.de/biber). 

mailto:nguyen-thinh.le@hu-berlin.de
https://coderdojo.com/
https://hourofcode.com/
http://code.org/
https://codakid.com/
https://khanacademy.org/
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Azzam (2016) suggested six strategies for challenging gifted 

students: 1) ñOffer the Most Difficult Firstò, 2) ñPre-Test for 

Volunteersò, 3) ñPrepare to Take It Upò, 4) ñSpeak to 

Student Interestsò, 5) ñEnable Gifted Students to Work 

Togetherò, and 6) ñPlan for Tiered Learningò. The first 

strategy is to give all students (not only gifted students) most 

difficult tasks. If they can solve the most difficult tasks first, 

then they should be freed from additional homework 

assignments. However, Azzam did not discuss how to deal 

with the difficult tasks if some students cannot solve them. 

The second strategy is applied to sort out gifted students 

from non-gifted students. For those students, who pass most 

test items, would be recommended to solve advanced tasks 

and this decision is left to all students. This strategy avoids 

gifted students becoming bored. However, if a teacher 

already knows the ability of each student, such a pre-test 

would be not required. The third strategy aims at providing 

differentiated work materials to students of different ability 

levels and this can be referred to as performance-

differentiated strategy. This strategy is usually adopted by 

teachers. However, this strategy requires much preparation 

by teachers. The fourth strategy is intended to help teachers 

develop learning materials adaptive to interests of his/her 

students. The fifth strategy promotes collaborative learning 

for enhancing their academic performance and benefits 

gained by other students. The sixth strategy suggests 

teachers to plan their lessons at different tiers of difficulty. 

The author argued that teachers have to develop their lesson 

plan, anyway. Thus, at the planning time, they can also 

develop deep and complex activities for gifted students and 

prepare work sheets at the entry, advanced, and extension 

levels. Similar to the third strategy, the plan for tiered 

learning aims at avoiding gifted students getting bored. 

In the explorative study with 112 potentially gifted Master 

students in Serbia, Gojkov et al. (2015) suggested that 

didactical teaching approaches for gifted higher education 

students should ñencourage curiosity, being well-informed, 

open-minded, flexible, confronting personal prejudices, 

carefully making decisionsò, and thus stimulate critical 

thinking of gifted students. 

3. DIDACTICAL APPROACHES TO 

COMPUTATIONAL THINKING  
Didactical approaches for programming can be found in a 

huge body of literature, e.g. use peer instruction (Porter et 

al., 2011; Porter et al., 2013; Council, 2015), use live coding 

instead of showing slides (Barker et al., 2005; Rubin, 2013; 

Willingham, 2009), use worked examples and labelled 

subgoals (Margulieux et al., 2012; Morrison et al., 2015), 

use authentic tasks (Guzdial, 2013; Bouvier et al., 2016; 

Repenning, 2017). Brown & Wilson (2018) summarized 10 

tips for teaching programming, which are based on research 

results. However, didactical approaches for computational 

thinking and their empirical validations are rare to be found. 

Atmatzidou and Demetriadis (2014) proposed to deploy 

robotics activities to develop computational thinking skills. 

The authors focused on the following skills of computational 

thinking: abstraction, generalization, algorithm, modularity, 

decomposition and problem solving. The authors reported 

positive results that students became familiar with the 

concepts of computational thinking and could deploy them 

in the problem solving process. 

Armoni et al. (2010) proposed to present computational 

elements and algorithm/program design in a ñzippedò 

manner. That is, both theoretical and practical notions are 

ñzippedò in a proposed order. The ñalgorithmic first, object 

secondò approach suggests to teach fundamental algorithmic 

aspects first, followed by object oriented notions. In 

addition, the authors suggested deploying several didactical 

principles: utilizing motivating examples and demonstrating 

gradual design processes. 

Caspersen and Nowack (2013) proposed the following five 

didactical principles to computational thinking education in 

Danish high schools: (1) A learning activity is not 

(necessarily) the same as a knowledge area; (2) Learning 

activities should be application-oriented; (3) Learning 

activities should facilitate and guide a consume-before-

produce progression through the materials; (4) Learning 

activities should include several substantial worked 

examples; (5) Learning activities should illustrate stepwise 

improvement as a general approach to incremental 

development of artefacts. 

Other didactical principles have been proposed such as 

game-based learning and narrative media-approaches 

(Andersen et al., 2003), activity-based approaches (Hazzan 

et al., 2011) 

Either deploying robotics in educational activities 

(Atmatzidou & Demetriadis, 2014), or using motivating 

examples and gradual design process (Armoni et al., 2010), 

or game-based (Andersen et al., 2013), or activity-based 

approaches (Hazzan et al., 2011), those approaches underlie 

the constructivism theory, which is frequently promoted in 

general Computer Science education (Salanci, 2015; 

Hadjerrouit, 2009).  

To our best knowledge, since a specific didactical approach 

for gifted students to computational thinking has not been 

proposed and validated, we attempted to investigate whether 

the system-analytic approach is applicable for gifted 

students. 

The system-analytic approach (Schubert & Schwill, 2011) 

requires students to study a complex software system in a 

top-down manner through the following phases: (1) Looking 

on the system, (2) digging into the system, (3) modifying the 

system, and (4) constructing a system. In the first phase 

ñLooking on the systemò, the studentôs activity starts with 

trying to use the system. The student tries to interact with the 

system through the systemôs user interface. Through this 

activity, the student is expected to acquire the competency 

of using the computer system and evaluating a system. In the 

second phase ñlooking into the systemò, the student is asked 

to identify the internal components of the system (maybe 

with a documentation) and to investigate the interplay 

between the internal components and the systemôs 

interaction with the user. After the student has acquired an 

understanding about the internal ñworldò of the system, the 

third phase ñmodifying the systemò requires the student to 

extend the system with a new functionality or to adjust the 

system according to a new requirement. In the last phase 

ñconstructing a systemò, the studentôs experience with 
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system development will be applied and extended. The 

student can reuse existing components of the initial systems 

and construct a new system to solve a similar problem. Thus, 

the system-analytic approach can be considered a variant of 

the activity-based approach (Hazzan et al., 2011) and an 

implementation of the constructivism learning theory 

(Salanci, 2015; Hadjerrouit, 2009). 

According to Schubert and Schwill (2011), the system-

analytic approach has various advantages. First, this 

approach is authentic to software development in the 

industry, because it requires a usage and construction of 

information systems. Second, this approach may be suited in 

a project-oriented learning setting, which requires team 

work and that is the authentic working environment in IT 

companies. Third, this approach is subject-crossing and thus, 

a project-based learning setting could involve an application 

context outside of the learning subject computer science and 

various social competencies might be enhanced. Since this 

approach requires competencies in different areas (in 

addition to Computer Science), thus, students with less 

knowledge in Computer Science can contribute their 

knowledge in other subjects in the project as well. Schuber 

and Schwill (2011) suggested two disadvantages for this 

approach. First, this approach is highly intellectual-

demanding. It requires the instructor to prepare an 

appropriate system (or program product) to be analyzed. 

Second, the approach does not solve the diversity problem 

of heterogeneous student groups. Due to the high demand of 

intellectuality, the system-analytic approach might be 

appropriate for gifted students, who usually have higher 

intellectuality than others. 

4. METHOD  
In the following, we present a study case, in which the 

system-analytic approach was used to teach a group of gifted 

students. The study case was the first project offered to 

gifted school students in Berlin. The school students 

between the 7th and 10th grade were recommended by 

Computer Science teachers in our partner schools around 

Berlin (Germany) to join the ñSociety of Computer Science 

for Gifted Studentsò. That means, the student group is 

heterogeneous. The time capacity for each project was 

limited to ten weeks, each has two academic hours (90 

minutes) and the project was required to take place after the 

regular school time. Given these constraints, we decided to 

adopt the system-analytic approach, because, first, it meets 

the intellectual level of gifted students. Second, they are 

creative and high demanding to create a system quickly, 

thus, the approach may meet their satisfaction of developing 

their own ideas after passing the first three phases. In these 

projects with gifted school students, we planned to deploy 

new technology (e.g., tablets, drones, robots, ect.). First, new 

technology serves as means to enhance motivation of 

students, because Ozcan and Bicen (2016) reported that 

gifted students indicated an important role of technology in 

their education. Second, we intended to implement the 

constructivism learning theory (see Section 3). The projects 

we conducted with gifted students were intended to develop 

the following competencies that were based on the 

recommendations of the Society for Computer Science in 

Germany for schools. The process-oriented skills include: 1) 

modeling and implementation, 2) reasoning and evaluating, 

3) structuring and networking, 4) communication and 

cooperation, 5) presentation and interpretation. The content-

oriented skills include: 1) information and data, 2) 

algorithms, 3) programming languages and automata, 4) 

informatics systems, 5) informatics, humans and society (GI, 

2008).    

The following study case was conducted in summer 

semester 2016 based on the constraints and conditions 

above. Due to time constraint of 10 weeks, we aimed at 

enhancing the computational thinking skills of school 

students by focusing on the following content-oriented 

skills: algorithms and informatics systems along the process-

oriented competency dimension. The topic of our project 

was app development, because at that time apps were 

penetrating our daily life and students needed to know how 

an app can be developed, and thus, addressing the specified 

computational thinking skills (algorithms and informatics 

systems). After analyzing different Android development 

platforms, we decided for the MIT App Inventor 

(http://ai2.appinventor.mit.edu), because the other platforms 

such as Android Studio 

(https://developer.android.com/studio) requires an 

introduction into a high-level programming language, 

whereas MIT App Inventor provides visual programming 

language that is easier to acquire within short time period 

(10 weeks).  

20 high school students were admitted to join our project, 

among which there were three female students. The 20 high 

school students were divided into ten groups, which were 

supervised by three teacher students for the computer 

science education. After the second week, three high school 

students dropped out. Seventeen remaining students 

continued to the end of the project period. 

With the intention of adopting the system-analytic approach, 

we had to prepare materials for the first three phases 

ñlooking on the systemò, ñlooking into the systemò, 

ñmodifying the systemò. For these purposes, we collected 

existing apps (e.g. Photo Booth, TalkToMe, Quiz Me, No 

Text While Driving for AI2, Exploring with Location Sensor 

in AI2) provided on the tutorial page 

(http://appinventor.mit.edu/explore/ai2/tutorials). Each app 

was analyzed with respect to its difficulty level (easy, 

medium, and difficult) and its extension possibilities were 

suggested. The difficulty of each app served to recommend 

school students to choose an appropriate app corresponding 

to their level. The extension possibilities of each app were 

intended to give students as working exercises. Given the 

selected apps, adopting the system-analytic approach, in 

Phase 1, the students should choose an app and play with it. 

In Phase 2, the students analyze the functionality of the 

chosen app. In Phase 3, the students modify/extend the 

functionality or the design of the app. Finally, in Phase 4, the 

students are asked to design the concept for a new app and 

to implement the app using MIT App Inventor. 

The teaching concept for the 10 weeks project looks as 

following. The first session aims at introducing the 

organization of the project and the App Inventor in general. 

http://ai2.appinventor.mit.edu/
https://developer.android.com/studio
http://appinventor.mit.edu/explore/ai2/tutorials
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The second session aimed at carrying out Phase 1 and 2. 

First, we presented an example application and its code on 

App Inventor. This presentation was intended to help 

students be familiar with App Inventor. Then, the students 

were asked to choose an app from the collected list with 

flagged difficulty levels and to analyze it. In the last 15 

minutes of the session, each group was required to present 

its results to the class. 

The third and fourth sessionsô objective was modifying an 

app. For this purpose, first, we presented an app and showed 

its code. Then, we asked the students for possible 

modifications on this app. From those suggested 

modifications, we illustrated some small modifications by 

changing/adding code of that app. During this step, we 

explained how the added code would change the app. After 

that, we asked the students to modify the design of a chosen 

app (i.e., the GUI components) and to add new 

functionalities to the existing app by copying and pasting 

existing code. Fifteen minutes before the sessionôs end, we 

requested the students to present results of their modification 

tasks. Except one student in one group, other groups 

completed their task. One special gifted student finished the 

modification tasks, left his group and worked on developing 

his own app. Each group was requested to present results of 

their modification tasks. 

From now on, the students were supported to develop their 

own projects. We adopted the project method of Frey 

(2010): finding a project idea, drawing a project concept, 

concretizing the project plan, carrying out the project, 

reflecting the project plan, meta interaction (discussion 

about the progress of the project). Adopting this project 

method suggested by Frey (2010), the fifth session was 

devoted to helping students develop ideas for new apps. 

Each group was asked to develop own idea and concept for 

an app. Before the session was ended, the groups were 

requested to exchange their ideas. The presentations of the 

groupsô ideas showed that students had difficulty. Some of 

the groups did not have concrete ideas whereas some others 

had ideas that were not realistic to be realized within the 

given time constraint (4 weeks left). Thus, we encouraged 

the students to think about ideas for their apps as homework. 

In addition, for special gifted students, we encouraged them 

to look at the Android studio platform, if they find MIT App 

Inventor would not satisfy the requirements of their app 

project. 

As a support for students in developing ideas for a new app, 

in the beginning of the sixth session, we gave each group a 

structure, which includes the following questions: 1) How is 

our app? 2) What kind of functionalities can our app 

provide? 3) How should our app look like (how should the 

user interface be designed)? 4) How is the mile stone plan 

for the project to be carried out in the next 4 weeks? The 

concept (Questions 2 and 3) and the project plan (Question 

4). During this session, we supported the groups to 

concretize their ideas and discussed with them about the 

realistic components of their apps. After their ideas have 

been agreed by us, they started to design the user interface 

for their apps. 

The next three sessions were planned for the implementation 

of the appsô concepts. In the beginning of this construction 

phase, we gave the students some hints regarding project 

management (e.g., milestones specification and phases of a 

software development cycle). We were available for the 

groups on demand. Through this construction phase, the 

students applied their multifaceted interdisciplinary 

knowledge and their competency in using MIT App Inventor 

that they acquired in the first three phases to realize their 

own app ideas. At the end of the ninth session, the groups 

could realize their appsô ideas, but not completely. As 

homework, we encouraged them to optimize their apps and 

informed them about the presentation on the last session 

with the presence of their parents. 

The last session was reserved for preparing the presentation 

of each project group. All the groups could demonstrate their 

project results. As lessons learned, the most difficult part of 

the 10-weeks project was the task to develop a project idea 

with the students. Some students did have great ideas and 

desired to realize them. However, those too big project ideas 

can not be realized within the limited project time. Instead, 

we encouraged them to limit the realization possibilities for 

their ideas. For example, some students would like to 

develop an additional server platform and that is unrealistic 

for the project period, if the students did not have experience 

with server-based software development. Of course, we 

could show them the possibility to connect web services 

with App Inventor and let them decide by themselves, if their 

project could be finished in the given time frame. 

5. RESULTS 
Since the aim of our paper is to investigate the research 

question ñHow can the system-analytic approach be applied 

appropriately to gifted students?ò, it is required to evaluate 

the results of the project that implemented the system-

analytic approach. For evaluating the success of the project, 

we used three instruments: 1) The attitude of the student 

teachers, who developed learning materials and supervised 

the gifted school students; 2) Products of the project, i.e., 

developed apps; 3) The motivation of the gifted students. 

Results based on the first measure were collected from the 

reports of the teacher students. The first student reported as 

follows: ñthrough the possibility of developing and realizing 

the own ideas, on the opposite to the common didactical 

approach in the school, gifted students could make a lot of 

new experience. Thus, they can benefit a lot from their 

different experiences independent from their teacherò, ñthe 

system-analytic approach helped the students discover and 

understand apps quickly. Thus, it brought the students 

necessary experience to realize their own apps after solving 

the modification tasks successfullyò. The second student 

reported that ñthis is my first time I could test the system-

analytic approach. I must say that this approach is 

appropriate for our conditions (i.e., 10 weeks project, gifted 

school students) and the top-down manner of the approach 

could help students to find additional understanding for a 

complex systemò. The third teacher student found the project 

ñvery positive that we could connect between theories and 

practice. I think that App inventor enhances the intrinsic 

motivation of the students because they could develop their 

apps easily and share them with other users on the same 

platformò. 
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Considering the number of developed apps as a measure for 

the success of the project, seven apps of seven groups were 

developed and demonstrated on the last session with the 

presence of the studentsô parents. They were proud to 

present and explain their apps. Figure 1 illustrates one of the 

apps developed by the students. This game requires the 

player to avoid the bricks representing moving meteoroids. 

The left part of the figure shows the media that were required 

to build the app and the right part is the emulator of MIT 

App Inventor. 

 

Figure 1. A project entitled ñmeteoroidsò. 

In order to measure the motivation of the gifted students 

about their project, we checked the number of students who 

sent us application for the second project in the winter 

semester 2016/2017. We could find that 70.1% of them (12 

old school students) wanted to join our second project.  

6. CONCLUSIONS  
While some approaches to developing computational 

thinking in schools have been researched and developed, for 

the special group of gifted students, didactical approaches 

are rarely found in literature. In this paper, we have 

suggested to adopt the system-analytic approach for gifted 

students. We learned the following lessons. First, this 

approach helps students work through and be familiar with 

a new technology very quickly. We did not need to present 

new Computer Science concepts related to the technology in 

the bottom-up manner. Second, in order to apply this 

approach, a careful choose of existing applications is 

required in order to develop modification tasks. The 

applications should meet the studentsô interests. Thus, not 

only one single application, but several applications are 

required in order to satisfy different students. With different 

applications, various types of underlying concepts can be 

learned. Therefore, preparing appropriate applications for 

students is the most important task adopting the system-

analytic approach. Since this approach does not address the 

performance heterogeneity of students, additional strategy, 

e.g., collaborative learning in a project setting, should be 

embedded.  
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ABSTRACT  

Computational thinking plays a critical role in learning computer programming. However, the relationship between the 

development of computational thinking skills and learnerôs intelligence is still not clear in past studies. This study investigated 

the correlations among learnerôs figure reasoning intelligence, computational thinking, Scratch program problem solving and 

computer programming self-efficacy. A total of 44 university students from north Taiwan participated in this study in which 

6 Scratch loop programs were used for problem solving. A Pearson correlation analysis was conducted and the coefficients 

among the Figure Reasoning Intelligent test scores, the Bebras test scores, the Scratch program problem solving performance 

and the computer programming self-efficacy scores were positively significant. This study suggested future studies to further 

explore the roles of figure reasoning skills and computational thinking in learning computer programming and possible 

applications for individualized learning and instruction.  
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≈ ֯ ה М᷊ ṔᴥȲ ᴖȲ

≈ ϩ ῏Ӑṝᾼ П ᾼ …

ṅѝשׁ֯ ϱЬЛϫи ȴӐׁשṅ ῏ᾼ

ᶮ ế ≈ ȳScratch ה ḟế ה

ᴞᶺ П ᾼ …ȴׁשṅ Ɫ 44ᴯү Җ ᾼЄ

ӢȲ ḊⱢг Scratch ḟȴῴḔׁש

ṅ Ὠ ӱȲӫ ד … ֯ ᶮ≈ᴕ

≈ ȳScratch ה ḟῶ ѿц ה

ᴞᶺ П Ꞌᵧ Ӕד ȴ∂ ӑẃ

Ϥ ᶮ ế ≈ ϩ֯ ה

МἬ᷊ ᾼṔᴥȲṳ Ẕ֯ ᵑо ϱᾼ

ӣȴ 

ֿ 

≈ ȷ ᶮ≈ᴕȷScratch ה ȷ ḟȷ

ᴞᶺ  

￼ṅשׁ .1  

≈ ϩ╥ӑẃ ᾼ ϩПϚȲֽᴶצ ᾼ

с ≈ ϩḆ╥Ὼדẃᾼ ṅȴWingɎ2006ɏשׁ 

≈ ֤ ♄ Ϡ ẃȲϷ ≈

כ K-12 Ӣᾼ Ȳᴖ ה ╥ Ӣ

≈ ᾼѠהȴֵ ṅ╓ҏᵓӣשׁ оᾼ ה

ṕ scratch Ở ᾛᾼ ṿӣ֯ Ӣᾼ ≈

ϱɎLye & Koh, 2014ɏȲ оᾼ ה ṕЏẓҠ

ѿ Ӣᾼ ῀ Ȳ Ӣ ᾃὑ ה

ה ϱȲ ҟ ї ᾼה ạɎKelleher & 

Pausch, 2005, p. 131ɏȴ ᶺ ӢϠϚ ṅשׁ Ȳ

ᶮ ╥ᵡ ≈ ϩц о ה ϩ

צ ȴҫҵ╥ᵡҠѿ ᷄Ϛ Ҡѿᶶ ϭ―ᵓ╟ ᾼ

ᶮ ῶẃᶶ ẓצ Ṿ ≈ ϩᾼӢ

Ȳ נ С ἤо Ȳ Ẕצ Ṿᾼ ȴ ᴖȲ

ᶮоЮ ᾼ ה Ɏֽ Scratchɏ╥ᵡצᵗὑἬצ

῏ ὑ ה ṕᾼ ? ῏ᾼ ᶮ ╥

ᵡ֯ ᶮЮ ה ḟМ᷊ Ṕᴥ?ӭ›

иᾼׁשṅѝ ḥצ− ᾼ Ȳ֪ױӐׁשṅПӭ

ᾼ֯ὑ ױ … ᴩῴ ȴ  

2. ѝ  

ṅ╓ҏɎAmbrosio, Xavier, & Georges, 2014ɏȲשׁ

≈ Cattell-Horn-CarrollɎCHCɏ ϩ

ɎMcGrew, 2009ɏМᾼϮ ϩ֪Іצ …ȴиᵑ╥

☼ ɎGfɏȳ ɎGvɏц

ɎGsmɏȴ CHC ᾼứ ɎSchneider & McGrew, 

2018ɏẃכȲ☼ Ӈ ẘ ṿӣї ϱᾼ ᵂẃ

ḟ Ἠ╥ טּ ᾼ Ȳᴖ ṷ ᾎӣ╠

Ἇᾼ≈ ẃἨ╥ ẃᴞ ḟȴ ╓ᾼ╥Ϛ

ӣї ẃ ḟ ᾼ ϩȲϭ Ɫї ȴ

ᾪ֤ ḂⱢЏᵂ ɎGwmɏȲứ

ⱢϚ ᾃ֯ ═ ᶫ ᾼ ϩȴҠѿ

ṷ ϩ ╥ӣẃ ḟ Ȳ ≈ ᾼ їӭ

ᾼϚ ȴ֯Román-González, Pérez-González, & Jiménez-

FernándezɎ2017ɏᾼׁשṅМϷ ẞϠϚ ᾼ Ὠȴ֪

ṅשȲׁױ ╚ Ϛ ӣ ȳ а ц

а ṳ ᾼ╟ Џẓȴ 

 ṅѠᾎשׁ .3

ṅשׁ צ ה ϚדѿϱᾼЄ ӢԚ

44Ϣ ᴩׁשṅȲẔМ 22ϢⱢ ￼ Ȳҫҵ 22ϢⱢ

‍ ￼ ȴׁשṅЏẓМ ӣ Bebras2016

≈ Ɏbebras.orgɏ10 ẃ ≈ ϩȴ

⁄ ӣ ᶮ≈ᴕ Ɏש Ȳ2005ɏ

ẃ ᴩ ȴѿ 6 Scratch ה ẃ ה

ᾼῶ Ȳ ∟ԛѿ ה ᴞᶺ ῶɎTsai, 

Wang, & Hsu, 2018ɏ Ẕ ה ᴞᶺ ȴׁשṅ

῏Ṽᶧ╟ ֢ ∟Ȳ ԓ ᾼ Ὠ ᴩӫ

ד иέȴ 

ᶮ≈ᴕ ѻ ᾼӭᾼ╥֯ Ϛ Ϣᾼ

⇔ȴѻ Ҕᵶ иέᾼ ῀ ϩȲѿц

⇔ȴ Ḗ╥ᵓӣֵац‍ ѝᾼѠהȳ ѹצ

ᾼ Ϣ ֵаᾼ ȴ МԚҔᵶϮ и Ȳ

иᵑⱢ ȳᶮᾭ ֥цѠ и ȴ 

ᴿ ɎWitkin, 1971ɏцҵ

ᾼ ֥ȴѻ ӣ֯ ֮ Ӵᾼ ῀₤ цњ

Ầ ⇔ ϩȴ 

 

 
1 Ẃ 

 

ᶮᾭ ֥ ╥Ϛ צ ᴥцᶮᾭᾼ ₤ȴѻ

֯ ῀ ϩȲ צ⇔ ȴ 

 

 
2 ᶮᾭ ֥ Ẃ 
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Ѡ и ᴿצṷἼ Ѡ ᾼ ₤Ȳᵀ

╥Ѡ и цḆֵᾼ ᶮи ц ֥ ϩȲѻ ֯

Ἴ цῈ иέᾼ ϩȴ 

 

 
3 Ѡ и Ẃ 

 

ԛ῏ȲӐׁשṅ г Scratch ה Ȳ Ẃֽ ҳȲ

ӣѿ Scratch ᶮо ה ḟῶ Ȳ ⇔

ẞᵺ Ȳ МἬҔᵶᾼа ԝֽῶϚȴ 

 

ῶ 1  Scratch ה ḟ ₤иέῶ 

⇔  ṿӣ ἤ 

ὔ 

Ϛ Ϛ װ  Ệứ 

ϡ Ϛ  
װ Ệứ 

 

М  

Ϯ Ϛ  
װ  

 

ҳ Ϛ  
Ԉ  

 

ᵺ  

Х ᾭ  

Ԉ  

в װ Ệứ 

 

г ᾭ  

Ԉ֫  

в װ  

 

 

 

4 Scratch ה Ẃ 

 

∟ȲӐׁשṅᵓӣ ה ᴞᶺ ῶɎComputer 

Programming Self-Efficacy Scale, CPSESɏɎTsai, et al., 

2018ɏ Ӣᾼ ה ᴞᶺ ȲCPSESⱢᵶ

Х ֣ᾼХ ῶȲ ῏ ὑᴞАᾼ ה

ϩ ᵅᾼכᾎȲ ‒⇔ Cronbach Alpha Ɫ 0.91.  

ṅשׁ .4 Ὠ  

֢ ╟ ὨȲ ֢ П ᾼӫ ד …

ֽϯῶϡἬӱȴ 

ῶ 2 ӫ ד … иέ Ὠ ῶ 

ה 

ᴞᶺ  

Bebras

≈  

ᶮ≈ᴕ

 

Scratch

ה

ḟ 

.432**  .532**  .327* 

ה

ᴞᶺ  
- .415**  .313* 

≈

 
- - .502**  

*ȸp<0.05  **ȸp<0.01 

 

ῶϡҠѿ Ȳ ᶮ≈ᴕ Scratch ה

ȳ ה ᴞᶺ ц Bebras ≈

צ Ӕד Ɏr=.313ẞ r=.532ɏȴϷ Ȳ Ϛ Ϣ

ᶮ Ȳ ὔ֯ ≈ ᾼῶ ϱ ṾȲ

֯ ᶮо ה ϱϷ ὔֻצᾼῶ Ȳ֝ ᴞ

Аᾼ ה ϩϷѩ  їȴ‒צ

ῶ 3 ᶮ≈ᴕ ד иέ 

 ᶮ≈

ᴕ

 

 

 

ᶮᾭ 

֥ 

Ѡ  

и  

Scratch

ה

ḟ 

.327* .267 .301 

Ɏ ɏ 

.221 

ה

ᴞᶺ

 

.313* .236 .224 .362* 

Bebras

≈

 

.502**  .205 .479**  .429**  

*ȸp<0.05  **ȸp<0.01 

 

Ӑׁשṅ ϚḔ ᶮ≈ᴕ ᾼϮ Іи

ה ῶ ц Bebras ≈ П ᾼד

… ȴ Ὠ Ȳ ה ᴞᶺ ᶮ≈ᴕ

צ Ӕד Ɏr=.313*ɏȲṳ֯Ѡ и Ϛ

צ ᾼӔד Ɏr=.362*ɏȲ֯Ὲ Ἴ цῈ

иέᾼ ϩϱ ṾᾼϢȲ֯ ὑ ה ᾼᶺ

ᴞ Ϸ Ṿȴ 

Scratch ה ῶ Ȳ⁄╥ ᾼ ᶮ צ

Ӕד Ɏr=.327*ɏȲ ֢и ϱṳ

ϱᾼ ד Ȳᵀ╥֯ᶮᾭ ֥ᾼи ϱȲצ
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ᾼד … Ȳṳѹ p ֯.05ȲֵюҠᵂⱢ ᴕṼ

ȴScratch ῶה ῀ ϩȳ צ⇔ ȴ 

∟ Bebras ≈ Ϸ ᶮ דӔצ

Ɏr=.502**ɏȲṳѹ ẔẒ и ȸᶮᾭ ֥цѠ

и ד Ɏr=479** , r=429**ɏȲ ῶӱ Bebres

≈ ῀ ϩȳ ⇔ȳῈ Ἴ цῈ

ϩ ϩצ ȴ 

ҫҵȲצ ᾼ╥Ȳ֢֯ МȲ ḥצ ᶮ≈ᴕ

Мᾼ דצ ȴ ѻ ֯

֮ Ӵᾼ ῀₤ цњ Ầ ⇔ ϩȲᴖ֯

ѿἏᾼׁשṅМȲ Ӵ ᾼϢ ὑиέцἼ

ᾼ ῶדּ ֻȲḽӢ ֣ ӴȲЅӢ ֣ Ṽ

ȴɎDeress & Futch, 1971ɏȴ֯ӭ›ᾼׁשṅМᴿѾṳ

Л╥Ṫ צ …Ȳ╥ Ҡѿ∟ ᾼ ȴ 

5.  

Ӑׁשṅ ≈ ϩ ᶮ צ …Ȳ

֯ ϱȲҠѿ Ӧ ὔᾼ ᶮ ῴỞ

ᵒϚ ╥ᵡ֯ ≈ ϩϱẓצ ϩȲ נ

ṷצ ≈ ᾼ Ӣ С ᾼ в Ҡ

ѿ Ẕᶶ Ȳ ע 1 ẞ 2 ᾼד ɎRomán-

González, Pérez-González,  Moreno-León, & Robles, 

2018ɏȴҫҵ ϱϷ ӱϢ ֪ІМ Ἴ

цῈ иέᾼ ϩ ≈ צ ЛҠиᾼ

…Ȳ֯Ἇ∟ᾼׁשṅМȲҠѿ Ѡ֣ Ϥ Ȳ

Ϸ ӣ ᶾ ẃ ῀ᾼ ȴ 

6.  

Ӑׁשṅ ѿϯּדᶾ Пׁשṅ ᵗȸ

MOST 106-2511-S-003-065-MY3 ế MOST 106-2511-S-

003-064-MY3ȴ 
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The Study on the Factors Affecting Robotics Course Learning Intention based on 

Computational Thinking  

 

Jing-wen SHAN  

East China Normal University, China 

Sallyecnu@163.com 

 

ABSTRACT  

In order to explore the influencing factors of students' learning intentions in the robotics course based on computational 

thinking, this study used the technology acceptance model as the theoretical basis, and took 153 primary and middle school 

students in Shanghai as the research subject, and constructed the learning intention model of primary and middle school 

students in the robotics course. By analyzing the relationship between variables, it is concluded that students can improve 

their perceived usefulness to robotics courses by enhancing subjective norms and entertainment perceptions; and improving 

perceived ease of use by enhancing self-efficacy. The robotics course designers who aim to cultivate computational thinking 

can optimize in terms of entertainment and interactivity, while paying attention to the gradual progress of programming 

teaching, analyzing the characteristics of learners, and improving the quality of the course to cultivate students' computational 

thinking. 
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learning behavioral intentions; TAM; computational thinking; robotics courses 
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Ϲ ≈ ᾼ Ϣ ֣ᾼ ֪  ṅשׁ

 
 

Є ȲМ  

Sallyecnu@163.com 

 

 

ṅ Ϲ ≈ ᾼ Ϣ МȲ Ӣ

֣ᾼ ֪ ȲӐׁשṅѿᶾ ắ ₤ Ȳ

ѿϱ Ӏ 153֤МЊ Ӣᵂ ṅשׁ Ȳ ∂ϠМЊ

Ӣ Ϲ Ϣ ᾼ ᴩ ֣ ֪ ₤ȴ

иέ֢ ֪Ὠ Ṇ ҏ ȸҠ ѻ

ȳ ῀ἤ Ӣ Ϲ Ϣ ᾼ ῀

ӣἤȷצ ᴞᶺ ῀ὔӣἤȴס

֯ ≈ ᾼ Ϣ ῏Ҡѿ֯ ἤȲ

ӻФἤ Ѡ ᴩ оȲ֝ ᾃ ᾼ ᶧ

ȳ ᴩ ῏ ἐиέȲ Ḇֻ֮

Ӣᾼ ≈ ȴ 

 

ᴩ ֣ȷTAMȷ ≈ ȷ Ϣ  

￼ṅשׁ .1  

‒ ᶾếדּ ᴩ ᾼ ⇔ ֥ȲМЊ Ϣ

ֽѭֽ Ȳ иעӀБ Ϣ

ϤẞМЊ ‒ ᶾ ȳ ֥ ếּד МȲ

҅ῶ Ϣ Ϥ Ṏ ȴМЊ

Ϣ Ṏ ֵѠ Ȳ ӭה њ ӣȲג

Ϣ כ МЊ Ӣּד ế ϩᾼ

ȴ Бצ ᴍἬ Ϣ Ȳѻ

☼ ᶮהѻ М֯ ế Ϣ Ȳ

֯ס Ӣᾼ‒ ế ≈ ȴ 

қֹו Є ɎCMUɏ דּ ṆѻԉỂѿ

Ȳּ֯ר №ґᾬɞCommunications of the 

ACMɟϱ ῶ ѝȲ װ ҏñ ≈ òᾼ ἘȲ҃

≈ ứ ӣ דּ ᾼ Ἐ ᴩ

Ḗ ȲṆ ȲѿцϢ ᴩ

דּ ⇔ᾼϚṆԝ≈ ♄ ȴɎỂѿ Ȳ2006ɏ

≈ ҅ῶ Ϛ ᾼ ếϚ ᾼᶾ Ȳ

≈ ᶺ ñ דּ Ϛ ≈ᴕòȴ֪֯ױ

Ṏ ◕ḆҒ ≈ ᾼ Ȳ

Ṏế Ϣ ϤњȲ Ϲ ≈ ᾼ

Ϣ ế цȲᵀ╥֯ МȲ

МȲ ≈ᴕ ṷ֪ ᾼ ế Ӣᾼ

ᴩ ֣Ȳ ᾼ═ ⇔И╥ ≈ ᾼ

Ӑ Ḗȴ 

ṅשׁ .2  

2.1ᶾ ắ ₤ 

רּ ῏ ɎDavis, 1986ɏ ҏϠ ꜜ ֤ᾼᶾ

ắ ₤ɎTechnology acceptance modelȲTAMɏȲ

Ϡ ᾛ ắᾼ ứἤ֪ ȴױ ₤

МȲ ῀ᾼצӣἤɎPerceived usefulnessɏế ῀ᾼὔ

ӣἤɎPerceived ease of useɏ╥ ї כ иȲTAM

῀ὔӣἤế ӣἤҠѿצ῀ ӣ ᾼᴩ ֣

ɎBehavioral intentionɏȴ ╓ӣἤצ῀ ṿӣ

█ ứṆ Ѭӂᾼ ⇔Ȳ ῀ὔӣἤ╓

ṿӣ█Ϛ ứṆ ᾼ ὔ ⇔ȴPUế PEUҠѿ

Ϛ ứᴩ ֣ȲPEUϷҠѿ Ḃ PU ᴖ

ᾼᴩ ֣ȴ 

ѝ қ ếΰἮɎVenkatesh & Bala, 2010ɏ  TAM2 

₤ếὔӣἤ ῀ ֪ Ȳג֥₤ ҏϠ TAM3 

₤ȴTAM3 ₤ ᶾ ṿӣᾼצӣἤếὔӣἤȲẓצ

ѩ ᾼҠ ἤếצ ἤȴ֯ TAM3 ₤МȲ צ

ӣἤ ῀ᾼ Ҕ╗ѻ ȳ֮ᴯȳЏᵂד ἤȳ

Џᵂ ế Ὠ ӱἤȲ ὔӣἤ ῀ᾼ Ҕ╗

ᴞᶺ ȳҵ ќ═ȳ ȳ

ֻȳ ἤ ῀ếⅎ ṿӣȴӐѝׁשṅМЊ Ӣ

Ϣ ᴩ ֣ắ ṷ ֪ Ȳ֪ױȲ

Ӑ ῶ֯ TAM3 ₤ ϱ ᴩ ȲᶮכϠֽ 1Ἤ

ӱᾼñМЊ Ӣ Ϣ ᴩ ֣ᾼ ֪

₤òȴӦ ҠѿכҏȲ ӣἤếצ῀ ῀ὔӣἤ ᴩ

Ӕ֣צ֣ ᾼ Ȳᴞᶺ Ȳѻ Ȳ

῀ἤ 

֪ ӣἤếצ῀ ῀ὔӣἤ МЮ

ᴩ ֣Ȳגѹҵ П Фד֯

Ȳ ṷ ╥ TAM3.0ế ֵѠ Ԛ֝

ứᾼ Ȳױѝ֯ ֪ ᾼ М

ױ ᴩ ҉ế ȴ 

 

1 МЊ Ӣ Ϣ ֣ᾼ ֪ ₤ 

2.2 ≈ Ϣ  

≈ ╥᷂Ϛ כ ᵺ ᾼ Ϛכ

ᶺ ῀ ≢ ᾼ Ȳֽ ȳ Ϥȳ о

ếӾ ᾼѠᾎȲ ≈ ╥Ϛ ≈ Ȳһ᷂҅

כ Ȳϭ᷂ ҅כ Ȳ ≈  ӣἼ ế

и Ὸ Є ᾼԉ Ἠ ᾼṆ Ȳ ≈

ᾼӐ ╥Ἴ ế ᶧоȴɎ ӂȲ2016ɏ Ἴ

ế ᶧо֯ Ϣ М ᾼ Ȳ Ϛ ◕Ȳ

ӢЛ Ϛ Ϣᾼ ế ᾼ

Ѡ Ȳ ᴕ Ϣᾼ ╥ᵡҠѿӣБ

ᾼ ᾎế ᶾ ȴ ϡ ◕Ȳ М Ḗи

έ ╥ Ϣᴩ ᾼ ȲϷч╣Ϡ Ӣ֯ ȳ

Ἴ Ѡ ᾼ ≈ ѿцὙ ῶ ᾼ ϩṼ Ḗи

έ Ȳ֯ Ϛ Ȳ ӢЛ Ҡѿ ỆБ ᾼ

῀ Ȳ Ҡѿ ṅ ᶾ ȴ Ϯ ◕Ȳ Ϥẞ
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Ϣ ᾼ Ȳ Ӣ ᶧᵂ₇ᾼ

ӱȲҒ ᵂ₇ᾼ ȴ Ϲ ≈

ᾼ Ϣ ẓצ Ὅἤế ṅἤȲἬѿ Ӣẓ ѻ

ȳѻ ṅȳѻ ῶ ȳѻ ᾼ ếῈ

Ȳԛ Ӿ҅ ȳ֣҃Ϣ ȳ ᵂ Ѡᾎ

ᶾҾȴ МȲ Ҡѿ Ϛṷᶮכἤ

ῶі Ӣ≈ᴕȳ ếӻ☼Ȳ ᴖ ≈

ᾼ ṎȲ Ӣ ᾼ ϩȲ Ӕ ẞ᷂

≈ Ϥẞ Ϣ МȲ Ϣ ≈

ᾼ ֯ Ṇֽᴶȹṅ Ϣ ᾼ ṷ֪

≈ ᾼ ╥Ӑѝ ᾼ їȴ 

ṅשׁ .3  

ṅשׁ .3.1  

Ӑׁשṅѿϱ Ӏ ứ █ 153֤Њ ӢếῴМӢ

ṅשׁ Ȳ ӣ⅔ ה ἤ ẪȲ иϝ

⇔Ȳ ӣ 5 Ḉѫ и ῶȲ ṅ Ӣ Ϣ

ᴩ ắ ṷ֪ Ȳц ֯ ᾼ֪Ὠ ȴ 

 ṅѠᾎשׁ .3.2

ѝ ▲ṅשṅᾎȸӐׁשׁ Мҵ ≈ ế Ϣ

ᾼѝ Ȳ ᴕ TAM3.0Ȳ ᴞᶺ Ȳѻ

Ȳ ῀ἤȲϮ ҵ ֯ Ȳ ∂МЊ Ӣ

Ϣ ᴩ ֣ᾼ ֪ ₤ȴ 

Ẫ ▲ᾎȸ ᴕּר TAM ῴỞ ẪɎVenkatesh, 

2010ɏȲ ạ МЊ Ӣ Ϣ ᴩ ֣ᾼ

ῶȲ Њ › Ȳג ∂ ẪȲ

 ӣḈᵌ 5 ῶȲ1ῶӱᶙԓЛ֝ Ȳ5ῶӱᶙԓ

֝ Ȳ ῶ иӦ ӣἤȳצ῀ ῀ὔӣἤȳᴞᶺ

ȳ ῀ἤȳѻ ȳᴩ ֣г ⇔

ȲϢЀכ и 4 ӭȲԚ 25 ȴ

Cronbachôs AlphaẪᾼ‒⇔Ȳ ֪Іиέ

ẞ KMO=0.805Ȳp=0.000<0.01Ȳ ἤ− Ȳ Ϯ

װ ӔȲᶮכ ẪȲ֯ Ὅȴ 

иέᾎȸӐׁשṅ֝ ṿӣῂ דּ Ԉ

SPSS23.0ế Ѡ ₤иέ Ԉ Amos17.0 ›

ᾼצ ᴩ ἤ Ȳ‒⇔ế ⇔ Ȳ

иέȲѻכииέ Ȳ ṅשׁ ╥ᵡכӴȲ

᷄ҏ М Ӣ Ϣ ֣ᾼ֪ ȴ 

ṅשׁ .3.3 ế  

Ӑׁשṅ ֥ TAM3.0 ῶ ϠϦ

֣ᾼ֪ Ȳ҃ Ԛ֝ Ӣ╥ᵡ

Ғ֧ ᾼ Ϣ Ȳ҃ и ╥ȸ2 МЮ Ȳ

ӣἤɎPUɏếצ῀ ῀ὔӣἤɎPEUɏȴ3 ҵ

Ȳᴞᶺ ɎSEɏᵛ Ӣ ᴞА╥ᵡҠѿ ԉ

Ϣ ᾼᴞᶺ ῀ȳ ῀ἤɎENJɏᵛ

Ϣ ᾼ Ằἤȳѻ ɎSNɏᵛᴔ ế֝ᴴ

҃Ϣ╥ᵡ Ӣ Ғ Ϣ ȴ Ὠ Ȳ

ᴩ ֣ɎBIɏȴḕ П ᾼ Ṇֽῶ 1

Ἤӱȴ 

ῶ 1  

 ᾼ  ᴞ  ֪  

H1 ῀ἤ ῀ὔӣἤӔ֣  ENJ PEOU 

H2 ᴞᶺ ῀ὔӣἤӔ֣  SE PEOU 

H3 ᴞᶺ ӣἤӔ֣צ῀  SE PU 

H4 ѻ Ӕ֣צӣἤצ῀   SN PU 

H5 ῀ὔӣἤ ӣἤӔ֣צ῀  PEU PU 

H6 ῀צӣἤ ᴩ Ӕ֣צ֣  PU BI 

H7 ῀ὔӣἤ ᴩ Ӕ֣צ֣  PEU BI 

H8 ῀ἤ ӣἤӔ֣צ῀  ENJ PU 

4. иέ 

4.1. ἤ иέ 

Ӑׁשṅ Ὅ Ẫ 162ԌȲӐׁשṅ ӣ IBMSPSS Ԉ

ᴩ ἤ иέȲ  162Ԍ ӐМч Ἴ Ὑ

Л ṅᾼשׁ֥ ӐȲ ẞצ Ẫ 153ԌȲ֫ן

94.4%Ȳṿӣ SPSS23.0 Ԉ ῶМ ἤ

ᴩиέ ẞȲЅἤҜ 23.5%ȲḽἤҜ 76.5%Ȳ֯

Ϣ Ȳ Ѡ Ὑ ḽӢѩЅӢצḆֵᾼ

ȲḽЅѩẂЄϹ 3ȸ1Ȳᵀ ᴕ ȲϷЛѽẓ

צ Ϲ Ϣ ᾼЅӢЬ ═ ֯ Ϣ

Мậ כֻ ȴῴМҜ 28.8%ȲЊ Ҝ 71.2%ȴЊ

Ӣ Ғ Ϣ ᾼѩ ЄȲῴМ ϩЄȲ

⇔ Ȳ Ғ Ϣ ד юϚṷȴ Ӣ Ғ

Ϣ ᾼ ѿדȲҙכ ᾼҜ 79.7%Ȳҙ

ҜדẞϚד 7.8%ȲϚדѿϱҜ 12.4%ȲẔМ 83.7%ᾼ

ӢҬ ֯ Мṿӣ ϢȲ ṭ Ҡѿצ ᾼ

ϢцẔ Ԉ ԈȲϢЀ ᾼ ἤ Ὠֽ

ῶ 2Ἤӱȴ 

ῶ 2 ἤ  

ӭ   
ᴍиѩ 

Ɏ%ɏ 

ӂᶁ

 
Ѡ  

ἤ  
ḽ 117 76.5 

1.24 .181 
Ѕ 36 23.5 

ד  
Њ  109 71.2 

1.29 .206 
ῴМ 44 28.8 

 Ϣ ᾼ

Ɏדɏ 

< 0.5 122 79.7 

1.33 .471 0.5-1 12 7.8 

>1 19 12.4 

М╥ᵡצҠẁ

ᵂᾼ Ϣ 

╥ 25 16.3 
1.84 .138 

ᵡ 128 83.7 

4.2. ‒⇔иέ 

ᵓӣ SPSSМᾼ‒⇔ ɎReliability AnalysisɏȲ

₤ᾼ ֯‒⇔ȲṼ ứȸñ ŬЄϹ Ϲ 0.7Ȳ

Ὑ ₤‒⇔−ֻòȴ ▲ ẪМ֢ ӭᾼ

Ŭ ֽῶ 3ἬӱȲ ῶᾼ Cronbachôs ŬṆ ֽῶ 4Ἤ

ӱȲᶁ ֥ ḖȲ֪ױӐׁשṅᾼ ῶ‒⇔֥ ȴ 

ῶ 3и ῶCronbachôs Ŭ 

֯   Cronbachôs Ŭ 

PU 4 0.850 

PEOU 4 0.863 
SE 4 0.890 

SN 3 0.898 

ENJ 3 0.847 

BI 3 0.904 

ῶ 4 ῶCronbachôs Ŭ 

ᵌ ђ  Alpha  

.928 21 

ד .4.3 ἤиέ 

֯ SPSSМȲṿӣ ӫ ד иέɎSpearmanɏȲӦ

Ϲ ᾼ Ϲ ᶧ ȲἬѿӐׁשṅМ ӣ צ

ӫ ד Ȳᴖ╥ ӣϠ ӫ ד иέȴӐѝМȲ

ӣἤếצ῀ ῀ὔӣἤ╥ҵ ᴩ ֣ᾼ

М Ȳ ֯׀ӣἤצ῀ ᾼ ἤד Ṇᾼ
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ứἤ֪ ѻ ȳᴞᶺ Ȳ ῀ἤế

῀ὔӣἤȴ ῀ὔӣἤ֯׀ ᾼ ἤד Ṇ

ᾼ ứἤ֪ ╥ᴞᶺ ȳ ῀ἤȲѻ ȴ

ẓ ד ֽῶ 5Ἤӱȴ 

ῶ 5 ӫ ד иέ 
 PU PEOU SE SN ENJ BI 

PU 1.000 .457**  .477**  .452**  .506**  .513**  

PEOU .457**  1.000 .639**  .344**  .367**  .453**  

SE .477**  .639**  1.000 .408**  .506**  .602**  

SN .452**  .344**  .408**  1.000 .409**  .421**  

ENJ .506**  .367**  .506**  .409**  1.000 .659**  

BI .513**  .453**  .602**  .421**  .659**  1.000 

4.4. ֥ ⇔  

Ϡᵒ ӐѝМ∂ ᾼ Ϣ ᴩ ֣иέ ₤

╥ᵡ֥ Ȳ֯ ₤иέП›Ԓ ᴩ ₤иέȲ

ѿ ṅשׁ ₤ᾼ‒⇔ế ⇔ȴ֯ϱϚ иБ ᴩ

‒⇔ᾼ Ȳױ и ⇔ ᴩ ȴἬ

⇔╥╓ Џẓ ╥֯ ẔἬ ᾼ ἘȲᴖ

Л╥Ẕ҃ ἘȴӐ ᾼ  KMO = 0.815Ȳsig = 

0.000ֽῶ 6 ἬӱȲ ֥ ֪Іиέ  Ҡѿṿӣױ֪;

AMOS 17.0 МЊ Ϣ ᴩ ֣ ֪

ᾼ ₤ ᴩ ἤ֪ІиέȲ 21 ế

6 ֯ ᾼד ἤȲ ֥ ⇔╥╓֝Ϛ ֯ ᾼ

╓ ֯֝Ϛ ֪І ϱȲѹ֢ ╓ П

ᵧ М ד⇔ ȴ ֥ ⇔Ҡѿӣ ᾼ֪І

ȳ ֥‒⇔ɎCRɏếӂᶁѠ ậ ɎAVEɏ

Ϯ ᴩ ᴷɎ Ὑ Ȳ2010ɏȲϮ ╓ ᾼ

Ὠֽῶ 7ȴ 

ῶ 6 KMO ếђ ᵓ  
KMO ậ йἤ  .815 

ђ ᵓ ᶮ⇔  ῺᴿқѠ 358.043 

ᴞӦ⇔ 15 

ἤ .000 

ῶ 7 ֥ ⇔ Ὠ 

֯  
 

֪І  AVE CR 

PU PU1 .739 

0.5806 0.8468  
PU2 .746 

PU3 .818 

PU4 .742 

PEU PEU1 .804 

0.6134 0.8635  
PEU2 .719 

PEU3 .836 

PEU4 .769 

SE SE1 .829 

0.6795 0.8944  
SE2 .854 

SE3 .839 

SE4 .773 

SN SN1 .873 

0.7473 0.8987  SN2 .878 

SN3 .842 

ENJ ENJ1 .873 

0.6626 0.8544  ENJ2 .745 

ENJ3 .819 
BI BI1 .913   

 BI2 .975     0.7802 
    

0.9132 

BI3 .746   

ϚȲ֪І ȸ֪І МȲ֪І ЄȲ

҅ῶ ֯ ᾼד ἤ Ȳ Ḗ

ḕ ֯ ᾼϦ ᾼ֪І ЄϹ

0.5ȴ֯Ӑѝ ∂ᾼМЊ Ӣ Ϣ ᴩ ֣

ᾼ ῶМȲ иέ 21 ᾼ֪І ֽ

ῶ 7ἬӱȲ ẞ֢ ᾼ֪І ᶁЄϹ 0.5Ȳ

ὙӐ ѝ ₤Мᾼ ế ֯ ᵧ ד⇔ ȴ 

ϡȲ ֥‒⇔ɎComposite Reliabilityɏȸ ֥‒⇔ᾼ

ЄȲ҅ῶ ḕ ֯ ϯᾼϦ П

ᾼ ứἤế Ϛ ἤ ȴ֯Ӑ ῶМȲῶ 7

Ϡ 6 ֯ ᾼ CR ȴֽὨ֢ ҅ῶᾼ ֯

ᾼ ֥‒⇔ᶁЄϹ 0.7Ȳ ứἤ Ȳ Ὑ

ױ ₤ ֥‒⇔−ֻȴ 

ϮȲӂᶁѠ Ἴậ ɎAverage Variance Extractedɏȸ

AVE ЄϹ 0.5 Ὑ ֥ ⇔ṏֻɎ ӢȲ2009ɏȴ

֯ӐװМЊ Ϣ ᴩ ֣ᾼׁשṅМṿӣ

AMOS-CR and AVE Ԉ AVE Ȳֽῶ 7ἬӱȲ

Ϡ PU ПҵȲ ᵇ 5 ֯ ᾼ AVE ᶁ֯

0.613~0.78П ᾌ Ȳ ὙӐ דּ₤ ἤ ȴ 

4.5. и ⇔  

и ⇔ɎDiscriminant Validityɏ : ₤Мḕ

AVE ᾼӂѠ ֽὨЄϹ֢ ֯ ᾼד Ṇ Ȳ

Ὑ ₤ᾼ и ⇔ṏֻȴֽῶ 8ἬӱȲ ᾃҏᾼ

Ṕ ϱ ɎAVE ӂѠ ɏᶁЄϹ֝ᴩếԝᾼ‍ Ṕ

ȲᵛӐׁשṅ ₤ и ⇔−ֻȴ 

ῶ 8 и ⇔ Ὠ 

 
PU PEOU SE SN ENJ 

 

BI 

PU 0.762      

PEOU 0.457 0.783     

SE 0.477 0.639 0.824    

SN 0.452 0.344 0.408 0.864   

ENJ 0.506 0.367 0.506 0.409 0.814  

BI 0.513 0.453 0.602 0.421 0.659 0.883 

4.6. Ѡ ₤ 

Ӑׁשṅᵓӣ AMOS17.0 Ԉ ∂ϠñМЊ Ӣ Ϣ

ᴩ ֣ᾼ ֪ ₤òȲẔМҔ╗ 3 ҵ

Ȳ2 МЮ Ȳ1 Ὠ ȲױḔ ѻ

₤ Ӑ П ᾼ€֥ ⇔Ȳ ₤ᾼ

⇔ ᴩ ᴷȲ Amos ᴷ ᵫМЛ ᾼ С

ѿ ȴ֯ Amos 17.0МȲ ӣ Єᴿ ᾎɎ Ὑ Ȳ

2010ɏɎMaximum Likelihood Methodɏ ₤ᾼ

֥╓ Ȳ Л ֥ ֥╓ ᾼ Ȳגѹ

Amos17.0 ạҏ о֫ Ṇ Ȳֽ 2 Ἤӱȴ

Ṇ и Ȳ Ϛ ӭᾼ Ȳ

ᵛ ₤М ֯ ế П Ṇ ȷ ϡ

╥֫ Ṇ Ȳᵛ֢ ֯ П ᾼṆ ȲӐѝᾼ

₤ М оᴷ Ṇ ȴ 

 
2 оᴷ ᾼ ₤  
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4.7. ₤ ֥ ế Ὠ 
֯ Amos17.0 ῶМҠѿ ẞ ₤ ֥⇔ᾼ֢ ȲẔ

М ֥╓ GFIȲRMSEAȲRMR צ ȲẔМד

֥╓ NFIȲTLIȲCFIצ ȴṿӣ Ѡ ₤ ᴩ

иέ МȲ ₤ᾼ Ѡᾎ Єᴿ ᾎȲ ṿӣг

֥ ₤ᾼ ֥⇔ ȴ г ╓ и

╥ȸCMIN/DFȳ NFIȳRMRȳRMESA Ὼᴿ ᶁѠ

ȳ GFI ֥ ⇔ȳAGFI ֥ ⇔ȴ֯ ₤ Ӕ

МȲ Ϲ ᾼ Ȳ ứ╥ᵡ֥ Ȳ П

ᾼ ế Ṇ ᴩ ᾼ ȲϷ╥ ᴕ ṷ

֥ ╓ ȴGFIЄϹ 0.9ѩ ֻȲRMRЊϹ 0.05Ȳ

Њ ֻȲRMSEAЊϹ 0.1Ȳ Њ ֻȲNFI ЄϹ 0.9Ȳ

Ὼ 1 ֻȲẔМ ᾼ ֥ ῶֽῶ 9Ἤӱȷ

Ὠֽῶ 10Ἤӱȴ 

ῶ 9 ֥╓  

╓    

CMIN/DF 2.056 <2 

RMR 0.052 <0.05 

RMSEA 0.083 <0.10 

 GFI 0.815 >0.90 

AGFI 0.764 >0.90 

 NFI 0.846 >0.90 

ῶ 10 Ὠ 

 ᾼ  ╥ᵡכӴ 

H1 ῀ἤ ῀ὔӣἤӔ֣  ᵡ 

H2 ᴞᶺ ῀ὔӣἤӔ֣  ╥ 

H3 ᴞᶺ ӣἤӔ֣צ῀  ᵡ 

H4 ѻ Ӕ֣צӣἤצ῀   ╥ 

H5 ῀ὔӣἤ ӣἤӔ֣צ῀  ╥ 

H6 ῀צӣἤ ᴩ Ӕ֣צ֣  ╥ 

H7 ῀ὔӣἤ ᴩ Ӕ֣צ֣  ᵡ 

H8 ῀ἤ ӣἤӔ֣צ῀  ╥ 

H9 ѻ ế ῀ἤ֯׀ ד   

ṅשׁ .5  

ѻ צӣἤצ῀ Ӕ֣ Ȳ МЊ Ӣ

ṝ ᾼ֝ Ȳᴔ ҃Ϣ ḖἨ῏ ҃ Ғ

Ϣ Ȳ҃ Ϣѩ ӣȲМצ

Њ Ӣᾼᵒ − ὔắẞ ᴞҵꜜᾼ Ȳ Ϲᵓӣ

ѻ Ϛ֪ ȲẔ Ϣ ᴩ ֣

сȴ ῀ὔӣἤ ᴩ צ֣ Ӕ֣ ȲМ

Њ ӢֽὨ Ϣ ᵂѩ ὔ ᴩ צ֣

Ȳ ȲֽὨ Ϣ ếᴯ

ᵂ ⇔− Ȳ ᵅẔ Ϣᾼ ӣἤȲצ῀

Ἤѿ Ϣ ῏ ṿ Ϣ ᵂḆҒ― Ȳ

о ȴ 

ᴞᶺ Ӕ֣צ֣ Ȳ ῀ẞᴞА

Ϣế ᾼ ϩ Ȳᴞᶺ Ӕ֣ȴ

֯ױ֪ Ϲ ≈ ᾼ Ϣ МȲ

⇔ ᶧ Ȳ҉иᴕ ẞᴞᶺ Ϲᴩ

֣ᾼ ȴ 

῀ἤ ᴩ ֣Ȳ ӣἤȲצ῀ ῀ὔӣἤ

צ Ӕ֣ᾼ ȴ Ϣ М ῀ἤȲ

Ằἤᾼ Ϣ ẞМЊ Ӣᾼ‌ Ȳ

Ϣ ẰἤȳӻФἤếҠ ᵂἤ

Ϛ ȴ 

ϱἬ Ȳ֯ Ϲ ≈ ᾼ Ϣ МȲЛ

≈ᴕ ᾼ ⇔ế ⇔ȲḆҒ ᾃ ᴞ

ᶺ Ϛ ֪ Ȳ с Ӣᾼ ֯ Ȳ

ᴖ ҒẔ Ϣ ᾼᴩ ֣Ȳ֝ Ϸ ᾃ

ѻ Ϛҵ ֪ Ȳ֪ ῴМЊ ◕ᾼ

Ӣ −צ ᾼᴞѻ ȲẔᴩ ֣ ắẞ Ȳ

ế֝ ҃Ϣᾼ ȴ ӣἤếצ῀ ῀ὔ

ӣἤ╥ ứ Ϣ ᴩ ֣ᾼМЮ ȲϷ

Ϥ ֥ế Ϣ МȲ֝

῀ἤ Ϲ ᾼ  ⇔Ȳӑ ═ ᾼᴩ

֣ צ Ӕ֣ᾼ ȴ 

ṅᶝשׁ .6 ế  

ϚȲ Ӑᾼᶝ ἤȲӐׁשṅ Ӑ Ϲ МȲӑ שׁ

ṅҠѿ Є Ӑ ṅᾼשׁ ἤȲ ‒ о

⇔Л֝ᾼ֮ ᴩ ֣ѩ ṅȴשׁ ϡȲӂү

ᾼᶝ ἤȲ ▲ Ӑ МϹ֝Ϛ Ϣ₤ ế Ȳ

Ẕᴞṝᶝצ ἤȴӑ Ӑᾼ ậ ḆҒֵа

оȴ צ ṷ ạȲӐׁשṅ ᶾ ắ ₤ếМЊ

Ӣ Ϣ ᴩ ᴩ ṆȲᴖ ӣ ∂

ᾼѠה ṅ ᾼ 6 ⇔ᾼ֪ Ẕ ᴩ ֣

ᾼ ⇔Ȳ ѡׁ֧שṅӉϯ ȴ Ϣ Ṏ╥

₤ϢИ Ȳ ֯ ᴩ Ϣ

ȲЛ Ϣ ῀ ȲḆ

Ӣ ≈ ế‒ ᾼ сȴ֯ ≈

ᾼ֝ ȲḆ ᾃ ֵ ⇔ᾼ ế≈ᴕȲ с

Ȳ Єоȴ 

7. ᴕѝ  

Ểѿ ȳ ѝếѵ Ɏ2007ɏȴ ≈ ȴМ

Ȳ49Ɏ3ɏȲ 33-35ȴ 

ӂɎ2016ɏȴ ≈ ȸ Ṏᾼ Ḗȴ М

Њ ‒ ᶾ ṎȲ10Ȳ 19-21ȴ 

ӢɎ2009ɏȴ AMOS ṅѠᾎȴשׁ ȸ Є

ҏᾪῂȴ 

Ὑ Ɏ2010ɏȴ Ѡ ₤ȸAMOSᾼ ᵂ

ӣȴ ȸ Є ҏᾪῂȴ 
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ABSTRACT  

Taking a Learning Analytics approach, we study the micro-

persistence of students in acquiring computational thinking. 

Micro-persistence is the behavior characterized by being 

persistent in completing a task with the best possible 

solution. We do so by analyzing data of 1st-6th-grade children 

(n=119) who used an online, game-based learning platform 

(CodeMonkeyÊ). Overall, we find that micro-persistence is 

associated with task difficulty, and that contextual variables 

may explain persistence better than personal attributes. 

KEYWORDS  

persistence, computational thinking, game-based learning, 

learning analytics, state-or-trait.  

1. INTRODUCTION  
Computational Thinking (CT), which is a way to solve 

human problems based on mental tools and computing 

processes, is considered today an imperative skill for the 21st 

century (Wing, 2010). Persistenceðthat is, a learner's will 

to complete a learning process and to achieve her or his 

learning goals ðis considered as an essential dimension of 

CT (Barr, Harrison, & Conery, 2011). 

In recent years, a wide variety of online game-based 

challenge-based learning platforms have been developed to 

support the acquisition of CT concepts (Kim & Ko, 2017). 

Such platforms take advantage of the Game-Based Learning 

approach in order to increase motivation (Ibanez, Di-Serio, 

& Delgado-Kloos, 2014; Kazimoglu, Kiernan, Bacon, & 

MacKinnon, 2011, 2012), which is closely related to 

persistence (Moreira, Dias, Vaz, & Vaz, 2013; Vollmeyer & 

Rheinberg, 2000). In such platforms, which inherently 

encourage progressing in the game, persistence may serve as 

an obstacle, as it may come at the expense of investing in 

each of the game's tasks. Therefore, examining persistence 

on the macro level (i.e. persistence in the learning process) 

may not reveal the whole picture of knowledge acquirement. 

This is why it is important to focus on persistence in each 

component of the learning process, which we defined as 

micro-persistence. 

Indeed, it was recently shown that being actively engaged 

with learning tasks while using an interactive learning 

platform distinguishes learners who demonstrate a 

productive persistence from those who just spend time 

without achieving mastery (Kai, Almeda, Baker, Heffernan, 

& Heffernan, 2018). Hence, the importance of studying 

micro-persistence. 

A plethora of factorsðrelated to learners' characteristics, 

programs' structure, technology in use, and the context in 

which learning occursðare associated with persistence in 

online learning platforms (Dalipi, Imran, & Kastrati, 2018; 

Gazza & Hunker, 2014; Lee & Choi, 2011; Naito, Bezerra, 

Márcia, & Silva, 2016). In this context, gamification and 

interactivityðattributes shared by most of the online 

learning platforms for CTðwere proposed as central 

features that increase persistence and reduce dropout in 

online learning (Croxton, 2014; S¿mer & Aydēn, 2018). 

Therefore, the main purpose of the current study is to 

examine the associations between students' micro-

persistence and task difficulty, as they expressed while 

acquiring CT in a game-based learning platform. Moreover, 

the study examines whether micro-persistence is better 

explained by contextual variables (State) or alternatively by 

personal attributes (Trait) ï hence is it state-or-trait 

dependent? 

2. METHODOLOGY  

2.1. The Learning Platform: CodeMonkeyÊ 

CodeMonkey (http://www.playcodemonkey.com) is a 

game-based challenge-based learning platform for 

developing CT, aimed mainly at K-12 students. 

CodeMonkey is unique in that students are required to enter 

a code from the very first stage (in contrast to the most 

common, block-based programming approach), however, no 

previous knowledge in coding is required. 

In each level of the game, the learner needs to help the main 

character, a monkey, catch bananas while overcoming 

various obstacles. Here, we analyze data drawn from the first 

four Worlds of the game, teaching basic commands to 

control the gameôs characters' movement (Worlds 1-2), 

times-loops (World 3), and the concept of variables (World 

4). Each of the game's Worlds is built of a few Challenges, 

and moving forward from one Challenge to another, and 

from one World to another, is only possible upon completing 

the former.  

Upon submitting a solution to a Challenge, the user gets 

immediate feedback. A correct solution can award the user 

with one, two or three Stars: one Star for successfully 

accomplishing the task (i.e., the monkey collected all the 

needed bananas), two Stars for a correct solution that also 

demonstrated the newly-presented concepts, and three Stars 

for a 2-Star solution which is also the most efficient solution. 

See Figure  for a screenshot of one Challenge, along with 1-

, 2-, and 3-Star example solutions. Upon submitting a 

solution, hints are given in order for the user to improve the 

code and achieve a higher-Star solution. It is when users 

attempt to improve their Star-ratingðthat is, re-trying to 

solve a Challenge after already solving it correctlyðthat we 

identify as micro-persistence. 

http://www.playcodemonkey.com/
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Figure 1. Demonstrating 1-, 2-, and 3-Star solutions to the 

same Challenge (#25, in the Times-Loops World). 
 

2.2. Population and Dataset 

For this study, we analyzed actions of 119 elementary school 

students from all over Israel, who played the game between 

March-July 2017 and completed all the Challenges in 

Worlds 1-3 and at least 10 Challenges in World 4 (only the 

first 10 Challenges were considered). Note that due to a 

natural dropout, population size is decreasing as the game 

progresses. Therefore, we referred only to students who 

continuously carried out the above-mentioned worlds. All 

students were connected to the game using their school-

provided user accounts, however, we have no information 

on whether they used it in a formal school context, or on a 

voluntary basis.  

The dataset we analyzed included only correct solution 

attempts of these users (failed attempts were not fully 

documented); however, we believe that the number of 

correct attempts to resolve a task which was already solved, 

is a good proxy for micro-persistence. 

2.3. Variables 

2.3.1. Task Difficulty 

We have two different measures for task difficulty, referring 

to both success and effort. These measures are first 

calculated at the Challenge level, and then they are averaged 

for each World across its Challenges. 

Success. Maximum Stars Achieved (across all studentôs 

attempts) is first calculated for each student in each 

Challenge and then averaged for the Challenge across all 

students. Finally, an average for a World is calculated across 

the Worldôs Challenges.  

Effort . The number of attempts to achieve 2- or 3-Star 

solutions is another proxy for difficulty. Again, this is first 

calculated for each student at the Challenge-level, then 

aggregated to the World-level by taking an average across 

that Worldôs Challenges. (Note that in this case, not all 

students had submitted 2- or 3-Star solutions in every 

Challenge.) So, we get two variables: 2-Stars Attempts and 

3-Star Attempts. 

2.3.2. Student Micro-Persistence 

We have two different measures for micro-persistence, 

indicating an improvement of a correct solution that got 

either 1- or 2 Stars to a 3-Star solution. Note that this 

improvement can span over more than a single additional 

attempt and that we count the actual improvement and not 

the number of attempts. Each of these measures is first 

calculated at the Challenge level and then aggregated to the 

World level (across the Worldôs Challenges) in two ways, as 

described below. 

1- to 3-Star Improvement. We consider cases where the 

first correct solution got 1 Star and the next better solution 

got 3 Stars (i.e., no 2-Star solutions were submitted in 

between). For each student in each Challenge, we set a value 

of 1 if this student got 1 Star for his first correct solution in 

that Challenge and their next better attempt was a 3-Star 

solution; otherwise, we set a value of 0. Then, for each 

World, we aggregate these values over the Worldôs 

Challenges, for each student, by either averaging or taking 

the maximum, which gives us two variables: 1-to-3-Star 

Improvement Average and 1-to-3-Star Improvement Binary, 

accordingly. Note that for the latter, a value of 0 means that 

no improvements were done in any of this World's 

Challenges, while a value of 1 means that improvement was 

done in at least one Challenge in this World. 

2- to 3-Star Improvement. We consider cases where the 

first correct solution got 2 Stars and the next better solution 

got 3 Stars (additional 1-Star solutions in between are 

counted) and calculate this measurement done similarly to 

the previous one, resulting with two additional variables: 2-

to-3-Star Improvement Average and 2-to-3-Star 

Improvement Binary. 

(The other two forms of micro-persistenceði.e., 1-to-2-Star 

improvement, and 1-to-2-to-3-Star improvement, were 

rarely observed in the data and therefore omitted from the 

data analysis). 

3. FINDINGS 

3.1. Descriptive Statistics of the Research Variables 

3.1.1. Task Difficulty 

Overall, as evident from Maximum Stars Achieved, task 

difficulty is linearly decreasing as the game progresses. This 

variableôs values are rather high, with low variability, and 

even in World 4 it takes a value of 2.78 (SD=0.32); these 

findings are summarized in Table 1. This means that 

generally, students achieve the highest number of Stars. 

Indeed, in 4361 of 4760 student-Challenge cases (92%), 

students achieved a 3-Star solution. 

Additionally, we can look at the two other variables 

measuring the number of attempts to achieve a 2- or 3-Star 

solution, namely, 2-Star Attempts and 3-Star Attempts, 

accordingly. (Note that contrary to Maximum Star Achieved, 

these variables are positively associated with difficulty.) 

Here, we see that the number of attempts is not linearly 

increasing along Worlds, but rather that World 2 is more 

difficult than World 3 (See Table 1). 

Table 1. Task difficulty descriptive statistics (n=119). 

Difficulty 

Variable 

World Average (SD) 

1 2 3 4 

Max. Stars 

Achieved 

2.97 

(0.08) 

2.90 

(0.15) 

2.86 

(0.22) 

2.78 

(0.32) 

2-Star 

Attempts 

0.03 

(0.05) 

0.15 

(0.10) 

0.12 

(0.12) 

0.16 

(0.14) 

3-Star 

Attempts 

1.01 

(0.10) 

1.12 

(0.42) 

1.01 

(0.28) 

1.05 

(0.34) 
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3.1.2. Students' Persistence 

Recall that we have four micro-persistence variables, 

measuring persistence in improving from 1-Star to 3-Star 

solutions and from 2-Star to 3-Star solutions, each having 

Binary and Average calculations. For all these variables, we 

observe an increase from World 1 to World 2, and from 

World 3 to World 4, as well as an increase in the standard 

deviation. This means that persistence is increasing between 

these Worlds (albeit with increased variance). However, 

there are differences in the variables' trend from World 2 to 

World 3. 

When examining improvement from 2-Star to 3-Star 

solutions, both variables decrease from World 2 to World 3. 

An improvement from 1-Star to 3-Star solutions behave 

differently: Its Binary variableðwhich indicates the very 

existence of micro-persistence anywhere along the World's 

Challengesðincreases from World 2 to World 3; Its 

Average variableðwhich indicates the cumulative effect of 

micro-persistence along the World's Challengesðis about 

the same in these two Worlds. Findings are summarized in 

Table 2. 

This irregularity of the micro-persistence trend is associated 

with the above-mentioned irregularity of task difficulty in 

World 2. That is, we saw that World 2 yields more attempts 

than World 3 for 2- and 3-Star solutions; nevertheless, we 

see that students are more eager in World 2, compared to 

World 3, to achieve the best solution once they started with 

a 2-Star solution, but this is not evident for students who first 

achieved a 1-Star solution. 

Table 2. Micro-persistence descriptive statistics (n=119). 

Persistence 

Variable 

World Average (SD) 

1 2 3 4 

1-to-3 

Average 

0.01 

(0.03) 

0.02 

(0.04) 

0.02 

(0.04) 

0.04 

(0.06) 

1-to-3 

Binary 

0.08 

(0.28) 

0.16 

(0.37) 

0.18 

(0.39) 

0.35 

(0.48) 

2-to-3 

Average 

0.01 

(0.03) 

0.07 

(0.09) 

0.05 

(0.07) 

0.06 

(0.08) 

2-to-3 

Binary 

0.09 

(0.29) 

0.5  

(0.5) 

0.34 

(0.47) 

0.48  

(0.5) 

 

3.2. State- and Trait-Models for Persistence 

To understand whether micro-persistence is more related to 

the Worldôs characteristics (state) or to the student's 

characteristics (trait), we have constructed two linear 

regression models (state and trait) for each of the four 

research variables. Each of the eight models is built on the 

full dataset of 476 rows. 

A State Model tries to predict persistence by Worlds. It uses 

four variables that denote the game Worlds and is set as 

follows: for each row in the data, the variable that 

corresponds to the World documented in this row is set to 1, 

the others are set to 0. Similarly, a Trait Model tries to 

predict persistence by the student; this model uses 119 

variables, each denotes a student. Note that by using this 

approach, we refer to the students themselves, or to the 

Worlds themselves, as the trait/state variables, accordingly, 

since each of them is a good proxy to the sum of all their 

characteristics (Baker, 2007). 

The models were built using Rapid Miner Studio Version 

9.1 and their quality was measured using r2 (squared 

correlation), using 10-fold cross-validation. 

3.2.1. Understanding the State Models 

Regarding the 1-to-3-Star improvement, in both State 

models (Average and Binary), World 1 has a negative 

coefficient (ɓ=-0.011 at p<0.05 and ɓ=-0.101 at p<0.01, 

respectively), while World 4 has a positive coefficient (ɓ 

=0.019 and ɓ=0.168, respectively, both at p<0.001). This 

means that World 1 is associated with lower persistence 

compared to the other Worlds, while World 4 is associated 

with higher persistence compared to the other Worlds. This 

may be explained by the difference in difficulty between 

these Worlds, as detailed above (Section 3.1.1), with World 

4 is more difficult than World 1.  

Regarding 2-to-3 Star improvement, we find a similar trend. 

Here, again, in both State models (Average and Binary), 

World 1 has negative coefficients (ɓ=-0.036 and ɓ=-0.244, 

respectively, both at p<0.001), while World 4 has positive 

coefficients (ɓ=0.019, at p<0.05, and ɓ=0.143 at p<0.01, 

respectively). This, again, may be explained by the 

difference in difficulty between these two Worlds. 

Additionally, World 2 has positive coefficients in both 

models (ɓ=0.029 and ɓ=0.168, respectively, both at 

p<0.001); that is, World 2 is associated with higher 

persistence compared to the other Worlds. This may be 

related to our previous findings, according to which students 

in World 2 are more persistent in achieving the best solution 

once they started with a 2-Star solution, as was detailed 

above (Section 3.1.2). 

3.2.2. Understanding the Trait Models 

When looking at the Trait models, we find that for all four 

variables, there are a few students who came up with 

significant positive coefficients (no student came up with a 

significant negative coefficient); these numbers range 

between 8 (1-to-3 Average) to 42 (2-to-3 Average). For a 

student to come up significantly positive in a trait-model 

means that this student demonstrated higher persistence 

along the game than other students. 

We should highlight that all students who came up with 

significant coefficients in the 1-to-3 Average model are also 

significant in the 1-to-3 Binary model; this is obvious, based 

on the definition and construction of the related variables 

(i.e. those who are, on average, more persistent ï are more 

persistent in essence). Interestingly, we observe an opposite 

logic relation for the 2-to-3 improvement: All students who 

came up with significant coefficients in the 2-to-3 Binary 

model are also significant in the 2-to-3 Average model; i.e., 

those students who were, in principle, persistent throughout 

the game ï were also highly persistent by their action. Of 

course, this relation is not a necessity. 

Additionally, nine students came up with significant 

coefficients in both the 1-to-3 Binary model and the 2-to-3 

Binary model. Same goes for seven students who came up 

significant in both the 1-to-3 Average and the 2-to-3 Average 

models. This means that there are a few students who are 
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more persistent than others in improving their result, no 

matter what is the initial solution. 

3.2.3. The State-or-Trait Question 

Overall, we find that regarding the four research 

variables, the State models were significant, while the 

Trait models were not, indicating a possible state, rather 

than a trait explanation for persistence. However, the state 

models had low prediction power, with r2 ranges between 

0.072-0.11. Results are summarized in Table 3 and Table 4 

(for the Trait models, we only note how many student-

variables were found significant, without mentioning the 

specific students nor the coefficients; this will be discussed 

below). 

Comparing 1-3 and 2-3 models, we see that the 2-3 models 

have higher r2 values, but less significant coefficients. This 

may be a result of the 1-3 data having more 0 values, hence 

the prediction model can be simpler (predicting 0), but it's 

more difficult to predict non-0 values. 

Table 3. The 1-to-3-Star State and Trait models. 

  State Trait  

Avg. r2 0.072 0.021 

Significant 

Coefficients 

World1 (-0.011*) 

World4 (0.019*** ) 

8 students 

Binary r2 0.066 0.014 

Significant 

Coefficients 

World1 (-0.101** ) 

World4 (0.168*** ) 

21 

students 

* p<0.05, **  p<0.01, ***  p<0.001 

Table 4. The 2-to-3-Star State and Trait models 

  State Trait  

Avg. r2 0.104 0.046 

Significant 

Coefficients 

World1 (-

0.036*** ) 

World2 

(0.029*** ) 

World4 (0.019** ) 

42 students 

Binary r2 0.11 0.047 

Significant 

Coefficients 

World1 (-

0.244*** ) 

World2 

(0.168*** ) 

World4 (0.143** ) 

25 students 

* p<0.05, **  p<0.01, ***  p<0.001 

4. DISCUSSION 
In this study, we investigated students' persistence while 

acquiring CT in an online game-based learning platform. 

Rather than referring to persistence on the macro-level, as 

commonly doneðthat is, as the opposite of disengaging 

from the learning processðwe explored micro-persistence, 

which reflects the behavior of keeping students engaged 

with a learning task. This level of persistence has only been 

little studied (Dumdumaya et al., 2018; Fang et al., 2017). 

Analyzing persistence at that level allows us to examine the 

nuanced relationship between persistence and difficulty at 

the task level. As we measured both studentsô persistence in 

a task and the task difficulty using different mechanisms, we 

were able to demonstrate the complex relationship between 

these two constructs. 

Overall, we observed positive associations between task 

difficulty and student's persistence. This is in line with recent 

studies of game-based learning, which found positive links 

between difficulty and proxies of persistence, like 

engagement or flow (Hamari et al., 2016; Hung, Sun, & Yu, 

2015).  

However, our nuanced examination of persistence enabled 

us to identify a specific set of learning tasks (World 2) in 

which students demonstrated an interesting behavior: while 

they were relatively highly persistent in achieving the best 

solution once they started with a 2-Star solution, this 

persistence was not evident for students who first achieved 

a 1-Star solution. Recall that it is the 2-Star solution in which 

students apply the new knowledge taught. That is, according 

to our findings, students who have already demonstrated a 

certain ability to learn new material are the ones who are 

motivated to achieve the best solution. It may be that those 

students are intrinsically motivated, as mastery-oriented 

learnersði.e., those who wish to increase their competence 

and abilities while mastering new tasksðare characterized 

by higher persistence, even when facing difficulties, than 

those who seek a positive judgment of their abilities and 

performance (performance-orientation). In other words, 

motivation, mainly intrinsic, has a positive effect on 

persistence (Dweck, 1986; Garris, Ahlers, & Driskell, 2002). 

Of course, the alternative explanation may also apply, that 

is, that playing the game persistently assisted in increasing 

learners' motivation, as was argued by Hamari et al. (2016) 

in the context of challenging games in which skills are 

promoted. Therefore, one important research direction is to 

further study the causal dynamics of the persistence-

difficulty association. 

Importantly, the unique behavior described above happened 

in World 2, which is somehow an extension of World 1; 

Worlds 3 and 4 teach new concepts. That is, when aiming at 

extending the learner's knowledge, we observe a situation 

where those who are already capable of solving the tasks ï 

keep trying until achieving the best solution. While this 

behavior may seem desirable, it may also increase the 

knowledge gap between learners, and may eventually harm 

those who need help the most. Interactive learning platforms 

(like the one studied here) often have help mechanisms that 

may assist the struggling students, but, paradoxically, it was 

found that these mechanisms mostly to promote the 

medium-achievers (probably represented in our case by 

those who initially got a 2-Star solution) (Roll, Baker, 

Aleven, & Koedinger, 2014). Therefore, it is advisable to 

keep studying the ways in which the knowledge gap may be 

reduced while using interactive learning platforms.  

Examining the state-or-trait questionðthat is, whether 

personal or contextual attributes better explain micro-

persistence behaviorðwe overall demonstrate that the 

former has a stronger predictive value than the latter; this is 

in accordance with previously mentioned findings regarding 

the persistence-difficulty association. However, both types 
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of predictions are not necessarily strong. Indeed, the 

literature indicates that persistence is related to both 

contextual and personal characteristics. Persistence may be 

influenced by contextual variablesðsuch as task difficulty, 

or even a teacher's encouragementðbut also by personal 

attributes, e.g., self-perception of abilities (Schunk, 1996). 

While intrinsic motivation may be more pronounced, 

extrinsic factors also have a substantial role (Garris et al., 

2002). It may be that some characteristics of the learning 

platformsðe.g. gaming and interactivityðpromote 

students' engagement; specifically, reward systems (in our 

case, the Stars) are often mentioned as having positive 

motivational or metacognitive effect on learning, in a way 

that increases engagement (Buckley & Doyle, 2016; Mekler, 

Br¿hlmann, Opwis, & Tuch, 2013; OôRourke, Peach, 

Dweck, & Popoviĺ, 2016; Richter, Raban, & Rafaeli, 2015). 

In future research, we suggest to further explore how 

external factors such as the gameplay, the rewards system or 

the challengesô structure affect studentsô persistence to 

acquire CT in similar platforms.   

Carefully examining the Trait-models sheds some important 

light on the personal tendency for persistence. We found a 

subset of the students (as large as 35% of the research 

population) who are prominently more persistent than the 

rest of the population. More than that, some students appear 

to be consistently persistent in attempting to achieve the best 

solution, no matter what was their starting point. Such a 

group of highly-motivated students may serve as the basis 

for understanding the differences in learners' demonstration 

of persistence. In that light; this may be studied qualitatively. 

This study has some practical implications as well. First, 

educational content developers who wish to keep at a high 

level of micro-persistence should monitor the difficulty of 

the learning processes in which learners are involved 

(Luckin, 2001); optimally, learners should find their flow 

state, in which challenge and ability to overcome the 

challenge are matched perfectly (Peterson, Verenikina, & 

Herrington, 2008). Supporting learnersô motivation to solve 

challenges will subsequently result in improving the 

acquirement of new knowledge; in this case, CT skills. 
Second, teachers who wish to use game-based learning in 

their instruction, should motivate learners to the task and not 

solely rely on extrinsic motivation to be ignited by the 

rewarding mechanisms of the game (Peterson et al., 2008; 

Pucher, Mense, & Wahl, 2002). 
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ABSTRACT  

At present, the important issue of engineering technology education is how to solve the problem of engineering talent training 

(Han, Capraro, Capraro, 2015), how to carry out engineering design teaching, etc., is a very important and urgent problem 

research problem. Today, technical artificial intelligence, the Internet of Things and other technology industries require a large 

number of talent. Therefore, it is necessary to cultivate good information engineering talents. The correct procedure should 

be used to teach students. This study will summarize in the semantic flow chart analysis. Expert course design courses in the 

field of information engineering can provide students with the best teaching content, train their information engineering 

talents, and improve their thinking skills. 
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ӭ›Џ ᶾדּ Ṏ Ѡ Ɫֽᴶ ḟЏ Ϣ

И Ṏᾼ ȳֽᴶ ᴩЏ ᾼ Ȳ

ד╥ ѹ й ḟᾼׁשṅ Ȳṳѹ Э

ᶾϢЏדּ ȳᾬ ᶾדּ ϢИ Ḗ ЄȲ֪

ױ ҏϚᴯֻᾼ Џ ᾼϢИȲ ѿӔ ᾼ

ᶧ ὑ І Ȳṳѹ Ϛ צ Џ Ṏᾼ

ȲӐׁשṅ ѿ ☼ έᾎ ҏᶺ

Џ ה ᶧṳѹ ד ѿᵓ

ẃ Џ ᾼϢИṳѹ с ≈ ϩ Ȳ

С І ֻᾼ в ȴ 

ֿ 

ה ≈ᴕ ᶧȷ ☼ έᾎȷ ≈  

1. ›ṕ 

֯ ◕ᾼЏ ᶾדּ Ṏ Ѡ ȲṼ Ὼד

ᶾדּ Џ Ṏד ґᾼׁשṅ Ȳѿц

Ẓד ѷꜜЏ Ṏ ɎWorld Engineering 

Education Forum, WEEFɏ ᶾדּ Џ

שׁ Ɏ International Technology and Engineering 

Educators Association Conference, ITEEA Conferenceɏᾼ

Ȳֽᴶ ḟЏ ϢИ Ṏᾼ ɎHan, Capraro, 

& Capraro, 2015ɏȴ 

М ᶾדּ ɦ ≈ ɧɎComputational 

thinkingɏⱢ ἘȲ דּ ד ῀ ᾼ Ȳ

≈ᴕȳṆ о≈ᴕ ≈ Ȳṳ Ӧ

ᶾПדּ ᵂȲ ≈ ᾼ ӣ ȲϷ֪ױ

Ṏצ ≈ ϩᾼ Џ ϢИ╥ϚЄ ȴ 

Ӑׁשṅ Ӧ ☼ έᾎ Ȳ ☼ έᾎ╥

ṅ῏ѿЛẓіשׁ ἤᾼ ᴩ Ȳׁשṅ῏ԛ ắ

῏֯ Ἤᵧ в Ṽ Ẕ ᶧ ☼כ Ȳ

ѿиέắ ῏ᾼ ῀ Ȳ ѠᾎȲҠѿױ ắ

῏ᾼ ᴩв иέȲѿ ắ ῏ᾼ

װȴӐה Ϯᴯ Џ Мᾼ ᴩ Ȳṳ

ѹиέ ה Џ ᶧѿ―Ἇ∟֯ Џ

Ṏϱ Ḇֵᾼצ ȴ 

Ӑׁשṅѿ ☼ έᾎ Ѡה ᴩ Ȳ

Ϡ Ӕ ᾼ ה Џ ᶧṳѹ ӣױ ᶧẃ

Ϛ ד Ȳ ᴖ Ṏצ ≈ ϩᾼד ϢИȴ

ṅשׁ ֽϯȸ 

Ɏ1ɏ ᾼ ה Џ ᶧⱢᴶȹ 

 

Ɏ2ɏ Ӧ ᾼ ה Џ ᶧ в Ɫᴶȹ 

2. ѝ  

ה .2.1 ≈ᴕ ᶧ 

TritrakanȳKidrakarn AsanokɎ2017ɏ Ἤ ҏ֯

ה МἬ ӣᾼЏ ᶧҔᵶѿϯ

Ḕ ȸɎ1ɏ ứ ᾼ ḟѠᾎȷɎ2ɏ

иέצ Ϥ ҏ ᾼד ȷɎ3ɏ Ҡ

ḟѠᾎȷɎ4ɏ Ṿ ḟ ȷɎ5ɏ ӣ

ה ṕѿ ᴩ∂ ȷɎ6ɏ ᴷ ₤ṳ᷄ҏҠ

ᾼ ȷɎ7ɏ Ẕһ ᾎȷɎ8ɏ

Ḃṏ  ȴה

ᴖӐׁשṅ Ӧ ☼ έᾎ в Џ

ᾼ ᶧ ҏϚ ᵗὑצ ὑ в Џ Ṏצ

ᵗᾼ ה ≈ᴕ ᶧȲṳѹ Ӧױ ᶧẃ Ȳ

Ṏҏצ ≈ ϩᾼ Џ ϢИȴ 

2.2. ☼ έᾎ 

Ӑׁשṅ ☼ έᾎἬ ӣᾼ Ɫ Ȳѿ
ה ᶧᾼ῀ Ѡ Ȳѻ в ֽϯ: 

Ɏ1ɏ Ϛќ ה ȲᵃἬ ӣᾼ ה
≈ᴕ ᶧⱢᴶ?Ҕᵶ ᾼḔ ? Ɏ2ɏ Ϡ
Ἤ ẞᾼ Ḕ ПҵȲ Ϛϯ ╥ᵡ

צ ҉ᾼ Ḕ ? Ɏ3ɏ Ἤ цᾼ
ṷ Ḕ МȲἒױП ╥ᵡצ ἤȲ ᾼצ Ȳ
Ҡᵡ Ὑ ṷḔ П Фדצ╥ ᾼề? Ɏ4ɏ

Ἤ ẞᾼ ה ≈ᴕ ᶧᾼ
Ḕ МȲḕϚ Ḕ Ἤ ᾼ ϩⱢᴶ? ṷ
ϩП ╥ᵡצ ἤề?Ɏ Ἤ ᾼḕϚ Ḕ
ᴩ ɏ Ɏ5ɏ Ἤ ᾼв Ȳ╥ᵡ

╥ ҉ Ὑᾼềȹ 

☼ έᾎ╥ׁשṅ῏ѿЛẓі ἤᾼ ᴩ
Ȳׁשṅ῏ԛ ắ ῏֯ Ἤᵧ в Ṽ Ẕ

ᶧ ☼כ Ȳѿиέắ ῏ᾼ ῀ Ȳ ױ
ѠᾎȲҠѿ ắ ῏ᾼ ᴩв иέȲѿ ắ
῏ᾼ Ȳṳה ᶙ∟ ᾼ

в Ӊכ ֿ ȲṳѹҒѿ в ҏϚ
ה ᾼЏ ᶧȴ 

2.3. ≈  

רּ ṎּדᶾẦ ɎThe International Society for 

Technology in Education [ISTE], 2011ɏ Ɫ ≈ ╥
ḟᾼ ȲһҔ╗ȸ▐ ȳ оȳἼ

оȳᴞ оȳ оȳцϚ о ἤȴ 

Google for Education ⁄╓ҏ ≈ ӣὑԉᴶϚ
  Ȳ֪ẔⱢϚṆԝדּ ḟПᶾҾцּדᶾȲ
Мṳԝҏ ≈ Ҕ╗ȸї ה Ὂ ȳ ה
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ᵑȳἼ оȳ ᾎ ȳᴞ оȳ иέῶ ц
Ϛה о ȴ 

ӭ› ⱢЄ ắᾼ ≈ в Ҕ╗ȸ Ϛה о
Ἴ оɎҔ╗∂ ц ɏȳṆ о ȳ
Ṇ цῶӱѠᾎȳ☼ ạᾼ ᾎ Ἐȳ о

и Ɏ оɏȳ Ԉ ȳ ц ᴩ ạȳ
цṆ ἤ ȴ ≈ Л ֝ὑ ה

Ȳᵀ ה Ɫ ≈ ᾼ Ȳ
ה Ȳ ᵂ ≈ МᾼἼ оȳ☼

ạȳ оȳה ȳ ȳ Ӑ ϩȴ Ӣ
צ Ӑ ה ϩ∟ȲϷ֝ с ế ≈
ϩɎBrennan ɽ Resnick, 2012ɏȲᵦӔБȳὭṎ

Ɏ2016ɏ ≈ П ἤБ֢֯ ϩ
ᾼ֢ ╜ ♄ МЛṕᴖ ȲЄ ≈ Ьצ
ֵ ȲяẔ╥ֽᴶ ≈ ᾼ ὑ

ᶾדּ П Ȳ֪ױȲ Ӈצ ≈ ᾼứ
ṳ ẁ ѠᾎɎὭṎ ếᵦӔБȲ2016ɏȲ ᴖ

ṅשׁױ ҏϚ ≈ ♄ ȴ 

  ṅѠᾎשׁ .3
Ӑׁשṅ Џ ᾼ ה Џ ᶧц
Ӧױ ᶧ Ϛ ד ṳѹ ẃ ӣὑᶺ М

МȲṿ МӢ ḆҒ Џ
Ȳṳѹ с ≈ ϩȲ ᴖ ῤ҃ ὑ

Џ ᾼ ȴ 

3.1. ╟ 

Ӑׁשṅ ӣ ἤׁשṅȲׁשṅ Ɫ в Џ
иᵑὑ МцЄ ԉ Ȳ ậԚ 3Ϣ ᴩ Ȳׁשṅѻ
ѿ Ѡה ֥ɦ∟ ᾎɧן Ȳԛ

ѿɦ ☼ έᾎɧ в כ ☼ Ȳ
∟ ҏ Џ ᾼ ה Џ ᶧȴ 

3.2. ☼  

 

 

1 ☼  

ṅЏẓʟשׁ .3.3 ☼ έᾎ 

ⱢϠ Џ ὑ ה ᶧḔ Ȳ
Џ ᴩ ☼ Ȳṳ Ὠ и

έȴӐׁשṅ ӣ TsaiɎ1998ɏȳᵦ ЭМ
Ɏ2005ɏ╓ҏПẒװ ᴩ ☼ έᾎȲ ᴩ
ᾼḔ ֽϯȸ 

ɎϚɏ Ϛװ ȸᾼ М ᴩ Ȳ ӭ
ᴕ TsaiɎ1998ɏȳᵦ ЭМɎ2005ɏ Ȳ
ד ᴩ Ḃ  ȴכ

Ɏϡɏ ϡװ ȸ ᾼ М ᴩ Ȳ ᶙ
כ Ϛװ ∟Ȳׁשṅ῏ ᴕ TsaiɎ1998ɏ∟ ᾎȲ
Ἤ ᾼ Ὅ ῏ Ȳ ẃנּ

ᴞА╥ᵡἬ ᾼӔ ѹᶙ ᾼȲ Мצ
ҒἨ Ḃ⁄Ӵẘ Ѧ Ϛװ ᾼ ὍȲ
῏ ᴩ ҉ Ḃȴ ϡװӇ ᾼ ὍȲ
῏ ᶙ Ϛװᾼ  ȲṳכἬצ ҒἨ Ḃ

Ẕ ῏ ᶙ Ϛװᾼ ȲṳכἬצ ҒἨ Ḃ
Ẕ ᾼв ╥Ӕ ѹᶙ ȴ 

3.4. Ὠ 

Ӑׁשṅ Џ ὑ ה ᶧḔ
ᴩ ֽ 2ṳѹ װ ᶧ ҏϚ Џ
ȲѿϯⱢ ᶙϮᴯ ᴖ ҏᾼ ᶧḔ ȸ 

 

 

ה 2 ᶧ 
 

Ϯᴯ Џ ϚḔ Ꞌ╥ứ
ȳиέ цṿӣ῏ Ɫᴶȹԛẃ≈ᴕ▐ ѿц

֯ ṷ ϯ ӣ ṷ ╟Ἠ╥ Ȳ
Ϥȳ ҏ Ȳԛ Ἤ≈ᴕᾼ

ҏ☼ Ȳ Ӧ☼ Ҡѿҟ ᴷ ה ṕ
▐ ц ╥ צ ᾼȲ ᴖṿӣױ ה

ṕҟ Ȳ ᴩϚ ᴭᾼ ц Ȳ ᴖ
◕ › ◕Фד ȲḕϚ ◕ һᾼצ

ᵶ ȴӐׁשṅ ӣױ ה ᶧẃ ȴ 

ṅשׁ .3.5  

3.5.1. ╟ 
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Ӑׁשṅ ѿ ṅשׁ ᴩ›ȳ∟ П Ȳׁש

ṅ ⱢүҖӀ█ Ϯ ӢȲг Ȳ ậԚ 240ϢȲ

ᴩⱢ 8 Ȳḕ 50и ᾼ ȴ Ӑװ

♄ Ȳ иⱢϮ ◕Ȳ♄

ӦϮ ◕ זּ ♄ ֽ 3Ȳ ᴩ

◕Ϛȸ ӭ ╥ Micro:bit Ю ᵂế ה

ȲҔᵶ ᶧ ȳ Ԉ ȳ ȳ ế

ȴ ◕ϡȸ ӭ ╥ ế Micro:bit

҉ὰᾼ ІаԈѿцֽᴶ ӣ ІаԈᾼ ה Ȳ

Ҕᵶ LED ȳ┬ ȳᴻὢ ạṳѹ ᵂᴞ ῧ

ֽ 4ȴ ◕Ϯȸ ӢӇ ᶙכ Ḋ Ϣ ӣ

Micro:bit ІаԈᾼᵂ₇Ȳ ӢӇ ӣ› Ἤ Ȳ

ȳ ếה ȳ Ḃ

ҏȸɎ1ɏMicro:bit Ɏ2ɏה ІаԈᾼ ӣɎ3ɏ

ҵ ₤Ȳ ∟ ҏ Ḋ ϢȲӐ Ḋ Ϣ

῀ ∂ ֽ 5Ȳѻ иⱢҳЄ Ѡ Ȳ ԒⱢ

ϩȲ Ӣ Ϡ ẞ ϩֽᴶӢכᾼᾬ ῀ Ȳѿц

ϩᾼ ӣȲ ᴖ Ӧ ϩᾼ ӣ Ӣ ҟ

≈ Ḋ Ϣֽᴶṛ ṳѹ Ȳᶙכ∟ Ӣ

ᴕ ֽᴶדФ ֥Ȳṳѹ Micro:bit ┴

ẃה ṿ ᴖ Ḋ Ϣȴ 

 

 

3 ☼  

 

 

4 ᴞ ῧ  

 

 
5 ῀ ∂  

 ṅЏẓשׁ .3.6

ӐׁשṅṿӣᾼЏẓҔ╗ȸ Micro:bitȳ ≈ ῶѿ
ϯи Пȴ 

3.6.1. Micro:bit  

Ӑׁשṅ ṿӣ Micro:bitɎֽ 6 ἬӱɏⱢ ЏẓȲ
Micro:bit ᾼ ה Ȳṿӣ BlocklyȳJavaScriptἨ
Python ṕẃ Ȳ֝ה ќ ῤἨMicro USB

Ȳṿӣ῏ ȳӂὰἨњ Ȳ֯ ϱᵛ
ה Ȳ ᶙ ∟Ȳϯ HEX ᴟ

micro:bitὰІМȲᵛᶙכ ᾼϱה ᵂȴҫҵȲ
micro:bitצϚ ‍ ―ᵓᾼ Ȳ ׄ ᵛ
Ҡ micro:bitὰІȲ Ҡѿṹắ ᾼה Ȳ
ֽ֝ ϱ ᴟ Ϛ ֮ ᶶ ȴ Ѐ
₤  Micro:bitȲҠ ᵗ Ӣ Ӑ ה Ȳ
ֽᴶ֯ ϱ ҏȲ ạ ☼ᾼה Ȳ ϚḔ

ẞ ᾼ ạȴMicro:bit ᾼЄЊ  4×5 еиȲв  25 

ᴥ LED Ɫמּ ӱȲצẒ Ҡ ᾼ┬ Ȳҫҵ
в∂Ҡ ᾼҒ ȳ ϩ ȳUSB эȳ Ѳ
ц 5   ᶈᾼ I/O ȴⱢᶙכ Ḋ Ϣ₇כȲӐ
ṅשׁ вה Ҕᵶ ᶧȳ ȳ Ԉ ц ᾎ
ứ  
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6 Micro:bit  

3.6.2. ≈ ῶ 

≈ ϩ ɎInternational Bebras Contestɏ
ᵗϠ 8 ᴟ 18ɎϮד ᴟϫϡד ɏ Ӣᾼ ≈
Ɏcomputational thinkingɏ ϩȴ ╥ⱢϠ

Ӣ ὑ דּ П Ȳ֝ Ϡ Ӣ╥ᵡẓ
דּ Пἤ֣ȴӐ ᵓӣ ὔ ᾼѠהᵧ

ӭȲ֢ ꞋⱢ ԉה Ȳ ῏ᵓӣᴞА╠צᾼ
῀ ᴩ ȴӐׁשṅ ӣ ד 2013 ≈
ӭȲ ᴕ Brennan ResnickɎ2012ɏ ≈
ה Ἐᾼ ▐ȴ 

3.6.3. ᵂ  

ᵂᵂ₇╥╓ Ӣ֯ ◕Ϯᾼ ♄ Ӈ ҏ
Ϛ Ḋ Ϣᵂ₇Ȳֽ 7ȲᵂⱢ ה ᵂ
ϩᾼ ȴ֪֯ױ Ѡ ȲӐׁשṅ ה
ế Ḋ Ϣ₇כ ҏᵂ₇ иᾼ ȴ 

 

7 Ḋ Ϣ 

Ṽ ᵂ ϩד ѝ и ȲӐׁשṅ ӣ

Besemer TrefigerɎ1981ɏ ᾼ ᵂ₇ и

ɎCreative Product Assessment Matrix, CPAMɏⱢ ᵂ

ϩ ȲCPAMӦϮ ֣⇔ Ȳֽכ 8ȲҔᵶ ἤ

ɎNoveltyɏȳ ḟѠ ɎResolutionɏȳ ᵂ ֥

ɎElaboration & Synthesisɏȴױ ╓ Б іӣֵ

Ȳװ цὑЛ֝ ᾼ ᵂᵂ₇ иȴ 

 

 

8 CPAM 

4. иέѠᾎ 
Ӑׁשṅ ∟Ȳ П ѿ SPSS 22

иᵑ ɦ ᵂ ϩɧ ɦ ≈ ɧ ᴩ
иέȲ иέП Ѭ ꞋⱢ.05ȲӐׁשṅ ᵂ ϩ
ц ≈ Ԛ иέɎANCOVAɏȲѿ ה
ᵂⱢᴞ Ȳ ᵂ ϩ∟ ц ≈ ∟ П
ⱢṼ Ȳ ♄ ᴩ ᵂ ϩȳ ≈ ›

ⱢԚ ᴩиέȴ 

5.  
Ӑׁשṅ Ӣ Ӧѿ ה ᶧҟ ᾼ
ẃ с ≈ ϩȲ ᴖ Ṏ Џ

ᾼϢИṳѹ ῤ҃ ὑ Џ ᾼ ȴṿ Ӣ֯
М ѿц ӣ Micro:bit ҟϠ ẞ

Џ Ȳ Ӣ ᾼ ֣Ҕ╗ ᾼᴕ ȳ ᾼṿ
ӣȳ ה ȳ иέȳ ≈ ȳ ᵂ ϩ
ϩȴ 

6. ᴕѝ  
ὭṎ ếᵦӔБ Ɏ2016ɏ ȴ ≈ МЊ דּ
ᶾ ȴ Ṏ Ȳ6 Ȳ5-20ȴ 

ᵦ ế ЭМɎ2005ɏȴ∂ ѻ דᾼּה ♄
Њ ד Ӣ ῀ П -ѿñ ò а

ⱢẂȴּד Ṏ ґȲ13Ɏ4ɏȲ387-411ȴ 
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The Effects of Gender Differences and Learning Styles on Scratchôs Programming 

Performance and Computational Thinking Ability  

 
Yun-jie JHOU1, Jung-chuan YEN2*, Wei-chi LIAO3 

13 Graduate School of Mathematics and Information Education in National Taipei University of Education, Taiwan 

2 Department of Mathematics and Information Education in National Taipei University of Education, Taiwan 

yjjhou.ntue@gmail.com, jcyen.ntue@gmail.com, heart1543@gmail.com 

 

ABSTRACT  

The purpose of this study was to explorer the effects of gender differences and learning styles on learnersô scratch 

programming achievement, motivation and computational thinking ability. The object consisted of 39 sixth-grade students in 

two classes, including 21 males and 18 females. A quasi-experimental design was adopted and conducted a six-hour teaching 

experiment for four weeks. The results show that: The game-based learning project approach of this study can effectively 

promote learning. Gender and learning style have no interaction in scratch learning achievement and computational thinking 

ability. The effects of gender and learning style on programming learning achievements are not significantly different. In 

computing thinking, female learners outperform men, but male learners have greater progress. In learning motivation, the 

accommodator and assimilator style learners are significantly more attention than the converger learners. 

KEYWORDS  

gender difference, learning style, programming education, computational thinking  
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Ӑׁשṅ֯ס ἤᵑ ῏ Scratch

ᵂᾼ ה ȳ כ ≈ ϩ

П ȴׁשṅ Ɫ Њгד Ẓ Ԛ 39ᴯ Ɏḽ

21ᴯȳЅ 18ᴯɏȲѿ ṅשׁ ᴩⱢ ҳ ԚгЊ

ᾼ ȴ Ὠ ӱȸӐׁשṅ ה ה

צ ‚ ȷἤᵑ ֯ ה

כ ц ≈ ϩꞋ ӻФᵂӣѹ ȷ

≈ ϩѠ ȲЅἤ ῏ῶ ὑḽἤȲᵀḽἤ

῏П Ḕ ⇔ Єȷ Ѡ Ȳᴩ ₤

₤ ῏֯ Scratch Мᾼᾃ ϩ ὑ ӣ

₤ ῏ȴ 

ֿ 

ἤᵑ ȷ ȷ ה Ṏȷ ≈  

1. ›ṕ 

ἤᵑ Ɏgender differenceɏϚ᾿╥ Ṏׁשṅ ד

ᾼ ȴֽᴶ Л֝ἤᵑᾼ ᶁצ῏ ᾼ

Ȳ‚ Л֝ἤᵑᾼ Ӣּ֯ד ᾼ ȳ‒

їȳ כ Ȳ╥ Ṷἤᵑ דּ Ṏׁשṅ῏ֵד

ẃᾼ ӭ ɎSeveriens & Geert, 1997ȷ Ȳ

1998ȷᵇӖ ế Ȳ2010ɏȴ ᴖȲ ֵ ῏

ⱢẒἤ֯ ϱЬ֯׀ ֵ ȲẂֽ Bain ế Rice

Ɏ2006ɏᵛ ἤᵑ֪ ᶾדּ ᵗ ᾼ ȸɎ1ɏ

ḽἤ ῏֯ṿӣ ᶾѠדּ ȲѩЅἤ П

ȷɎ2ɏḽἤ ῏ ֣ ᶾדּ Ɫ

ᾼ үȲᴖЅἤ ῏⁄ ֣ Ɫ ᵗ

ᾼЏẓȷɎ3ɏṿӣ ᾼԒ Ȳ Ẓἤ

῏ ắ ᶾᾼדּ ⇔ȴ 

֯ דּ ᾼ МȲἤᵑ֪

כ ᾼ Ȳ֯Л֝ᾼ ῀ ц ϯ

ᵧ Л֝ᾼ ὨȴBuschɎ1995ɏᾼׁשṅ ȸ

ԉ ẓ ѹ ὔ ȲẒἤ ῏ᾼᴞᶺ ṳ

ȷ ԉ Ἴ ѹ ⇔ Ȳḽἤ

῏⁄ ѩЅἤẓ П ᴞᶺ ȴ

ṅשׁצчᾼȲӼד Ὠ ӱἤᵑ֪ Scratch ה

≈ П כ ṳ ɎὭὺ Ȳ2018ɏȴ

ἤᵑ֪ ѩȲד ╥ҫϚ Ҡ ה

כ ᾼ ֪ ȴ ╥╓ ῏

Ϣᾼ ἤ֣Ɏaptitudeɏȳ ֻἨ ӣᾼ Ѡ

ɎJonassen & Grabowski, 1993ɏȴה ֵ ῏ᾼׁשṅ╓

ҏȸЛ֝ ᾼ ῏֯ ה ᾼ

כ ϱ ֯׀ Ɏ Ȳ2009ȷ ụ Ȳ

2010ȷ ᶳȲ2012ȷ Ȳ2018ɏȴ 

ҟȲ דּ Мᾼ ה ֯ס Ӣ≈ᴕֽ

ᴶ ӣ ה ṕᾼ ᾎ⁄ ᶾҾẃ ḟ ứᾼ

ɎFernaeus, Kindborg, & Scholz, 2006ɏȴ ᴖȲ

ᶾБדּ ἬЛ֯ᾼ Ϥᶺ ѡ Ӣ♄Мᾼ

ṶᾬȲϷ Ḃ Ϣ ᾼӢ♄Ѡה ᵂ Ȳӑẃה

Л ᶾᾼדּ ᾎ⁄ ӣѠᾎᾼϢȲẔӢ♄

ᵂ ắ ɎWing, 2006ɏȴ֪ױȲ֢ Ṏӭ

Ở ֯ Ṏ ᾼ ה Ȳ ӭ

ứⱢ Ӣ Ἴ ≈ᴕᾼ ϩȲᶦ Ӧ

ה ᵗ ֯Л֝ ḟᾼ

῀ Ȳὑ╥ ≈ ɎComputational Thinkingɏᾼ

Ἐὑ ᴖӢɎWing, 2008ȷGoogle, 2015ɏȴ ֢

ứ ѻ Ȳ ≈ Ҡ Ɫ╥Ϛ ≈ᴕ Ȳ╥

ḟѠ ᾼї ♄ Ȳᴖ ṷ ḟѠ

ӦϢȳ ἨẒ῏ᾼ ֥ẃ ╟ɎWing, 2011ɏȴ 

≈ Ṏ ắẞ Ȳ Њ ◕

Ϣȳᾲẓȳ ȳꜙᴟ╥ᴞ ɎMakerɏ ᾼ ה

ȲБכⱢ ṎМЛҠἨ ᾼ в ȴ

ᴖȲ֯ױ ϯȲἤᵑ֪ ╥ᵡЬ

῏П ȳ כ ȳϞᴟὑ ≈

ϩ Ӣ Д Ȳ╥ׁשṅ῏ד ᾼ ȴ 

ṅשȲӐׁױ֪ Л֝ἤᵑ П Њ Ȳ

֯ Scratch ה ᾼ ᵂ МȲ ה

П ȳ כ ≈ ϩП ȴׁש

ṅ ֽϯȸ 

(1)Л֝ἤᵑ ᾼ ῏ȲẔ Scratch ה

כ ╥ᵡ ȹ 

(2)Л֝ἤᵑ ᾼ ῏Ȳ֯ Bebras

≈ ϩ П иϱ╥ᵡ ȹ  

(3)Л֝ἤᵑ ᾼ ῏ȲẔ Scratch ה

╥ᵡ ȹ 

2. ѝ  

2.1. ≈ ה  

≈ ɎComputational ThinkingɏϚ  Ӧ╥נ

Carnegie MellonЄ ᾼ דּ ῏ Jeannette WingἬ

ҏȴּ ῴ ≈ Ɫ╥Ϛ ӣ דּ ᾼ

Ἐẃ ḟ ȳ Ṇ ȳѿц Ϣ ᴩⱢᾼ

῀ ϩɎWing, 2006ɏȴWing Ɫ ᶾБדּ

Ḃ Ϣ ᾼӢ♄Ѡה ᵂ ӑẓױȲ֪ה ױ

≈ ᾼϢȲẔӢ♄ᵂ ắ ȴѿױ

ᴖṕȲ ≈ ╥Ϣ ӑẃּדᶾӢ♄ἬӇ ẓ

ᾼ דּ ῀ ȳ ӣױ ῀ ᴩ ḟᾼ

ᶾ ȴGoogle֯ Exploring Computational Thinking
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М ≈ ứ Ɫ╥Ϛ Ҕᵶ ֵᶾ ȳ ⇔ȳ

ї ᾼ ḟ ȲẂֽὊ ȳ ᵑȳἼ

оцᶮכ ᾎ⁄ᾼᶾ Ȳצᴞ‒

ᶴцὼ ᾼ ⇔Ȳц ≈ᴕȳ иέ ї

ɎGoogle, 2015ɏȴὭṎ ȳᵦӔАɎ2016ɏ

֢ ᶾדּ Ṏᾼ иέѻ☼ᾼ

ṅȲשׁ ≈ ᾼứ Ɫ צ ӣ Ѡᾎ

Џẓ ḟ П≈ ϩȴ 

ᴖȲ ≈ ṅ ֽᴶ ȹ Ш ȹ ῏ Ɫ

Ṏ ᾼ ה Ɏ Ὑ☺Ȳ

2017ɏȴ Ϛṷ ḟѡ Ӣ♄ ᾼ

ה ה ԉ ȲἨ╥ ᵂᾼ ה

ц Ȳᶁ ֥ӣẃ ᾼ ≈ ϩ

ɎHsu, Chang, & Hung, 2018ȷ Ứ ế Ȳ2017ɏȴ

ҵȲױ ᶾᾼЛדּ Ȳ ה ṕᾼẕ

₤Ϸѡ ֵаȲ ῏ Ӽ∂ ה ᾼв

ȲЛ ԛ ה ṕᾼ ᾎȳ ᶾҾȲ

ᴖ╥ ẓ њᾼ ᵂ М Ὂ

Ɏdecompositionɏȳ ה ᵑɎpattern recognitionɏȳ

Ἴ оɎabstractionɏц ᾎ⁄Ɏalgorithmsɏᾼ

≈ᴕ ḟ ϩȴ 

2.2. ἤᵑ ה  

צ ἤᵑᾼׁשṅ ὑẒἤ֯ כ ȳ

⇔ȳ ȳ ȳ ȳᴞ‒ ᴩⱢῶ ϱП

Л֝Ȳֵ ṅשׁ ⱢẒἤ ֯׀ ֵ ϱᾼ

Ɏ Ȳ1998ȷᵇӖ ế Ȳ2010ȷSeveriens & 

Geert, 1997ȷѵ Ȳ2007ɏȴFan ế LiɎ2005ɏᾼׁש

ṅ╓ҏȸү Ѕ Ӣ֯ דּ ד МȲ

ᾼ ᴞ‒ ᵅὑḽ ӢȲᴖḽ Ӣ֯ ᶾדּ

ṿӣПᴞᶺ ắ⇔ϱ ѩЅ ӢⱢ ȴ ᴖȲ

צṅ╓ҏשׁצ ѹ ᾼ ȲṪ ╥Ѕ Ӣᾼ

ᴞᶺ כ Пד ѩḽӢẃ ȴ Ұ

ȲЅ Ӣᾼᴞᶺ ѩḽ ӢḆ ᾼ Ẕ

כ Ȳᴖḽ Ӣ ד ⇔ᾼᴞ‒Ȳ

Ẕ ῶ ṳЛṓ Ẕᴞ‒ד ɎAnjum, 

2006ɏȴ 

DennerɎ2011ɏ Ɫῂ ẘὰ֙ ц Ṏ ѽ

דּ ד ᾼ Ȳ╥ Ẓἤכ ῏֯ ה

П כ ϱ Ӣ ᾼѻ֪ȴRubioȳ 

Romero-ZalizȳMañosoế AngelɎ2011ɏ ЄϚ

ה ᾼ ṅשׁ▲ ӱȸЅἤ ῏ ה

ѹ ᷾Ϥ ᾼѩẂ ᵅὑḽἤ

῏ȴ¢akērȳGass ȳFosterế LeeɎ2017ɏᾼׁשṅ ȸ

ᾼ ԉ Ȳ Ѕἤ ῏

ה ᾼ ⇔ ᴞ‒Ȳṳ ᴖḂ ӐẒἤ֯ כ

ϱᾼ ȴ ϱἬ Ȳἤᵑ ֯ דּ Ϟᴟὑ

ה ᾼ ╥ ᾼ֯׀ Ȳ Ӧ ᶮכ

ᾼ֪כⱢᴶȲ ϱЬ М

ᾼ ȲḂ ἤᵑ֪ כ ᾼ ȴ 

ה .2.3  

ᵦᴍ Ɏ1998ɏ צ ᾼ ѻ ȲṼ

֢ ứ П иⱢ ȳᴩⱢ ȳה ȳ

ȳ ֵаậ֣ ХЄ ᵑȴẔМȲ ṅМѿשׁ

ᴩⱢ ṅậ֣ᾼשׁה KlobɎ1976ɏ ה Ȳц

Ɫ ῀ế ṅậ֣ᾼשׁ Felder-Silverma

ἘȲ Ɫ Ṏ ṅ῏Ἤשׁ ȴKlob Ɫ

╥Ϛ ᾼ Ȳ ╥ Ӣ֯ẓ

ȳ ∟ч ȳᶮכἼ Ἐцᴩ ∟

ҳ МᾼᴩⱢῶ Ɏֽ 1ɏȴӐׁשṅ

ѿ Klob ᾼ ה Ɫ ἘȲ֪ױ ӣẔ

ῶ ᴩׁשṅ П и ȴ 

 

1 Kolbѿ ה Ɫ▐ П и  

צ ה כ П Ȳ

ṅשֵׁ Ɫ֯׀ ȴ ụ Ɏ2010ɏѿ Klob

ῶȲ Њ Scratch ה П ȸᴩ

₤ᾼ ῏֯ ϩϱὙ ὑ ₤ȷᴖ

ᴩ ₤ȳч≈₤ц ӣ₤ᾼ ῏Ȳ֯ כ ϱꞋ

ὑ ₤ȴ ᶳɎ2012ɏѿ Klob Ȳ

ה П כ ᾼ Ȳ Ὠ

ӱ ₤ П ῶ ὑч≈₤ȴ

Ɏ2018ɏ ӣ Felder-Silvermanᾼ ẪȲ

МӢ ה Мȸ ắ₤ ῏֯ ה כ

ᾼῶ Ȳ ὑ᾿ ₤ ῏ȷᴖ ₤

῏֯ ה Ἐᾼ ϱ⁄ῶ ὑѝֿ₤ ῏ȴ 

 ṅѠᾎשׁ .3

ṅשׁ .3.1  

ӐׁשṅПׁשṅ ֪ắ ὑ Ϣ ᾼ Ȳ֪ױѿ

ПӴכ Ἴ ѠהȲ ҖӀ█ Њг

ד Ẓ Ԛ 44ᴯ ῏ Ȳל ЛԓП Ӑ∟Ȳ

῏ⱢḽӢ 21 ᴯɎ53.8%ɏȳЅ 18 ᴯ

Ɏ46.2%ɏɎᵶ 1 ֤ ᾎи ῏ɏȴׁשṅ

ד Юὑ 11-12 П Ȳ֯ӫṸ ῀ МȲ

ὑẓ ≈ ∟ ếᶮה ≈ ῴ П ȲБ

ᴩẓ Ṷᾬᾼ≈ᴕѿц Ӑᾼ ȴ 

ה .3.2 ♄  

ӐׁשṅП Scratch ♄ ѿ ᵂ Scratch Ɫ ѻ

Ȳ ῏ ẞᾼ Ӑ ה ἘȲ ӣὑ ᵂ

₇МȲ Ὑֽϯȸ 

3.2.1. Scratch ה  

Ю Scratch Юה ȳ╓҆ Ѥ ᾼϥЄ ᵑȳ ү

ᵂцṔᴥ Ȳṳ ẁ ᵂ ᾼ ȴ

῏ Ἤ ẁᾼɦScratch

ẂɧП Ȳ иέ Мᾼ
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Ṕᴥ ᴩ ὨȲ ῏ ᾲ

ᾼ Ȳ в ᾼ ה Ἐȴ 

3.2.2. Scratch ᵂ₇ 

Ӣ П ᾬếṔᴥ ᾼ ╓ה

҆ ᶧԝế Ἐȴ֯ ῏ ᵂ ∟Ȳ

ṅ῏ԛשׁ ᴩ Ϛ Ἐ Ȳ ῏

ᾼ҆╓ה ἤȴ ῏ ч ᾼ ᵂ∟Ȳԛ

Ṕᴥᾼ ц ᾼ ה ứ ẞֵ Ԉᵒ

ᾼ ἘȲ צ ԛ ϚḔ Ἠ֝ ȴ 

 ṅЏẓשׁ .3.3

ӐׁשṅП Scratch כ Ɫ в ᴞ

ᴩ ᴖכȲ ӭҔᵶ ה Ἐᾼ Ӑ῀ ȳScratch

╓҆ Ѥᾼ ӣᾎȳṼ ҏ ᾼ╓҆

ѤȳἨ╥ ֥ ᴩ ṿ ה Ӕ ᴩ ȴ

Ԛ 10 Ȳḕ 10иȲ иⱢ 100иȴױҵȲ ≈

ϩ ϞṼ цד2016 ד2017 Bebras ≈

ϩ еᵫП ӭȲᴕ Ẕ ӭ ᵶᾼ דּ

Ἐế ὔ⇔Ȳ ҏ ֥ ᾼ ӭ ᴖכȴ

Ṽ ὔ⇔иᵑѿ ὔ 2 ȳМ 2 ȳ 1 Ԛ

5 Ȳ כ ≈ ϩ›∟ Ẫȴ 

ӐׁשṅП ה Ẫ Ɏ2000ɏḂ

ᴞ Keller ӑҏᾪᾼ IMMSɎ Instructional Materials 

Motivational Scaleɏȴ Ẫв Kellerᾼ ARCS

ҳЄה ȸAttentionɎі ᾃ ɏȳRelevance

Ɏйṝד ɏȳ ConfidenceɎ∂Ӵ‒їɏѿц

SatisfactionɎ ṜɏȴӐ ẪԚ36 Ȳ‒⇔Ѡ

ẪCronbachôs Ŭ=0.86Ȳẓṏֻ‒⇔ȴ 

4. Ὠ  

כ  .4.1 Ӑ t ứ ӱ ῏П כ ῶ
≈ ϩᶁצ Ḕ 

Ӑׁשṅ Ԓ ה ∟Ȳԓ Ӣ

֯ Scratch כ Bebras ≈ ϩ П

›ȳ∟ и ╥ᵡ ȴῶ 1 ῶ 2иᵑⱢ

כ ≈ ϩ Пכ Ӑ t ứ

ɎPaired-Samples t testɏ Ὠȴ 

ῶ 1 Scratch כ ›ȳ∟ Пכ Ӑ t ứ Ὠ 

 

כ  
 ӂᶁ   t  df ἤ 

›  39 52.82 15.72 
-2.439 38 .020* 

∟  39 61.03 15.69 

 

ῶ 2 Bebras ≈ ›ȳ∟ Пכ Ӑ t ứ Ὠ 

 

≈  
 ӂᶁ   t  df ἤ 

›  39 51.67 31.82 
-4.342 38 .000**  

∟  39 66.92 25.67 

ῶ 1цῶ 2Пכ Ӑ t ứ ὨҠ῀ȸӐׁשṅ ╟

П Scratch ה ♄ Ȳ ῏П כ

≈ ϩ∟ כ ᶁ ὑ› כ Ȳѹ ᶠ ứП

ἤиᵑ ‍ ПѬ ȲӦױҠ῀Ӑׁש

ṅП כ ד ṏֻȴ 

4.2. ἤᵑ ֯ כ Пϡ֪ІԚ иέ
М ӻФᵂӣѹѻ Ὠᶁӑ  

ẔװȲӐׁשṅѿ Ӵ Ӑϡ֪ІԚ иέɎtwo-way 

ANCOVAɏ ἤᵑ֪ Scratch כ

ῶ ϱ╥ᵡ֯׀ӻФᵂӣȴ ԒȲῶ 3ⱢЛ֝ἤ

ᵑ П ῏Ȳ֯ Scratch כ ›∟

П ἤ ȴ 

ῶ 3 Scratch כ ›ȳ∟ П ἤ  

 ᵑ 
Ϣ

 

›  ∟  

ӂᶁ   ӂᶁ   

ἤ  ŋ
ḽӢ 21 52.86 18.75 58.57 18.24 

ЅӢ 18 52.78 11.79 63.89 11.95 

 

ᴩ ₤ 9 50.00 21.21 62.22 13.02 

ч≈₤ 8 46.25 15.98 58.75 19.59 

ӣ₤ 11 60.00 11.83 61.82 18.34 

₤ 10 53.00 13.37 62.00 13.98 

ѿ Scratch כ П› כ ⱢԚ Ȳ

ἤᵑ כ ∟ כ ПӻФᵂӣ╥

ᵡ Ȳ ֥ … ֝ ἤ ứП

Ԉ∟Ȳ ֽῶ 4ПԚ иέ Ὠȴ 

ῶ 4 ἤᵑ כ Пϡ֪ІԚ иέ 

ẃ  
₤III 

ӂѠế 

ᴞӦ 

⇔ 
ᶁѠ F p 

כ ›  209.494 1 209.494 .744 .396 

ἤᵑ 213.934 1 213.934 .759 .391 

 25.116 3 8.372 .030 .993 

ἤᵑĬ  701.938 3 233.979 .830 .448 

 8170.982 29 281.758   

ȸRӂѠ= .115Ɏ ∟RӂѠ= -.129ɏ 

ῶ 4 ὨҠ῀ȸἤᵑ ֯ Scratch כ

ϱПӻФᵂӣ FɎ1, 29ɏ = .830Ȳp = .448Ȳӑ

Ѭ ȴῶӱ֯ כ › ᾼ ∟Ȳἤᵑ

Scratch כ ∟ ᾼ ȲЛ ֪

ПЛ֝ᴖצἬЛ֝ȲчПӼ ȴױҵȲ ϠӻФᵂ

ӣЛ ҵȲἤᵑ Ẓ֪І ᵑПѻ ὨӼ

ӑ ȴӦױҠ῀ȲӐׁשṅП Лצ

ᾼ כ Ȳ ḽἤ Ѕἤȳѿцҳ Л֝

П ῏Ȳ֯ Scratch ה ῶ ϱṳ ȴ 

4.3. ἤᵑ ֯ ≈ ϩПϡ֪ІԚ
иέМ ӻФᵂӣᵀἤᵑ֪ ᵧ צ  

ẔװȲӐׁשṅѿ Ӵ Ӑϡ֪ІԚ иέɎtwo-way 

ANCOVAɏ ἤᵑ֪ Bebras ≈

ϩ ῶ ϱ╥ᵡ֯׀ӻФᵂӣȴῶ 5Ɫἤᵑ

Ȳ֯ ≈ ›ȳ∟ П ἤ ȴ 
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ῶ 5 Brbras ≈ ϩ›ȳ∟ П ἤ  

 ᵑ 
Ϣ

 

›  ∟  

ӂᶁ   ӂᶁ   

ἤ  ŋ
ḽӢ 21 37.86 31.33 57.86 28.22 

ЅӢ 18 67.78 24.45 77.50 17.76 

 

ᴩ ₤ 9 47.22 34.20 60.00 28.72 

ч≈₤ 8 52.50 27.12 72.50 17.32 

ӣ₤ 11 52.73 35.52 71.82 28.22 

₤ 10 50.50 33.37 61.50 27.49 

ѿ Bebras ≈ ϩП› כ ⱢԚ Ȳ

ἤᵑ ≈ ϩ∟ ПӻФᵂӣ╥

ᵡ Ȳ ֥ … ֝ ἤ ứП

Ԉ∟Ȳ ֽῶ 6ПԚ иέ Ὠȴ 

ῶ 6 ἤᵑ ≈ Пϡ֪ІԚ иέ 

ẃ  
₤III 

ӂѠế 

ᴞӦ 

⇔ 
ᶁѠ F p 

≈ ›  6845.129 1 6845.129 19.086 .000* 

ἤ  ŋ 285.141 1 285.141 .795 .380 

 1168.796 3 389.599 1.086 .370 

ἤᵑĬ  285.676 3 95.255 .266 .850 

 10400.942 29 358.653   

ȸRӂѠ= .579Ɏ ∟RӂѠ= .463ɏ 

ῶ 6 Ὠ ῀ȸἤᵑ ֯ Bebras ≈

ϩ ПӻФᵂӣ FɎ1, 29ɏ = .266Ȳp = .850Ȳӑ

Ѭ ȴῶӱ֯ ≈ ϩ› ᾼ ∟Ȳἤ

ᵑ ≈ ϩ∟ ᾼ ȲЛ ֪

ПЛ֝ᴖצἬЛ֝ȲчПӼ ȴױҵȲ ϠӻФᵂӣ

Л ҵȲἤᵑ ᵑѻ ὨӼ ȴ

ᴖȲ ᾃ ᾼ╥ᵂⱢԚ П ≈ › כ

╥ ᾼɎF = 19.086, p < .01ɏȴᶺ ѿ t ứ

ц иέиᵑ ᴩἤᵑ ≈ ›

כ Пиέ ȸἤᵑ֯ ≈ › כ צ

כȲѹЅӢ֯׀ Ɏӂᶁ 67.78ɏ ὑḽӢɎӂ

ᶁ 37.86ɏȲᴖ ⁄  ȴ֯׀

╥ צ ᾼ ȸЅἤ ῏֯ ≈ › כ

Ȳᵀ֯Ԛ иέП Ὠ⁯ Ȳ҅ῶḽ

ἤ ױ֯῏ МҠ Ḕᾼ ⇔ ЄȲ

ѿ ὑ ἤᵑ֪כ ֯Ԛ иέМȲ ∟ כ

Ӣ ᾼ Ὠȴ 

ῶ 7 ἤᵑ֪ כ ∟ -› П t ứ Ὠ 

ἤᵑ  
∟ -›  

t  df ἤ 
ӂᶁ   

ḽӢ 21 20.00 22.14 
1.481 37 .147 

ЅӢ 18   9.72 20.97 

Ɫ ױ ứȲӐׁשṅḂѿ ≈ ∟ כ -› כ

Ɏ Ḕ ⇔ɏⱢṼ Ȳ ᴩἤᵑ֪ П t ứиέȲ

Ὠ ἤᵑ֪ ֯ ≈ ϩ Ḕ ⇔П t ứ

ӑ Ɏt = 1.481, ἤⱢ.147ɏȲ ḽӢӂᶁ Ḕ

20.00иȳЅӢ⁄ӂᶁ Ḕ 9.72иɎῶ 7ɏȲ ḽ

ἤ ῏֯ Мצ Єᾼ Ḕ ⇔ȴ 

4.4. ἤᵑ ֯ ה Пϡ֪Іֵ
иέМ ӻФᵂӣᵀ ѻ Ὠ  

Ӑׁשṅѿ Ӵ Ӑϡ֪Іֵ иέɎtwo-way 

MANOVAɏ ἤᵑ֪ Scratch ה

П Ȳῶ 8Ɫ ἤ ȴ 

ῶ 8 Scratch ה П ἤ  

Ṽ  ἤŋ   Ϣ  ӂᶁ   

ᾃ ϩ 

ḽӢ 

ᴩ ₤ 5 3.40   .56 

ч≈₤ 5 3.47   .93 

ӣ₤ 7 3.20   .24 

₤ 3 3.78   .25 

 20 3.40   .56 

ЅӢ 

ᴩ ₤ 4 3.98   .39 

ч≈₤ 3 3.42   .42 

ӣ₤ 4 2.88   .42 

₤ 7 3.82   .57 

 18 3.58   .61 

ד ἤ 

ḽӢ 

ᴩ ₤ 5 3.22   .38 

ч≈₤ 5 2.91   .72 

ӣ₤ 7 3.19   .55 

₤ 3 3.81   .63 

 20 3.22   .63 

ЅӢ 

ᴩ ₤ 4 3.36 1.04 

ч≈₤ 3 3.48   .46 

ӣ₤ 4 3.08   .43 

₤ 7 3.48   .77 

 18 3.36   .70 

‒ї  

ḽӢ 

ᴩ ₤ 5 3.20   .57 

ч≈₤ 5 2.91   .72 

ӣ₤ 7 3.19   .55 

₤ 3 3.81   .63 

 20 3.22   .63 

ЅӢ 

ᴩ ₤ 4 3.47   .53 

ч≈₤ 3 3.30   .89 

ӣ₤ 4 2.64   .78 

₤ 7 3.41   .70 

 18 3.23   .73 

Ṝ  

ḽӢ 

ᴩ ₤ 5 3.67   .86 

ч≈₤ 5 3.23 1.12 

ӣ₤ 7 3.29   .44 

₤ 3 3.89   .79 

 20 3.46   .78 

ЅӢ 

ᴩ ₤ 4 3.75 1.02 

ч≈₤ 3 3.35   .94 

ӣ₤ 4 3.17   .48 

₤ 7 3.75 1.03 

 18 3.49   .85 

ᴩἤᵑ Ԛ ᾼה Boxôs M

ứȲ֝ ἤ ứ Ὠӑ Ѭ ɎF = 1.410Ȳ

ἤⱢ.072ɏȲ╝ ᴩֵ иέȲ ắ

῏ ứиέ Ὠֽῶ 10Ἤӱȴ 

ῶ 9 Scratch ה П ֝ ἤ ứ 

Box's M F df1 df2 ἤ 

71.672 1.410 30 842.425 .072 

*p<.05 
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ῶ 10 Scratch ה Пắ ῏ ứ 

ẃ  Ṽ  

₤  

ӂѠ

ế 

df 

ӂᶁ 

ӂѠ

ế 

F  
ἤ 

ἤᵑ 

ᾃ ϩ   .032 1     .032 .111 .741 

ד ἤ   .021 1     .021 .056 .815 

‒ї    .047 1     .047 .108 .745 

Ṝ    .008 1     .008 .010 .921 

 

 

ᾃ ϩ 3.234 3 1.078 3.805 .020* 

ד ἤ   .541 3   .180   .487 .694 

‒ї  2.469 3   .823 1.870 .156 

Ṝ  2.625 3   .875 1.111 .360 

ἤᵑĬ

 

ᾃ ϩ   .995 3   .332 1.171 .337 

ד ἤ   .111 3   .037   .100 .959 

‒ї  1.460 3   .487 1.106 .362 

Ṝ    .541 3   .180   .980 .417 

 

ᾃ ϩ   8.498 30   .283   

ד ἤ 11.117 30   .371   

‒ї  13.201 30   .440   

Ṝ  23.627 30   .788   

*p<.05 

ῶ 10 Ὠ ῀ȸἤᵑ ֯ ᾼҳ

и֣⇔ПӻФᵂӣᶁӑ Ȳѹἤᵑ֪ Пѻ

ὨӼ ȲҬצ ֯ и֣⇔

Пᾃ ϩϱ ɎF = 3.805Ȳp = .020ɏȲӐׁש

ṅ LSDᾎ ᴩṶ∟иέ∟ ֽῶ 11П Ὠȴ 

ῶ 11 ֯ ᾃ ϩПכ Ṷ∟иέ 

Ṽ  
 

 

 

 

ӂᶁ 

 
 ἤ 

П 

ᾃ ϩ 

֣⇔ 

ᴩ ₤ 

ч≈₤ .246 .264 .359 

ӣ₤ .649 .244 .013* 

₤ -.112 .256 .665 

ч≈₤ 

ᴩ ₤ -.246 .264 .359 

ӣ₤ .403 .256 .126 

₤ -.358 .267 .191 

ӣ₤ 

ᴩ ₤ -.649 .244 .013* 

ч≈₤ -.403 .256 .126 

₤ -.761 .248 .005* 

₤ 

ᴩ ₤ .112 .256 .665 

ч≈₤ .358 .267 .191 

ӣ₤ .761 .248 .005* 

*p<.05 

ῶ 11 ӱȸ֯ Пᾃ ϩ֣⇔МȲᴩ ₤

῏ ὑ ӣ₤ ῏Ɏӂᶁ Ɫ .649Ȳ ἤ

Ɫ.013ɏȷױҵȲ ₤ ῏Ӽ ὑ ӣ₤

῏Ɏӂᶁ Ɫ.761Ȳ ἤⱢ p = .005ɏȴ 

5. ц∂  

Ӑׁשṅ֯ס ἤᵑ ῏ Scratch

ᵂᾼ ה ȳ כ ≈ ϩ

П ȴ ϡ֪ІПԚ ֵ иέ∟Ȳ

ֽϯ ȸ 

ה .5.1 ה צ ‚ Ȳᴖἤ
ᵑ כ ᴿ  

› Пиέ Ὠ ȲӐׁשṅᾼ Scratch

ה ה ♄ Ȳ צ ‚ ῏֯

כ Bebras ≈ ϩ П ῶ ȴ

ᴖ Ὠќ═ἤᵑ Ẓ ֪Ȳ֯ ה

כ ϱṳ ӻФᵂӣȲѹЛ֝ἤᵑ Л֝

П ῏ȲẔ כ ṳ ȴ 

5.2. ἤᵑ ≈ ϩ ӻФᵂӣц
ȲᵀЅӢῶ ֻȳḽӢ Ḕ ⇔ Є 

Ӑׁשṅ Ὠ ӱȸἤᵑ ֯ ≈

ϩϱṳ ӻФᵂӣȲѹЛ֝ἤᵑ Л֝

П ῏ȲẔ ≈ ϩṳ ȴׁשṅ῏ Ӑ

ứ Scratchᾼ ה Ȳ Ầᵗ ῏

ḟП≈ ѠᾎȲ с ῏֯ ≈ ϩ ϱ

ᾼ иȴ ӐׁשṅП ≈ ϩ ᴞ Bebras

≈ ϩ╚ ᾼ ӭȲ Ḇ ᾼ≈

ϩ ѠᾎȲӐׁשṅ Ȳ ῏

Ҡ Ữӑ ᾼ ḟ ϩȲ כ Л ȴ 

ҵȲױ ᾼ נּ ȲBebras ≈ ╚

ӭП ֿ ѩϚ Ӣ ᾼ ӭ Ȳ

ᵂ ῏ їוֹ ṳ ӭв ∟И ᵂ ȴḽἤ

῏ ὑ ӭᾼж  ẞЛֹו Ȳѹצ ѩ

Ẃ ӣ ᾼѠהᵂ ȷч Ѕἤ ῏⁄ѩ וֹ

ї ∟Иᵂ Ȳ Ἠ ╥Ѕἤ ῏֯ ≈

›ȳ∟ ᾼӂᶁ иꞋ ᾼ ֪ȴדчᾼȲӦὑ

ḽἤ ῏› כ Ȳ֯ ה ♄

∟Ȳ ה Ӣ ᾼ Ȳ╝֯ ≈

ᾼ∟ ῶ ϱצ Ḕ ⇔ Єᾼ Ὲ ȴ 

5.3. ᴩ ₤ ῏ ₤ ῏֯ ה
Мᾼᾃ ϩꞋ ὑ ӣ₤ ῏ 

Ӑׁשṅ Ὠ ӱȸЛ֝ П ῏֯

ה כ ц ≈ ϩϱᶁ ȷ

ᴖ Ѡ Ȳᴩ ₤ ῏ ₤ ῏ᶁ֯

ᾃ ϩ֣⇔ϱ ὑ ӣ₤ ῏ȴ 

Ṽ Kolbц KolbɎ2005ɏ ᾼ ȸᴩ ₤

Ɏaccommodatorɏ ῏ ֣ṿӣẓ ếѻ

Ȳ   Ȳ ѿ᾿ ế ᾼ

Ѡᾎ њҟ ȷ ₤Ɏassimilatorɏ ῏ ֣

ṿӣἼ Ἐếע≈ ẃ Ȳẓצ ᾼ

ѿц▐ ᾼ ϩȲ ἤᾼ Ἐ ȷ

ӣ₤Ɏconvergerɏ ῏⁄ ֣ṿӣἼ Ἐếѻ

Ȳ ὑ ᾼ Ȳẃ Ḗ ḟᾼ

ѠᾎȴӐׁשṅ ♄ в Ȳ Ϡ ṿӣ Scratch

ה Ѥ Ἴ ᾼ ḟ ᾎ⁄ оכẓ Ҡ ᴩ

ᾼ Ṕᴥ ᵂҵȲ ӭ Ɫ ᾼ Ὅה

ԉ Ȳ ᵂ ֝ ц֥

ᵂȲѹ ה МȲӇ ч ᴩ ẃ

Ӕ ᾼ ה ᴩ Ὠȴ֪ױȲ ԉ ПȲᴩ

₤ ӣ₤ ῏ᾼ њ ȲᴿѾ ֥ ה

ᾼ ԉ Ȳᴖ ₤ ӣ₤ᾼἼ ≈

ᴕ ȲᴿѾ ֥ ḟᾼ ᾎ⁄ ȴ 
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ѿѝ ֫ ὨȲׁשṅ῏֥ Ὅהᾼ

Ȳѹ֝ ≈ᴕ њ ᵂᾼ

ה ԉ ȲᴿѾѩ ὔᵮіᴩ ₤ ₤

῏ᾼ ᾃ ᷾ϤȲ Лᵓὑ ӣ₤ ῏ ֻ Ϛ

ᾼ ȴ 

ѷּנᾼ Ṏ≈ ╥ѿ ῏ⱢМїᾼ Ἐ▐ Ȳ

ӣЛ֝ᾼ Ἠ╥♄ ׄ ẃ‚ Л֝ἤ

ᵑ ᾼ ῏Ȳ сẔ כ ȴ

ӑẃׁשṅ∂ Ғ П Ϣ Ȳѿ ṅשׁ

П ӣἤȴẔװȲἤᵑ

≈ כ Ѡ Ȳ∂ ᴕ Ԓ ῀ Ϥ Ϯ֪

І Ȳ ѿ Ӕ ▐ṅשׁ МЅἤ ῏› כ

Пה ȴ 

6.  

ӐׁשṅἭ ᶾדּ MOST 106-2511-S-152-001  MOST 

107-2511-H-152-009 ׁשṅ П ᵗȲ ױ

ȴ 

7. ᴕѝ  

ѵ Ɏ2007ɏȴ֯ Мᾼἤᵑ ȳ

ếӂ ȴМ ṎȲ2Ȳ25-29ȴ 

Ɏ1998ɏȴּד Ṏ ἤᵑ ᾼע≈ȴẒἤ

ӂ ṎủґȲ2Ȳ51-57ȴ 

ᵇӖ ế Ɏ2010ɏȴ דּ ᾼἤᵑ

иέ-ѿ TIMSS 2003 ϥד ӢⱢẂȴ

Ȳ22Ȳ1-29ȴ 

ὭṎ ếᵦӔАɎ2016ɏȴ ≈ МЊ דּ

ᶾ ȴ Ṏׁשṅ Ṏ Ȳ6Ȳ5-20ȴ 

Ὥὺ Ɏ2018ɏȴ ӣ֝ ᾎ֯ ה ὑ

МӢ ≈ ц כ П Ɏӑҏᾪ Ђ

ѝɏȴ ҖӀȸ ҖӀӴ ṎЄ ȴ 

ᵦᴍ Ɏ1998ɏȴ ṅȴ Ȳ37

Ɏ5ɏȲ47-53ȴ 

ᶳɎ2012ɏȴ Л֝ ц

ᴞᶺ ϝד Ӣ כ ПׁשṅɎӑҏᾪ

Ђ ѝɏȴ о ȸ Ӵ о Є ȴ 

Ɏ2018ɏȴЛ֝ МӢѿԉ ֣

ה ᾼ כ Ɏӑҏᾪ Ђ ѝɏȴ

о ȸ Ӵ о Є ȴ 

ụ Ɏ2010ɏȴScratch ה ЊХד Ӣ

ᴶ Ἐц ϩᾼ Ɏӑҏᾪ Ђ

ѝɏȴ ҖӀȸ ҖӀӴ ṎЄ ȴ 

Ὑ☺Ɏ2017ɏȴ ⅎ Ṏȳ ≈ ȳ ה ʲ

ɦ ɧẞɦ ɧᾼ Ἐȴ

Ṏ ѣґȲ6Ɏ1ɏȲ138-140ȴ 

Ứ ế Ɏ2017ɏȴ ᾼ דּ - њ

ҌȴүҖȸМ Ӗ ᴞӦẦ ȴ 
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ABSTRACT  

Although the general principles of Computational Thinking 

are manifold and not bound to one specific programming 

paradigm current practice is less varied, dominated by visual 

block-based approaches following the imperative paradigm. 

For this study, an environment with an agent in a maze has 

been made accessible to programming in two different 

modalities: visual block-based programming (the current 

standard) and reactive rule-based programming. The latter 

approach allows for defining the agent behavior in bottom-

up style in reaction to current local conditions. We have 

tested the transfer between the two approaches in both 

directions, i.e. starting with reactive rule-based pro-

gramming followed by visual block-based programming and 

vice versa. It turns out starting with the reactive rule-based 

approach is superior in terms of achievement (level gain) 

and problem understanding. 

KEYWORDS  

representational flexibility, algorithmic thinking, reactive 

rule-based programming, block-based programming  

1. INTRODUCTION  
According to Hoppe and Werneburg (2019), the ñessence of 

Computational Thinking (CT) lies in the creation of ólogical 

artifactsô that externalize and reify human ideas in a form 

that can be interpreted and órunô on computersò. These 

logical artifacts are often the results of programming 

activities, which links computational thinking to 

programming as a medium. Although the term 

ñComputational Thinkingò has gained popularity more 

recently, especially through Wing (2006), already Papert 

(1996) described the idea and used the term in conjunction 

with the development of the LOGO language as a medium 

for learning mathematics. In her recent characterization of 

CT, Wing (2017) emphasizes the importance of abstraction: 

ñThe most important and high-level thought process in 

computational thinking is the abstraction process. 

Abstraction is used in deýning patterns, generalizing from 

speciýc instances, and parameterizationò.  

The executable artefacts that are created in CT activities are 

examples of ñcomputational modelsò. Such models can be 

generated by learners from scratch, they can be modified, or 

they can be used for experimentation as is often the case with 

interactive simulations supporting scientific inquiry 

learning. Systematically using or modifying simulations can 

also involve CT skills (cf. Sengupta et al., 2013). However, 

in such environments the basic computational ñingredientsò, 

namely underlying data structures and a basic processing 

model, are usually predefined and fixed. However, from a  

 

computer science point of view it is desirable that learners 

should be able to create computational models with a certain 

freedom of choice regarding the use of different 

representations (e.g. data structures) and processing 

mechanisms. Even beyond simple variation in formulating a 

specific programming solution, we would like to enable 

learners to actively experience different computational 

approaches and paradigms. Aho (2012) uses the term 

ñmodels of computationò to address this aspect. Variations 

on this level are found between different classes of 

programming languages (e.g., imperative versus declarative 

languages) but also comprise ñabstract machinesò such as 

automata or grammars. We use the term ñrepresentational 

flexibilityò to denote the characteristic of a CT environment 

that supports different models of computation. 

The study reported on in this paper combines two different 

computational approaches and investigates sequencing and 

transfer effects between two different ensuing experiences. 

This is enabled through the provision of different 

computational approaches that are applied to the same 

problem, namely steering a programmable agent to escape 

from a maze. In this context, successful problem solving 

requires understanding and skills on two levels: (1) 

programming and (2) maze strategies. Related to (2), we 

would speak of ñlearning through programmingò as 

compared to ñlearning to programò (1). The co-existence of 

these two orientations is frequently found in programming-

based microworlds (cf. DiSessa, 2000). The maze problem 

domain is closely related to turtle geometry. Labyrinth 

algorithms are discussed from this perspective by Abelson 

and DiSessa (1981). 

The aim of our study is to investigate the influence of 

ñrepresentational variationò in terms of multiple models of 

computation on both problem understanding and the 

development of programming skills. 

2. THE ENVIRONMENT:  TMAZESTUDIO  
The ctMazeStudio system facilitates the definition of agent 

behavior in a maze environment with different difficulty 

levels. At all levels, the goal is to define a strategy that lets 

the agent find a way out of any maze of the given level. In 

the overall learning process, the learners will formulate 

strategies of more and more general nature, ending up with 

a correct implementation of ñwall followingò (i.e. navigating 

through maze keeping the walls always on one hand side).  

ctMazeStudio offers two different computational approaches 

to formulate agent strategies as solutions to the given 

problems: 

mailto:@collide.info
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The reactive rule-based approach facilitates the formulation 

of strategies in a bottom-up and ñsituatedò fashion: In a 

given situation (i.e. with the agent in a certain position in a 

certain maze), the learner is provided with a localized rule 

that reflects the concrete situation in the neighborhood of the 

agent in its pre-instantiated conditions (IF-part) whereas the 

action part (THEN-part) of the rule is still empty. Now the 

learner has to fill in a corresponding action or action 

sequence made up of 90° turns (ñLeftò / ñRightò) or stepwise 

movements forward. Figure 1 shows an example of such a 

situated rule construction: The agent (called ñHeroò) facing 

towards the right has walls to the left and right (ñblockedò) 

and a free space in the viewing direction (ñfront freeò). Here, 

the choice is clearly ñGo Forwardò. 

 

Figure 1. ctMazeStudioôs ñsituatedò Rule Editor. 

The rule editor shown above is always invoked when a new 

situation is encountered. For the given conditions, the 

learner selects the desired actions and thus defines a situated 

rule of ñreactiveò behavior (triggered by the given 

conditions). The user can also delete conditions, which 

implies that the corresponding rule will be applied in 

situations more general than the given one, disregarding one 

of the premises (as a generalization mechanism). The rules 

will be ñmemorizedò by the agent and will be re-applied 

under the same conditions. This approach was inspired by 

the kind of visual agent programming introduced in 

ñKidSimò (Smith, Cypher, & Spohrer, 1994). 

In addition to the rule editor, ctMazeStudio contains two 

more components: the behavior stage and a rule library 

(Figure 2).  

Figure 2. ctMazeStudio with Rule Library. 

The architecture of the rule-based variant of ctMazeStudio is 

shown in Figure 3. In the graphical user interface, the user 

can create a new rule or modify an existing rule in the rule 

editor. Each created rule is listed in the rule library, initially 

in the order of creation. The ordering of the rules determines 

the order of the matching and ensuing execution. The rule 

manager combines the rule library with the interpretation of 

rules and renders the result in the behavior stage using a 

game engine.  

 

Figure 3. Architecture of the rule-based system. 

The rule library (shown in Figure 2) allows for managing the 

collection of all previously defined rules. The learners can 

edit or delete already defined rules, directly enter new rules 

and change the order (and thus priority) of the rules to be 

checked. Depending on the entries in the rule library, the 

corresponding actions are executed and the specific entry in 

the rule library is highlighted. The execution will stop if now 

applicable is found or the goal is reached. 

On the higher levels, learners have to apply different 

strategies to improve their programming code (i.e. the rule 

set). When they investigate and test their rule sets in 

consecutive situations, they may revise formerly defined 

rule sets through generalization (dropping of conditions) or 

reordering. The challenge is to create a maximally powerful 

rule set with a minimum number of rules. This requires a 

level of understanding that allows for predicting global 

behavior based on the locally specified rules. In the maze 

example, a small set of rules (minimally three) will be 

created to implement a wall-following strategy. A correct 

algorithmic solution has to ensure that the wall is always 

kept either on the right or on the left hand. This strategy 

works with any kind of maze that has no cycles or ñislandsò.  

 

Figure 4. Block-structured programming interface. 

In addition to the reactive rule-based mode, the ctMaze-

Studio environment can also be programmed through a 

block-structured interface (Figure 4), similar to Scratch 

(Resnick et al., 2009). This corresponds to top-down 

imperative programming approach with conditionals and 
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loops as control structures. In combination of both 

approaches, ctMazeStudio affords a specific form of 

ñrepresentational flexibilityò the gives the learner two 

different programming interfaces for the same task. 

3. HYPOTHESES AND STUDY DESIGN  
Providing the learners with choices between different 

computational approaches and representations when 

teaching CT is a postulate that resonates with conveying the 

power and richness of computer science constructs to the 

learners. This is very much what Aho (2012) advocates 

when he introduces the notion of ñmodels of computationò. 

CT learning environments based on one specific 

computational approach will particularly support a learning 

progression within this approach. In ctMazeStudio we can 

examine the impact of and the interaction between different 

computational representations and approaches. The target is, 

in first place, the development of problem understanding in 

the given task domain conditioned by the one or the other 

computational approach. The computational approaches 

provide different versions of agent programming, whereas 

the task domain is the same (namely labyrinth algorithms 

leading to ñdiscoveringò the wall-following strategy).  

Based on these premises, we have studied the effect of 

sequencing the usage of reactive rule based programming 

approach (RRBP) and of visual block-based programming 

(VBBP). Our central hypothesis was: 

(H1) The understanding and active mastery of wall-

following will be better supported by RRBP. 

Our two experimental conditions were RRBP first, followed 

by VBBP second for group A and vice versa for group B. 

Following H1, we would expect the learning gain (related to 

the maze strategy) to be higher for group A than for group B 

after the first trial. We would expect group B to ñcatch upò 

after the second round. Additional observations were made 

regarding the problem-specific and general coding abilities 

in the VBBP approach. Specifically, we would expect: 

(H2) Prior experience with RRBP will lead to better 

solutions in the VBBP modality in terms of finding and 

implementing correct strategies. 

Figure 5 represents the overall experimental procedure: 

 

Figure 5. Experimental procedure. 

The tests of algorithmic understanding were related to the 

maze problem and operationalized through specific 

questions, involving paper and pencil solutions with given 

labyrinths. CT competencies were tested through questions 

inspired by Gonzalez (2015) and Grover and Basu (2017). 

The study was conducted in a public German high school 

(ñGymnasiumò) with a group of 31 students of grade nine 

participating in a computer science course (elective), 2 were 

female and 29 male, and all between 14 and 16 years old (M 

= 14.87). The average self-assessment of programming 

skills was 2.77 on a 5-point Likert scale. Group had 15, 

group B 16 participants. The duration of the test was 90 

minutes. 

4. RESULTS 
Table 1 captures the distribution of successful completions 

of level 8 (corresponding to wall following) for all groups 

and conditions. For both groups, the rate of success 

increased from trial 1 to trial 2 (A: 6 to 8; B: 2 to 5). The 

overall success was higher in group A. 

Table 1. Success (completion of Level 8)  

per group and programming modality. 

 RRBP VBBP  

Group A 6  8  

Group B 5 2  

The outcome for group A indicates that a better problem 

understanding was developed in the RRBP condition and, if 

this was the first experience, it could be transferred to the 

second phase allowing for a re-coding in the other modality 

(VBBP). In contrast, starting with VBBP did not facilitate 

initial understanding and success in solving the problem. 

 

 

Figure 6. Algorithmic understanding: declarative and 

procedural knowledge of groups A and B, measured  

at times ╣  and ╣ .   

Figure 6 shows the quantified results of the ñalgorithmic 

understandingò test applied after Run 1 (T1) and after Run 2 

(T2). The questions were designed in such a way as to 

distinguish procedural and declarative knowledge related to 

this problem, and the diagram shows the results with this 

distinction. First, we compared the different measurements 

for each of the groups (A and B) separately using the non-

parametric Wilcoxon signed-rank test. For both groups, the 

difference (in both cases an increase) in procedural 

knowledge was not significant.  However, group B showed 

a significant increase in declarative knowledge between T1 

and T2 (Z=19.5, p=0.026). The corresponding difference 
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(slight decrease) of declarative knowledge in group A was 

not significant.  

Secondly, we used the Mann-Whitney U test to compare the 

declarative understanding between groups A and B. We 

found a significant difference for the measurements at time 

point T1 (U=68.5, p=0.20), but no significant difference at 

T2 (U=105.5, p=0.286). 

This corroborates our central hypothesis (H1): The RRBP 

experience is essential for a better (declarative) under-

standing of the maze strategy in both groups. The essential 

knowledge gain comes from the exposition to RRBP. 

The second hypotheses (H2) is plausibly backed by the 

comparison of success figures in Table 1: Success in the 

VBBP condition is four times higher if this modality is 

preceded by RRBP. However, an analysis of ñproductivityò 

in terms of number of trials did not show a difference 

between groups A and B in the VBBP condition. 

Evidently, the empirical basis for our findings is limited. The 

quantitative dominance of male participants in our 

experimental group introduces a gender imbalance but it is 

typical for elective (choice-based) computer science courses 

in German high schools and was inevitable in a study 

conducted in the field. 

In spite of the overall positive result for RRBP, there was a 

specific issue that often created a learning obstacle: The 

Rule Editor allowed for entering an unlimited sequence of 

actions so that a specific solution for the given maze could 

be specified at a single blow. However, such solutions would 

not be transferable to other mazes (not even of the same 

level). To avoid this problem, the number of actions in one 

rule can be limited in the current version of ctMazeStudio. 

The maximally necessary number of actions would be two, 

which allows for combining one forward step with a turn. 

5. DISCUSSION 
This study aimed at investigating the differences in CT 

ñinducedò by different computational approaches or para-

digms used in then maze problem solving task. The 

differences were reflected and measured in terms of the 

understanding of the problem-related strategies as an effect 

of ñlearning through programmingò.  

The RRBP approach favors a bottom-up and ñsituatedò type 

of reasoning and is certainly closer to the problem than 

VBBP. Accordingly, it provides an easier start. However, 

RRBP comes with the challenge of inferring the global 

behavior of the agent from a collection of such locally 

defined rules. A correct implementation of the wall-

following strategy requires the generalization of rules and 

typically also a reduction of the accumulated rule set, which 

requires more than a local understanding of the individual 

rules. We could demonstrate that the prior experience with 

RRBP supports the declarative understanding of the problem 

better than VBBP and also leads to higher success rates in 

the following VBBP condition, which in turn is 

characterized by a top-down and imperative model of 

computation. In this sense, RRBP is able to ñfeed intoò 

VBBP in terms of a transfer of learning. 

Our findings suggest that sticking to one computational 

approach alone may not be adequate. Different models of 

computation do not only increment the learnersô knowledge 

base by juxtaposition, they can also positively interact with 

each other. Accordingly, we should further explore 

ñrepresentational flexibilityò in teaching CT.  
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ABSTRACT  

In order to investigate the current situation and influencing factors of visual programming learning of primary school students, 

this study took the sixth grade students who have just learned the Scratch course for half a year as the research object, and 

studied their learning interest, future career intention, motivation, cognitive load and programming self-efficacy. The findings 

are as follows: (1) students have strong interest in computer programming, high  learning motivation, good self-efficacy in 

programming and low cognitive load; however, students are less willing to engage in computer programming relates 

occupations in the future. (2) there are significant differences between male and female students in future career intention and 

programming self-efficacy. (3) there is a significant positive correlation between learning interest, future career intention, 

motivation and programming self-efficacy, and a significant negative correlation between cognitive load and learning interest. 
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Ӑׁשṅѿ Scratch ҙדᾼгד Ӣ
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ȳ ῀ ѿц ᴞᶺ ᴩׁשṅȴׁשṅ

ȸɎ1ɏ Ӣ צ ⁴ᾼ Ȳ

Ȳ ᴞᶺ ֻȲ ῀ ᵅȲᵀ
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1. ›ṕ 

≈ ╥ › Ṏ ṅᾼשׁ ȴ Ϲ

≈ ᾼứ Ȳᵀӭ›Є и ῏ Ҡᾼ
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ᴩ Ḗ ȳṆ ѿцϢ ᴩ

דּ П ⇔ᾼϚṆԝ≈ ♄ ȴ Є ȳϢЏ

Л Ȳ ≈ ╥Ӈ ᾼ

ПϚȴӭ›Ȳ ≈ ᾼ Б Л ᶝ ֯

Ṏ ◕ȲϷ֯Л ᾼ֣ K-12 Ṏ ◕ế › Ṏ

◕ Єȴ ҵ Ϲ K-12 ◕ ≈ ᾼ ϫи

Ȳ−ֵ ≈ Ϥẞ֯ẔϢИ ֒
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ֽ ScratchȳAlice ȴ ╥ Scratch Ẕ ᶮоȳ
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-♠Ẉ ɎSáez-López et al., 2016ɏ 107֤ ᴞ

Л֝Њ ᾼ ד6 Ӣᵓӣ Scratch֯ М ᵂֵ
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ế ∂ ᶧϱᾼ ḆюɎArmoni, 2015ɏȴ
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ɎKong, 2017ɏȴ 
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 ṅѠᾎשׁ .3

ṅשׁ .3.1  

Ӑׁשṅѿύ Ӏ█Њ Ṏҙד

ᾼгד Ӣ ▲ Ȳ Њ ᴞϮד Ở

‒ ᶾ Ȳᵀ ᾼ МϹ ȳWordȳ

ExcelȳPowerPoint Ԉᾼ ӣȴӦϹгד Ӣ

ᵂ Ȳ֪ױ гד Ӣ

Scratch ȴӐׁשṅ ֯Ϡ ҙדᾼ Scratch

֧Ȳ Ӣ ȳӑ ȳ

ȳ ῀ ế ᴞᶺ ᾼ ֯Ȳ ֧

Scratch ᾼ ȳ Ѡᾎ ẁ ȴ

Ӑׁשṅ ӣ ṅᾎȲשׁ▲ Ὅ Ẫ 101ԌȲ֫צן

Ẫ 72ԌȲ Ẫ֫ן 71.3% ȴẔМḽӢ 35ϢȲЅӢ

37Ϣȴ 

 ṅЏẓשׁ .3.2

Ӑׁשṅ ▲ ẪӦ ȳӑ ȳ

ȳ ῀ ế ᴞᶺ Х и ȲԚכ 16

ȴẔМ Ӧñʌ צ−

≈òếñʌ ϫиṹắ ᾼ ò ӭ ȷӑכ

ѻ ╥ ᾃ Ӣӑ Ṷד ᾼ ĺ

ĺɶᶺӑ Ṷ ד ᾼ ɷȷ

ѻ ϜӘ Ɏ2012ɏ ạᾼЊ Ӣ

▲ῶȲɶ֯ ♄ М ẞֻכ Ȳ ᶺ ╥

ṜᾼṶ ɷȳɶ֯ ♄ МȲᶺѩ ╚צ

ἤᾼ Ȳ֪ ᶺҠѿ ẞ ᾼṶᾬɷȳɶᶺ

֯ М ẞ ᴫȲи Л Ϸ Ἤ ɷ 6

ӭȷ֯ ῀ иȲӐׁשṅḂ ᴞ HwangɎ2013ɏ

ҏᾼ ῀ ▲ ẪȲҔᵶ ɶ ᾼ

ᶺ − ɷȳɶᶺЛ Лῧ −ֵᾼ ϩ

♄ Мᾼ ɷ2 ӭɷȷ ᴞᶺ

 ӣ KongɎ2018ɏϚѝМ ᴞᶺ ᾼ

ȲԚ 5 ȴ 

Ẫ ӣḈᵌ 5 ῶȲ SPSS21.0 Ẫ‒⇔
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иέẔ‒⇔ȴ ᵌ ђ ŬṆ 0.905̆

иᵌ ђ ŬṆ 0.679Ȳ ῀ иᵌ

ђ ŬṆ 0.773ȴᵌ ђ ŬṆ ֯ 0.6-0.7 Ҡ

ѿ ắȷ ᴞᶺ иᵌ ђ ŬṆ 0.846ȴ

Ẫ ᵌ ђ ŬṆ  0.832Ȳ Ẫẓצ ֻ

ᾼ‒⇔ȴ 

ῶ 1 Ẫ‒⇔ 

⇔  ᵌ ђ ŬṆ  

 2 0.905 

ӑ  1 / 

 6 0.679 

῀  2 0.698 
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4. иέ 

4.1. иέ 

Ȳכ Ӣ צ ⁴ᾼ ȳ

ȳ Ӣ Ϲ ᾼᴞᶺ ֻȲ ῀

ᵅȲᵀ╥ Ӣ Ϲӑ Ṷ ד

ᾼ ᵅȴӦῶ 2Ҡ῀Ȳ ῴ ῏ צ’ ⁴

ᾼ Ȳצ ᾼ ȴ ế

ᶁ и 3.89ế 3.54Ȳ Ҡ  ӣ оᾼ

Ѡהế ЏẓӐṝ ἤצ ȴ֯ӐׁשṅМἬצ

ῴ ῏ᶁ╥Ӧ֝Ϛᴯ  ӣ ᾎ ᴩ

Ȳ דּ Ἐ ῀ ֥ẞЊ

МȲ Ӣ ạᵂ ᶙכ ד ῀ ᶾ ᾼ

ȴӐׁשṅМ ῴ ῏╥ Scratch Џẓ

ᴩ ᾼȲҠ о ᾼ᾿ ἤế Ằἤ

с Ӣᾼ Ɏ Ȳ2017ɏȴױҵȲӦϹ

Ӣ ԉᴶצ Ȳ ֯ ϱἬ ᾼ

⇔ ᵅȲϚ ӣ҅ ӭ юȳ ⇔ ᵅȳ Ằἤ

ᾼ ᴩ Ẃ ȴ ֯Ϛứ ⇔ϱ ᵅϠ

Ӣᾼ ῀ Ȳ Ϡ Ӣᾼ ȴ Ӣ

צ ⁴ᾼ ế ᾼᴞᶺ Ȳ

ᵀ╥Ẕӑ ᵅȲ Ҡ гד ᾼ ӢỮ

ѽ ӑ ᾼ ֒ѿц דּ ᾼϠ

צ ȴ 

ῶ 2 Ὠ 

⇔ ᶁ   

 3.89 0.95 

ӑ  2.54 1.26 

 3.54 0.74 

῀  2.15 0.95 

ᴞᶺ  3.55 0.89 

4.2. ἤ иέ 

Ϡ ἤ Ὠᾼ ȲӐׁשṅ ӣ Ӵ

Ӑ t Л֝ἤ ᾼ ῴ ῏֯ ȳ

ȳӑ ᶳ ȳ ῀ ế ᴞᶺ ╥

ᵡ֯׀ ᴩϠиέȲ 

ῶ 3ḽЅӢ Ὠ ѩ  

Ὠ ἤ  ᶁ   t  

 
ḽ 3.94 0.95 

0.47 
Ѕ 3.84 0.97 

ӑ  
ḽ 2.89 1.18 

2.33* 
Ѕ 2.22 1.25 

 
ḽ 3.68 0.79 

1.63 
Ѕ 3.40 0.66 

῀  
ḽ 2.20 1.11 

0.40 
Ѕ 2.11 0.78 

ᴞᶺ

 

ḽ 3.79 0.80 
2.27* 

Ѕ 3.32 0.93 

ᾃȸ*p<0.05,**p<0.01,***p<0.001 
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Ὠֽῶ 3ἬӱȴḽӢ֯ ȳӑ ȳ

ȳ ῀ ế ᴞᶺ ᾼ иᶁ ᶁ

ϹЅӢȴẔМȲḽӢᾼӑ ɎM=2.89Ȳ

SD=1.18ɏ ϹЅӢᾼӑ ɎM=2.22Ȳ
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ᴞ ᶺ Ɏ M=3.32Ȳ SD=0.93ɏ Ȳ t Ɏ 70ɏ

=2.27,p=0.026<0.05ȴ֯ ȳ ế ῀
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ȴ 
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ABSTRACT  

Since its inception, computational thinking has gradually 

been accepted by many countries as a critical element to the 

curriculum of elementary schools. Hence this study aimed to 

develop coding poker cards by the principles of game-based 

learning. That is, coding poker cards are used to increase 

learnersô motivation and improve their cognitive skills. 

Meanwhile, this study employs augmented reality (AR) to 

verify these poker cards and exhibit real program behaviors. 

Lastly, this study hopes to develop a set of coding poker 

cards featured with low-cost, portable, and being able to 

provide real-time cooperation and face-to-face interaction 

using AR technologies. 

KEYWORDS  

computational thinking, coding, poker cards, augmented 

reality 

1. MOTIVATION AND PURPOSE  
The concept of computational thinking was presented by 

Prof. Wing at Carnegie Mellon University in 2006. As she 

pointed out, computational thinking can be employed to 

solve problems, design systems, and understand human 

behaviors. Some scholars have also stressed that 

computational thinking is a necessary skill that an individual 

need to acquire in modern times. By this token, it is very 

important for children to acquire computational thinking 

ability since childhood. An easy way to develop this ability 

is to learn by writing a program (Buitrago Flórez, Casallas, 

Hernández, Reyes, Restrepo, Danies, 2017). Most young 

learners who have zero experience in programming struggle 

with the text-based user interface (TUI) when they are 

flummoxed by its complexity (Costelloe, 2004; Powers, 

Ecott & Hirshfield, 2007). So far the benefits of ñgame-

based learningò for young learners have been recognized by 

a considerable amount of studies.  

With the rising popularity of educational board games, the 

computer science unplugged project (Bell, Alexander, 

Freeman, & Grimley, 2009) has also begun to gain attention, 

while related materials and ways of application have 

appeared on the market. To disseminate the concepts of 

program logic, this study presents a set of coding poker cards 

featured with low-cost and portable, which can also provide 

real-time cooperation and face-to-face interaction using AR 

technologies. 

2. GAME  DESIGN OF CODING POKER 

CARDS 
The game mechanics of coding poker cards are mainly about 

card players trying to choose a route from a range of choices 

when they embark on a trip. By so doing, they need to use 

cards to discover the program logic, which indicates the 

principle of such routes. Meanwhile, card players try to  

consider how to use a minimum number of cards to get to 

the destination. Two to four players aged above eight can 

form a group for a game, which lasts 20-40 minutes. The 

program logic behind coding poker cards consists of 

sequence, event, repetition, parallel, naming, operator, and 

data application. The flowchart of the game is shown in 

Figure 1: 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. How to play coding poker cards. 

 

The number of players should be decided at the very start. 

Each person is given four cards. Once all cards are 

distributed, a topic card is drawn by the person who has won 

the rock-paper-scissors hand game. The number of topic 

cards is between 2 to 4 (Figure 1). Two sides of the topic 

card are for the question and the answer, separately. Once it 

is drawn, the side with the question is up. Moreover, the 

maximum number of cards (with answers to them) is ten. 

Topics are contextually formulated.   

Then card players can engage in ñfoldingò or ñdrawing 

cardsò according to some game mechanics. During the 

above said process, a person may draw a card at each turn, 

and the maximum is ten cards. When a card is drawn, the 

player may also take his new card through folding or 

changing cards. We also add some game mechanics to make 

this game even more enjoyable, such as getting more cards 

quickly, two cards being exchanged, and drawing cards from 

othersô hands. It is up to the card player which topic card 

she/he will be choosing. Once the player has collected all the 

cards of which the problem-solving tasks have been 

completed, she/he needs to wait until the next turn to declare 

she/he has accomplished the mission. When it is 

accomplished, the card player is required to give 

explanations by order of the poker cards (Figure 3). Other 

teammates shall verify the result. 

A topic card is drawn by the chosen person of the team.  

 

Each person is given four cards.  

Cards are changed according to game mechanics.  

Arrange the cards into the topic card's answers  

The result is verified by 

peer cooperation.  
The result is verified by 

an AR app. 
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Figure 2. Example of topic cards. 

 

 

Figure 3. Player collected all the cards according the tasks. 

 

Card players may decide which topic card she/he is choosing 

from all the cards. As the person has collected all the cards 

of which the problem-solving tasks have been completed, 

she/he needs to wait until the next turn to declare she/he has 

accomplished the mission. When it is accomplished, the card 

player is required to give explanations by order of these 

poker cards. Other teammates shall verify the result. If a 

mobile phone is at hand, then player can be scanned via AR 

technologies for verification (Figures 3). 

 

 

Figure 4. AR scan for verification. 

 

3. CONCLUSION 
The importance of computational thinking in education has 

been internationally accepted in recent years. Computational 

thinking may help children develop problem-solving skills 

and form a logical thinking model. Therefore, we create 

coding poker cards based on the principle of ñgame-based 

learning.ò That is, coding poker cards are used to increase 

the learnersô motivation, facilitate ñflow,ò and then improve 

their cognitive skills. Meanwhile, AR is used to verify these 

poker cards and exhibit real program behaviors. Lastly, this 

study hopes to develop a set of coding poker cards featured 

with low-cost, portable, which can provide real-time 

cooperation and face-to-face interaction using AR 

technologies. We will explore learnersô performance after 

playing coding poker cards, using scales and behavioral 

models in an empirical study. 
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ABSTRACT  

The aim of this study is to explore how the game adventure 

in Minecraft promote computational thinking in the context 

of after-school K-12 programming club. Earth 2.0 map was 

designed to include problem-based puzzles and engaging 

post-apocalyptic game narrative (see tasks section). Earth 

2.0 was tested in the authentic context with 60 pupils and 

five teachers. Preliminary findings provides support for 

using Minecraft as a tool for learning computational thinking 

concepts and practices. 

KEYWORDS  

minecraft, serious gaming, computational thinking, 

programming with games  

1. INTRODUCTION  
Wing (2006) defines computational thinking as a thought 

process involved in programming. Computational thinking 

is also considered an essential skill for 21th century students. 

Brennan & Resnick (2012) have presented three major 

dimensions of computational thinking (CT): 1) concepts: 

e.g. sequences and loops 2) practices: e.g. testing and 

debugging or reusing and remixing 3) perspectives: 

expressing or questioning. They illustrate their framework 

with practical examples with Scratch - a programming 

environment which engages users to creative problem 

solving activities by programming, like Earth 2.0 designed 

in our experiment. 

However, based on literature review done by Lye & Koh 

(2016) most of studies (85% in their literature review) 

examined the learning outcomes in terms of computational 

concepts (e.g. variables or conditions) although 

computational thinking entails also practices and 

perspectives as suggested above. In this study, emphasis was 

put to concepts and practices. Our Minecraft map for 

learning CT, Earth 2.0 was designed to include two of the 

concepts suggested by Brennan & Resnick (2012) 

2. AIM OF THE STUDY  
The aim of this study is to explore how the game adventure 

in Minecraft can be used to promote computational thinking 

in the context of after-school K-12 programming club.  

3. METHODS 
The design rationales for Earth 2.0 Minecraft coding game 

were recurring difficulties on finding a functional and 

motivating way to teach programming in context of after-

school programming club.  

 

In order to solve this issue, pedagogically and theoretically 

grounded game experience was designed and evaluated in 

authentic context together with the code-club participants. 

3.1. Participants 

Participant groups enrolled on after-school programming 

club (five clubs, 8-20 participants (7-12 years old, 62 

participants altogether) for three months with first four 

sessions on Minecraft. In the context of this study, all five 

club groups used the prototype version of the Earth 2.0 

computational thinking game. 

3.2. Tasks and Pedagogical Design 

Earth 2.0 Minecraft world is based on storyline where robots 

are to be programmed for reconstructing the earth, where all 

activities are suddenly stopped. Players are scientist-

astronauts who are ordered to go back on earth and check the 

situation. There is information about someone, who is trying 

to sabotage playersô attempts to rehabilitate the planet earth. 

This narrative is further divided into four main puzzles 

(quests) and one bonus puzzle (quest) which all are separate 

Minecraft worlds and one bonus world. First, player has to 

learn to use the programming tool, Beginners Turtle, in 

Tutorial.  

Then they are introduced to basic programming concepts 

and practices in specific order (see the table 1). Concepts and 

practices of computational thinking (Brennan & Resnick 

2012) are distributed to three sequential task-groups: Quests 

1, 2 and 3. Finally, a fourth task-group, Bonus Quest, is 

included for quicker and more advanced players. See more 

detailed descriptions in the Table 1. Layout of an individual 

puzzle is introduced in Figures 1 and 2. 

 

Table 1. Tasks to promote Computational thinking included 

in Earth 2.0. 

Game phase Task Structures and 

statements used 

Tutorial Practice using the 

(Beginners) Turtle to 

open a door to Portal 

room (to advance to 

Quest 1) 

Only movement 

commands 

Quest 1, 

Puzzles 1-3 

Use movement 

commands to move the 

Turtle and advance 

Only movement 

commands 

Quest 1, 

Puzzle 4 

Use loop to move the 

Turtle long distances 

While-true-do 
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Quest 2, 

Puzzle 1 

Build a bridge Repeat -structure 

Quest 2, 

Puzzle 2 

Remix bridge program to 

build stairs followed by a 

bridge 

Repeat -structure 

Quest 2, 

Puzzle 3 

Use loop to move the 

Turtle long distances 

While-true-do 

Quest 2, 

Puzzle 4 

Remix bridge program to 

repair broken bridge 

Repeat -structure 

Quest 3, 

Puzzle 1 

Practice to use 

conditionals and loops 

together to dig through a 

cave 

While-true-do, 

If -then-else 

Quest 3, 

Puzzle 2 

Program automated Turtle 

to avoid obstacles 

While-true-do, 

If -then-else 

Quest 3, 

Puzzle 3 

Remix previous program 

to build a bridge while 

avoiding obstacles 

While-true-do, 

If -then-else 

Quest 3, 

Puzzle 4 

Program automated Turtle 

to solve a labyrinth  

While-true-do, If-

then-else if 

Quest 3, 

Puzzle 5 

Reuse and debug previous 

program to solve bigger 

labyrinth 

While-true-do, If-

then-else if 

Quest 3, 

Puzzle 6 

Remix bridge, obstacle 

and digger programs to 

reach the exit 

While-true-do, If-

then-else if 

Bonus Quest, 

Puzzle 1 

Reuse bridge program 

and stair program to 

create path to the exit 

Repeat -structure, 

While-true-do 

Bonus Quest, 

Puzzle 2 

Create intelligent bridge-

builder -program to create 

path 

While-true-do, If-

then-else if 

 

 

Figure 1. Quest 2, Puzzle 1. A1: Player encounters a 

problem. A2: Player programs the Turtle to build a bridge. 

A3: Player executes the program and Turtle builds a 

bridge for the player. 

 

 

Figure 2. Quest 2, Puzzle 2. B1: Player encounters a 

slightly different problem. B2: Player remixes the bridge 

program to build stairs. B3: Overview of Puzzles 1-2 in 

Quest 2, both puzzles completed. 

3.2 Data collection and analysis 

To assess conceptual understanding of the computational 

thinking, the pupils completed identical online pre- and post-

test surveys with a pre-/post-test quasi experimental design. 

Specifically, the conceptual knowledge measurement 

includes eleven questions that are developed based on the 

Ericsonôs and McKlinôs (2012) Scratch test. Detailed 

procedures are described in the poster. 

4. RESULTS 
Paired samples t-test was conducted to compare pre- and 

post-test means. Results showed that participants gained 

higher scores in the post-test (M=11.67) than in pre-test 

(M=8.13). t(60) = 6.71, p<.000. All other test measures were 

significant, except comparison of the pre- and post-test 

means in the group of young pupils (7-9 years old), in which 

average gain between pre- and post-tests was only 0.04 and 

Wilcoxon signed rank test was not significant. 

Basic commands in the Minecraft coding were familiar for 

all pupils (pre: n=49, post n=60), while in the questions 

concerning conditionals  values were average when 

compared to all questions in the test and in the concept 

concerning sequences was quite low in all three questions. 

This can be explained also by play mechanics, because turtle 

could be moved also by using remote-controller, without 

programming.  

More detailed results of pre- and post-tests will be presented 

in the poster at the conference. In addition to statistical tests, 

also correct responses between pre- and post-tests were 

compared. 

5. REFERENCES 
Brennan, K., & Resnick, M. (2012). New Frameworks for 

Studying and Assessing the Development of 

Computational Thinking. In Proceedings of the 2012 

Annual Meeting of the American Educational Research 

Association. Vancouver, Canada, 1-25. 

Ericson, B., & McKlin, T. (2012). Effective and 

Sustainable Computing Summer Camps. In Proceedings 

of the 43rd ACM Technical Symposium on Computer 

Science Education. ACM, 289-294.  

Lye, S. Y., & Koh, J. H. L. (2014). Review on Teaching 

and Learning of Computational Thinking through 

Programming: What is Next for K-12? Computers in 

Human Behavior, 41, 51-61. 

Wing, J. M. (2006). Computational Thinking. 

Communications of the ACM, 49(3), 33-35.



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y.,  Looi, C.K., Milrad, M., Sheldon, J., Shih, 

J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (2019). Proceedings of International Conference on Computational Thinking Education 

2019. Hong Kong: The Education University of Hong Kong. 

50 

Investigating the Elementary School Studentsô Skills of Computational Thinking 

and Self-Efficacy through a Robot Programming Project 

 
Chien-yuan SU1*, Song HAN2, Yue HU3 

123 Department of Curriculum and Learning Science, Zhejiang University, China 

bredysu@gmail.com, 18645625763@163.com, hy_zju@126.com  

 

ABSTRACT  

This study attempts to integrate project-based learning (PBL) into a childrenôs programming learning activity and to 

investigate its effort on improving the studentsô computational thinking and self-efficacy of programming. The whole activity 

is divided into five stages, which 1) to decide the problem, 2) to explore a possible solution, 3) to collect relevant information, 

4) to try to solve the problem, and 5) to present the results. 41 fifth and sixth graders at Liyang Foreign Language School in 

Jiangsu participated in this study. These participants were assigned to an experimental group with PBL and a control group 

without PBL to proceed programming learning activity. Learning performance, including computational thinking tests and 

self-efficacy of programming, was measured. 
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programming education, project-based learning, computational thinking, self-efficacy.
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Ӑׁשṅ ҏñ ϢЄ ò ה ה ♄ Ȳ

ẃ Њ Ӣᾼ ≈ ϩѿц ה ᾼ

ᴞᶺ ȴ ♄ ᴩԚиⱢХ ◕ȲиᵑⱢȸ

1ɏḟứ Ȳ2ɏ Ҡ ᾼ ḟ ᾎȲ3ɏ ד

Ȳ4ɏ ḟ Ȳц 5ɏᵧ ᵂכὨȴⱢ

♄ ὨȲӐׁשṅѿᴂ ҵ ᾼ

Њ ד ԚҳϫϚᴯ ӢⱢ Ȳ Ѡה

ϚḔҟ ה цה ה

ϯ Њ Ӣ ≈ ếᴞᶺ ᾼ ȴ 

ֿ 

ה Ṏȷ ≈ ȷ ה ȷᴞᶺ  

1. іṕ 

ῺדẃȲԓ ֢֮ ϠϚῖñ ה ò Ȳ

ֵ Ở ה Њћ Ȳṳ Ẕ

ԝⱢМЊ ◕ᾼӇ ȴϚṷ ҟᾼׁשṅ Ɫ

נ Ӣҟ ה Л ‚ Ẕ ≈ᴕȳ

ȳᵒ ϩɎGrover & Pea, 2013ȷKalelioĵlu, 

2015ȷLye & Koh, 2014ɏȲϷ Ӣᴞᶺ

Ɏ self-efficacyɏế ≈ ϩɎ Swaid, 2015ȷ 

Yukselturk & Altiok, 2017ɏȴⱢϠ ᵅ ᾼῴ ῏ Ḇ

ὔᾼ ה ȲϚṷ ᶮо ה Џẓ

ֽ ScratchȳKenrobotἨMixly ҏẃȲ Ӣ

Ѥה ᶮ ᵂꜜ ҟ њ Ȳה ᵂ

ҏ ֵ ᾼ ᴯᵂ₇ȴӭ›Ȳ֯ в ֵМЊ ᾼ

Ҡṓẞ ₤ᾼ ה ♄ Ȳᵀ

ֵ ἏἏ╥ ӢӾ ᾼ ᵂȲ

ѩ юὍњ Ӣ ҟ њ ȳҟ ᵌ

ὢ ȴϚṷ Ṏ ῏ ∂ Ҡ ñ ה

òɎProject-Based Learning, PBLɏᾼѠה Ӣ֥

ᵂҟ ᴩד ᾼ ♄ Ȳ ḟ Мᾼ

ṳі ѿц כ Ӣᴞѻ ṅȳ ḟ ϩ

ɎChan, 2008ȷTorp, 2002ɏȴЛ ѩ Ҡ ᾼ╥ ҟἬ

ṓᾼ ה ה ғכ Ẃֵ ╥֯Є

ᾼ ӢἬ ᴩɎRivera, Chotto, & Salazar, 2014ɏȲ֯

вМЊ ᾼ ӣ ẓ ᵂЬЛֵṓȲ

ה ֽᴶҟі ѿц ẞӭ›Њ Ӣᾼ ה

♄ Ȳѹ Њ Ӣᾼ Ὠ╥ᵡ כ Ȳ

ṷ ϚḔҟ ȴ֪ױȲӐׁשṅ

ѿ ה ᵂⱢ Ȳҟ ֽᴶ ṳ ӣẞЊ

Ϣ ה ♄ МȲṳ ϚḔ ṅ ᾼ

♄ Њ Ӣ ≈ ếᴞᶺ ᾼ ȴ 

2. ѝ  

ה .2.1  

ה ╥ Ӣ ѻ ᴩ Ϥ ṅᾼצ

Ѡᾎȴצ ῏ Ẕ ҏϚṷẓ ╟ᵂᾎȲֽ

Krajcik ế ShinɎ2014ɏ דּ֯ ϱ ה

ᾼг ȸ1ɏіҏ Ȳ2ɏ ҏ ӭ Ȳ3ɏּד

Ȳ4ɏ֥ᵂ♄ Ȳ5ɏ ẁᶾ ќ Ȳ6ɏе

ȴὭố Ɏ2018ɏ ҏ PBL ☼ ṳ ӣẞ

Њ ПМȸ1ɏḟứ ȳ2ɏ Ҡ ᾼ

ḟ ᾎȳ3ɏ ד Ȳ4ɏ ḟ ȳ5ɏᵧ

ᵂכὨȴ 

2.2. ≈  

WingɎ2006ɏ װ ҏ ≈ ἘѿẃȲ ṅשֵׁ

ҟ Ӣ֯ М ≈ ϩц ֪

ȳᵂᾎẃ с Ӣ Ѡ ᾼ ϩȴּר

Ṏᶾ Ầ Ɏ International Society for Technology in 

EducationȲISTEɏɎ2015ɏ Ɫ ≈ ╥Ӧ ϩ

ɎCreativityɏȳ ≈ ɎAlgorithmic thinkingɏȳ֥

ᵂ Ɏ Cooperativityɏȳ᷅ᵒἤ≈ Ɏ Critical 

Thinkingɏȳ ḟ ϩɎProblem SolvingɏХ Ѡ

Ἤ  ȴכ

2.3. ᴞᶺ  

ᴞᶺ Ɏself-efficacyɏ Ɫ╥ñϢ ᴞА

ṳ ᴩ█ ᴩ ӣѿᶙכ█ ЏᵂᾼҠ ἤᵒ òѿц

ñ Ϣ ᴩӇ ᴩⱢѿ Ṝ ứЏᵂ Ḗᾼ ϩ‒Ἐòȴ

ᴞᶺ Л Ϣ ứᾼӭ Ѭ ȳᵘϩ ⇔Ȳ

Ϸ Ϣᴩ ếῶ ɎBandura, 1977ɏȴ ҟׁשṅ

Ɫ ῏ᾼ ᴞᶺ Ẕ֯ ה ῀ȳ

ᴩⱢế ᾼ ế ӣȴ Ғ Ӣᾼᴞᶺ

ȲҠѿ ҃ ה ᾼ ὨɎOzyurt, 

2015ɏȴ 

 ṅѠᾎשׁ .3

ṅשׁ .3.1 ế ẓ  

Ӑׁשṅѿ 41ᴯᴂ ҵ Њ ᾼХ~гד ӢᵂⱢ

Ȳ Ӣѿ и♆ѠהиⱢ 20 Ϣ

ɎЅӢ 2ϢȲḽӢ 18ϢɏȲ 21ϢɎЅӢ 1ϢȲ

ḽӢ20ϢɏȲ ế ᶁиⱢ4 ᴩ♄ Ȳ

ḕ 5~6ϢȴӐׁשṅ ӣ mBlockц mBot Ɫ Ӣ

ќ ᾼ ה Џẓц Ȳṳ ẁӂ

ᾪ Ӣ ᴩ ᵂ ӱȴ 

3.2. ♄  

Ӑׁשṅ Ὥố Ɏ2018ɏ ҏᾼ PBL ХḔ ҏ

ѿñ ϢЄ òⱢѻ ᾼЊ Ӣ ה ה

♄ Ȳ♄ ֽϯἬӱȸ 

1ɏḟứ ȸ Ԓѿ ѱế ẃ ҏЊ

Ӣ ᴩᾼ Ϣ ♄ Ȳ і ẃ

Ӣ≈ᴕ Ȳṳᵓӣ ᾼЏẓצ ẃ ᴩᾬ
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ȴ2ɏ Ҡ ᾼ ḟ ᾎȸ Ӣѿ╝Ṷ Ѡה

Ҡ ᾼ Ȳṳ њ ☼ שׁ Ҡ

ᾼ ḟ ᾎȲ֝ ṳ ȳ Ҡ ᾼ ḟѠ ȴ

3ɏ ד ȸ Ӣ ẁ֯ ϱ

ӂ ᾼ Ȳ ṳ ҏҠᴩᾼ ḟ ᾎȴ

4ɏ ḟ ȸ Ӣ ן ᾼ֯ Ȳ

њ ᵂȲ Ӧ ᵂȳ ȳ ȳ Ḃ ч ṳ

ḟ ȴ5ɏᵧ ᵂכὨȸ֢ ֥ᵂ ᵂҏ

Ϣ ᶮ∟ȲѿЊ ᾨѠה Ӣ ϚḔҟ

ế ӱἬ ᾼ Ϣȴ 

3.3. Џẓ 

Ӑׁשṅиᵑ ӣOzgen ϢɎ2017ɏ ạᾼ ≈

ῶц Volkan ϢɎ2017ɏ ạӣѿ ה ᴞᶺ

ῶẃ Њ Ӣᾼ ≈ ϩцᴞᶺ

ᴷȴ ῶᶁ Ḉᵌ ѫ 5 ῶ Ȳ иⱢñ‍

Л֝ òȳñЛ֝ òȳñϚ òȳñ֝ òȳñ‍ ֝ òȴ 

3.4.  

Ӑׁשṅᾼ ứ ה

ה ᴩȲᴖ ạ ⁄Ӧ ѻ ᾼ ה ᴩȲẒ

ӢꞋ ᴩ֝דᾼ♄ ѻ Ȳ ♄ 15

Ȳḕ Ϛ ᾼ ᴩȲ ☼ ֽ 1ȴ 
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Ӑׁשṅ ◕Ữ֯ ᴩ ן Ȳ∕ ן ᶙ

Ȳ Ӑ T ứế ֪ Ԛ иέɎone-

way ANCOVAɏѠᾎẃ ᴩ иέȴ 
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Ӑׁשṅ ҏѻ Ɫñ ϢЄ òᾼЊ Ӣ ה

ה ♄ Ȳ ῏ ᵂScratchếArduinoҟḂ

mBot ϢẃᶙכϚ ᴭᾼ ԉ Ȳ М Њ

Ӣҟ њḂ mBot ϢȲѿ ה ȳЊ
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ṳ ה ᾼ Ӑ῀ ȴ∟ ∕ ן

иέ∟Ȳ ϚḔ֙ Ἤ ứПЊ ה ה
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ABSTRACT  

The purpose of this study is to examine the effects of different advanced strategies of plugged and unplugged on the elementary 

studentsô programming learning motivation, learning achievement of Scratch and the ability of computational thinking. A 

quasi-experimental design was adopted and conducted a six-hour teaching experiment for four weeks. The subjects were 78 

students in the sixth grade of two primary schools. An MANOVA and ANCOVA analysis were employed for statistical 

analysis of the data. The results show that: The unplugged group significantly outperformed the plugged group in relevance 

and satisfaction in learning motivation. The unplugged group significantly outperformed the plugged group in Scratch learning 

achievement. However, there is no significant difference between the two groups in the performance of computational thinking 

ability. This study suggests to provide unplugged advanced learning activities before the formal programming course, should 

be more to promote learners' motivation and learning achievement. 

KEYWORDS  

programming education, computational thinking, scratch, advanced strategy, learning motivation
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Ӑׁשṅ֯ס Л ה ›

Њ ה ȳScratch כ ц ≈

ϩП ȴӐׁשṅ ṅᾎȲשׁ Ẓ Њг

ד Ԛ 78ᴯ Ӣ ᴩⱢ ҳ ԚгЊ ᾼ Ȳ

ṳиᵑѿֵ иέцԚ ᴩ иέȴ

Ὠ ӱȸЛ ֯ Мᾼד ἤц

Ṝ ὑ ȷЛ ֯ Scratch

כ ϱ ὑ ȷ ≈ ϩᾼῶ

ϱ⁄ ȴӐׁשṅ∂ Ӕ ה ♄

› ẁЛ П› ♄ Ȳ ᵗὑצ с

῏֯ ה ᾼ כ ῶ ȴ 

ֿ 

ה Ṏȷ ≈ ȷ› ȷ  

1. ›ṕ 

ᶶ ᾼ ᶾѷ҅Ȳֽᴶדּ ӣּדᶾЏẓẃ

֪ ѷ҅ᾼӢ♄ ᵂ Ȳה Ɫכ Э ῂ

еӖᾼ Ӑ ȴῺדẃȲ ḘҼṸȳּר ȳ Ғị

Ꞌѿױ ẃ Ẕ Ṏᾼ╜ ȴ Ғị

ɦ ⇔ 2025 ɧМ ᶾדּ с Ṏ

₇ ȷᴖ ֯ ד2014 ᵉᾼɞϫϡד Ӗ Ӑ Ṏ

ɟᵛ ὑ הӔד2019 ᴩȲ МⱢϠ

֪ Ӣ♄₤ ᾼ Ȳ֯ М ◕ Ӵ Ӵּדᶾ

ȲẔМ ᶾדּ ᵛ╥ѿ Ӣ ≈ П

Ɫѻ Ȳ Ӣ ӣ ᶾЏẓẃדּ צ ֮

≈ᴕȲṳ Ӧ֝ ȳ ֥ᵂᾼ Ȳ

≈ᴕ ḟ ᾼ ϩɎ Ṏׁשṅ Ȳ2016ɏȲ

ṿ Лԛ‭ ὑ Ϛ ῀ᾼדּ ᶾ Ȳᴖ╥

ὑ в Ӣ♄ й֮ ȴ 

ה ╥ ӣὑ Ἐᾼ ПϚȴ

ḘҼṸ╥ԓ ה Ṏ ᾼ Ȳ2012ד

ᾼɦῲ ɧɎProgeTiigerɏȲ ЊϚד

Ở ᴩ ה ᾼ ȴ ᴖ ᾼ ӑὙứ

Њ ╟ ᶾדּ Ȳᵀ и ӀБ ה ԝ

ϤӀ ȴᴖӭ› ה ᾼ ѻ и

Ɫ Л ᾼ ♄ Ȳ ᾼ ♄ ╓ᾼ╥

ӣẞ Ȳṿӣ ϱӂүἨ ẃ ה Ȳ

ӭ› Њ ӣ о ה ṕᾼЏẓẃ ᴩ Ȳ

ֽȸScratchȳBlocklyȳKodu ȴ ṅשֵׁ

֣Ἠі ẃ о ה ṕȲ Ὠ ӱϱ

ה צ с ῏ᾼ כ ⇔Ɏ

Ȳ2008ȷ ừ Ȳ2011ɏȷҫҵȲЛ ӼᵛЛ

ṿӣ ᾼ ה ♄ ɎBell, Witten, Fellows, Adams,  

 

& McKenzie, 2015ɏȲϷ╥Ὼדẃᾼ Ṏ Ȳֽȸқ

ȳ ϱ ȳЄ֮ ȴ ῏

Л ♄כ Ȳṳ Ӑᾼ ה Ἐ

ɎAlamer, Al-Doweesh, Al-Khalifa, & Al-Razgan, 2015ɏȴ

ѠᶪׁɎ2018ɏᾼׁשṅ ӱЛ צ

с ≈ ᾼ כ ȴ ᴖϱ ᾼׁשṅМȲꞋ

ṿӣ ἨЛ ẔМϚ ᴩ ȲẒ

ᾼ כ╟ ╥ᵡ֯׀ ȹᴶ Ḇצ

ᵗὑ כ ᾼ сȹᴟЭױ ᾼד ṅЬשׁ ю

ṓȴ֪ױӐׁשṅ Л ᾼ

῏ ה П Ȳѿẁѡ∟ Њ ה

П ᴕȴ 

῏ṅשׁ ᾼ М Ȳᵛṿ╥ᵓӣЄ

е ֥ Њᾼ Scratch ה ȲЬצ ֵ

῏ ὑᶙכ ╓ứᾼ ԉ ẞᵺ ȴ

ѝɎ2010ɏᾼׁשṅ╓ҏȲ оᾼ ה ṕ

צ ᵅ ה ᾼ Ȳᵀ ὑῴ ῏ᴖ

ṕȲ҃ ЛϚứ Ӵᵛ֮ ה ᾼ☼ ▐ Ȳ

ḥצ ẁϚ ῏ ᴩצ ᾼ≈ᴕ

Ȳ ὔ כ ῏ Ӣ ᷉ȲꜙᴟЄ ᵅ

ה ᾼ ȴAusubelɎ1963ɏ Ɫ ᾼ Ӈ

ᾼצ ῀ ȲИ צ ѹצ

֮ ῀ȴ∟ ᾼ ‹ṅ╓ҏȸᵓӣשׁ

ᵗὑצ с Ӣᾼ ⇔Ἠכ ῶ

ɎMayer, 1979; Gurlitt, Dummel, Schuster, & Nückles, 

2012ɏȴ 

ϱἬ ȲӐׁשṅ ֯ ᴩ Scratch ›Ȳ Л֝

› Ɏ Л ɏȲ

῏ Ӑᾼ ה ἘȲ ױ ♄ Њг

ד ῏ ה ȳScratch כ ѿц

≈ ϩП ȴׁשṅ ֽϯȸ 

(4)Л֝ ה › Ɏ Л

ɏȲ ה ╥ᵡ ȹ 

(5)Л֝ ה › Ɏ Л

ɏȲ Scratch כ ╥ᵡ ȹ 

(6)Л֝ ה › Ɏ Л

ɏȲ Bebras ≈ ϩ ╥ᵡ

ȹ 

2. ѝ  

2.1. ᴩ ᶾדּ ≈  

ӭ›ѷꜜ֢ ᾼӢ♄Б Ҡ ᵍ֮ Ȳ׀ᶾԚדּ

ӑẃḆ╥ֽױȴᴖ ᶾדּ Ḕᾼ ⇔Є Ȳ Ԓ

ạהоᾼ ₤ Бנ ᾎ ᶶ ᾼ ѷ
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҅Ȳậᴖ҅Пᾼ╥ ẓ ɦ ɧȲИ ֯

ᶾᾼדּ о Ȳ ᴞṝ ḖȲצ ֮ Є

М ҏצӣᾼ Ȳṳ ♄ ӣ ᾼ דּ

ᶾὑѡ Ӣ♄ Мȴ Ӕ ếḈᶕԒɎ2010ɏϷ ẞ

Ϡ Ӑṝᾼ￼ ϩɎẂֽȸҵ ȳ

ếּד ɏПҵȲḆ ᾼ ╥ ӣὑӢ

♄ПМᾼ ϩȴ Ṏ Ɏ2016ɏ֯ɞ2016-2020

Ṏ ɟМϷ ẞȲצ ֮ ӣ ᶾדּ Ἤ

ᾼв Ȳṳ֯Л֝ М ӣȳ ḟ Ȳ╥ṝⱢ

ᴯ ҅еӖἬ ẓ ᾼ ϩȴ Ϛԛ֮ ҏ

ᶾדּ Ṏᾼ ἤȴ 

ᶾדּ Ṏ╥ѿ ≈ Ɫѻ Ἐȴ

≈ ɎComputational ThinkingɏϚ Ӧ╥נ Wing

Ɏ2006ɏ ҏȲּ╓ҏ ≈ Л ╥ דּ

ᾼצ ϩȲᴖ╥ḕ Ϣ ӣᾼ ⇔ ᶾ Ȳ

ּ ≈ ứ Ɫ Ϛ ᾼ ᵓӣ דּ

ᾼ Ӑ Ἐ ᴩὊ ȳṆ о֮ כ

ḟ ᾼ≈ ȷISTEếCSTAɎ2011ɏה Ɫ

≈ ╥Ϛ ḟᾼ ȲҔᵶȸᶮכϚ Ҡѿӣ

ếẔ҃Џẓẃ ḟ ᾼѠᾎȳצ ֮ ế

иέ ȳ Ἴ о ₤ẃῶӱ ȳ ᾎ

≈ᴕᴞ о ḟ Ȳѿц ֥Ḕ ế ѿ צ

ᾼ ֥ѠהȲ ȳиέȳ ᵂҠᴩᾼ ḟѠ Ȳ

∟⁄╥Ϛ оế ḟ ẞֵаᾼ

Мȴ Ϸצ ῏ ≈ ứ ϠϚ ᾎȴὭṎ

ȳᵦӔАɎ2016ɏ Ɫ ≈ ╥Ϛ צ

ӣ Ѡᾎ Џẓ ḟ П≈ ϩȷ ế

Ɏ2016ɏ╓ҏ ≈ Ҡѿч╣ҏ דּ ᾼ Ӑ≈

ᴕѠᾎȲһ╥Ϛ ᾼ ḟ ȴ 

≈ Ӣ♄ ЛҠиȲ ≈

ἤ֮ ȳ Ȳṳ∂Ӵ ₤Ȳ

∟ ֥ҏצ ȳҠ ᴩᾼ ḟѠ ȴ Ӣ♄₤ Л

֯Ḃ Ȳ ᾼ ϩḆצᵗὑḕ Ϣ ц ӑ

ẃֵаᾼ╚ ȴ֪ױ ӢṆ о֮ ᴕȲ≈װ

ᾼ ≈ ϩ ӣ֯ Ȳꜙᴟ╥ѡדּ Ӣ♄

ϱȲ╥ӭ› Ṏ ᾼ ӭ ȴᴖ ה

≈ Ḇẓ оɎ Ὑ☺Ȳ2017ɏȲһ╥

≈ ᾼ Џẓ ЮПϚȴ Ṏׁש

ṅ Ɏ2016ɏ ה ԝϤ ᶾדּ ᾼ в

Ȳӭᾼ╥ Ӣẓ ѿц ȳ ᶧ

ᾎᾼ ϩȴ ϯẃᾼẒ Њ Ȳׁשṅ῏ и

ᵑ ֥ Њṿӣᾼ ếЛ

Пד  ṅȴשׁ

ה .2.2 П  

╓ᾼ╥ Ȳ ╥ᵓӣ ӣ ȳ

ӂүᾼ ᵂȲ ה ᾼв Ɏ Ứ ế

Ȳ2017ɏȴ ה ᾼ

Ɫ ȲᵀᴟЭỮӑצӔהᾼ ứ ȴׁשṅ῏

ӐׁשṅἬ╓ᾼ ứ Ɫɦ Ȳᵓ

ӣ Hour of Code ᾼ ᵂȲ ᵗ ῏ ה

ᾼ Ӑ Ἐɧȴ 

ᶮоЮ ᾼ ה Ἠӂү ắ МЊȲꜙᴟ

╥ᵽ Ḋ ᾼᴕ ȲֽȸScratchȳ

Code.orgȳBlockly GamesȳKODU Ȳ֪Ẕצᵑὑ

ᾎᾼ ה ṕȲ ה ᾎи Ϛכ ѿ

ᴥᵂ ᵑᾼ ה ѤȲ ῏ ὈץᾼѠ

Ȳה Ѥ ֥Ȳ Ӵᵛᵧ Ȳה

ѠהЄ ᵅῴ ῏ ה ᾼ  ȴӐׁשṅ

Code.orgᾼ Hour of Code ᵂⱢ ᾼ›

Ȳ֪Ẕ ה ה ScratchדῺȲѹ Ḋᾼ╝

Ṷἤ ⇔ ᶙ Ȳ֪שׁױṅ῏ ⱢCode.org ᵮ

і ῏ᾼ Ȳṳі ῏ Ϥ ה ᾼ

ȴ 

֯ LOGO ה М ӣі ה ᾼ Ȳ

ᵗὑצ Ӣ Ӣ ϱᾼ ɎMayer, 2004ɏȴ

ѝὙɎ2015ɏ⁄ і ЊϮד ῏

☼ Ȳṳ ẁ ▐Ƅɦ ҆╓ה Ἐ ɧᾼ›

ᴩ Scratch Ȳ Ὠ ӱ ῏ᾼ

⇔ȴ ֥ϱ Ȳ ῏ ᾼ і

ȲἨ ᵗὑצ ῏ ᴩ ה ᾼ ȴ 

ה .2.3 ПЛ  

CS UnpluggedɎ Bell, Witten, Fellows, Adams, & 

McKenzie, 2015ɏ Л ♄ ứ ⱢЛԊ Ȳ

Лắ ế ạȲṿӣ ȳ ȳқ ȳ ẓ Ȳ

ꜙᴟ╥ ♄ Ȳ דּ ᾼ Ӑ ἘȲ

῏ њ ᵂȲꜙᴟ╥ ֥ᵂИ

ᶙכ ԉ Ȳᴖ֯ ♄ ᾼ МȲ֝

Ϸ ῀Ȳ М ᾼ Ἐȴׁשṅ῏ ϱ

в Ȳ ӐׁשṅἬ╓ᾼЛ ứ ⱢɦЛṿ

ӣ Ȳᴖ╥ қ ᵂᾼ ϱ Ȳ ᵗ

῏֯Ф М ה ᾼ Ӑ Ἐɧȴ 

Ṏ₤ ϱ ╥ѿɦ ṎɧⱢ їȲѿ ᾼᶮה

῀ ϤẔМȲṿ ῏ ֯ њ ᵂᾼ

М ᾃ֮ ȲϭЛҷ Ằἤȴ ה צ ᾼ

Ṏ₤ ϱ Ӊ ה ӣ ᾼ ạȲ ה

Ἐ Ϥ֯ ạМȲ ῏֯ᴞА ᾼ

ᾭ ϯ ֮ ȴӐׁשṅ ӣӻЄ ᴔה

שׁ ᾼ ה Ṏ ϱ₤ Ƅɦ ɧᵂⱢЛ

ᾼ› Ȳһ ᾨ ᾼ╝Ṷ￼ Ȳ

῏ қ ᴩ Ȳѿ҆╓ה ᶶᾼ ⇔᷄ẞ

Ѡ ᾼ ֮ ȴ Ӧ ạᾼҔ ѿцҠ

ᾼ ἤȲ ῏ ֮ ᾲᾎȲ

ṳ▐ ҏᴞАᾼ Ȳ ᴖ Ἤ ᵶП

Ӑ ה Ἐᾼ Ȳֽȸ ȳ Ԉᵒ ѿцӁὭ

Ἐȴ 

ה Л ᾼ ♄ ѿ█ ᶮהᵧ Ȳ

ṳ ῏ᴞѻ╚ ɎTaub, Ben-Ari, & 

Armoni, 2009ɏȴױ ֯ вҵѝ МꞋ

ה ế דּ ᾼ ṏֻᾼӔ֣צ

ɎLambert & Guiffre, 2009ȷ ὺȲ2018ɏȴּנЊ

Ɏ2017ɏиᵑ  ц ЊХד ᾼ ῏

ᴩ ἤ ȴ Ӣ ὑṿӣ ẃ ה ᾼ

ắ ⇔ ȷᴖ ֥ᾼ ה

Ӕ֣ᾼ ⇔Ȳᵀᴕ ẞ ᾼ ạế

ᾭᾓȲЬ╥ ᵌὢᾼ ȴ 
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 ṅѠᾎשׁ .3

ṅשׁ .3.1  
Ӑׁשṅ ṅᾎȲ֪ắשׁ ὑ Ϣ П Ȳ

ṅשׁ Ɫ ҖӀẒ Њгד П ῏ȲṼ

ПӴכ Ἴ Ȳ֢Ἴ ҏẒ ȲԚ 78ᴯׁשṅ

Ȳṳѿ Ɫ ᴯ ṅשׁ иⱢ

38ϢȳЛ 39ϢȴṼ Ɫׁשṅ Ɫ

ҳ ȳԚг ה П ה ȳ

Scratch כ ц ≈ ϩ›ȳ∟ ῶ ȴ 

 

ṅשׁ 1 ▐  

☼ṅשׁ .3.2  

Ἤצ ꞋӦׁשṅ῏ᴞᴩ ȴ ›ȲẒ

Ꞌ ᴩ Scratch כ ɎO1ɏц Bebras

≈ ϩ › ɎO2ɏȴ иⱢẒ

◕Ȳḕ ◕֢Ϯ Ȳḕ 40и ȴ Ϛ ◕Ẓ

иᵑ ╟ɦHour of CodeƄMinecraftɧȳɦ

ɧᾼ ה › ♄ ɎX1ȳX2ɏȲ ḇ

∟ȲẒ Ꞌ ᴩ ה Ẫ› ɎO3ɏȷ

ϡ ◕⁄ ᾼ֝ד╟ Scratchɦ ☼≡≡ ɧ

ᵂ ɎX3ɏȴ ḇ∟Ȳ ᵛ╟

Scratch כ ɎO4ɏȳBebras ≈

ϩ ɎO5ɏѿц ה Ẫ∟ ɎO6ɏȴ

ṅשׁ ☼ ֽῶ 1Ἤӱȸ 

ῶ ṅשׁ 1 ☼  

ᵑ 
›

 

 

Ϛ 

›

 

 

ϡ 

∟

 

 
O1 

O2 
X1 O3 X3 

O4 

O5 

O6 

Л  
O1 

O2 
X2 O3 X3 

O4 

O5 

O6 

 

3.3. ♄  

ӣɦHour of CodeϚЊ ᾲ ɧМᾼה

ɦMinecraft ɧ ה › ȴױ ♄

ѿ῀֤ᾼ ɦMinecraftɧ ᴩ Ҕ Ȳ ῏Ὀץȳ

֥ о ה Ѥ∟Ȳ ӴᵛṼ ῏ ֥

ᾼ ה Ȳ ạѻṔ֯ ᾼѷꜜМȲᶙשּׁכԄѤḊȳ

∂ Ἢ⅞ȳ ᵂᾬȳᵒ ỵᴯ ṳ 14

қԉ Ȳ ה ᴩҏ BugȲ⁄Ṇ ᴞᴩ ҏ

ӱ֫ Ȳ ᵗ ῏ ≈ᴕȴ֯ ᶧ ᾼ қ

ԉ МȲ ῏ ẞᶧԝȳ ȳᵒ ה

ἘȲṳ ч ᾼ і ╚ ѿ צ ᾼѠה

ḕϚ қȲẃ о о ה ᾼ ≈

ᴕȴ 2Ɫ ῏ ᾃὑ ֥ ה Ѥȴ 

 

2 ῏ ᾃὑ Ѥה ה  

Л ⁄ ӣ֝ Ф ἤ ᾼ ה Ṏ

ϱ Ƅɦ ɧᵂⱢ › ȴ ѿ

ᾨ Ɫ ￼ Ȳ Ӑᾼ ה Ἐ Ϥ

МȲ ῏ ᵓӣ қц ᾎқɎloopқȳIf/elseқȳ

қѿц қɏȲ≈ᴕֽᴶᵓӣצ ᾼњ ᴩ

Ṿᾼ Ȳ҆╓ה ֯ ӂ ϱ ȳ

ᾬȳ Ȳ ӭ ╥ẞ Ỵậ   ȴ

ҵȲⱢױ Ғ ᾼẛ ἤ ẰἤȲ ῏ϷҠѿ

ᵓӣẓ ғ ᾼ ᾎқ  Ѡ› ȴ ḕ

3-4 ϢϚ Ȳḕ ׄ ϚᴯЊ њȲѻ ֯ ῏

ᴩ ҏה Bug Ȳ᷊ ֽ֝ Ṇה Debugᾼғ

Ȳ СӴᵛἤᾼ ӱ֫ Ȳ ῏ ≈ᴕҏ

ᾼ Ȳᴞᴩ ӔἨ қ ֥ҏẃᾼ ה

Ὠȴ 3ⱢЛ ῏ ᴩ ה Ṏ

♄ ȴ 

 

3 Л ᴩ ה Ṏ П♄  

ӐׁשṅП Scratch ᵂ ♄ ѿɦ ☼≡≡ ɧ

Ɫ ѻ Ȳ ῏ὑ› ♄ ẞᾼ Ӑ ה

ἘȲ ӣὑ ᵂ₇Мȴ ԚиⱢϮ Ȳ Ԓ

Ю Scratch Юה ȳ╓҆ Ѥ ᾼϥЄ ᵑȳ ү

цṔᴥ Ȳṳ ẁ ᵂᾼ ȴ

῏ ɦ ☼≡≡ ɧṳиέ в ȴ ϯẃᾼẒ

Ȳ ῏ẒẒϚ Ȳ ẁᾼ Scratch

ȲԚ֝ ☼≡≡ М ᾬѿц ế

ᾼ Ȳṳ҆╓ה њ ȳ ȴ ῏

ᵂ ∟Ȳׁשṅ῏ԛ ᴩ Ϛ Ἐȴ

4Ɫ ῏ ᵂ ה ᾼ ȴ 

ᴞ  Ṽ  

ה  

Scratchכ  

≈ ϩ 

›  

     

    Л  



 

58 

 

4 ῏ ӣ Scratch ה ᾼ  

 ṅЏẓשׁ .3.4

ӐׁשṅП ה Ẫ Ɏ2000ɏḂ

ᴞ Keller ӑҏᾪᾼ IMMSɎ Instructional Materials 

Motivational ScaleɏȲׁשṅ῏ Џẓᾼױ в

KellerɎ2010ɏᾼ IMMS ѩ Ȳв ד ֥Ȳ֪ױӑ

ԛ ᴩ Ḃ в ȴKellerᾼ ARCS ҳЄצה

ȸAttentionɎᾃ ϩɏȳRelevanceɎד ἤɏȳ

ConfidenceɎ‒ї ɏѿц SatisfactionɎ Ṝ ɏȲ

Ẫ LikertôsХ ứ ῶȲ иѠה Ӕ֣ иᵑ

С 5иȳ4иȳ3иȳ2иȳ1иȲᴖч֣ чȴἬד⁄

и ᾼ ῏҅ῶẔ ȴӐ Ẫ

Ԛ 36 Ȳ Ẫ Cronbachôs Ŭ=0.86Ȳ Ҡ‒ᾼ

ȴ 

ṅ῏ᴞᴩשׁ ᾼ Scratch כ Ẫ

в Ȳ иⱢϮ ȸװ Ӑ ȳ

ᾎѿц ӣ ȴ Ӑ װ ה ᾼ

Ӑ῀ ȲⱢ Scratch ᵂЮ ╓҆ ѤἬ҅ῶᾼ

ȷ ᾎ ᵛṼװ ӭᾼ Ȳ ҏ ֥╓

҆ Ѥ ᾎἨ☼ ᾼ ȷ ӣ ╥⁄װ ֥

Ȳ Ӕה ᴩᾼ╓҆ Ѥ ֥ȴ

Ԛ 10 Ȳḕ 10иȲ иⱢ 100иȴ ӭ Ẃֽ

5Ἤӱȴ 

 

5 Scratch כ Ẃ 

≈ ϩ Ẫᾼ ⁄ 2016ᴟ ד2017

Bebras ≈ ϩ Ȳ ҏ֥ ᾼ ӭȲ

ӭᾼ֥ ἤᴕ ẞ ӭ ᵶᾼ דּ Ἐ╥ᵡ

Ὼᾼד דּ в ד ȲҔ╗╓҆ᶧԝȳ

ȳ Ԉ ạȳ Ἐȷ ὔ⇔⁄ ὔȳ

Мȳ ҏὔ 2 ȳМ 2 ȳ 1 ȲиᵑⱢ 15ȳ

20ȳ30иȲ иⱢ 100иȴ 

4. Ὠ  

4.1. Л ֯ Мᾼד ἤế Ṝ
ὑ  

ῶ 2ⱢЛ֝ › ῏ ה П

ἤ ȴ֯ LikertôsХ ứ ῶᾼ ẪМȲ

Л ῏֯ҳ ֣⇔ϱᾼӂᶁ Ꞌ ὑ

ȴ 

ῶ ה 2 П ἤ  

Ṽ  ᴞ  ӂᶁ   

ᾃ ϩ 
 3.49 .58 

Л  3.67 .84 

ד ἤ 
 3.32 .57 

Л  3.67 .73 

‒ї  
 3.23 .67 

Л  3.51 .84 

Ṝ  
 3.49 .84 

Л  3.89 .91 

Ԓ Ẓ ᴩԚ ᾼה BoxôMứȲ

֝ ἤ ứ Ὠӑ Ѭ ɎF = 1.20Ȳ ἤ

Ɫ.285ɏȲῶӱ֢ Ȳ֯׀

Ԓ ῀ ∟ ᾼ Ȳ֪ױҠ ᴩ

ֵ иέɎMANOVAɏȴắ ῏

ứиέ Ὠֽῶ 3Ἤӱȴᾃ ϩɎF = 1.11Ȳp = .295ɏ

ц‒ї ɎF = 2.57Ȳp =.113ɏẒ ֣⇔Ꞌӑ Ѭ

ȲῶӱẒ Л֝ › ᾼ ῏֯ᾃ ϩế

‒ї Ẓ ֣⇔ᾼ ḥצ ȴᴖד ἤ

ɎF = 5.68ɏế Ṝ ɎF = 4.06ɏẒ ֣⇔ᾼ ἤ⁄

иᵑⱢ.020ế.048Ɏʤ.05ɏȲꞋ ȴӦῶ 2

Ὠ ῀ȲЛ ᾼ ד֯῏ ἤế Ṝ Ẓ

֣⇔ᾼ ὑ ȴ 

ῶ ה 3 Пắ ῏ ứ 

 

֣⇔ 

₤  

ӂѠế 
df 

ӂᶁ 

ӂѠ

ế 

F  p 
Eta

ӂѠ 

ᾃ ϩ .58 1 .58 1.11 .295 .015 

ד ἤ 2.41 1 2.41 5.68 .020* .070 

‒ї  1.48 1 1.48 2.57 .113 .033 

Ṝ  3.14 1 3.14 4.06 .048* .051 

* p < .05 

Л Ἤṿӣᾼ Ȳ Ӑᾼ ה Ἐ

Ϥ֯қ МȲ ῏ Л Ӧч ҏ ᾼ

Ȳ ᴞА қ в ᾼ Ȳ ᴖво МἬ

  ᵶᾼ ה ἘȲ֯∟ ᴩ Scratch Ȳ

ᾼԒצ╠ ậד ᾼ῀ ȴᴖѝ ╓ҏ

῏֯ᴞѻᾼ ϯȲὔ ὑ ậ῀ ╚ ᴞАȲṳ

Ϥ ếכ ᾼṏἤ Ɏ ȳ ᶳ Ȳ

2016ɏȴӐׁשṅЛ ᾼ ῏֯ ᾼ

МȲ ᴞѻ ạ ᾼ Ѡ֣Ἠᴞᴩ ậẔһᾼ

Ȳ М Ϡ ϱᾼ  ҵȲЛ

֝ ᾼ Ȳ  Ẕ ᵓẞ ѠἬ ᾼ ᴯ

Ȳ֪ױ ῏ Л ֮ њ Ȳ≈ᴕֽᴶᵌὢ

ṷ ѿ ᾼ ᵓȴ֯ ⇔Ф ᴞѻ ạᾼ
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МȲᵛṿ ῏ ḥצ ᵓȲϷ

ҏ ȳ ᾼФ М Ṝ ȴ 

4.2. Л ῏ Scratch כ ὑ  

 

ῶ4ᵧ Ẓ › ῏Scratch כ ›ȳ

∟ П и ᶮȴ֯ иꞋⱢ 100иᾼ›ȳ∟ МȲ

Л ῏Ɏ51.54ɏ› ӂᶁи ᵅὑ

῏Ɏ52.63ɏȲᴖЛ ῏

Ɏ 68.72ɏ∟ ӂᶁи ὑ ῏

Ɏ61.32ɏȴ ӱЛ ֯ ∟Ȳ ῏

ὑ Scratch כ ῶ ᾼ Ḕ ⇔ Єȴ 

ῶ 4 Scratch כ ›ȳ∟ П ἤ  

 

›  ∟  

ӂᶁ

  

ӂᶁ

  

 52.63 15.89 61.32 15.80 

Л

 
51.54 16.47 68.72 19.22 

ȲӐׁשṅѿ Scratch כ › Пи ⱢԚ Ȳ

ᴩ∟ и ᾼԚ иέɎANCOVAɏȲѿ Ẓ

ṅשׁ ╥ᵡắԒ ῀ ᾼД Ȳᴖ ṅשׁכ

Ὠᾼ ȴ в … ֝ ἤ ứ Ὠӑ

Ѭ ɎF = 3.75Ȳp = .057ɏȲ╝Ҡ ᴩẒ Л֝

› ПԚ иέȴ 

ῶ 5 Scratch כ ∟ Ԛ иέ ῶ 

 

ẃ  

ᶁ  

ӂѠế 
df 

ӂᶁ 

ӂѠế 
F  p 

Ԛ  2455.53 1 2455.53 8.73 .004 

Ὠ 1166.20 1 1166.20 4.15 .045* 

в 20814.58 
7

4 
281.28   

 
350300.0

0 

7

7 
   

*  p ʤ .05 

ῶ 5 Ὠ ӱȸẒ › ֯ › כ ɎԚ

ɏ ∟ כ ɎṼ ɏᾼ ∟Ȳ∟ и

ɎF = 4.15Ȳp = .045< .05ɏȴ ∟Пӂᶁ Ȳ

Л ῏Ɏ68.91ɏᾼ Scratch כ ῶ

ὑ ῏Ɏ61.12ɏȴ 

ӐׁשṅἬ ӣᾼẒ Л֝ ה › ƄHour 

of Codeѿц Ȳ Ϡẓ ᾼἤ ҵȲ

ᾼ╥Ꞌ ῀ ᾼ Ȳѹ в Ἤ ᾼ ה

Ἐ Ὼ֝דȲᵀ֯ Scratch כ ᾼῶ ϱȲЛ

⁯ ὑ Ȳׁשṅ῏ Ɫשׁױṅ

ὨҠ Ӑׁשṅ ᾼ ᴥצ ȴ Ԓ╥

Ἴ ≈ᴕᾼ Ȳ ῏ ṿӣњϱ ᾼқצ Ȳ

≈ᴕ ᴞᴩḟ ֽᴶҏ ṳ қ ᾼ ᴩ ὨȲ

И ᶶὂ ֮ Ȳḕ֥֫ч ᾼ

῏ ᴩἼ ≈ᴕȳ≈ ѿц ֥

Ӑᾼ ה ᴩ☼ ἘȴױҵȲ ᾼ Ф

Ϡẓצ█ ⇔ᾼ ᾨἤҵȲ֝ Ϸ ẁ֝ ֣

ᾼ ȴ ῏֯ѻ ᾼ Ȳ Ӧᴞ

Аᾼҏ ế ȳ ֝ ᾼҏ ╓҆МȲҒ

῏ ế҆╓ה ᾎᾼ ȲϷ ẁ ῏

Ӿ ᾼ Ȳѿ ҏ ᴞА ᾼ ȴׁש

ṅ῏ ϱ ᾼ ᴥҠ ╥ Ẓ ֯

Scratch כ ῶ ϱ ᾼ ֪ȴ ѶὭ

Ɏ2011ɏᾼѝ МϷҠ ẞשׁױṅ Ὠᾼќ═Ȳ҃

ц ῏֯ ᾼ МЛᴞ ֮ч Ȳ

о֮ᵮן ῀Ȳ ᴖ о Ӣᾼ כ ȴ 

4.3. Ẓ ῏ ≈ ϩ  

ῶ 6ⱢẒ › ῏ ≈ ϩ›ȳ∟

П ἤ ȴ›ȳ∟ иꞋⱢ 100иᾼ ≈

ϩ МȲ ╥› Ἠ∟ ȲЛ ӂᶁи

Ꞌ ὑ ȲᴖẒ ֯∟ ᾼӂᶁ Ꞌᵅὑ

› ᾼӂᶁ ȴ ᴩԚ иέ ứȲѿ Ẓ

≈ ϩП ȴ 

ῶ 6 ≈ ϩ›ȳ∟ П ἤ  

 

›  ∟  

ӂᶁ

  

ӂᶁ

  

 51.71 32.24 34.87 21.26 

Л

 
65.00 31.14 38.72 20.22 

Ԓׁשṅ῏ѿɦ ≈ ϩ› ɧⱢԚ Ȳ

› כ ᾼ Ȳѿ∟ и ⱢṼ Ȳ ᴩ в

… ֝ ἤ ứȴ Ὠӑ Ѭ ɎF = .583Ȳp 

= .448ɏȲ╝Ҡ ᴩẒ Л֝ › ПԚ

иέȴῶ 7 Ὠ ӱ F Ɫ.01Ȳ ἤⱢ.913Ȳ҅ῶ

Ẓ ṅשׁ ӐׁשṅἬ ẁПЛ֝ ה

› Ȳ Ẕ ≈ ϩ Ѿḥצԉᴶ ȴ 

ῶ 7 ≈ ϩ∟ Ԛ иέ ῶ 

 

ẃ  

ᶁ  

ӂѠế 
df 

ӂᶁ 

ӂѠế 
F  p 

Ԛ  7926.81 1 7926.81 24.11 .000 

Ὠ 3.93 1 3.93 .01 .913 

в 
24333.4

3 

7

4 

328.83   

 
136925.0

0 

7

7 

   

*  p ʤ .05 

ῶ 6 ἤ ῶҠ ῀ȲẒ ṅשׁ ֯›∟ и

ᾼ צ Њᾼ Ȳᵀ֯ӂᶁи ⁯ϯ ֵȴ

῏ṅשׁ ẔҠ ֪ⱢȸӐׁשṅ ᾼ ≈

ϩ ӣ Bebras ≈ ϩ╚ ᾼ ӭẃ Ȳ

Ẕ ֵѿӢ♄ ⱢѻȲׁשṅ῏ ῏

ᾼԒצ ῀ ѿц Ἤṿӣẞᾼ≈

ה ᴩ ȲᵀҠ ֪Ӑׁשṅ Ȳ

῏ ӑ צ ֮ Ἤ ᾼ≈ ה ᴟẔ

҃ Ἠѡ Ӣ♄МȲ ṅשׁ Ὠӑ сȴҫ

ҵȲ в ȳж Ȳׁשṅ їוֹ

ṳ ӭв ȲИ М ậ ḟ ᾼ

Ȳṳ≈ᴕ Ѡ Ȳ ᶙכᵂ ȴױ ה

ὑ Э ᴯѷ҅ᾼ ῏ẃ Л  Ȳ֪ẔӢ♄
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Б І ᾼ Юẃ ן Ȳᴖׁשṅ

ӣ Ἠ ᾼ Ѡה ᴩᵂ Ȳ ὔ ҷ

в Ȳ ᴖ ᾼ ὨȴױҵȲ

ᾼḂ Ȳׁשṅ ὑЄ ᾼѝֿ ὔ

ẞ ȳḥוֹצїȲ֪ױϷҠ ֪› ᴖ כ

ṅв֯שׁ ⇔ᾼ№ ȴ 

5. ∂  

Ӑׁשṅ֯ס Л ה ›

Њ Ӣ ה כ П ȴṼ ṅӭᾼשׁ

иέ ὨȲӐׁשṅἬ ᾼѻ Ɫȸ֯ ה

МȲЛ ד֯῏ ἤц Ṝ

ᾼ֣⇔ϱ ὑ ῏ȷЛ

῏П Scratch כ ὑ ȷ֯

≈ ϩᾼῶ ϱȲẒ ⁄ӑ ȴ֪ױȲ

Ӑׁשṅ∂ ה ›Ȳ ẁ ῏Л

ᾼ ה › ♄ Ȳѿױ ᵗὑצ ῏∂Ӵ

в ᾼ ế Ṝ Ȳṳ сẔ כ ȴ 

6.  

ӐׁשṅἭ ᶾדּ MOST 106-2511-S-152-001  MOST 

107-2511-H-152-009 ׁשṅ П ᵗȲ ױ

ȴ 

7. ᴕѝ  

ѠᶪׁɎ2018ɏȴ ≈ה כ П

ṅƄѿשׁ ЊϮד ⱢẂɎӑҏᾪ Ђ ѝɏȴ

ҖӀȸ Ӵ Җ ṎЄ ȴ 

ὭṎ ếᵦӔАɎ2016ɏȴ ≈ МЊ דּ

ᶾ ȴ Ṏׁשṅ Ṏ І ґȲ6Ȳ5-

20ȴ 

Њנּ Ɏ2017ɏȴ Ϥ ὑ ה ПҠᴩἤȸи

έɦ ɧῴᾲ῏ᾼ Ɏӑҏᾪ Ђ ѝɏȴ ᴎ

Ӏȸ Ӵӻ Є ȴ 

ѶὭɎ2011ɏȴ ϱ ӣὑ ṎПׁשṅȴ

⇔ד100 Җ ṎЄ ᴥ Ὠכ

ᵫ ȴ ҖӀȸ Җ ṎЄ ȴ 

Ɏ2000ɏȴЛ֝ ⇔ с Њ

Ḋ П Ɏӑҏᾪ Ђ ѝɏȴῧ

ȸ Ӵῧ Ȳȴ 

ế ᶳ Ɏ2016ɏȴ ⅍ Ϥ Њгד

᷅ᵒἤ≈ᴕ ϩП ȴ ủ

ґȲ19Ɏ4ɏȲ23-60ȴ 

Ṏׁשṅ Ɏ2016ɏȴϫϡד Ӗ Ӑ Ṏ

Ƅ ӖМЊ ₤ М ᶾדּ

Ȳ Ṏׁשṅ 2ѣ4ѡד105 שׁ ֿ

1051100273ẗḆ ϡᾪȴ 

Ṏ Ɏ2014ɏȴϫϡד Ӗ Ӑ Ṏ

ȴ ҖӀȸ Ṏ ȴ 

Ṏ Ɏ2016ɏȴ2016-2020 Ṏ ȴ Җ

Ӏȸ Ṏ ȴ 

ѝὙɎ2015ɏȴ› ЊϮד Ӣ

Scratchה ⇔ כ П Ɏӑҏᾪ

Ђ ѝɏȴ ҖӀȸ ᴂЄ ȴ 

ѝɎ2010ɏȴѿCyber-Physicalќ ה

П ṅɎӑҏᾪ Ђ ѝɏȴ Ӏȸ ӴМ

ҶЄ ȴ 

Ɏ2008ɏȴScratchה гד

ϩȳ ḟ ϩц ϩᾼ Ɏӑҏᾪ

Ђ ѝɏȴ ҖӀȸ ҖӀӴ ṎЄ ȴ 

Ӕ ếḈᶕԒɎ2010ɏȴ МЊ

ᴯ ᾓПׁשṅȴ ᴩ╜Ȳ66Ȳ61-83ȴ 

Ὑ☺Ɏ2017ɏȴ ⅎ Ṏȳ ≈ ȳ ה ʲ

ɦ ɧẞɦ ɧᾼ Ἐȴ

Ṏ ѣґȲ6Ɏ1ɏȲ138-140ȴ 

ế Ɏ2016ɏȴ ӣ ≈ ὑ М

Пиṹȴ Ṏ Ȳ6Ȳ143-155ȴ 

Ứ ế Ɏ2017ɏȴ ᾼ דּ - њ

ҌȴүҖȸМ Ӗ ᴞӦẦ ȴ 

ừ Ɏ2011ɏȴ ▐ќ═ ᴞᶺ Њ Ӣ

ה ῶ ⇔П ȴ ҖӀȸ

Є ȴ 
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ABSTRACT  

Computational Thinking (CT) has caught the attention of 

researchers, educators, and policymakers in many fields, and 

has been recognized as an important skill in this increasingly 

complex society. One challenge emerging in education is 

finding a way to embed computational thinking curricula 

into K-12 education. Researchers and educators are 

exploring ways to provide CT instruction.  The study in this 

presentation investigates an innovative way to teach the CT 

skill abstraction.  According to Grover & Peaôs article 

(2013), ñabstraction involves defining patterns, generalizing 

from specific instances, and dealing with complexity.ò This 

study explores the types of strategies students use when they 

play a game that requires multiple CT skills.  Three hundred 

and sixty-five middle school students played two card 

games: Ghost Blitz vs. Sushi Go! and completed pre- and 

post-assessments which were designed based on the 

definition of abstraction to compare the participantsô 

performance. We analyzed studentsô gameplay strategies to 

examine whether participants spontaneously utilized 

abstraction skills to make a plan to reach their goals when 

they were playing. 

KEYWORDS  

abstraction, pattern recognition, game-based learning, K-12 

education, unplugged activities 

1. INTRODUCTION  
Since the computer was introduced to this world, people had 

experienced significant changes and challenges around their 

life. It not only alters concrete surroundings and gives more 

complexity but also influences our thought process to align 

with algorithm and computing for addressing more 

complicated problems and corporate with technologies. 

Many scholars have argued that computational thinking is an 

important 21st-century skill for K-12 students (e.g. Cetin & 

Dubinsky, 2017). Nonetheless, a challenge emerges for 

educators: How to embed CT into K-12 education (Guzdial, 

2008)?  

To consider this question, we need to verify what elements 

and features constitute computational thinking. Studies of 

computational thinking show that it can provide a way to 

formulate real worldôs complexity into the systematic and 

well-structured problematic constitution and assist people to 

design solutions (Jansen, Kohen-Vacs, Otero, & Milrad, 

2018). This thought process is similar to the approach of 

computer scientists when they are problem-solving and 

coding. An important point for educators and researchers is 

to focus on the thinking skills of computer scientists (Grover 

& Pea, 2018). They should also consider suitable and 

meaningful complex problems to specific age group to 

practice CT skills (Jansen et. Al, 2018). The type of activity  

 

can influence peopleôs learning, so providing motivational 

tools would also be important. Therefore, the present study 

focused on pattern recognition and abstraction and 

combined with game-based learning context (board games) 

to explore the evidence that non-programming environment 

can bolster the learning of CT. 

2. BACKGROUND  

2.1. Computational Thinking 

Jeanette Wing defined computational thinking as a thought 

process that involves formulating problems and solutions 

which can be easily carried out by humans and machines 

(Wing, 2011). Her arguments gave researchers and 

educators ideas to study in many fields which are outside the 

computer sciences. Since many scholars recognize CT is an 

important and necessary survival skill for students to face 

future challenges (e. g. Cetin & Dubinsky, 2017), educators 

make an effort to design CT curricula and activities.  

However, there is still uncertainty about which CT thinking 

skills are utilized in the process of problem-solving. This 

issue is under debate. Nevertheless, some scholars 

developed propositions about the content of CT by 

observing and organizing the programmersô behaviors when 

they are solving problems in the programming environment. 

A framework proposed by Grover and Pea in 2018 focuses 

on the thought process programmers engage in as they are 

solving problems. ñKeep in mind the framing of óthinking 

like <domain expert> for <domain-specific>ô thinking 

competencies.ò p. 22 was their core idea to define CT. They 

also mentioned there are two facets in CT framework: 

concepts, and practices. They utilized abundantly life 

examples which made readers and educators can easily 

understand and develop pedagogy without the computer. 

Based on the framework of CT, this study adopted the 

concepts of pattern recognition, abstraction, and 

generalization with the practices of CT to design the 

experiment. 

2.2. Pattern Recognition, Abstraction and Generalization 
One of important elements in CT is abstraction which relates 

to high-level thought process (Wing, 2011), and also is an 

ability to simplify the complexity for problem solving 

(Grover & Pea, 2018). However, based on four stages in the 

development theory of Piaget, it will be difficult for young 

children to be able to learn abstract (Kramer, 2007). If 

educators would like to embed CT into K-12 education, the 

age-related ceiling of learning abstraction is an obstacle to 

design relevant curriculums. Nevertheless, recent study 

found evidence that young students can utilize the rationale 

of abstraction in their general learning process, such as when 

labeling a diagram (Waite, Curzon, Marsh, & Sentence, 

2016). Some studies which recruited elementary schoolers 

to do experiment within programming context proved 
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children could understand how to program their ideas by 

instruction and discussion (e.g. Harel & Papert, 1990).   

Abstraction relates to decomposing a problem (patterns), 

hiding the unnecessary elements (pattern recognition), and 

extracting the common patterns from specific examples 

(Kramer, 2007). According to Grover & Peaôs article (2013), 

ñabstraction involves defining patterns, generalizing from 

specific instances, and dealing with complexity.ò p. 39. 

Align with these definitions, present study designed 

assessments and learning context for participants. Authors 

are more interested in the learning effect within non-

programming environment. One study organized various 

unplugged activities and analyzed what kind of CT skills 

students can learn from them (Brackmann, Román-González, 

Robles, Moreno-León, Casali, & Barone, 2017). Therefore, 

board games would be the main learning implement in this 

study.   

2.3. Game-based learning and Gameplay Strategy 

Game-based learning has been developing for decades and 

has proved that it can motivate students to learn (Schifter, 

2013). A study gave ñPandemicò, which is a collaboration 

strategy board game, to participants and analyzed their 

playing process in alignment with CT skills (Berland & Lee, 

2011). They provided that the behavior of players when they 

were discussing the next step in the game can be associated 

with CT. That means the process of making a gaming 

strategy might be able to stimulate students to learn and 

utilize abstraction. These articles provided evidence that 

teachers can utilize unplugged activities to teach CT skills 

for students. 

When talking about unplugged activities, the most popular 

way to motivate students is to use games. Game-based 

learning has been developing for decades and has proved 

that it can motivate students to learn (Schifter, 2013). A 

study gave ñPandemicò, which is a collaboration strategy 

board game, to participants and analyzed their playing 

process in alignment with CT skills (Berland & Lee, 2011). 

The present study used two different card games: Ghost 

Blitz which was intended to provide the opportunity for 

participants to practice pattern recognition and 

generalization, and Sushi Go! which was intended to not 

provide any chance for students to learn abstraction skills. 

3. RESEARCH DESIGN 

The present research aligned with the framework of CT, 

which was argued by Grover and Pea in 2018, focused on 

pattern recognition and abstraction concepts, and utilized 

specific board games to construct non-programming context 

to examine the learning effect of CT skills. 

3.1. Research question 
This research focused on exploring whether playing board 

games which focus on pattern recognition could bolster 

participants to utilize CT skills for making their winning 

strategy.  

3.2. Participants 

There were 365 middle school students at 12-13 years old 

who were recruited in this study. Participants were randomly 

assigned into an experimental group (N=217) who played 

Ghost Blitz and a control group (N=147) who played Sushi 

Go!.  

3.3. Hypotheses 

There are two hypotheses in this research. The first 

hypothesis was that participants who were in the 

experimental group would outperform participants who 

played the control game in pattern recognition. The 

secondary hypothesis was that the experimental group 

would have better performance than the control group in the 

skill of generalizing from specific instances. 

3.4. Materials 

Ghost Blitz (Figure 1) is a card game that requires students 

to engage in pattern recognition and provides opportunities 

for learning generalization. There are five wooden objects 

on the table. It contains two possible scenarios, one where 

color and shape completely match one of the five objects in 

the game, and one where the card completely leaves out the 

color and shape of just one of the five objects. When playing 

this game, participants have to recognize the color and shape 

on the card, decide if ñthe correct answerò is completely 

matched to a shape and color or if a specific shape and color 

combination has not shown up, then grasp the correct item 

from the table as soon as possible. Participants repeatedly 

practiced pattern recognition skills during this game and had 

chance to spontaneously learn to generalize features from 

specific instances, which was a key to make a strategy for 

how to play and win this game. 

  

Figure 1. Ghost Blitz. Figure 2. Sushi Go! 

Sushi Go! is also a card game which is related to collecting 

information (Figure 2). Players choose one card from their 

hand and put it on the table, then each player passes all 

remaining cards in their hand to the player on their left side 

and repeats the process until all cards have been chosen. 

Each player then scores their collection by calculating the 

value of specific sets of cards they were able to gather 

during the game. Players have to observe othersô choice 

and try to collect cards which have the highest score in the 

round to win. This study assumed there is no relationship 

between the game mechanics and the set of abstraction 

skills, just observation and collection. 

3.5. Procedure 

In this study, there are three stages for participants, a pre-

test, a structured time for playing the games, and a post-test, 

which was completed during school hours.  

3.6. Measures 

The assessments included geometry questions for pattern 

recognition (Figure 3), math word problems for pattern 

generalization, and one question in the posttest asking 

participants to write down their gaming strategies. 
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Assessments design in generalization was based on the 

meaning of decomposition and generalization for problem-

solving to find open-ended problems in math. For example, 

buying different and the most balloons for decoration in a 

budget. The maximum points in the first two parts was 14 

for the maximum, 0 for the minimum. For the question of 

gaming strategy, the study distinguished three different 

strategy categories for two games to find if there were any 

behavior models that would be similar to abstraction skills.  

 

Figure 3. Ask participants to distinguish the similarities  

and differences between these geometry shapes.  

3.7. Method 

To analyze the data, this study conducted the two-sample t-

test first to see if all participants had the same math 

competences, then the paired t-test for testing if there were 

significant differences between pre- and posttest in two 

different sections, pattern recognition and generalization, of 

experimental and control groups. Categorizing gameplay 

strategies was the last part of data analysis for finding other 

evidence to support the results. 

4.    RESULTS 

4.1. Pattern Recognition 

Regarding pattern recognition, due to assessmentsô inclusion 

of math questions, the data must be clarified that all 

participants had the same math ability in pretest before the 

start of analysis. The result showed that there was no 

statistically significant difference in math competency 

(p=0.625) between experimental (M=3.26, SD=2.02) and 

control group (M=3.47, SD=2.18). 

The result in pattern recognition was statistically significant 

in the experimental groupôs scores between pre-and posttest 

(M= 0.35, SD=1.73, p=0.003, d=0.202) but was not in the 

control group (M=0.16, SD=1.63, p=0.229, d=0.099), 

respectively. This outcome supports the hypothesis that 

experimental group would outperform control group in 

pattern recognition (See Figure 4). 

 

Figure 4. The mean of pre- and posttest in two groups. 

4.2. Generalizing from specific instances 

Regarding generalizing from specific instances, the results 

showed that all participants had the same math competence 

in pretest (p=0.902) no matter experimental (M=4.82, 

SD=2.64) or control group (M=4.79, SD=2.56). The 

analysis tests groups individually, the results showed that 

both experimental (M= 0.02, SD=2.32, p=0.884, d=0.01) 

and control group (M=0.24, 2.15, p=0.182, d=0.11) are not 

statistically significant differences between pre- and 

posttest. This outcome does not support the hypothesis that 

experimental group would outperform control group in 

generalizing from specific instances (See Figure 5). 

 

Figure 5. The mean of pre- and posttest in two groups.  

4.3. Gameplay Strategies 

This research divided the gaming strategy of participants 

when playing games into three main categories: Non-

strategy, simple strategy, and multiple /complex strategy.  

According to the categorized outcomes, they represented 

that Sushi Go! triggered more practice on thinking multiple 

plans than Ghost Blitz. They might give the explanation why 

the mean of control group who was assigned to play Sushi 

Go! had better performance of generating patterns than the 

experimental group in posttest. However, this result needs 

more evidence to verify the reliability. 

5.    DISCUSSION 
Based on statistic results, researchers noted that there were 

no significant differences between pre- and posttest test in 

two groups respectively in generalization. Two facets, game 

mechanic and assessments may provide the explanation and 

need to be considered in future work. 

5.1. Game Mechanic 

Our results show that Ghost Blitz did provide practice for 

students to learn pattern recognition. However, in the part of 

generalization, it did not assist participants in generalizing 

from specific instances. In contrast, Sushi Go! did not show 

evidence to support that it can bolster students to learn 

pattern recognition, but the mean of the control group in the 

posttest of generalization was higher than in the 

experimental group. These results are associated with a 

game mechanic which is worth noticing in the study. 

According to the definition of abstraction which relates to 

make gameplay strategies. We did a simple comparison 

from participantsô strategies and compared with the game 

mechanics to see what the reason is to get this result from 

generalization part. Game mechanics and their 

correspondences to abstraction (See table 1 & 2): 

Table 1. Ghost Blitz. 

Game mechanics Abstraction 

Recognize the color and 

shape 
Pattern recognition 

Compare card and five 

objects 

Remove the 

unnecessary patterns 

3.3
3.4
3.5
3.6
3.7
3.8

Pretest Posttest

Pattern Recognition

Experimental Control

4.7
4.8
4.9

5
5.1

Pretest Posttest

Pattern Generalization

Experimental Control
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Finding two scenarios Generalizing from 

specific instances 

Strategy to win this game Goal/the complexity 

Table 2. Sushi Go! 

Game mechanics Abstraction 

Understand each 

cardôs function 

Rules understanding, non-

abstraction 

Combination and 

collection 

Finding your own patterns 

and specific instances in this 

game, then extracting 

common features from your 

own specific examples 

Decide how to collect 

the highest point to win 

this game 

Making a plan 

 

From these two gamesô mechanics, they show that Ghost 

Blitz provides a sound module of patterns and examples 

(two scenarios) for participants to practice pattern 

recognition and generalization (formulate a model to win). 

However, students who played Sushi Go! only received a 

clear goal, but they had to set up their own patterns and 

create their own instance to extract the general patterns. In 

other words, Sushi Go! provides an ambiguous set of 

patterns for participants, but according to the data analysis, 

it still provides training for students to practice the 

generalizing from specific instances.  

5.2. Assessments 

The design of assessments could also influence the results. 

Ghost Blitz and Sushi Go! are all visual type games, but the 

questions in the second part of the pre- and posttest for 

generalization were constituted by words. The 

transformation from visual to verbal could impede 

participants when answering the questions. Moreover, the 

answer of word problems is difficult to define, it may 

produce some uncertainty in the process of coding data. 

6.    CONCLUSION AND FUTURE WORK 

6.1. Conclusion 

This study has shown that board games can provide chances 

for players to learn pattern recognition. However, it also 

illustrated that the association of the type of board games and 

assessments will influence the results.  

6.2. Limitation and Future Work 

Computational thinking is viewed as a way to deal with 

complexity; however, this study utilized board games with 

simple rules which may be one of limitations to explore the 

function of board games can provide for learning CT skills. 

Assessments also are the limitation for evaluating the 

learning effect. Although CT is related to math problem-

solving skill, there is a concern that participants may utilize 

their math competences to answer questions.  

In future work, the game mechanics will be an important 

point to choose for experiment. The standard tests for 

evaluating abstract reasoning and pattern recognition will be 

also considered in the research to produce more reliable 

evidence. 

7.    REFERENCES 
Berland, M., & Lee, V. R. (2011). Collaborative Strategic 

Board Games as a Site for Distributed Computational 

Thinking. International Journal of Game-Based 

Learning, 1(2), 65-81. 

Brachmann, C. P., Román-González, M., Robles, 

G.,Moreno-León, J., Casali, A., & Barone, D. (2017). 

Development of Computational Thinking Skills through 

Unplugged Activities in Primary School. Proceedings of 

the 12th Workshop on Primary and Secondary Computing 

Education. ACM. 65-72.  

Cetin, I., & Dubinsky, E. (2017). Reflective Abstraction in 

Computational Thinking. The Journal of Mathematical 

Behavior, 47, 70-80. 

Grover, S., & Pea, R. (2013). Computational Thinking in 

Kð12: A Review of the State the Field. Pea Source: 

Educational Researcher, 42(1), 38-43. 

Grover, S., & Pea, R. (2018). Computational Thinking: A 

Competency Whose Time has Come. Computer Science 

Education: Perspectives on Teaching and Learning in 

School, 19-38.  

Guzdial, M. (2008). Education Paving the Way for 

Computational Thinking. Communications of the ACM, 

51(8), 25. 

Harel, I., & Papert, S. (1990). Software Design as a 

Learning Environment. Interactive Learning 

Environments, 1(1), 1-23. 

Jansen, M., Kohen-vacs, D., Otero, N., & Milrad, M. 

(2018). A Complementary View for Better Understanding 

the Term Computational Thinking. Proceedings of the 

International Conference on Computational Thinking 

Education 2018. The Education University of Hong 

Kong, 2-7.  

Kramer, J. (2007). Is Abstraction the Key to Computing? 

Communication of the ACM, 50(4), 37-42. 

Schifter, C. C. (2013). Games in Learning, Design, and  

   Motivation. In M. Murphy, S. Redding, & J. Twyman  

   (Eds.), Handbook on innovations in learning (pp.149- 

   164). Philadelphia, PA: Center on Innovations in  

   Learning, Temple University; Charlotte, NC:  

   Information Age Publishing. 

Waite, J., Curzon, P., Marsh, W., & Sentence, S. (2016). 

Abstraction and Common Classroom Activities. 

Proceedings of the 11th Workshop in Primary and 

Secondary Computing Education. ACM, 112-113. 

Wing, J. (2011). Research Notebook: Computational 

ThinkingðWhat and Why. The Link Magazine, 20-23.



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y.,  Looi, C.K., Milrad, M., Sheldon, J., Shih, 

J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (2019). Proceedings of International Conference on Computational Thinking Education 

2019. Hong Kong: The Education University of Hong Kong. 

65 

A Preliminary Study on Designing Learning Activity of Mathematics Path via 

Computational Thinking for the Elementary School Students with Learning 

Disability  

 
Ya-chi CHANG1, Sung-chiang LIN2 

12 Department of Mathematics and Information Education, National Taipei University of Education, Taiwan 

g110627002@grad.ntue.edu.tw, lschiang@mail.ntue.edu.tw 

 

ABSTRACT  

In recent years, many countries promote information education courses based on computational thinking as the core in the 
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֥ ≈ ֯ Њ Ӣᾼ Ḕ ♄ ῴ  
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Ὼדẃ ֵ ֯ Ṏ ◕ ѿ ≈ Ɫ

їᾼ Ṏ Ȳѿ Ӣ Ṇ ἤ≈ᴕ

ḟ ϩȲᴖ ≈ ֽᴶ ֥Ẕ҃ ȲⱢדּ

Ӣ ֥ ᾼ Ь╥ ᾼ ȴ֪ױȲӐׁש

ṅⱢ Њ Ϥ ≈ П

Ȳṳᴕ Ӣᾼ ḖȲ Ӣֽ

ᴶṿӣ ≈ Ἐ Ὲ ȳ֮ Ѡ֣ ᵑȳ

ἘȲ ᴩ Ḕ ♄ П› ♄ ȴ 

ֿ 

≈ ȷ ȷ Ḕ  

1. ›ṕ 

Э ῂ ѡ ѣ ȲӢ♄М Ꞌצ

Ȳ ᵗϢ Ӣ♄ḆҒ―ᵓȲ ᶾᾼדּ Ϸ

Ԓ ᾼ ᾨϩ ϩȲ֢ ẃ в

Ṏ Ȳѿּר ד2015 ḕᴯ Ӣכғᾎ

ɎEvery Student Succeeds, Actɏ ӦӪד2016 ҏᾼ

Computer Science for All Ȳ Ṏ ѝȳ

ȳ ᵂ ѻּדṳԝⱢ Ӣ ӭȲ֯דּ Ϛᾌ

ᾌ ṎḂ ϯȲ֢ Ɫ ᶾדּ֥ Ȳ

֯ ứᾼ Ṏ МῶὙɦ ≈ ɧᾼ

ἤȲṳ Ẕד Ἐ Ϥ МɎὭṎ ếᵦӔБȲ

2016ɏȴᴖ ῺדӔ ϫϡד Ȳ

Мᾼѻ ð ї Ӣ֯ М

Ӣ♄ȳ Ṇ ἤ≈ᴕ ẓ ḟ ϩɎ Ṏ Ȳ

2015ɏȲ֯ϫϡד ᶾדּ МȲ

≈ Ɫ ᶾדּ ѻ Ȳѿ ӢᾼӢ♄ ȳ

Ḗѿц Ɫ Ȳ֯ ḟ ᵂᾼ М

Ӣɦ ≈ᴕɧ ɦ ≈ ɧᾼ῀ Ɏ Ṏ

Ȳ2018ɏȴ 

ᵀ ὑצ Ӣẃ Ȳ ӣ֯ ṷצ Ṏ

Ḗ Ӣᾼ ≈ ♄ דṅȲשׁ Ϛ

Ӣᾼ ♄ ẃ Ь ю Ȳד ᾼ Ḋ

Ϸד ѽɎ ȳ ᵄᴝȳӪ ế

Ȳ2018ɏȴᴖ ⁄╥ М ᾼ Ӑּד

ӭȲ Ϡ Ӣᾼ Ӑ ϩҵȲḆ Ӣᾼ

≈ᴕȳ ȳѿц ḟᾼ ϩȲ ṷ ϩᾼ

Ϛ Ӣẃ БЛ ὔḆᴶᾓ╥

ᾼ Ӣȴ֪ױȲ ὑẓצ Ḗᾼ

ӢᴖṕȲֽᴶ ֥ ≈ Ἐ ֥ᾼ

♄ ȲЬ╥ד ᾼׁשṅ ȴ 

 

2. ѝ  

2.1. ≈  

2.1.1. ≈ ứ  

ᴞ ≈ ҏ∟Ȳ ֵ ῏ ὑ ≈ ứ

ᾎȲӭ›ỮӑậכẔЛ֝ᾼצ Ϛ ᾼԚ Ȳᵀ╥Є

ֵ ῏ᶁ Ɫ ≈ ҔᵶἼ оɎAbstractionɏȳ

ῶӱɎData Representationɏȳ έɎProblem 

Decompositionɏц ᾎ≈ ɎAlgorithm Thinkingɏ

ɎWing, 2006; Grover & Pea, 2013; Google, 2019ɏȴBarr

StephensonɎ2011ɏ⁄ ҏ ≈ ӣὑ֢ П

ẂȲṳ ≈ иⱢ ȳ иέȳ

ῶӱȳ έȳἼ оȳ ᾎ≈ ȳᴞ оȳ֝

Ḕȳ Ȳṳ ֢ а ᴟ דּ ȳ ȳ

דּ ȳῂ ṅשׁ ṕ ȲֽϯἬ ȸ 

1) ɎData Collectionɏȸ

Ҡѿиέᾼ ȴ 

2) иέɎData Analysisɏȸ ᴩи ȴ 

3) ῶӱɎData Representationɏȸ ᴩ

Ὂ ȲẂֽ֯ דּ Ѡ Ҡѿṿӣ

Ȳ ѿ ԝɎArrayɏȳ ᴭԝ

Ɏ Linked listɏȳ Ɏ Stackɏȳᴱԝ

ɎQueueɏȳ ѱɎGraphɏế ῶɎHash 

tableɏ ᴩ ȴ 

4) έɎProblem Decompositionɏȸứ

Ҡѿӣ ḟѠᾎȴ 

5) Ἴ оɎAbstractionɏȸ Ṇצ ᾼҔ Ȳ

ṳ ᵓӣ ᾼѠᾎצ ḟȴ 

6) ᾎ≈ ɎAlgorithms & Proceduresɏȸѿ

דּ ⱢẂȲ ẕ ᾎȲṳ

█Ϛ ứ ᾼ ᴩ ᵂ ᾎȴ 

7) ᴞ оɎAutomationɏȸ ᴞ оᾼ

Ѡה ḟȲֽӢ♄М ẞᾼȲщ

ᴞ ‐ ȴ 

8) ֝ḔɎParallelizationɏȸ᷂Ҡѿ֝ ᴩПᾭ

ᾓȲ֝Ḕ ᴩȴ 

9) ɎSimulationɏȸ ᶮȴ 

2.1.2. ≈ ֯Ϛ Пׁשṅ 

֯ ≈ ᾼ Ṏד צṅМȲשׁ ῏ ҏ Ӣ֯

ȳ ȳ Ꞌ ӣ ≈ ȲɎWing, 2006ɏȲ

֯Ϛ Ϸצ ֵ ῏ ≈ Ϥ ♄

МɎ Ԝ ế Ȳ2018ȷ ȳ ֽȳ

Ὺᶑȳ Ϛבế╟ֽ Ȳ2018ɏȲ֯ ῀ כ
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ᾼ МӢ Є Ӣ МȲЛ ╥ ᴩ ἨЛ

ᾼ Ȳׁשṅ ὨꞋ ӱ с Ӣᾼ

כ ȴᴖ Э ӢᴞЊ Ở І ₇Ȳ

Єֵ ṿӣȲ Њ Ҡѿ נ ӣױ

ӢȲ с Ӣᾼ ≈ ϩɎWing, 2008ɏȴ 

2.2.  

֯ Њ ᾼ МȲ ᾼ Ӣ֯

ϱצ ֵᵺ ɎẂֽȸ ᵺ ȳѝֿ ᵺ ɏȲ

דּ כ ЛṾȲ ϵϯẃὔ כ Ӣ ᵅ

Ɏ— Ȳ2004ɏȲṼ 107 ⇔ד Њ ᾼṝї

М МҠ῀ ἬҜѩẂּפ 35%Ȳ

╥Ἤצ ᵑМϢ ֵȲḕ ᾼ ₤Л֝Ȳ

ἤ ȲẔ כ ЛṾṳ‍֪ ϩЛṜȴᴖ

Ṏ Ɏ2002ɏṝї ц Ӣ ứ

ϫ ᾼứ ї ғ ᴖ

ҏᾃ ȳ ȳ ȳ ȳῶ ȳ῀ Ἠ῀

ᵂẦ ϩצ Ȳѿ ֯ ȳ ȳ ȳ ȳ

ϱצ ᵺ ῏Ȳ ╥ Ӣᴴ

ᾼ Ȳᵀ╥Ҭ ȳצ ᾼ ṎȲ

῏Ϸ Ẕ Ȳֽ Ὑ Ӣȳּר №

ȳᵂ ׄ ӢȲ ╥ ҭϱ צ ⁯‍

֤ᾼ ϢɎ■ Ȳ2000ɏȴ 

2.2.1. ≈ ֯ ♄ Пׁשṅ 

Ὼ צד ῏ ҏ ≈ Ϥ Ṏ Ḗ Ӣ

ᾼ ╥ ṅᾼɎ Snodgrass, Israel, & Reese, 

2016ɏȴ BraefootɎ2016ɏ ҏ Ṏ Ḗ

Ӣ ᴩ ≈ Ȳצ ⁄ȸɎ1ɏ

≈ Ɫ М ᾼ ї ἘȲ Ṏ

Ḗ ӢҠ ῒ ᵂἨ ֥ ẓȲ∂ӴᾬԈ ᶧ

ԝ ἘȷɎ2ɏ Ṽ Ṏ Ḗ Ӣѡ Ἤ

ᾼԉ Ȳ Ӣᾼ ḟ ϩȲẂֽ

ԉ ᴩи Ḕ Ȳױ ϩϷ ӣ֯

Ἠ ӣ ᾼ ȴɎ3ɏּדᶾҠѿ ᵗ Ṏ

Ḗ Ӣ ᴩ ȳ ȳԅ ♄ ȲϷ

ᵗ Ӣ Ẕכ Ӑ ϩἬ ᾎ ᾼԉכ ȴ вצ

῏ ≈ Ϥ Ӣᾼ МȲ

ѿЛ ᾼ ה ֥ Ӣ Ӣ♄ ᴩ

♄ Ɏ ϢȲ2018ɏȴ 

2.3. Ḕ  

Ḕ ╥Ϛ ᴖ‍ ᾼה ♄ Ȳצ

ᵑὑ Ӣ֯ ⅍М ᴩ Ἠ╥ ẓᾼ ᵂ

ҠѿᶙכᾼȲ Ӈ Ӣṛҏ ⅍Ȳẞ

Ḕ МᾼϚ ֮ѠȲ Ẃẃ ȸצϚ ♄

֯ ᾼМ Ȳ Ӣ Ӈ ẞМ И ᶙכ

♄ Ȳ Ӣᾼ ϠМ Ȳ ‍

Ḕ ᾼ ♄ Ȳᴖ╥Ϛ ᾼ ♄ ɎѵẈ Ȳ

1995ȷὭ ⸗Ȳ 2001ȷ ἣ ế Ȳ 1998ȷ

Winicky-Landman, 1999ɏȴ 

Ɏ2000ɏ╓ҏ Ḕ ᵛ╥ᵓӣ вᾼ Ȳ

Ҕᵶ ȳ ▀ȳ   כ ᴕц≈צ ἤᾼ

ѡ Ӣ♄ Ȳ ᾼ Ϡ оᾼеה

ế ֿ ȲϷ Ɫכ њҠ ᾼ Ḋȴ

ᾘ ṶԒ ֻᾼ ṛ Ȳ ҠṼ ϯ ҏ

֥ ᾼ Ȳ Ӣế ֝ᾼ  ҠѿϚ ᴩ

ϩ ȳἨ╥ Ϣ≈ᴕȳϷҠѿế ᾼᴔ ד

Ф Ȳ ḟ Ϛ ᴭᾼ Ɏ Ȳ2005ɏȴ

֯ ᾼ Ӣ♄ МȲ ӣ ӢБ ᾼ ῀

Ȳ֯ Ḕ М ᴩ ȴ 

Ḕ ᾼ ╟ȲҠṼѿϯ ⁄Ɏ ⱷ

ế Ȳ2007ɏȸ 

1ȳ Ḕ ᾼ Ṽ ᾼ ἤ ֥

ᾼӭ ѿ ♄ ȴ  

2ȳ Ḕ ᾼ Л Ҭצ♄ ᾼ Ȳ Ҕᵶ♄

Ὑȳ♄ в ц ῏ᾼ ᾎ ᵂᾎᾼ

иẃ ♄ ȴ  

3ȳ Ḕ Мᾼ♄ Ὑ ӱ ῏ ẓצᾼ

ϩȳҠ ᾼ ế ᾃ ᾼṶ Ȳѿᵓ

♄ ᾼ ᴩȴ 

4ȳ Ḕ Мᾼḕ аȲҠҔᵶЛ֝ ᵑᾼ♄

Ȳֽ ‍ ȴֽױȲҠṿ♄ ᾼ ᴩḆֵ

аоȳ ḆӢ ♄ Ȳ ᵍ░ ѽẰȲꜙᴟҠế Ф

ד ֥ȴ 

5ȳ Ḕ ᾼ ֥ Ӑ ӭ ᾼ ⇔Ȳṿ

Ӣ ӐếӢ♄ ֥ȴ  

6ȳ Ḕ ᾼ Ҡ ֥щ ȳ Ȳ ḕϚ

ᵂЛ֝ᾼ ȴ  

7ȳ Ḕ ᾼ ╟МȲ Ӣᾼ и ᾼ

Ԛ֝ Ȳ ᴩ ϩ  циέᵒ Ȳᴖ‍ Ϣ ῀

Ἤ ứȴ 

8ȳ Ḕ ᾼ ╟МȲ Ӣᾼ ҠᴩἨЛҠᴩȲ

Ҡ Ӧ Ӣᾼ ῶȲ Ẕ≈ ᾼι ȲᴖṿẔ

 ȴ 

9ȳ Ḕ ᾼ ╟МȲ֝ד ᾼ ӢЬצ Ȳ֝Ϛ

♄ ֯Л֝ ῏ᾼ ᴩМȲЬ ֥ ῏ᾼ

Ἐц  ῀ ȴ  

10ȳ Ḕ ᾼ ╟МȲ аᾼв ế ᾼ

ἤȲ ֥щ ȳ ẃ ᴩȴ 

ṅשׁ .3  

Ӑׁשṅ ֥ ≈ Ḕ ♄ Ȳ ᴩ Њ

П ♄ Ȳṳṿӣ ἤ

ṅשׁ ᾎȲ֯ М נּ ᾼ

Ѡה Ӣᾼ ч ᾭᾓȲṳ֯ ḇ

֫ן∟ Ӣᾼ иέ Ӣᾼᵂ ᾭᾓȲ Ӣ

ᾼ ≈ ϩ ἘȲṳ֯ ḇ∟ ᴩ

ȲϠ Ӣ֯ Мᾼ ῀ ᾎȴ 

3.1. ֥ ≈ П Ḕ ♄  

Ӑׁשṅ Ɫ ӢȲѻ ╥ ȳ

ȳ ἤ ȲҫϚѠ ȲׁשṅϷ
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╓ҏ Ӣ Л ѹᵅכ ᾼ Ӣ ⇔ᵅ

Ɏ Ȳ2000ɏȲ֪ױȲӐׁשṅ ӣ Ḕ ֯

♄ Ϸᴕ Ϯ ᵑᾼ ḖȲ ֥

ᾼ ᵗЏẓȲѿ Ẕ ȴᴖֽ›Ἤ Ȳ

Ҕᵶ ᾼ ӢȲ Ӣ ὑѝֿ

ד ᵺ ȲӐׁשṅ ᴕ Ɏ2018ɏ ῏

ὑ ‹ṅȲ֯שᾼׁד2018 ṿӣ ᶮо

ẓȲ ᾼ Ӣ ὑѝֿ ᾼᵺ ȴֽ 1

ἬӱⱢ Ḕ ֮ Ȳ 2⁄╥ қȴ 

 

 

1 Ḕ ֮  

 

 

2 қ 

 

ṅשҵȲӐׁױ ᴕ Ӣắ ὑ ϩȲ

ẁ ӭᾼ ὙȲ ṿӣ ẓ Ӣҟ

ᵂҵȲϷ ᴕ BraefootɎ2016ɏᾼ ≈ ♄

Ȳṳᴕ Ẕ҃ ₤ Ӣᾼ ḖȲ ᴩד

ᾼ Ȳѿ Ӣᾼ ȴῶ 1Ɫ

Ӑׁשṅ П Ḕ ☼ ȳ ≈ ȳ Ἐ

ῶȲῶ 2⁄╥Ӑׁשṅ ᾼ› ☼ Ȳ ֥

≈ а і Ӣ≈ᴕ έ ȳ ᴩ Ȳ

ѿצ ᾼѠ֣ ҏ Ȳ ԝҏֽᴶẞ ╓ứ

қȴ 

Ḕ ♄ Ӣ ц ֯ ϱἬ

ᾼ῀ ếᶾ Ȳ ֥ ≈ ᾼа ᴩ Ȳ

Ầᵗ Ӣ ẞɦ М Ȳ М ɧᾼӭ Ȳṳ

ѡ ѿ ᴩ Ḕ ♄ ᾼן ц Ȳ

ϠҠѿ ҵȲϷ иṹ ἘȲ

ẁ Ӣ ≈ᾼ Ȳ ≈ ᾼ ϩȴ 

 

ῶ 1 Ḕ › ☼ ȳ ≈ ȳ Ἐ

 

 

 

ῶ 2 Ḕ ♄ Ẃ 

♄ ☼  ẓ  

≈

Ἐ 

1.і  

Ѡ֣ȳ ֮

ϱᾼѠᴯȴ 

֮ ϱᾼ֢ ∂

Ȳ ֯

ᾼ Ѡᴯȴ 

2.ѻ ♄  

ӱ Ȳ  Ѐҏ

Ȳ ӣצ ᾼ ẞ

╓ứ қȲ Ӣ≈

ᴕ╥ᵡצẔ҃ ϷҠѿ

ẞ ȴ 

ᴔ :ᶺ ֯ẃᾲϚ

Ȳ ┬ ᴔ ᾼ╓ứ֮

ȲӣᵃњМᾼ ҏ

Ϛϯ ṛᾼ ȴ 

ԉ Ϛȸ  Ѐ֮֯ ᾼ

ϯѠȲ╥⁮ѠȲᶺ ҟ

ѝ ⅍ ≢ ṛȹԒἏ

ҖѠȹ 

ԉ ϡȸ Ẕ҃צ Ҡ

ѿẞ ѝ ⅍ ȹ 

Ӣ ᵂȲ ӣ ẞ

╓ứ қȲ

С оᾼ Ȳ

Ӣ֯ ⅍М ╓

ứ қἬ ᾼ

Ἐȴ 

ȸ ѝ ⅍ҵֵֻצ

ᶮȹᵃכẞϠꜙ ȹꜙ

ᶮᾼ ֵȹ 

Ḕ

֮  

 

Ѡ

֣қ 

30

и  

ᾬԈ 

ᶧԝ 

Ԉ 

 

έ 

 

4.  

Ӑׁשṅ ֥ ≈ ᾼ Ḕ ♄ Ȳ֯

›ȳ М ∟ Ểצ ᾼ Ȳᴖ֯

♄ МȲϷ ᴕ Ӣ ⇔ѿцЛ֝ᾼ ₤Ȳ

ᴖ֯ ♄ ›ȲϷ ֮ ȲṳҠ

ϚḔ ֥ Ἠ Ȳ с Ӣ Ȳ Ӣ

Л Ҡ Ӕ֣֫ М с ȲϷ ♄

М ẞ Ἴ ᾼ ἘȲ Ẕ ≈ ᾼ ϩȲ

Ҡ ⱢӐׁשṅ ӑẃ о ᾼѠ֣ ᴕȴ 
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5. ᴕѝ  

ѵẈ Ɏ1995ɏȴ ’Ӣ♄ Ḕ ȴ Җȸ

ҖӀӴ ṎМїȴ 
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ABSTRACT  

This paper presents a study of developing computational 

thinking (CT) practices by designing and testing unplugged 

and plugged coding materials for 1st and 2nd grade pupils 

between the ages of 6 and 8.  Materials were used as a tool 

in unplugged phase of afterschool coding club. Based on the 

analysis, it is evident that pupils were able to apply the 

concepts used in unplugged learning activities in their 

ScratchJr projects followed unplugged part of the coding 

club. 

KEYWORDS  

computational thinking, unplugged coding, instructional 

design 

1. INTRODUCTION  
CT involves identifying a problem, evaluating the problem, 

and reasoning to design solutions that solve the identified 

problem (Wing, 2008). ñUnpluggedò is a term that describes 

computational thinking activities carried out without 

computers (Bell, Alexander, Freeman, & Grimley, 2009). 

Learners study computing concepts through activities and 

games without interacting with a computing device using 

simple materials such as sheets of paper and crayons to learn 

CT concepts (Bell, Alexander, Freeman, & Grimley, 2009).  

2. AIM OF THE STUDY  
The aim of the study was design computational thinking 

lessons for K-2 students participating into after school code 

club in the Finnish primary school. The pedagogical design 

included both unplugged and plugged activities for learning 

basics of the computational thinking 

In this paper unplugged part of the design will be presented, 

because it was considered crucial for learning computational 

thinking in the context of non-experienced child-

programmers. 

3. CONTEXT  
The context for this experiment was an after-school 

programming club in a primary school in Northern Finland. 

Participants were 17 pupils (8 girls and 9 boys aged 6-8). 

Original idea was to select only pupils who are non-

experienced on coding, but only 13 out of the selected 17 

fulfilled the criterion. 4 participants were randomly selected 

from the rest of the applicants in order to fill all seats 

available. 

The first author of this paper was the designer and instructor 

of the activities in the coding club. The sessions were 

arranged in a computer laboratory within the host school. 

4. INSTRUCTIONAL DESIGN AND 

MATERIALS  
Instructional design for unplugged coding activities consists 

of a series of processes employed to understand, improve 

and develop educational materials that impact knowledge 

and skills (Gagne & Briggs, 1974).  

4.1. Design of Unplugged Coding AActivities 

Unplugged activities are designed with the aim of 

demonstrating CT concepts through authentic real-life 

examples to capture the interest of learners and motivate 

them. 

 

 
Figure 1. Algorithm worksheet. 

 

Algorithm WWorksheet: This unplugged activity focuses 

on daily routine of learners starting from the first thing they 

do in the morning to the last thing they do at night. A 

predefined set of stickers (see Figure 6) were designed to be 

used alongside a worksheet (storyboard) as can be seen in 

Figure . This activity enforces the concept of orderly 

sequences in algorithms.  

 

 
Figure 2.  Decomposition worksheet. 
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Decomposition: This activity focuses on teaching learners 

how to break down large tasks into several, small, easily 

solvable forms. Here, the weekly activities of learners are 

broken down into daily activities. Figure  shows a weekly 

worksheet organize their weekly activities into an orderly 

daily sequence. 

 

 
Figure 3. Pattern recognition worksheet. 

 

Pattern Recognition: This worksheet (see Figure 3) follows 

the decomposition worksheet, focusing on the identification 

of repeated and non-repeated routines within oneôs weekly 

activities.  

 

 
Figure 4. Decisons worksheet. 

 

Decisions: This activity focuses on making decisions based 

on a condition. Decisions are made on a daily basis 

regardless of age. This worksheet seeks to teach decision 

making by performing an acidity based on a condition. See 

Figure . 

 

 
Figure 5. Abstraction worksheet. 

Abstraction: This activity focuses on teaching the concept 

of abstraction. The worksheet (see Figure 5) used for this 

activity is designed to support the inclusion and exclusion of 

activities from oneôs daily set of activities listed in the 

algorithm worksheet 

 

 
Figure 6. Stickers for worksheets. 

 

Figure 6 represents sample stickers designed for the 

worksheets. These stickers can be customized to include 

options for gender-specific stickers to encourage authentic 

learning, and motivate pupils to learn CT 

5. RESULTS AND CONCLUSIONS 
Preliminary results from the code club reveal that unplugged 

learning materials were successful method to teach 

principles of computational thinking.   

Based on the analysis, it is evident that pupils were able to 

apply the concepts used in unplugged learning activities in 

their ScratchJr projects followed unplugged part of the 

coding club. Future research will continue with un-plugged 

design, but include also physical unplugged activities in 

addition to paper-based work. 
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ABSTRACT 
Computational thinking is one of the indispensable information literacy of today's students, and large researches have 

demonstrated that gamified collaborative learning has a significant positive effect on students' learning. Therefore, this paper 

designed a collaborative learning environment under Kodu to explore the influences of gamified collaborative learning on 

computational thinking from two aspects of individual factors (learning interests and attitudes, self-efficacy), and 

participation, the effect of socially shared regulation in collaborative learning. This investigation took two classes students of 

10th grade as the sample and collected data via survey questionnaires and studentsô discussion recordings, trying to provide 

new ideas for cultivating studentsô computational thinking. 

KEYWORDS 
gamification instruction, collaborative learning, computational thinking, educational games 
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Ȳһ֯иέế ᾼ ϱȲ ד ᵂḔ Ȳ
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ῂ Ф Ȳќ═ ♄ Ȳ Ḇ ᾼװ
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ϱ ế ḖȲӐׁשṅᵓӣ о ᵂ

Ӣᾼ ≈ ȴ Ѡהѿῂ

ɎSocially shared regulation of learningȲ SSRLɏ
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֯ס צ Д Ӣᾼ ᵂ Ȳ‚ Ӣᾼ  
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ɶ ≈ ɷ╓ᾼ╥ Ӣ ֯ ứᾼԉ ϯȲ

ԉ Ȳ Ϛ ᾼ ԉ и Ϛ ẓ
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ɎHadwin, Jarvela, & Miller, 2011ɏȴ֯ῂ МȲ

ӭ ế ӦЊ כ Ԛ֝ ∂Ȳ Ὠ
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ἏׁשṅМȲ о ᵂ ѻ М֯ṿӣ█
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ϯ ᾼכᾎצἬḂ Ȳ ϩ ẞὙ

сɎChang et al., 2012ɏȲגѹ

ϩᾼ Ȳֽדּ ȲϷḆ ɎKe, 2014ɏȴҬ
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Џ ╥ᵅ Ȳ֪ױӐѝᾼ ᵂ

ѻה ֒ếӭ ứȳԉ ȳ ȳ

ԉ ế Х Ȳ ֯ Х Ѡ
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ӐׁשṅМᾼ ЏẓҔ╗ ≈ ҳװ Ẫȳ

ế ⇔ Ẫȳᴞᶺ ẪȲ ᵒứצ SSRLХ

ᾼ Ѡᾎȴ 

≈ ҳװ ẪӦ ‒ ᶾ ϫᵇ ᾼԉ

Ṽ ẔН ᾼ ế ῏Ԛ֝ ≈ ᾼ װ

ạᴖכȲѻ Ҕ╗ Ἐȳ ԉ ᴩȳиέ

ԉ ȳ ᾎȳ ᶧế ᾼ ȴ ₤

ц ếѻ ȴ ц Ἐ ȳԉ

ȳԉ иέѿц ᶧȲֽñKodu╥ Ȳһᾼ

ἤ╥ȹòȴѻ ц ᾎế ᾼ Ȳֽ

ñ ҒϚҬ ֧Ȳkodu ϠϚҬ ֧

ᵓϠȲ ֽᴶḂ ȹòȴḕԌ ⇔

сȲ иᶁ Ϛᴍиȴ Ȳ ≈ ҳװ

ᾼ‒⇔Ṇ и 0.851Ȳ0.869Ȳ0.89Ȳ0.832ȴ 

ế ⇔ ẪḂ ᴞ Hwang G Jế Chang H F

Ϲ Мᶮכἤ ế ⇔ᾼ

ẪɎHwang & Chang, 2011ɏȲ Ӑׁשṅᾼẓ

Ȳ Ẫ ᴩ ᾼḂ ȴ ẪҔᵶ 12

ȲҔ╗ о ȳ ᵂ ѿц о ᵂ

ᾼ Ϯ Ѡ Ȳ Ȳ и Ẫᾼ‒⇔Ṇ

0.841ȴ ⇔ ẪҔᵶ 14 ȲҔ╗ о ȳ

ᵂ ȳ о ᵂ ѿц ᾼ ⇔ҳ

Ѡ Ȳ Ȳ и Ẫᾼ‒⇔Ṇ 0.938ȴ 

ᴞᶺ ẪӦ Pintrich Ϣ ạɎPintrich, et al., 

1991ɏȲҔᵶ 8 Ȳ ӣḈᵌ ϝ иᾎȲ ‍
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Л֝ ẞ‍ ֝ Ȳи 1-7иȴ ‒⇔Ṇ

0.93ȴ и Ȳῶӱ ᾼᴞᶺ Ȳ Ӣ

Ϲᶙכ ᾼᴞ‒ї ȴ 

ᵒứ SSRLХ ᾼ Ѡᾎ ӣ Lee A

Ϲῂ ᾼ ╓ ɎLee, 2014ɏȲֽῶ1Ἤӱȴ 

 

ῶ 1 ╓  

 

 ᵅ  

֒ế

ӭ

ứ 

Њ Ὑ

ᾼԉ ֒ 

Ὑ װ ӭ  

כ Ϲӭ ế

֒ᾼԚ֝  

Ӂ╓ ἤ ᵂ

֒Ἠ Ӂ ᾼԉ

ӱ 

ӁϚ ᾼӭ

֒ 

ԉ

 

Ϡԉ

ế ԉ ᾼ  

ῴ ᾼ

֒Ȳ ᴩа ῀

 

צ

 

▲ ᵂ  

 

֯ צ Ἠ ᾼ

ϯ ▲Ϡḕ ╓

ἤ ᾼᶙכ  

 

иέ

ԉ ч ᾼ

ἤ 

Ẕ҃כ

Ȳ Ӧ 

כ ᾼԉ

Ѡ  

∂צ ἤᾼ  

צ ֪֮ █

Ϛכ ἨЛϚ

ᾼ  

ԉ

 

ứװ ӭ ᾼ

ᶙכȲג

֪ 

֮װ ▲Ἤצ

ᾼᶙכ⇔Ȳ ԉצ

ᴶ Ӧ 

 

Ὑӭ ᾼכ

ẓ ֪ 

ד▲ ᵀӑ

цᾼ Ἐ 

כ ԉ

С  

֮װ ᴷԉ

ᶙכ⇔ế Ἐᾼṿ

ӣȲ צ ᾼ  

ᵂҏצ  

 

3.6. иέѠᾎ 

Ӑׁשṅ ᾼ ≈ כ ȳѿц›

֧ ứ о ᵂ ≈ ᾼ ȴ

ᴖи ֪ Ɏ ế ⇔ȳᴞᶺ

ɏᾼ›֧ Ȳ ứ о ᵂ ֪

ᾼ ȴ ᾼ ⇔ế SSRLכ ╥

ᵡ֯׀ Ȳѿц ⇔ȳSSRL ≈ ᾼ Ṇ

 ӣ SSRLХ Д ╓ ᵂ ᾼ Ὠȴ

֧иέ ֪ Ɏ ế ⇔ȳᴞᶺ ɏ

⇔ȳSSRLכ ѿц ≈ כ ᾼ ȴӐׁשṅ

ᾼἬצиέ ᵓӣ ԈSPSS 22ᴩȴ 

ṅשׁ .4 Ὠ 

4.1. о ᵂ ≈ ᾼ  

Ϡ ≈ › כ ᾼ Ȳиέ ֯

♄ ֧ᾼ ≈ Ѭӂ╥ᵡ֯׀ Ȳ

≈ › כ ᵂ Ȳ֧ כ ֪ Ȳ

ᴩ Ѡ иέɎANCOVAɏȴ Ὠ ӱȲẔ ἤ

0.687ȲЄϹ 0.05Ȳ Ὑ ế ᾼѠ ד Ȳ

ᵛ ᾼ ≈ ֧ כ Л֯׀ ȴᵀ

╥Ȳ Ṷ֧иέȲLSD ӱ иɎ67.25ɏ

Ϲ Ɏ62.11ɏȲגѹ›֧ ᶁ ᾼ Ɏ18.95ɏ

Ϲ Ɏ9.4ɏȴ 

ӦϹ ᾼ֧ ᶁ ד Ϲ› ᶁ צ

Ȳ Ϡ ứ о ᵂ ᾼᵂӣȲ ᵂ

Ϛ Ȳ ≈ ›ȳ֧ כ ᴩ ӐT

ȴ ὨῶὙȲ Ӑᾼᶁ ֯׀ Ȳ֪

ἤɎ ᶠɏ 0.000ȲЊϹ0.05Ȳ Ὑ о

ᵂ Ӣᾼ ≈  Ϛứᾼᵂӣȴצ

4.2. о ᵂ ֪ ᾼ  

4.2.1.  

иέ ֯ ♄ ֧ᾼ ╥ᵡ֯׀

Ȳ › כ ᵂ Ȳ֧ כ

֪ Ȳ ᴩ Ѡ иέɎANCOVAɏȴ ὨῶὙȲ

Ẕ ἤ 0.948ȲЄϹ 0.05Ȳ Ὑ ᾼ

֧ כ Л֯׀ Ȳᵀ ᾼ֧ ᶁ

ד Ϲ› ᶁ Ἤצ Ɏ › ᶁ ȸ46.64Ȳ

֧ ᶁ ȸ49.56ȷ › ᶁ ȸ46.27Ȳ֧ ᶁ ȸ

47.67ɏȴ 

4.2.2. ⇔ 

Ϡиέ ֯ ♄ ֧ᾼ ⇔╥ᵡ֯׀

Ȳ ⇔› כ ᵂ Ȳ֧ כ

֪ Ȳ ᴩ Ѡ иέɎANCOVAɏȴ Ὠῶ

ὙȲẔ ἤ P 0.935ȲЄϹ 0.05Ȳ Ὑ ế

ᾼѠ ד Ȳᵛ ᾼ ⇔֧ כ

Л֯׀ Ȳגѹ ᾼ֧ ᶁ ד Ϲ›

ᶁ Ἤϯצ Ɏ › ᶁ ȸ59.08Ȳ֧ ᶁ

ȸ58.18ȷ › ᶁ ȸ59.02Ȳ֧ ᶁ ȸ

57.20ɏȴ 

4.2.3. ᴞᶺ  

Ϡиέ ֯ ♄ ֧ᾼᴞᶺ ╥ᵡ

ẞḂ Ȳи ›֧ᾼᴞᶺ כ

ᴩ Ӑ T ȴ ὨῶὙȲ ế ᾼ P

ᶁЄϹ 0.05Ȳᵛ ᾼᴞᶺ ֯ ♄ ›

֧ צ ẞ Ḃ ȴᵀדѩϹ ›֧ ᴞᶺ

ᾼᶁ ϯ Ɏ› ᶁ ȸ45.52Ȳ֧ ᶁ ȸ

45.1ɏȲ ᾼᴞᶺ Ϛứ ⇔ϱ ẞϠ с

Ɏ› ᶁ ȸ45.71Ȳ֧ ᶁ ȸ46.48ɏȴϷ ╥ Ȳ

῏֯ SSRLХ ᾼД Ϛứ ⇔ϱ Ϡ Ӣ

ᾼ ‒їế ȴᴖ ᴞᶺ ֧ ᶁ ϯ

ᾼ ֪Ҡ ╥ ֝ ╥Њ ᵂ Ȳᵀ ѽ

і Ȳ֝ᴴ ᾼ Л Ȳ Л

Ṝȴ 

4.3. ⇔ȳSSRLכ ≈ כ ᾼ Ṇ 
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4.3.1. ⇔ SSRLכ  

Ϡ ֯Л֝ᾼ ╟ϯ ⇔ế SSRLכ

╥ᵡ֯׀ Ȳ ᾼ ⇔ế SSRL

ᴩ Ӵ Ӑ T ȴ ὨῶὙȲ ֯ ⇔

ɎP=0.012ɏế SSRLכ ɎP=0.010ɏϱ֯׀ ȴ

Ὑ֯ Ṽ SSRLХ ᴩ Д ᾼ ϯȲ

Ӣᾼ ⇔ế SSRLצὙ ᾼ сȴ 

ϚḔϠ ⇔ SSRLכ ᾼ ṆȲ ⇔ế

SSRLכ ᴩד иέȴ ὨῶὙȲ ế

ᾼ ⇔ SSRLכ ᶁᵧ ᾼӔד ȴẔМȲ

r=0.967Ȳp<0.01ȷ r=0.957Ȳp<0.01ȴᵛ

⇔ Ȳ Ӣᾼ SSRLכ ȴ 

4.3.2. ⇔ȳSSRLכ ≈ כ ᾼ Ṇ 

Ϡ ⇔ȳSSRLכ ≈ כ ᾼ

ṆȲ ⇔ȳSSRLế ≈ כ ᴩ ֪ Ѡ

иέȴ 

ὨῶὙȲ ⇔ȳSSRLц ֪ ӻФᵂӣᾼ

ἤᶁ Ϲ ἤѬӂ 0.05ȲἬѿ ⇔ế SSRL

֪ ᾼ ≈ ג צ ȴ ᾼ

⇔ ἤ 0.025ȲЊϹ ἤѬӂ 0.05ȲSSRL

ἤ 0.065ȲЄϹ ἤѬӂ 0.05ȲἬѿ ᾼ

⇔ ≈ כ צ Ȳᴖ SSRLכ

≈ כ ᾼ Л ȴ 

4.4. ֪ ế ⇔ȳSSRLכ ᾼֵаѠ иέ 

ϚḔиέ ֪ Ɏ ế ⇔ȳᴞ

ᶺ ɏ ⇔ȳSSRLכ ᾼ Ȳ ֪

ế ⇔ȳSSRLכ ᴩֵаѠ иέȴ ὨῶὙȲ

֪ ⇔ȳSSRLכ צ Ȳ

P ᶁЄϹ 0.05ȴ ֪ Мᾼ ȳ

⇔ѿц ế ⇔ᾼԚ֝ᵂӣᶁ ⇔ȳ

SSRLכ צ ȴ 

4.5. ֪ ế ≈ כ ᾼֵ֪ Ѡ иέ 

Ὑ ֪ Ɏ ế ⇔ȳᴞᶺ

ɏ ≈ כ ᾼ Ȳ ֪ ế ≈

כ ᴩֵ֪ Ѡ иέȲֽῶ 2ȴ 

 

ῶ 2 ֪ ế ≈ כ ᾼֵ֪ Ѡ иέ Ὠ 

֪ ȸ ≈ כ  

  F ἤ 

 

Ӕᾼ ₤ 11.380 .034 

ᴞᶺ  2.595 .230 

 21.878 .014 

⇔ 2.788 .213 

a. R ӂѠ = .994Ɏ ᾼ R ӂѠ = .907ɏ 

 

Ӕᾼ ₤ 2.416 .022 

ᴞᶺ  7.782 .042 

 .395 .851 

⇔ 2.086 .248 

a. R ӂѠ = .963Ɏ ᾼ R ӂѠ = .564ɏ 

Ӧῶ 2Ҡ῀Ȳ ≈ כ ֯ᴞᶺ ế

⇔ϱᾼ ἤи 0.230ế0.213Ȳ Ὑ ≈ כ

֯ᴞᶺ ế ⇔ϱ Л֯׀ Ȳᵀ

֯ ϱᾼ ἤ 0.014Ȳ Ὑ֯ ϱ׀

֯ Ȳᵛ Ӣᾼ ȲẔ ≈ כ

ֻȴᴖ ᾼ ≈ כ ֯ ế ⇔

ϱᾼ ἤᶁЄϹ0.05Ȳ Ὑ ≈ כ ֯

ế ⇔ϱ Л֯׀ Ȳᵀ֯ᴞᶺ ϱᾼ

ἤ 0.042Ȳ Ὑ֯ᴞᶺ ϱ֯׀ Ȳᵛ

Ӣᾼᴞᶺ ȲẔ ≈ כ ֻȴ 

5.  

Ӑׁשṅ Ϲῂ ϠϚ Kodu

ϯᾼ ᵂ Ȳ Єֵ דּ ≈

ᾼׁשṅЛ֝ȲӐׁשṅḆ ֣Ϲ ֪ Ɏ

ế ⇔ȳᴞᶺ ɏế ᵂ Мᾼ ⇔ȳ

SSRL Ὠ Ѡ Ӣ ≈ ᾼ Ὠȴ 

≈ כ ϱכȲ ế ᾼ ≈

כ Л֯׀ Ȳᵀ ᾼ ≈

כ ›֧ Ӑᾼᶁ ֯׀ Ȳᵛ

о ᵂ Ȳ Ӣᾼ ≈ Ϡ−Єᾼצ Ȳ

Ὑ ѠהẓצϚứᾼ ᵂӣȴ ϹױȲи

ᾼ ֪ Ɏ ế ⇔ȳᴞᶺ ɏ

ế ⇔ȳSSRLכ ᴩиέȴ 

֯ ế ⇔Ѡ Ȳ ᶁ צ Ȳ

ᵀ ᾼ֧ ᶁ ד Ϲ› ᶁ Ἤצ Ȳ

ᴖ ⇔ᾼ֧ ᶁ ד Ϲ› ᶁ Ἤϯצ ȴ Ȳ

֯ о ᵂ ֧Ȳ Ӣᾼ Ἤצ сȲ

ᵀ ᵂ Мᾼ МҠѿ Ȳ ᵂ

ẞᾼиὼ Ӣᾼ ⇔ Ӣ оȴẂֽȲ

Њ ẔМϚ֤ Ӣ ȸñʌ ᶺ ҠѿԒ ϚҬ

KoduӉ ᾼ ὨȴòᴖЊ ҫϚ֤כ ȸñʌ

Ҡѿ᾿ Ӊ Ȳֵ Ⱥò֪ Ȳױ Ӣ

ԉ ᾼ Л Ȳᵀ ᵂ ⇔Ȳ ֧

Ҡ Њכ ҬצϚ ӢԚ֝ᶙכԉ ȲᴖҫϚ

ᴞАᶙכȲ ӢᾼЊ ᵂ Ẫ

МϷ֙ Ϡ Ϛ ȴἬѿȲ֯ ♄ Ở›и ᾼ

Ȳ Ϡ Ӣᴞᴩ Ȳ ῏ ᴕ Ӣ

ἤȲ Ҡ Њ כ ἤֵаоȴ 

ҫҵȲ ᾼᴞᶺ ֯ ♄ ֧ᶁ

צ ẞ Ȳᵀ ᾼ֧ ᶁ ד Ϲ› צ

Ἤ сȲᴖ ᾼ֧ ᶁ Ἤϯצ ȴϷ ╥ Ȳ

Ϲ ᵂ ᴩ SSRLХ ᾼ╓ Д Ϛứ

⇔ϱ‚ Њ ᾼ Ȳ Ӣ ֝ᴴ ậᾼ ֝ ѩ

ᴞ ᾼ ֝ Ḇ Ȳ ᴖ∂ӴḆ ᾼ‒їế

ɎLucia et al., 2009ɏȴắ֝ᴴ Ҡᾼװ ֵȲᴞ

ᶺ Ϸ ȴדчȲ ֝ ╥Њ

ᵂ Ȳᵀ ю ῏ᾼД Ȳ Л Ȳ

ЛṜȴ 

⇔ế SSRLכ ϱכȲ Ӣᾼ ⇔

Ὑ ѩ ȲSSRLכ Ϸѩ ȲϭϚװ Ὑ

Ϡ ῏ ӣ SSRLХ ᴩ Д ᾼצ ᵂӣȴ

ᴖȲ ⇔ȳSSRLכ ế ≈ כ ᾼиέ Ὠ
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ӱȲ ⇔ ≈ כ צ Ȳᴖ SSRLכ

≈ כ ᾼ Л ȴ Ἠ ╥֪ Ȳ

≈ ṅ оȲװ Ӣ װ ᾼ ֵȲ

Ἤ цᾼ ≈ ᾼ Ϸװ ֵȲ֪כױ Ϸ

ȴᴖ SSRLכ ч╣ᾼҠ Ҭ╥█Ϛ װ Ӣᾼ

Ȳ֪ױ ≈ כ ᾼ Ϸ Ϛȴ

ҵȲױ ֪ ế ⇔ȳSSRLכ ᾼиέҠѿ

ҏȲכ ⇔ẓצ Ȳ ὙҠѿ

Ӣᾼ ‚ ⇔Ȳ ᴖ

≈ Ѭӂȴ 

֪ ế ≈ כ ᾼиέ ὨϱכȲ

ᴖṕȲ ╥ ֻᾼᴔ Ȳі ҃ ֯Ӑ

Ȳ ≈ כ ᾼ ȴᴖ ᴖṕȲ

ᴞᶺ ‚ṿ҃ ֯ М ֝ᴴṪṭ

ᴞ‒ȲדФ ᵂᶙכ ԉ ≈ כ

ᾼ ȴ 

ᾼ Ȳ Ϲ Koduᾼ о ᵂ ֯ Ӣᾼ

≈ ϱצ ᾼ ὨȴҫϚѠ Ȳ SSRLХ

ᾼ Д ╓ ≈ ᾼ ὨЛ Ὑ Ȳ

Ҡ ╥ӦϹ Њ ыֵȲ ῏ ᾎ ẞḕϚ

Њ ᾼ Ȳ ᴖ ҷ СД ╓ ᾼṏ Ȳ

ᵀẔ Ӣᾼᴞᶺ ế Ϛứᾼצ⇔

ᵂӣȴ 

6. ᴕѝ  

 (2015)ȴМ Њ ֥ᵂ ϯᾼה о

ȴᴕ ỂґȲ102Ȳ104-105ȴ 

Baytak, A., & Land, S. M. (2010). A case study of 

educational game design by kids and for kids. Procedia - 

Social and Behavioral Sciences, 2(2), 5242-5246. 

Burguillo, J. C. (2010). Using game theory and 

competition-based learning to stimulate student 

motivation and performance. Computers and Education, 

55(2), 566-575. 

Cagiltay, N. E. (2010). Teaching software engineering by 

means of computer-game development: challenges and 

opportunities. British Journal of Educational Technology, 

38(3), 405-415. 

Chang, K. E., Wu, L. J., Weng, S. E., & Sung, Y. T. 

(2012). Embedding game-based problem-solving phase 

into problem-posing system for mathematics learning. 

Computers & Education, 58(2), 775-786. 

Chen, C. H., Wang, K. C., & Lin, Y. H. (2015). The 

comparison of solitary and collaborative modes of game-

based learning on students' science learning and 

motivation. Journal of Educational Technology & 

Society, 18(2), 237-248. 

Cooper, S. (2000). Alice: a 3-D tool for introductory 

programming concepts. Journal of Computing Sciences 

in Colleges, 15(5), 107-116. 

Hadwin, A., Jarvela, S., & Miller, M. (2011). Self-

regulated, co-regulated, and socially shared regulation of 

learning. Handbook of Self-Regulation of Learning and 

Performance. New York: Routledge, 65-84. 

Hwang, G. J., & Chang, H. F. (2011). A formative 

assessment-based mobile learning approach to improving 

the learning attitudes and achievements of students. 

Computers & Education, 56(4), 1023-1031. 

Sánchez, J., & Olivares, R. (2011). Problem solving and 

collaboration using mobile serious games. Computers & 

Education, 57(3), 1943-1952. 

Ke, F. (2014). An implementation of design-based learning 

through creating educational computer games: a case 

study on mathematics learning during design and 

computing. Computers & Education, 73(1), 26-39. 

Lee, A. (2014). Socially shared regulation in computer-

supported collaborative learning. Dissertations & Theses 

- Gradworks. 

Lucia, A. D., Francese, R, Passero, I., & Tortora, G. 

(2009). Development and evaluation of a virtual campus 

on second life: the case of seconddmi. Computers and 

Education, 52(1), 220-233. 

Maclaurin, M. B. (2011). The design of kodu:a tiny visual 

programming language for children on the xbox 360. Acm 

Sigplan Notices, 46(1), 241-246. 

Papastergiou, M. (2009). Digital game-based learning in 

high school computer science education: impact on 

educational effectiveness and student motivation. 

Computers & Education, 52(1), 1-12. 

Pintrich, P. R., et al. (1991). A Manual for the Use of the 

Motivated Strategies for Learning Questionnaire 

(MSLQ). Michigan: The Regents of the University of 

Michigan. 

Touretzky, D. S., Gardner-Mccune, C.  & Aggarwal, A. 

(2016). Teaching "lawfulness" with kodu. Proceedings of 

the 47th ACM Technical Symposium on Computing 

Science Education. ACM, 621-626. 

Volet, S., Vauras, M., & Salonen, P. (2009). Self- and 

social regulation in learning contexts: an integrative 

perspective. Educational Psychologist, 44(4), 215-226. 

Watson, W. R., Mong, C. J., & Harris, C. A. (2011). A case 

study of the in-class use of a video game for teaching 

high school history. Computers and Education, 56(2), 

466-474.  

Winne, P. H, & Perry, N. E. (2000). Measuring self-

regulated learning. Handbook of Self-Regulation. 

Academic Press, 531-566. 

Yang, Y. T. C., & Wu, W. C. I. (2012). Digital storytelling 

for enhancing student academic achievement, critical 

thinking, and learning motivation: a year-long 

experimental study. Computers & Education, 59(2), 339-

352. 



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y.,  Looi, C.K., Milrad, M., Sheldon, J., Shih, 

J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (2019). Proceedings of International Conference on Computational Thinking Education 

2019. Hong Kong: The Education University of Hong Kong. 

79 

Teaching Research on Cultivating Pupilsô Computational Thinking in Scratch 

Course  

 
Zhi-lin LI 1*, Hong YU2, Yu-xiao XU3 

123 School of Education and Information Technology, South China Normal University, China 

851095185@qq.com, 454534852@qq.com, 1525661031@qq.com 

 

 

ABSTRACT  

This paper starts with the analysis of the problems existing in the development of primary school students' computational 

thinking, and explains the necessity of developing computational thinking training in the teaching of Scratch programming in 

primary schools. In the Scratch program design teaching, the cultivation method, training method and evaluation direction of 

computational thinking are discussed. Proposed a ñnew courses - Process Design - Instruction Teaching - Evaluation 

Improvement - Integrated innovation - Share summaryò to the teaching process and to formulate and analyze problems, 

abstract modeling, algorithm design, optimization, migration as the six dimensions of the evaluation to solve computational 

thinking. Combined with classroom teaching cases, it shows that students develop problems, analyze problems, abstract 

modeling, algorithm design, optimization schemes, and migration method solving capabilities, thus contributing to the 

formation of computational thinking. 
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Ӑѝ иέЊ Ӣ ≈ ᾼ ᾼ֯׀ Ϥ

њȲ Ὑ֯Њ Scratch ᶧ М ≈

ᾼӇ ἤȴ Ϡ֯ Scratch ᶧ МȲ

≈ ᾼ Ѡהȳ Ѡᾎế Ѡ֣ȴ ҏϠñ

Ϥ -☼ -╓҆ - Ḃ - ֥ -иṹ

ò ᾼ ☼ ѿцѿạứ ȳиέ ȳἼ ∂

ȳ ᾎ ȳ оѠ ȳ Ѡᾎ ᵂ ≈

ᾼг ⇔ᾼ ȴג ֥ ẂȲ

Ὑ Ӣạứ ȳиέ ȳἼ ∂ ȳ ᾎ

ȳ оѠ ȳ Ѡᾎ ϩȲ ᴖ‚כ ≈

ᾼᶮכȴ 

ֿ 

≈ ȷScratchȷ ȷЊ  

￼ṅשׁ .1 ᾼ ҏ 

≈ ӭ›╥ Ṏ ế ᾼׁשṅ

ȴ2006דȲּר қ · Є Ểѿ ɎJeannette 

M.Wingɏ װ ҏñ ≈ òᾼ Ἐ֧Ȳ ≈ і

ᾛ ᾃȴ רּֽ ȳ Єᵓ ȳ ȳҒ

Є Ԓ Ϡ ≈ Ṏ♄ ȴּ֯ר Ȳ

ñқ · Є ֥ᵂ∂Ӵқ ≈

М ї Ɏ Carnegie Mellon Center for Computational 

Thinkingɏȴò ПҵȲױ צ דּ

ɎCSTAɏȳ Ṏᶾ ɎISTEɏ ֢

Ϲ ≈ ᾼ έ ≈ Ȳג ҏϠ

ֵ Ӣ ≈ ᾼӭ ế Ẃȴñ֯ Єᵓ Ȳḕ

Ἀ╜ד ֯ԓ  Bebras Australia 

Computational Thinking Challenge òȲ ԓ ӖяẔ

╥МЊ Ӣ ֯ ≈ ȴ֯ Ȳ

ד2012 ҏ ≈ ᵂ ñ ế‒ ᶾ

òᾼϚ Ȳ֯ג ד2014 ≈ ᵂ ᾼ

דּ ᾼѻ ȴӦױῶὙȲ ≈ Б

֯ԓѷꜜі ᾛ ᾃȴ 

֝ױ Ȳ ≈ Ϸ֯ і ᾛ ᾃȴ֯ Ȳ

ñC9֯ד2010 שׁ òϱ ῶ

ᾼɞC9 ֥ Ὑɟ

М ҏ ᷂ Ӣᾼ ≈ ϩᵂ

ᾼ їԉ ȴɎѵ ṏȲ2012ɏ 

ᾪᾼɞד2017  М‒ ᶾ ɟḆ╥

≈ ᵂ М‒ ᶾ ᾼדּ ї ПϚȲג

ñ ӣ ≈ иέ ȲἼ ȳ∂

Ṇ ἤ Ѡ òW ӭ ПϚȴɎМ ϢӖԚ

ế Ṏ Ȳ2018ɏ ≈ ᵂ ‒ ᶾ Ḃ

ᾼѻ ПϚȲ֯МЊ ᾼ‒ ᶾ МȲ

≈ ᵂ Ϛ ṅ῏Ἤשׁ ᾃȴ 

≈ Ẕ҃≈ Л֝Ȳԉх Ϣ Ȳ ≈

╥Ϛ ᾼ ᾼ Ȳ╥Ϛ Ҡѿ ᵗϢ

Ḇֻ֮ ếиέ ᾼ≈ ѠᾎȲ ᴖᶮכ

ẓצᶮהоȳ оȳᴞ оȳṆ о ἐᾼ

Ѡ ȴɎԉх ȳ Н ếḈ Ȳ2016ɏ ֯

ϱ Ӣ њ ᷂ и Њכ Ȳ ֒ ᴩᾼ

ᶧȲ ҏẔМᾼ Ȳה ᴷ Ѡ Ȳ ᾃ ᾼ

Ȳ ϱ ╥ ᴞАύ Ϡ ᾼᶾ Ȳ

ṷᶾ Ҡѿ ҃ Ȳּד ếẔһ ꜙȲדּ

ᴟϹ ѡ Ӣ♄ ȴ ПҵȲױ ≈ ϹӢ

ᶾếדּ֯♄ AI ᴞ о ҅™І ȲḆ ᾼ

҃ Ϛצ Ӣ♄ᶾ ȴӑ ᾼ ϢЂ צ

֮ ӣế ᶾȴ֯דּ › ϯȲ ≈ כ

ϠϚ Ӈ ₇Ȳ Ϡ Ḗ Ϣ ᾼ  ȴ 

ᵀӦϹ−ֵ ≈ ᾼứ ѿцֽᴶ

≈ Ϥ Ṏᾼ ế Л֝Ȳ ≈ Ṏᾼ

צ֮ Єᾼ ȴ֪ױȲֽᴶ ≈ −ֻ֮

Ϥ ה֯ ȴ 

2. ҵ ≈ ᾼ  ṅשׁ

2.1. ҵׁשṅ  

Ểѿד2006 ῶϠ  Computational Thinking 

ᾼѝ Ȳ ҏϠϚ ∂Ӵ֯ ϩцẔᶝ

ἤ Пϱᾼ≈ Ѡהðð ≈ Ȳג ẞϠ

еҨᾼЄϩќ═ȴ2010דȲּר ’ Є ᴏ

·Ẉּד ốɎLjubomir Perkovicɏ Ϲ ACM ѻ

ОҼᾼϝ ñ Єᾼ ò Ἐи ᾼ ϱ ∂

Ϡ ≈ ᾼ כ цẔד ᾼ ȸ ȳ

‒ȳ ȳ֫ ȳᴞ оȳ ᴷȳ ȴ2011דȲּר

ṅἬḈשׁ ҏñṿӣ - Ḃ - òɎUse-

Modify-Createɏ ▐Ȳ҅ῶ Ӣ֯ ≈ Мᾼ ῀ế

♄ ᾼϮ ◕Ȳ ▐ ╥ќ═ế о‌

ю֯ד NSFɎNational Science Foundationɏ ӭМ

≈ ᾼ Ȳדȴ2012ה ᵗ LOGO ṕ

ᾼ ᾎ ӭ Њ ≈ ᴩ › ȴ

Ȳ⁮ׄד2013 Є ᾼṟᴫ · ѩɎCynthia 

Selbyɏế ·ḧἮ ɎJhon Woollardɏ ҏ ≈

Ҕ╗ ᾎ≈ ȳ ᴷȳи ȳἼ ȳ ╗ХѠ ȴ

ד ≈ ᴩׁש Ȳ

ҏϠ ≈ ֯ ☺ ᾼᴩ ȴ2014דȲ

’ ·■ὲɎPaul Curzonɏ ϠϚ ֯

ϱ ≈ ᾼ ▐Ȳ ▐и ҳḔ ȸ

Ḕ 1Ȳ ứ аᾼ ֪ѿцѻ Ȳ ϯϚḔ ᴷ

▐ᾼ∂ ẁṼ Ȳ֯ М Ḕ 2-4ȷḔ

mailto:1525661031@qq.com
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2Ȳ ứ ▐ế ὨȲṿԓכ Ӣ

ӐᶙכȷḔ 3Ȳ ᶙכ а♄ Ἤ ᾼ ≈

ἘȷḔ 4Ȳṿӣ ≈ Ἐ Ҡ ᾼ

ᶾ ѿќ═ᶙכ ♄ ȴ ṷῶὙȲ ≈ Б

і ҵ ῏ᾼ ᾛ ᾃכג ṅשׁ ȴ 

ṅשׁ .2.2  

῏Ϸ ≈ ᾼ ἘцẔ ҏϠᴞАᾼ

ȴ 

ԉх Ϣ Ȳ ≈ ╥Ϛ ᾼ ᾼ

Ȳ╥Ϛ Ҡѿ ᵗϢ Ḇֻ֮ ếиέ

ᾼ≈ ѠᾎȲ ᴖᶮכẓצᶮהоȳ оȳᴞ

оȳṆ о ἐᾼ Ѡ ȴɎԉх ȳ Н

ếḈ Ȳ2016ɏḈ Ϣ Л֝ᾼ Ṕ ≈

ᴩ Ȳ 

῀ ἐṔ⇔ Ȳ ≈ ╥Ϛ ẓצᶾ דּ

ἤ ἐᾼȳ ‒ оῂ ד ᾼї Џẓȷ ῶ

ἐṔ⇔ Ȳ ≈ ╥Ϛ Ϲ‒ ᶾ

ᾼ ϩȷ ‒ Ṕ⇔ Ȳ ≈ ╥

‒ Ṇ ếҵ ᴞ ‒ Ṇ ᾼ֥ Ф ȴ

ɎḈ ếѵ֛ Ȳ2013ɏ ›Ȳ ѩ №ᾼ

ñ ᾪ М‒ ᶾ ò ≈ ᾼꜜứȸ

≈ ╥ѿ ᾼ Ѡᾎꜜứדּ ȳἼ

ἐȳ∂Ӵ ₤ȳ֥ Ȳ ᵒ ȳи

έ ֥֢ ‒ Ȳ ӣ֥ ᾼ ᾎᶮכ

ᾼѠ Ȳ ᵓӣ ᾼ ѠᾎȲ

Ҡג ẞ Пד ᾼẔ҃ МᾼϚ ≈דּ

ȴ ῏֯ ≈ ᾼ Ϸה ҏϠϚứׁש

ṅȴ2010דȲМ דּ ᴋ ∂Ϡ Ϲ ≈

ᾼ ṅᾼ ₤Ȳ ӣ ₤֯C ṕ ᶧ

Мצ ‚ Ϡ Ӣ ≈ ᾼ ȴ Ṿ ֯

М ӣ Ȳה ñЄ ò

᷄Ϛ ᾼ ‚ ≈ ᾼ ȴ

ȲМד2014 דּ ѵОϩׁשṅᾼ T-maze ЏẓȲ

5-9 ϣ ᾼ ≈ ȲҔ╗Ἴ ȳ и

ế ἤ ≈ Ѡ ᾼ ȴ Єא ׂ

ҏϠѿ ῏ȳ ῏ȳі ῏Ȳѿ App 

Inventor ЏẓȲ Ӣ֥ᵂȳӢӢ֥ᵂ ᶮהȲ

Ӣѻ ᵓӣ ≈ ≈ Ȳ ≈

ϩᾼ ₤ȴᵀ ῏ Ϲ ≈ ᾼׁשṅ

ѻ М֯ Ȳᴖ≈ ╥Ϛ ᾼ Ȳ

Њ Ở ᴩ≈ ╥‍ Ӈצ ᾼȲ й ֯

Њ ◕ҒЄׁשṅϩ⇔ȴ 

3. Њ Ӣ ≈ ᾼ ≈ṅשׁ  

ṅᾼשׁ .3.1 Ἐ 

Ṏᶾ דּ ᶾ

֥ ṎȳЏ ȳK-12 ṎМᾼ ῏Ԛ֝ứ ᾼ

≈ Ȳᵛ ≈ Ҕ╗Ϡạứ ȳиέ ȳ

Ἴ ȳ ᾎȳ Ѡ ȳ г ȴ

Scratch ᶧ Ԉ╥ּר ע Џ ɎMITɏᴞѻ

ᾼϚ ֣ 8 ѿϱᾼюדṿӣᾼ ὔ Џ

ẓȴẔ Ҭ ѤᴿᾼὈץứ ֻᾼ

Ҡѿ ᾼ ᶧ ғ ȴЊ Scratchᾼ ᶧ

╥ѿ Scratchᾼ ᶧ Ԉ ṼמȲ

ᾼѠה ᴩ Ȳ֯ס Њ Ӣᾼ ≈ ȴ 

3.2. Scratch ᶧ  

3.2.1.  

3.2.1.1. ԉ  

ѿ Ẃ ᶧ ὰȲі Ӣ Ẃ ᶧϤњȲ

иέȳἼ ∂ ȳ ᾎ Ḕ ᴞѻᶙכ ᶧᾼ

ȴ 

3.2.1.2. Ὅἤ  

Ӣ֯ᶙכἬ Ḗ ᶧᾼ Ӑғ ֧ ӣ ᾼ

Н ᶧᾼғ Ἠ῏ ᶧᵧ ᾼ Ὠȴ 

3.2.1.3. ≈ᴩ֥Ϛ  

Ӣ ≈ ┤ Н ᶧȲϷ

ᴩ Ȳѿ’ ᶧᾼ ἤế

ᾎᾼ ἤȴ 

3.2.1.4. ἤ  

ѿ Ӣ♄ᾼẂІᵂ ᶧ ᾼ Ȳ Ӣ

Ϲ Ӣ♄ᾼ ȴ 

3.2.2. Ӑ  

3.2.2.1. ♄ ӭ ứ 

╥Њ гד ӢȲ ṷ ӢБ Ϡ

Windows ԈṿӣȳФ ‒ ếϯ Ӑ

ᾼ ᵂᶾ ȴ 

3.2.2.2. ӭ Џẓᾼ  

Scratch ᶧ ѿц Scratch ᶧ Ԉ 

3.2.2.3.  

֣≈ ᾼ Scratch ᶧ ┬ ♄ Ӿẞ

ᾼ Ȳ ӢԒ Ӿ ᾼ Ẃ ᶧ ᴩ ᶧ

Ȳ֯ ᴞṝᾼ ᶧ ȲН ᶧȲ ᴖ

ẞ ᶧᾼ ȴ ᾼ Scratch ᶧ

☼ ֽϯȸ 

ῶ 1 Scratch ᶧ ☼  

  ≈

ӭ  

Ϥ ᾃ ᶧғ ц Ὠ

ᾼ  

ạứ ϩ 

иέ ϩ 

☼  ᾃ ᶧ ᴩ ☼

ᾼ  

Ἴ ∂ ϩ 

╓҆  ᾃ ╓҆ӣᾎ  ᾎ ϩ 

 

Ḃ  ᾃ Ӑᵂ₇ᾼ  оѠ ϩ 

֥  ᾃ Ӑᵂ₇ᾼ  Ѡᾎ

ϩ 

иṹ    
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3.2.2.4.  

Ӑׁשṅ ֥ Scratch ᶧ ᾼ Ȳ ≈ ᾼг

ᴩ ḂȲ ạứ ȳиέ ȳἼ ∂ ȳ

ᾎ ȳ оѠ ȳ Ѡᾎ ᵂ ≈

ᾼг ⇔ȴ ϚḔ г ⇔ и 10 ⇔Ȳ

ᴖ ∂ ≈ ⇔ȴ 

 

ῶ 2 ≈ ⇔ 

Ϛ ⇔ ϡ ⇔ 

ạứ  Ϡ ᶧѻ ᾼғ  

Ϡ ᶧѻ ᵧ ᾼ Ὠ 

иέ  Ӕ ֫ ᶧМḕ Ṕᴥ ᾼ

 

Ӕ ֫ ṷṔᴥ╥

Ӑ 

Ӕ ֫ ᶧ ᴩᾼ᾿ Ὠ 

Ἴ ∂  ӣ☼ ᶧᾼғ

ᴩ ạ 

ᾎ  ☼ ᴞѻ ֥ ᾼ

Scratch ᶧ╓҆ ᶧᾼғ

 

оѠ  иέ צ ᶧ Ӑ ᾼ

ȳ ♂ 

Ṿ ᾼ ᶧ Ӑ

 

Ѡᾎ  ᶧғ ᴩН Ȳ ҒḆ

ֵᾼ ᶧғ ế Ὠ 

 

3.3. ѿ Scratch ᶧ ɞ ɟ Ẃᾼ  

3.3.1. ѻ  

Scratch ᶧ ѿɞ ɟ ѻ ȴ Ӣ Ԓ

ñ Ḕ òᾼ ế☼ Ȳ֯ױ ϱ -≢

ӣ Scratch ᶧ ᶙכ МЛ֝Ṕᴥᾼғ

ȷứ иέ - ᾼ ᶧ ᾼ☼

ȷ - ᶧᾼ ȳ ȳиṹȳ ȳ

оȴ Ӣ֯ М ᴩ Ἴậ-Ἴ ₤-

ᾎ - Ȳ Ϛ ≈ ᾼ ȴ 

3.3.2.  

Њ гד ӢȲ҃ ›Б ϱ 2 װ

Scratch ᶧ Ȳ Scratch ᶧ ᾼꜜ ѩ

Ȳ Scratch ᶧᾼϚṷ ╓҆ế ᾎϷצϠϚ

ứᾼϠ ȲצϠϚứᾼ Scratch ᶧ ᾼ ȴ 

3.3.2.  

≈ ᾼϦ Ѡ ᴩ ȲᶮכϠ

ѿñ Ϥ -☼ -╓҆ - Ḃ - ֥ -

иṹ ò г Ḕ ȴ 

ῶ 3  

 

╟ ╟ ≈

ӭ  

Ϥ

 

ᴩñ òᾼ Ẃ ᶧȲ

І ẪȲ Ӣ

Ẃ ᶧᾼғ ѿц ṷṔᴥ

ᴩ Ӑ ȲṔᴥ Ṕ

ᴥП ᾼ ╥Ш϶ȴ Ҡ

ѿ Т ῀ Ӣ

Ẃ ᶧᾼϠ ⇔ȴ 

ạứ

ϩȳиέ

ϩȸ

ứᾼԉ

ᴩ Ḗ

иέ 

 

☼

 

 

Ӣ Ẫᶙכᾼ

Ȳ ӭ ᴩиέȲ ᵗ

Ӣ ᶧᾼ ᴩ ȴі

Ӣ ☼ ᴩиέȲג

֯ І ẪМ ᴩЛ֝☼

ᾼ иȲ Ӕ ᾼ☼

ȴ Ϛ ѻ ╥ Ӣ

ᴩἼ ∂ ȴ 

Ἴ ∂

ϩȸ

ứᾼ ԉ

Ȳ

ậ ᾼ

Ӑ ἐȲג

ӣ☼

ҏᶙכԉ

ᾼ  

╓ ҆

 

Ӕ ᾼ☼ Ȳג┬

☼ ᾼ ᶧ ᴩ ᶧ Ӑ

ᾼ Ȳḕ ᴩϚ Ḕ ›

Ӣ ᴩ Ȳ ӢЛ῀

ӣ ṷ Scratch╓҆Ҡ

ғ Ȳ Ю ╓҆ᾼṿ

ӣѠᾎȲגі Ӣ֯Ϛứᾼ

ᴞѻᶙכ ᶧᾼ ȴ

ᴔ ᾼ Ȳ Ӣ

֥ ᾼ ᶧ ᴩ Ӑ ȴ 

ᾎ

ϩȸ ӣ

Ӑ ᾎ

ᾼ

Ѡ Ȳ ṿ

ӣ ṕ

ἨẔ҃ ֿ

оЏẓ

ϚѠ  

 

Ḃ  

ӱ 2-3Ԍ Ӣᵂ₇Ȳ

Ӣиέ ϦԌᵂ₇МᾼЛ֝

П Ȳі Ӣ≈ᴕֵ ᾎ

ᾼҠ ἤȴ ֧ Ӣᴞѻ

Ḃᶙ ᴞАᾼᵂ₇ȴ Ӣ

כ Ϣᾼᵂ₇Ȳ῀ ᴞṝᵂ

₇ЛṜȲ ᴖ ᴩ≈ᴕגᶙכ

ᵂ₇ᾼᶙ ȴ 

оѠ

ϩȸ Ϲ

‒ ᶾ ᾼ

Ѡ

Ȳ Ṽ

‒ Ṇ

ᾼ

ᴩ

ԓ ᾼ

ᴷȲג ӣ

⌂ ᾼѠᾎ

҅ о

Ѡ  

֥

 

ᴩи ȴἬצ Ӣ

Ӈ ᶙכ ᶧᾼ Ӑғ Ȳ

ᵇϩᾼצ ӢҠ ӣП›

ᾼ ᶧ ᶧ

Ғғ ֽ ҒṔᴥȳḂ

ᾼѩ Ѡה Н ᶧȴ 

 

Ѡ

ᾎ ϩȸ┬

Ѡ Ȳ ӣ

ᾼ ֿ

оЏẓἨѠ

ᾎ ậȳ

ȳиέ

Ȳג

ẞẔ҃ד

ᾼ

М 

и ṹ

 

Ӣ ᴞАᾼᵂ₇ ᴟТ

ג ᴞА ṃᾼᵂ₇᷾

Ȳ ᷾ ӱ

 



 

83 

῏ᾼᵂ₇Ȳג ῏

ᵂ₇ ᴩ ȴ ֧

ᴩЊ ȴ Ẕ҃Ϣᵂכ

₇Ȳᵮן Ϣᵂ₇ᾼ Ȳ

ᴞА ֯Ἠѿ֧ᾼᵂ₇

ȴ 

 

3.3.2.  

Ӣ֯ Scratch ᶧ ᾼ М ϠὙ ȳ

иέ ȳ ẞᶙ Ȳ Ϡ ≈ ᾼ

ȴ 

≈ ╥ ἤᾼ ϩȲᵀ Ӣ֯ᵂ₇ ᵂᾼ ѿ

ц ὨҠѿכ ≈ ѬӂȲ Ҡ ᵂ₇

ᾼ ӱ ếᵂ₇ᾼạᵂ Ӣד ᾼ ≈

Ѭӂ ᴩ ȴ 

ạứ ϩếиέ ϩѿцἼ ∂ ϩѻ

І Ẫᾼ Ὠ ῶ ȴ 

Ẫ╦ᾼ Ȳ І Ẫᾼ ֽ

ϯῶἬӱȲ֪ Ϛ ϡ Ӣ Ӑ‒ Ȳ╝ЛҒϤ

ȴ 

 

ῶ 4 І Ẫᾼ  

 

 ≈

ӭ  

и

 

3 Њ ᾰẓצ ṷғ  ạứ

ϩ 

0.90 

7 Њ ᾰẓצ ṷғ  0.92 

4 ñ ạЊ ᾰ òᾼ

 

иέ

ϩ 

0.85 

5 ñ ạЊ ᾰ òᾼ

 

0.86 

8 ñ ҷ ӱế ᵓ

ᾼ ӱòᾼ  

0.85 

9 ñ Ҭᾰ ֫ òᾼ

 

0.84 

11 ñ ạЊ ᾰ ò

ᾼӔ ☼  

0.80 

12 ñ ạЊ ᾰ ò

ᾼӔ ☼  

0.81 

14 ñ ҷ ӱế

ᵓᾼ ӱòᾼӔ ☼  

0.83 

15 ñ Ҭᾰ ֫ ò

ᾼӔ ☼  

0.82 

6 ñ ạЊ ᾰ ò

ᾼӔ ☼  

Ἴ ∂

ϩ 

0.78 

10 ñ ạЊ ᾰ ò

ᾼӔ ☼  

0.75 

13 ñ ҷ ӱế

ᵓᾼ ӱòᾼӔ ☼  

0.70 

16 ñ Ҭᾰ ֫ ò

ᾼӔ ☼   

0.80 

 

ᾎ ϩȳ оѠ ϩѿц ϩѻ

Ӣᾼᵂ₇ ῶ ȴ 

 

ῶ 5ᵂ₇ ᵂ Ḗ 

ᵂ₇ ᾼғ  ≈

Ḗ 

Ӑ

Ḗ 

┬ñ òЊ ᾰȳЊ

ᾰ┬Л֝ᾼ ⇔֝

 

ᾎ ϩ 

оѠ ϩ 

Њ ᾰȳЊ ᾰ֯ ẞ

ñ ò֧ Ѧ 

┬ñ òЊ ᾰȳЊ

ᾰ֫ẞ Ởᴯ  

┬ñ òЊ ᾰȳЊ

ᾰ ֫ Ϯ ֧ Ѧ 

Ḗѿҵᾼ Ἠғ  Ѡᾎ

ϩ 

 

Ӣ ᾼ ѿ І Ẫếᵂ₇ Ἴậ

ᾼѠה ᴩȲ Ὠֽϯȸ 

 

ῶ 6 ≈ ⇔ẓ ῶ  

Ϛ

⇔ 

ϡ ⇔  Ӣẓ ῶ  

ạứ

 

Ϡ ᶧѻ

ᾼғ  

ԓ Ӣᶙכ І

ẪȲ90%ᾼ Ӣ῀ Ẃ

ᶧצ ṷғ Ȳ ӭ

Ὑ Ȳạứ ϩ

ֻȴ 
Ϡ ᶧѻ ᵧ

ᾼ Ὠ 

иέ

 

Ӕ ֫ ᶧМ

ḕ Ṕᴥ ᾼ

 

80% Ӣ ñӣ Ḃ

Л֝ṔᴥצЛ֝ ⇔ò

ᾼ Ȳиέ

ϩ ֻȴ 
Ӕ ֫ ṷṔ

ᴥ╥

Ӑ 

Ӕ ֫ ᶧ

ᴩᾼ᾿ Ὠ 

Ἴ

∂  

ӣ☼

ᶧᾼғ

ᴩ ạ 

70% Ӣ Ӕ ᾼ☼

ȲἼ ∂ ϩ ֻȴ 
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ᾎ

 

☼ ᴞѻ

֥ ᾼ

Scratch ᶧ╓҆

ᶧᾼғ

 

Ἴậ 10֤ Ӣᾼ ⅜

Ȳ ӱἬצ Ӣ

┬ Ḗ ᶧ ᴩӾ

ȲכғӾ ᾼצ 7ᴯȲҜ

70%ȴ Ὑ Ӣ ᾎ

ϩ ֻȴ 

о

Ѡ  

иέ צ ᶧ

Ӑ ᾼ

ȳ ♂ 

10ᴯ Ӣᵂ₇ ᴩи

έ֧ Ȳ8 ֤ Ӣ

ᴩᶙכἨḂ ᶧғ Ȳ

צ 8֤ ӢכғᶙכἨḂ

ᶧғ ȲҜ 80%Ȳ Ὑ

Ӣ оѠ ϩ ֻȴ 

Ṿ

ᾼ ᶧ Ӑ

 

Ѡᾎ

 

ᶧғ

ᴩН Ȳ ҒḆ

ֵᾼ ᶧғ ế

Ὠȴ 

10֤ Ӣ ⅜ ᴩ

Ȳ צ 8֤ Ӣ ӣ

П› ᾼ ᴫȲ ᶧ

ᾼғ ᴩ ҒȲѹ 8֤

Ӣ Ϡכғ֮ᶙכ ᶧ

ᾼ ғ ҒȲҜ 80%Ȳ

Ὑ Ӣ Ѡᾎ

ϩ ֻȴ 

 

4.   

Scratch ᶧ ᾼ ñ òậᴞӢ♄ ȴ

ԈӐṝᾼқ оᶮ ≈ ᾼ Ϡ

Ϛ Н צ ᾼ ȴ ≈ ɞזּ ɟ ᾼ

ԓ Ȳ ᶧᾼ и Ϡ ӢЛ֝ᾼ ≈

ϩ ȴᵂ Ϛ Њ Ӣ ≈ ᾼ Ȳ

ҏѿϯ ȸ 

4.1. Њ Ӣ ≈ ᾼ  

≈ Л ╥‒ ᶾ דּ ї ПϚȲ֝ Ϸ

╥ḕ Ϣ ҅ῂ ᾼӇ ≈ Ѡᾎȴ ϹЛ֝ᾼ

ṅשׁ ṔȲ ҵ ῏ ≈ ᾼứ ц כ

ᾼиέЛϚȴ צ ≈ כ ᾼиέȲ

֥ Scratch ᶧ ӭᾼ Ȳ ậ ≈ ᾼạ

ứ ȳиέ ȳἼ ∂ ȳ ᾎ ȳ оѠ ȳ

Ѡᾎ г ᵂ Њ Ӣ ≈ ᾼг

⇔ȴ г ⇔ϯᾼϡ ⇔ᾼ ѿЊ

Ӣ ד ◕᾿ ȳẓ ᾼ Ȳ ҉и

Њ Ӣᾼ ϩȲױ֯ג ϱצ ֮і Њ

Ӣ ᾼẓ ᾬ ѿἼ ᾼѠה ᴩ ᾎ ȴ 

4.2. Scratch ᶧ♄ ᾼ Ѡᾎ 

֯ ᵄ ≈ Ṏ ế∂ ѻ ᾼ╓ ϯȲ

≈ ᴩиέȲᵂ ♄ ӭ ц♄

ᾼṼ ȷ ҏ Scratch ᶧ♄ ᾼ ѠᾎȲҔ╗ ֣

≈ ᾼ ȳ Ӑ ȳ ☼ ȳ

ȴѿɞ ɟ ẂȲ ṅשׁ М

Ӣᶙכ І Ẫᾼиέ ѿц Ἴậᾼ 10֤

Ӣᾼ ⅜ ῶὙȲ ֣ ≈ ᾼ Scratch

ᶧ♄ ╟Њ Ӣ ≈ ᾼ сצ Ὠȴ 

4.3. ϹЊ Ӣ ≈ ᾼЊ Scratch ᶧ
☼ ₤ 

ṅשׁ Ϡ ϹЊ Ӣ ≈ ᾼЊ Scratch

ᶧ ☼ ₤ȸ Ϥ-☼ -╓҆ -

Ḃ - ֥ -иṹ ȴ Ϛ ‒ ᶾ

Scratch ᶧ ẁϠ ȲϷ ≈ ᾼ

ᾼ ֮ ẁϠ ȴ 

5. ᴕѝ   

ѵ ṏɎ2012ɏȴ ≈ ǛϚ ᾼ ≈דּ Ѡהȴ

М ‒ ᶾ ṎȲ06Ȳ9-13ȴ 

ѵ ȳѵОϩȳ ȳᴶ‐ȳѵᶛׄế ἔ 

Ɏ2013ɏȴ ֣ϣ ᾼ ᶮо ṕếЏẓȴ

ᵗ ᶮ Ȳ04Ȳ584-591ȴ 

М ϢӖԚế Ṏ Ɏ2018ɏȴ М‒ ᶾ

Ɏ2017דᾪɏȴҖṺɃϢӖ Ṏҏᾪῂ ȴ 

Ḉ ếѵ֛ Ɏ2013ɏȴ ≈ Ǜ‒ ᶾ ᾼϚ

֯ ȴМ о ṎȲ08Ȳ19-23ȴ 

ԉх ȳ Н ếḈ Ɏ2016ɏȴ ֿЁ ᴶѿҠ

ȹððϷ ≈ ϤМЊ ‒ ᶾ ṎᾼӇ

ἤếҠ ἤȴМ о ṎȲ01Ȳ2-8ȴ 

ᴋ ȳ ṏế ₨Ɏ2011ɏȴ Ϲ ≈ ᾼ

ᴞѻ ṅȴשᾼׁה о ṎׁשṅȲ05Ȳ53-60ȴ 
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ABSTRACT  
The current political discussion about the digital 

transformation in Germanyôs educational context is 

primarily concerned with the use of digital media in schools. 

However, all disciplines and their related school subjects are 

significantly affected by digitalization ï as can be seen e.g. 

with the effects of simulation or data analysis. This results 

in new topics, methods or strategies that schools must also 

deal with in the future. In consequence, teachers of any 

subject require Computational Thinking competencies and 

Computer Science knowledge, not only for the efficient and 

effective use of digital technology but also to understand and 

apply the new topics, methods, and approaches. In this paper, 

the design and implementation of a new course for teacher 

education in Germany is presented. With a theme revolving 

around digital transformation, this course aims at preparing 

pre-service teachers for teaching in the 21st century. Design 

principles and content selection are based on an analysis of 

similar courses and requirements arising from digitalization 

and its effect on the disciplines. First results show that 

students have gained a clearer understanding of how 

digitalization influences their subjects and teaching in 

general. Additionally, they report feeling more confident in 

employing aspects of digital education.  

KEYWORDS  
digitalization, teacher education, computational thinking 

1. INTRODUCTION 
Digitalization facilitates storing, processing and searching 

massive amounts of data. This accelerates fundamental 

changes affecting our daily lives. In addition, all disciplines 

are significantly affected: Digitization leads to far-reaching 

changes, for example in the collection of data (scope, 

quantity, and quality) (Grillenberger & Romeike, 2014) or 

their mostly automatic processing (simulation, collection, 

and evaluation of large amounts of data) (Hey, Tansley, & 

Tolle, 2009). With simulation or data analysis often being 

considered the third and fourth pillars of science (e.g. Riedel 

et al., 2008), new approaches to knowledge generation 

evolved. This results in new topics, methods and strategies 

for all disciplines (e.g. Hegedus et al., 2017). 

These new topics, methods and strategies are becoming 

increasingly relevant for schools, as well. The application of 

computing technology across subjects requires an 

understanding of ñhow, when and where computers and 

other digital tools can help us solve problemsò (Barr, 

Harrison & Conery, 2011). To embed this application, 

teachers require Computer Science competencies and 

knowledge, not only for the efficient and effective use of 

digital technology, but also to understand and apply the new 

topics, methods, and approaches while teaching.  

In this paper, the questions to be answered are: which design 

principles can guide the creation of a course aiming at 

conveying necessary competences, and what content is 

relevant for teachers of all subjects. Therefore, various 

individual research results are outlined and intertwined. 

Building upon these results, five blended-learning modules 

for pre-service teachers in Germany are presented. The first 

iteration is then evaluated with regards to the design 

principles. 

2. COURSE BACKGROUND AND 

RELATED WORK  
Digitalization is having an increasing impact on K12 

education. Recently, in political contexts, this has been 

frequently summarized under the term ñdigital educationò. 

While this term is often associated with the use of 

technology, there are also approaches that focus more on 

Computational Thinking. CT describes ways of tackling a 

problem like a computer scientist would (Wing, 2006). Even 

though there is no agreed-upon definition, there is a mutual 

agreement that it includes a set of skills to think about 

problems and their solutions (Kalelioglu, Gülbahar, & 

Kukul, 2016). It is about applying skills, such as abstraction 

or decomposition, so that the solution can be effectively 

carried out by a computer. Initial approaches to incorporate 

CT into K12 teaching relate primarily to science education, 

e.g. by learning science through simulation and modeling 

(Basu et al, 2013). But the approaches and achievements of 

the digital humanities show that teaching in other subjects 

could be heavily influenced by digitalization as well.  

Consequently, a number of sources discuss the embedding 

of CT across the curriculum (cf. Barr & Stephenson, 2011, 

Kale et al., 2018). Examples include curve fitting or doing a 

linguistic analysis of sentences (e.g. Barr & Stephenson, 

2011). The important role ñcomputer (and possibly its 

abstraction) can play in enhancing the learning process and 

improving achievement of Kï12 students in STEM and 

other coursesò (Cooper, P®rez & Rainey, 2010) is 

emphasized in the model of Computational Learning (CL). 

The model combines theories of learning and the computerôs 

ability to handle complexity and visualize results 
appropriately to improve understanding as well as learning. 

While this concept includes the usage of computers, e.g. for 

simulations and modeling, the authors stress that the model 

explicitly excludes non-cognitive uses of technology such as 

clickers or blogs. 

Computer science skills and knowledge support teachers in 

engaging their students in CT and CL. While universities 

started to offer CS courses for a lot of non-CS student groups, 

there are still many pre-service teacher trainings focusing 

mainly on improving information and communication 

technology (ICT) skills (e.g. Goktas, Yildirim, & Yildirim, 
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2009). Despite the importance of Computational Thinking in 

all disciplines and throughout education, existing 

approaches explicitly embedding CT-related competencies 

in non-CS teacher training are still rare. Existing CS courses 

for non-CS teachers tend to focus, for example, on everyday 

phenomena that they analyze and illuminate from a 

computer science point of view (Müller, Frommer, & 

Humbert, 2013), on algorithmic concepts (Yadav et al., 

2011), or on emphasizing Computational Thinking in the 

context of Information & Media Literacy (Dengel & Heuer, 

2018). 

3. ANALYSIS OF COMPUTATIONAL 
THINKING SKILLS FOR GENERAL 

TEACHER EDUCATION 
In order to develop a CT curriculum in general teacher 

training, we have drawn on several sources. This section 

presents how these individual research results were merged 

and used as the basis for the course. Building upon the 

results, this section outlines how digitalization affects 

subjects and illustrates design principles and selection of 

content. 

3.1. How Digitalization Affects Subjects 

While new topics or methods, such as simulation, can be 

found in the context of science teacher training (Smetana, & 

Bell, 2012), the discussion of these new methods and topics 

for other subjects, such as the humanities, is fairly new. In 

order to understand which CT competencies future teachers 

need, looking at how digitalization affects the regarding 

subjects and related disciplines delivers helpful insights. 

These effects result from a survey among educational 

researchers for subject-matter teaching and learning and 

have also been discussed in working groups with the 

participants (Seegerer & Romeike, 2018c) In the following, 

we will highlight effects of digitalization in the disciplines 

and discuss how the effects affect school education. 

3.1.1. Tools 

Software or hardware tools supporting cognitive processes 

are an integral part of daily work, e.g. computer algebra 

systems in mathematics or geoinformation systems in 

geography. This offers possibilities for teachers as well. For 

example, the use of specialized databases (e.g. regarding life 

on Earth) offers great opportunities for biology teaching. 

3.1.2. Methods and Ways of Thinking  

The effects of digitalization in the disciplines are not limited 

to the mere use of digital media or tools, but fundamentally 

change cognitive processes (Berman et al., 2018). The 

methods used in the disciplines are particularly important for 

determining Computer Thinking competencies. Methods, 

like modeling, simulation, or data analysis are becoming 

increasingly relevant across disciplines (e.g. Ananiadou & 

McNaught, 2006). These methods also allow for a more 

student-centric access to topics in school. An example from 

geography is a lesson in which students use GPS data 

tracked on their daily ways to school. The resulting data is 

then evaluated collaboratively regarding the meaningfulness 

of the data. 

3.1.3. Topics  

A review of publications in various fields of research shows 

that not only methods are changing. In addition, the digital 

transformation also leads to ñnewò topics (e.g. Bharadwaj, 

et al, 2013) in the disciplines. The survey with experts in 

subject-matter teaching and learning shows that this also 

affects topics taught in school. We refer to a new topic when 

phenomena or artifacts of the digital world can be explored 

and explained from concepts, ideas or foundations of the 

subject. Economics, for example, discuss digital business 

models in contrast to traditional ones. As students are 

confronted with the implications of these business models 

when interacting with digital services, such topics also 

become relevant for schools. 

This has consequences for teacher training. Since most 

teachers have not received a comprehensive general 

education in CS, they need a foundation of CS knowledge 

and CT skills. For example, discussing digital business 

models requires teachers to have a basic understanding of 

underlying concepts, such as knowing how to attribute 

meaning to data. However, it is necessary to address the 

implications of the effects of digitalization on the subjects: 

Not only do they need to apply digital tools and 

computational methods in the classroom, they also need to 

teach new ways of thinking and problem solving and convey 

new topics. Although courses such as bioinformatics are 

becoming more and more popular, they have not yet found 

their way into the course programs of teachers.  

3.2. Design Principles 

When CS courses for non-majors are developed, many 

challenges need to be faced. The students do not necessarily 

take the course because of an interest in CS, but may take it 

as a preparation for teaching in a digitalized world. The 

question is how a course should be designed to give 

prospective teachers the best possible experience. Based on 

the effects of the digital transformation on the disciplines, 

we decided to always embed CS in a theme revolving around 

digitalization: Topics are discussed in the context of digital 

transformation to show relevance for the students. Building 

on the survey results, the constraint of this being the only CT 

course for nearly all students, and the need to adequately 

prepare pre-service teachers for a digital age, several key 

design principles emerged: 

3.2.1. Discuss Digital Transformation on a CS Basis  
As described in the previous section, Computer science 

knowledge and skills are necessary to understand the digital 

transformation and advances in the disciplines. In addition, 

the digital transformation also leads to new issues becoming 

relevant for being discussed in class (cf. Brinda & Diethelm, 

2017). Due to their history of education, many prospective 

teachers still do not have a proper foundation in Computer 

Science. A course must, therefore, be based on fundamental 

ideas of computer science that underlie the digital 

transformation and also highlight impacts on society. In 

order to be a good fit for prospective teachers of all 

disciplines, a corresponding course must also take the 

different levels of prior knowledge into account. 

3.2.2. Show Relevance to Students of All Disciplines 
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German teacher education has a strong focus on the 

individual subjects. Typically, teachers study two subjects 

in-depth, which they will later teach. As seen in the section 

before, digitalization leads to new topics, methods and tools 

in their related disciplines. Thus, it also affects subject 

teaching. Although the course is generally be designed for 

students of all subjects and school types, transferability of 

the topics into the subjects must be ensured. Thus, cross-

references to other disciplines should be emphasized 

repeatedly. This is addressed via different exercises, ideas 

and examples provided throughout the course. In some cases, 

students are required to research or discuss additional 

examples transfer to their subjects. In other cases, we 

provided a list of ideas they can elaborate on. 

3.2.3. Profit from CT Inside and Outside the Classroom  
CT skills, such as solving a problem using a simulation, help 

students in their disciplines. As prospective teachers, these 

students are also in the position to teach CT. By integrating 

CT and CL into the course, pre-service teachers learn how 

to profit from computing in their disciplines, as well as 

inside and outside the classroom. To this end, the course 

needs corresponding tasks including programming, as it 

exposes students to CT (Lye, & Koh, 2014). While hands-

on activities enable teachers to learn CT, the connection to 

teaching should be highlighted whenever possible. 

3.2.4. Show the Importance of Skills Like Collaboration 

or Creativity 
Many experts believe that traditional topics will be less 

important in the future. Instead, teachers should be enabled 

to promote creativity, collaboration and critical thinking in 

the context of digital education (e.g. Bellanca, 2010). These 

approaches are also part of CT models, such as the CAS 

Model (Computing at School, 2014). This mindset should 

also be reflected in course design: Exercises allow students 

to develop their own ideas or to create personal artifacts. 

Many tasks are designed to encourage collaboration among 

students (e.g. via pair programming or collaborative writing). 

The course material also provides suggestions on how to 

employ these skills in class. Teachers should be made aware 

of the importance of these skills so they can foster them in 

their teaching.  

3.3. Content Selection 

Computer science knowledge and skills are necessary to 

understand changes and advances in the studentsô disciplines. 

To allow for the discussion of this digital transformation on 

a basis of CS, a well-founded selection of course content is 

important. When designing a CS course for students who 

will only take one such course, questions arise about which 

aspects of Computer Science are essential for everyone. 

When it comes to selecting the topics, we, as computer 

science educators, have different possible ways of selecting 

the content. Course designers rely on idea catalogs, such as 

the CS Principles (Astrachan & Briggs, 2012). Another idea 

catalog is the non-exhaustive list of Big Ideas behind K12 

Computing Education (Bell, Tymann & Yehudai, 2018), 

including data representation, algorithms, complexity, 

comput-ability, digital representations, time-dependent 

operations, digital systems are designed to serve humans 

needs, and communication protocols. Others, with a slightly 

different focus, include the Principles of Computing 

(Denning, 2013) or the Fundamental Ideas of CS (Schwill, 

1994).  

These approaches are important to emphasize which topics 

make up computer science as a subject. But they do not 

necessarily help to make statements about which aspects are 

crucial as a basis for every non-CS teacher. Non-CS teachers 

need very specific knowledge about the basics of digitization 

and the effects on their subjects in a short amount of time. 

Therefore, our approach is two-fold. Aspects covered in 

university level non-major courses can form the basis for 

analyzing which aspects of CS can support pre-service 

teachers. In a study we analyzed the most common topics 

relevant in CS courses for non-majors (Seegerer & Romeike, 

2018a, Seegerer & Romeike, 2018b). While the rising 

number of non-major CS courses may serve as an indicator 

for identifying key competences of CS considered important 

in the context of a digital transformation, the effects of 

digitalization in the subjects need to be considered as well. 

Accordingly, content was selected not only based on other 

CS courses for non-majors, but also based on tools, new 

methods and topics relevant across disciplines identified 

through literature, and the study with subject-matter 

teaching and learning experts. 

Accordingly, we included basics about the digital 

representation of data, programming and algorithms. Due to 

the heterogeneity in prior knowledge of students, we saw a 

need to include computer systems and networks as well. 

Cryptography and limits of computing supplement the 

collection of topics. These topics are interweaved with other 

topics that gained importance in all related disciplines, 

namely simulations and different uses of data, such as data 

analysis. 

4. CURRICULUM 
The course is designed as a blended learning course. In the 

beginning, a face-to-face meeting takes place. This meeting 

is all about tinkering: students explore programming in Snap! 

using a MakeyMakey Board (Beginner's Mind Collective & 

Shaw, 2012). They build a banana piano and remix an 

existing video game to be controlled with the MakeyMakey. 

Most of the course is then done in an online learning 

environment. The online learning environment is designed 

to be engaging for students. Therefore, students often get the 

chance to gain hands-on experience by using the 

programming environment Snap!, or multiple interactives, 

e.g. adapted from the CS Field Guide (csfieldguide.org.nz.) 

The course ends with a short project phase, where students 

develop their own ideas in small groups and present them in 

the last session. 

The course consists of 12 modules in total, 5 of them 

focusing primarily on CT (see Table 1). The CT part 

includes a module focusing on the impact of digitalization 

on disciplines, society and education as a whole, one module 

focusing on more technical aspects exploring the layers of 

abstraction inside computing systems, one on algorithms and 

one module concentrating on data analytics and simulations, 

respectively. Other modules related to CS focus on creativity 

or information gathering. They discuss different ways of 
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fostering creativity in modern classrooms and emphasize the 

importance of creative thinking and working.  

 
Table 1. Curriculum Contents and connection to CS. 

Title of module CS content 

Fundamentals of 

Digitalization 

Representation of data, 

programming 

Secure use of computer 

systems and networks in 

professional teaching and 

learning 

Computer systems, 

networks, cryptography, 

limits of computing 

Solving subject-specific 

tasks with algorithms 

Algorithms, 

programming 

From data to domain 

knowledge 

Working with data, 

programming 

Modeling and 

simulations in domain-

specific contexts 

Modeling, simulations, 

programming 

 

4.1. Fundamentals of Digitalization 

This module marks the introduction into CT and takes place 

in week two. As the entire course is dedicated to the theme 

ñTeaching in a digitalized worldñ, it starts off by identifying 

and explaining the differences between digital and analog 

representations. Photography is used as an example for 

transforming analog information into digital data. 

Subsequently, binary numbers are introduced as the basis of 

digital data storage of a computer. Programming languages 

are introduced as the language of digitalization. To engage 

students in problem-solving with programming, students 

create turtle art in Snap!. They are guided by tutorials 

introducing sequences and loops. The last task is to remix an 

existing project, allowing for creative expression. 

4.2. Secure Use of Computer Systems and Networks in 

Professional Teaching and Learning 

This module showcases the structure and operating 

principles of computers and computer networks. Students 

investigate the layers of abstraction in modern computer 

systems. They explore package transport via the internet, 

and discuss why antivirus programs are subject to 

fundamental limitations. Part of this module was also a 

section about cryptography, basic techniques, and its 

importance for society.  

4.3. Solving Subject-specific Tasks with Algorithms 
The module on algorithms concentrates on how automation 

is used in, or affects studentsô subject areas. Students learn 

how to use conditional statements and apply it to creating a 

learning app with Snap!. Afterward, the term algorithm is 

introduced. Students explore what an algorithm is (and what 

it is not). Finally, students have to implement a certain 

algorithm. They can choose from different algorithms they 

already know from their subjects, or that have relevance in 

their discipline, e.g. calculate square roots, or determine 

word frequencies. 

4.4. From Data to Domain Knowledge 

Visualizations can be helpful for the interpretation of data, 

the generation of hypotheses, or generally for the 

clarification of correlations. Unfortunately, data is typically 

not accessible in such a visualized form. Usually, the data is 

stored as numbers or strings coded in databases, 

spreadsheets or certain files. One of the most important 

applications of computers in science is, therefore, the 

evaluation and analysis of digital data. Accordingly, one 

module concentrates on analyzing, visualizing, and 

interpreting data. Teachers engage in sense making of data 

using representations and learn the importance of being 

critical when interpreting data, not jumping to conclusions, 

and always deciding on the basis of the available data. In 

addition, students are encouraged to evaluate the importance 

of data analysis in their disciplines. In one exercise, for 

example, they use Snap! to fathom London's cholera 

outbreak from 1854. 

4.5. Modeling and Simulations in Domain-specific 

Contexts 

The weather, the solar system or particle motion are just 

some examples of complex science concepts that may 

require a mental model for learners. Modeling is particularly 

helpful in such contexts, as it allows us to focus on specific 

aspects of a real-world phenomenon (Weintrop et al., 2016). 

This includes the use of abstraction, as unnecessary details 

are left out. Prospective teachers learn about the importance 

of modeling for learners. In addition, they learn when and 

how to incorporate modeling and simulation into teaching. 

After using existing models that can be manipulated using 

parameters, the students learn about different aspects of a 

model itself, and use concept mapping as an easy for 

applying modeling in the classroom. Afterward, we present 

them with different exercises where they learn to model and 

simulate different contexts, including a predator-prey, a 

market, and an epidemic situation with Snap!. 

5. EVALUATION 
In the following, insights of an initial qualitative analysis for 

the first iteration of the modules will be outlined. These were 

provided in writing by five students at the end of each 

module. The questions included aspects like perceived 

personal benefit, personal effort, or perceived relevance. As 

most of the course was online, we were curious as to how 

certain topics can be taught. Fortunately, the online format 

was well received: ñInteresting and ódifferentô. It is more 

diversified, clearly more casually arranged than other online 

modules, and loosened up by exercises and practice.ò 

5.1. Discuss Digital Transformation on a CS Basis 
As the students should gain a foundation in CS, we were 

interested in how well the content was received. One of the 

biggest challenges was the time constraint. Executing a 

meaningful module combining both typical lecture and lab 

content within the possible workload for one week proved 

difficult. Indeed, students have recognized and commented 

on a heavy workload for some modules. In order to let 

individual modules not become too extensive, the content of 

selected modules was streamlined after the first weeks. Still, 

students rated all content as personally meaningful. 
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5.2. Show Relevance to Students of All Disciplines 
The course design aims to teach students how digitalization 

affects their teaching and their corresponding disciplines. 

Therefore, we tried to emphasize the relevance to the 

different subjects and disciplines on as many occasions as 

possible. Initial reactions show that the course can deliver on 

the promises. According to the students, they feel more 

confident to incorporate digital tools and new methods or 

topics in the classroom after completing the course. ñI 

particularly liked the connection drawn to the subjects, 

where Iôve become aware of the specific topics that can be 

addressed in the classroom using Snap!.ò 

The sections on data analysis and simulations, in particular, 

did particularly well in this aspect. The biggest potential for 

improvement is found in the very general section on 

Computer systems and networks. 

5.3. Profit from CT Inside and Outside the Classroom  
As with most Computer Science courses for non-majors, 

there are specific aspects that are crucial. Programming tasks 

in non-major courses are often considered problematic (e.g. 

(Banerjee & Kawash, 2009)), despite being important for CT. 

Nevertheless, in many university courses for students of 

other disciplines, programming is an essential component 

that is also addressed at a very early stage (e.g. (Garcia, 

Harvey & Barnes, 2015)). As pre-service teachers of all 

disciplines should profit from CT inside and outside the 

classroom, the question arises how an early reference to 

programming tasks affects the motivation and self-efficacy 

expectations of the students. We had similar constraints 

when designing the materials. We found that while students 

feel overwhelmed by the possibilities, the programming 

environment Snap! offers, they saw it as a fresh take on the 

topic and engagement in programming. The first contact 

with Snap! has been described as: ñWebsites like Snap! are 

great to try out things.ò 

Nevertheless, there have been some entry barriers for 

students. As in most courses for non-CS majors that involve 

some kind of programming exercises, students face certain 

difficulties. Most difficulties have been solved by face-to-

face meetings or via online communication. Especially the 

face-to-face meeting after students have worked on the 

material on their own has been regarded as very helpful. 

However, coding exercises still represent a hurdle, 

especially for online courses. We have tried to strike a 

balance between unrestricted and guided tasks. Students 

noted missing hints in some places, so they tended to use a 

trial-and-error approach by trying out different blocks. 

Regarding studentsô feedback, for future iterations, the 

inclusion of additional video material concerning 

programming is planned. 

5.4. Show the Importance of Skills Like Collaboration or 

Creativity 
Approaches like tinkering, collaborating and creating, are an 

important part of CT. Students apply these approaches 

themselves to learn how to think computationally, and to 

understand the importance of CT approaches for their own 

students. Additional readings provided students with the 

theoretical background and strategies for the application of 

these approaches in class. Students emphasized their 

understanding of the importance of these approaches, e.g. 

creativity, in the evaluation: ñI became aware of the relation 

of creativity and teaching and will pay more attention to 

foster the creativity of students in my lessons.ò 

6. CONCLUSION AND FUTURE WORK 
In summary, we have presented a course for pre-service 

teachers at a German university, which introduces 

computing using the background of digital transformation. 

In the future, teacher training will have to deal increasingly 

with new topics and the effects of digitalization. Therefore, 

it will not be a question of whether but of how to incorporate 

Computer Science and Computational Thinking education 

into general teacher training. The paper describes design 

principles that can support the creation of similar courses 

and provides an example course. Its effort is to form a 

foundation for all teachers regardless of their subject and/or 

school type. Building on this foundation, teachers can 

discuss different aspects of digitalization within their 

subjects. So, while teachers might compare and debate data 

usage by different digital business models in economics, 

they may create or adapt a simulation for science teaching. 

By combining different aspects of Computational Thinking, 

we help prepare teachers to incorporate computing inside 

and outside of the classroom. Computational Thinking and 

Learning practices can enhance learning for students in all 

subjects. The course was initially piloted with a small 

number of students from a limited range of subjects. In the 

future, it will be opened for further teaching positions. Thus, 

we plan on integrating additional examples from a diverse 

range of disciplines. The material is now also adapted for in-

service teacher training. 
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ABSTRACT  
Under the nation-wide initiative of software (SW) education 

in Korea, this study attempts to unpack the complexity of 

knowledge, skills and beliefs that Korean teachers have 

about SW education in school. Semi-structured interviews 

were conducted with four types of teachers who were 

classified by knowledge/skill levels (surplus vs. shortage) 

and pedagogical beliefs (positive vs. negative). The teacher 

narratives revealed five main themes: (a) differences in 

espoused beliefs in SW education, (b) fear about the new 

knowledge and skill domain, (c) recognition of the need to 

turn to learner-centered pedagogy, (d) questioning 

knowledge transfer-centered training and (e) school 

leadership and support as a catalyst of change. The paper 

concludes with some suggestions for improving teacher 

professional development experiences in SW education.  

KEYWORDS  
software education, teacher professional development, 

computational thinking (CT) 

1. INTRODUCTION  
From 2019, software (SW) education (has been mandated in 

the elementary and middle school curricula in Korea as a 

way to improve learnersô competence demanded in the 

future society. Consistent with the government policy, this 

study defines SW education as a curriculum that aims to 

improve creative problem-solving competence and logical 

thinking of basic principles of software rather than acquiring 

coding skills. Since the development of learners' 

Computational Thinking (CT) is central to SW education, 

the school curricula have been developed to include various 

topics and levels of CT-related knowledge and skills, 

including the understanding of CT, unplugged activities, 

Educational Programming Languages (EPL), physical 

computing and text-based programming. Teachersô 

readiness in both pedagogical and technological aspects is 

critical for the success of such new initiatives (Rosenlund & 

Hansen, 2018; Saeli, Perrenet, Jochems, & Zwaneveld, 

2011). However, Han (2018) argues that most teachers in 

Korea have no or little experiences with programming, and 

hence have faced the difficulty of acquiring necessary 

knowledge and skills in CT. 

It has been widely acknowledged that the introduction of any 

policy initiatives in education is unlikely to be successful if 

teachersô epistemological beliefs are not consistent with the 

initiativeôs vision and mission (Ertmer, 2005). To 

understand how Korean teachers perceive the nation-wide 

SW education initiative, this study attempts to unpack the 

complexity of teacher's pedagogical beliefs, knowledge and  

skills in CT through the narratives of four teachers covering 

the various spectrum of CT knowledge/skills and 

pedagogical beliefs.  

2. THEORETICAL BACKGROUND  

2.1. The Current Status of Teacher Training and 

Infrastructure of SW Education  

Teacher readiness and supportive infrastructure are essential 

for SW education to be successfully implemented in Korean 

schools. Firstly, about the issue of teacher readiness, in 2018, 

the Korean Ministry of Education began implementing the 

"SW Education Enhancement Support Project for Teacher 

Training Universitiesò to prepare elementary school teachers 

for the new initiative. However, the current situation in 

school is not so conducive for teachers to implement SW 

education. Since most teachers have not received formal 

training about programing and CT during their pre-service 

teacher education, the demand for in-service teacher 

professional development (TPD) is immense. The situation 

is similar in middle schools. In 2016, a total of 1,354 middle 

school teachers have been trained in SW education, which is 

on average less than one teacher per school. Among 15,800 

elementary teachers, 2,540 teachers have received offline 

training and 1,800 teachers have received online training. 

However, the TPD programs have not reached out to the 

wider teacher population since only interested teachers 

participate in the programs, and many teachers lack 

willingness and motivation for such TPD. 

Next, the school infrastructure is still not ready and 

conducive for teachers to fully implement SW education in 

classrooms. The percentages of old computers (exceeding 5 

years) are 38.6% in elementary schools and 43.7% in middle 

schools. The reality is that teachers have to implement SW 

education without sufficient teaching and learning materials 

to be integrated into lessons, coupled with the lack of 

wireless networks and computers. 

2.2. Teacherôs Knowledge, Belief and Practices 

Teachers should acquire necessary knowledge and skills in 

computer science to teach CT in the classroom (Saeli et al., 

2011). Calderhead (1996) argues that while teacher beliefs 

generally refer to ñsuppositions, commitments, and 

ideologiesò, knowledge refers to ñfactual propositions and 

understandingsò (p. 715). Since teacher beliefs are formed 

based on previous experiences over time, it is difficult to 

change or reverse belief systems (Ertmer, 2005).  
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Windschitl (2002) suggested that fundamental changes in 

learning occur when environmental contexts are considered 

concomitantly with teachers' knowledge and beliefs. This 

implies that teacher beliefs are closely related to their 

knowledge and practices. Belief is a personal identity and a 

source of motivation (Ertmer, 2005) and provides a guide for 

teachers to decide what to offer in the classroom context 

(Biesta, Priestley, & Robinson, 2015). In particular, 

teacher's belief system, as a filter, influences teachersô 

acceptance of new knowledge and technology to promote 

pedagogical practices (Rosenlund & Hansen, 2018). 

About teaching with technology, Judson (2006) studied 32 

teachers and found that student-centered teaching methods 

were effective in the technology-integrated class. Pierson 

(2001) interviewed four teachers according to the level of 

technology use and teaching abilities (adequate vs. 

exemplary) and found that Technological Pedagogical 

Content Knowledge (TPACK) was essential for effective 

technology integration. It was also found that beliefs about 

teaching methods were closely related to accepting and 

practicing new curricula. Rosenlund & Hansen (2018) 

proposed teacher competence to teach in the networked 

world, emphasizing teachers' beliefs and knowledge about 

using technology and distributed resources. 

2.3. Computational Thinking (CT) and Teachers 

Recently, there have been attempts to provide guidelines for 

teachers to improve students' CT. For example, CSTA & 

ISTE (2014) gathered opinions from about 700 computer 

science teachers, researchers, and practitioners and provided 

an operational definition of CT and the CT Leadership 

Toolkit 2.0 for teachers. Angeli et al. (2016) proposed a 

curriculum framework that allows teachers to teach CT in K-

6, which include five components of CT: abstraction, 

generalization, decomposition, algorithms (sequencing, 

flow of control), and debugging. The framework was used 

to design courses that provide problem-solving tasks based 

on real-life issues from the simple to the complex level. 

Students can develop CT in relation to their daily life and 

authentic situations through a holistic design approach that 

deals with the complexity and interconnections across 

separate elements.  

Recent studies show that teachers must employ innovative 

practices with technology to produce positive learning 

outcomes. For instance, Angeli et al. (2016) noted the role 

of TPACK for CT because technology plays an important 

role in teaching CT practices. Some studies pointed out that 

teachers' expertise cannot be developed solely by acquiring 

technical skills. So & Kim (2009) found the conflict between 

in-use TPACK and espoused TPACK. In their study, 

teachers had difficulty with designing pedagogically-sound 

technology-integrated lessons (in-use TPACK) although 

they had acquired necessary knowledge and strong beliefs 

about the use of technology in teaching and learning 

(espoused TPACK). 

Such a conflict between in-use TPACK and espoused 

TPACK is generally caused when teachers cannot translate 

tacit knowledge into explicit knowledge in classroom 

practices. Tacit knowledge is a certain type of knowledge 

that [one] cannot tell (Polanyi, 1966). One way to overcome 

this conflict is to change teacher beliefs while acquiring 

explicit knowledge (So & Kim, 2009). Beliefs are one of the 

important sources of teacher changes, and belief systems are 

formed gradually with experiences over time (Rosenlund & 

Hansen, 2018). Similarly, teachers construct new knowledge 

and understanding based on their prior knowledge and belief. 

In particular, technology integration is closely related to 

pedagogical beliefs, methods and content knowledge 

(Angeli et al., 2016). Therefore, teachers need to develop 

relevant knowledge, skills, and beliefs in order to innovate 

teaching with new technology (Mishra & Koehler, 2006). 

Despite this, little is known about the complexity of teacher 

beliefs, knowledge, and skills in CT.  

3. METHOD  

3.1. Participants 

To examine Korean teachers' beliefs, knowledge and skills 

about CT under the nation-wide movement of SW education, 

this qualitative study adapted the matrix of teacher profiles 

(see Table 3) proposed by Rosenlund & Hansen (2018) to 

identify the various spectrum of teachersô CT-related 

knowledge, skills and pedagogical beliefs. We used a snow-

balling method to recruit study participants through the 

teacher recommendation in the teacher community of SW 

education. Based on data from the pre-study interviews, we 

intentionally selected four teachers, one for each cell of the 

matrix. Table 1 presents the demographic information about 

four teachers (three in elementary, one in middle school) 

who participated in this study. 

 

Table 1. Demographic information 
Name* Gender

/ Age 

School 

Level 

Experience 

with CT 

Teaching 

experience 

JW 

(Type ) 

Male 

36 

Elementary  Selected as an 

excellent SW 

teacher 

14 years 

CH 

(Type ) 

Male 

44 

Middle  Selected as an 

excellent SW 
teacher 

20 years 

SM 

(Type ) 

Male 

35 

Elementary  3 years of 

information 
technology 

related work 

3 years 

YM 
(Type ) 

Female
44 

Elementary  No 
experience 

17 years 

 pseudonyms are used for data anonymity 

 

3.2. Data Collection 

This study used interviews as a main source of data. The 

researchers (authors of this paper) conducted in-depth face-

to-face interviews with individual participants in July 2018. 

Each participant was interviewed approximately for 90-120 

minutes. Before the interview, the researcher informed the 

participants about the purpose of the research and the audio 

recordings for data collection. With the consent of the 

participants, the interviews were recorded and transcribed 

for analysis.  

The researchers conducted the semi-structured interviews 

with the guiding questions (Table 2) that examine various 

domains of teacher experiences along the trajectory that 

affected the development of their CT competency, including 

distributed knowledge resources used for personal learning 
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and related knowledge acquisition, teaching experiences, 

and personal beliefs about the policy initiative. 

 

Table 2. Guiding interview questions 

Domain Questions 

Initial experience What was the main factor that 

affected your decision to become a 

teacher?  

Teacher training  Have you voluntarily participated 

in various training courses related 

to SW education? 

Knowledge 

resources 

Where do you usually find the 

necessary information about SW 

education? 

Teaching 

experience 

Have you ever conducted a SW 

class in school? If yes, how? 

Interest in SW 

education 

Do you have any particular interest 

in SW education? Why or why not? 

Beliefs about SW 

education policy 

Why do you think it is necessary for 

SW education to be taught in 

school? 

 

3.3. Analytical Framework and Method 

We analyzed the interview narratives to identify the 

complexity of teachers' CT-related knowledge, skills and 

beliefs. In this study, teacher's pedagogical beliefs that 

determine good teaching practices in CT are viewed as an 

important factor in determining the quality of SW education. 

Previous studies suggest that teachers' pedagogical beliefs 

and technology are closely related. Belief systems provide 

teachers with a professional guide to make decisions in class 

(Chen, Looi, & Chen, 2009). In particular, Tondeur, Van 

Braak, Ertmer, & Ottenbreit-Leftwich (2017) reported that 

teachers with traditional teacher-centered beliefs tended to 

use technology less frequently in class.  

Concerning teachers' beliefs, knowledge, and skills in 

teaching, Rosenlund & Hansen (2018) proposed the matrix 

of teacher profiles, which classifies teachers according to 

ICT skills (surplus vs. shortage) and approach to use ICT in 

school (positive vs. negative). Based on their framework, we 

constructed the matrix of teacher profiles in CT with two 

factors: (a) the level of teachers' pedagogical beliefs about 

SW education (positive vs. negative); (b) the level of 

knowledge and skills to teach SW education (surplus vs. 

shortage). As shown in Table 3, each participant was 

mapped to the matrix, based on their levels of 

knowledge/skills and pedagogical belief revealed in the pre-

interview. This matrix leads to four types of teacher profiles:  

· Type ˁ  - The innovative teacher (surplus of 

knowledge/skills, positive belief): A teacher who 

shows high quality teaching with good 

knowledge/skills and deep understanding about the 

necessity of SW. 

· Type ˂  - The serious teacher (surplus of 

knowledge/skills, negative belief): A teacher who has 

sufficient knowledge/skills for SW education but is 

not fully aware of the necessity of SW education. 

· Type ˃  - The insecure teacher (shortage of 

knowledge/skills, positive belief): A teacher who has a 

positive view about SW education, but lacks technical 

skills and pedagogical knowledge. 

· Type ˄  - The confused teacher (shortage of 

knowledge/skills, negative belief): A teacher who 

lacks knowledge and skills with a low self-confidence 

about using technology and does not fully understand 

the necessity of SW education. 

 

Table 3. Matrix of teacher profiles 

  Pedagogical belief with SW education 

Positive Negative 

Surplus of 

knowledge & 

skills 

JW (Type ) 

The innovative 

teacher 

CH (Type ) 

The serious 

teacher 

 

Shortage of 

knowledge & 

skills 

SM (Type ˃ )  

The insecure 

teacher 

YM (Type ˄ ) 

The confused 

teacher 

 

4. RESULTS 
The analysis of interview narratives revealed that the 

participants had different knowledge/skill levels, 

perceptions, and experiences depending on the type. We 

present the main findings according to the five themes 

emerged.  

4.1. Theme 1: Differences in Espoused Beliefs about SW 

Education 

While SW education in school has been mandated by the 

government, not all participants appeared to readily accept 

the necessity of this initiative. Regardless of CT skills, there 

were some differences in the degree of espoused beliefs 

according to the teacher type. Type  and  teachers with 

positive beliefs argued that education should be expanded 

with SW to promote the national growth of talented people. 

On the other hand, Type II and IV teachers, who both have 

negative pedagogical beliefs, questioned the necessity of 

SW education, particularly the argument that CT is 

necessary for all students.  

Researcher: Why do you think SW education is necessary? 

JW (Type ): I think that in the future society technology 

will be in all aspects of everyday life, like mobiles that are 

deeply used in our lives now. The idea underlying SW 

education is that children learn the language that 

communicates with a computer. Just as you cannot 

communicate with foreigners if you do not speak English, 

I think if you do not have CT, you will not be able to get a 

job in the future society. 

CH (Type ): I personally question that SW education is 

required for all children. Not everyone needs to be a 

computer programmer. Each person has a different 

personality and ability. In Korea, there are vocational 

high schools for cultivating technical experts. So I think it 

would be enough if a SW curriculum is provided to the 

students in vocational high schools. In fact, I have been 
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selected as an excellent SW teacher and have been 

running SW education as instructed by the Ministry of 

Education. That's not to say, I think SW education is 

necessary for all students. 

YM (Type ): I think children should be happy. From 

elementary schools, Korean students have to learn too 

many curriculum contents. As the SW education is 

mandated, I feel that the academic burden is increasing 

with the private tutoring. 

4.2. Theme 2: Fear about the New Knowledge and Skill 

Domain 

While the participants are in their 30s and 40s, they felt that 

CT concepts are new and showed some degree of concern 

about learning the new knowledge and skill domain (i.e., 

computer science). In particular, such fears and concerns 

were obvious in Type  and  teachers who lack relevant 

technical skills and experience of CT. Since both types of 

teachers were more interested in other subject areas, the 

mandated teacher PD programs were a burden rather than a 

learning opportunity to develop an expertise in CT:  

Researcher: In what way, was the SW education class 

difficult to teach? 

SM (Type ): When I took the SW education teacher 

training, it was too difficult to understand the concepts. I 

am interested in Korean language and physical education, 

so I am involved in related field training. Because SW 

education is difficult to understand, it is a burden for me 

to participate in the teacher PD programs.  

YM (Type ): I am very interested in cultural education 

and student life guidance and am also involved in the 

related training. SW education with digital devices and 

computer programming is a burden for me. 
 

Such fears often led to the unwillingness of implementing 

CT classes. Type  and  teachers shared that some 

students are better than them in terms of technical skills, and 

were afraid of answering student questions.  
 

Researcher: If you need to teach a SW class now, would 

you mind? 

SM (Type ): I am afraid that students will ask questions 

that I do not know. How can I teach a class without 

knowing about CT? I'd rather have a professional teacher 

who can teach better.  

YM (Type ): I will not take it. Kids are better than me. 

I think I will lead the class introduction, but the rest will 

be done by the students.  

4.3. Theme 3: Turn to the Learner-centered Pedagogy 

While the participants commonly showed some degree of 

fears and concerns about SW education, it was interesting to 

find that they also sought solutions to overcome such 

difficulties through accepting the learner-centered pedagogy. 

They recognized that since the present levels of many 

teachersô knowledge and skills are limited, it is important for 

teachers to co-teach with or receive help from experts, even 

engaging students with good levels of CT in teaching. Hence, 

the positive side is that it also provided them with 

opportunities to realize and accept the changing role of 

teachers as a facilitator, designer, and critical investigator 

(Laurillard, 2012), as shown in the following narratives: 

Researcher: If you need to teach a SW class now, what 

could you do? 

CH (Type ): How do I know everything? I think the same 

is true for the world where students grow up. If you have 

something new like CT, you have to cope with it and learn 

it. I am just looking for an expert who can help me. 

YM (Type ): Students can help me out in class. And I 

think this can give them a chance to grow even more. I do 

not think there are any teachers who just want to pass on 

knowledge. 

4.4. Theme 4: Questioning Knowledge Transfer-centered 

Training 

Even Type  and Type  teachers who were selected as 

excellent SW teachers expressed the concern about the 

efficacy of the current teacher professional development in 

SW education. Similarly, Type  and  teachers who lack 

CT knowledge/skills questioned the efficacy of knowledge 

transfer-centered training since the present CT training tends 

to be theory-heavy rather than practice-oriented, and to be 

imposed as a top-down requirement to be completed within 

a short timeframe. Such negative perceptions about the 

efficacy of the current teacher PD programs appeared to be 

associated with the lack of teachersô empathy about the 

necessity and value of SW education in school: 

Researcher: Are there enough opportunities for teacher 

training as SW education will be introduced from the next 

year? 

JW (Type ): I would be more helpful if you let me know 

how to proceed with actual lessons rather than delivering 

the theory to the center.  

CH (Type ): As an excellent SW teacher, I participated 

in SW training programs as a lecturer. Teachers do not 

listen well because the topic is difficult. 

4.5. Theme 5: School Leadership and Support as a 

Catalyst of Change  

The participants shared different stories about how the 

school leadership and support affected their perception and 

experiences with CT. The Type I teacher was in charge of 

after-school programs in SW education and was engaged in 

various activities to help students develop CT through the 

linkage of industry-academia partnership programs. He cited 

the support and leadership from the school principal as a 

main driving force for his efforts in SW education.  

Researcher: What is the driving force of your success in 

SW education? 

JW (Type ): Our principal gives a full support if you say 

yes. Last time, I thought I would not have a wireless 

Internet connection due to the budget. The principal 

brought budget as much as possible, so I was able to set 

up the Internet connection with one of my colleagues. 
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On the other hand, the Type  teacher did not receive 

sufficient support from the school principal, coupled with 

the budget constraint to build the learning environment 

necessary for the implementation of SW education.  

Researcher: If you need to teach a SW class now, would 

you mind? 

CH (Type ): I kept telling the principal, but he could not 

be convinced! I borrowed hamster robots from the 

neighbor school.  Last year, there was no budget, so I 

could not buy any tablets. I still had more than half of old 

computers in class, so it was hard to teach SW education. 

I did not have any related budget this year, so I had no 

idea how to operate the SW education program. 

Currently, most schools in Korea do not have school-wide 

wireless networks. The participants commonly pointed out 

that building the wireless Internet environment in school is 

essential for SW education. This also necessitates the 

relevant administrative and financial support to build SW 

education-conducive learning environments.  

5. DISCUSSION AND CONCLUSION 
In this section, we discuss the implications of the main 

findings and propose some suggestions for teacher PD 

related to CT in SW education.  

First, Themes 1 and 2 indicate that teachers tend to 

experience conflicts in espoused beliefs about CT, and such 

conflicts are often caused by the psychological factor, which 

is the fear and concern about entering a new knowledge 

domain. Teachers tend to perceive that SW education and 

CT are highly skilled domains that teachers cannot easily 

enter or reach the basic mastery of the domain. Lowering or 

minimizing such psychological fears through emotional 

support needs to be considered prior to delivering training 

about cognitive knowledge and technological skills (Shin, 

Kim, & Jeong, 2019). One promising approach for 

emotional support is to engage teachers to learn from each 

other in a community-based setting. For instance, this 

community-based approach has been implemented in UK 

where computing education is mandatory for students in 

elementary and secondary schools. Teachers are connected 

with master teachers in computer science. The nationwide 

training network helps leading schools with specialized staff 

in computer science to help teachers in nearby schools 

(Oliver & Venville, 2011). 

Second, it was encouraging to see that emotional conflicts 

function as an impetus to accept the changing role of 

teachers and students and even to modify teaching practices 

(Theme 3). Teachers tend to show the belief that teaching 

CT and SW requires acknowledging that teachers are not a 

sole source of knowledge, but a facilitator in collaborative 

knowledge building (Rosenlund & Hansen, 2018). By 

necessity, teachers turn to the learner-centered pedagogy. 

This story indicates that obstacles eventually become an 

opportunity to change.  

However, we also want to emphasize that such a positive 

impetus to the learner-centered pedagogy is unlikely to be 

sustainable if supporting structures are not provided (Theme 

5). The existing literature on teachers and technology 

integration suggests that changing teachersô pedagogical 

beliefs are the most important and challenging task (Ertmer, 

2005; So & Kim, 2009). In particular, Type  teacher 

sought ways to overcome weaknesses through self-

reflection. She understood the characteristics of digital 

native students who are highly receptive with new 

technology and provided activities to engage students to find 

and explore topics among peers. In addition, teachers need 

to receive support from the school leadership in both 

infrastructural challenges (e.g., the purchase and 

deployment of software and hardware equipment) and 

pedagogical innovations (e.g., initiating new teaching 

methods). 

Ertmer (2005) argues that teachers tend to face first-order 

barriers such as issues with resources, time, training and 

support when they attempt to integrate technology into 

teaching. She also suggests that teachers face second-order 

barriers that are associated with teachersô beliefs, typically 

rooted in their underlying beliefs about how teaching and 

learning should work. While the existing literature suggests 

that the second-order barriers are more important and critical 

than the first-order barriers, we argue that for CT and SW 

education, attempts should be made to tackle both types of 

barriers concurrently. SW education as a subject matter 

requires a certain level of technological infrastructure to be 

established. That is, unlike other subject matters where the 

use of technology is optional, technology in SW education 

is both a goal and a tool (Angeli et al., 2016). This was 

evident in Types III and IV teachers who did not develop 

enough technological knowledge during pre-service teacher 

education, thereby having fears about SW education.  
Understanding that achieving technology integration is a 

multi-faceted effort for teachers, this study suggests that 

policy support to overcome first-order barriers need to be 

systematically developed, in parallel with the redesign and 

provision of teacher PD programs that aim to tackle second-

order barriers.  

Third, related to the design of teacher PD (Theme 4), for 

teachers to grow into Type I with positive beliefs and good 

knowledge/skills, it is essential to provide systematic 

supports where teachers can understand and empathize the 

vision and goal underlying the national initiative of SW 

education. In particular, most teachers in Korea do not have 

sufficient prior experiences with SW education and their 

learning opportunities are limited to the government-led 

training programs. However, current teacher training 

programs are mostly conducted in the form of formal 

lectures in 1-2 hours. Such short-term training formats are 

unlikely to meet the needs of teachers, especially Types  

and  teachers. Teacher training needs to be redesigned 

considering the level of school environments and teachersô 

readiness. Some recent studies on TPACK suggest the 

potential of combining CT and design thinking through 

problem-solving activities in real contexts (Shin, Kim, & 

Jeong, 2019). In addition, teacher PD programs need to help 

teachers better understand the core concept of CT, to show 

various applications in class, and to provide systematic 

support that enables teachers to apply and develop 

competencies in teaching CT (Liu, 2011).  
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The limitations of this study are as follows. First, this study 

was conducted in the transition year prior to the nation-wide 

implementation of SW education. It is important for future 

research to continuously examine teacher perceptions, 

challenges and developmental trajectory from the 

implementation year of 2019. Second, since this study used 

the convenience sampling method to identify the 

participants and only four teachers were examined in the 

study, the generalizability of the research findings is limited 

and needs a further validation through other sources of data 

and larger samples of teachers. Despite these limitations, we 

believe that this study contributes to the existing CT 

literature by unpacking the perceptions and challenges faced 

by teachers under the situation where SW education is 

mandated.  
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ABSTRACT  

The computational thinking education in K-12 has become an important issue so this study arranged a technology leadership 
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K-12 ≈ ṎБ ⱢϚכ ȲӐׁשṅ

ᶾדּ  ≈ Ȳ֯  

Ϡ ≈ ṳᶙכϠ ∟Ȳ   Ẫẃ

ᴷ҃ ᾼ ֢Ѡ ⇔Ȳ ϚḔ

≈ Ṏ Ȳ֢ ֢֯ Ἤ ᾼЏᵂ ⇔ȴ

Ӑׁשṅ ∟ ῶȲ Ϛ ≈ ⇔

₤Ȳ TPACK ẔϮ ֣ðּדᶾ῀ ɎTKɏȳ

ᾎ῀ ɎPKɏѿцв ῀ ɎCKɏȲ ᶾדּ

П Ӗ Ṏᾼ П ᾬԈ ȳ

ќ═П ᾼ …Ȳᶦ ױ иέȲ

ѿצṆ ᾼ∂Ӵ ≈ ᾼ ȴ 

ֿ 

≈ ȷ ⇔ȷTPACKȷ иέ 

￼ṅשׁ .1  

ꜜᶾ╥ѷדּ ∂ ᾼ Ӑȴ֯ױῂ ￼ Ȳ

Ṏ Ӣ Ἠὢ Ϛ Ȳắẞᶾ ᾼ ɎGarcía-

Peñalvo, 2018ɏȴᴖ ≈ ɎComputational thinkingȲ

CTɏ╥ ғכ ḟ ѹᶾ ֣Пῂ ᾼϚ

ᶾ Ȳ Ҡѿ ᵗ Ӣ ≈ ϩȲ

ᴖ CT Ϥ МᾼӇ ἤɎKale et al., 

2018ɏȴ ≈ ᵂⱢ 21ѷּנ Ӣᾼ ᶾ ȲϷ‚

כ ֵѿ ≈ Ɫ ᾼ ṳ Ẕ Ϥ K-12

МɎYadav, Hong, & Stephenson, 2016ɏȴᵀ֯ K-

12 М Ғ Ӣ ≈ ᾼ ῀ Ṇ ἤᾼḂ

ȳ ế ᾼ דּ Ṏꜜ

ᾼ֥ᵂɎBarr & Stephenson, 2011ɏȲ ᴖṕȲ

≈ ᾼҒϤⱢK-12 Ṏ ẁϠ ᾼѠ֣ɎKafai, 2016ɏȴ 

CT Л ӣὑ ȲϷ ӣὑ   Ȳ  

῀ CT╥Ш Ȳѿцֽᴶ Ẕ Ϥ Ȳѿц ṷ

ᾼ Ḗȴᴞ ѿẃȲүד2011 ᾼ ֵ Ӏ Ḗ

ԉ   Ғ ᶾ ế ד ᾼ ȴ  

Ϡ ᾼ ╟ế ᴩᶾ ד ᾼ ȳ

ếὢ Ȳṳ ֯ ῺᾼẒדМȲ ҃ Ϡ CT

צ ᾼד ȴ2015דѿᴥԝ CT ӣὑ ṎȲ

ѿᵌὢ ֯ɦ דּ ɧ М ῀

ᾼ ȴ K-12 ẞ ЛṜᾼ ӢҠ ẞ

ᾼᵺ ȴ › Ἠ ԉ  ᾼ ṎȲҠ

ѿ῀ ֽᴶⱢ҃ ᾼ ẁќ═ế ᵗȲѿҒ CT

ṎɎIsrael, Pearson, Tapia, Wherfel, & Reese, 2015ɏȴ 

Ӑׁשṅѿ HsuɎ2018ɏ ῶП ╟ ≈ Ṏᾼ

ᾓׁשṅ ῶᵂ Ȳ ṅשׁ ֥ ᾼ

ᾓ ▲ῶɎYu, Liu, & Huang, 2016ɏ TPACKᾼ

₤ ứȲẦᵗ   ᴷ ᶾ ᾼ

ѿц в ⇔ȴ 

2. ѝ  

2.1. ≈  

≈ ╥╓ӣὑ ḟ דּ ᾼ Ӑ

Ἐế ɎWing, 2006ɏȴи ╥ CT ᾼ ПϚȲ

ѿ― Є иכ ЊᾼІ Ȳ Ɫɦ

и ɧ ◕ȴ ∟Ȳ ϡ ◕╥ ᵑ ῶӱἨ

Мᾼ ȴה Ұ ȲֽὨ Ӣ ẞԉᴶ

ᾼ ἨѠᾎᾼᵧ Ȳ҃ Ҡѿ ᵑ҃ ᾼדᴿἤȲ

√ἤἨԚ ἤȴ֪ױȲ ҃ ҏ ḟѠ Ḕ Ȳ

҃ Л ῧ ЏᵂȴҫҵϚ ᾼ ◕╥

⁄оɎGeneralizationɏἨἼ ⁄ɎAbstractionɏȲ

ṿẔכⱢϚ еהἨ ⁄ȴ ӢӇ ҃ ֯ϱ

ϚḔМ᷄ẞᾼ ה ᴩ∂ ȴ֯ П∟Ȳ҃ ᵑ

ṳἼ ҏῶӱ ₤ᾼ Ἠ ֪ Ȳѿ―֯ױḔ

М ḟ ȴ ∟Ȳ҃ ֯ ҳ ◕ ᾎȲ ’

һ ҔᵶἬצḔ Ṇ ֮ ḟ ȴ CTЛ ὑ

ה Ȳᵀ╥ оᾼ ה ṕɎֽ ScratchȲ

BlocklyȲmBlockȲApp Inventor ɏ╥ ᵗ Ӣ

CT ϩᾼֻЏẓȴ֪ױȲ CT ứ Ɫɦạứ ц

Ẕ ḟѠ Ἤ цᾼ≈ Ȳѿ― ḟѠ ѿҠӦ

‒ ҅ צ ᴩᾼᶮהῶӱɧɎCuny, Snyder, & 

Wing, 2010ɏȴ 

2.2.    

ϩ╥ Ḕᾼ їɎSzeto & Cheng, 2018ɏȴ

  ᾼ ᾼ ȳḂ

Ӣ Є ɎSoini, Pietarinen, & Pyhältö, 2016ɏȴ

₤ ╥ ᾼӇ ԈɎMarks & Printy, 2003ɏȴ

Ϡ ֯ М ế ═ ṎכὨᾼ  ᾼ Ṕᴥ

ếᴩⱢȲⱢצὄ ếὢ ᾼ   ẁϠḆֵ оȳ

ϱϯѝ ᾼ ế Ѡ ᾼќ═ɎCheon, Lee, 

Crooks, & Song, 2012ɏȴ ₤   Л ứ

ἤ ᾼ ɎHameiri & Nir, 2016ɏȴ 

2.3. ⇔ 

ᶾᶾדּ ṿ῀ ᾼ ếדФᵂӣѡ Ȳ Є

иῂ ᾼ῀ ậȳӻ☼ế ȴ ֝ױ Ȳ

ᴷ ṎṆ ғіϤếכ ╟ І ᾼ ϩ̅

ᵛ І Ȳ ὑ Ṏӭ ᴟ ɎDarab 

& Montazer, 2011ɏȴ֯ ẃᴫṸȲⱢϠ Є Ӣṿӣ

њ Ȳ Ӑ ⇔ȳᶾ ⇔ȳї ϱᾼ

⇔ѿц ⇔ ҳ ᴩ ⇔ᾼ ֣

ɎHussin, Manap, Amir, & Krish, 2012ɏȴᴖצ

֥ᴩ ṳ֯ ᴩᴩ ›ᶙ҉כи Ȳ

╥ ṳ ẞכғᾼ ϚḔȲᴩ ⇔╥

ᵂⱢ ╟ᴩ ›ᾼᴞᶺ ᴷЏẓȲṳṼ

иέМЊױ ᴩ ⇔ ᾓɎYu et al., 2016ɏȴ 
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2.4. TPACK 

Є ѝ ῶὙȲּדᶾц Ṏ╥ṿӣᶾ ế ֥ᾼ

ḟứ֪ ȴᴖ ᾼּדᶾв ῀ ɎTechnological 

Pedagogical Content Knowledge, TPACKɏצᵗὑ ᶾדּ

ӣὑ ṎӭᾼɎScherer, Tondeur, Siddiq & Baran, 

2018ɏȴTPACK Б ᵂⱢӣᶾ צ ᾼ῀

▐ȴ ▐ ὑ ứ Ṏ￼ ϯᾼᶾ ֥

ὑв ȳ ᾎếᶾ ϩᾼ ї Ȳ֪ױᶦ

ᶾ ֥ẞ Мᾼ ԉἬצϮ

ɎVoogt, Fisser, Pareja Roblin, Tondeur & Van Braak, 

2013ɏȴᶾ ῀ ȳ ῀ ếв ῀ ╥ ›

TPACKᾼ ֪ ɎChai, Koh, & Tsai, 2010ɏȴ

֢ Ɫ ᾼדּ Ṏ῏ ẁצϩᾼќ═Ȳṳ

Ɫ ӣ ᾼᶾ ▐ɎNelson, Voithofer, & 

Cheng, 2019ɏȴ 

ṅӭᾼשׁ .3  

 ṅӭᾼשׁ .3.1

Ӑׁשṅ֯ס   Пᴞᶺ ᴷȲṿӣ Hsu 

Ɏ2018ɏ ῶᵂ ȲẔМצ ᾬԈ ɎObject 

readinessȲORɏȳ Ɏ Instructional 

material resource readinessȲ IMRR ɏ ȳ ќ ═

ɎLeadership support ȲLSɏȳᶾ ῀ ɎKnowledge of 

technologyȲ TK ɏȳ ᾎ῀ Ɏ Knowledge of 

pedagogyȲPKɏȳв ῀ ɎKnowledge of contentȲ

CKɏ TPACK   ≈ ᾼ֢

⇔ȲӐׁשṅ Ễ֤Ɫױ ≈ П

₤ȴ 

ṅשׁ .3.2  

֯ Ṏ М Ϥ TPACK ╥Ϛ ═ ᾼ

ȴᵀ ȲӇ ᴕ ῏֯ М

ᾼᵂӣȴ ῏ȳ  ế  ѻ Ӈ ╥ ᾼכ

ȴᴖ ȳ ế Ṏ ῏ ᾼ╚ ╥

ⱢҠ ᾼ TPACK Ȳṳ ứ ẁ҉

ḝᾼ ќ═Ȳѿ ế ắ

ȴ ╚ ẃᴞ Ɫ ᾼ

TPACK Ȳᵀ ϩכⱢ Ѡᾎᾼ Ȳ

Ӈ ḟҔᵶв ȳ ếᶾ ֯вᾼ ї῀ ȴ

ⱢϠᶙכ ԉ Ȳ ṷ ᾎ Ϥ

Ṏ МȲṳЛ оᾼ ד ֥ȴᵀ ԒӇ ᴕ

֯ ᴩ ᾼ ᵂӣɎThomas, Herring, 

Redmond, & Smaldino, 2013ɏȴᴖ ѽᶾ ếᶾ

֥ ╥֯ צ ṿӣᶾ ᾼ ȴ

Vatanartiran & KaradenizɎ2015ɏׁשṅ K12 ֯ ᶾ

֥ẞ М Ἤ ᾼ╚ ế Ḗȴ ὨῶὙȲ

ᶾ Ϥ Ϯצ ѻ ȸ ᴩȳ

╟ế ȴ ᴩ ѻ ế Ѡ ᾼ╚ צ

ȷ ╟ Ҕ╗ᶾ ế Ѡ ᾼ╚ Ȳᴖ

ᾼ╚ ֽ ȳ֢הᶾ ⅍ȳ Ἠ╥

Ϣ Ḋѿц ḟѠ ɎHsu, 2018ɏȷ

Ҕ╗ Ḋ ȳ Ӣ ᾓế ϩ

ד ᾼ╚ Ȳֽ П דּ ӣ ϩȳⱢ

≈ Ḋᾼ ϩѿц П

Ȳѹצ‒ї ᶾ ᾼ ḊɎHsu, 2018ɏȴ

֥ѿϱ ҏѿϯ ȸ 

H1ȸ ќ═ɎLSɏ Ӕ֣ ᾬԈ ɎORɏ

ɎIMRRɏ 

҅ᶾ ṎṆ ᾼ ḖȲ ẓ

‒ דּ ᶾ Ɏ Information and Communication 

TechnologyȲ ICTɏ ֥ẞӑẃ ᾼ ϩếᶾ ȴׁש

ṅ ᴷϠ ֥ ICT ѿц TPACK ế SAMR

Ɏ Substitute, Augmentation, Modification, and 

RedefinitionɏȲ ᾼЄֵ ╚ ѽ ╟ȳ

Ḃ ᾼ ѿц ѽ ICT ӣᾼ ϩצ ȴᴖ Ϛ

ḔᾼЏᵂ ὑ ṅשׁ Ȳѿ ᾼצ

ICT ṿӣ ạɎKihoza, Zlotnikova, Bada & Kalegele, 

2016ɏȴ 

H2ȸ ᾬԈ ɎORɏ Ӕ֣ ᶾ ῀ ɎTKɏȳ

῀ ɎPKɏ в ῀ ɎCKɏ 

Agustin & LiliasariɎ2017ɏׁשṅ Ȳ דּ‹ ᾼ

TPACK Ь −ᵅȲЛṜѿ֯ῴМ דּ ȴױҵȲ

ϚṷẦᵗ ẃ ᵗ דּ‹ ᶾדּ֯

ᾼ ϩȴ֯ױ ᾓϯȲḆ ᾼ֝ᴴ ếḆֻ

ᾼ ╥ דּ‹ TPACK ϩᾼӇ Ԉȴ

іϤᶾ в ῀ ɎTPCKɏᵂⱢ Мצ ᶾ

֥ᾼӇ ԈɎMishra & Koehler, 2006ɏȴ 

H3ȸ ɎIMRRɏ Ӕ֣ ᶾ ῀

ɎTKɏȳ ῀ ɎPKɏ в ῀ ɎCKɏ 

Koehler & MishraɎ2009ɏ ҏϚ ᶾ ֥ᾼ ῀

▐Ȳ Ɫּדᶾ в ῀ Ɏ Technological 

Pedagogical Content KnowledgeȲTPACKɏȴKoehlerѿ

ShulmanɎ1986ɏᾼ в ῀ ɎPedagogical Content 

KnowledgeȲPCKɏ ∂Ɫ Ȳ Ϡ ῀ ᾼ

TPACK ▐ȲⱢϮ ῀ ṆП ᾼ Ф ȸв Ȳ

Ṏ ếᶾ ȴ╝Ӑׁשṅᾼ ҳ Ɫᶾ ῀ ȳ

῀ в ῀ ᵂⱢ TPACKП Ȳ Ӕ֣

TPACKП ᴩȴ 

H4ȸᶾ ῀ ɎTKɏȳ ῀ ɎPKɏ в ῀

ɎCKɏ Ӕ֣ TPACK 

 ṅѠᾎשׁ .4

4.1. ῏ 

ӐׁשṅПắ ῏ẃᴞү 65Ἤ Њȳ М  ȴḽἤ

ᴾ 37֤Ɏ56.9%ɏȳЅἤ 28֤Ɏ43.1%ɏȷԉ ὑ Њ

ᾼ צ  42֤Ɏ64.6%ɏȳ Мצ 23֤Ɏ35.4%ɏȷד

ѿ 31ᴟ ד35 28֤Ɏ43.1%ɏ ֵȲד 26ᴟ ד30

16֤Ɏ24.6%ɏװПȴ 

4.2. Џẓ 

Ѡᾎ╥ ᴕ HsuɎ2018ɏП ╟ ≈ Ṏ

ᾼ ᾓׁשṅ ῶ ᴩ Ḃ ȴ֢

ṿӣḈᵌ Х ῶȲ 1Ɏ‍ Л֝ ɏẞ 5

Ɏ‍ ֝ ɏȴ 



 

101 

῏Ӈ ֫ ҃ CT Ṏ ᾓᾼ ▲ ẪȲ

ṳῶ ҃ ֯ ᾼ TPACKМἬ ῀ᾼ ᾓȴצϥ

ẪМᾼ ῶȴ›ҳ ╥ ᴩ ᾼ ᾓ ▲

ῶɎYu et al., 2016ɏ ᴩ ȲẔМ ẞϠ᷉ ᾼ І

ȲҔ╗ Ȳ Ԉ ế ќ═

ɎDarab & Montazer, 2011ɏȲѿц ẞ ὑ ᴩⱢ

ᾼ Ṏᴩ ₤ɎCheon et al., 2012ɏȴ

Ȳױ֪ Ȳ ế ќ═╥

ᴷ֯ ╟█ṷв ᾼ ᾼ ѐ⇔ȲẂֽ І

Ȳᴩ Ἠ CTȴ֪ױȲӐׁשṅṿӣ ẪȲ

ẪМḕ ῶᾼ CronbachҠ ἤ… Ɫ.75Ȳ

Ȳ.84Ɫ Ȳ.90Ɫ ќ═ȴ 

֯ TPACK ₤ᾼ ▐МὙ ╓ҏϠ ᾼᶾ Ȳ

ếв ῀ П ᾼ …ɎMishra & Koehler, 2006ɏȴ֪

ȲЄױ ṅשׁ ӣ ₤ẃ ᴷ ᾼ ἤἨ

Ṏᾼצ ἤɎChai et al., 2010; Koehler, Mishra, & 

Yahya, 2007ɏȴ ₤Ϸ іϤҫϚ ṅМȲẁשׁ

ᴩᴞᶺ ᴷɎSchmidt et al., 2009ɏȴӭ›ᾼׁשṅ

ӣ TPACK ₤ɎChai et al., 2010ɏⱢ   ᶾ

ᾼ ȴ ∟ ẪМḕ ῶᾼ

CronbachҠ ἤ… ὑᶾ ῀ Ɫ.92Ȳ ὑ Ṏ

῀ Ɫ .93Ȳ ὑв ῀ Ɫ .95Ȳ ὑ TPACK

Ɫ.98ȴ 

4.3. ᶧ 

Ɫ Ẓщᾼ МЊ ᶾדּ  Ȳ Ԛ

18 Њ Ȳѻ ӭᾼⱢ ᾼ МЊ  ҠѿϠ

ᶾדּ ᾼ ḖȲҔ╗ ᾼ Ḗѿц ᾼ ḖȲ

ṿ  Ҡ Ӧׁש ѩ ӭ› ᾼ ᾓȴӐׁשṅῧ

Ϡ 9 Њ Ҡ о Џẓ ֥ᾼ CT

Ȳṳ֯ ᾼ 9 Њ Ȳ   ╟Б

∂Ӵᾼ Ȳѹ ȲЮ K-12֯ᶾ

ᾼ Ḗȴ֯   Ϡ CT ṳᶙכϠ ∟Ȳ

▲ Ẫѿ ᴷ҃ ᾼ ȴ ẪᾼϚ и╥

ᴩ ᾼ ᾓ ᴩ ᾼȲҫϚ и╥

TPACKɎᵛᶾ Ȳ ếв ῀ ɏ ₤ȴ 

4.4. иέ 

Ӑׁשṅ ứ∟ᾼ ῶ ᴩ‒⇔иέȲ ⇔

₤ PLS-SEM ứиέȴᴖ ЊӂѠᾎɎPartial 

Least SquareȲPLSɏṿӣὑ Ѡ ₤ɎStructural 

equation modelingȲSEMɏȲ Ɫ PLS-SEMȴRingle, 

Wende, and Becker Ɏ2015ɏḂṏ SmartPLS 2.0ᾼ ṳ

Ғ ֵ ғ Ȳ Ϡ SmartPLS 3.0ȴӐׁשṅṿӣ

SmartPLS 3.2.7W ⱢиέЏẓȲṳ ᴕ ѝ Ɏ2018ɏ

П Ɫ ᵂṼ ȴ 

Ӑׁשṅ… ֢ ₤П ᴩᴷ Ȳѿ ứ

֢ Ἐᾼ‒⇔ ⇔ȴ֯ן ⇔Ѡ ȲJ. 

Hair, Anderson, Tatham, and Black Ɏ1998ɏ ҏӇ ᴕ

ᵑ ӭᾼ‒⇔ɎIndividual Item Reliabilityɏȳ ֯

ɎComposite ReliabilityȲCRɏ⇔‒כ ֯

ᾼӂᶁ ậɎAverage Variance ExtractedȲAVEɏ

Ϯ ╓ Ȳ Ϯױ ╓ ᶁ ֥ȲѠ ῶӱӐׁשṅ

ẓן ⇔ȴHullandɎ1999ɏ∂ ֪

֯ 0.7ѿϱȲѠ ῶӱ ╓ ẓצṏֻ‒⇔Ȳᵀ

OR4ȳOR5 IMRR1П֪ иᵑⱢ 0.598ȳ0.635

0.667Њὑ 0.7ȲⱢ ᵍ‒⇔ Ȳ╝ Ϯױ ᵔ

ȴBagozzi & YiɎ1988ɏ∂ CR Єὑ 0.8ȲѠ ῶ

ӱ ẓצṏֻᾼв Ϛ ἤȴᴖ Fornell & Larcker

Ɏ1981ɏ∂ 0.5ⱢAVE П ꜜ Ɫן ⇔П

Ȳ AVE ꞋЄὑ 0.5ῶӱẓן ⇔Ȳᵀ

Ở ῶПϢϩ ɎHuman resources readinessȲ

HRRɏᾼ AVE 0. 485 <0.5ȲЛẓן ⇔

ɎDiscriminate validityɏȲ╝ ױ Ἐᵔ ȴCronbach's 

alphaɎŬɏ ᾼϯ Ɫ 0.7Ȳ Ŭ Єὑ 0.7⁄ẓצ‒

⇔ɎHair, Black, Babin, & Anderson, 2010ɏȴ ἤ

иȲ֯ PLS-SEM МȲה t >1.96ȲῶӱБ ẞ Ŭ

Ɫ 0.05ᾼ Ѭ ѿ*ῶӱȷ t >2.58ȲῶӱБ

ẞŬ Ɫ 0.01ᾼ Ѭ ѿ**ῶӱȷ t >3.29Ȳῶӱ

Б ẞŬ Ɫ 0.001ᾼ Ѭ ѿ*** ῶӱɎHair, Ringle, 

& Sarstedt, 2011ɏȴ 

ṅשׁ .5 Ὠ 

SmartPLS ẁṿӣ PLS-SEM ₤€֥⇔ɎModel 

FitɏᾼѠᾎȲᴖ оᶁѠ ɎStandardized 

Root Mean Square Residual, SRMRɏứ Ɫ ẞᾼד

ἤ ₤ ᵶד П ᾼ ȲЊὑ 0.10Ἠ 0.08

ᾼ ɎHu & Bentler, 1998ɏ Ɫ╥Ϛ −ֻᾼ ȴ

HenselerɎ2014ɏіϤ SRMRᵂⱢ PLS-SEMᾼ ⇔

ȲҠ ᵍ ₤ ȴ SRMR ЊȲῶӱ

₤ ⇔ ֻȲHu & BentlerɎ1999ɏ Ɫ ᵅὑ

0.08 ╥ ה ⇔ṾȴӐׁשṅ Saturated ModelП

SRMR Ɫ 0.067 < 0.08Ȳẓצṏֻᾼ ה ⇔ȴ 

ן .5.1 ⇔ 

Ӑׁשṅצ ᾬԈ ɎORɏȳ

ɎIMRRɏȳ ќ═ɎLSɏȳᶾ ῀ ɎTKɏȳ

ᾎ῀ ɎPKɏȳв ῀ ɎCKɏ TPACK ϝ

֯ Ȳᶺ ҏ ῶ Ὠֽῶ 1ȴ 

ῶ 1֪ , T-value, Cronbachôs Alpha, rho_A, CR, 

AVE 

 
Ӧῶ 1 Ҡ῀ӐׁשṅἬצ П֪ ꞋЄὑ

0.7Ȳῶӱ ╓ ẓצṏֻ‒⇔ȴCR ꞋЄὑ 0.8Ȳ

ῶӱ ẓצṏֻᾼв Ϛ ἤȴᴖӐׁשṅϝ

ᾼ AVE ꞋЄὑ 0.5Ȳῶӱẓן ⇔ȴ 
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5.2. ᵑ ⇔ 

Ӧῶ 2Ҡ῀֢ AVE ꞋЄὑ Ἐ Ԛ Ȳ

ῶӱӐׁשṅ ֯ ᾼӂᶁ Ἴậ ПӂѠ

Єὑד … Ȳ╝ ӱ֢ Ἐ ⱢЛ֝ᾼ ἘȲ

ẓצ ᵑ ⇔ȴ 

ῶ 2 Fronell-Larcker Criterion 

 

5.3. … ϩ֪Ὠ …  

 
1 … ϩ֪Ὠ …  

Ӧׁשṅ ᾼ֪Ὠה … Ҡ῀Ȳ ќ═ ᾬԈ

Ɏt = 11.636, p < 0.001ɏ Ɏt = 

9.816, p < 0.001ɏȲẒ῏Ꞌᵧ Ӕד Ȳᴖᴷ и

ᵑⱢ 0.692 0.642Ȳ╝ ϚɎH1ɏכӴȷ ᾬԈ

ᶾ ῀ Ɏt = 3.140, p < 0.01ɏȳ ῀ Ɏt = 

2.979, p < 0.01ɏ в ῀ Ɏt = 3.422, p < 0.001ɏȲϮ

῏Ꞌᵧ Ӕד Ȳᴷ иᵑⱢ 0.351ȳ0.311

0.369Ȳ╝ ϡɎH2ɏכӴȷ ᶾ

῀ Ɏt = 3.211, p < 0.01ɏȳ ῀ Ɏt = 1.964, p < 

0.05ɏȳв ῀ Ɏt = 1.286, p > 0.05ɏȲẔМв ῀

Л ᴖᶾ ῀ ῀ ᵧ Ӕד Ȳᴷ

иᵑⱢ 0.344ȳ0.317 0.183Ȳ╝ ϮɎH3ɏ иכ

ӴȷTPACK ᶾ ῀ Ɏt = 0.696, p > 0.05ɏȳ ῀

Ɏt = 3.068, p < 0.01ɏ в ῀ Ɏt = 2.043, p < 

0.05ɏȲ ῀ в ῀ TPACK ᵧ Ӕד Ȳ

ᵀᶾ ῀ TPACK Л Ȳᴷ иᵑⱢ 0.074ȳ

0.471 0.303Ȳ╝ ҳ ԌכӴȴ 

ϩҠӦׁשṅ ᾼ֪Ὠה … ῀Ȳ ќ═

ᾬԈ ᾼ ϩⱢ 47.8%Ȳ ќ═

ᾼ ϩⱢ 41.2%Ȳ ᾬԈ

ᶾ ῀ ȳ ῀ в ῀ ᾼ ϩ

иᵑⱢ 37.4%ȳ30.6% 24.4%Ȳᴖ ᴖṕ֢ ֯

TPACKᾼ ϩⱢ 62.9%Ȳ ӱ ה ֯

ᾼ ⇔ṏֻȴ 

6.  

ṅשׁ .6.1 Ὠ  

Ӑׁשṅ֯ס ẁ CT ⇔ ᴷ ₤Ȳṿ

῏ ױ ₤Ϡ ԉ ӭ›П ȳ CT

⇔ȴӦ 1ᾼ … ϩ֪Ὠ … Ҡ

῀Ȳ ќ═ Ӕ֣ ᾬԈ

ȲὭὙ֮Ɏ2000ɏ ҏ   ᾼẓ ᵂ

ⱢҠѿ ⱢгЄ ȲҔ╗ṥ ⅍ ȳẦᵗ

֯ Ἠ  כ ȳῶ ᾼ Ȳ

Ӣῶ ᾼ ȳϠ Ӣ ᶮȳ ᴩ╜

ќ═ ᾼ Ἐȳ∂Ӵṏֻᾼ Ȳѿц∂Ӵ

ȴᴖ ќ═ế ѿцᶾ

ᾼ ȳ╜ Ἠ Ȳṳѹ∂Ӵ֯ᶾ Ѡ ẓצ

ῶ ᾼ Ӣ ạ⇔Ȳ DIY ♄ ế

ѩ ᾼ Ӣѿц ế Ӣ Ғ ϢἨ ה

ѩ ᾼ￼ ϯȲ ᷾ϤḆֵᾼ ế ⅎ

цּדᶾ ⅍Ȳ ế ᾼᶾ Ȳ

ṳ ᾼ ╟Ȳṿּדᶾ ֯ М

ṿӣ דּ Ȳṳѹצ ϩ ạ ᾼ ḊȲ ᴖ

‚ṿ Ғ ᾼ Ȳѿ ᶾדּ

ᾼ ד12 Ӗ ṎҀ ȴ 

Ἤצ ṎЏᵂ῏ ῀ Ȳ ╥Ϛ ӻ ֵ

῀ ᾼ Ȳ ӣЛ֝ᾼ ῀

Ẃȳ￼ ếѠᾎẃẦᵗɎMishra, Spiro, & Feltovich, 

1996; Spiro & Jehng, 1990ɏȴᴖ TPACK֢ ֪Іᾼד

ФᵂӣȲṿ ╥֯ ϱ ╥֯ МȲ ғכ

ӢϠӣὑ ᾼ ֥ᶾ ₤П ♄῀ ɎKoehler, 

Mishra, & Cain, 2013ɏȴ ᶾדּ ֢

ȲᵛҠṿӣ ṷ ᶾ ṳѹ

ḟᶾ ȴᴖ ᶾצ ᶾ ṳ ṿӣ ṷᶾ

Ȳ ֝ ṿӣ ≈ ЏẓἨ ẃ

ḟ ȴӐׁשṅ П Ҡ

ҏ ἤᾼ ѠᾎȲ Ӣӭ›ᾼ ἨЛ

ᾼѠה Ȳṳѹ῀ ֽᴶ ᴷ Ӣ֯ ϱᾼ

ῶ ȴ ӭ ɎORɏϷ ṿ ֢צ Ѡהế

ẃ ҃ ≈ ᾼ Ȳ ≈ צ

Ṝ ᾼϠ ȲṳҠѿ ≈ Ϛ ≈ᴕȲ

҉ ᾼв ῀ Ȳᵀ ⁄ ᾎ

Ӣױғ Ȳ╥֪Ɫв ῀ ѩ ֵ╥ Ӑṝᾼ￼

צ …ȲЛ ắẞ ╥ᵡ ⁴ᾼ ҃ в

῀ ᾼ ȲMathersonɎ2014ɏ ẞȲ ЭЬצ

ֵ Ȳᵛ֯ ‹Пד2005 ᾼᴔ ȲḥצṜ

ᾼᶾ ῀ ȳᶾ ế ẃ ӢȲ֪Ɫ҃ ḥצḛ

֯ᶾ ṕМȲϷḥצ ᶾ ȴ1999דȲKentế

McNergney ᵫ Ȳ ᶾ ᾼ ⇔ ẃ Ȳ

ᵀҬצ 15̟ ᾼּר ắ ᶾ ȴ֯

ṅȲשᾼׁ∟ד ᶾצ Ἤצ ҒȲᵀ

ắᶾ ᾼѩẂṳḥצ ҒȲЬ ᵅὑ 24˖

ɎSawchuk, 2010ɏȴἬѿ ϮɎH3ɏ

ᴟв ῀ ╥Л ᾼȴ 

ᶾвדּ ῀ ╥Ӧᶾ ῀ ȳ ῀ ѿцв

῀ Ἤ∂ ᴖכɎKoehler & Mishra, 2009ɏȲ ῀

ɎPKɏ╥ ὑ ế ᾼ ế ἨѠᾎᾼ ẘ
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῀ ȲѿцһֽᴶҔ╗ Ṏӭᾼȳ ếӭ

ȴ ╥Ϛ ӣᾼ῀ ᶮהȲ ц Ӣ ȳ

ȳ ạứế ╟ Ἤצ ȴһҔ╗צ

֯ ϱṿӣᾼᶾ ἨѠᾎᾼ῀ ȳӭ ắ ᾼἤ

ѿц ᴷ Ӣ ᾼ ȴв ῀ ɎCKɏ╥ ὑ

Ἠ ᾼ ѻ ᾼ῀ ȴҔ╗ ứ вᾼ

МїṶ ȳ Ἐȳ ế ᶧᾼϠ Ȳ ế ≈

ᾼ ▐ᾼ῀ ѿц ế ⁄ᾼ῀

ɎShulman, 1986ɏȴᶾ ῀ ɎTKɏ ᶾ ᴖṕȲ

Ҕ╗ᵂ Ṇ ế ᾼ῀ Ȳѿцṿӣѝ

Ɏֽѝֿ ᶧȳ Іῶ ȳ ế І

Ԉɏᾼ ϩȴᵀ TPACKМᾼᶾ ῀ ᾼᵶ ѽὙ

ἤᾼứ ɎGraham, 2011ɏȴKoehlerế Mishraḥצ

и ֯ᶾ ₤Ҕᵶᾼ῀ ɎMishra & Koehler, 

2006ȷTechnology, 2008ɏȴứ ế ạᶾ ῀ ֽᴶ

῀ᾼ ὑ ▐ᾼ ⇔╥ ᾼɎGraham, 

2011ɏȴ╝Ȳד ὑ ⁄ἤᾼ ῀ ȳв ῀ Ȳ

Ӑׁשṅṳӑ Сᶾ ῀ Ὑ ᾼứ Ȳѿ ה ӱ

Л ȴ ∟ Ὑ ứ П∟ Ҡ оױ ₤ȴ 

ṅשׁ .6.2 ạ ∂  

ӐׁשṅП Ӑ ạצϡȲẔϚⱢׁשṅ ꞋⱢ Мȳ

Њ ϢȲᴖ‍ ԉ ȴᵀ╥ ᶾדּ֥

שׁ ᾼ ḖȲ֪Ɫׁש ῴ ╥Ɫ  Ϡ Ȳ

Л ╥ ᾼ ⇔ȳᴔ ᾼ ⇔Ἠ╥ Ḋᾼ

⇔ ᶾדּ╟ Ṏ ẓ ἤȲ Ӑׁש

ṅПׁשṅӭᾼד ȴҫϚ ạⱢӐׁשṅ Ӑ

ЊȲ֯ṿӣἸ ᾎ ὔ Ӣ ɎTong & 

Brennan, 2007ɏȴ 

ד2019 8ѣ ỞȲἬצМ Ӣ

≈ ϩȴᵀӐׁשṅП ▲ ֯ ᾼ Ӗ Ṏϱ

›ϚᴟẒד ╟Ȳẓצ ạȲ╝Ӑׁשṅ ₤

ᵂⱢῺ Ἠ╥Ẕ҃ỮӑіϤד ≈ ṎП

ᴕȴ 

Ӑׁשṅ ₤П ẃ Ɫ ≈ Ṏ

ᾓȲӑӇ ֥Б ᴩ ≈ П ȲἨ╥֝

Ӕ֯ ≈ ᵀЛ֝ѝоП ȴ 

7.  

Ӑׁשṅ ᶾדּ ṅשׁ : MOST 105-2628-S-

003-002-MY3 MOST 107-2511-H-003-031 ᵗȴ 

8. ᴕѝ  
ѝ Ɏ2018ɏȴ иέϤ  ӣ --SPSSМѝᾪ

+SmartPLS 3ɎPLS_SEMɏ ϡᾪȴ Җȸ ȴ 

ὭὙ֮Ɏ2000ɏȴ   ȸϚἬ Њᾼ

ȴ Ṏׁשṅ ґȲ44Ȳ143-172ȴ 

Agustin, R. R., & Liliasari, L. (2017). Pre-service Science 

TeachersôReadiness to Integrate Technology (An 
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Bagozzi, R. P., & Yi, Y. (1988). On the Evaluation of 

Structural Equation Models. Academy of Marketing Science. 

Journal, 16(1), 74-94.  

Barr, V., & Stephenson, C. (2011). Bringing Computational 

Thinking to K-12: What is Involved and What is the Role of 

the Computer Science Education Community? Acm Inroads, 

2(1), 48-54.  

Chai, C. S., Koh, J. H. L., & Tsai, C.C. (2010). Facilitating 

Preservice Teachers' Development of Technological, 

Pedagogical, and Content Knowledge (TPACK). 

Educational Technology & Society, 13(4), 63-73.  

Cheon, J., Lee, S., Crooks, S. M., & Song, J. (2012). An 

Investigation of Mobile Learning Readiness in Higher 

Education based on the Theory of Planned Behavior. 

Computers & Education, 59(3), 1054-1064.  
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ABSTRACT  

The pressures of digitalization and computerization mount 

on our educational systems, but progress is slowed down by 

a weak research base on integration of the necessary skills 

into the school subjects. We aim to fill widely recognized 

gaps in knowledge on how to integrate computational 

thinking (CT) into school curricula. We merge two popular 

frameworks - CT from the field of computing and TPACK 

from the field of education in order to test the new CTPACK 

framework with teacher students as well as in-service 

teachers over a large number of subjects and topics. Through 

design research, educational interventions, and case study 

research, we produce 1) an extended pedagogical CTPACK 

framework; 2) a model for seamlessly integrating CT, 

subject matter, pedagogy, and technology (TPACK); 3) 

curriculum guidelines for CT integration; and 4) apps and 

frameworks for evaluating CT skill progression.    

KEYWORDS 

computational thinking, curriculum, pre-service teacher 

education, TPACK  

1. INTRODUCTION  
Successfully living and working in a digitalized society 

requires skills and competences that are often referred to as 

21st century skills. One of those new skills, computational 

thinking (CT), has recently become a catchphrase for a broad 

variety of efforts to bring computing skills and knowledge 

into school curriculumðnot only as a part of computer 

science courses, but as a part of all school subjects (Guzdial, 

2015; Tedre & Denning, 2016; Mouza et al., 2017; 

Lockwood & Mooney, 2017; Denning & Tedre, 2019). 

Broadly speaking, computational thinking refers to the skills 

and competences necessary for understanding, controlling, 

and automating information processes. Introduction of CT to 

schools, curriculum guidelines, and frameworks have been 

prepared by major organizations, including CSTA in the US, 

CAS in the UK, ACARA in Australia, as well a large number 

of other national bodies around the world. Also, the Finnish 

national Kï9 and Kï12 curricula (The National Core 

Curriculum 2014) now include computingðalthough not as 

a separate subject to be taught but as a cross-curricular topic 

that should be integrated in all subjectsðwhile in reality 

computing in Finnish schools is almost solely about basic 

programming concepts. After a long history in the academia 

and the school system (Denning & Tedre, 2019), the latest 

wave of CT for Kï12 started in 2006 when Jeannette Wing 

leveraged her position at the US National Science 

Foundation (NSF) to campaign her CT vision to the public, 

funding bodies, and academic audiences (Wing, 2006). 

Wingôs rallying cry persuaded decision-makers to intensify 

CT efforts in schools in a large number of countries, starting 

with the US. The public interest, combined with focused and 

sustained research funding for CT under Wingôs NSF 

directorship, led to some impressive achievements, such as 

a new advanced placement (AP) program in the US, the 

Obama administrationôs $4 billion investment in CS for All 

(NSF, 2016), the training of 10,000 computing teachers in 

the US, and a surge of popular initiatives like code.org, 

k12cs.org, and Google for Education. European countries 

have their own initiatives and movements, too, albeit they 

are fragmented between languages and countries. The latest 

literature surveys list hundreds of recent articles, textbooks, 

and journal special issues (Lockwood & Mooney, 2017). 

Universities like CMU, Harvard, and MIT have recently set 

up CT research centers or research programs. There are a 

number of early models and tools for testing for CT skills, 

such as the MCT (Mobile CT) model (Sherman & Martin, 

2015), the PECT (Progression of Early CT) model (Seiter & 

Foreman, 2013) and the REACT (Real-Time Evaluation and 

Assessment of CT) tool (Koh et al, 2014). Valentina 

Dagienǟôs CT-related ñBebras Challengeò has been done by 

more than two million students worldwide 

(bebraschallenge.org). Despite all this, there is a consensus 

in the ñCT for Kï12ò community that there are notable gaps 

in the state-of-the-art knowledge about CT in Kï12 schools. 

The research literature has repeatedly highlighted three 

especially critical problems. 

The first problem, which Denning called one of the 

ñremaining trouble spotsò with CT education, is ñHow do 

we measure students' computational abilities?ò (Denning, 

2017). For example, Mark Guzdialôs (2015) quintessential 

textbook on CT barely touches the topic of how to evaluate 

CT skills. A 2017 literature review of more than 200 CT 

studies and initiatives noted that despite some models for 

testing for CT skills, ñwork in testing for CT is in its 

infancy,ò and the existing models are ñin the early stages of 

developmentò (Lockwood & Mooney, 2017). A large 

working group report identified a number of pioneering 

articles, each of which urged researchers to turn their 

attention to how to measure CT skill development (Mannila 

et al., 2014). Those problems are exacerbated by a lack of 

consensus over what skills does CT consist of, and over how 

does skill progression in CT look like. 

The second critical problem is ñHow do we integrate CT in 

school subjects?ò CT is typically taught in specialized 

computing courses, instead of being integrated in school 

subjects. While there is less empirical research on whether 

integrating CT into school subjects promotes studentsô 

analytical skills or widens their understanding about CT 

(Guzdial, 2015), integrating CT in school subjects is crucial 

for understanding the ways in which digitalization and 

computerization have changed all sciences and areas of life. 

In line with the educational vision of teaching disciplinary 

ways of thinking and practicing, the knowledge and skills of 

CT fit well the formal learning goals of other subjects. 



 

106 

However, due to fewer concrete examples of how to 

integrate CT into school subjects, there is a need for 

empirical evidence on how CT integration influences pupilsô 

learning outcomes. But promoting CT in primary education 

is challenging due to its specialized nature and broad 

applicability: Few primary school teachers have the requisite 

knowledge and skills on CT as a concept or on its integration 

in other subjects, and while computer scientists have 

knowledge and skills on CT in computing, they lack the 

knowledge and skills for CT integration in education 

(Mouza et al., 2017). 

The third critical problem has to do with lack of 

understanding on ñHow do teachers learn to synthesize CT 

with existing content and pedagogical strategies?ò (cf. 

Mouza et al., 2017). In other STEAM fields (science, 

technology, engineering, arts, and mathematics), a popular 

TPACK framework (technological pedagogical content 

knowledge) offers a tool for understanding teachersô 

technological knowledge and skills needed for integrating 

technology and technological resources effectively in 

classrooms. TPACK is an actively used theoretical 

framework for studying how (pre-service) teachers combine 

the areas of technology and pedagogy with content taught 

(Koehler & Mishra, 2009). Valtonen et al. (2017) have 

shown that despite of intensive integration of technology, 

content, and pedagogy, pre-service teachers experience 

technological knowledge as a separate domain. Studies show 

that integrating CT in teacher education courses enhances 

pre-service teachersô knowledge and understanding about 

CT, but when CT is taught separate from the teachersô own 

discipline, that understanding remains at an abstract level 

which is not applied in teaching (Yadav, Stephenson, & 

Hong, 2017). TPACK framework offers a practical model 

for integrating CT within those subject matters and 

pedagogical approaches that pre-service teachers are 

expected to teach in future classrooms (Yadav et al., 2017). 

However, CT literature has pointed out a dire need for more 

research on understanding teacher learning and how to 

support their learning in best way in pre- and in-service 

teacher education (Guzdial, 2015; Mouza et al., 2017). 

We address the three critical research problems above by 

1. Expanding our current knowledge on how to improve 

pupilsô CT knowledge and skills as well as pre- and in-

service teachersô TPACK and CT curriculum integration 

knowledge and skills, 

2. Investigating how to combine CT and TPACK 

knowledge and skills with subject matter content and 

pedagogyðwe call that new framework CTPACK, 

3. Defining and testing different models for integrating 

CT into curriculum both in schools as well as teacher 

education, and 

4. Designing evaluation frameworks and tools for 

assessing CT skill progression. 

Through design research, educational interventions, and 

case study research, we produce 1) an extended pedagogical 

CTPACK framework; 2) a model for seamlessly integrating 

CT, subject matter, pedagogy, and technology (TPACK); 3) 

curriculum guidelines for CT integration; and 4) apps and 

frameworks for evaluating CT skill progression. 

2. RESEARCH OBJECTIVES 
In terms of research objectives, the study aims are divided 

into four objectives: 

The concept of ñcomputational thinkingò has a variety of 

definitions (Tedre & Denning, 2016; Denning & Tedre, 

2019) that provide different starting points for applying CT 

for education. Together with CT pioneers we will analyze, 

synthetize, and conceptualize a CT skill and competence 

progression scheme based on a systematic review of 

theoretical and empirical work. In order to establish a 

baseline for improving higher education, we study how pre-

service teachers understand the principles of computational 

thinking, how they define the concept, what kinds of 

personal epistemologies do they create, and how they would 

apply the principles of CT in education. 

While TPACK has become a standard feature of education 

research, its central constituentsðtechnology, pedagogy, 

and contentðdo not directly address the main driver of 

digitalization: CT (Angeli et al., 2016; Mouza et al., 2017). 

We will synthesize TPACK and CT into a new CTPACK 

framework that establishes CT as part of pedagogicalï

technologicalïcurricular thinking and as a target of learning, 

too. We investigate pupilsô CT knowledge and skills as well 

as school teachersô CTPACK knowledge and skills through 

interventions at school with our pre-service teachers and 

computer science students. Our new CTPACK pedagogical 

framework is accompanied by example learning objects and 

empirical results on pupilsô CT development and teachersô 

CTPACK knowledge and skills. 

For facilitating the uptake of our newly developed CT and 

CTPACK frameworks, our project will study the 

concretization of those frameworks in a collaboration 

between in-service teachers and pre-service teachers. We 

will study how the comprehension of CT can be supported 

through technology and classroom practices in the context 

of STEAM topics, and what leeway does CT give to STEAM 

classes. We will outline interventions within teacher 

education and computer science context to design best 

pedagogical practices, assessment practices and triggering 

case elements.  

Seamless integration of technology is essential for enabling 

the technological elements of TPACK. This study develops 

and tests technological principles for designing CT tools for 

classroom integration. In collaboration between teacher 

education students we will design, implement, and test apps 

for triggering and supporting pupilsô and teachersô 

innovative thinking for designing ways to apply principles 

of CT in various learning contexts. We will also design and 

implement interactive apps for evaluating pupilsô skill and 

competence progression in CT. 

3. PARTICIPANTS AND METHODS  
Participants of this case study, which is a part of wider 

research programme, are 28 teacher education (TE) students 

(pre-service primary school teachers) and grade 1-6 pupils 

in primary schools.  
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Quantitative and qualitative methods are used for collecting 

and analyzing the data. The survey includes open-ended 

questions, which we ask all participants to complete at the 

beginning and at the end of the interventions. Open ended 

questions are aimed at clarifying what participants think that 

the term computational thinking means, how they see 

technologies could be used to support the development of 

pupilsô CT skills, and how studentsô personal epistemologies 

develop over time. We collect all the material produced by 

pre-service teachers, for example, case reports, feedback, 

products and materials designed for pupilsô use. 

This presented case study is done in the context of a pre-

service teacher educational technology course. A project-

based learning approach will bring together pre-service 

teachers to work in groups. Their task is to design learning 

objects (series of short lessons) for pupilsô activities where 

their CT knowledge and skills are enhanced and integrated 

into the recent curriculum. Learning objects will be designed 

for the schoolôs e-learning platform and researchers and CS 

students will develop external educational apps, which fit 

into curricula and are available for everyone. The platform 

also provides teachers the means to share their own lesson 

plans and experiences and give feedback on how these series 

of lessons work in practice. 

TE students enter the schools to implement CT-

supplemented STEAM lessons in the school context and 

monitor the project at the implementation level. TE students 

and researchers engage in research-based activities during 

the implementation, mainly observation. They will write 

case reports where they focus on describing the 

implementation as well as case reflection. Main research 

data from this phase contains observations and case reports. 

We will continuously revise the instructions, learning 

environment, and the instruments for improving the courses. 

4. DISCUSSION 
Overall, this research programme combines CT and design 

of information technology with TPACK and technology-

enhanced learning and teaching. That combination goes 

beyond the current global state-of-the-art research in CT 

education due to its generalizability and solid empirical 

evidence base as well as its grounding in the pedagogically 

sound TPACK and conceptually solid CT frameworks. By 

bringing together new global state-of-the-art knowledge in 

CT and top Finnish education expertise, this project creates 

a new horizon for CT/TPACK education research. It also 

broadens the current understanding of the 21st century 

teacher education by producing empirical results on the 

effect of project- and integration-based interventions on 

teachersô CTPACK knowledge and skills. 

In the conference, we present preliminary results about pre-

service teachersô perception about CT and their pilotsô 

related to CT into curriculum. As the project is work in 

progress, the CTE2019 conference provides a great 

opportunity for us to discuss with the leading experts in the 

CT field in order to gain the best results of this study with 

regarding to the theoretical framework, methods and 

practice.  
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ABSTRACT  
Many countries and governments have laid down a national 

strategy for digitalization in schools with the intent to 

strengthen both pupils' and teachersô digital competences. 

Computational Thinking (CT) can be regarded as a central 

ingredient of teaching and learning in the XXI century and 
should be part of these competences. The Swedish 

government has recently launched a national strategy for 

digitalization in schools stating that CT and programming 

should be integrated in many school subjects. Thus, one 

particular challenge that needs to be addressed is the one 

related to teachers' competencies and skills related to 

programming. Since 2016, The National Agency of 

Education has been working together with several 

Swedish universities on developing academic courses in 

the field of CT and programming for in-service teachers. 

One challenge we are exploring in this paper is the one 

related to teachers' perceptions and competencies related 

to programming. As part of our on-going efforts in the 

course ñIntroduction to Programming for Elementary 

Teachersò offered to in-service teachers we have analyzed 

data we collected representing teachers  ́perceptions on CT 

and programming before the start of the course. We applied 

sentiment mining and word counting on 127 texts generated 

by the teachers. We examine their perceptions and cluster 

them accordingly in order to understand how teachers 

perceived different aspects related to CT education. By 

doing so, we lay down the foundations on how to tailor 

competence development efforts in this field so that they fit 

teachers  ́ need. We expect these efforts will lead to the 

development of a model enabling to identify teachers  ́

current perceptions in order to plan future actions that can 

increase their Technological Pedagogical Content 

Knowledge. 

KEYWORDS  
computational thinking (CT), teacher education, visual 

programming, CT across subjects 

1. INTRODUCTION  
Many countries and governments have laid down a national 

strategy for digitalization in schools with the intent to 

strengthen both pupils' and teachersô digital competences 

and skills. Computational Thinking (CT) can be regarded as 

a central ingredient of teaching and learning in the XXI 

century and should be part of these skills and competences 

(Voogt et al., 2015; Garc²a-Pe¶alvo et al., 2016).   

Even though the concept of CT has gained a lot of attention 

in the context of education and schools in the last decade, 

the core ideas and concepts behind it are not new (Yadav et 

al., 2017). Actually, Denning (2017) claims that the idea of 

CT exists since the 1960s and can be referred also as 

algorithmic thinking or Traditional CT. The current 

understanding of CT can be defined as higher order thinking 

processes and skills involved in formulating a problem and 

expressing its solution(s) in such a way that a computer ï 

human or machine ï can effectively carry out (Wing, 2006). 

According to Denning (2017), there are some differences 

between the traditional CT and the newer and more recent 

CT, as elaborated by Wing (2006). These two views on CT 

are not the same. One of the distinct differences is that in the 

traditional CT view programming ability may produce CT, 

while in the new CT perspective learning and exploring 

certain concepts in a variety of subjects may lead to 

programming ability. As quoted by Denning (2017), ñThe 

direction of causality is reversedò. 

As implied from the discussion above, these shifts in the 

interpretation of CT have major implications for the 

introduction of different aspects of computational thinking 

in the educational system at various levels and subjects. 

These among others include; design of proper curriculum, 

pedagogical strategies involved in its implementation, 

competence development actions for in service teachers, as 

well as practical issues related to the implementation of 

these actions (Bean et al., 2015). Novel pedagogical 

approaches for introducing CT into the classroom bring 

teachers to design complex and open learning activities that 

offer students challenging educational opportunities for 

fostering reasoning and creative problem solving (Chang, 

2016; Malizia et al., 2017; Wing, 2014). The implementation 

of such efforts aims to prepare students for their future civic 

lives while emphasizing on understanding how 

digitalization affects the individual and society's 

development (Grover & Pea, 2018). 

These trends in modern education awakes a myriad of 

challenges and questions related to the integration of 

computational thinking in school teaching concerning a 

wide variety of subjects and levels. Traditionally, STEM 

(Science, Technology, Engineering and Math) related 

subjects tend to be ñnaturallyò and frequently selected by 

educators as topics to be associated and integrated with 

programming lessons (Grover & Pea, 2018). In recent years, 

governmental agencies and educational institutions are 

demanding to integrate different CT related aspects also in 

the humanities, social sciences and the arts. Subject domains 

that are taken into consideration include language, literature, 

history, music and arts to mention some of them.  In such 

cases, new challenges arise as the integration of CT and 
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programming into these subjects seems to be less intuitive if 

compared to STEM related topics (Yadav et al., 2017).  

The Swedish government has recently launched a national 

strategy (https://bit.ly/2QoHjbq) for digitalization in 

schools. The basic idea is that the Swedish society, oriented 

towards building a sustainable future supported by 

Information and Communication Technologies (ICT), 

should build on cultivating innovative competences for all 

citizens (Bocconi et al., 2018). The application of this 

strategy has brought changes to the national school 

curriculum for primary and secondary levels, starting July 

1st, 2018. One important action point as part of this strategy 

deals with the fact that computational thinking and 

programming should be now integrated in many school 

subjects (not just mathematics and technology) and not be 

only taught as a subject by its own (Malyn-Smith et al., 

2018). However, the Swedish strategy does not provide a 

prescribed plan on how to approach these changes.  

Thus, one particular challenge that needs to be addressed 

is the one related to teachers' competencies and skills 

related to computational thinking and programming. Since 

2016, The National Agency of Education (Skolverket) has 

been working together with a number of Swedish 

universities on the development of academic courses in the 

field of computational thinking and programming for in-

service teachers. Since the fall 2016, the authors of this 

paper have been systematically working in different 

activities (seminars, hands-on workshops, academic 

courses) to support knowledge building and competence 

development for teachers. In this paper, we present the 

results of our efforts related to the development, and 

implementation of a six months long academic course on CT 

and programming for elementary school teachers. Our view 

on programming is that it is not just about writing code. It 

is also about creative problem solving, logical thinking 

and structured working methods. We understand 

programming as a technique, a medium for self-expression 

and an entry point for developing new ways of thinking 

(Grover & Pea, 2018). One particular challenge we are 

exploring in this paper is the one related to teachers' 

perceptions, competencies and skills related to 

programming. Thus, the main research question that 

guided our efforts has been formulated as following: What 

are the initial teacher ś perceptions and understanding in 

relation to the introduction of programming and 

computational thinking in the classroom?   

The remaining of the paper is organized as follows. In the 

next section, we present the educational context and research 

settings that served as a ground for the exploration of our 

research question. We then proceed by presenting the 

elaboration of our results followed by a discussion section 

together with a brief description about the directions of our 

future work.  

2. EDUCATIONAL CONTEXT & 

RESEARCH SETTINGS 
In this section, we present detailed information about the 

course we have developed, its content and teaching and 

learning approach. We briefly explain which data we 

collected (to be further elaborated in section 3) from the 

participants followed by some background information 

about the participants of the course.  

2.1. Content of the course, structure & forms of delivery 
This course is called ñIntroduction to Programming for 

Elementary Teachersò and is offered to in-service teachers 

across the entire country. The department of Computer 

Science and Media Technology at Linnaeus university 

(LNU), Sweden has been responsible for this course. In 

terms of content, the course gives students the fundamentals 

of programming combined with techniques and approaches 

on how to integrate those in the classroom.  

Upon completion students, should be able to know how 

programming can be used as a powerful tool for different 

forms of expression in elementary schools. Moreover, they 

should be able to master different programming techniques 

to break down, analyze and interpret subject maters in novel 

ways. Visual programming was used as the programming 

metaphor combined also with physical computing devices 

and sensors.  

The course has been offer during the period November 

2017- June 2018 and has been given in a blended form 

including mostly on-line meetings, video-recordings 

combined with 3 compulsory meetings on site. Previous to 

the start of the course, students were asked to complete an 

on-line survey where they were asked a number of questions 

about their professional experience, areas of expertise, 

previous knowledge and perceptions about programming 

and expectations about the course.  In terms of content and 

efforts required from the students, 100 hours of the course 

have been used to teach, exercise and test the fundamentals 

of programming while 100 hours were used to validate these 

ideas in the classroom. The students were required to 

complete five different assignments related to fundamental 

of programming and CT concepts. Additional, teachers were 

asked to conduct a pilot project related to programming in 

their classrooms. This activity included design, test, 

validation and assessment of learning activities related to the 

introduction of programming in the classroom. A written 

scientific report (10 pages long) and a 3-5 minutes short 

video film about their pilot projects were part of the expected 

outcomes.  

2.2. Participants  

In terms of participants attending the course, we had 127 

teachers representing 51 local municipalities from all 290 

existing in Sweden. Based on the demographic and 

professional data we collected we could gain some 

information about the years of teaching experience they have 

and the areas in which they teach. The teachers had an 

overall average of 14.33 years of experiences as 

practitioners. Many of them (N=79) were teachers in 

subjects such as mathematics and/or technology. 

Approximately 25% of them (N=31) were teachers in 

combined areas such social sciences, mathematics and 

technology. Nine of those teachers specialized in ICT while 

other four were language teachers. The remaining four 

teachers were active in other domains. Participants teachers 

did represent different grades including the following 

distribution: 31% of teach in 1st to 3rd grade. About 27% 

teach in 4th to 6th grade and another 34% of them teach in 7th 

https://bit.ly/2QoHjbq
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to 9th grade. The remaining 11% of the teachers teach at 

other levels (secondary school/special education).  

3. METHODOLOGICAL APPROACH 

AND RESULTS  
In this section, we discuss how we analyzed the different set 

of data we have collected and the approaches and techniques 

used to interpret them. In the rest of the section we elaborate 

on those aspects and present our results. 

3.1. Methodological Approach 

In section 1 of this paper we stated one question that guides 

the core of this research and focuses on examining the initial 

teachersô perceptions related to the topics of programming 

and CT before the start of the course. One of our lines of 

reasoning for exploring this particular aspect is the fact that 

it may be a gap between what the National Agency of 

Education and the new revised curriculum expects and what 

Swedish teachers understand about those changes. Research 

has been scarce showing how teachers´ perceptions and 

understanding of core concepts of CT and programming 

should be taken into consideration when implementing these 

new changes in the classroom. This particular perspective 

has not be addressed neither discussed in recent research 

exploring different issues in connection to teachers 

óeducation (Grover & Pea, 2018; Voogt et el., 2015 & Yadav 

et al., 2017). Moreover, these authors have identified the 

need for more research exploring the integration of CT in 

education and in particular how CT can be developed in 

students and in disciplines beyond Computer Science. 

Specifically, we intend to examine and understand teachers  ́

perceptions in order to adapt and develop competence 

development efforts and strategies so that they are carefully 

implemented. In order to explore teachers  ́ perceptions 

regarding aspects of CT and programming we apply 

sentiment mining (Leong et al., 2012) for analyzing the 

pieces of text (200 words) generated by the teachers based 

on the data we collected before starting the course (as 

described in section 2). We wrote a piece of software and 

used TextBlob, a Python library for processing textual data, 

in order to perform the sentiment mining (Vijayarani & 

Janani, 2016). Additionally, we also processed teachersô 

texts while using a tag-cloud generator (Roe, 2018) that 

allowed us also to identify the frequency of words used in 

these texts. We used this tool in order to identify prominent 

and less prominent terms, ideas and concepts as perceived 

by the teachers. In the next subsection, we continue and 

present results. 

3.2. Sentiment Analysis of Teachers  ́Perceptions on CT 

As mentioned previously, we applied sentiment mining on 

127 pieces of texts generated by the teachers describing their 

thoughts and attitudes towards CT and programming in the 

classroom. We examine teachersô ideas and perceptions and 

cluster them according to the years of experience they have 

as in service teachers. We then checked for the polarity of 

all texts as it can be on the range of -1 (for negative 

sentiment) and +1 (for positive sentiment). Thus, we aim on 

checking whether the series of examined sentences reflect 

positive, negative or neutral standpoints. The overall 

computed polarity resulted on a kind of neutral with a slight 

tendency for positivity. We divided the entire class into 7 

groups classified by years of teaching experience. We found 

the highest mark of polarity among the group of the teachers 

having 16 to 20 years of experience (N=18; p=0.304). 

Additionally, we checked the correlation between the years 

of experience and the polarity. We spotted such correlation 

only in the group corresponded to teachers having between 

12 to 16 years of experience. In this one, we found moderate, 

positive and meaningful correlation (r=0.399, n=28, 

p=0.028).  The analysis of these results point out to a kind 

of neutral attitude and perceptions towards topics related to 

programing and CT. We did complement these efforts by 

examining also the most frequent words (terms and 

concepts) used by the teachers in their texts. Table 1 depicts 

the most 3 frequent words that have been identified in their 

texts and present them in relation to the years of experience 

for each group of teachers.  

Table 1. Frequencies of words within the different groups 

Years of 

experience  

1st 2nd 3rd 

0 - 4 programming (6) foundations (3) class (3) 

4 - 8 programming (43) advice (15) knowledge (11) 

8 - 12 programming (26) school (7) knowledge (6) 

12 - 16 programming (24) learn (10) students (9) 

16 - 20 programming (17) students (13) class (8) 

20 - 24 programming (37) school (15) learn (11) 

above  24 programming (12) students (5) subjects (4) 

The most frequent word for all groups has been 

ñprogrammingò and it has been mentioned 165 times. The 

words ñstudentsò, ñschoolò as well as ñclassò were 

mentioned 60 times. In addition, those words connected to 

teaching and learning (ñlearnò, ñknowledgeò and ñadviceò) 

were cited 53 times. We notice in this analysis that teachers 

addressed the tool (programming) and various 

organizational aspects related to education and learning but 

refers less to issues and processes connecting to subject 

matter and its relation to programming. Furthermore, 

teachers did not address directly to CT or related terms in 

their texts.   

4. DISCUSSIONS AND CONCLUDING 

REMARKS  
Integrating computational thinking education concepts and 

ideas into in-service elementary teacher practices is a very 

challenging task. In the light of paradigms shifts and changes 

in the national curriculum teachers are required to gain new 

knowledge and skills related to how content, pedagogical 

strategies and ICT tools need to be combined to introduce 

CT into their educational practices in meaningful ways. The 

ultimate objective of those actions is to allow learners to 

apply these ideas to solve domain-specific and 

interdisciplinary challenges and problems.  In the previous 

section, we presented and analyzed the ideas and perceptions 

coming from more than 100 Swedish elementary teachers at 

the beginning of the course. We have analyzed these data as 

we consider their perceptions crucial for creating and 

developing a framework for teachers  ́ competence 

development in this field. The framework proposed by 
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Darling-Hammond and Bransford (2005) could be modified 

and adapted in order  to prepare teachers to gain new 

knowledge and skills related to  different aspects of CT as 

well as methods and tools that teachers should acquire for 

integrating these ideas into subject matter and curriculum 

goals. By doing so, we have collected some data that can 

give some answers to the RQ presented in section I. Our 

initial analysis points out to the fact that teachers may have 

different perceptions regarding issues related to 

programming and computational thinking in the classroom 

depending on their years of experience and pedagogical 

knowledge. One salient point is the fact that most of the 

teachers have problems to see how CTE and its relation to 

teaching and learning about a specific subject matter can be 

pedagogically and instrumentally integrated in the 

classroom. We also acknowledge that policies and 

curriculum changes (including their practical 

implementation) in the field of CTE, like those underway in 

Sweden (and even in other countries), are very complex 

processes. First, there are many different stakeholders 

(ministries, schools, universities, politicians and even the 

industrial sector) involved. Secondly, these changes 

generate new challenges as preserving a balance between 

legislation and the implementation of these changes in 

becomes a real challenge as teachers and students need new 

knowledge and skills to cope with those on a daily basis. 

Consequently, teachers seem to be caught between, top-

down political decisions and the realities of everyday 

classroom practices. It is important also to recognize that the 

current lack of an agreed-upon, exclusive definition of the 

elements of computational thinking education makes it a 

challenge to develop clear pathways for in-service teachers 

to be computationally thinking educated. The analysis and 

elaboration of the results we have presented in section III, 

combined with the knowledge and experience we gained 

during this course have helped us to identify a kind of 

categorization describing teachersô perceptions and actions 

addressing the incorporation of CT concepts and 

programming tools into the curricula and across domains 

and levels (Kjällander et al, 2018).  

In our coming efforts we will further elaborate on the ideas 

presented in this paper in order to develop a model that could 

help researchers, policy makers and educators to identify 

teachers  ́ current perceptions and previous knowledge in 

order to plan and implement future actions and competence 

development activities and how their Technological 

Pedagogical Content Knowledge (TPACK) (Mishra & 

Koehler, 2006) should progress accordingly. In this way, the 

TPACK framework could be used as a model for integrating 

CT education where core ideas are closely weave within the 

subject matter and pedagogical approaches that will assist 

in-service teachers that need to introduce them into their 

classrooms and everyday practices.  

5. REFERENCES  
Bean, N., Weese, J., Feldhausen, R., & Bell, R. S. (2015). 

Starting from Scratch: Developing a Pre-service Teacher 

Training Program in CT. Proceedings of Frontiers in 

Education Conference (FIE). IEEE, 1-8. 

Bocconi, S., Chioccariello, A., & Earp, J. (2018). The 

Nordic Approach to Introducing Computational Thinking 

and Programming in Compulsory Education. Report 

prepared for the Nordic@ BETT2018 Steering Group. 

Chang, C. (2016). Using Computational Thinking Patterns 

to Scaffold Program Design in Introductory Programming 

Course. Proceedings of 2016 5th IIAI International 

Congress on Advanced Applied Informatics (IIAI-AAI). 

IEEE, 397-400. 

 Darling-Hammond, L. and Bransford, J., Eds. 

(2005). Preparing Teachers for a Changing World: What 

Teachers Should Learn and Be Able to Do. San 

Francisco, CA: Jossey-Bass. 

Denning, P. (2017). Remaining Trouble Spots with 

Computational Thinking. Communications of the ACM, 

60(6), 33-39. 

Grover, S., & Pea, R. (2018). Computational Thinking: A 

Competency Whose Time has Come. Computer Science 

Education: Perspectives on Teaching and Learning in 

School, 19.  

Malizia, A., Fogli, D., Danesi, F., Turchi, T., & Bell, D. 

(2017). TAPASPlay: A Game-based Learning Approach 

to Foster Computation Thinking Skills. Proceedings of 

2017 IEEE Symposium on Visual Languages and Human-

Centric Computing (VL/HCC). IEEE, 345-346. 

 Malyn-Smith, J., Lee, I. A., Martin, F., Grover, S., Evans, 

M., & Pillai, S. (2018). Developing a Framework for 

Computational Thinking from a Disciplinary Perspective. 

Proceedings of International Conference on 

Computational Thinking Education 2018. Hong Kong: 

The Education University of Hong Kong, 182-184.  

Mishra, P. & Koehler, M. J. (2006). Technological 

Pedagogical Content Knowledge: A Framework for 

Teacher Knowledge. Teachers College Record, 108, 

1017-1054. 

Leong, C. K., Lee, Y. H., & Mak, W. K. (2012). Mining 

Sentiments in SMS Texts for Teaching 

Evaluation. Expert Systems with Applications, 39(3), 

2584-2589. 

Garc²a-Pe¶alvo, F. J., Reimann, D., Tuul, M., Rees, A., & 

Jormanainen, I. (2016). An Overview of the Most 

Relevant Literature on Coding and Computational 

Thinking with Emphasis on the Relevant Issues for 

Teachers. Belgium: TACCLE3 Consortium.  

Roe, A. (2018). Generating Word Clouds. The School 

Librarian, 66(1), 19-19. 

Vijayarani, S., & Janani, R. (2016). Text Mining: Open 

Source Tokenization ToolsïAn Analysis. Advanced 

Computational Intelligence, 3(1), 37-47.  

Voogt, J., Fisser, P., Good, J., Mishra, P., & Yadav, A. 

(2015). Computational Thinking in Compulsory 

Education: Towards an Agenda for Research and 

Practice. Education and Information Technologies, 20(4), 

715-728. 

 Wing, J. (2014). Computational Thinking Benefits 

Society. 40th Anniversary Blog of Social Issues in 

Computing. 

Wing, J. M. (2006). Computational 

Thinking. Communications of the ACM, 49(3), 33-35. 

Yadav, A., Gretter, S., Good, J., & McLean, T. (2017). 

Computational Thinking in Teacher Education. 

In Emerging Research, Practice, and Policy on 

Computational Thinking. Cham: Springer, 205-220.  



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y.,  Looi, C.K., Milrad, M., Sheldon, J., Shih, 

J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (2019). Proceedings of International Conference on Computational Thinking Education 

2019. Hong Kong: The Education University of Hong Kong. 

113 

Technology Acceptance and Teacher Attitude for  

Computational Thinking in the Netherlands 

Marcus SPECHT1*, Robert Jan JOOSSE2 

1 Delft University of Technology, Netherlands 

12 Open University Netherlands, Netherlands 

m.m.specht@tudelft.nl, rj.joosse@studie.ou.nl 

 

ABSTRACT  

This paper presents a study with 106 teachers from primary 

and secondary education in the Netherlands investigating 

their attitude and acceptance factors for enabling the 

implementation of Computational Thinking in their 

classrooms. The results show that performance expectancy, 

effort expectancy and attitude are important predictors of 

behavioural intention. Facilitating conditions have a more 

limited correlation with the behavioural intention. For the 

attitude it appears that this is mainly influenced by 

performance expectancy and effort expectancy. Social 

influence does not appear to have a significant connection 

with behavioural intention. Nor have there been any 

indications that gender, age and experience have moderating 

effects on performance expectancy, effort expectancy, social 

influence and facilitating conditions. 

KEYWORDS  

coding skills, computational thinking, attitude, UTAUT 

model, ICT acceptance of teacher attitudes  

1. INTRODUCTION  
An international debate is taking place about the importance 

of coding skills within education in relation to future 

professions. Several countries have already implemented 

coding skills in education, but in the Netherlands this is not 

yet the case. Teachers have a key role in educational 

innovation and therefore it is necessary that they are positive 

about coding skills. The UTAUT model (Venkatesh et al., 

2003) is often used for research into ICT acceptance. In this 

model, performance expectancy, effort expectancy, social 

influence and facilitating conditions are direct predictors of 

the intention to use a system. This behavioural intention is 

decisive for the actual use of a system. Furthermore, 

research shows that attitude plays a central role in teachers' 

use of new systems (Teo, 2011). With this research, the 

believes and attitudes of teachers were mapped and tested 

using the UTAUT model. The results contribute to the 

research that takes place around ICT acceptance. In addition, 

the results give direction to policy issues concerning coding 

skills in education. 

There are various models to determine whether or not a new 

technology will be used in the future. A well-known basic 

model for this is the Technology Acceptance Model (TAM) 

from Davis (1989) (see Figure 1). This model assumes that 

in particular the two variables, perceived usefulness (PU) 

and perceived ease of use (PEU) determine whether or not a 

new technology will be used.  

 

Figure 1. Technology Acceptance Model (Davis, 1989). 

 

The Unified Theory of Acceptance and Use of Technology 

(UTAUT) model (Venkatesh, Morris, Davis, & Davis, 2003) 

was developed from these models. UTAUT explains, 

according to the authors, 70% of the variance in behavioral 

intention and exceeds the models on which these are based. 

The central question in this study is: "To what extent do the 

four independent variables performance expectancy, effort 

expectancy, social influence and facilitating conditions have 

a relation with the use intent of teachers in primary and 

secondary education regarding computational thinking and 

specific coding skills." 

2. Technology Acceptance, Teacher Attitude 

and Computational Thinking in the 

classroom 
The research carried out is a cross-sectional study, in which 

the population consists of the teachers of primary education 

(PO) and secondary education (VO) of the Netherlands. 106 

people completed the questionnaire. Of these 62 teachers are 

working in the PO and 43 teachers in the VO. As a starting 

point of our survey, a questionnaire was used that was 

adapted from a study to measure the views of teachers on 

coding skills in Finland, China and Singapore. In the first 

instance, an inventory was made of which questions are 

suitable for measuring constructs from the conceptual 

UTAUT model. The research proposal was approved by the 

the Ethical Research Committee (cETO) of the Open 

Universiteit.  

The quality of the questionnaire was evaluated using a 

Cronbachs Alpha (Ŭ) analysis. The hypotheses from the 

research model were investigated by means of correlation 

analysis and by means of multiple regression analyses. To 

determine the mediating effect of attitude, various regression 

models have been drawn up.  

3. RESULTS 
A total of 106 respondents completed the questionnaire. Of 

these, 62.3% (N = 66) of the female gender and 29.2% (N = 

31) of the male gender. The average age of the respondents 
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is 42.85 years (SD = 11.903). The averages of the variables 

show that in particular performance expectancy (M = 4.29, 

SD = 0.46) has a high score with regard to computational 

thinking, followed by effort expectancy (M = 3.76, SD = 

0.75). Facilitating conditions (M = 3.19, SD = 0.90) and 

social influence (M = 3.26, SD = 0.89) have a lower score. 

Of the dependent variables, attitude (M = 4.07, SD = 0.52) 

has a higher average than the behavioral intention (3.43, SD 

= 0.87). Table 1 shows the averages of these values, with a 

distinction being made between teachers in primary 

education and secondary education. 

 

Table 1. Means and Standard Deviations. 
 Totaal PO VO 

  Mean S.D. Mean S.D. Mean S.D. 

Performance Expectancy 4,29 0,46 4,36 0,42 4,19 0,50 

Effort Expectancy 3,76 0,75 3,90 0,74 3,56 0,72 

Social Influence 3,26 0,89 3,37 0,89 3,10 0,86 

Facilitating conditions 3,19 0,90 3,23 0,87 3,13 0,95 

Attitude 4,07 0,52 4,18 0,42 3,90 0,60 

Behavioural Intention 3,43 0,87 3,46 0,86 3,38 0,90 

 

With an independent t-test it was investigated whether there 

are significant differences between the above variables with 

respect to gender. No significant differences were found. 

With the help of an ANOVA it was checked whether there 

are significant differences between these variables and the 

type of school where the teachers work. Here there is a 

significant difference between teachers who teach in the 

lower part of the PO (M = 4.25, SD = 0.38), the higher part 

of the PO (M = 4.16, SD = 0.43), the lower part of the PO 

(M = 3.78, SD = 0.67) and the higher part of the VO (M = 

3.96, SD = 0.58) and the attitude, F (3.102) = 3.18, p = 0.027. 

Primary education in particular has a more positive attitude 

towards computational thinking and coding skills. With 

respect to the other variables, no significant differences were 

found between the types of education. 

Table 2 shows the averages, the standard deviations and the 

Pearson correlations between the different variables. The 

significant correlations are bold in this. Using a multiple 

regression analysis, it was also examined whether attitude 

can be predicted by performance expectancy and effort 

expectancy. This analysis shows that this regression model 

is significant, F (2.103) = 67.93, p <0.001. The model can 

thus be used to predict attitude and is strong in strength: 57% 

of attitude is predicted by PE, EE (R2 = 0.57). Performance 

expectancy, b * = 0.57, t = 7.38, p <0.001, 95% CI [0.41, 

0.72], effort expectancy, b * = 0.29, t = 6.20, p <0.001, 95% 

CI [0.20, 0.38] have a significant correlation with the 

attitude. 

Table 2. Correlation of Variables. 
  Mea

n 

S.D

. 

PE EE RC SI EX BI 

Performanc
e 

Expectancy 

4,29 
0,4

6 
1      

Effort 

Expectancy 
3,76 

0,7

5 
,320*

* 
1     

Facilitating 

Conditions 
3,19 

0,9

0 
,275*

* 
0,110 1    

Social 

Influence 
3,26 

0,8

9 
,348*

* 
0,156 

,767*

* 
1   

Experience 3,21 
0,7

4 
,348*

* 

,654*

* 
,225* 

0,18

1 
1  

Behavioura
l Intention 

3,43 
0,8
7 

,508*

* 

,580*

* 
,220* 

0,18
5 

,592*

* 
1 

Attitude 4,07 
0,5

2 
,639*

* 

,584*

* 
0,095 ,230* 

,545*

* 

,490*

* 

 

4. DISCUSSION AND CONCLUSION 
In this study, the teacher's views on teaching CT skills were 

investigated. This research has shown that the UTAUT 

model is a good starting point when measuring the intention 

of teachers to implement coding skills in the curriculum. In 

addition, it has emerged that attitude plays an important role 

in the behavioral intention with regard to the provision of 

coding skills in education. Although attitude in the original 

UTAUT model does not play a role (Venkatesh et al., 2003), 

the main focus is on the affective aspects of attitude, while 

in this research the focus is more on the cognitive aspects of 

attitude. The results obtained show that lecturers score high 

on performance expectancy and attitude. Although the 

research shows that facilitating conditions affect the use 

intention to a lesser extent than the other variables, it is 

recommended to take a critical look at this. The reason for 

this is that the qualitative data show that teachers experience 

insufficient facility support, which may affect the usage 

intent. As already mentioned, facilitating conditions is seen 

as a predictor of the actual use and the lower score, together 

with the qualitative data, implies that this threshold is for the 

actual offering of coding skills. Schools should therefore 

invest more in ICT infrastructure and methods to offer 

programming skills. In order to get a good picture of what is 

required to increase the facilitating conditions, it is advisable 

to obtain deeper insights into the role of facilitating 

conditions in the follow-up research with regard to the actual 

provision of coding skills. This can be done by conducting 

in-depth interviews with teachers. 
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ABSTRACT  

Based on the STEM learning practice in the secondary school, the study uses the method of investigation to explore the 

satisfaction of STEM learning in junior high school students at Guangzhou of China. Then the researcher analyzes the 

workshop-based STEM learning process and validates the effectiveness of workshop-based STEM learning to enhance 

studentsô creative thinking and ability. The result shows that the Chinese studentsô STEM satisfaction is generally at a high 

level, and there is no significant gender difference. Taking the workshop-based STEM learning as an example, we find that 

the context design by teacher, the studentôs independent inquiry, collaborative learning and the integrated practice of 

technology enhanced have helped students to improve their thinking and ability; Moreover, the studentôs self-efficacy as a 

mediator of studentsô participation in STEM learning and practice catalyzes the realization of students' workshop-based STEM 

learning process and the goal of improving creativity. 
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ӐׁשṅӴṜМ ϹSTEM Ȳ ӣ ṅᾎȲשׁ▲

▲ █א ῴМӢSTEM ⇔Ȳ έ ϹЏᵂ

ᵽᾼSTEM Ȳ ϹЏᵂᵽᾼSTEM Ϲ

с Ӣ ≈ ế ϩᾼצ ἤȴׁשṅῶὙȲМ

ӢᾼSTEM ⇔ Ϲ ѬӂȲѹḽЅӢג

ȷѿ ϹЏᵂᵽᾼSTEM ẂȲ

ȳ Ӣᴞѻ ṅȳ֥ᵂ ếᶾ ᾼ ֥

Ϡכ‚ Ӣ ≈ ế ϩ ȷᴞᶺ ᵂ

Ӣ STEM ᾼМЮ Ȳ‚ Ϡ Ӣ

STEMðЏᵂᵽ ế ϩ сӭ ᾼ ȴ 

ֿ 

STEM ȷ ⇔ȷ ϩ ֣ȷᴞᶺ  

ṅשׁ .1  

ԓ Ṏ ñ Ṏ ò֣ ñ Ṏò Ȳ Ϲ

с ϩế ᶾϢИӭדּ ᾼSTEM Ṏ֪֯

STEM ϢИѠ ᾼầ כ ắẞ ҵ Ṏ╜

ạứ῏ȳϚ ế ᾼ ῸɎMarginson et al, 

2013ɏȴ֢ ế֮ ֪Ẕ Ṏ Ἐȳ ȳϢИ

ӭ ếѝо ᾼЛ֝ȲẔSTEM ṎѠהế ᵧ

ҏН ֵ ȳ֢ẓ ᴥᾼֵаоᶮהȲᵀ ȳҠẁ

ᴕᾼ STEM Ṏ Ἐȳ╜ ế ╟ ѽȴ 

1.1. ‚ ϩ ᾼ STEM Ѡה 

Ὼ Ȳ ц ȳֵ цѻדּ ἐᾼSTEM

Ṏ ҏ דּ ᾼ Ȳ Ӣ דּ ȳᶾ ȳ

Џ ế ֵа דּ ЮȲ Ḗ ᾼ Ѡ

Ȳה ᴩ ֥ᵂ Ȳ Ẕ ἤ

ȳ ϩц ɎBoy, 2013ɏȴׁשṅ῏ Ϲּר

ϥЄ STEAM Ṏ Ẃᾼӭ ȳ ȳ ╟ ц

ѠהиέȲ♂ Ϡ כ ϩ ג ᾼ STE

ɎAɏM Ṏ ѠהȴΊҼ Њ ῂ STEMῈ

דּ Ȳ ῂ STEM ᵂ♄ Ȳ Ӣ

≈ ɎCTɏế᷅ᵒἤ ἤ≈ ɎḈѵ Ȳ

2018ɏȴ Ṏ Ϲ ד2017 3ѣ Ӂɞ ṎЊ דּ

ɟȲὙ ϠМЊ STEM Ϲ Ӣ

ϩ ᾼ ї ȴ Ϲ ֵ Б

ὙȲSTEMᵂ Ϛ ϩ ᾼ ѠצהẔ

ȴּר דּ Juliana Texley

STEM Ṏ╥Ϛ Ӣ♄ Ṇȳᾃ Џ

ϩ ᾼ דּ ѠהɎ₰ ὯȲ2017ɏȴ 

1.2. ϹЏᵂᵽᾼSTEM  

῏ṅשׁ STEM Ѡהᾼ῀ ȳ ϩȳ≈ ȳ

ế ӭ Ȳ Џᵂᵽהñ ῂ ò Ȳ ∂ Ϲ

ЏᵂᵽᾼSTEM Ȳ ẁ Ӣ ᾼSTEM

Ȳ כ ϩц ṎӭᾼɎḈѵ Ȳ

2018ɏȴẔ♄ ֽϯ 1Ἤӱȴ 

 

 

1 ϹЏᵂᵽᾼ STEM ♄  

 

ᴖȲ ϹЏᵂᵽᾼSTEM Х Ϲ Ӣ ϩ

ᾼצ ἤȲSTEM כ ᾼ צ ṷȹ

› ҵSTEM Ṏ ꜜȲẔג Ὑ ᾼꜜứếׁשṅ

Ȳׁשṅ῏ ϹМ МЊ

ế Ȳ᷄ STEM ᵂ Ϛ с Ӣ ϩᾼ

Ѡהᾼ ȴ 

ṅשׁ .1.3  

ӐׁשṅӴṜ ֮א М STEM Ȳиέ STEM

Ѡה כ Ȳ ╟ ϹЏᵂᵽᾼSTEM ȴה

Ϥиέ STEMðЏᵂᵽ Ϲ Ӣ

ϩᾼצ ἤȲӐׁשṅѻ ѿϯϦ  

ȸ 

Ɏ1ɏ Ӣ ϹЏᵂᵽᾼ STEM ⇔ế ϩ

֣ сֽᴶȹ 

Ɏ2ɏ ϹЏᵂᵽᾼ STEM М ṷ а

Ӣ ϩ ᾼ כ Ȳһ П ᾼ Ṇֽᴶȹ 

Ɏ3ɏ М Ӣ STEM ╥ᵡ֯׀ἤ ȲḽӢ

STEM ϩ ֣ ЅӢצ ȹ 

ṅשׁ .2  

ᵂ ϹԒ›ׁשṅȲׁשṅ῏ STEM Ṏ Ἐ ѠהȲѿ

цӭ ȳ ế ⇔Ȳ Ϡ ϹЏᵂᵽᾼ STEM

╗ȲҔה ðᴞѻ ṅð֥ᵂ

ðᶾ ֥ ð ἤ ᴷХ Ɏֽ 1

Ἤӱɏȴ 

ṅשׁ .2.1  

῏ṅשׁ STEM ᴷῴḔ Ӣ ϩ ֣

сכ Ȳ ϚḔ Џᵂᵽ Ӣ ϩ

ṆȲ֯ ▲ Ӣ STEM ⇔ế

ϩ ֣ ϱȲ Ӑׁשṅ ᵂҏ ȸ 
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Ɏ1ɏH1ȸ Ӣ ϹЏᵂᵽᾼ STEM ⇔

Ȳῶ ҏ Ὑ ᾼ ϩ ϩ ֣ с

כ ȴ 

Ɏ2ɏH2ȸ ϹЏᵂᵽᾼ STEM ᾼ ї ȸ

ȳᴞѻ ṅȳ֥ᵂ ȳᶾ ц

ἤ ᴷ Ӣᾼᴞᶺ ế ϩᾼ

с ד ȲẔМᴞᶺ ᵂ ӢЏᵂᵽ ế

ϩ ֣ᾼМЮ ӢSTEM ⇔

ϩ ֣ сȲ֢ Ṇֽ 2Ἤӱȸ 

 

 

2 STEMðЏᵂᵽ Ṇ  

 

Ɏ3ɏH3ȸ М Ӣ STEM ⇔ế ϩ ֣

ג Ὑ ἤ ȲḽЅӢSTEM כ ד

ἤȴ 

 ṅѠᾎשׁ .2.2

Ӑׁשṅ ậ █Ӏא гἬ

ᾼῴ М Ȳ ᾼ ϹЏᵂᵽᾼSTEM

ȴׁשṅ ᾃгἬМ STEMðЏᵂᵽ

ᴷ ế Ӣ ⇔Ȳג STEM ⇔ ȳ

Ӣ ᴩῴḔ Ȳ STEM ӭ ֣ế ▲

ԈȲ‚כ ế Ӣ STEM ⇔ц ϩ

֣ ▲ ȴ ϹЏᵂᵽᾼSTEM Ϛ ế

гἬ דּ STEM Ȳׁשṅ῏ ӣṭᵌ

Х ῶѠהȲ STEM ⇔ ẪȲגḂ

№ ϩ ֣ ῶɎ№ Ȳ2003ɏȴ֯ ẔМ

Ἤ 17֤ Ӣ ᴩ ⇔ Ẫế ῶ ▲֧Ȳ

῏ṅשׁ ứϠҔ╗ ȳᴞѻ ṅȳ֥ᵂ

ȳᶾ ȳ ἤ ᴷцᴞᶺ гЄ

ᾼSTEM ⇔ Ẫế№ ϩ ֣ ῶȲ

ḕ ⇔Ҕᵶ 3-4 ӭȲѿ ╗ Ӣ STEM ȴ 

῏ṅשׁ ֢ STEM Ϛ  ӣ ϱ ϯד ֥

ᾼѠ֣הԓ 547֤ Ӣ ᴩ ▲ȴἬצ Ẫᶁ ẞԓ

Ȳן֫ Ẫ 19Ԍế ῶ 17ԌȲ ’ Ӣ

STEM ϩ ֣ Ȳׁשṅ῏

ẪМẔ҃ Ӣᾼ№ ϩ ֣ ῶȲԚ 528

ԌSTEM ⇔ Ẫế№ ϩ ֣ ῶȴ

▲ ԓ ᴞгἬῴ М ȲẔМḽӢ 261֤ȲҜѩ

49.4%ȲЅӢ 267֤ȲҜ 50.6%ȴԒ› ▲ Ӣ

⇔ Ẫᾼ Ŭ‒⇔Ṇ 0.976>0.9Ȳ֪ᴖ Ὑׁש

ṅ ‒⇔ ȴ ȳᴞѻ ṅȳ֥

ᵂ ȳᶾ ᾼ ȳ ἤ ᴷцᴞᶺ

ᾼ Ŭ‒⇔Ṇ и 0.930Ȳ0.945Ȳ0.950Ȳ0.951Ȳ

0.939Ȳ0.942ȲẔᶁЄϹ 0.8 ꜜ ȲῶὙ STEMðЏᵂ

ᵽ Ẫ‒⇔ ȴױҵȲ ϹЏᵂᵽᾼ STEM

⇔ ⇔ ᾼ KMO 0.978>0.6Ȳѹ Ẫ 

Bartlett ᶮ P<0Ȳ05ȲῶὙ ӢSTEM

⇔ Ẫ ⇔ Ȳ№ ϩ ֣ ῶ‒ ⇔ ױ

 ᴿȴד

Ӑׁשṅ ӣֵ иέȳ ἤ МЮ

∂ ᾎȲ ᾃ Ӣ STEMðЏᵂᵽ ⇔

цẔ Ӣ ϩ ֣ с Ṇȴ Ẫ ế ῶи

έѻ ֵа иέȳ ἤ֪ІиέɎEFAɏ

ế ἤ֪ІиέɎCFAɏϮѠ ɎKline, 2011ɏȲ

иέ ӭҔ╗ Ӣ Ӑ‒ ế ⇔ 23 ц ϩ

֣ ῶ 32 Ȳ ⇔ Ẫ ἤ ȳ

ȳᴞѻ ṅȳ֥ᵂ ȳᶾ ȳ

ἤ ᴷцᴞᶺ ϝ ӭȲ№ ϩ ֣

ῶ и Ϛ ӭȴ 

ṅשׁ ӢSTEM ⇔֢ иέȲ ӣ

ἤ֪ІиέSTEM ֢ ⇔ᾼ ἤ

цẔ Ӣ ϩ ֣ ṆȲᵓӣ ἤ֪Іи

έ∂Ӵ STEMðЏᵂᵽ Ӣ ϩ ֣ с

Ṇ ₤Ȳ Бשׁצṅ Мᴞᶺ ᾼ

Ṇȴ 

ҫҵȲ М ḽЅӢSTEM צ ἤ

Ȳׁשṅ῏ ӣֵ иέᾎȲ ϩ ֣ с

ẞ ⇔ ᴩԓ ứȴ ӣ 1ế 0и

ẪḽȳЅӢ Ȳѿ Ӣ STEMðЏᵂᵽ ц

⇔ᾼἤ ȴ 

ṅשׁ .3 Ὠ 

῏ṅשׁ Ἤ 528Ԍ STEM ⇔ Ẫ ┬֢

Ϥ SPSS22.0 ԈȲ Пד ᾼ Ӣ

ϩ ֣ ῶ иȲג Ẕ ᵂ Ϛ ⇔ Ϥ STEM

⇔ SPSS иέ МȲ ᴩ֢ ế

֪ иέȲ Ӣ STEMðЏᵂᵽ ⇔ц

ϩ ֣ с ȴ 

3.1. ἤиέ 

ṅשׁ Ԓ STEM ⇔ᾼг ц ϩ

֣ и ᴩ ἤ Ȳ ӣХ ṭᵌ ῶ

Ӣᾼ ⇔ ᴩ Ȳи ñᶙԓ֝ Ȳ֝ Ȳ

и֝ ȲЛ֝ ếᶙԓЛ֝ ò ñ5иȲ4иȲ3

иȲ2 иế 1 иòȲג ԓ 528 ֤ Ӣ Ϥ

SPSS22.0 ԈȲᵓӣẔ ἤ иέғ ứ Ὠ

ֽϯῶ 1Ἤӱȴ 

ῶ 1 ἤ иέ 

 ӂᶁ   

⇔Ṇ  

⇔

Ṇ  

 

4.32 0.71 1.840 2.460 

ᴞѻ ṅ 4.54 0.76 1.460 1.975 

֥ᵂ  4.44 0.79 1.480 2.019 

ᶾ ᾼ

 

4.41 0.82 1.479 2.041 

ἤ ᴷ 4.43 0.79 1.449 2.032 

ᴞᶺ  4.47 0.87 1.451 1.943 

ϩ ֣ 143.50 1.67 2.247 2.576 
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3.2. Ѡ ₤∂Ӵ 

STEMðЏᵂᵽ Ӣ ϩ ֣

с Ṇᾼׁשṅ Ȳׁשṅ῏ ӣ ἤ֪Іиέ

₤Ɏֽ 2ɏᾼ ֥⇔Ȳ Mplus7.0Џẓᾼ

Ѡ ₤ɎSEMɏиέ ϹЏᵂᵽᾼSTEM

ϩ ֣ Ṇ ₤Ȳ ñᴞᶺ ò

ñ ≈ òᾼ ֯ Ȳᵓӣ SPSS22.0 Ԉиέ

STEM ֢ ӻϿ Ѡ цד Ȳѿ ứ

Ѡ ₤ᾼ ֥⇔Ȳֽϯῶ 2Ἤӱȴ 

 

ῶ 2 ϹЏᵂᵽᾼ STEM ֥  

 

 

ᴞѻ

ṅ 

֥ᵂ

 

ᶾ

ᾼ

 

ἤ

ᴷ 

ᴞᶺ

 

 

ð      

ᴞѻ

ṅ 

0.137**  ð     

֥ᵂ

 

0.128**  0.173**  ð    

ᶾ

ᾼ

 

0.176**  0.247**  0.126**  ð   

ἤ

ᴷ 

0.324**  0.129**  0.217**  0.347**  ð  

ᴞᶺ

 

0.197**  0.215**  0.133**  0.143**  0.217**  ð 

ϩ

֣ 

0.043* 0.021* 0.098**  0.040* 0.132**  0.08**  

ᾃȸ**p < .01; *p < .05. 

 

ֽῶ 2ἬӱȲSTEM М ȳ֥

ᵂ ᴞᶺ П ᵧ ϱᾼ ד ȷ

ϩ ֣ Ɏ Ӣɏᴞѻ ṅȳ ἤ ᴷцᴞᶺ

ד Ȳᵀ ế֥ᵂ цᶾ

ᾼ Ӣ ϩ ֣ ד ṆȴῶὙ

ϹSTEM ῴỞ ∂Ӵᾼ Ṇ ₤

֥⇔ṏֻȴ Ὑ ᾼ╥Ȳ ếᶾ

ᾼ Ӣ ϩ ֣ӻϿ ҵȲἬצ ᾼ

ד Ṇ ᵧ ד ȴױ ₤ ֥╓ ɢ2/ df 

= 3.130/2Ȳ CFI  0.994ɎCFI>0.90ɏȲ Ҡ ắ

Ȳ ϚḔ Ὑ › ₤−ֻ֮ ֥ Ṇȴ 

ҵȲױ Ϲ ⇔ ế ϩ כ ṅשׁ Ȳ

Ӣᾼ ≈ ╥ ϩ ế сᾼ ạȴӐ

ṅ֧שׁ ӢЏᵂᵽ ᵂ₇ ≈

ṔӦгᴯ STEM ֥ᵂ ᴩ иɎ5 иạɏȲ

ג Ἤ и Ϥ Ӣ STEM ⇔ñ ≈ ò ⇔

ᴩ Ṇ ȴ ῶὙȲ ᴞᶺ

≈ ᵂ Ӣ ϩ ֣ сᾼМЮ STEMðЏ

ᵂᵽ цכ Ṇ ₤ẓצ ֯Ϛ ἤȴׁשṅ

῏ Mplus7.0Мᾼ DeltaѠᾎ Ϡᴞᶺ ế

≈ ᵂ STEMðЏᵂᵽ МЮ ᾼ ἤȲ

ֽϯῶ 3Ἤӱȴ 

 

ῶ 3 STEMðЏᵂᵽ МЮ  

STEM ϩ ֣ иέ ᴷ  

ᴟ Ӣ ϩ ֣ 

ðᴞᶺ ð ϩ

֣ 

ð ϩ ֣ 

 

0.019 

-0.132 

֥ᵂ ᴟ ϩ ֣ 

֥ᵂ ðᴞᶺ ð ϩ ֣ 

֥ᵂ ð ϩ ֣ 

 

0.027 

0.120 

ᴞѻ ṅᴟ ϩ ֣ 

ᴞѻ ṅð ϩ ֣ 

 

0.021 

ᶾ ᾼ ᴟ ϩ ֣ 

ᶾ ᾼ ð ≈ ð ϩ

֣ 

ᶾ ᾼ ð ϩ ֣ 

 

0.050 

0.201 

ἤ ᴷᴟ ϩ ֣ 

ἤ ᴷð ≈ ð ϩ ֣ 

ἤ ᴷð ϩ ֣ 

 

0.031 

0.113 

ᴞᶺ ᴟ ϩ ֣ 

ᴞᶺ ð ϩ ֣ 

 

0.014 

ᾃȸ**p < .05; 

 

ֽῶ 3ἬӱȲSTEMðЏᵂᵽ ϩ ד֣ ᾼ

᾿ ᶁ ד ȲҔ╗ ȳ֥

ᵂ ȳᴞѻ ṅȳᶾ ᾼ Ȳѿц ἤ

ᴷᶁ Ӣ ϩ ֣ ד ȲẔ и ╥ -

0.132Ȳ0.120Ȳ0.021Ȳ0.201ế 0.113ȴ ϚḔ Ȳ

ᴞᶺ ȳ ≈ ᵂ STEMðЏᵂᵽ ᾼМЮ

Ӣ ϩ ֣ ד Ȳϡ῏ STEMðЏ

ᵂᵽ ц ϩ ֣ᾼ ֣ӻϿиέ֝

ȲẔ ᴷ ЊϹ᾿ Ȳ Ὑᴞᶺ

≈ ᵂ STEMðЏᵂᵽ

ϩ ֣ с ֪ ᾼ֥ ἤȴױҵȲМЮ

ὙȲᴞᶺ ϩ ֣ᵧ᾿ ṆȲ

Ẕ 0.014Ɏ**p < .05ɏȲῶὙẔ STEMð

Џᵂᵽ МЮ ᾼ֥ ἤȴ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

֝ Ȳ Ѡ ₤ ֥ ⇔ᾼқѠ P 0.052Ȳῶ

Ὑ ϤМЮ ᾼ Ṇ ₤ ֥ ⇔Ḇֻȴׁשṅ

 ậ ϤМЮ ᾼ ₤ STEMð

Џᵂᵽ ϩ ֣ Ṇ ₤Ȳֽϯ 3Ἤӱȴ 

 

 

3 STEMðЏᵂᵽ ϩ ֣ Ṇ ₤ 

3.3. ḽЅӢἤ ᾼֵ иέ 

Ӑׁשṅ ᾃ М ╥ᵡֽ֯׀ ҵ ᵫᾼḽЅ

ӢSTEM Ṏכ ȴׁשṅ ӣֵ иέᾎȲ
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ӢSTEM ⇔ Ẫ ứḽЅӢἤ Ȳѩ

Л֝ἤ Ӣ STEM ⇔ế ϩ ֣

ц STEMðЏᵂᵽ ֢ ȴԒ› ▲ Ὠ

ӱȲ STEM ᾼḽЅӢ ῺȲד Ȳ

ẔМḽӢ 261ȳЅӢ 267֤Ȳ ֧ Л֝ἤ ᾼֵ

иέ ẁ› Ԉȴׁשṅ῏ᵓӣ SPSS22.0 Ԉᾼ

Ѡ иέếқѠ ц Mplus7.0ᾼ иέѩ

ḽЅӢ STEMðЏᵂᵽ ц ϩ ֣ с

Ȳ Ὠֽϯῶ 4Ἤӱȴ 

 

ῶ 4 ḽЅӢ STEM ⇔ ϩ ֣ѩ  

Л֝ἤ ᾼ

ѩ  

қѠ Ɏɢ2

ɏ 

Ѡ иέɎPɏ 

STEM

⇔ 

ð 0.245 

STEM

ϩ ֣ 

ð 0.136 

STEM ֢

⇔ 

1.481/5 0.157 

STEM ֢

 

1.089/5 0.104 

ᾃȸ**p < .01; *p < .05 

 

ֽῶ 4ἬӱȲѿḽЅӢἤ ֪ ᴞ Ȳׁשṅ῏ έ

Ϡ ӢSTEM ⇔ế ϩ ֣ ȲѠ

иέ Ὠи P=0.245>0.05ȳP=0.136>0.05ȲῶὙḽ

ЅӢ֯STEM ⇔ц ϩ ֣ иϱ

ȷ֯ ϹЏᵂᵽᾼSTEM ⇔ ▲МȲḽ

ЅӢ и қѠ ɢ2 0.370ȲP >0.05Ȳ Ὑ

ḽЅӢ STEMðЏᵂᵽ ⇔Л֯׀ ȷ

ḽЅӢSTEM ֢ ɎҔ╗ ẞ

ϩ ֣ᾼ᾿ ᴟ Ϥᴞᶺ ≈

ᾼМЮ ɏқѠ ӂᶁ 0.272ȲP>0.05Ȳ

ῶὙḽЅӢSTEM ϩ ֣ Л֯׀

ȴ 

ṅשׁ .4  

Ӑׁשṅ М ӢSTEM ⇔ế ϩ

֣ сכ Ȳ Ϲ █א М ế Ӣ ц

STEMᵂ₇ Ȳ Ϡ ϹЏᵂᵽᾼ STEM

⇔ ẪȲḂ Ϡ№ ϩ ῶѿ ứ Ӣ

STEMðЏᵂᵽ ϩ ֣ сכ ȴׁשṅ Ϡ

ϹЏᵂᵽᾼSTEM Ӣ ⇔ ϩ ֣

сᾼצ ἤȲג STEM ӻϿиέṔ⇔

Ϡ Ӣᾼᴞᶺ ế ≈ Ӣ ϩ ֣

сᾼ ד ἤȴ 

4.1. Ӣ STEM ⇔ц ϩ ֣ᾼ с 

῏ṅשׁ Ἤ ⇔ Ẫ ц ϩ ֣ ῶ и

Ϥ SPSS22.0Ȳᶙכ ἤ иέȲ Ὠֽῶ 1 Ἤ

ӱȴ Ӣ֯ ϹЏᵂᵽᾼSTEM М ȳ

ᴞѻ ṅȳ֥ᵂ ȳᶾ ᾼ ȳ ἤ ᴷ

цᴞᶺ ⇔ӂᶁ ᶁ Ϲ 4 иȲ Ẫñ

ò ⇔Ȳ ᶁ֯0.8ҿҢ Ȳѹ ⇔Ṇ ⇔

Ṇ ᶁ֥֯ Ȳ ȴ ῶ

ὙȲ Ӣ STEMðЏᵂᵽ ᵧ ȴׁשṅ

ῴḔ STEMðЏᵂᵽ г Ϲ כ ᾼ

ȲяẔ╥ Ӣᾼ ≈ ȳ ϩế ֥

ᵂ ẞ ȴḂ ֧№ ϩ ֣ ῶ

Ӣ и ӱȲ Ӣ ϩ ֣ иӂᶁ

143.5/160иȲ Ϲ№ ϩ ᾼ Ȳ

ῶὙ STEMðЏᵂᵽ М Ӣ ϩ ֣ с

צ ȲᵛSTEM ⇔ᵧӔד Ȳ

Ӣ ϩ ֣ сצ ȲẔῶ

ȳ֥ᵂ ᶾ ᾼ STEM ї

⇔ ϩ ֣ᾼ֝Ḕ сȴ 

4.2. ‚ ϩ ֣ сᾼ STEM Ṇ ₤∂Ӵ 

Ӑׁשṅ ֥БצSTEM иέếHan Ϣ Ӣ

ӭ ᾼ ▲ȲῴḔ ∂ҏ STEMðЏᵂᵽ

ϩ ֣ Ṇ ₤ɎHan, 2017ɏȴ ֧Ȳ

῏ṅשׁ ñᴞᶺ òW МЮ STEM

г ц ϩ ֣ ᴩ ӻϿ Ȳ∂ STEM

֥ ế STEMðЏᵂᵽ

ϩ ֣ Ṇ ₤Ɏֽ 3Ἤӱɏȴ ὨῶὙȲᴞѻ

ṅȳᶾ ᾼ ц ἤ ᴷ STEM

ᶁ ϩ ֣ ד ȷ ế֥ᵂ

ϩ ֣ Ṇ ἤᵅϹẔ҃ Ȳᵀ ᴞᶺ

צ ᵂӣȷ֝ ᴞᶺ ϩ ֣ᾼӻ

Ͽ ῶὙȲᴞᶺ ϩ צ֣ ȴ

ӫ Ὧ ῀ ếӁ Ȳׁשṅ῏

ϚḔ ứSTEM М ế֥ᵂ

Ӣᾼᴞᶺ ᴖ с ϩȲג ӣ

Ѡ ₤ ֥ᾎȲ ᴩ STEMðЏᵂᵽ ϩ

֣ ӻϿиέȴׁשṅ ὙȲᴞᶺ ≈

ᵂ STEMðЏᵂᵽ ϩ ֣ᾼМЮ Ȳ

Ӣ ϩц ᾼ сẓצ ȷ 

4.3. ḽЅӢ STEM ⇔ц ϩ ֣ᾼἤ
 

Ϲ ҵ K12 Ṏ ᾼ֯׀ STEM ἤ Ȳ

῏ṅשׁ STEMðЏᵂᵽ ⇔ц ϩ ֣Ȳ

▲Ϡ █א гἬМ STEM ᾼḽЅӢȲג

ӣֵ иέᾎȲ ᵗ SPSS22.0ế Mplus7.0 Ԉᾼ

ӻϿ ếѠ иέғ Ȳ ứϠМ ḽЅӢ STEMð

Џᵂᵽ ᾼ ⇔ế ϩ ֣ ȳSTEM

ϩ ֣ с ц Ɏֽῶ 4Ἤӱɏȴ

▲ῶὙȲḽЅӢSTEM ⇔ế֢ ⇔

ᶁӑҏ Ὑ ȲᵀḽЅӢSTEM ֯׀

Њ ȴᵛḽЅӢ֯STEM ⇔ế ϩ ֣ϱ

ȲᵀḽЅӢ֯ STEMԚ֝כ їӭ ð

ϩ ϱ֯׀ Ȳ и╥ӦϹ

М Ӣ ֥ᵂ ᾼȲḽЅӢכ

ϱ Ԛ֝ᾼכ ӭ Ȳᵀ֢ᴞ Л

֝Ȳ ϱ STEM ᾼ Њ ȴ 

5. ӑ ṅשׁ  

Ӑׁשṅ ϩϹ М ӢSTEM цכ ᴩ

⇔ ▲ế ϩ ֣ ứȲᵓӣ SPSS22.0 ӻ
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Ͽиέ Mplus7.0 Ѡ ₤Ѡᾎ Ϡ ϹЏᵂ

ᵽᾼ STEM ϩ ֣ ṆцḽЅӢ

STEM ᾼἤ Ȳ МЊ STEMצ

∂ה ế ӣ ẁӱ ȴ ᴖȲӐׁשṅṼ

ᶝצ׀ ȲϷ╥ӑ ṅᵘϩשׁ ϹᾼѠ֣ȴϚ╥Ӑ

ṅשׁ ậᾼ ▲ Ӑ М֯ ӀȲא ӐиӁ צ

Ẕ҃STEM Ṏ ֮ Ȳ Ӑ҅ῶἤЛ ҉иȲ

ӑ Ӑׁשṅ ậϱ ȳ ᴫȳ ╡ȳ ֭ МЊ

STEM Ṏ ֮ ṅȲשׁ ᴩ֮ ѩȲ

ѿ STEM Ṏ ẁ∂ ȴϡ╥ׁשṅ ϩϹ

Ӣ ϩ ֣ᾼ сȲ Ӣ ϩ ц ‚

ᾼ ϩג‍ᶙԓ҉иȲӑ ṅשׁ ᾃ Ӣ ϩ

֣ о ≈ ц ⇔Ȳѿѩ ῏ Ὠᾼ

Ȳ STEM ϩ ӭ ᾼ ẁ҉

Ṝ ȴ 

6. ᴕѝ  

Ḉѵ ế Ɏ2018ɏȴ STEM ᾼ

ϩ ðð ᴞּר ϥЄ STEAM Ṏ Ẃᾼ ӱȴ

ҵ МЊ ṎȲ12Ȳ9-17ȴ 

₰ ὯɎ2017ɏȴ ϯᾼSTEM ֣ȴϱ

ṎȲ34Ȳ56-59ȴ 

Ḉѵ ế Ɏ2018ɏȴ ֥ ϯᾼSTEM

Ṏ:Џᵂᵽ ȴ Ṏ ᴕȲ18Ȳ35-38ȴ 

№ Ɏ2003ɏȴ№ ϩ ֣ ῶȴМ

҅Ȳ2Ȳ89-90ȴ 

Boy, G. A. (2013). From STEM to STEAM: Toward a 

Human-centred Education, Creativity & Learning 

Thinking.  Proceedings of the 31st European Conference 

on Cognitive Ergonomics. New York: ACM. 

Han, S. (2017). Korean Studentsô Attitudes toward STEM 

Project-based Learning and Major Selection. Educational 

Sciences: Theory & Practice, 17, 529-548. 

Kline, R. B. (2011). Principles and Practice of Structural 

Equation Modeling (3rd ed.). New York: Guilford Press. 

Marginson, Tytler, & Russell, et al. (2013). STEM: 

Country Comparisons. Retrieved January 6, 2019, from 

http://dro.deakin.edu.au/view/DU:30059041

http://dro.deakin.edu.au/view/DU:30059041
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ABSTRACT  

6E learning model has used in a learner-centered teaching model that enhances students' motivation and learning outcomes. 

Robot education combines a lot of the knowledge and skills of a variety of learning areas to enhance student understanding 

and validation through the 6E learning model, and allows students to learn computational thinking through robotics. This 

research is aimed at 70 senior students in an elementary school. The Arduino robot is designed and assembled through practical 

curriculum. This study used experimental design with two different groups: 6E learning mode and general learning mode. The 

research found that using the 6E learning mode would enhance studentsô motivation and computational thinking performance 

in the robotic practice curriculum, and enhance the use of learners in practical operations. 
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6E model, robot education, performance curriculum, computational thinking
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6E ה ֥ Ϣ Ṏ ≈ כ П  

 
1Ȳ „ᴝ 2*ȲὭ₫ 3Ȳ ᶛⱢ 4 

ᶾד134ּ ӣ Ϣϩ ṆȲ Є Ȳ  
1 דּ ṅМїȲשׁ׆ Є Ȳ  

1 ѝ ṅМїȲשᶾׁדּ Є Ȳ  
2 ц ṅМїȲשׁ Ṏׁשṅ Ȳ  

etlab.paper@gmail.comȲcv999999999@yahoo.com.twȲgn02294997@gmil.comȲvincent0965@gmail.com 

 

 

6EɎEngageȳExploreȳExplainȳEngineerȳEnrichȳ

Evaluateɏ ה ṿӣ֯ѿ ῏ⱢМїᾼ

ȲҠѿה с Ӣᾼ ѿц כ ȴᴖ

Ϣ Ṏ ֵ֥ Л֝ ᾼ῀ ếᶾ Ȳ

6E ה Ӣᾼ ѿц Ȳṳ Ӣѿ

Ϣ ≈ ȴӐׁשṅ 70ᴯ Њ

ד ᾼ ӢȲ ᵂ Arduino ϢȲ

Ȳиᵑṿӣȸ6E ȳцה

ṅשȴׁה Ὠ ṿӣ 6E ה ֥ Ϣ ṎȲ

Ӣ֯ ᵂ ᾼ ц ≈ כ

Ȳṳ с ῏ᾼ ᵂ ϩȴ 

ֿ 

6E ȷה Ϣ Ṏȷ ᵂ ȷ ≈  

1. ›ṕ 

Эԓ ᶾדּ ⁫ ᾼ ПϯȲ ֵ דּ

ᶾ ᴖӢȲ Ϣᶾ Ҡѿ ᵗ Ӣ ӐἼ ᾼ

Ἐоכ ɎHeiner, 2018ɏȴ ӢḆ᷾Ϥ

Ȳ ҃ ᾼֻốїȲṳ Ӣᾼ᷅ᵒἤ≈ᴕȴ

ⱢױȲ МЊ ◕ ỞҒϤ Ϣ Ӣ

ѷꜜ ☼ Ȳᴖ ϢἬ ֥ᾼ֢ דּ Ӽצ

ᵗὑ Ӣ ếӢ♄Ȳ Ғ Ӣ ḟ ᾼ ϩ

ɎGrubbs & Strimel, 2018ɏȴ 

Ὼדẃ ≈ ắẞ‍ ֵᾼ Ȳϴ иέȳ

ה ṕȳ ᾎП Ꞌ ӣ ≈ П

ϩɎ ȳ І ȳ╟ │ȳ´Ϲ ȳѵ ȳ

ȳ Ȳ2017ɏȴ ≈ Ҡѿṿ Ӣ ֽ

Ϛה ᾼ ≈ᴕѠהȲṳ ѡ Ӣ♄Мᾼ

ӣὑױȴ֯ МЊ ◕ᾼӢ♄ּדᶾѻ ╥ᶦ Ӣ

ᵂ ẃі Ӣᾼ ȴ ᾼּדᶾ Ṏ

ѻ ɦ М ɧȲϷ╥ԓ ᶾדּ Ṏᾼ ї Ἐ

Ɏ ӞЍȳ ế ′ᵷȲ2016ɏȴ 

њ ᵂҠѿ ϚḔᾼ с Њ Ӣᾼњ Ầ

ϩȳ ϩȳ ȴ᷂ ֥ӣ֯

ᵂ ᾼ Ϣ Ṏц 6E ᾼה Ȳѿ Ӣ

ᵂ ᾼМїѻṔȲҠѿ ֢ ᾼ῀ Ғѿ ֥

ɎConnor, Karmokar, & Whittington, 2015ɏȴ֪ױȲӐ

ṅשׁ ֥ ЊӢ♄ּדᶾѿц Ϣᾼ ᵂ Ȳѿ 6E

Ɫה їȲ Ӧᴔ Ӣ דּ ῀ ȳ

ᵂ ẓȳ Ϣѿц ȴ

ᶦ ױ Ӣ Ϣ ᾼ ц

≈ כ ȴ 

2. ѝ  

2.1. 6E  ה

6E ֯ה רӦּד2013 ᶾדּ Џ

Ɏ International Technology and Engineering Educators 

Association, ITEEAɏ ҏȲ 6E Ҡѿה Ӣ

ᾼ ṅ ϩɎBarry, 2014ȷBurke, 2014ɏȴ6E

ᾼה ◕Ҕᵶȸ ȳ ȳ ȳ ᵂȳ оȳ

Ȳ6E Пứה ֢ Ὑֽῶ 1ȴ ᾼі

Ȳ ᵗ Ӣ Ғᵓӣ ϱᾼ Ἐȳ Ȳ

Ϥ ѿц ה Ṏ Ἐȴ Ӣ ῀

ᴩᴞᶺ ṳвоכⱢᴞАᾼ῀ ȴ 

 

ῶ 1 6E ה Ὑ 

6E ẓ ה Ὑ 

 

ɎEngageɏ 

ҏ Ӣᾼ Ȳі Ӣᾼ

ֻốȳ ᴖ᷾Ϥȴ 

 

ɎExploreɏ 

Ӣ∂ ᴞА ὑ ♄ ᾼ

ȲṼ ∂Ӵ▐ ȴ 

 

ɎExplainɏ 

Ӣ ứ ҃ Ἤ Ȳṳ

≈ᴕԒ›Ἤ ᾼ ц ȴ 

ᵂ 

ɎEngineer

ɏ 

Ӣ ӣ Ἐȳ ѿц

Ȳ ᵂ♄ ѻ ᾼ ⇔ Ἤ

῀ ӣȲѿ ᾼ ȴ 

о 

ɎEnrichɏ 

Ӣצ ӣ ♄ ᾼ ẂȲ

Ḇ ϚḔ ӣἬ ḟ צ ⇔ᾼ

Ȳṳ ױ о Ӣ

Ḇ Ϥᾼ ȴ 

 

ɎEvaluateɏ 

ẁ ế Ӣ ֯ МȲ

Ӣ ᾼ Ὠȴ 

 

2.2. ᵂ  

њ ᵂ  ѿẃ Ɫ ‚ṿ Ӣ ᾼ ֪

ПϚɎSatterthwait, 2010ɏȴḌ№ ⱢɦἬצᾼ Ṏ

Ӧ М ӢɧɎDewey, 1938ɏȴ ᵂ Ҡѿ∂

ҏ ᾼ▐ ἘȲ ҉ ἤᾼ Ҡі

ϢϤ ɎGiannakos, Divitini, & Iversen, 2017ɏȴ ῏

ṝ Ӣ♄Ȳṳ֯ ᵂᾼ МȲ ѿ ᴖ

ẞṆ ἤ≈ᴕȴ њ ᾼ ᵗὑצ

ȳ כ ɎArangala, 2013ɏȴ 

ᴖ֯ ה ד ᾼ ᵂ иȲ ֵ ה ṕᾼ

ῴ ῏ ה ṕᾼ ẞᵺ ɎDenny, 

Luxton-Reilly, Tempero, & Hendrickx, 2011ɏȴϷצ и
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῏╓ҏȲ ῴ ῏ᵺ ᾼֵҙṳ‍ ה ᾎϱᾼ

ȲṶ ϱ ה ẞᵺ ᾼ╥ֽᴶ

☼  ɎTan, Ting, & Ling, 2009ɏȴ 

2.3. Ϣ Ṏ 

Ϣ Ṏ ֥Ϡ ȳ ȳ ȳ ȳ Іȳ

ȳḊ ц в ᾼ῀ ᶾ ӣɎ

ἣ ȳ Ȳ2015ɏȲ֯כ Ϣ ṎМȲ Ϛצ

ṏֻᾼ Юẃ ֥ Ṏ Ϣ ╥‍ ᾼȲ

ᴖ Ϸ╥ ᴩ Ṏ ṆМ ѽᾼ иȴ֯ ҟᾼ

ד МȲ Ӣ Ṏᾼ֪ ‍ ֵȲᴖѹ

Ϸ Ӣ֯ STEM  ,МᾼᴩⱢɎPappas, Aalbergדּ

Giannakos, Jaccheri, Mikalef, & Sindre, 2016ɏȴ 

ֵ רּ Ꞌ Ɫ ה Л Ϣ −

Ȳ ᾼϷ ᾨϩȴ ה ᾼ ṳ

Л╥ Њ ӢכⱢ ה Џ Ȳᴖ╥

≈ ѿц ḟ ᾼ ϩȴ֯ 21ѷּנȲЛҬ╥ḆҒ

STEM ᾼ ȲϷᶦ Ҡѿ STEM ϱ

Л ᾼ ӢȲᵮі ṷ Ӣ STEM ᾼ

ɎMavroudi, Giannakos, Divitini, & Jaccheri, 2016ɏȴ

ה Ҡѿ Ӣ иέȳ ȳ ế ᴩ

ᾼ МᶮכӔ ᾼ ≈ᴕ Ȳ Ӣ ≈

ᴕ ȲѿḆҒװ ȳӔ ȳҠᴩᾼѠה Ὂ

ṳ ӣ֯ ѷꜜ МɎFeng & Chen, 2014ɏȴ 

2.4. ≈  

≈Ɫᾼ Ἐ נ ҏ╥ѿ о֥ и

כ ֵЊ ẃ ḟᾼѠהɎWing, 2006ɏȴѩ ה

Ȳᶺ Ḇ ӢѿḆצ ᾼѠה ḟ

ɎGarcía-Peñalvo, 2018ɏȴᶺ ֯ῺדϷ

Ӣᾼ ϩȲᶦ ӢҠѿ њ ᵂȳצ

ӣ ≈ П Ἐẃ Ṇ ἤ≈ᴕП Ἐ

ɎὭṎ ếᵦӔБȲ2016ɏȴ 

≈ Ὼ ֯ד ֵ ᾼ Ṏ М ẃ Ȳ

ϱҠѿṿӣ оᾼ Ȳ∂Ӵ Ӣ

≈Ɫᾼ Ɏ ἣῨȳὭṎ ế Ȳ2018ɏȴ

≈ Ἤ ᾼ ╥ ῏Ҡѿ ֽᴶ

Ḇֻᾼ ṳ ḟ ɎSwaid, 2015ɏȴ Ὼ ֵ ὑ

≈ ᾼ ϱȲ ֵ Ṏ῏ ֥ ֵЛ֝ ₤ᾼ

Ḋ ȲẂֽ ȳ Ϣȳ ӣ Ἠ╥Ẕ҃Ҡה

זּ ה ɎKafai & Burke, 2014ɏȴ 

 ṅѠᾎשׁ .3

▐ṅשׁ .3.1  

Ӑׁשṅṿӣ 6E ה ֥ Arduinoᾼ Ϣ Ȳ

כ ȴв Ҕᵶ ІаԈᾼ ȳ

ᾼ ӣȳ ѿцЏẓ ᵂ ϩȲӐ

ה ѿц Arduino ᴩ ֥ Ȳиᵑṿӣ

6E ѿцה ה Ϥ ȴׁשṅ▐

ֽ 1Ἤӱȴ 

 

 

ᴞ  
 

Ṽ  

Л֝  ה

    1.6Eה 

    2.  ה

1.STEM  

2. ≈ כ

 

▐ṅשׁ 1  

 

ṅשׁ .3.2  

Ӑׁשṅ Ɫ ה ṕῴ ῏Ȳẓצ ᶾדּ

ᵂ ϩȲᵀ╥ḥצ ה ṕ П ῏ȴד

Юὑ 12ᴟ 13 П Ԛ 70ϢȲиⱢ Ẓ ȳ

Ẓ Ȳ ắⱢ 16 Ȳḕװ 80и ᾼ ȴ 

ṅשׁ .3.3 ╟ 

ậ ҖӀϥṭ █ ӖЊ ד ӢȲԚҳ

Ȳ70ᴯ ӢȲиⱢ Ẓ ȳ Ẓ Ȳ ᴩ

ế ᵂ῀ כ › ȴׁשṅ ☼ ֽ 2Ἤ

ӱȴӐׁשṅ ╟Ḕ ֽϯȸ 

 

 

☼ṅשׁ 2  

 

Ɏ1ɏ ◕Ϛᾼ ӭ ╥ Scratch for 

Arduino ᵂế ה ȲҔᵶ ᶧ ȳ

ȳ Ԉ ế Ȳḕ 80и ȲԚ

5 ȴ 

Ɏ2ɏ ◕ϡᾼ ♄ Ȳ ӭ ╥

ế Scratch for Arduino ҉ὰᾼ ІаԈѿ

цֽᴶ ӣ ІаԈᾼ ה Ȳḕ 80и Ȳ

Ԛ 6 ȴ 

Ɏ3ɏ ◕Ϯɦ Ϣɧᾼ ᵂȲ

ӢӇ ӣ› Ἤ Ȳ ѻ ȳ

Ӑ ȳ ếה ȳ Ḃ

ҏȸScratch for Arduino ȳה ІаԈᾼ

ӣȳ ҵ ₤ȴ 

Ɏ4ɏ ∟ ◕Ȳ ᴩᵂ₇ᾼכὨ ῶѿц

ế ᵂ῀ כ ∟ Ȳ ⱢϚ ȲԚ
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40и ȷ ᴩ ≈ כ ∟ Ȳ

ⱢϚ ȲԚ 40и ȴ 

3.4. 6E ♄ה  

ӐׁשṅП ḕ ♄ Ꞌ ӣ 6E ה ᴩ

Ϣ ♄ Ȳ Ӣ ֥ ᾼ ц

ᾼі ᵗ ȴ ᴯὑ ѬᾈЀȲ צ

ᾼӢ Ȳ ӢӇ ӣ› Ἤ ᴞᴩ ѻ

ҏȸɎ1ɏScratch for Arduino ȷɎ2ɏה

ӣȷɎ3ɏ ᾼҵ ₤Ȳṳ ϯі

Ӣ ȴ Ӣ֯ױ ◕Ӈ ҟἬ Ӣ ᾼ

῀ Ȳ צ Пѻ ѿɦױ֪ ɧⱢ

Ẃ Ὑ ◕Ϛ ◕ϡ 6E ᾼה ȴ 

♄ה .3.5  

ӐׁשṅП ḕ ♄ Ꞌѿ ה ᴩ

Ȳ Ḕ Ȳ ῏ Ṽ ӱ ᴩ

Ϣ ᵂ ᾼ Ȳ ῏ ὑ ᾼ ắ ȴ

֯ ◕Ϛ ◕ϡᾼḕ ♄ МȲ

Ԓ ᴩᵂ₇כὨṳ Ὑ ӭ в Ȳ

ᶙ₇כᾼ ᾎȲ Ӣ ᴞᴩ ᵂ

ᾼв Ȳױ ϯҟ Ӣ ᵂᾼ ᾓȲ

Ӣ ẞᵺ Ȳ ֮ ṳ Ӣ

ᾼ֮Ѡȴ ∟Ȳ ӢӇ ᴩᵂ₇כὨȲ צ ⁄

═ ᴩ Ӕȴ֯ ◕Ϯ Ȳ ẁ Ϣ

ᵂП Ȳ ϱ 6E Ϛה Ṽ ѻ ȳ

Ӑ ȳ╝Ṷ ὙḔ ᴩ ᾼ Ȳ֯

ᾼ МȲ Л Ӣᾼ Ȳ

ӢᴞӦ Ȳ ῏ Ӣ Ṽ ϱ Ἤ ᾼ в Ȳ

Ẕ ᵂᶙכȴ 

 ṅЏẓשׁ .3.6

3.6.1. ῶ 

PrintrichȳSmith McKeachie֯ ד1989 Ἤ Пɦ

ᾼ ῶɎMotivated Strategies for Learning 

Questionnaire, MSLQɏɧ Ӣᾼ ȴӐׁשṅ

ӣ в ῏ᵦ ֛ế ⱣὭɎ1992ɏ MSLQ

ῶ ᴩ Ȳṿ ӣὑ вṿӣȲ∟ שֵׁ

ṅӼ ὙẔẓצṏֻᾼ‒⇔ц ⇔ȴMSLQ ῶ Ҕ

ᵶ иȳכ иếכ ṅשиȲӐׁכ ѿ

иȳכ иⱢѻכ ȴẔМ ииכ

Ɫɦв֯ӭ ֣ɧȳɦҵ֯ӭ ֣ɧцɦЏᵂ

ɧϮ ֣⇔ȷ иϭиⱢɦכ ạ‒Ἐɧȳɦᴞ

ᶺ ɧцɦ ғɧϮכ ֣⇔ȴ Ẫ 75

ᴯгד Ӣ ᴩ Ȳ Ẫ ⇔ПCronbachôs Ŭ = .87ȴ 

3.6.2. ᵂ₇ и  

ᵂ₇ и ɎCreative Product Assessment Matrix, 

CPAMɏᾼ ἤɎNovelityɏȳ ḟѠ ɎResolutionɏ

ц ᵂ ֥ɎElaboration & SynthesisɏϮЄ╓ цϟ

╓װ ȴ ∟Ȳ Ӣ ῶᵂ₇כὨȲ Ὑᵂ₇ ᵂ

ᾼ Ȳ ⁄ ᵂᵂ₇ȳ в Ѐ

ᵫв Ȳѿ CPAM Ӣᵂ₇Ȳứ ѹ

ӣὑӐׁשṅПᵂ₇ и╓ ֽῶ 2ȴ 

ῶ 2 CPAM֣⇔ и  

֣⇔ ╓  и  

1. ἤ

ɎNovelityɏ 

1.1 ἤ

ɎOriginalɏ 

ᵂ₇ צ

ᾼ ₇Л֝ 

1.2ốἤ

ɎSurpriseɏ 

ᵂ₇ᵧ ҏ

Лẞᾼ

Ἠ Ὠ 

2.ḟѠ

ɎResolutionɏ 

  

2.1 ἤ

ɎValuableɏ 

ᵂ₇ ֥

Ḗ 

2.2 ἤ

ɎLogicalɏ 

₇Ṽ Ӕ

ᾼ ⁄ 

ӣἤצ2.3

ɎUsefulɏ 

ᵂ₇ẓצὙ

ᾼ

ӣ 

2.4Ҡ ἤ

ɎUnderstandableɏ 

ᵂ₇Ҡᴞᶺ

ṳὔὑ

 

3.W ֥

ɎElaboration 

& Synthesisɏ 

3.1Ӑ₇

ɎOrganicɏ 

ᵂ₇ᶙ ѹ

ᴩṏֻ 

3.2 ⇔

ɎEleganceɏ 

ᵂ₇֢֯Ѡ

ᾼ

⇔ 

3.3ṏֻњ

ɎWell-craftedɏ 

ᵂ₇֯

∟Ἤ

ẞᾼ Ṿ

⇔ 

 

3.6.3. ≈ כ Ẫ 

ѻ ӭᾼ╥ Ӣ в ῀ ᾼϠ Ȳ

Ҕ╗ ה ȳArduinoȳ ІаԈᾼ ӣȴṼ ῀

ᵅᴟװ иכ῀ ȳ῀ ῀ ӣȲԚ 25

Ȳḕ 1и иⱢ 25иȴ Ẫв צ Ϣ

ᾼᴔ ḂᴖכȲẓצ ‒⇔ ⇔Ȳ

Ẫ ⇔ПCronbachôs Ŭ = .70ȴ 

ṅשׁ .4 Ὠ 

4.1. ᵂ῀ כ  

Ӑׁשṅ Ϡ Л֝ ה ᵂ῀ כ сП

Ȳ֪ױ ӣԚ иέ ᴩѩ ȴṼ Ԛ иέ

ᾼ Ӑ Ȳ Ԓ ᴩ … ֝ ἤᴕ ȴṼ

֝ ἤᴕ ὨҠ῀Ȳ в … ֝ ἤᴕ Ὠ

ӑ Ѭ ɎF = 1.60Ȳp = .21 > 0.05ɏȲῶӱẒ

ᾼ ȲᵛῶӱԚ֝ד Ɏ ᵂ῀ כ ›

и ɏ Ṽ Ɏ ᵂ῀ כ ∟ и ɏП ᾼ

…Л ֪Ɫᴞ ֢ Ѭ ᾼЛ֝ᴖצἬ Ȳ

֥Ԛ в … ֝ ἤ ứȲҠ ᴩԚ

иέȴ 

Ԛ иέ Ὠֽῶ 3Ȳ › и ∟ и П

∟Ȳ֢ П ᾼ ẞ Ѭ ɎF = 9.85Ȳp = 

0.003 < 0.01ɏȲ ӱЛ֝ Пה ᵂ῀ כ

си ẓ ȴӐׁשṅ ϚḔ Ὠ

ɎEffect sizeɏѹṼ CohenɎ1988ɏц CohenɎ1994ɏ

ᾼ∂ Ȳ.01< Ǽ2 Ò .06Ɫᵅ⇔ Ὠ Ȳ.06< Ǽ2 Ò .14
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ⱢМ⇔ Ὠ ȲǼ2 > .14Ɫ ⇔ Ὠ ȲӐׁשṅ Ἤ

П Ǽ2 = .13Юὑ.06 .14ȲⱢМ⇔ Ὠ ȴ 

 

ῶ3 Л֝ ֯ה ᵂ῀ כ ПԚ иέ 

ẃ  

ӂѠ

ế 

ᴞ

Ӧ

⇔ 

ӂᶁӂ

Ѡế 
F p Ǽ2 

ᵑ 85.70 1 85.70 9.85** .003 .13 

 582.98 67 8.70    
**p < .01 
 

4.2. ≈ כ  

Ӑׁשṅ Ϡ Л֝ ה ≈ כ сП

Ȳ֪ױ ӣԚ иέɎANCOVAɏ ᴩѩ ȴṼ

Ԛ иέᾼ Ӑ Ȳ Ԓ ᴩ … ֝

ἤᴕ ȴṼ ֝ ἤᴕ ὨҠ῀Ȳ в … ֝

ἤᴕ Ὠӑ Ѭ ɎF = 2.17Ȳp = .15 > .05ɏȲ

ῶӱẒ ᾼ ȲᵛῶӱԚ֝ד Ɏ ≈

כ › и ɏ Ṽ Ɏ ≈ כ ∟ и ɏ

П ᾼ …Л ֪Ɫᴞ ֢ Ѭ ᾼЛ֝ᴖצἬ

Ȳ ֥Ԛ в … ֝ ἤ ứȲҠ

ᴩԚ иέȴ 

Ԛ Ὠֽῶ 4ἬӱȲ › и ∟ и П

∟Ȳ֢ П ᾼ ẞ Ѭ ɎF = 14.75Ȳp 

< .001ɏȲ ӱЛ֝ Пה ≈ כ с

и ẓ ȴӐׁשṅ ϚḔ Ὠ ɎEffect 

sizeɏѹṼ CohenɎ1988ɏц CohenɎ1994ɏᾼ∂

Ȳ.01 < Ǽ2 Ò .06 Ɫᵅ⇔ Ὠ Ȳ.06 < Ǽ2 Ò .14Ɫ

М⇔ Ὠ ȲǼ2 > .14Ɫ ⇔ Ὠ ȲӐׁשṅ Ἤ

ПǼ2 = .18Єὑ.14ȲⱢ ⇔ Ὠ ȴ 

 

ῶ4 Л֝ ֯ה ≈ כ ПԚ иέ 

ẃ  

ӂѠ

ế 

ᴞ

Ӧ

⇔ 

ӂᶁ

ӂѠ

ế 

F p Ǽ2 

ᵑ 87.87 1 87.87 14.75*** < .001 .18 

 399.30 67 5.96    
*** p < .001 

 

4.3. ᵂ῀ כ  

Ӑׁשṅ Ϡ Л֝ ה ᵂ ϩц֢и ῶ

Ȳ֪ױ ӣ иέ ᴩѩ ȴ иӦׁשṅ῏

ц ӣ ᵂ₇ и ɎCreative 

Product Assessment Matrix, CPAMɏ ᴩ Ӣᵂ₇ᾼ

иȲ ᴩ иέṳ ὨȲ ṅשׁ ᵫȴ 

ῶ 5 ᵂ ϩ иέ ứῶ 

ᵂ 

ϩ 
ӂѠế ᴞӦ⇔ 

ӂᶁ 

ӂѠế 
F p Ǽ2 

и 

 101.20 1 101.20 5.34* .02 

.55 в 1288.67 68 18.95   

ԓ  1389.87 69    

*p < .05 

Ṽ ῶ 5П ὨҠ῀ȲẒ Ӣ֯ ᵂ ϩ

иϱצ ȴӐׁשṅ ϚḔ Ὠ ɎEffect 

sizeɏȲ CohenɎ1988ɏПׁשṅȲ֪ ᵂ ϩиέ

ⱢẒӕ ӂᶁ Пѩ Ȳ Ὠ ЄЊ⁄Ӧ Ǽ2 ᴩ

Ὠ ᵒ ȴ.20 < d Ò .50Ɫᵅ⇔ Ὠ Ȳ.50 < d Ò .80

ⱢМ⇔ Ὠ Ȳd > .80Ɫ ⇔ Ὠ ɎCohen, 1988; 

Cohen, 1994ɏȲӐׁשṅ֯ ᵂῶ иɎd = .55ɏⱢМ

⇔ Ὠ Ȳ֪ױ ϚḔ ᴩϱ ᵂ ϩᾼṶ∟ѩ ȴ 

5. ∂  

Ӑׁשṅ֯ס Л֝ Ɏ6Eה ȳה

ɏה Њ ד Ӣ֯ Ϣ ᵂ ῏

ȳ כ ц ᵂ ϩП ȴ

Ȳ Ϣ Мѩ Ϛ ᾼ Ӣצ

ֵᾼ в ȲЛҬצ ᵂȲ צ ה

ІаԈᾼ῀ ȴ ПҵȲױ ᵂ♄ ᾼҒϤϷⱢ

в Ḇ Ȳ ӱ Ϣ ᵂ с Ӣᾼ

ȴᴖ 6E ∂ѿה ѻ ᾼ ⱢѻȲ ẁϚ

ѿ ῏ⱢМїᾼ Ȳṳה ᾼᵧ

ц ᵂ ᾼ ї Ἐȴ ῏ ắ 6E ה ᴩ

♄ Ȳ ᴞṝ≈ᴕ∟Ȳ ᾼв ה Ἐ

ᵂ῀ воכ Ϣ ῀Ȳ֯ ≈ ᾼ Ȳ

Ӣ צ ᾼ ≈ᴕ ӣᴟ ה ₤ȴ Ϣ

Ṏ Ҡ Ғ Ӣ֯ ≈ ϱᾼ ϩȲד ὑ

ᾼה Ȳ Ϣ Ȳ

Ӣ Ḇ ᾼ ≈ᴕ ϩȴ֪ױӑẃ

Ϣ ṎȲ֯ Њ ◕ Ở Ӣ ≈ᴕᾼ ϩȲ

Ϡ ה ṕѿц ╥ֽᴶӔ ᴩ╓҆ṳ

ḟ ȴӉ Пדּ ᾼ ѿц∂Ӵ Ԛ ᾼ Ȳ

Ӣ֯ ד ῀ ҠѿḆҒ ї њȴӑẃ

ᴿ ה֣ ᾎἨѻ ה ᾎȲẃҒ

Ӣ ὑ ӣ ᾼדּ ♄ἤѿц ӣἤȴ 

6.  

Ṏ Ṏ ᵗ Є

ɎNTNUɏ דּ ṅМїȳשׁ ѝ ṅשᶾׁדּ

Мїȷ ᶾדּ ṅשׁ ȲMOST106-2511-S-

003-019-MY3 Ȳ MOST106-2622-S-003-002-CC2 Ȳ

MOST106-2511-S-003-049-MY3 Ȳ MOST107-2622-S-

003-001-CC2 Ȳ MOST107-2511-H-003-046-MY3 Ȳ

MOST108-2511-H-656-001-MY2Ȳќ═Ӑׁשṅ ȴ 

7. ᴕѝ  

ὭṎ ếᵦӔБɎ2016ɏȴ ≈ МЊ דּ

ᶾ ȴ Ṏ Ȳ6Ȳ5-20. 

ӞЍȳ ế ′ᵷɎ2016ɏȴKolb 

ὑ М Ϣ♄ П ӣȴּדᶾ Ϣϩ Ṏủ

ґȲ 2Ɏ4ɏȲ1-16ȴ 

ȳ І ȳ╟ │ȳ´Ϲ ȳѵ ȳ

ế Ɏ2017ɏȴ ֥ ≈ П й

ẓὑ ᶧ ᾎᾼ כ иέȴ ּדᶾ Ϣϩ Ṏ

ủґȲ 4Ɏ1ɏȲ1-14ȴ 



 

127 

ἣῨȳὭṎ ế Ɏ2018ɏȴ ≈ ֣

ה -ѿ [ њᾲ ] о ה ⱢẂȴМ

ṎȲ 69Ɏ2ɏȲ127-141ȴ 

ἣ ế Ɏ2015ɏȴẒỴכ Ϣ Ṏᾼ ᾓ

ȴМ ṎȲ66Ɏ3ɏȲ37-59ȴ 

Arangala, C. (2013). Developing Curiosity in Science with 

Service. J. Civic Commit, 20, 1-10. 

Barr, V., & Stephenson, C. (2011). Bringing 

Computational Thinking to K-12: What is Involved and 

What is the Role of the Computer Science Education 

Community? ACM Inroads, 2(1), 48-54. 

Barry, N. (2014). The ITEEA 6E Learning byDeSIGNÊ 

Model. The Technology and Engineering Teacher, 73(6), 

14-19. 

Burke, B. N. (2014). The ITEEA 6E Learning ByDesignÊ 

Model: Maximizing Informed Design and Inquiry in the 

Integrative STEM Classroom. Technology and 

Engineering Teacher, 73(6), 14-19. 

Connor, A. M., Karmokar, S., & Whittington, C. (2015). 

From STEM to STEAM: Strategies for Enhancing 

Engineering & Technology Education. International 

Journal of Engineering Pedagogy (iJEP), 5(2), 37-47. 

Denny, P., Luxton-Reilly, A., Tempero, E., & Hendrickx, 

J. (2011). Understanding the Syntax Barrier for Novices. 

Proceedings of Conference on Innovation and 

Technology in Computer Science Education. New York: 

ACM, 208-212. 

Dewey, J. (1938). Experience and Education. New York: 

Macmillan. 

Feng, C. Y., & Chen, M. P. (2014). The Effects of Goal 

Specificity and Scaffolding on Programming 

Performance and SelfRegulation in Game Design. 

British Journal of Educational Technology, 45(2), 285-

302. 

García-Peñalvo, F. J. (2018). Computational Thinking. 

IEEE RITA, 13(1), 17-19. 

Giannakos, M. N., Divitini, M., & Iversen, O. S. (2017). 

Entertainment, Engagement, and Education: Foundations 

and Developments in Digital and Physical Spaces to 

Support Learning through Making. Entertainment 

Computing, 21, 77-81. 

Grubbs, M. E., Strimel, G. J., & Huffman, T. (2018). 

Engineering Education: A Clear Content Base for 

Standards. Technology and Engineering Teacher, 77(7), 

32-38. 

Heiner, C. (2018). A Robotics Experience for All the 

Students in an Elementary School. Proceedings of the 

49th ACM Technical Symposium on Computer Science 

Education. ACM, 729-734. 

Kafai, Y. B., & Burke, Q. (2014). Connected Code: Why 

Children Need to Learn Programming. Cambridge: MIT 

Press. 

Mavroudi, A., Giannakos, M., Divitini, M., & Jaccheri, L. 

(2016). Arenas for Innovative STEM Education: 

Scenarios from the Norwegian University of Science and 

Technology. Retrieved January 2, 2019, from 

http://stemeducation.upatras.gr/histem2016/assets/files/hi

stem2016_submissions/histem2016_paper_39.pdf  

Pappas, I. O., Aalberg, T., Giannakos, M. N., Jaccheri, L., 

Mikalef, P., & Sindre, G. (2016). Gender Differences in 

Computer Science Education: Lessons Learnt from an 

Empirical Study at NTNU. Proceedings of NIK 2016 

conference.  

Satterthwait, D. (2010). Why are 'Hands-on' Science 

Activities so Effective for Student Learning? Teaching 

Science: The Journal of the Australian Science Teachers 

Association, 56(2), 7-10. 

Swaid, S. I. (2015). Bringing Computational Thinking to 

STEM Education. Procedia Manufacturing, 3, 3657-

3662. 

Tan, P. H., Ting, C. Y., & Ling, S.W. (2009). Learning 

Difficulties in Programming Courses: Undergraduates' 

Perspective and Perception. Proceedings of International 

Conference on Computer Technologies and Development. 

IEEE, 42-46. 

Wing, J. M. (2006). Computational Thinking. 

Communications of the ACM, 49(3), 33-35. 

http://stemeducation.upatras.gr/histem2016/assets/files/histem2016_submissions/histem2016_paper_39.pdf
http://stemeducation.upatras.gr/histem2016/assets/files/histem2016_submissions/histem2016_paper_39.pdf


Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y.,  Looi, C.K., Milrad, M., Sheldon, J., Shih, 

J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (2019). Proceedings of International Conference on Computational Thinking Education 

2019. Hong Kong: The Education University of Hong Kong. 

128 

A Robotic Course Designed with CT 3D Model   
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ABSTRACT  

Based on the three-dimensional model of computational thinking including three dimensions of computational concept, 

computational practice and computational concept, this study designed a STEM course for robot learning, which was 

implemented in a robotics interest class of a junior middle school in Shanghai. Computational Thinking test (CTt) was used 

before and after the course, and the test results were analyzed and discussed. It is found that the robot course designed by the 

three-dimensional model of computational thinking plays a significant role in the development of students' computational 

thinking, but there are significant differences in the test results between the high-performance group and the low-performance 

group. This paper analyzes and discusses this problem.  
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computational thinking, course design, the three-dimensional framework, robotic course
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123ϱ ֿо Ṏ Џ ᶾ ṅМїȲМשׁ  

4 Є Ṏ דּ  Ɏᾬ ɏȲМ  

736523119@qq.comȲxqgu@ses.ecnu.edu.cnȲ313699389@qq.comȲ1042941425@qq.com  

 

 

Ӑׁשṅ ϹҔᵶ Ἐȳ ế ἘϮ

⇔ᾼ ≈ Ϯ ₤Ȳ Ϡ ӭה ᾼ

ϢSTEM ȲגϹϱ ӀϚ ῴМ Ϣ М

ᴩ ╟ȴ֯ ›֧ṿӣ ≈ ɎCTtɏ ᴩ›

֧ Ȳג Ὠ ᴩиέ ȴ Ϲ ≈

Ϯ ₤ ᾼ Ϣ Ӣ ≈ ᾼ

ẓצ ᾼᵂӣȲᴖ М Ӣ ȳᵅῶ

ὨἬ֯׀ᾼὙ ῶὙȲ ϚḔ֙ Ϡ Ϲ

≈ Ϯ ₤ ᾼ Ϣ ᾼᵂӣȲᵀϷч ҏ

֯ і ế♄ М Ḃ ᾼ ȴ 

ֿ 

≈ ȷϮ ₤ȷ ȷ Ϣ  

1. ›ṕ 

≈ ế ṅᾼЛשׁ Ȳ ϩ

Б ῏ṅשׁ ╥ ֿ ҅ᾼӇ ᶾ Ȳכ Ϡ Э

ῂ ₤ϢИᾼ ӭ ȴ Ϣ ╥ ≈

ᾼṏֻ ɎFagin & Merkle, 2003ɏȲ

Ӣ ȳạᵂȳ ȳ ӣế ϢȲ צ

Ẕ њ ᵂ ϩȲᶮכẔ ṏֻᾼ

ɎBlanchard, Freiman, & Lirrete-Pitre, 2010ɏȲה сẔ

᷅ᵒἤ≈ Ẕһ ≈ ϩ ɎChambers, Carbonaro, 

& Rex, 2007ɏȴ ᾼצ ֣ ≈ ế Ϣ ᾼ

ד ṅѻשׁ ϹЛ֝ד ◕ᾼ ╟ ӣ

ɎNorton, McRobbie, & Ginns, 2007ɏȳѿцד Џẓᾼ

 ɎKoh, Basawapatna, Bennett, & Repenning, 

2010; Seiter & Foreman, 2013ɏȲ Ϲֽᴶ צ ᾼ

♄ ṆȲѿ Ӣᾼ ἤ≈ Ȳ Ẕ

ϩế ≈ ᾼׁשṅ юȴ ϹױȲӐׁשṅ

ѿ Ϣ Ȳ צ ᾼ ♄ Ȳѿ

Ӣᾼ ≈ ȴ 

2. ѝ  

2.1. ≈ ᾼ Ἐц ▐ 
≈ ӦJeanette Wing Ɏ2006ɏנ ҏȲ ╥

ᵓӣ דּ ᾼ Ӑ Ἐ ȳ Ѡ ế

Ϣ ᴩ ᾼϚ ϩȴ ṅᾼשׁ ϤȲЛ֝

῏ế Ϛứ ᴩϠ оȲAho Ɏ2012ɏ Ẕ

о М цᾼ≈ ȷ Ṏᶾ

ɎISTEɏế דּ ɎCSTAɏ Ẕ

ꜜứ Ҕ╗ᶮ о ȳ ếиέ ȳᵧ ȳ

иέ Ѡ ế ӣ Х ᾼ ◕

Ɏ International Society for Technology in Education and 

The Computer Science Teachers Association, 2011ɏȴ

≈ ᵂ ᾼϚ ếѠᾎȲ

ᵗ оȲ Ѡ ☼ оȴ Ϡ╓ ד

♄ ᾼ Ȳѿ Ӣ֯♄ Мᾼ ≈

ϩȲּר ע Џ ⅍ɎMITɏ ṝӃ

ϣ ṅЊשׁ ɎLifelong Kindergarten Groupɏ ҏҔᵶ

Ἐȳ ế Ἐ ɎBrennan & Resnick, 

2012ɏϮ ⇔ᾼϮ ▐ȴ ▐ᴖṕȲẔ֢

⇔ᾼꜜứ ᶺ Ἤ ῀ᾼ‒ ᶾ ῀ ᶾ ȳ

Ѡᾎȳ ⇔ ᾼϮ ӭ ד ᴿ

Ɏѵף Ȳ2014ɏȲ֪ᴖ ᾛ ӣϹד ≈

ᾼ♄ Мȴ 

≈ ᾼϮ ▐ Ӧѿϯ и  ȸכ

ἘɎComputational ConceptȲ╓ ῏֯

Ἤṿӣᾼ Ἐɏȴ 

ῶ 1 ἘҔᵶᾼ Ἐế  

Ἐ      

ᶧ ᶙכϚ ԉ ᾼϚṆԝḔ

 

 ᴩ֝דᾼ ᶧֵװ 

ᴩ ṿֵԈṶג ֝ Ӣ 

ṶԈ Ϛ ṶԈ ‚ṿҫҵᾼṶ

Ӣ 

Ԉ Ԉᵂҏ  

 ќ═ ế ῶ  ה

׀  ȳ ếḆ  

ɎComputational PracticesȲ╓ ῏֯ М

Ἤ ᾼ ɏ 

ῶ 2 Ҕᵶᾼ ế  

      

ế  
Ԓ Ϛ Ȳ ֧Л Ȳ

ԛ Ḇֵᾼ и 

ế  
’Ҡѿ ᴩȲג ế Ӕ

 

ԛᵓӣếԛ ᵂ 
֯ ϢἨᴞАБᶙכᾼᵂ₇

ϱ ∂ ᵂ₇ 

Ἴ ế о 
᷂ḆЊᾼ Ԉ ֥֯Ϛ

∂ḆЄᾼᵂ₇ 
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ἘɎComputational PerspectivesȲ╓ ῏ᶮכ

ᾼצ ҃ ṝ ѷꜜế҃ ᴞАᾼ Ἐɏ 

ῶ 3 ἘҔᵶᾼ Ἐế  

Ἐ      

ῶ  ẞ ╥ ᵂᾼ ЮɎᶺ

ᵂɏ 

Ṇ ẞᵓӣế ҃Ϣ ᵂᾼϩ

Ɏ ᶺ Ẕ҃Ϣ Ṇᾼ ᶺ

Л֝ᾼṶ ɏ 

 С ҏצ ѷꜜᾼ

ᾼ ϩ 

2.2. STEM Ṏ Ϣ  

STEM דּ╥ ɎScienceɏȳᶾ ɎTechnologyɏȳ

Џ ɎEngineeringɏế ɎMathematicsɏҳ דּ

ᾼ Ȳ╥Ϛ דּ ᾼ ȴ֢

ạứד ╜ ᾎ Ȳѿќ═ Ṏ Ἐᾼ ȴֽ

 K-12 ◕ STEM Ṏᾼɞ ȸ Ϡ

רּ ӑ ᾼ K - 12 ּד ȳᶾ ȳЏ ế Ṏɟ

ɎExecutive Office of the President, 2015ɏ╜ ѝԈȲế

רּ ᶾỗדּ  ɎNSTCɏ ֥Ẕ҃ד

Ӂᾼɞ ṩ STEM ṎХד ֒ɟ ɎThe White 

House, 2013ɏ ȴSTEM דּ ֥ȲЛ Ӣ

ד ῀ ếᶾ Ȳ ᴩ ♄ ӣѿ

ѷꜜᾼ Ȳ Ẕ ἤ≈ Ɏᵇ ◙ế Ȳ

2015ɏȴ 

Ϣ ╥Ϛ ẕ₤ᾼSTEM ֥ Ȳ╠Ҕᵶ

ȳ І ϤהṆ ד ῀ ȲϷ ᵶЏ

ѿц ד ἘɎFlot et al., 2016ɏȴ

Ϣ ᾼ ȲЛ ӢϠ ᶾ

ᾼ ȲϷדּ Ӣ ȳ ᵂȳ

ϩ ẁϠӂүɎѵ ȳ Ὥếׄ

Ȳ2017ɏȴ Ϣ ♄ ϷѿẔ ᾼצ ӻϿדּ

֥ἤế ᵂἤȲ ╥STEM Ṏ Ἐᾼ

ȲᵮіϠד ṅ῏ᾼשׁ ᾛ ᾃȴׁשṅ῏

STEM Ṏ Ἐ Ϣ ᴩ ֥Ȳ ṅ Ӣ

֯♄ Мᾼ ϩ с ɎḌ ế Ȳ

2014ȷ ṃ ế ₫ Ȳ2015ȷ Ȳ2016ɏȴ

ṅשׁ МȲ Ϡ Ϣ М ♄

STEM Ṏ Ἐᾼ╣ ṆȲג ϠҔᵶ ȳ

ᵂȳ ӣȳ ♄ ᾼ Ȳᵀ֯ ӭ ϱȲḆ

ᾃ Ӣ ϩȳ њ ϩȳ

ϩ ֥ ϩȲϚứ ⇔ϱἕ Ϡ Ϣ Ӣ

≈ ᾼ ȴ 

2.3. Ϣ ≈  

Ϣ ᾼ ֯Ϛứ ⇔ϱ ϱ ≈ Ϯ

▐Ἤ ᾼ ᵂ Ἤᵭ֥ȴ Ӣ֯ ế ∂

Ϣ ᶧ МȲצ ԉ ᾼ ᶧế о

Ɏ Danli, Tingting, & Zhen, 2014ɏ Ȳ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

ӣד ếῶ Ȳה ṶԈ֯ד Ԉϯ

 ɎBers, Flannery, Kazakoff, & Sullivan, 2014ɏȳגᴩ

Ἠ ȷ Ϣ ᶧȲ ᴩד ᾼԛ

ᵂế ֥ ɎBers et al., 2014ɏȷ Ϡ Ϣᾼ ӣ

ἤȲ Ӣ Ϲ Ȳ Ϣ ế

ᶧ ҵ ᾼ ṆἤɎVoogt, Fisser, Good, 

Mishra, & Yadav, 2015ɏȴׁשṅῶὙȲṿӣ Ϣ

ᴩ ≈ צ Ӣᾼ Ȳ с

Ẕ  ɎFagin & Merkle, 2003; Linder, Nestrick, 

Mulders, & Lavelle, 2001ɏȲ‚ Ӣᾼ ϩȳ

ϩᾼ  ɎSullivan & Bers, 2016ɏȴ 

ϱҠ῀ Ϣ Б כ Ϡ ≈ ᾼ

Ȳѹắẞׁשṅ῏ᾼ ᾛ ᾃȴ ṅѻשׁצ

ᾃ Ϲ ≈ ᾼ Ϣ ᾼ ӣế Ȳ

ֽ SullivanɎ2016ɏ Ϣ іϤ ›Ӄϣ ȷ

Chen ṅ῏Ɏ2017ɏשׁ ϠϚ ᴷХד Ӣᾼ

≈ ЏẓȷChalmersɎ2018ɏ ṅϠ Ϣ

♄ ᾼ ȴ ᴖ Ϲ Ϣ

ᾼẓ ☼ ế ╟ Ȳѿќ═צ ᾼ

Ӣᾼד ṅשׁ юȴ ϹױȲӐׁשṅѿ ≈

ᾼϮ ₤ᵂ ▐Ȳ ϠϚṆԝ Ϲ ӭ

ᾼ Ϣ Ȳѿ Ӣᾼ ≈ Ȳג Ӣ

ᾼ ≈ ᴩ ᴷȴ ѻ ᾼׁשṅ

ֽϯȸ 

Ɏ1ɏ ϹϮ ₤ᾼ Ϣ ╥ᵡ

Ӣᾼ ≈ ȹ 

Ɏ2ɏ ϹϮ ₤ᾼ Ϣ МȲ Ӣ ≈ ᾼ

ắ ṷ֪ ᾼ ȹ 

 ṅѠᾎשׁ .3

3.1. Ϲ ≈ Ϯ ₤ᾼ Ϣ  

֯ Ϲ ≈ Ϯ ₤ᾼ Ϣ Ӕה ỞП›Ȳ

Ӣ Ғ 6 ᾼ ȴ֯ ṷ М Ӣи

Ϡ Ϣᾼ Ѡᾎȳ Ϣᾼ Ѐếἷ

ᾼ Ѡהȳ ᶮо ԈɎӦ Ϣ ᾼ

Scratch ᴿᾼὈ╒ ᾼ Ԉɏ ᾼṿӣѠ

ᾎѿцֽᴶ Ϣ ẞ ג ֻᾼ ạ

ᶧϯ ẞ Ϣ ᴩ ạȴ 

֯ иᾼ МȲ צ Ӣ ᴩ Ѡ ᾼ Ȳ

і Ӣ Ԉ ᴩ ᾼ ȴ 

Ϲ ≈ Ϯ ₤ ᾼ Ϣ ҔᵶϠҳ

ֻᾼ ӭếϚ Ӣᴞѻ ᶙכᾼ ӭȴҳ

ֻᾼ ӭ ȸ ạ Ϣ ȳ ȳҠ

ԏ ȳᴞ ȴ ҳ ӭ ᴩ Ȳ

Ԓ ӭ ᶙכᾼᵂ₇ἬҔᵶᾼ ἘȲᵛ

Ӣ֯ ӭ ạ Ӈ ᾼ ῀

ᴩ Ȳג ҳ ӭи ὊиכϠϦ Л֝ᾼЊ

ԉ ȴ֢ ӭМЛ֝ᾼԉ ҔᵶϠ МЛ֝

ᾼ ȴ 

ҳ ӭМג‍ḕ ӭ ҔᵶἬצ Ἐᾼ

ế ᾼ Ȳᴖ╥ ᶧ ҒҔᵶḆ

ֵᾼ Ἐȳ ᾼ ӭԉ ȴֽ ạ Ϣ

ӭМҬҔᵶ ᶧȳ ȳ ᾼ ἘȲ

ϡ Ϣ ӭМҔᵶᾼ›Ϯ ԉ ҒϠṶԈȳ
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Ԉȳ ᾼ ἘȲ֧ ԉ ҔᵶϠԓ ᾼ

ἘȴҠ ԏ ȳᴞ ӭМЛ֝ᾼ

ԉ ȲҔᵶϠ 7 ἘМ Ἤ ӣẞᾼ

Ἐȴ 

ῶ 4 ԉ ≈ ₤М ӭᾼ Ṇ 

* Ἐᾼϝ ӭ C1-C7, ᾼҳ ӭ

Pra1-Pra4, ἘᾼϮ ӭ Per1-Per3 

ḕ ӭМЛ֝ᾼԉ ᴩ Ȳ ӢἬ ᶙ

ᾼכ ӭ ≈ Мҳ ᴩ֥ ᾼ

ȴֽ Ӣ֯ ӭМȲԚ ᶙכХ ԉ ȴ

Ϛ ԉ ╥ ậ Ȳ ᴩ ế

ᾼ ȷ ϡ ԉ М Ӣ ứ֥ Ȳṿ

ạ ‐ Ȳ֯ ᴩ ế

ᾼ ȳԛᵓӣế֯ ᵂᾼ ȷ ֧Ϯ ԉ

ὁњ Њ › ȳ ὁњ ạЊ › ế

Ѧȳ ὁњ ạЊ ֝╥‐ Л֝ᾼ╓ӱ Ȳ

Ӣ ᴩ Мᾼԓ ȴ 

Ӣ Ἐᾼ Ϡ֯ Ӣ ᴩ ӭה ᶙ

Л֝ԉכ ᾼ М Ȳ֯ МϷ

Ϡ ♄ Ӣᾼ Ἐ ᴩ ȴֽ֯ҳ

ӭᾼ Ở ◕Ȳ֣ ӢЮ ӭᵂ₇ᾼ ӣ Ȳ

і Ӣ ế֫ ֽᴶṿӣ ᴩ ᵂȲ

Ӣῶ ᾼ Ἐȴ֯и ᾼ♄ МȲ ӢФד ᵂᶙכ

ԉ Ȳ Ӣ Ṇᾼ Ἐȴ֯ Ӣᶙכᵂ₇ Ȳ

ế ӱ♄ Ȳ Ӣ ᾼ Ἐȴ 

Ӣᴞѻ ᶙכ ӭᾼ иȲ і Ӣ ᴩѿ

ϯ ᾼ ♄ ȸ Ӣи ҏ Ϣ

ᾼ Ȳ Ӣ֯ ╓ ϯ ᴩ ᴩи Ȳ

ᾼ☼ Ȳ ᵂᵂ₇ ₤Ȳ ᵂ₇ ᴩ

ḂȲ и ӱᵂ₇Ɏֽ 1ɏȴ 

3.2. Ӣ 

ṅᾼשׁ Ӣ ϱ ӀϚἬМ ᾼ ӢȲԚ 17֤

Ӣ Ϡᶺ ᾼ Ϣ ȴ֪ ᾼ

Ӣ┬ ȲἬѿ֯ἤ ếד Ѡ צ ạȴ

ᾼ ӢМצḽӢ 16֤ȲЅӢϚ֤Ȳгד 8֤Ȳ

ϝד 9֤ȴ 

ԓ ᾼ Ӣ ẞϠ Ϣ ᾼ МȲắẞ

֮ȳ ế Ϣ ᾼ ạȲ҃ иכϝ

Ȳḕ 2-3Ϣ ᴩ ȴḕ ӢԚ֝ṿӣϚү

ếϚ Ϣ Ԉ ᴩ ȴ 

Ϲ ӭᾼ Ở›ȲἬצ Ӣ ҒϠ 6 ᾼ

Ȳ Ϣ Џẓᾼṿӣế Ϣ ᾼ

ӐѠᾎȲѿц ᶮо ֽᴶ ẞ ϢМȴ֯

Ϯ ᾼ П֧Ȳ Ӣ ᴩϠ› Ȳ֫ן

ϠԚ 17Ԍ› ȴ 

֯Ἤצ Ӣᶙכ Ϲ ӭᾼ Ϣ ֧Ȳ Ӣ

ᴩϠ֧ ȴӦϹצ ֤ Ӣ צ ᶙ֧כ ӭȲ

צᾼן֫ ֧ 15Ԍȴ 

3.3. ӣϹ ᾼ Ϣц ạ Ϣᾼ Ԉ 

Ӑׁשṅ ᾼ Ϣ ṿӣ їạᾬɎMakeblockɏ

еҨᾼϚ Њ Ϣ mbotȲג ϠϚṷἷ ᾼ

Ԉ ֽRGB LED ȴЊ ϢmbotҔᵶϚ

צ USB Ѐếҳ ἷ Ѐᾼ ạὰ mCoreȳ

᾿☼ ȳϚ ᾌ ȳϚ ṥ ȳ

ȳ ▐ Ԉц ȳ ДɎֽ 2ɏȴἷ

Ԉ Ҡӣ ẞ Ϣѻ ὰϱȴ 

ӭ ԉ  
≈

₤ᾼ ӭ*  

Ϣ

 

‐ ‒  
C1, C2, C7, Pra1, 

Pra2, Per1 

Ṽװ‐  
C1, C2, C7, Pra1, 

Pra2, Per2 

Ϥ‒ ‐

 

C1, C2, C5, C7, 

Pra1, Pra2, Per3 

 

⇔ C1, C2, C7, Pra2 

ạ╓ӱ

ᴥế‐⇔ 

C1, C2, C4, C5, 

C6, C7, Pra1, 

Pra2, Pra3 

 

ὁњ Њ Ȳ

Њ ›  

C1, C2, C4, C5, 

C6, C7, Pra1, 

Pra2, Pra3 

ὁњ Њ ᾿ᴩȲ

Ȳᵸẞὁњ

֧ Ȳ֝

 װ2

C1, C2, C3, C4, 

C5, C6, C7, Pra1, 

Pra2, Pra3, Pra4 

ᴞ

 

иέЊ ᾼЏᵂ

ɎἼ ∂ ɏȲ

ᾌ ẞȲ

LED‐ Ȳ Ӊ

Ȳ ϤȲ ∕

הּ Ȳ

ֿɎ ᴯɏ ϚȲ

0ȲLED Ȳ

Л  

ALL  

1 Ӣᴞѻ ᶙכ ӭ ☼  

2 Њ Ϣ mbot  
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ạ Ϣцἷ Ԉᾼ ᶮо Ԉɶ

ɎmblockɏɷӦ їạᾬеҨᵍ ẁȲ╥Ϛ Ϲ

Scratch ᾼȲṿӣѠᾎ ScratchϚ ᾼ Ԉ

Ɏֽ 3ɏȴ 

3.4. ᴷЏẓ ᴷѠᾎ    

ҵБצᾼѝ ᴩϠ ᾼ ϱ Ȳ֯

≈ ᾼứ ếֽᴶ һᾼ ϱȲ ῏ ג צ

Ԛכ Ȳ Ϸ Ӑ ṅשׁ ҒϠϚứᾼ ⇔ȴ

БשׁצṅМ ῶᾼ ế ѩȲӐ ӭ

ứ   ӣ ɶ Which cognitive abilities underlie 

computational thinking? Criterion validity of the 

Computational Thinking TestɷϚѝМᵂ῏ ӣᾼ ≈

ɎCTtɏᵂ ЏẓɎRomĠn et al., 2016ɏȴ

ѝ цẔ CTt ѝȲ֪ױӐׁשṅ Ẕ ᴩϠ

֧ Ḃṿӣȴ 

Џẓ Ϛ ἤ╓ ᾼҠ ἤ Ζ=0.793å0.8Ȳ

Ҡѿ ╥ẓצṏֻᾼҠ ἤȴ Џẓᾼׁש

ṅ῏ Џẓѻ ╥ 12 ᴟ 14 ᾼᴫ Ѳ Ӣ

Ɏ7ד ế ד8 ɏȲЛ ֝ ϷҠѿӣϹ ᵅ

ᾼד Ɏ5ế ד6 ɏế ד Ɏ9ế ד10 ɏȴ

Ӑׁשṅᾼ ӢɎ6ד ד7 ɏ Ӑᵭ֥ȴ 

ЏẓԚ 28 Ȳḕ ҳצ Ȳ

Ӣᶙכ 45и ȴ 

ṿӣ Џẓ Ȳ› ᶧ┬ CTt צ ᶧ ᴩ╟ Ȳ

֧ ṮѦ Ӣ ӭ ὨȲ֯ ӭ

Л Ḇᾼ ϯ ӭᾼ ᶧѿц ᾼ ᶧ ᴩ

Ϡ ȴ֯ и Ȳ┬ Ϛ 1и ᴩ ȴ 

֯ МȲ Ӣᾼ ᴩ Ȳи

Ӣᵸ ȳ ṕ ȳ֥ᵂ ế

ԉ ᶙכ ᴩ иȴג Ӣ ῶ

Ӣи ῶ ếᵅῶ ȴ ᾼן֫ ᴷ Ȳ

Ԛצ ῶ Ӣ 8֤Ȳᵅῶ Ӣ 7֤ȲԚ 15֤ȴ 

ῶ 5 Ӣ  

ӭ A  B  C  

ᵸ

 

ϱ ᵸ

Ȳᵂ

Ȳ

⇔  

ϱ ᵸ

Ȳᵂ Ṽ

ᶙכȲצ

 

ϱ їᵸ

Ȳ ѥ

ӻᵂ Ȳ

ю  

ṕ

 

ậ

ṕȲ

ӻ

☼  

ṕȲ

צ

ӻ☼ 

−ю ṕȲ

ю

ӻ☼ 

֥ ᵂ

 

Ϲ Ф ד ֥

ᵂȲЊ Ὑ

иЏἨ῏Ԛ

֝ ᵂ 

Ф֥ד

ᵂȲ ắ

Ϣᾼ  

ЛФ֥דᵂ

ꜙᴟҏ Ӯ

 ל

ԉ

ᶙ כ

⇔ 

ᶙԓᶙכ

Ӂ ᾼԉ ג

֯ἷ ԉ М

ҏᴞАᾼ

ᴥ 

ᶙכ Ӂ

ᾼԉ  

Л ┬ ᶙ

כ Ӂ

ᾼԉ  

4. Ὠ  

4.1. ϹϮ ₤ᾼ Ϣ Ӣ ≈ ᾼ
с 

ḇ֧Ȳṿӣ SPSS Ԉ Ἤצ Ӣ ≈

ɎCTtɏ Ὠ ᴩ T Ȳג Ȳ Ὠֽ

ῶ 6ȴ 

ῶ 6ԓ Ӣ›֧ T Ὠ 

CTt t p Effect Size
Ɏdɏ 

›֧  -2.671 0.018* 0.736 

*.ῶӱ֯ 0.05 Ɏ ᶠɏȲד ἤ  

ῶ 6М Ҡ῀Ȳԓ Ӣ֯ ϹϮ ₤ᾼ

Ϣ ֧Ȳ ≈ ᾼ›֧ ῶ ẓצ

ἤɎp=0.041ɏȲѹ ѩ Ɏdå0.74ɏȴ 

ᾼ Ȳ֯ ạ Ϣ ế

ᾼ ӭМȲ Ӣ ṿӣ ᶮо ạ Ϣ ѩ

Л Ȳ֯ ῴ ᴕ ӱᾼӱ ҅ И ᶙ

כ ӭȴ ӭᾼ҅ ᾎϷ ẁᾼӱ Ѡᾎ

ӐϚ ȴ֯Ҡ ԏ ȳᴞ ӭМȲ

Ӣ ṿӣ ᶮо ạ Ϣ Ȳ֯

ᶙכԉ ֧Ȳᵛ ᴞᴩ ᶙכ Ӑᾼԉ

Ȳ֯ᶙכἷ ԉ ȲИ ᴩ ϚḔ

ᾼ╓ ȴѹ֯ ֝Ϛғ Ȳ Ӣ Л֝Ϲ

ẁᾼ ≈ ȴ֯ ֧ Ӣᴞᴩ ӭ

ᾼכᶙג Ȳ Ӣ֯Л֝ᾼи МϷ ҏϠЛ֝

Ϲ МӱẂᾼᵂ₇Ɏֽ 4ɏȴҠѿ Ȳ֯ᶙ

כ ϹϮ ₤ᾼ Ϣ ֧Ȳ Ӣ ᾼ ≈

ẞѩ ֻᾼ сȴ 

 

 

 

3 Ԉꜜ  
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4.2. МᾼЛ֝ῶ ≈ ᾼ  

ṅ М ṷ֪ Ӣᾼ ≈ ӢϠ

Ȳ Ԓ Ӣᾼ ῶ ᴩ ᵅῶ ֒иȴ

֯֒иῶ ֧Ȳ Ӑᾼ Ӑ юȲ╝

и ᵅῶ ᾼ Ӣ ≈ ɎCTtɏ›֧

Ὠи ṿӣ SPSS Ԉ ᴩWilcoxon Ȳ ἤ

ῶ 7ȲWilcoxon Ὠ ῶ 8ȴ 

ῶ 7М Ҡ῀Ȳ ȳᵅῶ Ӣ֯ ϹϮ

₤ᾼ Ϣ ֧Ȳ ≈ ᾼ›֧ ῶ ׀

֯Ὑ ᾼ ȴ 

ῶ 8 ȳᵅῶ Ӣ›֧ Wilcoxon ὨМ

Ҡ῀ Ӣ ≈ ›֧ Ὠ ἤᾼ

Л֝ȴ 

ῶ 7 ȳᵅῶ ›֧ Ὠ ἤ  

 Ӣ

Ɏnɏ 

› >֧  › =֧

 

› <֧

 

ῶ

 

8 1 1 6 

ᵅῶ

 

7 3 1 3 

 

ῶ 8 ȳᵅῶ Ӣ›֧ Wilcoxon Ὠ 

CTt 

ῶ  ᵅῶ  

Z p Z p 

›֧  -2.120a 0.034* -0.106b 0.916 

*.ῶӱ֯ 0.05 Ɏ ᶠɏȲד ἤ  

a. Ϲ  

b. ϹӔ  

ῶ Ӣ›֧ ῶ ẓצ ἤɎp=0.034ɏȴ 

ᴖᵅῶ ӢȲ иέ Ὠ Ȳכ ҃ ᾼ›֧

ῶ Лẓצ ἤɎp=0.916ɏȴ 

ȳᵅῶ Ӣ֯ ϹϮ ₤ᾼ Ϣ

֧Ȳ ≈ ד Ὑ Ȳ Ϛứ ⇔ϱ Ȳ

Ӣ ᾼ ג ᶙכԉ ế ӭȲ

ᵗϹẔצ╥ ≈ ᾼȴᴖ ῶ Ӣ ≈

ᾼ сȲӼ Ὑ Ẕצ Єᾼ ᵗȴ и

έᵅῶ Ӣ ᴶ ≈ сЛ Ȳ Ὠ

Ὑ ῶ Ӣ Ȳԛװ ӻ☼

╟ Ȳג▲ Ẕ Ȳѿиέ ȳᵅῶ

Ӣᾼ ╥Ӧ Ӑṝ Ȳכ ╥ӦẔ҃ ֪

 ȴכ

4.3. Л֝ῶ ≈ ᾼ ֪ 

ӻ☼ג▲ Ẕ Ȳ ᵅῶ

Ӣ֯ М֯׀ѿϯ ȸ 

צ.1 Њ МȲ╠֯׀ ῶ ᾼ ӢȲӼ֯׀

ᵅῶ Ӣȴ֯ᶙכ ӭ Ȳ֯֝Ϛ Њ Мᾼ

ᵅῶ ӢṼ ῶ Ӣ ᴩ Ȳ

юϹ ῶ Ӣȴ 

Ϛצ.2 Њ МϮ֤ Ӣᶁ ᵅῶ ӢȲ֯ᶙ
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ABSTRACT  

The instructional design of this study is based on the learner center approach. We advocate the development of learning 

activities by the 6E model of inquiry learning, including engage, explore, explain, elaborate, enrich, evaluate. The framework 

of learning tasks were project-based design by using IoT sensor technology and visual programming language. Through 

integration of health and physical education, mathematics, science and technology, computers and integrative activities, we 

have designed a cross-domain inquiry context, the data analysis and statistical charting of the weather factors in the campus 

environment, to promote the collaborative learning and computational thinking of primary school students. This study 

specifies the connotation of the complete instructional design and learning tasks of computational thinking, and summarize 

the key points of design principle are authentic, useful, experiential, and visual. 
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ӦϢЏ ȳ Ϣ ∂ᶾἬדּ ᾼϢ ӑẃӢ
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ה ῀ Ẕ ӣ и Ȳ ὑ ῀ ᾼ

ȳứ Ȳ ѽ ẁ ῏ ӣ ṷ῀ ѿ

ḟѡ Ӣ♄МἬ ᾼ Ȳ כ Л

ȴᴖ ױ ἤ῀ Ɏinert knowledgeɏᾼ Ȳ

ֵ ῏╓ҏ ѷꜜ ᾼ STEM

Ȳ Ӧ ḟ Ӣ♄МἬ ᾼ Ȳ

῏ Ӵ≈ᴕ ṝ ᾼ ϩȲṳ ‚ Ẕ

῀ ӣᾼ ɎBlackwell & Henkin, 1989ȷ

Fortus etc., 2005ɏȴ 

ү ᵛ ὑ ד2019 ᾼϫϡד Ӗ Ӑ Ṏ

Ȳ ᵑ ᶾדּ ӴכⱢ ᾼӇ דּ ȴ

ҖӀ╜ἈⱢϠ֪ ױ ֯ Њ ◕ṳӑ ד

Ṏᾼ Ȳ ᵑ њ ứүҖӀ Њ

ᶾדּ Ȳ ṎȳӢ♄ּדᶾ דּ

ᶾד Ɫכ֥ דּ ᶾדּ ӣȳ

≈ ȳ ᶾדּ Ϣ ῂ Ϯ ֣ᾼ ╟Ѡ

֣ȴӐׁשṅᵛ ױ Њгד ӢПSTEM

Ȳѿẓ ᾬ ה ғ П

webduino ԈᵂⱢ П Ḋ Ȳ ֥ ȳ

ȳ דּ Ȳ ѿ ⇔цῈ ᴁ╬

Ɫѻ ᾼ ӣȲԛ

ᴩ иέ ῶᾼ Ȳ ῀דּ

ὑӢ♄ Мᾼ ’ Ȳ ѿ Ӣẓ

ѿ ≈ ḟ Ӣ♄ ᾼ ϩȴ 

2. ѝ  

2.1. ѿ ה Ɫ ᾼ STEM ≈  

ISTE ≈ ᾼ ӭ Ɫ ᵗ ῏ ҏϚ

ӣ ḟ ᾼї ȲṿẔה צ ֮ṿ

ӣ דּ Џẓ ḟ ᾼ Ɏ ISTE, 2011ɏȷ

STEMᾼ 6Eּד ṅ♄ ⁄╥ ῏ᴞ ἤᾼ

Ḗּד ᾼ Ȳẃ ῏ᾼ ṅ

ϩɎZimmerman, 2007ɏȲẒ῏֯ ӭ ᾼӐ ϱ

ᶁ ẓ ẞἼ ᾼ ᴕ≈װ ᶧ ᾼ

ḟḔ ȴ֪ױȲӐׁשṅѿ Kolb ה Мᾼ

ậ Ɏ information perceivingɏ

Ɏinformation processingɏẒ Ȳ ֥ ≈

6E ṅ П ɎKolb, 2014ɏȲה ֽ 1Ἤ
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1 ѿ ≈ Ϥ 6E ṅ П  ה

 

ױ ה ϱҔᵶв ᾼ і цҵ ᾼ

ṅ ♄ Ẓ иȲ╥Ϛ ᾼה֥ ᴯ

Ɏblended learningɏȴה ֯ ϱȲѿ ֥

Ἐᾼ ậ ⁄Ɏẓ ĄἼ ɏẃ

ẂȲϷ ╥Ӈ ῏ ᾼẓ ҏ Ȳ

Ḕ ∟ ᴟἼ ᾼϱ ἘȴẔװȲ Ӈ

Ẃᾼ ᴩ ᶧᾼ≈ᴕі Ȳ
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῏ ᵑ ȳ ȳ ậᴩ ẞ

ה ȲẦᵗ ῏∂Ӵ ḟ Ḕ ᾼ
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2.2. ӣᾬ ᶾᴭדּ ᾼ ṅ  

֥STEM ≈ ᾼ Ȳ ╥ӑẃМЊ

ד ᾼ ȴBarryɎ2014ɏה

ὑ ṅ ∂ ѻ П Ȳ ҏ STEMᾼ 6E

∂Ȳה ѿ Ɏ engageɏȳ

Ɏexploreɏȳ Ɏexplainɏȳ Ɏelaborateɏȳ
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Webduinoᾼ ὰ Smart╥ ὑ Arduino Pro Miniᾼ

ғ ▐ Ȳԛ Ғ WiFi ѱἬ

ᴖכɎֽ 2ɏȲ֪ױ Ѿד ὑ ArduinoᾼἬצỂ

Ἠ ԈȴArduinoⱢӭ›ԓѷꜜד цᾼ ⅎ

ֵ Ф ὰȲד Arduinoᾼ

֯ὑ ד ֵᾼ Ȳѿц

ῂ ᾼ ה Ẃȴ 

3.3.2. о Ѥ ה  

Webduino ὑ Google Blockly ṕ▐ Ȳ Ҡ

JavaScript ṕФ ᾼ о Ѥ ה ȲҬ

Ӊ chrome Ȳ ѿ Ф ὈἮᾼѠ

ה Ȳה ᵅῴ ה ᾼ ȴ 

 

 

3 оᾼ Ѥ ה ᵅ    

 

3.3.3. ẁ ᾼ  

ІаԈἨ ẓצӔ ἤȲ

ὔ аԈכ ᴖ ȴ֪ױ ẁ ῴ

῏ ᴩ ᾼ Ȳṳ ϱ ∟╥ᵡ

Ӕ ᵂȲ ֯ ϱᾼ ᴩ Ӕ ∟ȲḊ

ᴩ ᾼ ȴ Є ᵅ Ḋ ᾼ Ȳ

Ӽ ῏ ה ᾼ ϩȴ 

 

 

4 ẁ ᾼ  

 

3.3.4. ẁֵ аԈᾼ Ẃ 

Ӑׁשṅ ♄ Ȳ Ϡ LED ȳԏ  ȳ

ᾌȳ ⇔ȳPM2.5 Ӣ֯ѡ Ӣ♄М ẞ

ᾼ Ȳ ᾼ ὰ ẓ ᾼ Ḕ Ὑ

Ẃ Ȳ ᵅ ᾼ ȴ 
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3.4. ч≈  

Ӑׁשṅ֯ МȲḕ ᶁ ẁ Ȳ і

‚ ḟ ≈ᴕȴ ╟

Ȳҫ Ầ֝ ᾼ ᴴ ᴩ

ὁ ȷ иљҵ ♄ Ȳҫׄ Ἠ ∟

ȴ ♄ ḇ∟Ȳׁשṅ῏ П

ᴴȲѿ ῂ Ѡה ᴩч≈ ♄

Ἤ П֢ ӢФ ȴ 

4. Ὠ  

Ӑׁשṅ ῂ П ч≈ Ȳ

≈ ԉ ᾼ Ҕᵶ Ɏauthenticɏȳ

ӣɎצ usefulɏȳ Ɏ experientialɏȳ о

Ɏvisualɏȴ 

4.1. Authentic: Ӣ♄Мᾼ ԉ  

Ӏоᾼ Ȳ ֮ ֪Ḧ Ṟ ᾼ═

Ғṿ Ὅ ѿ ḟȲᴖӢ♄₇ ᾼ Ḗ

Ϸṿ ᾼѩẂ Ȳ כ

Ὲ ᴆ╬ᾼ ѡ Ȳ ╥ӭ›ү ῂ Є

Ἤ ᾼ ȴ ᾼ נּ ц

ᾼ֫ Ȳ ῏ ὑӐׁשṅ ԉ ᾼ Ȳѿḕщ

Ӣ♄ ᾼ Ể Ὲᴆᾼ Ɫѻ Ȳᶁ

ѩ Ӑ в Ḇ ᾼ Ȳ МӼ

ῶ ֥Ḃ Ϣ Ȳ ᴆ╬Ṯᾙᾼ

Ӑғȴ SawatzkiɎ2017ɏѿ Ӣ♄ Ɫ

ԉ Ȳ ‚ ῏ ⇔᷾Ϥ ᾼѻ ד ȴ 

 

 

ṅ῏ὑש5ׁ МЮ Ὲ ᴆ╬ ṮᾙП Ἐ 

 

 

6 ῏ Ὅ֯ Ṕ ᴩ PM2.5  

4.2. Useful: צӣᾼ ḟ  

ѿ ѷꜜ ᾼSTEM Ɫҏ Ȳׁשṅ

῏ ậ ЊЛ֝ ᾼ ȳẦ֢֝ ᾼ

ᴔ ᴩ Ȳ Ӧ Ӣ Ӣ♄МἬ

ᾼ Ȳѿ Ϥ- ạ- ҏПṆ ἘȲі Ӣ

דּ ӣ֢ Ἤ ᾼ῀ ᶾ Ȳצ ‚

῏᷂Ἤ оצכӣᾼ ḟ ȴẂֽȸ

Ӣ ӣ Ἤ ᾼᾬ Ȳ֯

נּ ⇔ PM2.5ᾼῈᴆ╓ Ȳ ᴖ ẘ

≈ᴕ ᾼᴁ╬ Ὅ Ɏ 6ɏȴױҵȲ ӣ ῶ

Ҡѿ ᾬ Ἤ ᾼῈᴆ Ȳ֯

М ῶṳиṹ Ϣ ῶᾼᵒ

ї Ȳ ╥ ẓ ṿӣ ≈ᶾᾼЏẓἨדּ

ᴕѠהȲ ḟӑ῀ ᾼ ṝ ϩȴ 

4.3. Experiential: Ҡ ᾼּד ṅ  

ү ắс ѻ ᾼ Ȳ ֵ ṎМ ẁẓ

ᵂ ᾼӢ♄ּדᶾἨ њ ᵂ ᶁЛắ ȴӐ

ṅשׁ ᾼᾬ ȲԒ ᾼ І

Ȳ ֯ׄԓ ᾼ ᵂМ Џ ᶾדּ

ἘȲ ч ᵂ ∟ԛ ẁ ᾼ ȴ

ᾼ נּ М Ȳ ῏ ᾼ

ᵂד ᾃ᷾ϤȲч≈ ᾼװ ӂ ᾼḛ

צѩד Л֝ᾼ ὨȲ ֪ Џẓᾼ

Ḃ Ȳ כ ῏ ⇔ϱᾼ Ȳ҆

ẞד ȴ 

 

 

7 Ӣ ד ᾃὑ ה  

 

 

8 о ѤЮ ῏᾿ ᾼה ᵂ  
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4.4. Visual: оᾼ ה  

о ה ṕɎvisual programming languageɏ

ѝֿ ᾎהᾼ ה ṕЛ֝Ȳһ╥Ϛ

ᵂ῏ṿӣ ᶮоа ᴩ ה ᾼ᾿ ה ṕ

ɎHaeberli, 1988ɏȴ о ה ṕ ᵍ ῴ

ה ᾎ╓҆ᾼ░ ᷉Ȳẓ Ғ Ằȳṣ

֫ ȳὔὑ ᵂ Ȳ‍ ֥ᵂⱢ Ṏ

≈ ᾼЏẓɎ ᶛ ȳ ֽȲ

2016ɏȴӐ ṿӣП Blockly Ѥה ṕȲ Єᾼ

ᴥ ╥ᶙכ ה Ѥᾼ ∟ȲҠ оᾼ Ѥᴞ

Ӧ כ JavascriptȳPythonȳPHPἨẔһ ṓᾼѝֿה

ṕȲ ẁ ⇔ ›Ἠ Ṿᾼ ȲᵂⱢ Ϥᴞ

C ṕȳJava ṕᾼ ЏẓȴӐ ֯

ȲӦὑ ῏П›Б Scratch ה

ṕȲ ὑ Ϥᾬ І Ȳֵ

῏ῶ ҏ ᾿ ϱњѹѻ ≈ᴕֽᴶ ḟᴔ

ẁ ϱᾼі ȴ 95%ᾼ ῏ῶӱ

о ה ṕᾼ᾿ Ю Ȳṳԓ ῶ צ

═ Ḇ ᾼ ȴ 

5. ∂  

ӐׁשṅѿSTEM ṅ П ȳ ȳ ȳ ȳ

оȳ Ɫ ♄ ▐ Ȳѿ ӣᾬ

ᶾדּ о ה ṕП ♄ Ɫ ԉ Ȳ

֥ Њ ȳ ȳӢ♄ּדᶾȳ ֥♄

Ȳ ҏϚ Ὲᴆ П ῶ

иέᾼ ≈ ṅ ȴӐׁשṅẓ

Ὑᶙ ▐ ԉ Пв Ȳṳ

ῂ Ἤ П Ȳ ҏ

ɎauthenticɏȳצӣɎusefulɏȳ Ɏexperientialɏȳ

оɎvisualɏ ҳ ≈ ♄ ᾼ

⁄Ȳ ẁד ♄ П ᴕȴ 

6.  

ӐׁשṅἭ ᶾדּ MOST 106-2511-S-152-001  MOST 

107-2511-H-152-009 ׁשṅ П ᵗȲ ױ

ȴ 

7. ᴕѝ  

ѵ ῨɎ2018ɏȴѿᴞ ἤ֮ Ӗ Ὲ

ᴆ╬ᾼ Ɏӑҏᾪᾼ Ђ ѝɏȴ ҖӀȸ

Ӵү Є ȴ 

Ӵ ȳᴂụⱷếὭ╢ Ɏ2015ɏȴү ӻ Ὲ ₇

 PM10 ֪ ПׁשṅȴѬЁ’═ Ȳ

47Ɏ1ɏȲ1235-1246ȴ 

ⱷȳᵦ ȳѵṃѝɎ2018ɏȴᴞ ῏ ᵂῈ

ІП῀ ᴩⱢȴЏ Ȳ137Ȳ20-24ȴ 

ᶛ ȳ ֽɎ2016ɏȴ Ӊ -ᶾЄӑẃדּ ה

╥ϯϚ҅ ᾼӢ׀ᶾ ȴүҖȲ Ểҏᾪ

ῂȴ 
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Framework Design and Case Analysis 
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ABSTRACT  

The rapid development and popularization of information technology has profoundly changed people's behaviors and thinking 

characteristics. Computational thinking has become an important content of information technology education in primary and 

secondary schools. As a kind of learning mode oriented to subject integration and project orientation, STEM education is 

practice training. Computational thinking provides a mode of operation. On the basis of combing the development of 

computational thinking and computational thinking education and related research, this paper clarifies the relationship 

between computational thinking and STEM education, and focuses on the core concept of computational thinking, drawing 

on the typical STEM curriculum practice model, from teaching themes and teaching. Five aspects of goal, teaching method, 

teaching resources and teaching evaluation, designing the STEM curriculum framework for computational thinking, and in-

depth analysis with specific teaching cases, explaining and explaining in case mode, in order to provide practical reference 

for the cultivation of students' computational thinking.  
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computational thinking, K-12, STEM education, curriculum framework, instructional case 
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֣ ≈ ᾼ STEM ṅȸשׁ ▐ Ẃиέ 
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1 Є Ṏ‒ ᶾ ṆȲМ  
2 Є Ὅ Ṏ ȲМ  

51184108034@stu.ecnu.edu.cnȲfli@srcc.ecnu.edu.cn 

 

 

‒ ᶾ ᾼᶶ ц ẘḂ Ϣ ᾼᴩ Ѡ

ה ≈ ἐȲ ≈ כ МЊ ‒ ᶾ Ṏᾼ

Ϛ Ȳᵂ Ϛ ֣ דּ ֥ ӭ ֣ᾼ

ѠהȲSTEM Ṏ ≈ ẁϠϚ Ҡẁ

ᵂᾼ ȴӐѝ֯ ≈ ế ≈ Ṏ

ᾼ ϱȲ ≈ STEM ṎП

ᾼ ṆȲ ≈ ᾼ ї ἘȲ ẕ₤ᾼ STEM

₤Ȳ ѻ ȳ ӭ ȳ Ѡהȳ

ȳ Х Ѡ Ȳ ֣ ≈ ᾼ

STEM ▐Ȳ֝ ֥ẓ ᾼ Ẃ ᴩ Ϥ

έȲѿ Ӣ ≈ ᾼ ẁ ᴕȴ 

ֿ 

≈ ȷK-12ȷSTEM Ṏȷ ▐ȷ Ẃ 

1. ›ṕ 

֯‒ ế ‒ᶾ ᶶ ᾼ ҅Ȳѷꜜ ᶝ

Ӣ≡ оȲ֢ ϢИ Ȳ ҅ ד

Ϛ҅ẓ Ḇֵ ᶾ ҏḆ ḖȲѿ ӑ ᾼ

Ḗế╚ ȲẔМ ≈ ╥Ḃ ד Ϛ҅

ȳ иέế ϩᾼ 21ѷ ғᾼכ

ἤȲ ֵᾼ ≈ ԝϤ

Ȳꜙᴟ Ϥ ֒Мȴ2017דȲᶺ ֯

ᾼ М‒ ᶾ МὙ ɶ ≈ ɷ

‒ ᶾ דּ ї ᾼϚ ї Ȳג ≈

ứ ɶ ӣ דּ ᾼ≈ ѠᾎȲ֯

ᶮכ Ѡ ᾼ М ӢᾼϚṆԝ≈ ♄ Ȳ

ѻ ῶ ᶮהоȳ ₤оȳᴞ оếṆ оҳ Ѡ

ȴɷɎḈ ế Ȳ2016ɏ2018ד 12ѣȲ ᾼ

Ӫ еӁϠ ᾼХד ֒ððɞạứכғ ȸ

רּ ᾼSTEM Ṏ ɟȲ ֒ ҏȲ ṿ

≈ כ Ἤצ ṎᾼӇ כ иȴ ≈

ֵ֮ Ϛ ֿоӢ׀ᾼϚ ϩȲһ

כ Ṏ ♄ ᾼϚ иȲṪ϶ֽᴶ ≈

ᾼ Ӕ Ϥ МȲ כ ᾼ

ȴ֪ױȲ ֣ ≈ ᾼ Ȳᵗϩה Ӣ

≈ ϩᾼ טּ Ȳכ ҅ Ṏ

ᾃᾼ ȴṿḕ ῏ צ ϩ ᴷ‒ Ȳи

Ȳג ṿӣ ế ạứ Ѡ ȴ

ᵂ Ϛ ֣ דּ ֥ ӭ ֣ᾼ ѠהȲSTEM

Ṏ ≈ ẁϠϚ Ҡẁ ᵂᾼ ȴה

ϹױȲӐѝ ≈ ếSTEM Ṏᾼ ҏ Ȳ

֣ ≈ ᾼSTEM ▐Ȳѿ ≈ ᾼ

ẁצ ᾼ ȴ 

2. ≈ ế ≈ Ṏᾼ  

2.1. ≈ ᾼ Ἐц  

≈ ֯ 20ѷ ҅ד80 ᾛṿӣȲ

רּ қ · Є Ểѿ ҏȲ ≈ ╥

ӣ דּ ᾼ Ἐ ᴩ ȳṆ

Ϣ ᴩ ᾼ Ȳ҅ῶ Ϛ ᾼ ếϚ

ᾼᶾ ȴɎWing, 2006ɏ 

רּ֯ Ȳ2005ד 6 ѣּר ‒ ᶾ ⁸ ỗ

Ɏ The Presidentôs Information Technology Advisory 

Committee, PITACɏּ֣֯ר ӻᾼϚԌ֤ ɞ

דּ ȸ רּ’ ϩɟɎComputational Science: 

Ensuring Americaôs Competitivenessɏᾼ ᵫМ ҏϠ

≈ Ȳג ҏ ȸɎ1ɏɶ ɷ ‚צẓדּ Ẕ

҃ דּ ᾼᵂӣȷɎ2ɏ21ѷ דּ ϱ ᾼȳ

ϱ ‹צ ᾼׁשṅ›ᾘצҠ ֮ Ԓ

ᾼ ᶾ ế ӣ דּ ᴖ ẞ ȴɎPresidentôs 

Information Technology Advisory Committee, 2005ɏ֯М

Ȳ1992ד ᵛ ҏϠ ≈ ᾼứ ȸɶ

≈ ╥≈ Ἠғ ᾼ Ѡᾎ ȲẔׁשṅ

ᾼӭᾼ╥ ẁ ᾼѠᾎȲ╥Ϣ ᵗ ҅ế ᾼ

Ȳ Ḕ ẞϢЏ ᾼ ӭ ȴɷɎ Ȳ

1992ɏ 

Ểѿ ҏᾼ ≈ ᾼ ἘȲ ≈ ᾼ

֯ѿϯϮ Ѡ ȸ֯Ϛ ᾼ МȲ

ӣ דּ ᾼ Ἐѿц דּ ᾼ≈

Ѡה Ṇ ȳḖ Ȳ ᴖ Ϣ ᾼᴩ ȴ 

2.2. МЊ ≈ Ṏᾼ  

῀דּ ᶾ Ṏѿц ≈ ᾼ

Ѡה╥ ≈ Ṏᾼ ȴ֯МЊ ◕Ȳ

≈ йᾼ ╥‒ ᶾ Ȳ֢֯

ᾼ‒ ᶾ Ἠ דּ МȲ

֣Ϲ ≈ Ṏᵂ Ẕ ї ȴМЊ ≈

ṎЄṶ ֽ 1Ἤӱȴ 
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1 МЊ ≈ ṎЄṶ  

 

רȲּד2011 דּ ɎCSTAɏ֯ɞK-12

דּ Ɏ2011ɏɟМ╓ҏȲ ᷂ ≈

ᵂ דּ ᾼѻ ӭ ȲɎ´ּרⱷȳ

Ḉ ế ОȲ2018ɏ רּ╥ Ṏ

≈ Ṏ֧֯МЊ ≈ Ṏᾼẓ ᴩ ȴ

Ȳד2012 ЏᵂЊ ɎComputing at 

School Working Group, CASɏ ≈ ᵂ ɶ

ếế‒ ᶾ ɷᾼϚ Ȳ

≈ ᵂ ϩᾼ ἐȴɎComputing at School 

Working Group, 2012ɏ2016 ד Єᵓ  ɞ

ֿᶾ ɟȲὙ ҏ Ӣᾼ ≈

Ȳ Ḗ Ӣɶ ȳи ȳ ₤ȳ

ế ╟ ᾎ ѠᾎȲẓ ế ╟ ᾼ

Ѡ Ȳᵓӣ ֿоЏẓ ╟Ѡ Ȳ ᾼ ϩɷȴ

ɎḈ Ȳ2018ɏ2017דȲᶺ ֯ ᾼ М‒ ᶾ

МὙ ɶ ≈ ɷ‒ ᶾ דּ ї

ᾼϚ ї ȴ 

3. ֣ ≈ ᾼ STEM ▐ 

3.1. ≈  STEM Ṏᾼ ֥ 

צ ῏╓ҏSTEM ֯ ѠᾎϱצἬ Ȳѻ ╥

Ṽ Єᾼ ғ ᾼҠӣἤȲѿц ⇔ оᾼ

₤ᾼ ȴɎAugustine, 2005ɏ ֯ϦѾἬצᾼ

דּ ṅשׁ ᶁ цẞɶ ɷȲӦϹ ếи

έѠᾎᾼ Ȳּד ȳЏ ȳ ֯

ֵᾼɶ ɷᴖᵘϩȴȴ ᶾ ᾼ Ḕṿ דּ

ᾼSTEMׁשṅϢ ҏ ᾼ Ḗ ȲגҠ

֯ ѷꜜế ѷꜜМ ᾼ Ѡ Ȳ֯ Ṏ

ӢϷ й ṿӣ Ѡᾎếᶾ ќ═

STEM Мᶶ оᾼ דּ ȲṪ϶ ≈ іϤ

STEM ϫиӇ Ϡȴ 

רּ דּ ɎNational Research Councilɏ ≈

ᾼ ứ ððἼ ȳ ȳ ȳ ᾎȳ

ȳ ᴷếҠ оȲɎNational Research Council, 

2011ɏᴖ STEM Ṏ╥῀ ҅ϯԓ ᾼ דּ

Ṏᶮ Ȳ ӭה ȳ ה֣ ֵ

Ȳה ֣ Ȳṿӣ֥ ᾼ≈ Ѡᾎ

Ȳ ᴩ ṅȲ Ӣ Ḇֵῂ ӻ☼Ȳ

Ӣᾼ Ȳ ῀ ế ѠᾎȲ Ӣᾼ

҅ ȳ ≈ ế ϩȴ ≈ ᾃϤ

STEM ֥ STEM Ṏѡ ᾼ Ȳϡ῏

ᾼẓ Ṇֽ  2 Ἤӱȴ 

 
2 ≈ STEM Ṏ 

 

3.2. ẕ₤ᾼ STEM ₤ 

ҵ ᾼ₤כ STEM Єה צ 3 ȸ5E

ȳ6Eה ếה PIRPOSAL ₤ȴ5E ה

רӦּ╥נ Ӣᾬ ṅשׁ ҏᾼϚ Ϲ∂ ѻ

Ṕᾼ ȲẔה Ӑ іϤɎEngagementɏȳצ

ṅɎExplorationɏȳ ɎExplanationɏȳ о

ɎElaborationɏế ɎEvaluationɏȴ֯ 5E ה

ᾼ ϱȲBurke ҏϠ Ϲ ᾼ 6E Ȳиה

і Ϥ Ɏ Engageɏ ȳ ṅ Ɏ Exploreɏ ȳ

ɎExplainɏȳ ɎEngineerɏȳἷ ɎEnrichɏế

ɎEvaluateɏȴWells֯иέּד ṅȳᶾ ếЏ

ᾼ ϱȲ ҏϠ ֥ἤᾼSTEM ₤

ϚϚPIRPOSAL ₤Ȳиכϥ ◕ȸ ȳ

Ӣ ᾎȳ ṅȳҠשׁ▲ ᾼ Ѡ ȳ оȳѠ

ᴷȳ Ḃȳ ὨȴɎכ ТȲ2017ɏᴖ

ṅȲשׁצ Ữӑᶮכѩ ᶙ ᾼSTEM  ȴה
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3.3. ֣ ≈ ᾼ STEM ▐ 

֣ ≈ ᾼ STEMᾼ ╥ Ґ ≈

ɶṆ ȳ ∂ ȳṆ ɷᾼ ἤȲ

ӭה ȳ ה֣ ᾼ ѠהȲі Ӣ֯

ṅ ᾼ М ≈ Ȳ ᵓӣ ≈

иέế ᾼ ϩȴ ӭ ╥ STEM

ᾼ иȲ БשׁצṅכὨȲ ֣

≈ ᾼSTEM ▐ѻ Ҕ╗ ѻ ȳ

ӭ ȳ Ѡהȳ ȳ Х Ѡ ȴ

 3╥ ֣ ≈ ᾼ STEM ▐ ȴ 

 

 
3 ֣ ≈ ᾼ STEM ▐ 

 

4. ֣ ≈ ᾼ STEM Ẃиέ 

4.1. Ẃ￼  

STEM + CɎSTEM + ≈ ɏ╥ּר ԓ Ӣ

  ɎNational Sanitation FoundationȲNSF) ᵗᾼ ӭȲ

ӭ֯ס 4ᴟ ד6 Ӣ֯ ҵ ế STEM

Ȳגѹ ≈ ᾼד а ᾃϤSTEM МȲ

ѿ‚ Ӣ ᵓӣ ≈ иέế ȴ

ӭѿỂѿ ɎJeannette M. Wingɏ ҏᾼ ≈

ἘɎ ≈ ╥Ϛ иέế ᾼ ế

ȲᴖЛ╥ ᾼ ᶧế ɏ Ȳ ӭ Ϲ

≈ ᾼ Ѡ ȸɎ1ɏ֯иέế ᾼ

М цẞᾼֵ Ἴ Ɏabstractionɏ Ɏ2ɏ֯ ;װ

ṅשׁ ѿ דּ ᾼѠה ᴩׁשṅכὨᾼӻ☼и

ṹѿц῀ ᾼҠ оᵧ ȴɎYang, Swasnon, Chittoori, 

& Baek, 2018ɏ 

4.2. Ẃ  

ӭѿ Ϲ ӭᾼ ѠᾎɎPBLɏ ╓ Ȳ

ȳ ᾼ Ȳі Ӣ ד ѻ ᾼׁשṅȲ

ג ạᵂᵂ₇ Ӣ ῀ ếᶾ ȴ֯

PBL а ḇ Ȳ Ӣ Ἠ ᾼѠה

ӱ҃ ᾼ ₇ȴ ӭҔ╗ ѻ ðð

ѭ╦ӢỄᾼ Ϣế∂ ᶼ Ȳ ᾼ

ֽϯῶ 1Ἤӱȴ 

 

ῶ 1  STEM+C ӭ  

ӭѻ  ѭ╦ϱᾼӢỄ ᶼ ∂  
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Ȳ ṅ֮ ế
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ᾼӢỄᶮהѿ

цѭ╦ᾼ
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Ϣѿ

ѭ╦ϱᾼӢ

Ễȴ 

ᾼЛ֝ ₤Ȳ ג

∂ ᶼ Ȳגѹ֯

֮ ᾼ ϯ

ᾼ ứἤȴ 

ӭ  · ṅ ѭ╦

ӢỄᾼѠᾎ 

· ג

Ϣ ѭ╦

ϱᾼӢỄ 

· ֮שׁ ế ᾼ

ד ῀  

· ȳ∂ ᶼ

ג ᴩ  

ц Џ דּ ȳּד ȳ

ȳᶾ ȳ

דּ  

Џ ȳ֮ דּ ȳᶾ

ȳ  

♄  ·ѭ╦ӢỄᾼ

 ṅשׁ▲

· ג

Ϣ 

·֮ ế ᾼ ▲

 ṅשׁ

· ȳ∂ ế

ᶼ  

 Ϣ֯

ᾼ

ẞѭ╦ϱᾼӢ

Ễ 

ὂᶼ֮ ᾼ  

4.3. Ẃ Ὑ 

ӭᾼ ѻ ᶁѻ  ӣЏ ᾼѠהȲ

Ӣᾼ ṅế њ ϩȴױҵ ӭ

Ḗ ᾼ ֒и ϝ ◕ȸ Ȳׁשṅ

Ȳ Ѡ Ȳ Ṿ Ѡ Ȳ ∂ ₤Ȳ

₤ế ᴷ ₤Ȳגѹ Ḗ ᾼḕ ◕ᶁ

ד ᾼ ≈ а ╣ד Ȳѿ ᵗ Ӣ֯

ᾼ М ȳ ȳ ế ӣ ≈ Ȳֽ 4Ἤ

ӱȴ 

 

 

4 Ḗ  

 

ḇ֧ȲׁשṅϢ Ӣ Ẫ ▲ế Ȳ

ὨῶὙȲᶙכ STEM + C ӭ֧Ȳ Ӣ צ
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Ϡ ᾼḆ ᾼ ⇔ȴױҵȲSTEM + C ӭ Ӣ

ẁϠϚ Ҡѿ ᴩּד ṅếЏ ᾼ Ȳ

ѹ֯ג МצᵗϹ Ӣ ế ӣ ≈

ȴẂֽȲ Ӣ ṿӣ ≈ ЏẓѠᾎế

ῶ ҃ ᾼ῀ ế Ȳ иέȳ

ᾼҠ оѿц Ḗ ᾼד ᾎȲ ȳ ȳ

ȳạᵂד ₇Ȳ֪ױȲ ӭכғ֮ ≈

֥ẞМЊ STEM МȲ ế Ӣᾼ

≈ ϩȲ֝ ϷᵗϹ Ӣ ≈ ᾼ ᴷȴ 

5.  

ѿɶ ᶧ ɷ ἐᾼ‒ ᶾ Џẓ ẞῂ

֢ Ḃג Ϣ ᾼ ȳӢ♄ếЏᵂѠה Ȳ

≈ Ṏכ МЊ ᾼϚ Ṏ ȲSTEM 

Ṏ╥ ѠהᾼϚ ἤ Ȳ ֵ ῀דּ ᾼ

ӻϿ ֥Ȳ ᵗ Ӣ Ӣ♄Мᾼ Ȳ

≈ ᾼ Ȳה ẔᾃϤ STEM ѿН

STEM כ ϚḔ ≈ ᾼ ȴӐѝ

Ӣ ≈ ϩᾼӭ ҏ Ȳ֯  ≈

STEM Ṏ Ṇᾼ ϱȲ ∂ϠϚ ֣ ≈

ᾼSTEM ▐Ȳג ҏẓ Ẃ ᴩ

ế Ὑȴѿ ≈ ᾼ ֮Ϲ Ṏ

МȲ ≈ ᾼ ӣ ẁצ ᾼ

ȴ 
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ABSTRACT  

The rise of cloud computing and software as a service has 

brought along a significant change in the paradigm of 

application development. In this paper, we present how a 

relatively new Web application programming interface 

(API) abstraction, GraphQL, can be effectively represented 

in a block-based programming environment. Our work adds 

GraphQL client support to one such environment, MIT App 

Inventor, in order to demonstrate how this abstraction can 

help developers manage the complexity associated with the 

growing data layer of applications. In addition, we argue that 

although our implementation of the GraphQL component in 

App Inventor is not without limitations, it has significant 

advantages for students who are beginning to learn about 

Web APIs when compared to more traditional methods of 

interacting with endpoints. Our objective through future 

work is to prepare the GraphQL component for public 

release and further study how this abstraction will help 

students engage in computational action. 

KEYWORDS  

GraphQL, App Inventor, block languages, data science, web 

services 

1. INTRODUCTION  

1.1. What is GraphQL? 

GraphQL is a strongly-typed query language developed by 

Facebook for describing and interacting with APIs (Schrok, 

2015; Facebook, 2018). It can be seen as an alternative to 

traditional web frameworks that seeks to eliminate data 

over-fetching, minimize network round trips, and provide an 

introspective type system (Eizinger, 2017). Recently, 

GraphQL has gained significant traction in the web and 

software development communities through better tooling 

and increased commercial adoption. 

 

Figure 1. An example GraphQL type definition for a 

character that appears in one or more TV show episodes. 

GraphQL queries operate by selecting fields on objects. An 

endpoint will define a number of object types, each with its 

own set of fields (Figure 1). There are two main entry points 

for queries, the root Query and Mutation types, used for read 

and write operations respectively. Each query can be viewed 

as a tree, where leaves of the tree represent fields returning 

scalars (e.g., int, string). The response to a query is formatted 

in JavaScript Object Notation (JSON) and has the same 

shape as the query, making it easy to interpret and access the 

data (Figure 2). 

 

Figure 2. An example GraphQL query (left) and the 

corresponding response (right). 

The introspection system of GraphQL allows for queries on 

schema and type information. This means that it is possible 

to determine all of the field names, field arguments, and field 

descriptions for an object solely from the endpoint without 

consulting additional resources. With the proper tooling, 

introspection queries make it easier for users to construct 

well-formed queries through autocompletion, type checking, 

and documentation. Another benefit of introspection is that 

evolutions to the schema can be effectively communicated 

through the endpoint. Breaking changes and deprecations 

can be caught at compile time. 

1.2. GraphQL Use Case in App Inventor 

We present one sample application that a developer can 

build using GraphQL and App Inventor. Consider Alice, a 

student who is familiar with the block-based programming 

environment. She recently discovered that her digital music 

streaming service, Spotify, has a public Web API that lets 

her analyze tracks for their audio features. She also noticed 

that Spotifyôs own playlist search system does not provide 

users with enough details about whether a particular playlist 

is appropriate for a given event based on the properties of 

the tracks inside.  Therefore, Alice decides to build a Spotify 

playlist analyzer that provides users with details about a 

playlistôs danceability (how suitable the tracks are for 

dancing) and valence (how happy and cheerful the tracks 

are). That way, she can more easily find a playlist with low 

danceability and high valence for her next study session, or 

a playlist with high danceability and high valence for a party. 

This application must interact with different resources of the 

Spotify API. Given that Alice has a rough idea of the data 

that she wants but does not know all the details of the API, 

she hopes to use the GraphQL component in App Inventor 

along with a Spotify GraphQL endpoint to help her construct 

the queries for her playlist analyzer. As we can see in Figure 

3, the contents of the queries are very similar to a high-level 

description of the data that needs to be retrieved. This is one 

general benefit of GraphQL that we will explore in more 

depth through implementation details and discussions. 
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Figure 3. An example MIT App Inventor app for querying 

Spotify using GraphQL (left) and the corresponding query 

blocks (right). 

2. THE GRAPHQL COMPONENT  
We built a prototype of the GraphQL component in App 

Inventor that supports non-mutation and mutation queries 

against arbitrary GraphQL endpoints. The component was 

designed to be intuitive for users who are unfamiliar with the 

query language and consistent with existing App Inventor 

semantics. To that end, we have introduced a new dynamic 

block type that facilitates the construction of queries. We 

also designed various abstractions that make it easier to 

execute queries and interact with response data. 

2.1. Endpoint 

In order to interact with an endpoint, the user must supply a 

URL, which is stored in the EndpointURL property of the 

component. Some GraphQL endpoints may require client 

authentication before they can be queried. Therefore, the 

component exposes an additional property, HttpHeaders, 

where the user can specify headers that will be sent along 

with each query. Both of these properties are used to send a 

full introspection query to the target endpoint. The response 

schema is stored in memory for later use. Note that the 

introspection process is an exclusive exchange between the 

userôs browser and the endpoint; it does not involve the App 

Inventor server in any way. 

2.2. GQL Block Type 

A GraphQL query consists of many selections, where a 

single selection is usually a field of an object. In a block-

based environment, each selection can be modeled by a 

separate block. Given that selections act like functions, we 

eventually settled on a block representation similar to that of 

procedure calls in App Inventor (Figure 4). However, 

selections returning non-scalar values must also be able to 

specify its selection set, or the collection of desired fields 

from each of its returned objects. This can be done by 

augmenting the block with a mutator that allows users to add 

or remove spaces for items in the selection set. Together, 

these insights led to the creation of the new gql block type 

consisting of a field name, input values for arguments, 

indented input values for items in the selection set, and an 

output. 

 

Figure 4. Mutator to extend a GraphQL query block. 

All gql blocks are dynamically generated based on the 

associated endpoint. After the GraphQL schema is fetched 

and processed, the root level query and/or mutation selection 

blocks are injected into the instanceôs block list depending 

on what operations the endpoint supports. The user can then 

drag one of these blocks onto the workspace to begin the 

construction of a GraphQL query. Using type information 

from the schema, a gql block can automatically generate 

candidate blocks for its own selection set. These candidates 

are displayed in a flydown when the user hovers over the 

name of a non-scalar selection (Figure 5). If documentation 

for a selection exists, it is loaded into the tooltip of a gql 

block automatically. 

 

Figure 5. Autocompleted GraphQL blocks based on the 

GraphQL endpointôs schema. 

At compile time, a gql block loses all type information and 

becomes a string join of its name and selection set with the 

appropriate whitespace and grouping brackets. To minimize 

the likelihood of constructing an invalid query prior to 

compilation, gql blocks leverage the existing connection 

compatibility system of MIT App Inventor to perform 

validations. Therefore, gql blocks will not allow themselves 

to be directly attached to invalid parent selections or to 

GraphQL component methods from other instances with 

different endpoints. Similarly, a gql block will ensure that 

all of its arguments are of the correct type. Nullable 

arguments, which are not present in App Inventor, are 

represented by gql_null shadow blocks. This ensures that 

users do not have to manually add or remove null value 

blocks during query construction. 
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Figure 6. Example GraphQL fragment that can be plugged 

into other query definition blocks for query remixing. 

Advanced GraphQL features, such as query fragments and 

fragment spreads, are also supported through native App 

Inventor semantics. GraphQL fragments are defined from an 

object type and can be reused through a fragment spread. 

They are useful for cases where the same query fragment 

might be used in multiple places. In App Inventor, fragments 

are built by creating a function that returns a fragment gql 

block (Figure 6). These fragment gql blocks are injected into 

a component instanceôs library during introspection, similar 

to the behavior of root selection blocks. A fragment spread 

is simply a function call in place of a selection gql block. 

Support for fragments means that this implementation is also 

able to query endpoints involving interfaces and union types. 

2.3. Component Blocks 

The GraphQL component has a single method Query that 

accepts two argumentsðqueryName and query. The query 

can be a string representing a GraphQL query, or a root gql 

block. The queryName is an identifier given to the query. 

This argument is necessary because App Inventor uses 

events to handle asynchronous execution. Some information 

must be passed between the request and the response, 

otherwise different query data will be difficult to distinguish. 

Upon calling the Query method, the component will send an 

appropriately formatted HTTP POST request to the target 

GraphQL endpoint. 

When the JSON response to a query is received, the 

component will fire the GotResponse event if it received 

data or the GotError event if there were errors (Figure 7). 

This abstraction makes it much easier for users to interpret 

the response, since it is no longer necessary to manually 

determine whether a query was successful. The response 

variable of the GotResponse event is a map of the query 

results, encoded to the list of pairs format of App Inventor. 

Note that the map is intentionally stripped of the top-level 

data field. The error variable of the GotError event is a list 

of string messages reported by the GraphQL endpoint or a 

singleton list consisting of an error message from the 

component due to an error in sending the query or parsing 

the response. 

 

Figure 7. The GraphQL method and event blocks. 

3. DISCUSSIONS 
In this section, we present some of the pedagogical benefits 

of using the GraphQL component as a means of presenting 

Web APIs to students. We will also analyze some of the 

trade-offs present in GraphQL and the limitations of the 

current implementation in App Inventor. Finally, we look at 

ways of improving the GraphQL component through 

gathering feedback from users. 

3.1. Benefits 
GraphQL presents a relatively good tradeoff between 

flexibility and ease-of-use. Compared with traditional Web 

APIs, which are extremely versatile, GraphQL is more 

restrictive in the operations that it permits (Hartig & Pérez, 

2017). However, this lowers the barrier of entry for students 

who are not familiar with the HTTP protocol or the API 

endpoint itself. When students are building an application 

that interfaces with a data source, a significant amount of 

time is spent on how to fetch data rather than what data needs 

to be fetched. Consider some of the steps necessary in 

interacting with a traditional Web API that is absent from 

GraphQLðencoding query parameters, choosing the right 

endpoint, interpreting the response code, and decoding the 

data. Ideally, these operations should be abstracted away 

from students when introducing them to Web APIs, which is 

exactly what GraphQL permits without being tied to a single 

endpoint. 

There are some additional benefits that arise from the design 

of the GraphQL component in App Inventor. Queries 

constructed using dynamically generated gql blocks closely 

resemble the format of an actual GraphQL query, especially 

when inputs are inlined. This will help students smoothly 

transition from writing GraphQL queries in App Inventor to 

writing GraphQL queries in other environments. Certain 

GraphQL features such as fragments and named operations 

could have been implemented using GraphQL-specific 

blocks but are instead delegated to native App Inventor 

procedures. This presents opportunities to teach students 

about code reuse and function calls inside of queries, which 

is a feature present in many other query languages. Finally, 

generating candidate blocks can help reduce the likelihood 

of cognitive overload that results from working with an 

unfamiliar Web API. Students only need to be concerned 

with a limited number of possible selections for an object at 

each step of query construction. 

3.2. Limitations 

There are a few notable limitations to the current GraphQL 

component that the reader should be aware of. Most 

importantly, as with any Web API, the semantics of a 

GraphQL query is mostly dependent on the implementation 

of the endpoint. The user may still have to read through some 

documentation regarding particular arguments or fields to 

understand how to fetch the desired data and how to interpret 

the response. Some GraphQL endpoints define custom 

scalar types such as dates and binary-to-text encodings. It is 

up to the client to build support for encoding and decoding 

those data types. However, the current version of the 

GraphQL component treats unknown types as strings, which 

may be inconvenient to work with. Due to the lack of 

flexibility in GraphQL requests, there is not yet a formalized 

standard regarding mutations involving larger file uploads. 
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This is a trade-off made by the designers of GraphQL and is 

currently being addressed in the community (Seric, 2019). 

3.3. Future Work 

We are looking to improve various aspects of the GraphQL 

component for App Inventor and prepare it for an initial 

component release. One desirable feature that is currently 

missing is the ability to input object arguments in a way that 

does not involve using a JSON string. While the type 

information is available, more work needs to be done in 

terms of representing and validating non-scalar inputs. A 

reasonable solution is to use a dictionary to represent an 

input object once support for dictionaries is added to App 

Inventor (Patton & Tang, 2018). Some query optimizations 

can also be applied during compilation. For example, query 

fragments can be automatically located, extracted, and 

reused to reduce the request size. Implicit variables which 

are passed into a query can be separated from the query 

string itself because GraphQL permits named operations to 

have arguments that are sent along as a separate field in the 

HTTP POST request. This can benefit runtime performance 

since executing a query will no longer involve rebuilding the 

entire query string. 

The efficacy of the GraphQL component in introducing 

students to Web APIs has yet to be evaluated. We hope to 

perform a more thorough analysis and comparison using the 

assessment framework presented by (Brennan & Resnick, 

2012) once a full tutorial is developed for this component. 

Gathering feedback will allow for a better understanding of 

how students reason about query construction and data 

fetching. It will also provide insights into what potential 

features should be added to the component. 

3.4. Related Work 

Other query languages have been explored using a block-

based paradigm. SPE Systemhaus, a company in Germany, 

provides a Google Blockly-based application for building 

Structured Query Language (SQL) queries. The SPARQL 

Protocol and RDF Query Language (SPARQL) is a query 

language for distributed information on the web represented 

using the Resource Description Framework (RDF) (Harris 

& Seaborne, 2013). A block-based programming tool for 

constructing SPARQL queries has also been explored by 

(Bottini & Ceriani, 2015; Ceriani & Bottini, 2017). 

Some of the challenges associated with teaching students 

about SQL query construction have been addressed through 

the usage of Constraint-Based Modelling (Mitrovic, 1998). 

Instructional strategies for presenting relational thinking and 

evaluation methodology for assessing student understanding 

of SQL-based languages are outlined in (Dijk, 1992). 

4. CONCLUSIONS 
The importance of data in modern applications cannot be 

overstated. As a tool that teaches students programming and 

mobile application development, MIT App Inventor should 

also seek to emphasize interactions with external data 

sources. In this paper, we introduced GraphQL as a potential 

alternative for students who are starting to learn about Web 

APIs, query languages, and data manipulation. We also 

presented implementation details for our realization of the 

GraphQL component in App Inventor, which provides users 

with the proper abstractions and tooling to effectively write 

and execute GraphQL queries in a block-based environment. 

Although a more formal analysis of the purported benefits 

of using the GraphQL component is necessary, we believe 

that our work serves as a stepping stone for integrating 

GraphQL into App Inventor and educational curricula 

involving Web APIs. 
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ᶾᾼדּ Ḕṿ ᴯ Є Ȳ כ ӣЄ

ᾼиέ ὨẦᵗ ᴩ ᴷȳḂ ц ȲБ╥ӑẃ

ᾼ ȲҔᵶ Ṏ ϷЛẂҵȴᴖ דּ

Ҕᵶᾼ иέᶾ ἘȲצᵗὑ М

ᾼצӣ ȴᵀֽᴶ Ở ᾼ צ ᾼ

ȳи иέ╥ ᾼׁשṅ ȴ֪ױȲӐׁשṅ

֥ ≈ ὑ иέᾼ ϱȲ

ᾼ Ȳ Ṏ Ӣᾼ ≈ᴕ ϩȲ о ᶾ
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ֿ 

≈ ȷ иέȷ֥ᵂ ȷ ≈  

1. ›ṕ 

ᶾᾼדּ ⁫ Ȳṿ ֢ ᾼ׀ Ӕ

ᶶ ֮ Ӣ Ȳṳ ᵶϠ ᾼ Ȳᴖ ṷ

Ϸ֢֯ᴩ֢ Ӣ−ֵצ ᾼ ӣȲẂּֽר

ȳ Ȳ Ṽ Ἠ ᾼᴯ Ȳ ᾼ

⇔ȳṔ⇔ Ȳẃ ứצ ᾼᵂ ȲἨ╥иέ

ᾼ ῶ ȷᴖ֯ ӣϱȲ⁄Ҡѿиέҏẓצ

ṷ ᾼ ῏ Ш ᾼ ₇ ȴMayer-

Schönberger & Cukier Ɏ2014ɏ֯ɞЄ ɟϚ МϷ

ẞɦҽ ᾼ МȲ Ϡ Єᾼ ȹ

֯ЭщכẃȲᴿѾ╥Ṫṷ ҽ ≈ ᾼ

Ϣȴɧᴖ Э ᶶ Є ᾼ ᾓϯȲֽᴶ

≈ Ɏstatistical thinkingɏБ╥ ᾼׁשṅ Ȳ

Ḇ╥צ ᴩ иέᾼ Ɏ ѝ Ȳ

2009ɏȴ 

ҵȲᵓӣױ ᴩ ᾼ ᴯ ҅ẃ Ȳ

ԛҒϱ вҵ Ṏ ᴯᾼ Ȳṿ

Ɫѻ☼Ɏכ ד ếὭӡ Ȳ2002ɏȴצ ֵ Ɫṿ

ӣᾼ ᴯ ӂүȲֽ MOOCȳҠᴀ ȳᶁϚ Ṏ

ӂү Ȳ Ɫכ ῏ ᾼ ПϚȴᴖӦ

ὑ ϱ ѿцᴩ ᾼ Ȳ Ϡצה

ֵᾼḂ Ȳ Ӣếᴔ ᾼ ӣếṿӣᴩⱢМȲ

Ϡ ֵ ד ᾼ ᴯо Ȳ ₤ᾼ

ᶾѠᾎדּ ậ Ȳṳᵓӣ ѠᾎиέЄ

Ȳ᷄ М█Ϛ Ἠ ứ ᾼ ֪ Ȳ

ᴖ ṅ ᾼ Ȳ ҠᵂⱢ ẁẓ ᾓȳ

ếḟ П ᴕɎ Ὑ ế ∂ Ȳ2015ɏȴ

ᴖ Ӣ Ṏׁשṅ ҏᾪ 2ѣҏᾪᾼɞד2014֯⁄

ᴯ ◦ Ṏᾼ ɟɎImpacts of the Digital Ocean on 

Educationɏ ᵫ М╓ҏᶶ ᾼ Є ᴯ Ṏ

Ȳ ὑ ṎҠ ᾼ ӑẃ ẁϠ ֵ

Ȳиέ ṷ ҠᵂⱢϠ Ӣ ȳᴩⱢᾼ

ῶ ȲϷ╥ẦᵗϠ ӢФ ᶮ כ ᾼ Ṽ  

ɎDiCerbo & Behrens, 2014; Herold, 2014ɏȴ 

ᴖ ≈ Ɏcomputational thinkingɏ⁄╥Ϛ ӣ

ᾼ ẃ ḟ ᾼ≈ ɎWing, 2008ɏȷGoogle֯

Exploring Computational Thinking М╓ҏ ≈

╥ϚṆԝҔᵶ ֵ ἤᾼ ḟ ȲẂֽȸ

о ᴩ ᶧ иέ ȳ ᶧᾼ ҏ ḟѠᾎ Ȳ

Ҡ ӣὑԉϚ  ɎGoogle, 2015ɏȲҔᵶὊדּ  

ɎDecompositionɏȳ᷄ҏ √ ɎPattern Recognitionɏȳ

Ἴ о ɎPattern Generalization and Abstractionɏȳ

ѿц ᾎ ɎAlgorithm Designɏ ȴ 

ṅשȲӐׁױ֪ ṅ ֥ ≈ ὑ иέ

ᾼ ♄ Ȳ ӣὑиέ ᴯ ӂүП

Ȳ ᾼиέ Ȳ Ṏ Ӣ

ᾼ ≈ᴕ ϩȴ 

2. ѝ  

2.1. ≈  

ῺדẃȲ ≈ Б Ɫכ דּ Ṏᾼ

ἘȲ Ɫ╥֪ ӑẃӢ♄ᾼ Ӑ ϩПϚȲ֢

῏Ϸד ҏ ≈ Пứ ȲֽɦϚ ᵓӣ

ḟ ᾼ≈ ȲҔᵶṿӣֽἼ оȳ ȳ ҅

Ἐẃ иέ Ȳṳ ҏ ᵂ₇ᾼ

ϩɧɎCSTA, 2011ɏȴ ṕПȲ ≈ ẓ ѿϯ ȸ

Ɏ1ɏ╥ ἘȲᴖ‍ ╥ȷɎ2ɏה ӐᾼȲ

ᴖײ‍ὰᾼᶾ ȷɎ3ɏ╥ ὑϢ ḟ ᾼѠᾎȲ

ᴖ‍ ᾼȷɎ4ɏ ֥Ϡ ѿцЏ ≈ ȷɎ5ɏ
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2016ɏȴּר ᶾדּ ṎẦ ɎThe International 
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᷄ҏ √ ῀ ȲἨ῏ ӑẃṶᾬᾼ ȴ֪ױȲ

Ҡ ╥ דּ ᾼ ПϚȲҔᵶϠן ȳ
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Ṷ Ȳ Ṷ М ӢᴩⱢȲ ᵗὑצ ╟

ἤо ȴ 

2.3. ᴯ ӂү 

ᶾᾼדּ Ȳ ᴯ ╥ӭ› ṎМЛҠἨ

ᾼ иȲᴖֵаоᾼ ᴯ ӂүȲ ϠҠѿ ᵗ

Ӣ֯ ϱ ӣ ᴯо ЏẓṆ ᴩ

ᴯ Ȳṿ טּ῏ Ὲ ᾼ ạҵȲϷṿ

ן ῏ᾼ♄ ҒѿиέכⱢҠ ȲϚѠ Ҡ

ѿӣẃ ẁ ᾼ ᴕȲҫϚѠ ⁄ҠӣẃḂ

ȴӭ› Ɫṿӣᾼ ᴯ ӂүҔᵶҠᴀ

ѿцᶁϚ Ṏӂү ȴ 

2.3.1. Ҡᴀ  

ᴫа ȲӦụҒἮד2006 רּ Ϣȳ ע Џ ц₉

ᴵЄ Ӣ ĿҠᴀὑ ד2006 ӴᾼϚἬ

‍ ᵓ Ṏ ƄҠᴀ ɎKhan Academyɏȴױ

ẁϚṆԝᵍ ḊȲв ӣὑ֢ ד

ᾼ ἤо Ȳṳ ẁ ȳ ế

ἤоᾼ Ю Ȳ ῏ ֯ вҵ┬ ᴞ

Аᾼ ⇔ Ɏhttps://www.khanacademy.org/ɏȴв

ц ȳּד ȳ ה ȳ ҭȳ ҭȳ

ȴ 

2.3.2. ᶁϚ Ṏӂү 

ӴᾼᶁϚכד2012 ṎӂүɎJunyi Academyɏ 

Ɏhttps://www.junyiacademy.org/ɏȲ╥ӭ›ԓү Єᾼ

ᵍ ϱ ṎӂүȲḕ ứṿӣϢ 4.8ϢȲ

в Њẞ М ᾼ ѱȳ Ȳṳ

═ Ӧ в֢ ῏ ї Ἐ ѱȳ

Ф ה Ȳ ẁ Ӣᴞѻ цֵаȳ

Ȳ Ḇ ᾼ ȴ 

ᴖῺדẃȲ צ ֵᶁϚ ṎӂүПד ṅȲֽשׁ

ῡɎ2016ɏ ᶁϚ Ṏӂү ӣὑ Њҳד

ᵗ Пכ ȸѿ а ⱢẂȲ ᶁ

Ϛ Ṏӂүᾼ в ὑ Ӣ ╥ ֥ᾼṳ

с כ ȳ ᶳ Ɏ2017ɏᾼᶁϚ Ṏ

ӂү ϤЊ ᴩ М Пׁשṅ-

ѿ ԝⱢẂȳѿц Ɏ2018ɏᾼ ӖМЊ

ӣᶁϚ Ṏӂүὑ П ṅȲשׁ

ϱ ᵂᾼ ẃ ṿӣᶁϚ ṎӂүἬ ᾼᵺ

ạȲ ᴖ ҏ сᶁϚ Ṏӂү ᾼ ȴ 

ṅѠᾎשׁ .3  

Mayer-Schºnberger & CukierɎ2014ɏ╓ҏ ӣЄ

иέȲצᵗὑ Ϡ ≢ צ Ȳ Ӣϭ

ֽᴶ Ȳṳ ҏẔ֯ ϱ ᾼɦ ɧ

ⱢẂȲ Ӣ כ ѱᾼ ᵂȲכ Ӣ

Л ┬ ȳᶶ Ȳꜙᴟ╥ ›й ѱ

צ ᾼ Ȳ Ɫ ᵗḂ Ѡהᾼ ᴕȲṳӣѿ

с Ӣᾼ ϩȴ֪ױȲ ֽᴶצ ṷ

ᾼ Ȳ ᾼ ֪ὨȲṳ М

иέȲѿẦᵗ ᵂⱢḂ ᾼ ᴕȲϷ╥

https://www.khanacademy.org/
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Ṏ ᾼׁשṅ ȴᴖ דּ ɦ ҏ

ᾼ ȲИ ẞ ᾼ ȴɧ ᴩ

ȲẔМҔᵶᾼᶾ ἘȲ ҠẦᵗ М

ᾼצӣ ȴ 

3.1. ֥ᵂ R ה ԉ  

ה ╥ ϩᾼ ῀♄ Ȳ֯

М Ӣ ᴕѿц≈װ ᾼ ϩ

ɎCostelloe, 2004ɏȲ М Ẓ ◕ȸɎ1ɏӇ

ԒϠ ӭ ҏ ḟᾼѠᾎɎ ᾎɏȲᵛ

ḟᾼ ◕ȳɎ2ɏ ᾼ ᾎ Ɫ ה ȴᴖ R

ṕᾼ ᾎ ȳ᾿ Ȳ Ɫ╥ ᴩ иέᾼ

֥ ЏẓɎhttps://www.r-project.org/ɏȴ 

֥ᵂ Ɏcooperative learningɏ⁄╥ѿ ӢⱢӐᾼϚ

ѠהȲ ᵑᾼ Ӣ Њכ Ἠ

Ȳ Њ כ Фᵗ֥ᵂȲԚ֝ ế ᾎȳ

ṅȳ ѿц ḟ Ȳצᵗ с ȷSlavin

Ɏ1985ɏϷ╓ҏ֥ᵂ ╥Ϛ צ ȳצṆ ᾼ

Ȳ ӣὑЄ иᾼ ц֢דּ Л֝ᾼד ȴ֪

ṅשȲӐׁױ ѿ Җ █Є ӢⱢ Ȳ֯

М ᴩ Ȳѿ ᴩ Ὠиέ ȴ 

3.2. ẃ Ṏ  

Ӑׁשṅѿ Datashopϱᾼ Ф Ɫ  

Ɏhttps://pslcdatashop.web.cmu.edu/ɏȲṳ╚ ᶁϚ Ṏ

ӂүɎJunyi Academyɏ Ɫׁשṅ Ȳ ן

Ɫ201211דѣ 5ѡᴟ20151דѣ11ѡȲҔᵶ

359,804 נּ ȴMayer-Schºnberger & Cukier 

Ɏ2014ɏ Ɫ иέ ὑ ᴖṕ ᵗὑᵛצ

Ӣ῀ כ ȳ Ϸ ױ Ӕ в ȲẔ

֯ ϱᾼҠ ӣҔᵶ ᾼּנ иέȳ

ᾼּנ иέȳѿц ᴕ ᾼּנ иέ

ϮѠ Ɏ ὙȲ2014ɏȴ ṕПȲ ᴯ ӂ

үϱᾼФ נּ Ȳֽ ῏ ♄ ȳ Ӕ

ȳ иέȳ ӱ Ȳᶁצᵗὑ

ᴩ иέ ȴ 

3.3. ≈ а иέ 

Ӑׁשṅᾼѻ ӭᾼ╥ ֥ ≈ ὑ иέϱȲ

Ẃֽ Ӣ כ ѱᾼ ᵂɎֽȸ ȳᶶ ȳ

֫Ὅȳ › ѱɏ צ ᾼ Ȳᵓӣ

≈ דּ ᾼ иέᶾ Ȳ Ҡѿ ӣ

ứѠᾎ ᴩ ᾼ иέ ≈ᴕȲ ⱢḂ

ứ ᾼ ᴕȲ ᵗὑצ ḟЛ

֝ ῏ᾼ Ȳѿ сḕ Ӣᾼ כ ṳ

Ὠȴֽϯῶ 1ἬӱⱢ иέḔ ȴῶ 2

⁄╥ ≈ а иέ ῶȴ 

ῶ1 иέḔ ☼  

 

ῶ 2 ≈ а иέ ᴕɎӐׁשṅ ɏ 

≈ а  ӣὑ иέ 

Ὂ  ѿ ῏ὑӂү ᵂᾼῶ Ɫ

Ȳ ῏Ὂ ⱢЛ֝ ᴩ

Ɫ ᴖ иέ 

᷄ҏ √ Л֝ ᴩⱢМ᷄ҏ ἤ

ᾼᴩⱢ √ 

 ᴩⱢ √ ֣П Ὠȳ ҏ

 

ῶӱ иέ Ὠӣ ֥ᾼ ῶȳѝֿ

Ἠ ѱ оѠהᵧ  

֝ Ȳᵓӣ R ה ṕ ᴩ ≈ ה -

иέ♄ ᶧֽϯῶ 3ȷ ᴩи∟ Ȳ֢Њ ֯

Ɏ1ɏứ Ȳ Ԓ ҏ∕ ὙȳɎ2ɏ ֯

ᴩиЏ ᾼ ȳѿцɎ3ɏ Ὑ ᴩ

иέᾼ Ȳ Ẃẃ Ȳ Ϡ Ӣṿӣ ᴯ

ᾼ ᾓȲҠ ן ɦ Ϥװ ɧȳɦ װכ ɧȳ

ɦ ɧȳɦ ֫ װ ɧȳɦ ᾼ ӱ

װ ế ɧȳɦ ᾼ װ ɧȳɦ֫

ᾼч ɧ נּ ẃ ᴩ иέȲẂֽ Pearson

ד иέȳ иέȳἨ╥и Ѡᾎȴ 

ᴖӦὑṿӣ῏ᾼ ᴩⱢ‍ ֵ оȲ֪ױȲѿ ѱ

כ ⱢẂȲӐׁשṅ ᴕᵦӅ Ɏ2004ɏ ὑ Њ

ᴯ ậ ᴩⱢ иέᾼה ὨɎ ₤ȳ

₤ȳ Ϥ₤ɏȲṼ ῏ᾼṿӣᴩⱢ Ȳ

иⱢɎ1ɏ ῏ȸỮӑ Њ ѱ ᶙ ᵛ ϯ

Ϛ Њ ȳɎ2ɏ ῏ȸᶙ ѱ Ὅᶙ Ȳ ᵂ

ԉᴶ ѱȳɎ3ɏ ῏ȸ כ ѱ Ȳצ

ȳ ȳ֫Ὅȳ כ ᵂȲṳ ѱᶙ

ᶙȳѿцɎ4ɏכ ῏ȸ Б כ ᾼ ѱȲ ᴩ

ѱ֫ 4 ȴ֯ ᵂ Ѡ Ȳ⁄ѿ Ӕ

ᵂⱢ и Ṽ Ȳṳ ᴕ ῠɎ2001ɏ

иέ ѿ ᵗ ᴩⱢ ПׁשṅȲ и

Ɫ ȸ ᵂ Ӕ ȳ ӱȸ Ḗ ӱ ⇔ɎϮ

◕ɏȳ ȸ ═Лṿӣ ӱȲṳ ȳѿц֫

ȸ ד ѱ֫ ᶾҾ ȴ 

֝ Ȳԝ צ ṷ ῶ ֥ Ȳṳ ᴩⱢ

иέ Ὠӣ оᾼ ῶ ῶӱҏẃȲѿ

ṳῶ ᴩ Ȳᴖḕ аᾼɦ∟ ɧ⁄

Ɫ ᴩⱢ П иέȴ ∟ԛṼ иέ Ὠ

ҏ∂ Ѡ ȴῶ3⁄╥Ӑׁשṅ ♄ ԉ Ȳ

֯ Ḋ ♄ Ȳ М Ởứ

Å∂Ӵ ẃ ậ

Å › ȳ

Ѡᾎ Å Ѡᾎ

Å ᴩ иέ

ῶ
Å иέ Ὠѿ оѠהᵧ
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ȲԒẓ ∟Ἴ ȲԒ ὔ∟ ᾼ ≈

῀ ϤȲ ᴖ ≈ᴕ ᾼ Ȳװ и

έᾼ ≈ᴕ ḟ ϩȴ 

 
 1 ♄ ԉ  

4.  

ᴯּדᶾᾼ Ȳṿ צ ẃ ֵᾼ

Ȳᴖ ≈ ╥ⱢϠ Ṏ Ӣᾼ ≈ᴕ ϩȲ

о ᶾ ȴᴖ דּ ɦ ҏ ᾼ Ȳ

И ẞ ᾼ ȴɧ ᴩ ȲẔ

МҔᵶᾼ иέᶾ ἘȲҠẦᵗ М

ᾼצӣ ȴ֪ױȲӐׁשṅ ֥ ≈

иέᾼ Ȳ ṿӣ῏֯ ӣR ה ṕ ᴩ

иέᾼ МȲ ᾼ צ ᾼ

ȳи ᴖиέẔ ὨȲ Ẕ ≈ᴕ ḟ

ᾼ ϩȲᴖ ᾼ о ῶᵧ Ḇ иέ Ὠ
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ABSTRACT  

It is inevitable that the primary school students today will 

grow up in a world in which computer programs that 

incorporate artificial intelligence (AI) capabilities will be 

prevalent in many aspects of their lives and their future 

workplaces. In our experience, primary school students 

often find the concept of AI quite mysterious and possibly 

scary. Teachers are often not well equipped to thoroughly 

explain key concepts in AI. This paper summarises our own 

experience designing and implementing classroom activities 

for teaching fundamental concepts of AI to Year 6 students 

in a school in Sydney, Australia. The main goal of our 

activities is to demystify AI by showing them AI can be 

thought of different ways in which a computer simulates 

human-like behaviours. In particular, we present two hands-

on activities ï an unplugged activity on facial recognition, 

and a simple robotic exercise that introduces the concept of 

machine learning. We hope this paper will ignite discussions 

about how AI can be taught effectively at the K-12 levels. 

KEYWORDS  

K-12 education, artificial intelligence, robotics, education, 

unplugged activities 

1. INTRODUCTION  
We now live in a world in which children grow up with 

software programs that have a large variety of artificial 

intelligence (AI) capabilities, such as facial recognition and 

speech recognition. These AI-enabled programs are widely 

accessible through smartphones, and websites. Our own 

experience indicates that primary school students are often 

fascinated about all these AI technologies, but at the same 

time they found the idea that computers can exhibit such 

intelligent behaviors quite mysterious, and sometimes scary. 

Standard K-12 curricula often do not explicitly introduce the 

concept of AI. Furthermore, most teachers are not well 

equipped to discuss the computational aspects of AI in their 

classroom in a way that is suitable at the K-12 levels.   

Currently, AI is often only taught at the university level, and 

these courses are mostly designed for computer science and 

engineering students. Some game-based activities have been 

developed to teach AI at the university level (DeNero & 

Klein, 2010; Wong et al, 2010). The main concept is to make 

AI classes engaging by incorporating games into 

programming exercises. These activities involve computer 

programming and knowledge of search algorithms; therefore 

they are not necessarily suitable for K-12 students. 

We would like to explore whether some computational 

concepts underlying modern AI applications can be 

introduced at the primary school level. Through the CSIRO 

STEM Professionals in Schools program, we have been 

designing and running new classroom activities that 

introduces some basic computational concepts of AI into 

Year 6 STEM classes at the Ravenswood School for Girls at 

Sydney, Australia, between 2016-2017 (Earp, 2017).  

This paper summarises the key design principles behind our 

classroom activities for teaching AI to primary school 

students, and present a brief summary of two specific 

activities, in which their details can be found online (Ho, 

2018a, 2018b): 

1. An unplugged activity for teaching the concept of facial 

recognition 

2. A simple robotic activity for teaching the concept of 

machine learning  

2. DESIGN PRINCIPLES  
In our classes, we always stress that a computer program is 

said to have AI capability because it simulates some aspects 

of human behaviours. We started our series of AI classes by 

asking our students whether they thought a computer could 

think. This often led to some interesting discussions about 

the role of the programmer and what was the nature of 

human intelligence. We then explained that this exact 

question was as old as modern computer science. We then 

introduced the Turing Test ï an imaginary test developed by 

Alan Turing that states that a computer can be said to have 

intelligence if it is indistinguishable from a human by a 

human interrogator who can only interact with a computer 

and a human through natural language conversation. The 

point of introducing the Turing Test is to illustrate that a 

computer program can be said to have AI if it exhibits some 

aspects of human-like behaviours. From our experience, 

introducing the Turing Test is useful because it demystifies 

AI. It shifts the focus from defining the arguably vague 

concept of óintelligenceô into more concrete computational 

tasks of simulating specific human-like behaviours. The 

activities that we developed involve breaking down various 

human-like behaviours and showing our students how some 

simple algorithms can be used to simulate behaviours such 

as óseeingô (facial recognition) and ólearningô (machine 

learning).  

We following several simple design principles when 

developing our activities: 
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1. Explain how a problem can be solved by simple 

computational elements. In every lesson we always 

stressed that all seemingly complicated algorithms 

consisted of simple computational elements in which 

they were familiar, such as loops (for repetition), if-else 

statements (for decision), and variables (for data 

storage). We found that this principle was useful in 

demystifying AI. 

2. Create group activities that involve both design and 

execution. All activities were designed to involve group 

work inside the classroom. Time was given to let them 

discuss the design the algorithm, either as the whole class 

or as individual groups, prior to the teacher revealing a 

solution.  

3. Incorporate the element of game into the activities. To 

engage our Year 6 students, we designed our activities as 

games. We utilised unplugged activities as much as 

possible. 

4. Select AI tasks in which the students are familiar. AI 

encompasses a wide variety of areas. We chose areas in 

which primary school students are familiar.  

3. ACTIVITY 1: FACIAL RECOGNITION  
Our first activity involves facial recognition. In the 

beginning of the lesson, we showed a video about how a 

facial recognition program can identify the name of people 

walking pass a security camera in real-time. We led a 

discussion about how the students might design an algorithm 

that could name the person in a picture. One key point we 

would like them to learn was that for a facial recognition 

program to function properly, it required a large database of 

personal photos where the name of the person in each photo 

was known. This is the concept of training data. Another key 

that we wanted to get them to understand was that this task 

was much more difficult than comparing the picture with a 

collection of facial images, because the same person could 

have slightly different physical appearances in different 

pictures due to movement, lighting, clothing, and other 

factors. A simple pixel-by-pixel comparison would not 

work. Usually after some discussions, some students would 

work out that it was possible to match a person based on 

some characteristics ï such as hair colour, hair length, eye 

colour, glasses, height, and so on. This is the concept of 

feature extraction. Following this discussion, we proceeded 

to an unplugged activity called óWho is this princess?ô which 

illustrated how training data and feature extraction could be 

used to develop a facial recognition algorithm. 

In this activity, we first asked six students to come to the 

front of the classroom, and picked up a photo of a Disney 

princess. Disney princesses were used in this game because 

all the students in this girlôs school are familiar with these 

cartoon characters. The choice of these characters also made 

the class more engaging. It is possible to replace them with 

other characters that are well known to the students. These 

six students were asked to answer a series of five questions 

about the character they picked without showing the photo 

to anyone else (Figure 1). These six photos would become 

the ódatabaseô for this facial recognition task. Afterward, one 

additional student was called from the rest of the class to 

pick up a new photo (which contained the same character as 

one of the six photos in the ódatabaseô). This student was 

asked to answer the same five questions without showing the 

photo to anyone else (Figure 1). Then, this last student had 

to walk in front every student in the database group and 

compare the answers of the five questions, and assign a 

similarity score which indicated how many answers were the 

same. In this end, all the students were asked to reveal their 

photos to the class, and we could check whether the photo 

with the highest score was indeed the correctly chosen 

photo.   

 

 

Figure 1. Extraction and comparison of features of 

different Disney princesses. 

 

In the example in Figure 1, the database consists of three 

princesses (Snow white, Belle, and Jasmine). Based on the 

features, the unnamed princess (the right most column) is 

likely Jasmine since it has the highly similarity score 

(bottom row) to Jasmine in the database. 

This unplugged activity is a physical way to act out the 

process of feature extraction and the nearest-neighbour 

algorithm in machine learning. One important concept to 

explain to the students is that feature extraction is the key to 

convert a seemingly difficult problem (matching images) 

into a simpler problem (matching simple features). Also, it 

should be pointed out that the success of this facial 

recognition program depends on having a large number of 

high quality photos in the database. This is an opportunity to 

introduce the concept of big data. 

4. ACTIVITY 2: MACHINE LEARNING  
Our next activity explores how an AI program can learn 

from past experience. This is the field of machine learning. 

We conducted this activity across two weeks.  

In the first week, we played a ónumber guessing gameô. This 

activity involved building a simple program using the Lego 

Mindstorms EV3 kit. The goal of this activity is to build a 

program (the robot) that can óintelligentlyô guess a number 

that the human opponent is guessing in the smallest number 

of attempts. This game proceeded as follows: the human 

player (i.e., the student) came up with a number between 1 

and 100 in their mind. The robot needed to guess that 

number. After each robot guess, the human had to provide 

feedback to tell the robot whether its guess was too large, too 

small or correct. This process was repeated until the correct 

answer was achieved. A robot can be thought of as more 

intelligent if it could make the correct guess in a smaller 

number of attempts.   

Before the students started coding, we asked them to 

consider three strategies a robot could take:  
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1. Each time randomly generate a number between 1 and 

100, regardless of the feedback received in the previous 

rounds 

2. Systematically guess 1, 2, 3, ... until the correct answer 

was reached 

3. Each time randomly generate a number within the 

current range (start with 1-100), and progressively 

narrow down this range to a smaller range using 

feedback provided in previous attempts.  

Most students could see that the third strategy was the best 

because it was ólearningô from the feedback provided by the 

human player. Both strategy 1 and strategy 2 do not make 

use of feedback from the human player. While all three 

strategies would eventually find the correct answer, only the 

third strategy could be considered as having the ability to 

ólearnô. This strategy is essentially the binary search 

algorithm in computer science. It is one of the simplest 

search algorithms. This type of search and optimisation 

algorithms is at the heart of modern machine learning 

algorithms. This number guessing game illustrates the 

concept of learning by trial-and-error. Using this simple 

concept, this number guessing game can be seen as a simple 

machine learning program. 

In the second week of the machine learning activity, we 

turned the number guessing robot into a self-learning lawn 

bowling robot. Lawn bowling is a game of accuracy. The 

goal of the game is to bowl the ball so that it is closest to the 

target. In this sense, the game of lawn bowling is similar to 

the number guessing game. In the number guessing game, 

the robot iteratively narrows down the range which contains 

the humanôs number. In the lawn bowling game, the robot 

iteratively learns the range of speed its robotic arm needs to 

swing in order for the ball to be as close as possible to the 

target. In both games, human feedback after a robotôs action 

is critical to the learning process.   

We asked the students to build a robotic arm and a lawn 

bowling ball for the robot (Figure 2). The students could re-

use the source code from the number guessing program, and 

modified the code to make the robotic arm swing instead of 

displaying a number guess. This means this lawn bowling 

robot ólearnsô the optimal bowling speed based on repeated 

bowling attempts. These repeated attempts can be seen as 

ótrainingô in the context of machine learning. This lawn 

bowling robot can be seen as ólearningô by trial-and-error. 

From our experience, most students were amazed by the 

apparent ability of the robot to learn how to bowl in just a 

few rounds of training.   

To create further engagement, we asked the students to 

participate in a órobotic lawn bowling competitionô inside 

the classroom. All the students were given sufficient time to 

train their robots. They could even come up with their own 

design for the robotic arms and computer source code. Our 

students had a lot of fun.  

 

 
Figure 2. Pictures of the lawn bawling robot and the lawn 

ball that were assembled using Lego. 

 

The core concept is that machine learning can be achieved 

by trial-and-error. This is a concept that is quite readily 

understood by our Year 6 students because it relates to how 

they learn new skills, such as mastering a new sport, learning 

to play a new musical instruments, and learning to speak in 

a new language. A learner is more effective if it readily 

incorporates feedback into their learning process. Therefore, 

in addition to teaching them machine learning, this activity 

also provided an opportunity for our students to reflect on 

their own learning experience and how they can utilise 

feedback more effectively in their own learning.  

5. DISCUSSION  
In this paper, we presented our own experience in designing 

and implementing classroom activities for teaching basic AI 

concepts to Year 6 students. The goal of our work is to 

demonstrate that some seemingly complex concepts such as 

facial recognition and machine learning can be explained in 

terms of simple computer algorithms that simulate specific 

human-like behaviours. We hope that these classroom 

activities can spark further development of proper 

pedagogical approaches to teaching AI at the K-12 levels. 
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ABSTRACT  
As the world becomes increasingly saturated with artificial 

intelligence (AI) technology, computational thinking (CT) 

frameworks must be updated to incorporate AI concepts. In 

this paper, we propose five AI-related computation 

concepts, practice, and perspective: classification, 

prediction, generation, training/validating/testing, and 

evaluation. We propose adding them to a widely-used CT 

framework and present an MIT App Inventor extension that 

explores this framework through project-based learning.  

KEYWORDS  
artificial intelligence, conversational artificial intelligence, 

machine learning, computational thinking, K-12 education 

1. INTRODUCTION  
There are many who would like to understand and use 

artificial intelligence (AI) models but lack the tools and 

knowledge to do so. We propose adding AI-related concepts 

to Brennan and Resnickôs (2012) CT framework, as well as 

present block-based coding tools to democratize AI 

education and programming. Our proposed tools were 

developed for MIT App Inventor, an open-source platform 

that enables anyone to develop mobile apps using block-

based coding with eight million registered users from 

primary-school aged students to working-class adults (MIT 

App Inventor, 2017).  

Malyn-Smith et. al. (2018) developed a CT framework from 

a disciplinary perspective which includes machine learning 

as an element. To this end, we propose computational 

concepts, practice, and perspective that more effectively 

capture the skills and competencies necessary to understand 

AI. Using conversational AI, AI-related components, 

including classification, prediction, generation, 

training/validating/testing, and evaluation, are explained. 

We present an MIT App Inventor extension to enable 

students to learn the proposed AI CT components. 

2. EXTENDING CT W ITH AI  

Artificial intelligence can be understood within a symbolic-

rule/machine-learning paradigm. In symbolic rule-based AI, 

collections of if-then statements or other rules determine 

how AI agents behave (Winston & Shellard, 1990). In 

machine learning-based AI, machines determine how to 

behave through extracting patterns. Both methods have 

shortcomings, such as the difficulty of programming an 

exhaustive list of rules for rule-based AI, and the limited 

interpretability of machine learning models. 

Within the symbolic-rule/machine-learning paradigm, 

designers use AI to classify, predict, and generate  

information. For example, an autonomous vehicle may 

perceive objects on the road and classify them as 

ñpedestriansò or ñmotor vehiclesò; predict objectsô motion; 

and generate vehicle speed (Van Brummelen, OôBrien, 

Gruyer, & Najjaran, 2018). We propose adding three AI-

related concepts to Brennan and Resnickôs CT framework: 

Classification, Prediction, and Generation.  

Classification. Machines often sort information into 

categories for downstream decision-making through rules 

(e.g., ñthe sentence is positive because it contains óhappyôò) 

or learning algorithms (e.g., after observing ñpositiveò 

sentences, similar sentences are classified as ñpositiveò). 

Prediction. To act intelligently, machines predict future 

values and behavior. This includes predicting the category 

an object may fall into, an objectôs future behavior, or the 

best action to take next (e.g., after saying, ñI am aò, a 

conversational agent may predict the next best word to be 

ñrobotò). 

Generation. Using information gathered, machines can 

generate new data. This may include synthesizing previous 

examples, creating new information, or making decisions 

(e.g., a machine constructing and speaking a new sentence). 

We also propose the following AI-related practice: 

Training, Validating, and Testing. Developing a robust 

ML model requires waiting for the model to learn to 

recognize patterns, testing if it generates correct predictions, 

and determining if it is sufficient for the task. Training 

involves providing examples (or an environment) for the 

model to iteratively learn from (or experiment in). Testing 

and validating involves providing different examples (or 

environments) to observe how the model behaves, 

comparing the modelôs behavior to other models, and 

determining whether the model is sufficient. This includes 

assessing the accuracy of the model (e.g., the percentage of 

correct classifications) using a test and/or validation dataset 

and the model loss (a value used to update model weights 

during training).  

Finally, we propose the following AI-related perspectives: 

Evaluation. Some AI (e.g., neural networks and other 

learning techniques) behavior can be difficult to predict or 

unintuitive to humans. Programmers must think about how 

well the program behaves and whether it achieves the 

necessary goals (e.g., How can we improve the program? 

Did we over- or under-train the model? Is the model biased 

towards certain people because it was trained by them?). 

These considerations are especially pertinent when 
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considering the large number of input-output relationships 

with ML. 

Evaluation is performed in the context of the final product 

or application, whereas testing and validating are performed 

only considering the model itself. For example, during 

evaluation, one might ask, ñIs my app biased towards 

classifying people as middle-aged?ò; whereas during 

validation, one may ask, ñWhy is my model achieving 42% 

accuracy?ò.  
3. CONVERSATIONAL AI EXTENSION  
The conversational AI extension for MIT App Inventor, or 

Text Mixer, generates text based on three input corpora: Dr. 

Seuss books, Taylor Swift lyrics, and Shakespearean poetry. 

It enables students to generate text resembling the input 

corpora by providing corpora weights (mixture coefficients). 

The model contains three, single-layer LSTM models with 

30 hidden units and static GloVe embeddings (6B, d=300) 

(Pennington, Socher, & Manning, 2014). 

¶ SEUSS: The Dr. Seuss collection of children's poetry 

contains word coverage representative of children's 

literature at a K-3 reading level (Foster & Mackie, 

2013). 

¶ SWIFT : Lyrics from the popular artist Taylor Swift 

contain colloquialisms, interjections, and repetitions 

and focus on the themes of love and heartbreak from 

an adolescent perspective (Kotarba, 2013).  

¶ SHAKESPEARE: These works are featured in 

university and high school English courses, and consist 

of Early Modern English verses (G. T. Wright, 1983).  

To generate response-sentences from a mixture of language 

models, we resampled the model at each word-generation 

step. For each word, we sample from the three models based 

on the mixture coefficients inputted to the block (See Figure 

1). Using the sampled model, we feed in the input sequence 

of previously generated words until an end-of-sentence 

token or the maximum length has been reached. Upon 

completion, we have both a sequence of newly generated 

words and the corresponding list of language models each 

word was generated from.  

4. RELATION TO CT FRAMEWORK  
With the conversational AI Text Mixer extension, students 

can explore the proposed AI concepts, practice, and 

perspective. 

Classification. In the Duet App, the Text Mixer extension 

contains ML models to classify and organize words in latent 

spaces (the representation spaces where neural networks 

organize information). The models use this organization to 

determine wordsô likelihood to appear next in the sentence. 

Prediction. The Text Mixer extension predicts the best next 

word in the sentence by using three ML language models. 

The mixture coefficients determine how often a model is 

chosen (e.g., if the Dr. Seuss mixture coefficient is relatively 

high, then the Dr. Seuss language model will likely be 

chosen). The ML language models then use the ñseed textò, 

the previous words in the sentence being generated (if any), 

and previously-trained weights to predict the best next word. 

Generation. After predicting a word, the Text Mixer adds 

this word to the sentence. This repeats until a full sentence 

is generated. Once a sentence has been constructed, the Duet 

App speaks the words aloud while playing music. 

Trainin g, Validating, and Testing. The Text Mixer block 

exemplifies training by enabling students to choose machine 

learning models trained on different input corpora. This 

block is meant to be a high-level introduction to ML, so it 

does not necessarily exemplify testing and validating. The 

authors plan to develop blocks for testing and validation in 

future work. 

Evaluation. After developing the app, students can evaluate 

the output to determine whether the model generates song 

lyrics adequate for their application.  

5. CONCLUSION 
CT frameworks need to be updated to continue to be relevant 

in an increasingly AI-powered world. This paper proposes 

AI -related CT concepts, practice, and perspective, building 

on Brennan and Resnickôs (2012) framework and presents 

an MIT App Inventor AI extension. The skills learned 

through experimenting with the Text Mixer integrate 

smoothly with the CT framework and help students to better 

understand AI. 
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ABSTRACT  
The purpose of programming education is to train students with the abilities of logical thinking and solving problems. In the 

basic education stage, many developed countries are promoting programming education based on computational thinking in 

order to respond to rapid advance on science and technology. However, it is an important issue that how to teach programming 

is beneficial to students and let students be able to apply the problem-solving skills to other knowledge fields. In addition, 

project-based learning is a teaching method in which students gain knowledge and skills through learning by doing and can 

train studentsô self-confidence, teamwork and self-learning ability. Hence, in this study, we designed a project-based learning 

teaching activity to teach students programming based on computational thinking. The results show that project-based learning 

can effectively enhance studentsô motivation, satisfaction and participation.  
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Ȳѿ‚ Ἤ ᾼ ḟᶾ оẞẔһ῀

Ȳ⁄Ϛ᾿╥ ᾼׁשṅ ȴᴖ ֣ ᾼ

ᴥ―֯ὑҠ М Ӣᾼᴞ‒їȳ ֥ᵂ
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ṅשׁ Ὠ╓ҏȲ ֣ ᾼѠהҠצ с

Ӣᴞѻ ᾼ ϩȳכ ȳѿц ȴ 

ֿ 

≈ ȷ ה ȷ ֣ ȷ ȴ 

1. ›ṕ 

ᶾѡדּ ѣ ᶶ Ȳṿ ֵԒ

ᶾדּ Ȳ֪ױȲ Ӗᾼ ῀ᶾדּ Бכ

Ɫѷꜜ֢ Ṏᾼ ȲẔМȲּר דּ

Ầ ɎComputer Science Teachers Association, CSTAɏ

⁄ ϚḔ╓ҏ דּ ҔᵶХЄ ֣Ȳиᵑ╥

≈ Ɏ Computational thinkingɏ ȳ ֥ ᵂ

ɎCollaborationɏȳ ᵂ ה ɎComputing 

Practice and Programmingɏ ȳ

ɎComputers and Communications Devicesɏѿцῂ ȳ

ԓ ɎCommunity Global and Ethical Impactsɏ

ɎCSTA, 2011ɏȴ 

ҵȲױ ֵ Ở֯ Ṏ ◕ ѿ

≈ ɎComputational thinkingɏⱢ їᾼ ה

∟ȲϷṿ ה ♄ ԛ⇔כⱢ Ṏׁשṅ

ד  ᾼׁשṅ ȲẂּֽר ȳ Ȳ

ϷБ ה Ϥ МɎSchoolnet, 2015ɏȴ

Ṏ Ɏ2016ɏ⁄֯ ≈ МȲѿћ ה

ȳ ≈ ȳ ♄ Ɫӭ Ȳ Ӣ

њ Ȳ Ȳ Ȳ ӣ דּ ᾼṔ⇔

≈ᴕᾼ ϩȴᴖ ה ӭ ѻ ֯ὑ

Ӣ≈ᴕֽᴶ ӣ ה ṕᾼ ᾎ⁄ ᶾҾ

ẃ ḟ ứᾼ ȲẔ ֯ὑ Ӣ

Ἴ ≈ᴕᾼ ϩȲ ᴖ ֯Л֝ ḟᾼ

῀ ɎWing, 2006ȷFernaeus, Kindborg, & Scholz, 

2006ȷWing, 2008ɏȴ 

ṕПȲֽᴶ Ӣ֯ ה ᵂᾼ МȲ Ӧ

ҏצ ᾼ Ȳṳ М ᾼ῀ ᶾ

╥‍ ᾼȷᴖ ֣ ɎProject-based learning, 

PBLɏ ᾼה ᴥ―֯ὑҠ М Ɏlearning by doingɏ

Ӣᾼᴞ‒їȳ ֥ᵂếᴞ ϩȲצᵗὑ

Ӣ֯ ḟ ϩᾼ כ ɎLarry, 2015ɏȴ֪

ṅשȲӐׁױ ֥ ≈ ֣ ᴩ ה

♄ ṅȴ 

2. ѝ  

2.1. ≈  

ᴞ ≈ ҏ∟Ȳ ֵ ῏ ὑ ≈ Ϛ

ẔЛ֝ᾼṓצ ȲẔМֵ ῏ᶁ Ɫ ≈

Ҕ ᵶ Ἴ о Ɏ Abstractionɏ ȳ ῶ ӱ Ɏ Data 
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ц ᾎ≈ ɎAlgorithm ThinkingɏɎWing, 2006ȷ 

Grover & Pea, 2013ȷGoogle, 2019ɏȴBarr Stephenson
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10) ɎData Collectionɏȸ Ҡ

ѿиέᾼ ȴ 
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12) ῶӱɎData Representationɏȸ ᴩὊ
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ɎStackɏȳᴱԝɎQueueɏȳ ѱɎGraphɏế ῶ
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13) έɎProblem Decompositionɏȸứ Ҡ

ѿӣ ḟѠᾎȴ 

14) Ἴ оɎAbstractionɏȸ Ṇצ ᾼҔ Ȳṳ

ᵓӣ ᾼѠᾎצ ḟȴ 

15) ᾎ≈ ɎAlgorithms & Proceduresɏȸѿ

דּ ⱢẂȲ ẕ ᾎȲṳ █Ϛ ứ

ᾼ ᴩ ᵂ ᾎȴ 

16) ᴞ оɎAutomationɏȸ ᴞ оᾼѠה

ḟȲֽӢ♄М ẞᾼȲщ ᴞ ‐ ȴ 

17) ֝ḔɎParallelizationɏȸ᷂Ҡѿ֝ ᴩПᾭᾓȲ

֝Ḕ ᴩȴ 

18) ɎSimulationɏȸ ᶮȴ 

ѿ דּ ẃ Ȳ ᵓӣ ה ṕ Ӣֽᴶ

Ȳה ה ᾼ Ȳ∂ Ӣ ὑ ≈ ᾼ

ἘȴᴖׁשṅϷ╓ҏЄ Ӣ ה

≈ צ ᵗȲѹ ếּדᶾ Џ ֯ɦ
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ɧȳɦԝῶ ӣɧцɦԝῶ ֥ ӣɧѠ ῶ Ὑ

ὑ Ṏ ѝ ɎḈ Ȳ2018ɏȴ 

2.2. Ѥה ה ṕ 

῏ Lee Ϣ Ɫ Ӧ ה ᾼ Ȳצᵗὑ

Ӣ֯ оȳה ᾼ ≈ ϩɎLee et al., 
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ᴩ ה ᾼ᾿ ה ṕɎHaeberli, 1988ɏȲẓ ὔ

ὑ ᵂцṣ ֫ ȲѹҠ ᵅῴ ה
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2.4.  

ɎVirtual Reality, VRɏ╥╓ᵓӣ ᶾדּ Ӣ

Ϛ Ϯ Ὲ ᾼ ѷꜜȲṳ ȳ ȳ

ṿӣ῏צṝ Ẕ ᾼ ắȲẓצḚ ἤ

Ɏ ImmerseɏȳФ ἤɎ Interactiveɏȳѿц ἤ

ɎImaginationɏȷḚ ἤ ṿӣ῏Ḛ ὑ ᾼѷꜜȲ

ѷꜜ ȷФ ἤ⁄╥֯ ѷꜜ ᾬ

ẞ ѷꜜ֝דПч ȷ ἤȲṿӣ῏ ӣ

֯ ѷꜜᾼ ắȲ ҏ ѷꜜᾼ ṶԈȲ֪

҉ױ Ϡ ἤɎKrueger, 1991ɏȴ ᶾ

ӣὑ ᴩ ȳ њ ȳּד ȳӴ

Ἐ Ȳ֯ ᴩ ȳּד ϱЛᵀ ᵅϠ֚ ἤȲ

ѹҠѿֵװᾼ ᵂȲ ᴖ ᵅϠ Ӑȷᴖ֯כ

Ѡ Ϸצ ֵ ӣȲҔᵶ ȳ ȳ ȳ

ᾬ ȲẔМ ᴯ Ɫ ѻ ӭȲ֯Ẕ҃

Ѡ Ȳ Ϸ ṿӣ῏Л֝ᾼ ắȴ 

ṅѠᾎשׁ .3  

Ӑׁשṅ ѿ Ɫѻ ᾼ ֣

ѠהȲ ᴩ ה ПׁשṅȲ ᵂᾼѠ

ה Ȳ ӢϷ Ṽ Ӑṝᾼ ẃ צ

ᾼѻ Ȳṳ ṅẔ ȴ Ɫ Җ █Є

ӢȲ֯ М ᴩ Ȳѿ ᴩ Ὠиέ

ȴ 

3.1. ѻ в -  

ṅ╓ҏЄשׁ Ӣצ ᶾדּ ᴩ ԏɎChou 

& Lin, 2015ɏȲ ᴩ ᶾדּ צ ᾼᵂӣȲ

Ὼᴿὑ ֯ ᴩ њϱ ᾼ ѱȳֿқ Ȳ

֯ᴩ ᶾדּ ϱϷҠὍ Ȳ ⅎҠѿ

Ғ Ϡ ῶ ᾼ ȴᴖ ӣ

ᶾ ȲḆ ᴟԉᴶ ԏ Ɏᵦѷԏế ∂ếȲ

2002ɏȲGoogle⁄ѿɦ ԓѷꜜ ẞṿӣ῏ᾼ ›ɧ

Ɫѻ ɎGoogle developers, 2019ɏȲ֯ ד2007 ӣϠ

Google ὢ ᾼғ Ȳ ὢױ Ӗ Ҡѿṛ ֮

ϱ ֤֮ Ȳѿцѷꜜố Ȳ Ҡѿ Ϥ ᾬ ȳ

ȳЊ вכ▲ Ȳ Google ẁᾼ

֢ ὢ Ȳ ⅎ ҠѿԒ▲כ ѱ

 Ὼ Ȳԛḟứ╥ᵡׄ ᴩ Мȴ 

ӦױҠ῀Ȳ ╥Ӣ♄оᾼ ӣѻ ȲẔ ᶾ

ҾҔᵶ ȳ ẓ ӣȳ в П ӣȳФ

Ѡה ȲẂֽ ứ ֮ ỞȲ

ⅎᾼ￼ ȲẂֽȸ ȳד ȳ ȲᵂⱢ

ᾼ ᴕṼ Ȳ ֯█ṷ ứ ᴩ Ӈ

֯ɦ ứ ᴯɧИ ṓɦכ ɧȲṳѹ ᴩ
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3.4. ♄ ☼  

Ӑׁשṅ П ≈ Ḋв ṿӣ CoSpacesП ᶮ

о ѤᵂⱢ ה ЏẓȲԚ Х аȲҔ

ᵶ Ḋȳ ᵂ ȳ Ӑȳ ȳה

Ȳ Ӣ֯ ᵂ МȲ ≈ ἘȲ

ֽ 1Ἤӱȴ 
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Ю П ȲṳЮ CoSpacesӂүȲ ṿӣ῏῀ צ
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5. ∂  

ṅ╓ҏשׁ ֣ᾼѠה Ӣ Ӕ֣צ
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ABSTRACT  

Programming skills are seen as an essential competency in 

the 21st century. In response to the new curriculum for Basic 

Education announced by the Ministry of Education of 

Taiwan, most universities in Taiwan had announced the 

ability of programming as the key indicators. The traditional 

programming courses emphasize coding statement and 

algorithmic theory might. It is a high-level entry for students 

with non-information backgrounds, and it is easy for 

students to lack motivation to learn. Therefore, this 

exploratory work-in-progress study attempts to present an 

undergraduate programming course to conduct empirical 

evidence-based research at universities. Therefore, the 

improvement of programming teaching is an urgent task. To 

enhance the programming learning outcomes and motivation 

of university students, this project conduct empirical 

teaching experimental research in universities, from the 

integration of flip classrooms, combined with the 

development of live-coding and code annotations materials. 

A compulsory course, ñIntroduction to Python 

Programmingò, has been designed for the general 

programming skills of the school. It is expected to be a 

valuable reference for programming innovative teaching. 

KEYWORDS  

programming, python, SPOCs, higher education, flipped 

classroom 

1. INTRODUCTION  
Programming has brought a wave of learning around the 

world. More and more learners from different backgrounds 

have joined the ranks of learning programming, starting with 

a number of online courses. In higher education, the 

information literacy of students has become one of the key 

abilities. In response to the new curriculum for Basic 

Education announced by the Ministry of Education of 

Taiwan, most universities in Taiwan had announced the 

ability of programming as the key indicators. Programming 

is an important tool to carry out computational thinking 

which can help students to critically think and solve 

problems. 

Nowadays, programming is no longer a professional skill 

that only the specific information engineers have. 

Programming skills have been regarded as one of the basic 

core competencies, which can affect the national economy 

and competitiveness. It is regarded as an essential ability in 

the 21st century. Higher education also emphasizes that 

students have a broad knowledge base, logical thinking 

ability, and critical thinking through general education. The 

Ministry of Education is scheduled to implement the new 

12-year National Curriculum in the 2008 academic year. It 

also lists information technology and programming as a 

compulsory curriculum for national and high school students 

(National Institute of Education, 2016). Therefore, it is 

imperative to enhance the programming ability of university 

students. 

However, traditional programming learning emphasizes the 

theory of programming language structure, algorithm. It is a 

high-level entry for students with the non-computer science 

background, and it is easy to lead students to lack motivation 

for practical programming, problem-solving and software 

development capabilities. Therefore, the improvement of 

programming learning is an urgent task.  

The rise of information technology has spurred traditional 

higher education toward the reform of technology-assisted 

learning. With the popularity and flourishing of open 

educational resources, Massive Open Online Courses 

(MOOCs) are seen as a revolution in global higher education 

and scientific literature (Lépez-Meneses, Vázquez-Cano, & 

Román, 2015), which aims to provide students with an open 

and flexible learning pipeline. MOOCs allowing students to 

master self-directed learning according to their learning pace, 

conditions, and characteristics. Fox (2013) proposed Small 

Private Online Courses (SPOCs) to use MOOCs' high-

quality teaching videos to match the teaching design and 

classroom activities of school instructors to improve the 

effectiveness of teaching and learning.  At the same time, it 

also uses large-scale data analysis to improve classroom 

effectiveness. SPOCs is designed to combine MOOCs' 

courses and increase the lecturer's influence, students' 

productivity and engagement. 

To enhance the programming learning outcomes and 

motivation of university students, Therefore, this 

exploratory work-in-progress study try to conduct empirical 

teaching experimental research in universities, from the 

integration of flip classrooms, combined with the 

development of live-coding and code annotations materials. 

A compulsory course, ñIntroduction to Python 

Programmingò, has been designed for the general 

programming skills of the school. It is expected to be a 

valuable reference for programming innovative teaching. 

2. LITERATURE REVI EW 
Programming is a tool aims to solve the problem in real life. 

Traditional assessments are not easily adaptable to new 

developments in computer programming education. New 

learning methods, such as collaborative learning, project-

based learning (PBL), e-learning, and mobile learning, are 

working to explore new ways to enhance the programming 

learning outcomes. Various tools have been introduced in 

the education process to strengthen teaching and learning 

activities. These tools play an important role in enriching 

students' learning experiences (Rubin, 2013) These digital 

tools are essential in programming teaching and learning 

because programming software and environments are 
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closely related to computers and require a computer as a 

platform for implementing and testing programming 

grammar (Syahanim, Mohd, & Salleha, 2013). The 

programming process involves a variety of activities, 

including planning, design, testing, and debugging. To learn 

how to develop a program, students need to understand the 

syntax of a programming language. The complexity of 

programming and the difficulty of understanding program 

logic often lead to frustration and lack of motivation in 

learning programming (Kelleher, 2005). 

3. SETTING 
In this study, we present an exploratory work-in-progress 

study to conduct empirical teaching experimental research 

in universities. This course plans to conduct empirical 

evidence-based research in a compulsory course, 

ñIntroduction to Python Programmingò focus on the 

integration of flipped classroom, live streaming video and 

deep learning to explore the smart programming education 

in the era of big data. Based on the characteristics of SPOCs, 

this study develops a curriculum learning strategy combined 

with online digital courses, physical classroom courses, 

online programming annotations, and peer-to-peer 

evaluations. 

The study has produced an online course for Python 

programming for beginners and has conducted a one-

semester empirical experiment. There are 42 students 

participated in this course. Before the class, the learner logs 

in the learning management system to watch the course 

videos produced by this study, and then completes the pre-

course unit exercises and tests, and returns the learning 

status to the teacher. 

The course is conducted as follows: Before the class, the 

learner needs to watch the online course videos produced by 

this study. In the Face-to-Face classroom, students could run 

the program implementation and execution, debugging, etc. 

After the class, students share their own online programming 

annotations. After that, their annotations and codes are 

reviewed by peers. The four major mechanisms of flipping 

the classroom are shown in Figure 1. 

 

 
Figure 1. SPOCs theory applied to the programming course 

4. RESULTS 
In this study, the curriculum with the flipped learning for 

programming course for different background students was 

proposed. Moreover, a total of 18-week python 

programming online course has been designed based on the 

students of different backgrounds in the general education 

curriculum. The video material produced by the real teacher, 

the content is combined with the teacher's actual 

explanation, screen recording for demonstrations, and 

program source code.  

In this study, the digital design curriculum is integrated into 

the digital learning management system with SPOCs 

teaching strategy. In the future, this study will focus on the 

learners' satisfaction and the learning outcomes of students. 

More details about students' learning outcomes and learning 

attitudes toward Python programming will be explored by 

formative assessment and questionnaires. It is expected to be 

a valuable reference for programming innovative teaching. 
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ABSTRACT  

The aim of the study was to develop instructional materials that integrate the concept of computational thinking and 

mathematical thinking with Google Blockly for children with learning disabilities. There are totally eight units to introduce 

the concepts of orientation, direction, path and distance. Google Blockly was adopted to provide manipulatable visual stimuli 

which help children with learning disabilities to solve the problem through computational and mathematical thinking. 

KEYWORDS 
computational thinking, mathematics, learning disabilities, blockly 
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ӐׁשṅБ ᴩᴟ ϡדȲ Ϛדᾼ Ḋв Ὑ

⁄ɎExplicit Instructionɏ Ȳ Ḋв ֥

≈ ế ≈ ἘȲ ♄ ẞ♄ 7Ԛ 8

аȲ Ӣ ѠᴯȳѠ֣ȳ ế

Ὲ ἘȲ Ḋᾼ Ɫ ᾼ ӢȲ

∟Ȳ Ḋ ᴩ Ȳὑ ϡד ◕Ȳᵓӣ Google 

Blockly ⱢϚ Ṇ Ȳ ᵗ Ӣ᾿ ᵓӣ ה

ѤȲ֯ ᾼ МȲ ṳ ≈ Мᾼ Ἐ

ế ḟ ȴ 

ֿ 

≈ ȷ ȷ ȷBlockly 

1. ›ṕ 

≈ ╥Ὼ ẃ֯ד ṎꜜМד ᾼׁשṅ Ȳ

Ẕ ס ӣ דּ ᾼ Ἐ ḟ ȳ Ṇ

ế Ϣ ᾼᴩⱢɎWing, 2006ɏȲ╥Ϛ ḟᾼ

ɎGoogle, 2019ȷISTE, 2011ɏȲἬצϢ ẓ ᾼ

Ӑ ϩȴБ ᾛ ӣ֯Л֝ᾼ Ȳֽדּ

ɎJenkins et al., 2012ȷSnodgrass et al., 2016ɏȳּד

ɎAhamed et al., 2010ȷSwaid, 2015ɏȳӢᾬ ɎQin, 

2009ɏȳ דּ ɎRepenning, 2012ȷGrover, Pea, & 

Cooper, 2015ȷGood, Yadav, & Mishra, 2017ɏȳ ṕ

ɎWolz et al., 2010, 2011ȷHowell et al., 2011ɏ ȴ֯

ṷ ֥ ≈ ᴩ ᾼ דּ МȲ ה ╥

ṓᾼ ЏẓȲ ›ᾼ ṅשֵׁ ӱṿӣ ה

ᴩ ╥ẓדצ כ ᾼɎKazimoglu et al., 

2011ȷPellas & Peroutseas, 2017ȷSnodgrass et al., 2016ȷ 

Ber et al., 2014ɏȴ 

Ӑׁשṅ Ἃ Ϛדᾼׁשṅӭᾼế ὨȲ Ϛ

֥ ≈ ᾼ ♄ ḊȲ ᵗ Ӣ Ẕ

Мᾼ ≈ Ἐ ᴩ Ȳװױᾼׁשṅ

ϚדἬ ᾼЛ ♄ ḊȲṿӣ о ה

ЏẓɎVisual Programming Languageɏ Ɫ о

ḊȲ Ӣ ה ᾼѠה ӣ ≈ Ἐ

ḟ ȴ 

2. о ה ЏẓɎVisual 

Programming Language, VPLɏ 

Ϛ ṓᾼ ה ЏẓⱢѝֿ₤ ה Џẓ

ɎText-based Programming LanguageɏȲֽ C, JAVA, VB, 

RUBY, PYTHON Ȳ ѝֿ ᶙכ ה ȲЛ

֝ ṕצЛ֝ᾼ ᾎȲᵀ╥ ה Є ȲЛ֝ד

  Ȳ ῧ ֵ Ȳ֪ ה ╥

≈ ᾼϚ ȳϚה ЏẓȲ Ӣῧыֵᾼ

ЏẓȲчᴖ ҷҟẔ ȴᴖ о ה

Џẓ╓ᾼ╥ṿӣ῏Ҡѿ Б ᶮоᾼаԈ ᴩ

ה Ȳṿӣϱ ᾼѝֿ₤ ה Џẓ ὔϱ

њế᾿ Ȳӭ› ӣ֯ Ṏϱᾼד Џẓצ

AgentCubes, Alice, Kudo, Google Blockly, Scratch, 

Code.org ȲẔМ Scratch ᵅ֮ὰɎ ὔϤ ɏȲ

щῧὰɎҠѿ ᵂҏ− ᾼᵂ₇ɏế

Ɏḕ ῏ Ҡѿ ᴞАᾼ ∂Л֝ἤ ᾼ

ɏȲẔ╥Ϛ Ѥהᾼ о ה Џẓ

ɎBlock-based ProgrammingɏȲҠѿ ӢὈἮ ה

ѤᵛҠᶙכᵂ₇ᾼϚ ЏẓȲ֯ Snodgrass, Israelế

ReeseɎ2016ɏᾼׁשṅМȲ҃ ᵓӣ Scratch Ɫ Џ

ẓẃ ᵗ Ḗ Ӣ Ȳ ֽᴶ Ȳ

Ὠ╥כצ ᾼȴ֯ӐׁשṅМȲϷ ṿӣ ₤ᾼ

ЏẓɎBlock-Based Programmingɏ Ɫ ЏẓȲᵀⱢ

֥ Ḋ Ȳ қӦ ẞ Ȳ֯ ה Ѥᾼ

и Ṽ қв Ἤצ ạȲἬѿ ӣҠѿᴞứ

Ѥᾼ Google Blockly ᴩ Ḋ ȴ 

 

1 Google Blockly, Scratch, Code.org о ה

Џẓ 

3. Ḋ  

Ӑׁשṅᾼ Ḋ╥ ᾼ ӢἬ ᾼȲ

Л֝ᾼצ ₤Ȳѻ ҠѿиכϮ Ȳиᵑ╥

ȳ ц ȲӐׁשṅ֯ Ḋ

ᴕ Ϯ Л֝ ᵑ Ӣᾼ ḖȲṳѹ Ὑ

⁄ɎExplicit Instructionɏ ᴩ ȲIsrael

῏Ɏ2015ɏ ẞὙ ⁄╥Ϛ Ṇצ ѹ᾿

ᾼ Ȳṳשׁצṅ ӱױ ֯ה

ᾼԉ Ȳ ֵḔ ᴩᾼ ԉ Ҡѿצ ᾼ

ᵗ ᾼ Ӣ ᴩ ȲẂֽ ѿ ӱ҅

ѝֿȲֽ Ѥ ה ѿ о қᾼ ᵧה Ȳ

Ẕ Ἐẓ оȲ ю Ӣ ῀ Ȳѿ ẞ йᾼ

Ὠȴ 

Ԓᾼ Ḋ ♄ ẞ♄ 7Ԛצ 8 аȲ

ᾼѠᴯ Ἐ∂ ẞ ӣ қ Ȳᶦ

Ҡѿ Ӣ ϚṆԝ♄ Ѡᴯȳ ѿ

∂ Ὲ ἘȴὑװױᾼׁשṅМȲ Л Ḋ

Ɫ оᾪӐȲ Google Blockly ᴩ ȲẔ
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Ϛ ֪╥֪Ɫ Blockly Ҡѿ ạҠṿӣᾼ ה Ѥế

ᴞứ ѤȲѿᵓ Ḋᾼ ȴ 

ӭ›Ӕ֯ ◕Ȳ Ӑᾼ 8 ♄ Ȳ ֥ Ḋ

о∟Ἤ ᾼ Ȳ Ɫ 10ᴟ 15 қȲ

ᾼѠᴯ ẞҒϤ ᾬ Ԉ Ὼế

ȴᵀế ӐЛ ♄ ᾼ ПϚȲ ╥ қϚ

ỞἬṿӣᾼ ѤȲ᾿ ѿ қᾼЮ ᵧ Ȳ Ӣ Ӧ

ᵂ ṷ ה ѤȲ М ӣ ≈ Ἐֽ╓҆ȳ

ᶧԝȳ ȳ Ԉ ▐ ה ѤȲᵓӣ ֽ

ȳἼ о ∂ ᴩ Ȳ ᶙכ

қ♄ ᾼ ☼ Ȳ ӣѹϷ ≈

ḟ Ȳה ḟ Ȳ֯ ♄ ☼ МȲ

ӢἬצᾼ ᵂ Ꞌ ϯẃȲ Ὠ ᴩи

έȲ ⱢП∟ Ḋ ᾼ ᴕȴ 

 
2 Blockly Ḋ қЮ  

4. ӑẃׁשṅЏᵂ 

ӭ›Ṇ ֯ ᴩ ӔМȲ ԛҒϤ֫ ế ӱᾼ

ạȲ֯ МҠᵛ ẁ ֫ Ȳ ᵗ Ӣ

ȴ 

5.  

ӐׁשṅӦ ᶾדּ  MOST 106-2511-S-142 -

004 -MY3 ᵗќ═Ȳ ױ ȴ 
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ABSTRACT  

This study investigates the measurement of computational 

thinking performance of secondary school students using 

multiple-choice questions. The sample group of 775 grade 

eight students are drawn from 28 secondary schools across 

Kazakhstan. Students responded to a Computational 

Thinking Performance test of 50 multiple-choice questions. 

The test covers the concepts: logical thinking, generalisation 

and abstraction. The validity and reliability of the multiple-

choice questions are determined using an Item Response 

Theory model. The item difficulty and discrimination 

coefficients are calculated, and the item characteristic curves 

for each question and test information functions for each 

quiz are generated. The results of the study show that the 

multiple-choice question assessment is a valid and reliable 

tool to measure computational thinking performance of 

students. 

KEYWORDS  

computational thinking, measurement, evaluation, multiple-

choice questions, item response theory 

1. INTRODUCTION  
As computational thinking is becoming more popular trend 

in education, many countries integrated it into their national 

curricula. The most common way of delivering 

computational thinking in schools is through teaching 

computer programming, in some cases applying the pair 

programming technique and using unplugged activities 

(Bell, Witten, & Fellows, 2015) to teach computer science 

concepts in classrooms. The increased use of educational 

robots and programmable kits is also spreading the teaching 

of computational thinking. However, teaching methods are 

still in the early stage of development. The evaluation of 

computational thinking is as important as its integration into 

curricula, as without clear and verified assessment, attempts 

to integrate computational thinking into any curriculum 

cannot be verified. Moreover, in order to judge the 

effectiveness of computational thinking teaching strategies, 

measures must be approved that would allow teachers to 

assess what children learn (Grover & Pea, 2013). There is a 

need for standardized tests that can assess whether students 

can think computationally (Linn et al., 2010). The aim of this 

research is to establish a valid measurement of 

computational thinking performance of students by using 

multiple-choice questions. 

1.1. Computational Thinking and Evaluation 

Thinking is a mental process with a high-order cognitive 

function used in the process of making choices and 

judgments (Athreya & Mouza, 2017). The thinking process 

consists of lower-order and higher-order sub-processes, 

where a higher-order thinking is related to problem-solving, 

critical thinking, creative thinking, and decision-making. 

Computational thinking is a cognitive process, which 

reflects the ability to think in abstractions, algorithmically 

and in terms of decomposition, generalisation and evaluation 

(Selby, 2014, p.38). Computational thinking is related to 

spatial ability (Ham, 2018), academic success (Ambrosio, 

Almeida, Franco, & Macedo, 2014; Durak & Saritepeci, 

2017; Gouws, Bradshaw, & Wentworth, 2013) and problem- 

solving ability (Román-González, Pérez-González, & 

Jiménez-Fernández, 2016).  

2. METHODOLOGY  
A bespoke computational thinking assessment was designed 

because most of the assessment tools for computational 

thinking are based on particular programming languages 

(Jamil, 2017) or some specific tools (Moreno-Leon & 

Robles, 2015; Oluk & Korkmaz, 2016; Seiter, 2015; Weese, 

2016; Zhong, Wang, Chen, & Li, 2015). Context-specific 

evaluations of computational thinking might be biased due 

to studentsô prior knowledge and experience in those 

particular programming languages or tools. In this study, the 

test is more neutral as it is not a language-specific 

measurement. The national curricula of the Kazakhstani 

schools, the annual plans of ñBilim Innovationò Lyceums 

and studentsô problem-solving experience have been 

explored in order to construct test questions. The multiple-

choice test is written taking into consideration the national 

curriculum, annual plans for informatics and Informatics 

textbooks (Shaniyev et al. 2017) and studentsô experience 

with problem solving. 

2.1. Mult iple-choice questions 

As a frequently used assessment type in school, multiple-

choice questions (MCQ) have several advantages including: 

efficiency for large-scale studies (Becker & Johnston, 1999; 

Dufresne, Leonard, & Gerace, 2002; Roberts, 2006); 

accuracy (Holder & Mills, 2001); objectivity (Becker & 

Johnston, 1999; Haladyna & Steven, 1989; Simkin & 

Kuechler, 2005; Zeidner, 1987); and compatibility with 

classical and item response theories (Haladyna & Steven, 

1989). Multiple-choice questions are the most suitable 

format for assessment of higher-order cognitive skills and 

abilities (Downing & Haladyna, 2006), such as problem-

solving, synthesis, and evaluation; and they are more 

effective on improving learning (Haynie, 1994; Smith & 

Karpicke, 2014). The multiple-choice questions for this 

study have been carefully constructed in line with the 
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context relevant recommendations on writing good multiple-

choice items provided by the authors Downing & Haladyna 

(2006), Frey et al. (2005), Gierl et al. (2017) and Reynolds 

et al. (2009). In addition, two experts with experience in 

assessing computational thinking reviewed these test 

questions. Each item in this multiple-choice test has four 

response options, with one correct answer and three 

distractors. There are 50-multiple-choice questions (set of 5 

quizzes with 10 questions each) in this test with maximum 

score of 50. It is conducted online with a duration of 100 

minutes. 

 

   

 

 

 

Figure 1. Sample questions. 

Note: The sample questions can be accessed through: 

http://bit.ly/SampleQs 

 

2.2. Item Response Theory 

Item Response Theory (IRT) is a paradigm for the design 

analysis and scoring of test instruments that measures 

attitudes, abilities and other variables. This theory is based 

on the relationship between personôs performance on a test 

item and the personôs performance level on an overall 

measure of the ability the item was constructed to measure. 

IRT is based on a mathematical model, which describes in 

probabilistic terms, how a test taking person with a higher 

standing on a trait is likely to respond in a different response 

category to a person with a low standing on the trait (Ostini 

& Nering, 2006). IRT has several advantages over 

traditional test theory, such as, sample independency, 

measurement of range of different abilities, accounting item 

difficulty, accounting for guessing, and supporting adaptive 

testing (Thissen & Wainer, 2001). 

3. DATA ANALYSIS  
The responses for multiple-choice questions were converted 

into dichotomous items, 0s for wrong responses and 1s for 

correct responses. These data from 775 13-14 year old 

participants are tested according to 2-parameter and 3-

parameter IRT models. These data are collected from 775 

(549 boys, 226 girls) 8th grade students aged 13-14 years 

from Kazakhstan. The relationship between the probability 

of correct response to an item and the ability scale is 

described by the item characteristic curve (Baker & Kim, 

2017). The item difficulty is a location index that shows 

where the item is located along the ability scale. An easy 

item functions among the low-ability students, a hard item 

functions among the high-ability students. The 

discrimination of an item, tells how well an item can 

differentiate between students with the abilities below the 

item location and those with the abilities above the item 

location. The item discrimination shows the steepness of the 

item characteristic curve in its middle section of the plot. The 

steeper the curve the better the item can discriminate; the 

flatter the curve the less the item can discriminate (Baker & 

Kim, 2017). The item discrimination parameter is ñaò. The 

item difficulty parameter is ñbò. The guessing parameter is 

ñcò. A 2-parameter IRT model suits better in this study, as 

the guessing parameter ñcò is found as non-significant in 3-

parameter model. The coefficients of item difficulty and 

item discrimination are presented in tables 1 and 2. The item 

characteristic curve plots are presented for each quiz in 

figures 2-6. The Cronbach Alpha is calculated for the items 

based on the responses from the sample size of 775. For the 

IRT analysis, the ñmirtò and ñltmò libraries were used in 

RStudio. 

4. RESULTS 
The difficulty coefficients of majority of items are between 

the range of -0.8 and 1.3. All item characteristic curves for 

items fit well except for three items, item1(X1-black curve 

in Figure 4) and item6(X6-pink curve in Figure 4) in 

Abstraction quiz (Q3), item7(X7-yellow curve in Figure 5) 

in Pattern Numbers (Q4) quiz with the difficulty coefficients 

of 3.0, 1.8 and 2.0 respectively as shown in Table 1. The 

Cronbach Alpha (Field, 2013) coefficient for all 50 items is 

0.87 (>0.7). 

 

Table 1. The coefficients of item difficulty. 

 Q1 Q2 Q3 Q4 Q5 

Item1 -0.5 -0.8 3.0 0.9 -0.4 

Item2 -0.2 -0.4 -0.8 0.1 0.2 

Item3 0.2 0.1 -0.6 0.2 0.5 

Item4 -0.3 -0.1 -0.1 0.0 0.4 

Item5 0.2 -0.4 0.3 0.1 -0.1 

Item6 0.0 0.0 1.8 -0.4 0.4 

Item7 -0.2 1.0 -0.2 2.0 0.4 

Item8 0.6 0.0 0.3 -0.1 0.4 

Item9 1.3 0.2 0.5 0.2 1.1 

Item10 1.2 0.5 0.2 0.0 0.3 

 

The discrimination coefficients are between the range of 0.3 

and 2.3 as shown in Table 2. The test information functions 

for each quiz show that the average ability respondent is 

tested the best.  

 

Table 2. The coefficients of item discrimination. 

 Q1 Q2 Q3 Q4 Q5 

Item1 0.9 1.1 0.3 1.2 0.8 

Item2 1.3 1.2 1.0 1.6 0.9 

Item3 1.2 1.6 1.5 2.1 1.1 

Item4 1.8 1.9 1.4 1.9 1.1 

http://bit.ly/SampleQs
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Item5 1.2 2.1 1.0 2.3 1.2 

Item6 1.9 1.5 0.6 1.7 1.2 

Item7 2.3 1.4 1.6 0.6 1.5 

Item8 1.4 1.9 1.4 1.4 1.3 

Item9 0.8 1.7 1.0 2.2 1.4 

Item10 1.1 1.3 1.2 1.6 1.1 

 

  
Figure 2. Logic quiz (Q1).  

http://bit.ly/Q1Logic 

  
Figure 3. Logic quiz (Q2). 

http://bit.ly/Q2Logic  

 

Figure 2 shows the individual item characteristic curves for 

the 10 items of the Logic Narrative  quiz (Q1). Figure 3 

shows the individual item characteristic curves for the 10 

item of the Logic quiz (Q2). All lines ascend steeply 

showing a good discrimination coefficient. 

 

 
Figure 4. Abstraction quiz 

(Q3).  
http://bit.ly/Q3Abstraction 

 
Figure 5. Pattern quiz 

(Q4).  

http://bit.ly/Q4Pattern 

 

Figure 4 shows the individual item characteristic curves for 

the 10 items of the Abstraction quiz (Q3). The 2 outlier 

questions (items 1 and 6) being clearly identified by their 

more horizontal nature. Figure 5 shows the individual item 

characteristic curves for the 10 items of the Pattern quiz (Q4). 

The more difficult item being clearly identified by its 

displacement. 

 

 
Figure 6. Pattern Figures quiz (Q5).  

http://bit.ly/Q5Pattern 

 

5. DISCUSSION AND CONCLUSION 
In this research, to measure studentsô computational thinking 

performance, 50 multiple-choice questions were specially 

designed with the focus on the concepts: logics, abstraction 

and generalisation. For the validity and reliability of the 

measurement 2-parameter IRT model and Cronbach Alpha 

test were used. Out of 50 items, 3 items were outliners as 

they were found difficult and were less informative in 

measurement. No too easy items were found. Test 

information functions for each quiz show that the most 

information is obtained for the average ability. The 

Cronbach Alpha result, the item difficulty and 

discrimination coefficients, the test information functions 

and the item characteristic curves are indications to justify 

the establishment of the validity and reliability of the 

multiple-choice questions to measure computational 

thinking performance of students. 
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based on Computational Thinking 
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ABSTRACT  

Based on the current status of Computational thinking research and practical problems of App Inventor courses, this study 

constructs the App Inventor program evaluation indicators based on Computational Thinking. This study refers to the existing 

research and related standards, established an evaluation indicators system initially. Delphi method was used to invite 9 

experts in the field of computational thinking and 8 experts in App Inventor to establish an expert consultation group to consult 

on the rationality of evaluation indicators and to modify and improve the indicators according to expert opinions. In this study, 

three rounds of expert opinion consultations were conducted. After each round of expert consultations, statistical analysis and 

indicator revisions were conducted. After three rounds of expert consultation, the rationality of each indicator was greatly 

improved, and the opinions of experts tended to be consistent. The App Inventor program evaluation indicators (secondary 

school) that contained three first-level indicators, nine secondary indicators, and 27 third-level indicators were formed based 

on computational thinking. 
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computational thinking, App Inventor, evaluation indicators 
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Ϲ ≈ ᾼ App Inventor ᶧ ╓  ṅשׁ∂

 
1ɾȲ 2 

12ҖṺ Є Ṏ ȲМ  

lybnu@mail.bnu.edu.cnȲzhangjb@bnu.edu.cn 

 

 

Ӑׁשṅ Ϲ ≈ ṅМשׁ ṅЛṜᾼשׁ

ц ֣ ≈ ᾼ App Inventor М‎∕ ᾼ

Ȳ Ϲ ≈ ᾼ App Inventor ᶧ

╓ ṅשṅȴӐׁשׁ∂ Ԓ ᴕ דṅцשׁצ Ȳ

ῴḔ ∂Ϡ ╓ ṆȲ֯ױ ϱ ӣ ᾎ

Ϡ 17ᴯ ṅцשׁ כ∂ ⁸

Њ Ȳ ֢╓ ᾼ֥ ἤ ᴩ⁸ Ȳ Ϯ

⁸ Ȳ Ḃếᶙ ᶮכϠҔᵶϮ ╓ ᾼ

Ϲ ≈ ᾼ App Inventor ᶧ ╓ ɎМ ɏȴ 

ֿ 

≈ ȷApp Inventorȷ ╓  

￼ṅשׁ .1  

Ὼד ≈ ắẞ ᾛ Ȳ ṅṣשׁ Ȳ

◕ѻ М֯ ≈ ṎѠ֣Ȳᵧ ≈

ñћ ò Ṏ ᾼ ȴ ṅМשׁצ ≈

ᶮהН Ȳ ЏẓֵаоȲ ἤ ế

ѠᾎЛ Ȳ ≈ ᾼӇ ἤế ἤ

ᴩϠԓ ȳ҉иᾼ ȴᵀ Ϲ ≈ ᾼ ṅשׁ

ѽȲ֯ М ѽ Ӣ ≈ Ѭ

ӂᾼּד Ȳ ц ᾼצ ἤ ᾎ ẞ

Ὑȴ 

֯М ◕ᾼ ≈ Ṏ МȲЄֵ ӣҠ о

ᾼ ᶮהȲẔМ App Inventor ϚЏẓṿӣ

ֵȲ Ϲ ӂү ᾼ ӭׁשṅϫиН ȴ

ṅБשׁצ ҉и ὙϠ Ϲ App Inventor

῏ ≈ ᾼҠᴩἤȲ Ϲױ ᾼ ȳ

דȳה ∂ ᾼ ϷБ כ Ȳᴖ

ṅשׁ ╥ӭ› ѽᾼȴӐׁשṅ

ᾼ שׁ Ȳ֯ ֣ ≈ ᾼ App 

Inventor МȲ ֯ Ӣᾼ ≈ Ѭӂ

֯׀ ѠהếЏẓЛ ӣϹ App Inventor ȳ

ӣᾼ ᶧ ה ᾎ ≈ ᴩᴕ

ế ȴ App Inventor Мᾼ ≈

ȲӐׁשṅ Ԓ ∂Ϡ Ϲ App Inventor

ᾼ ≈ ₤ȴ ₤ȲӐׁשṅ ӭ

› ѽҠӣϹ App Inventor ᶧᾼ ≈ ЏẓȲ

ṅשӐׁױ֪ Ϡ Ϲ ≈ ᾼ App Inventor ᶧ

╓ Ṇѿ Мᾼ ȴ 

2. ѝ  

Ӑׁשṅѿ ≈ ȳ ≈ Ṏ Ȳ

Web of ScienceȳSpringerȳProQuestцМ ῀ ȳᴍ⇔

֯ ậד ṅשׁ ѝȲѻ ≈

ṅᾼשׁ ц ≈ ṅשׁ ᴩѝ

ȴ 

Ӑׁשṅ ѝ иέ Ȳ ≈ ᾼׁשṅ

Ẕ ц ἤ ᾼ ỞȲ Ϲ

цד דּ Ȳ ֧ ѿ Ṏ їᾼ

≈ Ṏׁשṅȴ 

Ểѿד2006 ≈ ҏ ỞȲ ῏

Ԓ ≈ ᾼ цẔ ἤ ᴩϠ Ȳ

ѻ ≈ ϹӢ♄Мᾼ ếϢᾼ ϩ

ᾼ ἤȲג ẔіϤ Ṏ МȲ

≈ ṎɎComputational Thinking Educationɏ Ϛ

ᾎ― ᴖӢȴᴞױ ≈ ṅᾼѻשׁ

ế їѠ֣ Ở ≈ Ṏ ȴ֯

≈ Ṏ ῏ṅשṅМȲׁשׁ ≈ Ṏᾼ

ἤȳЛ֝ ◕ Ӣ ≈ ϩ ȳ Ϥ

≈ ᾼ ▐ȳ Ѡᾎ ᴩϠׁשṅȴẂ

ֽȲVALERIE BARR Ϣ ֯ K-12 ṎМ ֽᴶіϤ

≈ ѿцד Ṏ ȳ ≢ ẁќ═

ᴩϠ ɎBarr & Stephenson, 2011ɏȴ ◕

≈ ṅשׁ ѿ Ṏ ѻȴ Ϲ

≈ ᾼ ╗Ϡ › Ṏẞ ṎЛ֝

Ṏ ◕Ȳ ֣Л֝ᾼ Ȳגᵧ цоế

оᾼ ȴ 

֯ ≈ ṅѠשׁ Ȳ ṅᾼשׁצ ếᶮהН

Ȳᵀ Џẓ ₤ МȴWerner Ϣ Ϲ Alice

ӂүȲ Ӣᶙכ › ֻᾼЛᶙ ᾼ ᶧᵂ

₇ Ӣᾼ ȳ ᶧ ế ≈ Ἤ

Ҕᵶᾼ Ӑᶾ ג ὙϠ Ѡᾎᾼצ ἤɎWerner, 

Denner, Campe, et al., 2012ɏȴ Brennan Ϣ ϠϮ

Ϲ Scratchӂүᾼ ≈ ѬӂᾼѠᾎȲᵛ

Ἤצ ӭѝԈᾼ҅ иέȳ Ӣ ѿц ϹБצ

ӭᾼᶙ ế оɎBrennan, 2012ɏȴBaichang Zhong

ϠϚ ֣ Alice ӂүᾼϮ ▐Ȳ ן

Ӣᾼᵂ₇ ᵫȳ ч ᵫȳ Ὠ

Ϯ Ѡ Ӣ ᴩ ɎZhong, Wang, Chen, et al., 

2016ɏȴ Њ ậế Ӣ֯

Ҡ о МἬ ᾼ ≈ ( Њ ế Ȳ

2014ɏȴ צ ≈ ṅМѻשׁ  ӣᾼ Џ

ẓҠи ϮЄ ȸ ≈ Ἐц ᵂ ȳ

⇔ ῶế ᶧᵂ₇иέȴ Ϯ Џẓᶁ ӣϹ Ϲ

≈ ᾼ App Inventor ȲẔМ› צ

כ ᾼЏẓҠ ᴕṿӣȲᵀᴕ ẞ App Inventor

ᾼ Ӑ ἤȲ ᶧᵂ₇ᵂ ᾼ ӭ ế Ӣ

ᾼ ὨȲכ Ӣᾼ ≈ ѬӂȲ

֯ App Inventor М ᶧᵂ₇ҏ ≈

╥ϫи ᾼȴ 
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ṅשׁ .3  

3.1. Ἐꜜứ 

’ ṅשׁ ᵓ ȳ ᵍ Ӣ Ȳ Ԓ

≈ ᴩ ἘꜜứȴӐׁשṅ ≈ ╥ ᴞ

֮ ӣ דּ ᾼ≈ Ѡᾎ ᶙכ

ᴩᾼϚṆԝ≈ ♄ ȴẓ Ȳ Ϛ

ѻ Ҕ╗ ꜜứȳ Ѡ ᾼ ∂ế Ѡ

ᾼ Ϯ Ȳ֯ Ϯ Мѻ ӣ

דּ ᾼ≈ ȳ ἘếѠᾎȲֽ и ȳἼ ȳ

ᾎ כ ᾼӭ ȷ ד

Ȳ צ ֮ ӣ דּ ᾼ≈

Ѡᾎ ᶙכ Лג о Ѡ Ȳ

ѹ ҃Ϣ ᴩӻ☼ ֥ᵂȴ 

ṅѠᾎשׁ .3.2 Ḕ  

ӦϹ ◕Ҡ ᴕᾼ ╓ Ṇ юȲѹ צ

╓ ‒ ⇔Ữӑ ᾛ ȴ֪ױӐׁשṅ  ӣ

ᾎ ∂ Ϲ ≈ ᾼ App Inventor ᶧ ╓ ȴ 

ᾎȲϷ ⁸ ᾎἨ ▲ᾎȲ Ѡᾎ

Ҡѿṿ ן Ḇ Ҡ ȲẔ֢֯ ᾼ ӣ

ᾛȲ ᾎ ẞᾼ Ὠ‒ ⇔ ȴӐׁש

ṅѻ ṿӣ ӣᾼ SPSS Ԉ ⁸ Мᶮ

╓ᾼ֢כ ֥ ἤᾼ и Ὠ ᴩ Ȳג

֢ Ṇ ᾼ ֥ ג ֥ ҏᾼẓ ế∂

╓ ᴩ Ḃȴ 

Ӑׁשṅẓ и ѿϯϦ Ḕ ȸ 

ϚḔȲῴḔ ∂ ╓ ȷ ϡḔȲ ӣ ᾎ

ᴩ ⁸ ȷ ϮḔȲ ṅשׁ ế

Н ᾼ ῏ᾼ ế∂ Ȳ ╓ ▐ȳ

ȳẓ ᴩḆḂếᶙ ȷ ҳḔȲЛ

ϡȳϮḔȲ᾿ᴟ Ϛכ Ȳ ᶮכᶙ

ᾼ Ϲ ≈ ᾼ App Inventor ᶧ ╓ Ṇȴ 

4. ῴḔ ∂ ╓  

Ӑׁשṅ֯ ≈ Ἐꜜứᾼ ϱȲᴕ ẞ ᶧᵂ

₇ᵂ Ѡ ᾼ ὨȲҠѿ ẔМᾼ҅

ȳ ᾎ ӣцᵂ₇ ἐ ᴩ ≈ ȴ

ӦϹ ╓ ᾼ ӭ М ◕ ӢȲӐׁש

ṅѻ М ◕ Ӣ ≈ Ѭӂцῶ ἤ

ậế ╓ ȴ Ϡṿ ╓ ᾼ

ӣ Ḇ ȲӐׁשṅ ᾃ App Inventor ᶧМ

їᾼ Ԉếғ Ȳּטҏ ᶧᵂ₇М ≈ ᾼ їῶ

ȴ 

Ӑׁשṅ ╓ ᾼ ∂≈ ế ἘꜜứȲ ’

ᾼ ἤế֥ ἤȲ ӣϠ 3 ╓ ֒и ȲϚ

╓ ⇔╓ Ȳѻ ч╣ ≈ ᾼ ⇔ ἤȲ

Ϸ╥ѻ ᾼ ӭ ȷϡ ╓ и ╓ Ȳ ậ

⇔ϯᾼ ≈ ї Ȳ╥Ϛ ╓ ᾼẓ и ȷ

Ϯ ╓ ╓ Ȳ╥ ≈ ֯ App Inventor ᶧ

Мᾼẓ ῶ Ȳѻ Ϛ ╓ ᴩ ȴ

ậ֢ ╓ ȲӐׁשṅ Ԓ Л֝ ≈ ứ ц

ṅМᾼשׁ ≈ ї ᴩ ậȲג ∂

≈ Ӑ ֥ ȴӐׁשṅ ≈ ᾼ Ἐꜜ

ứג ᴕЄ App Inventor ᶧȲ ֥ Мᾼ ᴩ

и Ȳ ϠϮ Л֝ᾼ App Inventor ᶧ

⇔ȲᵛϚ ╓ Ȳи Ӑ Ἐȳ ế ᶧ

Ȳ ≈ ᶧ Ѡ ᾼ ȴ֯Ὑ

╓ ᾼ ⇔Ѡ֣ế Ӑ ֧ȲӐׁשṅ М

◕ ῏ᾼ ≈ ѬӂἨῶ ἤ ᴩϠ

גȲשׁ ậϠ֯ App Inventor ᶧМҠѿ ᾼȳМ

◕ ῏ ᾼ ≈ Ӑ ȲҔ╗Ἴ ȳ

и ȳ ῶἐ ȳ ᾎȳ ῶ ȳ Ȳ

ג Ẕ┬ ⇔и ᴩ֒иȳỄ֤Ȳᶮכϡ ╓ Ȳ

ҫҵ ᶧ ᾼṔ⇔ҏ ȲӐׁשṅ Ғ

Ϡᶙ ἤȳ ⇔ế ♄ἤ и ╓ ȴ ֧ȲӐ

ṅשׁ App Inventor ᶧ МЛ֝ ◕ᾼ

≈ Ȳ ϚḔὙ Ϡ֢ ╓ ȲᵛϮ ╓ ȴ

ῴḔ ứϠӦ 3 ⇔╓ Ȳ9 и ╓ Ȳ28

╓ ᾼכ ╓ ▐ȴẓ ֽϯ ἬӱɎӦ

Ϲ ֵӑҔᵶ ╓ ɏȸ 

 
1 ῴḔ ứᾼ Ϛᾪ ╓  

 

֯╓ Ѡ ȲӐׁשṅ ⇔╓ ∂Ӵ֯ צ שׁ

ṅế ≈ Ἐꜜứᾼ ПϱȲ

ᾼϮ ҏ Ȳ֯ ᴩ ᾼꜜứᵛῴḔ ∂ App 

Inventor ᶧ ◕Ȳѻ ᴕ ῏ ≈ Ӑ

Ἠ῏ דּ Ӑᶾ ᾼ ӣȲ֪ױ Ϛ и

⇔ Ἐ ӣȲ ⇔ϯᾼϮ и ╓ и

ȸ ῶἐȲ֯ ᶧ М ᾼ

ᶮהоג ậӔ ᾼ ῶἐᶮהȷ Ȳ֯

ᶧ М ᶧ ᴩМ Ӣᾼ ᴩϠן ȳ

ế ȷ ᵒ Ȳ Ԉᵒ ế иέ

Ϡ Л֝ ᾼ ᶧ ᵂȴ֯ Ѡ ∂ế

ᾼ МȲᵛ App Inventor ᶧ ȳ ᶮכ

ᵂ₇ᾼ Ȳ֪ױ ϡ ⇔╓ Ȳס

֯ ῏֯ МɎ ᶧ Мɏ

╥ᵡ ӣϠ֥ ȳ ҟᾼѠᾎ ҅ ȴ ⇔ϯ

Ϯ и ╓ ȸ оȲ ᶧ Ϡ о

ᾼ≈ ȷἼ оȲ ᶧ Ἴ ἐȳ ₤о҅

Ѡה ᴩ ȷᴞ оȲ ᶧ ӣ ᾎ≈ Ȳ

∂ҔᵶϚṆԝḔ Ἠ Ԉᾼ ᴞ о

Ἠᶙכ ᵂȴ Ϯ ⇔╓ ᶧ Ȳס

֯ ᶧᵂ₇ᾼ҅ ἐṔ⇔ҏ ᴩ ȴ

⇔ϯϮ и ╓ ȸᶙ ἤȲ ᶧᵂ₇ᾼғ ȳ҅

ᾼᶙ ἤц ᶧ ᴩᾼӔ ἤȷ ♄ἤȲ ᶧᵂ

₇М҅ ẓ҅צῶἤȲҠ ἤẞẔ҃דᴿᾼ

ᶧМȷ ⇔Ȳ ᶧᵂ₇ Ԉ ȳғ ⇔ ȴ 

╓ ȲӐׁשṅ Є App Inventor ᶧȲѻ

ᶧᵂ₇ᾼ Ԉȳ цꜜ ȳғ ᴩ

Ϡ ╓ ᾼ ȲӦϹ צ Л֯ױ ᴩẓ

Ὑȴ 
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5. ᾎᶙ ╓  

Ӑׁשṅ֯ῴḔ ∂ᾼ Ϲ ≈ ᾼ App Inventor ᶧ

╓ ᾼ ϱȲѿ с ╓ ᾼ֥ ἤếצ

ἤ ѻ ӭ Ȳ ӣ ᾎ ế ῏

ᴩ⁸ Ȳᶙ ╓ ᾼ ếῶ ȴ֯ ӣ ᾎ

ᶙ ╓ ᾼ МȲӐׁשṅѻ Ϡ ∂ ⁸

Њ ȳ Ὅế֫ן Ϛȳϡ ⁸ ῶג ╓

ᴩ Ḃȳ Ὅế֫ן Ϯ ⁸ ῶג ứ ᾪ

Ӑᾼ ╓ ϚṆԝׁשṅ ȴ 

Ӑׁשṅ ᾎׁשṅ Ȳ ᾼ М֯

≈ ṅשׁ ȳApp Inventor

ếᶺ ṅЊשׁ כ ᾼ Ȳ ậϠ 10

֤ ≈ ц ṅשׁ ȲẔМצ 3ᴯ ᶺ

‒ ᶾ ạứЊ כ ȲЄ и ῶ

ֵ ≈ ṅשׁ ѝѹ ϩ ЄȲ צ

ϠН ᾼ Ϲ ≈ Ἠ ᾼ ӭ

ṅȷ7֤שׁ App Inventor Ȳᶁ М ◕

App Inventor ᾼ‒ ᶾ ȲẔМ 5ᴯ

Ϡ Ϲ ≈ ᾼ App Inventor ṅשׁ

ӭȲҫҵ 2ᴯ ֯ԓ App Inventor שׁ М

♄ Ȳѹ ≈ Ϛ ṅשׁ ȴ 

5.1. Ϛ ⁸  

֯ῴḔ ∂ᾼ ╓ ᾼ ϱȲӐׁשṅ ạϠ

⁸ ῶȲג ԈȳQQѝԈ Ѡ֣ה 17ᴯ

Ϡ Ϛ ⁸ ῶȴ ֧Ȳ Ϛ

ᾎ ⁸ Ԛ֫ן 15Ԍצ ᾼ ч ῶȲ֫ן

88%ȲԚצ 12ᴯ иҵ ҏϠϫиẓ

ᾼч Ȳ ҏ 80%Ȳ Ὑ Ӑׁשṅ

ї ⇔ Ȳג ד иέ ҏ №

⇔Ṇ Ȳ иᾼ‒⇔ ȴ 

֯ Ϛ ⁸ МȲ ֢╓ ᾼ֥ ἤ ᴩ

Ϡ иȲ и Ὠᾼ иέȲҠѿ

ӂᶁ ȳ ế Ṇ Ϡ ᾼ М ⇔ȳ

⇔ế ⇔ȴ Ϛ ⁸ ᾼẓ

Ὠֽϯῶ 1ἬӱɎẔМ ẓ ᾼ ╓ Ȳ

֪ צ ѿ ҅ ɏȸ 

ῶ 1 Ϛ ⁸ и ἤ иέ Ὠ 

 N ӂᶁ   Ṇ  

A Ἐ ӣ 15 4.27 .884 0.207 
A1 ῶἐ 15 4.33 .816 0.184 
A1-1 15 4.40 .828 0.188 

A1-2 15 4.67 .488 0.104 
A1-3 15 4.33 .900 0.208 

A2  15 4.40 .737 0.168 
A2-1 15 4.47 .640 0.143 

A2-2 15 4.33 .617 0.142 
A2-3 15 4.27 1.033 0.242 

A3 ᵒ  15 4.47 .834 0.187 
A3-1 15 4.60 .828 0.180 
A3-2 15 4.60 .507 0.110 

A3-3 15 4.33 .816 0.188 

B  15 4.33 .816 0.188 
B1 о 15 4.27 .884 0.207 
B1-1 15 4.53 .640 0.141 

 N ӂᶁ   Ṇ  
B1-2 15 4.27 .799 0.187 

B1-3 15 4.00 .756 0.189 

B2Ἴ о 15 4.33 .900 0.208 
B2-1 15 4.47 .834 0.187 

B2-2 15 4.53 .834 0.184 
B2-3 15 3.53 .990 0.280 

B3ᴞ о 15 4.00 1.000 0.250 
B3-1 15 4.20 .862 0.205 

B3-2 15 4.53 .834 0.184 

B3-3 15 4.00 .926 0.232 
B3-4 15 3.07 1.033 0.336 

C ᶧ  15 4.13 1.060 0.257 
C1ᶙ ἤ 15 4.60 .507 0.110 

C1-1 15 4.13 .915 0.222 

C1-2 15 4.67 .488 0.104 
C1-3 15 4.27 .799 0.187 

C2 ♄ἤ 15 3.87 1.060 0.274 
C2-1 15 3.73 1.033 0.277 

C2-2 15 4.20 .775 0.185 
C2-3 15 3.73 1.100 0.295 

C3 ⇔ 15 4.00 1.134 0.284 

C3-1 15 3.73 1.033 0.277 

C3-2 15 3.87 .834 0.216 
C3-3 15 3.67 .976 0.266 

צ ᾼ N  15    

ϱῶᾼ ὨҠ῀Ȳ Ϛ ⁸ МȲӂᶁ

иЊϹ 4ᵛЛы֥ ᾼ╓ ᾼԚצ 8 Ȳѻ М

֯ñ ᶧ òцẔ ⇔ϯᾼד ╓ МȲ ᾼч

Ὠ Ϛ ȷ ЄϹ 1ᾼ╓ צ 9 Ȳ

֯› ⇔ϯи Ϛצ Ȳ ϯ М֯ Ϯ ⇔

ϯȲῶὙ ֯ ᴩ и Ϧ ╓ ᾼ ế

Ҡ⇔צ Ȳ ⇔ Єȷ Ṇ ЄϹ 0.3ᾼҬ

Ϛצ Ȳѹ ╓ ᾼӂᶁ ế ᶁЛ ֥╓

ᾼ ḖȲ ╓ ȴҫҵϦ и ὨЛ

ᾼ╓ ᾼ Ṇ ᵅȲҠ’ ג

ч ᴩ Ḃȴ ϹϮ ╓ Ȳ ╓ ᾼẓ

ȳ╓ ᾼ ἤȳѱ ἤѿц╓ Ἤ֯и

ᾼ֥ ἤ ҏϠ−ֵ Ȳצ и╓ ӑ

╓ ᾼᵶ Ȳ ϚḔ╓ ᾼҠ ἤȴӐׁשṅ

оῶ Ѡהȳ ╓ ȴ 

ậϠ Ϛ ч ֧ȲӐׁשṅ ҏ

ᾼ Ḃ ế ᴕ∂ ╓ ᴩϠ ḂȲגᶮכϠ

Ϲ ≈ ᾼ App Inventor ᶧ ╓ ϡᾪȴ 

 
2 ╓ ϡᾪ ɎϚϡ ɏ 

5.2. ϡȳϮ ⁸  

Ϛ ⁸ ц╓ Ḃ֧ȲӐׁשṅ

Ϡ ϡ ⁸ Ḃ֧ᾼ╓ ֥ ἤ ᴩ

иế ן ȴ֯ ϡ ⁸ МȲ ⁸ ῶ֫
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ן 93%Ȳᵛ Ṇ 93%Ȳ Ὑ

⇔ ȴẔМצ 6 ᴯ ҏϠ Ȳ ҏ

43%Ȳ Ὑ Ӑׁשṅᾼ ᾃ⇔ ȴ Ϛ Ȳ֝ד

Ӑׁשṅ ϡ ⁸ и Ὠ ᴩϠ иέȲ

ϡ и ὨȲ Ḃ֧ᾼ֢

╓ Б ṜϠ╓ ᾼ Ȳ ϷБ

ϠϚכ ȴ ֯׀כ ᾼ╓ юȲᵀ

ӦϹ Ϯ ⇔╓ Ḃ ЄȲ ױ и╓

ҏϠ Ḃếᶙ Ȳ ѻ М֯ ⇔╓ ᾼẓ

Ễ֤ȳ ╓ ᾼӻϿȳ Ѡ Ȳ Ḃᶮכ

Ϡ Ϲ ≈ ᾼ App Inventor ╓ ϮᾪȲẔϚ

ϡ ╓ ֽϯ 3Ἤӱȴ 

 
3 ╓ Ϯᾪ ɎϚϡ ɏ 

 

Ϯ ⁸ ѻ ϱ ⁸ М֯׀ ᾼ

╓ ȴױ ⁸ Ԛ Ὅ 14Ԍ⁸ ῶȲ֫ן 13ԌȲ֫

ן 93%Ȳ ẁ ч ᾼ ⇔ ȴ Ϯ

› Ȳѻ֝ד и ᴩ ἤ ȴ

Ὠ Ȳ Ḃ֧ᾼ֢ ╓ ᾼ Ὠ

ϡװḆֻȲ Ὑ֯ Ϯ М−ֻ֮ᶙכϠ╓ ᾼ о

Џᵂȴ 

ᾎ⁸ Ȳ Ḃȳᶙ ֢╓

Ȳ֯ Њ ᾼԚ֝ ϯᶮכϠ ᾪӐᾼ

╓ ȲẔẓ ֽ 3Ἤӱȴ 

ṅשׁ .6 Ὠ  

Ϯ ⁸ ╓ Ḕᶙ ȴ

Ȳכ Ϛ ẞ Ϯ Ȳ╓ иӂᶁ ЄȲ

Ṇ ЊȲ Ὑ╓ ᾼ ȳ

Ϸ ϹϚ ȴӐׁשṅ ∂ᾼ Њ

№⇔ ȲϮ ⁸ Мᾼ ⇔ế ṅᾼשׁ

ᾃ⇔Ϸ Ȳ’ Ϡ ὨᾼҠ‒ἤȴ 

֯╓ Ѡ Ȳ Ϛ ⁸ ֧Ȳ ╓ ᾼ

⇔ȳ ếẓ ῶ ᴩϠЄ ᾼ ḂȲ Ϡ

Ϛ Ở֯׀ᾼ ȲגᶮכϠḆҒ ȳּד ȳצ

ᾼ╓ Ṇȷ ϡ ⁸ ֧֢╓ иБ ẞ

Ȳ ю и╓ ᴩϠ ḂȲѿ с ╓

ᾼ ἤế ἤȷ ֧ Ϯ ⁸ ᶮכ

Ϡ ᶙ ᾼ ╓ ṆȴẂֽȲ֯ῴḔ ∂ᾼ

╓ МȲӐׁשṅ֯ɶ Ἐ ӣɷϚ ╓ МҔᵶϠ

ɶ ῶἐȳ ȳ ᵒ ɷϮ ϡ ╓ Ȳ

ẔМɶ ῶἐɷи ╓ ϯᾼ ╓ ɶ ᶧ

Ԉ ֥ ἐ/ғ ứᴯȳ ᶧМӔ ֮ṿӣԓᶝ/ᶝ

ῶӱ Ӣ оᾼ ȳ ᶧМӔ ֮ṿӣԝ

ῶ ῶӱֵ / ֵ М ᴩ ɷȷ

Ϯ ⁸ Ȳ ᾪ ╓ ɶ Ἐ ӣɷ

Ḃ ɶ Ӑᶾ ӣɷȲԚҔᵶɶ ῶἐȳ и

ȳἼ ɷϮ и ╓ ȲẔМɶ ῶἐɷи ϯ

Ҕᵶɶ ᶧ Ԉᾼ ậ ֥ ᾼ ἐȲ ᶧғ

ד ȳ ᶧМӔ ֮ṿӣԓᶝ/ᶝ ῶӱ Ӣ

оᾼ ȳ ᶧМӔ ֮ṿӣԝῶ ῶӱֵ

Ἠ ֵ М ᴩ ɷϮ ╓ ȴ

ѩ ᾪӐế Ϛᾪ ╓ ȲҠѿ

ᾎ ⁸ Ȳ╓ ᾼ ⇔ḆҒ֥ Ȳ ֥Ӑׁשṅ

≈ ᾼꜜứц ᶧ Ἤ ᾼ ≈

ế ῏≈ ♄ Ѭӂȷи ╓ ḆҒ Ȳ

Ḇ ֥ȷ ╓ ḆҒẓ ȳ֥ ȲḆ―

Ϲ֯ Мᾼẓ ᵂȴ 

Ӑׁשṅ ӣ ᾎ ∂ ⁸ Њ Ȳ ϠϮ

⁸ Ȳ ᶮכϠ ᶙ ᾼ Ϲ ≈ ᾼ App 

Inventor ᶧ ╓ ṆȲ╓ ὙȲ

≈ ꜜứ йד Ȳ֝ ϭ ╓ ᶧῶ

ἐד ȲӐׁשṅ ӣᾼ Ӑᶾ ȳ ѠᾎẞѠ

ᾼ ⇔и Є и ≈ ᾼ

≈ ᵭ֥Ȳ֝ד Ϸ ֥ ≈ ᾼứ

ế ȴ Л Ϛ ᾼ ẁ

ќ═Ȳ֝ Ϲ ≈ ϚứצṅϷẓשׁ ȴ

֧֯ ṅМȲҠשׁ Ӑׁשṅ иέᾎװ ╓

Ȳ֯גὙ ẓ и ᾼ ϱ ╓

ᾼ‒ ⇔ ᴩ ȴ֯ױ ϱȲ Ҡ ╓ ӣ

Ϲ МȲ Л ᶙ ╓ Ṇȴ 
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Development of a Computational Thinking Scale for Programming 
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ABSTRACT  

The purpose of this study is to develop a scale to assess studentsô computational thinking for programming. A total of 427 

middle school students were surveyed with a questionnaire about their computational thinking in a computer programing 

context. After an explorative factor analysis, a total of 20 items categorized in five factors were drawn in the final version of 

the scale. The five dimensions were abstraction, algorithm, decomposition, evaluation and generalization. In addition, the 

validity and the reliability of the scale were also examined in this study. The reliability of Cronbachô Ŭ was .91 for the overall 

scale. This suggests that the scale is good enough for examining studentsô computational thinking in a programming learning 

context. 
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computational thinking, programming, assessment tool 
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ה П ≈ ῶ 

 
аש 1*Ȳ ᴟМ 2*Ȳ ụ 3ɾ 

123 Ӵү Є Ȳ  

K082792@gmail.comȲaljc@ntnu.edu.twȲmjtsai99@ntnu.edu.tw  

 

 

Ӑׁשṅ֯ס ה Мᾼ ≈ ῶ

ṅЏẓȴשׁ Ẫ ▲ᾼѠהȲӐׁשṅן 427Ԍ

М Ӣ Ӑ Ȳ Ӧ ἤ֪ иέế‒ ⇔иέȲ

ױ ≈ ῶ ҔᵶἼ оȳ ᾎȳ ᴷȳ

и Ϛ оХ Ȳѹ ῶ‒⇔Ɫ.91Ȳ֪ױױ

ῶẓ ṏֻП‒ ⇔ȲҠᵂⱢӑẃ ה ῏

Ἠׁשṅ῏ ῏ ≈ ᾼЏẓПϚȴ 

ֿ 

≈ ȷ ה ȷ Џẓ 

1. ›ṕ 

ῺדẃȲ ᶾᾼדּ ѡ ѣ Ȳ ᾛᾼ ϠϢ

ᾼӢ♄Ȳ ᴖ ṎϷЛẂҵȴⱢϠ֪ ᶾᾼᶶדּ

Ȳ֢ ᾼ Ṏ ᴯ ṎᾼḂ Ȳ

Л רּ֯╥ ȳ ȳ ȳ ☺ȳ Л

ᴖ֥ᾼꞋ Ӣᾼ ϩ ҏᶙ ᾼ Ϥ╜ Ȳ

ẔМ ᾃᾼ╥ ≈ ᾼ Ȳ ṷ ֯

Њ Ở Ӵ ȲӭᾼⱢ נ ™ ᾼ

≈ ϩȴ Ẃẃ Ȳּר ֯ ד2011 דּ

ɎComputingɏ ѿ ≈ Ɫѻ ᾼ

Ṇ ȷ ᾼ דּ Ϸ֝ ᵑ ≈

ц ϩᾼ ɎDOEE, 2013ɏȷ ☺ Ṏ ᴯ֯М

Њ ᾼ М Ӣ ὑ ᴯṆ ᾼ ӣ ≈

ᾼ ϩ ɎACARA, 2013ɏȲϱ Ӣ֯

≈ ϩᾼ сꞋ ҏϠὙ ᾼ Ѡ Ȳӭ

ᾼꞋᶦ Њ Ӣẓ ϡϫϚѷּנ ᾼ

ϩȴ 

ᴖȲᶺ Ṏ Ὼד ҏϠ 108 ᾼ Ȳв

ẞ Њȳ Мȳ М Ӣ ᶾדּ ᾼḂ

Ѡ Ȳѿ ≈ Ɫѻ Ȳ דּ ד ῀

Ȳ ȳṆ о≈ᴕ ≈ Ȳṳ ֥

≈ ᶾЏẓȲדּ ҏ ד ᵂ₇Ȳ

Ӣ ≈ ᾼ ӣ ϩȳ ḟȳ ֥ᵂ

ѿц ≈ᴕ ᴕᾼ≈װ ϩɎϫϡד Ӗ Ӑ

Ṏּדᶾ Ȳ2016ɏȴױҵȲ Ṏ

ὑ Ϸד106 ҏϠɦ ≈ ɧȲẔМ ц

≈ ᾼ ϩ֯ Њ ◕ᾼ Ӣ ӣ ᶾЏדּ

ẓ Ӣ♄ᾼ Ṷ ȴӦϱ Ҡ῀Ȳ ≈ ֯Ὼ

ХẞϫדẃБכⱢϠ Ṏ ᾼ Ѡ Ȳ֢

Ꞌ Ɫ ≈ ᾼ Ӈ ᵅ ỞȲ

ᶙ ᾼ▐ Ṇ оᾼ Ȳ ẞ Ӣ ≈

ᾼ  ȴכ

2. ѝ  

2.1. ≈ ᾼứ  

≈ ɎComputational Thinkingɏ Ӧנ דּ

 ᾼ ῏ Jeannette M. WingɎ2006ɏ ҏȲ҃ Ɫ

≈ ╥ Ϣ ᾼᴩⱢȳṆ ḟᾼ≈ᴕ

☼ Ȳṳѹ Ϡѿϯ ἘȸɎ1ɏ Ἐ ≈ᴖ‍

ȸ ≈ ╥ Ḗ ᴩֵ ᾼװ ≈Ȳ

ṳ‍ ╓ ᾼ ה ȴɎ2ɏ ϩᴖײ‍ὰᶾ

ȸ ≈ ╥ ϩᾼ Ȳᴖ‍Ϛ ￼ײ

ᵤὰᾼᶾ ȴɎ3ɏϢ ≈ ᴖ‍ ≈ ȸ ╥Ϣ

ᴩ ḟᾼѠה ≈ Ȳᴖ‍ Ӿ ᾼ≈ᴕ

ѠהȴɎ4ɏ ᴖ‍ ҏȸ ≈ ╥

֯Ӣ♄МᾼϢṶᾬᾼ Ἐ ≈ Ȳᴖ‍╥

ᾼ ҏȴɎ5ɏ ӣὑԉᴶϢԉᴶ ȸ ≈

╥Лắ ὑ Ϣ Ὲ Ȳ╥Ϛ ≈ ᾼה ȴכ

Ȳױ֪ ֵ ῏Ϸ ѿϱ Ἐ ҏϠ ≈ ᾼҳ

Є Ӱȸ Ὂ ɎDecompositionɏȳ ה

ɎPattern RecognitionɏȳἼ оɎAbstractionɏ

ᾎɎAlgorithm DesignɏȲ ҳ Ḕ ϷכⱢϠ

ֵ ≈ ṅᾼשׁ ᴕṼ ȴҫҵϚѠ ȲSelby

Woollard Ɏ2013ɏϷ ᴕ WingɎ2008ɏἬ ҏП ἘȲ

ứ Ϡ ≈ ᾼХ ɎAbstractionɏȳ ᾎ

Ɏ Algorithm ɏ ȳ ᴷ Ɏ Evaluationɏ ȳ и

ɎDecompositionɏ Ϛ оɎGeneralizationɏȴ 

Ӧὑ֢ ὑ ≈ ϩᾼ ѡ Ȳ ᶾדּ

ᾼ ɦGoogleɧ2015֯דẔ Ṏᾼ М ẞȲ

≈ ╥Ϛ ḟᾼ ȲẔМҔᵶֵ ᾼ

ἤ Ѡ ȴױҵȲһḆ ≈ ҏϠטּ 11 ȸ

Ἴ оɎ Abstractionɏȳ  ᾎ Ɏ Algorithm 

Designɏȳᴞ оɎAutomationɏȳ иέɎData 

Analysisɏȳ ɎData Collectionɏȳ ῶӱ

ɎData Representationɏȳи ɎDecompositonɏȳ ӂ

ᴩ  Ɏ Parallelizationɏ ȳ Ϛ о Ɏ Pattern 

Generalizationɏȳ ה ɎPattern Recognitionɏȳ

ɎSimulationɏȴ 

֥ϱ ὑ ≈ ᾼứ ȲҠѿ ֯

Googleứ ᾼ11 ἘМȲצ ֵ Wing, Selby, 

& WoollardἬ ҏᾼ Ἐᶙԓ֝דȲẔ҃ ἘⱢGoogle

ᴞṝ ὑ ᶾᾼדּ ᴩὊ Ӣᾼ ἘȲ

ὙϮ῏ ὑ ≈ ᾼ Ἐẓצ ⇔ᾼד ṳѹẓ

צ Ӣἤᾼ …ȴӐׁשṅ ӣSelby & Woollard

Ɏ2013ɏἬ ҏ ≈ ᾼ Ἐ ᴩ Ẫᾼ ȴ 

2.2. ≈ ᾼ ᾓ ῶᾼ  
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 Kalelioglu, Gulbahar, & KukulɎ2016ɏ ῶϠϚ ѿ

≈ Ɫѻ ᾼѝ ֫ ȲẔ ҏϠϚ ▐

Э ὑ ≈ ѝᾼӭ ȳ ȳứ

ȳ ȳ ₤ếׁשṅ ᴩиέ ȴשׁױṅ

Ϡ 125 ѿ ≈ ⱢѻᾼׁשṅȲиέ ṷׁשṅѻ

ᾼӭᾼȲẔМצ 43 ҏ ≈ ᾼ ♄

Ȳ34 ṅשׁ ẁ ≈ ♄ ᴩ ≈

ᾼ ȷ26 ≈ ứ ᾼ ѩ ȷ24

ὙϚ ṎᾼṆ Ἠӂүӣὑ с Ӣ ≈ ᾼ

ϩȷ13 ҏϚ ᾼ▐ ȷ4 ᴩ ᾼ

иέȴ֪ױȲשׁױṅ ∟ ц ӭ›צ ֵ

ṅꞋѿשׁ ≈ Ɫѻ Ȳ Ṽ צ ὑ ≈

ᾼ ה ᴩ ד ὔȲᵀ⁯ юׁשṅ

Ӣ֯ ≈ ϩᾼῶ ϱ ᴩ ȲҔᵶ ᾼ

Ѡה ῶӭ›Ꞌ ѽᶙ ᾼṆ ▐ Ȳ֪ױᶦ ӑ

ẃ ṅשḆֵׁצ ὑ Ӣ֯ ≈ ϩᾼ

Џẓȴ 

ᴖȲῺẒדẃȲ Ởצю ṅשׁ ҏ ≈ ᾼ

ῶӣὑ Ӣ֯ױ и ϩᾼ сȲ֪ױ Korkmaz, 

Ç akir, & Ö zdenɎ2017ɏ ϠϚ ≈ ᾼ ῶȲ

ӭᾼӣὑ Ӣ ὑ ≈ ϩᾼ ⇔ ᾭ

ᾓȲṳѹ Ɫױ ῶ ὑ ≈ צ Єᾼ Ȳ

ױ֪ Є Ӣ ӣẒ ◕ᾼ Ẫ Ȳиᵑ

Ϡ 726ᴯ 580ᴯЄ Ӣ Ӑ ᴩ Ẫ ȴױҵȲӐ

ṅשׁ ѝ в ≈ ϡϫϚѷּנ

ϩ ᴩ ֥ Ȳ ҏϠѿϯ ȸ ϩ

ɎCreativityɏȳ ≈ ɎAlgorithmic thinkingɏȳ֥

ᵂ ϩɎ Cooperativityɏȳ᷅ᵒἤ≈ᴕɎ Critical 

thinkingɏȳ ḟɎProblem solvingɏȲѿϱХ

оᾼ иέ∟Ꞌᵧ ṏֻᾼ‒⇔ ⇔Ȳ

Ɫṏֻᾼױ֪ Џẓȴ ᴖȲשׁױṅ ᾼЄ

ᾼ ӐȲᵀׁשṅᾼ ᶝ ὑЄ ӢȲ ᵒ ╥

ᵡ ӣὑẔ҃ ◕ᾼ ӢȴױҵȲשׁױṅ ≈

ϡϫϚѷּנ ϩ ֥ⱢϚȲ ẓ ד

ᾼ ṏֻᾼ‒ ⇔Ȳᵀד ὑ Wing Ɏ2006ɏἬ

ҏ ≈ ᾼ ἘȲ Ҭ’ Ϡ ≈

ɎAlgorithmic thinkingɏ Ϛ Ȳ֪ױӐׁשṅ Ɫױ

ῶ Ӕᾼ Ӣ֯ ≈ ϩԓѠ ᾼ

⇔ ⇔ȴ 

֥ϱ ѝ Ҡѿ ῀Ȳӭ›֯ ≈ ῶЏẓᾼ

Ɫ ѽȲЄֵ ᾼׁשṅ ╥ ᾼ ֥

♄ ᾼ Ȳ юצ ṅשׁ ᴩ ῶᾼ

ᾼиέȲᵀ⁯ӑ’ ≈ ᾼ ї Ἐȴ֪ױȲ

Ӑׁשṅ ᴕ WingɎ2006ɏἬ ҏϠҳ ȸ Ὂ

Ɏ Decompositionɏ ȳ ה Ɏ Pattern 

RecognitionɏȳἼ оɎ Abstractionɏ ᾎ

ɎAlgorithm DesignɏȲ Selby & Woollard Ɏ2013ɏἬ

ҏᾼ ᴩ Ȳṳѹ Ӣ֯ ה ᾼ

Ȳ ҏϠХ ȸἼ оɎAbstractionɏȳ

ᾎɎAlgorithmɏȳ ɎEvaluationɏȳ Ὂ

ɎDecompositionɏ ɎGeneralizationɏȴӭᾼ֯

ὑ ẁӑẃ Ӣ֯ ה Мᾼ ≈ ϩ Џ

ẓȲכⱢẓצ ⇔ ᾼ ≈ ῶȴ 

 ṅѠᾎשׁ .3

ṅשׁ .3.1  
Ӑׁשṅ Ɫү ṂӴМ Ԛ 427ϢȲ ᾼ Ӑ

Ẫ ȲẔМ ӢԚצ 216ϢɎ50.6%ɏⱢ Мϡד

Ȳ211ϢɎ49.4%ɏⱢ МϮד Ȳד иᵉ ẞῺ

֢ҙ ᾼѩẂȴױҵȲ ṷ Ӣצ 96.1%ᾼѩẂẓ

ה ᾼ Ȳѹ ϚҙɎ72.7%ɏᾼ Ӣẓצ

Ϛדѿϱᾼ ה Ȳ Ὑ ṷ Ӑ ֥ӣὑ

≈ ᾼ ῶ ȲֽῶϚἬӱȴ 

 

ῶ ṅשׁ 1 ￼  

 

 ṅЏẓשׁ .3.2

ӐׁשṅЏẓ ӣ WingɎ2006ɏ Selby & Woollard Ɏ

2013ɏἬ ҏ ὑ ≈ ᾼứ Ȳ ᴩ ḂἋᴼȲ

ҏϠѿϯХ ȲἼ оɎAbstractionɏԚצ

ҳ ȷ ᾎ Ɏ Algorithmɏ Ԛ צ Х ȷ ᴷ

ɎEvaluationɏԚצҳ ȷи ɎDecompositionɏԚצ

Ϯ Ϛ оɎGeneralizationɏԚצҳ Ȳ֪ױӐׁשṅ

ЏẓⱢϡϫ ῶȲẔ ӣХ ῶҔᵶȲ‍

֝ ȳ֝ ȳ ȳЛ֝ ȳ‍ Л֝ ȴẂ ֽϯȸ

Abstraction1ᶺ ≈ᴕ ה Ὠᾼᵧ

ѠהȷAlgorithm1ᶺ ҏ ḟ ה ᾼ Ḕ

ȴEvaluation1ʌ ᷄ҏӔ ᾼ ה ḟ

Ѡ ȴDecomposition 1ʌ ≈ᴕ ה Ὂ

ᾼҠ ἤȴGeneralization1ʌ ѿἏ

ḟ ה ᾼ ẃ ḟ ᾼ ȴ 

3.3. иέ 

Ӑׁשṅ ӣ оиέׁשṅѠᾎȲ SPSS

ᴩ иέȲ ѿϯиέѠᾎ ᴩȴɎ1ɏד

иέȸ ֢ ᾼ …ȴɎ2ɏ‒ ⇔иέȸ

ῶвᾼӔ ἤ Ϛ ἤȴɎ3ɏ ἤ֪ иέȸ

ӭ ἤ N % 

ἤᵑ ḽ 

Ѕ 

277 

148 

64.9 

34.7 

 Мϡד  

МϮד  

216 

211 

50.6 

49.4 

ᾼ ה ṕᵶ

Ӕ֯ ᾼȲҠ  

Scratch 

ScratchếẔ҃ 

 

371 

39 

13 

86.9 

9.20 

3.00 

╥ᵡצᴞАכ Ἠ

ϱ ה ᾼ

? 

╥ 

ᵡ 

153 

269 

35.8 

63.0 

╥ᵡ Ғ

ה ᾼ ҵ♄ Ἠ

? 

╥ 

ᵡ 

 

59 

365 

13.8 

85.5 

ѯӕἨ М╥ᵡכצ

Ṷ ᾼד

Џᵂ? 

╥ 

ᵡ 

99 

320 

23.2 

74.9 

ה ᾼ

ԚЄּפ? 

Лẞ  ד1

 ד1-3

 ד3-5

 ד5-10

117 

225 

62 

21 

27.4 

52.7 

14.5 

4.90 
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ᴩ֢ ӭ ᾼиέ ᵒ Ȳ ҏᶙ

ᾼ ӭ ֣⇔ȴ 

ṅשׁ .4 Ὠ 

4.1. ‒ ⇔ ד иέП Ὠ 
Ӑׁשṅ ‒ ⇔иέ ױ ῶ╥ᵡẓ Ṝ ᾼ

ứἤ Ϛ ἤȲ֯ῶ 2ᾼד иέ ӱ ֣⇔ᾼד

… Юὑ.42ᴟ 61П ѹꞋ ɎP<.01ɏȲ ὑМ

⇔ᾼד Ȳ ӱ֢ ֣⇔ẓצϚứ ⇔ᾼדФ …ȴ

ױҵȲױ ῶᵧ ד ếḕ ᾼ AVE ӂ

Ѡ ӣὑ ᴷᵒᵑצ ἤȲḕ ᾼ AVE ᾼӂѠ

Єὑ.50ɎFornell ɽ Larcker, 1981ɏṳѹЄὑẔ҃

ᾼד … Ɏ Chin, 1998ɏȲῶ ֽϯȸ

AbstractionⱢ.75ȷAlgorithmⱢ.64ȷEvaluationⱢ.78ȷ

DecompositionⱢ.75ȷGeneralizationⱢ.69Ȳ Ὑ֢

ẓצҏ ἤ ᵑ⇔ȴ  

 

ῶ ד 2 иέ ᵑ ⇔ 

 1 2 3 4 5 

Abstraction .75     

Algorithm .61** .64    

Evaluation .48** .54** .78   

Decomposition .42** .55** .46** .75  

Generalization .45** .50** .54** .46** .69 

 

ԛ῏Ȳֽῶ 3 ⱢӐ Ẫ֢֣⇔֯ᾼӂᶁ Юὑ 3.23ᴟ

3.72П Ȳ֯Х ῶМᵧ ᾼӔ֣ Ȳҫҵױ

ῶ ᾼ CronbachôŬⱢ.91ȲẔ֢ᵑ ῶ ֽϯȸ

Abstraction ᾼ CronbachôŬⱢ .82 ȷ Algorithm ᾼ 

CronbachôŬⱢ .81ȷEvaluationᾼ CronbachôŬⱢ .83ȷ

Decomposition ᾼ CronbachôŬⱢ.74ȷGeneralizationᾼ

CronbachôŬⱢ .75Ȳ֪ױҠѿ ῀Ἤ֣צ⇔‒⇔ꞋЄ

ὑ.70 ӱױ ῶẓצṏֻᾼϚ ἤ ứἤȴ 

 

ῶ 3 ‒⇔иέ 

 M SD Cronbachô Ŭ 

Abstraction 3.52 .75 .82 

Algorithm 3.40 .72 .81 

Evaluation 3.72 .75 .83 

Decomposition 3.23 .83 .74 

Generalization 3.62 .71 .75 

 

4.2. ἤ֪ иέП Ὠ 

Ӑׁשṅṿӣ ἤ֪ иέ ֢ ᾼ ֯

֪ Ȳṳѹ ֢ ᾼԚ ⇔Ȳ ϯ֢

ẓ҅צῶἤᾼ ȴӐׁשṅ ӣ ӻ ᾎȲӣ

ὑ ױ ῶᾼ֢ Ȳ Ὠ ӱ ᾼ ῶ’

Ϡ ỞᾼХ ȴױҵȲֽῶ 4ȳ5ȳ6ἬӱȲ ẁϠ

ӻ ᾎᾼ …ה Ɏpattern coefficientɏ …

ɎStructure coefficientsɏȲẔМѻ ѿ …ה Ɫᵒ

╓ Ȳ҅ῶḕϚ ὑ֪ П ȲẔ

Єὑ 0.4 ẓצ ᴕ ɎLee, Johanson & Tsai, 

2008ɏȲѹ ῶ Ҡѿ ῀֢ ֢֯ᴞ ᾼῶ

Ȳfactor1ȸAbstractionᾼ …ה Юὑ.67ᴟ.82 ȷ

factor2ȸAlgorithm ᾼ …ה Юὑ -.41 ᴟ -.77 ȷ

factor3ȸEvaluationᾼ …ה Юὑ.66ᴟ.87 ȷfactor4ȸ

Decompositionᾼ …ה Юὑ.68ᴟ.80 ȷfactor5ȸ

Generalizationᾼ …ה Юὑ.51ᴟ.82 ȲҠѿ ῀Ȳ 

Х ᾼ …ה ꞋЄὑ.4ѹ֯Ẕ֪҃Іᾼῶ ϱЊ

ὑ 0.4 ɎStevens, 1996ɏȴ 

ῶ 4 Factor1ế 2 …  

 Factor 1 Factor 2 

 P S P S 

Abstraction 1 .73 .76 .02 -.34 

Abstraction 2 .82 .83 -.09 -.42 

Abstraction 3 .78 .82 .03 -.39 

Abstraction 4 .67 .74 -.09 -.43 

Algorithm 1 .36 .57 -.41 -.61 

Algorithm 2 .22 .52 -.56 -.72 

Algorithm 3 .05 .41 -.77 -.80 

Algorithm 4 -.02 .31 -.73 -.77 

Algorithm 5 .00 .37 -.68 -.74 

Evaluation 1 .09 .39 .04 -.36 

Evaluation 2 .07 .37 .02 -.36 

Evaluation 3 .05 .39 -.07 -.42 

Evaluation 4 -.11 .22 -.07 -.35 

Decomposition1 .05 .30 .03 -.36 

Decomposition2 .13 .39 .05 -.37 

Decomposition3 -.08 .20 -.11 -.40 

Generalization 1 -.06 .25 -.10 -.34 

Generalization 2 .12 .36 .03 -.25 

Generalization 3 -.02 .28 -.08 -.35 

Generalization 4 .04 .32 .01 -.28 

 

ῶ 5 Factor3ế 4 …  

 Factor 3 Factor 4 

 P S P S 

Abstraction 1 .09 .38 -.10 .17 

Abstraction 2 .11 .38 -.06 .22 

Abstraction 3 .00 .35 .12 .36 

Abstraction 4 -.05 .30 .14 .36 

Algorithm 1 -.03 .34 .08 .37 

Algorithm 2 .02 .39 .11 .42 

Algorithm 3 .08 .42 -.12 .27 

Algorithm 4 .00 .30 .26 .50 

Algorithm 5 .10 .43 -.08 .29 

Evaluation 1 .72 .79 .10 .36 

Evaluation 2 .87 .86 .05 .33 

Evaluation 3 .84 .87 -.04 .28 

Evaluation 4 .66 .71 .02 .27 

Decomposition1 .08 .35 .80 .83 

Decomposition2 .02 .35 .76 .82 

Decomposition3 .06 .32 .68 .74 

Generalization1 -.06 .32 .11 .33 

Generalization2 -.06 .32 -.01 .22 

Generalization3 .16 .45 .13 .36 

Generalization4 .22 .49 -.04 .22 

 

ῶ 6  Factor5 …  

 Factor 5 
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 P S 

Abstraction 1 .13 .37 

Abstraction 2 -.14 .19 

Abstraction 3 .07 .35 

Abstraction 4 .04 .30 

Algorithm 1 .08 .34 

Algorithm 2 .06 .34 

Algorithm 3 .10 .36 

Algorithm 4 -.19 .11 

Algorithm 5 .15 .39 

Evaluation 1 .05 .40 

Evaluation 2 -.09 .31 

Evaluation 3 -.01 .38 

Evaluation 4 .11 .39 

Decomposition1 .00 .27 

Decomposition2 .12 .37 

Decomposition3 .04 .27 

Generalization 1 .75 .77 

Generalization 2 .82 .82 

Generalization 3 .51 .63 

Generalization 4 .64 .73 

 

5. ∂  

Ӑׁשṅ ᾼиέ ᾼ Ȳ ϠϚ

ẓ ṏֻ‒⇔ ⇔ᾼ ≈ ЏẓȲӣὑ

Ӣ ὑ ≈ ϩᾼ ⇔ ȲẔѻ иⱢ

Х ȸ Ἴ о Ɏ Abstractionɏ ȳ ᾎ

Ɏ Algorithm ɏ ȳ ᴷ Ɏ Evaluationɏ ȳ и

ɎDecompositionɏ Ϛ оɎGeneralizationɏȲ

ᾼиέ ᵒ ∟ ∟ᶙכϡϫ ᾼХ ≈

ῶȴױ ῶЏẓᾼ צ ᾼẻ Kalelioglu 

ϢɎ2016ɏἬ ҏᾼӭ› ѽẓצᶙ Ṇ

ᾼ ≈ ЏẓȲẦᵗ ᴷ ᵒ Ӣ

֯ ≈ ϩכ ᾼṏֻṼ ȴ֪ױȲ ӭ›

Є ὑ ≈ ♄ ᾼׁשṅȲӐׁשṅἬ П

≈ ῶ צ ᵗ ᴩ Ȳẓצ ⇔

ȴ 

ᴖȲӐׁשṅ ạⱢׁשṅ Ӑӭ›ѻ Ɫ Мϡד

МϮד Ȳד Юὑ 14ᴟ 15 ȲѹꞋ ὑү Җ

֮ Ϛ Ἤן ᾼ ӢȲ֪ױ ᾎ Ḇ ᾛᾼ

ὑ ṅȴ 

ӐׁשṅПׁשṅ ὨȲ∂ ӑẃ Є Ӑᾼ

ἤȲҔᵶЛ֮֝ ȳЛ֝ ȳЛ֝ ᴩ Ӑ

ᾼ ȲױҵȲӑẃ∂ ￼ Ẃֽȸ

ה ṕᾼ ᴩ ϚḔᾼׁשṅиέ ȴ

∟Ȳᶦ ӑẃ ≈ ᾼׁשṅ ҏḆֵᾼ

Џẓ ЏẓȲҔᵶ ὑ Ӣ ᴔ Ȳꜙᴟ╥

♄ ᾼ ѠהȲ ╥֯ӑẃᾼׁשṅ

Ҡѿ ᴩ ᾼ ѻ ȴ 

6.  

Ӑׁשṅ ѿϯּדᶾ Пׁשṅ ᵗȸ
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ABSTRACT  

This study was aimed at exploring the effects on studentsô English learning and learning performance of computational 

thinking when the educational robots with computational thinking are integrated into the game-based learning of English oral 

interaction. On the other hand, the control group used the unplugged board games, and integrated computational thinking into 

the English oral interactive learning game. The experimental results indicated that through the integration of computational 

thinking and the game-based learning of English oral interaction, whether with the unplugged tools or the educational robots, 

the same computational thinking with English oral interactive game-based learning content can all effectively improved 

learnersô learning performance on English and computational thinking. However, the learning effectiveness of the group 

adopting the educational robots was significantly higher than the group using the unplugged tools.  
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֥ ≈ Ф ᾼכ иέ 
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Ӑׁשṅ֯ס Ṏ Ϣ ֥ ≈ Ϥ Ѐ

Ф ה Ȳ ὑ Ӣ ц ≈

ᾼכ ȴ ᾼ╥ṿӣЛ ᾼ ϱ₤

Ȳ ≈ Ϥ Ѐ Ф ה ȴ

ὨῶὙȲ ֥ ≈ Ѐ Ф ה

ȲЛ ╥ ӣЛ ЮἨ╥ Ṏ ϢȲ֝ד

ᾼ ≈ ֥ Ѐ Ф ה в Ȳ Ҡ

ѿצ с ῏֯ ц ≈ ϱᾼ כ

ȴ ᴖȲ ӣ Ṏ Ϣᾼ ᵑȲ כ

ὑЛ ᾼ ᵑȴ 

ֿ 

ȷ Ṏ Ϣȷ ≈ ȷ ה  

1. ›ṕ 

֯Б Ɫԓכ ӣᾼ ṕȲֿ ᾼ

ếכὨ╥ЛҠἨ ᾼȷ ╥Ϛ Ҡѿצ ᵗ

ֿ ᾼ֪ ПϚɎArdasheva, Carbonneau, Roo, & 

Wang, 2018ɏȴᵀ╥֯ ѝᾎ ֿѠ

Ɫ╥ϚԈ‍ ᾼṶȲṳѹҠ ╥Ϛ

ṿ ῏ꜛ ᾼᵂ ɎTsai & Tsai, 2018ɏȲ

῏֯ ϱ ѩ ḥצ ϩ ɎWu, 2018ɏȴ

֯ ᾼ Ȳ ῏֯ ϱ ╥ ᴞ

ᾼѠהȲצṷ ῏֯ ᴞ ᾼ М ẞ

Ȳ ᶦ Ҡѿ ϱ ẞ ȲἨ╥֯ ῀ ∟Ϡ

╥ֽᴶ ҏᾼȲᵀ╥ֽὨ ϯḥצϢҠѿ

ז Ἠ╥ҠѿϚ ȳϚ ṅשׁ ֽᴶ

Ȳ Ϛ᾿Ή ֯ ϱȲϷ Л῀ ֽᴶ

ḟȲ ֮ ḥצᴞ‒Ȳꜙᴟ ╥

ϚԈ ᾼṶȴWangɎ2018ɏ╓ҏ֯ ϱ

֥ᵂ Ҡѿ с ῏ ᾼ Ȳ֥

ᵂ ╥ Њ ᾼ ѠהȲ ẁ ῏ ᴞАᾼ

Ԛ֥֝ᵂṳᶙכϚ ӭ ɎJohnson & Johnson, 

2018ɏȲ ֥ᵂҠѿ ῏ ᾼ≈ᴕ ϩ֝

҃ ᴞᶺᾼ ϩȲἬѿֽὨ ῏ ᴞ

Ẓכ Ϣѿϱᾼ֥ᵂ Ȳ Ҡѿ ֥ᵂϚ

ṅṳשׁ ҏᴞАἬ ᾎ ᾼ Ȳ ṿ

῏֯ Ȳ с ᾼ ϩ֝ Ғ҃

ᾼצ ἤȴ 

Л Ϸשׁצṅ╓ҏȲ ֥ᵂ Ҡѿ‚ Њ

⅍ᾼ ṳ ҃ ᾼ ȲᵀһЛṜѿ

‚ ῏ с҃ ᾼ כ ɎPremo, Cavagnetto, 

Davis, & Brickman, 2018ɏȴ ᴖ ᶾᾼדּ Ȳ

Б ὙҠѿכⱢ֢ ẓצ ếצ ἤᾼѠ

Ȳה ᵗ ῏ ֿ ȲһϷҠѿ ῏

ế ᾼ ֿȴ Ϥ Ҡѿṿ Ṏד

╚ ṳ ȲҔ╗ Ѡᾎế ϡҵ цҵ

ᾼѠᾎȴӑẃ Ӊ Э דּ Ȳה

≈ ᾼ Ϥ ȲẂֽ оȲᴞ о Ȳ

≈ ṿӣ֯Л֝ѻ ȳЛ֝ ᾼ Ȳѿ דּ

֥ᾼѠה Ϥ Ȳ ≈ ɎComputer Thinking, 

CTɏ╥Ϛ ҠѿⱢӑẃ ᾼד ῏ ᾼӭ

ɎGarcía-Peñalvo & Mendes, 2018; Huyen & Nga, 2003; 

Smith et al., 2013ɏȲЄֵ CT ♄ ╥ ӣ

֣ ȳ ֣ ȳ֥ᵂ ế ה ɎHsu, 

Chang, & Hung, 2018ɏȴ ҟϡϫדМȲ ה ᾼ

Б Ɫכ Єᾼ ЏẓȲ ה ᴷ

ᾼ Ғᵂ Ϸ ỞᶮכȲѹі ד Ṏ ד Є

ᾼ ɎGroff, 2018ɏȲ ה ῺṿӣᾼЏẓ╥

ẁצ ᾼ ếֵ Ӣ ♄

ȲҠ ᵗ ῏ с ế Ȳׁשṅ ὨϷ

ὙϠ Ϥ Ҡѿѩ‍ Ѡᾎ Ḇ

ֻᾼ Ὠếכ ɎLiu & Chu, 2010; Malliarakis, 

Satratzemi, & Xinogalos, 2017ɏȲ ᴖȲ Ф

Ϥ ה ᾼ Б ȲФ ֯

М ẁ ῏Ϛ ҉ ѹᶮכ ḟ ϩᾼ

ᶾ Ȳ ϩ ứ Ɫ ֯ Ṏ כ ϩᾼϚ

ὨȲҔ╗ ṕȳ ȳῂ ṕ ếῂ ѝ

о ϩȲ ῏ᾼ֥ᵂ ᶴ╥ῂ ϢФ ד

ᾼ כ ԈɎRazak, Saeed, & Ahmad, 2013ɏȴ 

ὑϱ ẞᾼ֥ᵂȳФ ᴩⱢế ה ȲӦὑ

֥ᵂ ẞ ֥ᵂҠѿ Ғ ῏ ᾼ

Ȳᴖ֯ с ῏ᾼ כ МȲФ Ϥ

ה Л Ҡѿ с ῏֯ ϱᾼ Ҡ

ѿ ϱἬ ẞᾼ ц ẔМᾼ῀ ȴӐׁש

ṅ ṳ ▲ѿϯׁשṅ ȸ 

1ȳᵓӣ ≈ Ф Ϥ ה ᾼѠ

ᾎȲ с ῏֯ ≈ ϱᾼ כ

Ɫᴶȹ 

2ȳᵓӣ Ṏ Ϣ ֥ ≈ Ф Ϥ

ה ᾼѠᾎȲ с ῏֯ ≈

ϱᾼ כ Ɫᴶȹ 

2. ѝ  

2.1. Ṏ Ϣ ≈  

ᶾᾼדּ ḔȲ ẃ ֵẓצῂӻᶾ ᾼϢᶮ

ϢБ ӣּ֯ד Ṏȳ Ṏếҵ Ṏ ֢

Ṏ ɎSisman, Gunay, & Kucuk, 2018ɏȴ Ṏ

ϢɎEducational Robotics, ERɏ╥ѿ כ ếּד

Ἐ ֤ɎDi Lieto et al., 2017ɏȲӭ›ṿӣ Ϣᾼ ֪

╥֪Ɫ Ӣ Ϣᾼ֙ ȴ Ϣᶾ ╥Ϛ

ⱢҠѿ דֵּ ṎѠᾎᾼЏẓȲẂֽ
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ṅה ц ḟ ɎAltin & Pedaste, 2013ɏȴ Ϣ

֯ ϱ╥Ϛ צ ᾼ♄ ȲҠѿ Ϣᶾ

ᾼ ȳ Ϣ ᾼᴞᶺ Ȳ ῏

דּ Ἐᾼ ế‚ ≈ ɎComputational 

Thinking, CTɏ ᾼ Ɏ Jaipal-Jamani & Angeli, 

2017ɏȴ 

֯ ᴯ ҅МȲḕ Ϣ ẓ ≈ ϩȲ

≈ Ҡѿ ứ Ɫ╥Ϛ ṿӣ ḟӢ

♄ ᾼ ἘɎConceptɏȳ ᵂɎPracticeɏế

ɎPerspectivesɏɎKorkmaz, Ç akir, & Ö zden, 2017ɏȲ

≈ ɎCTɏѻ ╥Ϛ ≈ᴕếᴩ ѠᾎȲҠѿ

ứᶾ ӱכⱢ CT ᶾ ᾼ ᴷ ɎShute, Sun, & 

Asbell-Clarke, 2017ɏȴ ≈ ɎCTɏ╥ ᴷ Ṏᾼ

֪ ȲϷ╥ ῏ᾼ Ӑᶾ ɎZhong, Wang, Chen, & 

Li, 2016ɏȲ ≈ ɎCTɏ╥ӭ› ṎӔ֯ ᾃᾼ≈

Ȳ Ӧ Ϛ ᾼ ῏֯҉ ᴯ ᾼ

ӭМכ Ȳ ҏϚ ḟ ᾼᶾ ɎRomán-

González, Pérez-González, & Jiménez-Fernández, 

2017ɏȴ 

ה .2.2  

☼ᴩᾼּדᶾ ӣ ҏ Ȳ Ṏ Ở ֽ

ᴶ ֯ ֥ẞ ế ẁ ῏ ɎGodwin-

Jones, 2016ɏȲ ῏ṅשֵׁ Ϡ Ȳ Ởׁשṅ

Ϥ Ṏ МȲ ה ɎGame-Based 

Learning, GBLɏМᾼ ғ ц Ȳ╥Ҡ

ế ᾼҵ ֪ ɎAbdul Jabbar & Felicia, 

2015ɏȴ 

Rawendy, Ying, Arifin, & Rosalin Ɏ2017ɏ Ɫ ֥

Ҡѿ ᵍ ῏ ẞ░ Ȳ֪Ɫ ῏Ҡ

ѿ ױ ᾼ Ȳ ה ֥Ϥ Ṏ

ȲҠѿ ᵗ ῏ МἬ ẞᾼ῀ Ϥ

Ἤ ᾼ῀ ɎBarzilai & Blau, 2014ɏȲ֯

Ṏ Ѡ Ȳ ῏Ҡѿ ᾼ╚ Ғ҃ ᾼ

ế ϩȲἬѿ ה ╥Ҡѿ֯ Ṏ

М ᴩɎHamari et al., 2016ɏȴ 

 ṅѠᾎשׁ .3

3.1. ֥ ≈ Ф ה  

Ӑׁשṅ ῏ṿӣ Ṏ ϢȲṿ ῏

ᵓӣ֥ᵂ ᴩ Ф ᾼ Ȳṳ қ

ṿ Ϣ Ȳ֯ Ϣ ᾼ М֝ Ẕ

≈ ᾼ ╥ᵡӔ ȷ ῏ṿӣ ≈

Ɏֽ 1ɏȲ ֤ Ɫ Robot CityȲṿ ῏

ᵓӣ֥ᵂ ᴩ Ф ᾼ ц Ṕᴥᴟד

ᴯ ṳ Ѡ ≈ ᾼ ֥₤ ȴ 

 

1 ≈ ȸ қ ╓҆ Ṕᴥᴟד

ᴯ  

 

ṅשׁ .3.2  

Ӑװ Ɫү Җ █ ЊϮד ᾼ ῏Ȳ

Ɫ 36֤Ữӑᾲ ≈ ᾼ ῏

ᵓӣ Ṏ Ϣ ᴩ в֥ᵂ Ȳ ᾼ иⱢ

28֤ ῏ᵓӣ ≈ ᴩ в֥ᵂ

Ȳѻ ᵓӣ Ṏ Ϣ ֥ ≈ Ϥ

ה ᾼѠהȲ ẞ ῏֯ ϱᾼכ ȴ 

3.3. ᴷЏẓ 

֯ ṅМȲשׁ ЏẓⱢ›ȳ∟ Ȳ Ẫц

ῶȲ›∟ ꞋⱢ ᾼ ᴖכȴ

ц и Ȳ и 60иȲ ≈ Ɫ 10

Ȳ и 40иȲ Ẫ ῏ᾼ ц

≈ Ӑ῀ ȴ 

≈ ῶṿӣᾼ╥Korkmaz et al.Ɏ2017ɏ ᾼ

≈ ῶȲһӦ 5 Ḉᵌ ῶ Хכ иԚ 29

ȸ ϩɎ8 ӭɏȳ ᾎ≈ Ɏ6 ӭɏȳ

֥ᵂɎ4 ӭɏ ȳ᷅ᵒ≈ᴕɎ5 ӭɏȳ ḟ

Ɏ6 ӭɏȲ ῶ Cronbachᾼ a Ɫ 0.822ȴ 

∟ԛиᵑ ᴩЛ֝ᶮהᾼ ∟Ȳ ֝ד ὔ⇔ᾼ

Ẫ ӭ ῏ ᴩ Ȳ иέ ᴷ

῏֯ ≈ ϱ╥ᵡ ẞ с כ

ᾼכ ȴ 

3.4. ☼  

ױ ╥֯Җ █ ЊϮד ᾼ ϱ ᴩᾼȲꞋ֯

ᴷ ῏ ֥ ≈ Ф Ϥ ה

╥ᵡҠѿ с ῏֯ ≈ ц ϱᾼכ

ȴ 

ֽ 2ῶӱȲ֯ П›Ȳ ῏ ᴩ› Ȳ ᴷ҃

≈ ц ᾼ Ӑ ϩȲ֝ ҃ ᾼ

≈ Ȳױ ═ 40и ȴ Ẓ и ӣЛ֝

ᾼ ♄ ᴩ Ȳױ ═ 60и Ȳ ♄

ḇ∟Ȳ Ḗ ῏ԛװ ֝ד ὔ⇔ᾼ Ẫ

ᵂ∟ цԛװ ῏֯ ♄ ∟ᾼ ≈

ȴ 
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2 ᴷ♄ ᾼ ☼  

 

ṅשׁ .4 Ὠ 

4.1. ֥ ≈ Ф כ  

Ӑׁשṅṿӣ ῏ᾼכ Ӑ t ứ ᴷ ῏ᾼ

כ Ȳֽῶ 1ἬӱȲ ≈ П כ ╥

сᾼɎp<.05ɏȲ֝ ῶ 1 ӱȲ ≈ П

כ П כ צ сȲ ῶӱ ֥

Ѐ Ф ẃṿӣ ≈ Л Ҡѿ ᵗ ῏

с ᾼ כ ȲϷҠѿ֝ с ≈ ᾼ

כ ȴ 

 

ῶ 1 ≈ כ Ӑ t ứ 

 
 

4.2. ֥ Ṏ Ϣ ≈ Ф כ  

ֽῶ 2ἬӱȲ Ṏ ϢП כ ╥ сᾼ

Ɏp<.05ɏȲ ῶӱ Ṏ ϢЛ Ҡѿ с ῏ᾼ

ϩȲ֝ ϷҠѿ с ῏ ≈ ᾼ ϩȴ 

 

ῶ 2 Ṏ Ϣכ Ӑ t ứ 

 
 

4.3. ≈ Ṏ Ϣ Пכ ѩ  

ῶ 3 ӱȲ ᾼ ≈ › Л

Ɏp>0.05ɏȲ ≈ ᾼ∟ צ ᵑɎp<0.05ɏȲ

ῶӱ ֯ ≈ › ᾼ ḥצ

ᵑȲ ֥ ≈ Ф Ϥ ה Ȳ

Ṏ Ϣᾼ כ ὑϚ ≈ П

≈ כ ȴ 

 

ῶ 3 ≈ П Ӵ Ӑ t ứ 

 
 

צ Ӣ ᾼ כ ȲӐׁשṅԒ в …

֝ ἤ ứȲᴕ Ὠ F=0.364Ȳp >.05Ȳӑ

Ѭ ȴ ắ ῏ ứȲϷ ᵑế› ḥ

צ ӻФᵂӣɎF=.077ȲP>.05ɏȲӑ Ѭ ȴ

ױ֪ ֥Ԛ иέМ … ֝ ἤП Ȳ ѿ

ᴩԚ иέȴ ῶ 4 Ԛ иέ Ὠ

ɎF=4.94*Ȳp <.05ɏ Ѭ Ȳ ӱ֯ › כ

ᾼ ∟Ȳ ῏֯ Мṿӣ Ṏ Ϣ

ȲẔ כ ὑṿӣ ᾼ ạ

ȴ 

 

ῶ כ 4 Ԛ иέѩ  

 
 

5. ӑẃ  

Ὼדẃ Ṏ ϢБ Ȳצ ῏

῏֯ṿӣ Ϣ ᴩ֥ᵂ Ҡѿ Ӣ ᾼ ȲϷ

ҠѿẦᵗ Ṏ῏ᵓӣּד ᾼ ӭᾼᾼצ

Ϣ ȲḂ ῏ Ϣ ∟ᾼ ⇔ Ὠ

ɎTaylor & Baek, 2018ɏȴ֯ ṅМȲשׁ ֥ ≈

Ф Ϥ ה Ȳ ῏ ֥ᵂ

ᾼѠהȲ с ≈ ᾼ כ ȴצ ῏

῏ ה ∂Ӵ῀ ȳṳ‚

῏ ֝ Ғ҃ ᾼ ɎHwang, 

Sung, Hung, Yang, L. & Huang, 2013ɏȴἬѿӐׁשṅѻ

╥ᶦ ֥ ≈ Ф Ϥ ה

ẃ ᵗ ῏ с ϱᾼ Ȳ ῏ ֪Ɫ

ה с כ ȴ 

צ ῏╓ҏ Ṏ Ϣצ−Єᾼ ϩҠѿ ᵂ Џ

ẓɎBenitti, 2012ɏȲᴖׁשṅ῏ⱢϠ ᴷ Ṏ Ϣ

֥ ≈ Ф ╥ᵡҠѿ с ῏֯

ц ≈ ϱᾼכ Ȳ ֥ᵂФ Ϥ ה

ȴ в ӣẒ Л֝ᾼ Ѡה ᴩ Ȳ

Ꞌ ӣ֝דᾼ ה ᴩ ȲꞋ

Ѐ ‚ ῏ Ѐ ṳ ᴰ

МἬ ᾼ ІȲ֝ ᵓӣқ ᶧṿ ῏Ҡ

ѿ Ғ҃ ᾼ ≈ Ȳ ∟ ӣ қ ṿ

Ϣ ṳ Ẕ ≈ ╥ᵡӔ Ȳ ⁄
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ӣњ ṔᴥȲṳӦҫϚ ԃ Ẕ ≈ ╥ᵡӔ

ȴ 

ὨῶὙȲṿӣ Мᾼ› כ

Ӑ t ứȲ Ὠ ḥצ ȴ֝ ṿӣ›

Ԛ Ȳ Ԛ иέȲ֯› ֝ ἤᾼ ԌⱢ

Л ȲҠѿῶӱẒ ֯ Ӑ ϩ ᴷϱ╥ḥצ

ᾼȲᴖ и ♄ ∟Ȳ Ẓ ᾼ∟ כ

Ӑ t ứȲ Ὠ ∟ צ Ȳ ц

֯›∟ ᾼӂᶁ Ꞌצ сȲᵀ╥ ֯›∟

ᾼӂᶁ Ḕи Єὑ ᾼӂᶁи Ȳ╝Ҡѿ

כ ὑ ȴ 

∟ Ẓ ꞋⱢ ה ȲᵀӐׁשṅ⁯

Ὠиέ∟ȲẒ ᾼ כ ṷצ╥ Ȳ

╝ӑẃᶦ ҠѿḆҒ ᾼ ẔМכ ᾼ֪

ȴ 

6.  

Ӑׁשṅ ᶾדּ ṅשׁ : MOST 105-2628-S-

003-002-MY3 MOST 107-2511-H-003-031ҏ

ᵗȲѿц ȳׄ ῖԌצ еҨế П

֥ᵂ ᵗȴ 
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ABSTRACT  

This work examines the design, implementation and 

outcomes of a computer science (CS) informal learning 

program in a public library offered through a university-

library partnership in the United States. The first purpose of 

this work focuses on dilemmas encountered by program 

providers when designing informal environments that focus 

on engaging diverse young students with CS concepts. For 

this study purpose, we analyzed over 80 reflection journals 

from program facilitators, illustrating both content and 

pedagogical decisions related to the design of the computing 

environment, along with program observations and 

interviews with children. Secondly, this work captures 

learning vignettes that exemplify childrenôs growing 

understandings of computational concepts, practices and 

perspectives. Data collected to the second research purpose 

came from multiple sources, including childrenôs 

computational artifacts, childrenôs interviews and program 

observation fieldnotes. Findings of this study shed lights on 

the design, implementation and outcomes of informal 

computing programs for children from diverse backgrounds, 

as well as provide insights on understanding childrenôs CT 

development outside the classroom.  

KEYWORDS  

computational thinking, informal learning program design, 

equitable practices  

1. INTRODUCTION  
Computational Thinking (CT) involves skills that help 

children analyze and solve real-world problems drawing on 

computer science (CS) principles (Wing, 2006). Many 

children, however, experience and use new technologies in 

their daily lives mostly as consumers while few have 

opportunities to become creators of computing innovations. 

Further, females and non-Asian minorities are under-

represented in computing (Cuny, 2012). Partnerships with 

both formal and informal environments, where 

undergraduates with CS background assist local providers is 

one way of addressing this challenge. Libraries, in 

particular, are unique informal learning environments 

because in recent years they have reinvented themselves to 

offer a variety of low-tech and high-tech activities intended 

to improve visiting childrenôsô computational skills (Myers, 

2009). Nevertheless, research documenting the ways in 

which university-library partnerships help promote childrenô 

CT knowledge and skills is sparse (e.g., Bilandzic, 2016; 

Kafai et al., 2008; Myers, 2009).  

This work is situated in a larger effort to improve the 

teaching of CS through a three- pronged approach in the 

United States: teacher professional development, a college 

field-experience course, and sustainable partnerships with 

formal/informal spaces. In this paper, we focus on the latter 

two strategies. The field-experience course combines 

college classroom meetings with field- experience in formal 

or informal settings. College meetings focus on identifying 

CS teaching resources, modeling CS classroom lessons, 

discussing CS pedagogy, and reflecting on the field- 

experiences. In the field, groups of undergraduates meet 

with educators to plan lessons, lead classroom activities, and 

facilitate programming events. In this work, we examine one 

such partnership between undergraduates and library staff 

members in a Scratch Technology Club (ñSTCò) in a public 

library for three semesters. 

Each semester, at least two undergraduates with computing 

background served as the STC program facilitators. These 

undergraduates worked closely with faculty in education and 

CS, as well as librarians, through weekly meetings to design 

and implement the STC program activities following 

equitable practices identified in learning sciences and CS 

education literature (e.g., Shah et al., 2013).  

The STC was offered on Saturday mornings for 2 hours over 

a ten-week period each semester in three consecutive 

semesters. Any child interested in participating was 

permitted to attend. A total of 80 children between ages 7 - 

15 attended the STC at least one semester. The ratio between 

male and female participants was about 1:1. On average, 5 - 

14 children participated in each STC session. Most children 

had no prior experience with Scratch. Figure 1 shows the 

number of participants who attended the STC each semester. 

 

 
Figure 1. Numbers of Participants at STC. 

 

For the purpose of this work, we examine the design of the 

program, focusing specifically on dilemmas encountered by 

facilitators, as well as their decisions on addressing these 

dilemmas when implementing the program. Additionally, 
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we present learning vignettes to examine the role of the STC 

in fostering childrenôs learning of fundamental CT concepts, 

practices and perspectives. 

2. METHODS 

2.1. Participants 

Program facilitators included 7 undergraduates who were 

responsible for the design and implementation of the 

program in three consecutive semesters (Figure 2).  

 

 
Figure 2. Program Facilitatorsô Background. 

 

In addition, we selected 11 children participants (Figure 3) 

based on the following criteria: (i) regular participation in 

the STC, (ii) different levels of programming experience, 

and (iii) gender/ethnic diversity.  

 

 
Figure 3. Children Participant Demographics. 

 

2.2. Data Sources 

Data were collected from multiple sources including: (a) 

weekly reflection journals completed by program facilitators 

on content and pedagogical decisions (N=80); (b) collection 

of childrenôs Scratch projects at different stages of their 

participation in STC (N=22); and (c) interviews with 

children on their experience at the STC (N=11). 

Additionally, detailed field observations of STC sessions 

were collected to provide an accurate description of the 

activities.  

2.3. Data Analyses 

Program facilitatorsô weekly journals were analyzed using 

the constant comparative method to identify dilemmas faced 

by instructors and decisions to address those dilemmas 

(Hatch, 2002). Through this analysis a coding scheme was 

developed. Figure 4 shows an example.  

 
Figure 4. Coding Scheme and Excerpts Example. 

 

Interview data were analyzed qualitatively using a 

combination of a priori themes related to the studyôs 

questions and themes that emerged during the interviews. 

The six themes included in the coding scheme are: a) 

background information; b) motivations and interest; c) 

surprises; d) enjoyable learning experience, e) challenges 

and f) reflections. Additionally, field notes and other 

qualitative data were analyzed and coded into two 

categories, CT practices and CT perspectives. CT practices 

refer to how children learn about CT knowledge and skills 

which included ñtesting and debuggingò, while CT 

perspectives refer to childrenô reflections or attitudes 

towards computing (Brennan & Resnick, 2012). 

Childrenôs Scratch projects were analyzed through an 

automatic analytical system called ñDr. Scratchò. Dr. 

Scratch automatically analyzes Scratch projects and 

produces scores in seven domains related to programming: 

a) Flow Control; b) Data Representation; c) Abstraction; d) 

User Interactivity; e) Synchronization; f) Parallelism and g) 

Logic. Dr. Scratch also provides an overall score, ranging 

from 0 to 21, and assigns the project a level ranging from 

ñBasicò, ñDevelopingò and ñMasterò. ñBasicò (scored 

between 0 to 7) means that the project uses introductory 

programming features; ñDevelopingò (scored between 8 to 

14) means the project includes intermediate programming 

functions; and ñMasterò (scored between 15 to 21) means 

the project was at the developed staged with advanced 

programming features (Moreno-León et al., 2015). 

3. FINDINGS 

3.1. Dilemmas of the Design of Informal Learning 

Environment (Program Design) 

Four types of dilemmas were discussed by program 

facilitators as they considered the design of the STC. The 

first dilemma focused on how to design a learning 

environment that helped all children, independent of their 

background knowledge develop CT knowledge and skills. 

Participating childrenôs backgrounds were diverse, 

including their prior knowledge in programming, ages, 

interests, and goals. As Ted, one of the two undergraduates 

facilitating the STC in Semester I noticed after the second 

week of the club: ñthe girls chose to look at the games that 

seemed more feminine like a sweet donut maker that you 

would see in a commercial like EZ- Bake, while the boys 

went to see Minecraft and Pokémon clones.ò  

The second dilemma focused on participation rates among 

children, which varied from week to week anywhere from 1 

to 10. For instance, at any given week, the facilitators were 

not aware whether the participating children would attend or 

Facilit ator  Gender Major/Year  

Semester I 
Ted M CS/2nd 

Dan M CS/2nd 

Semester II 
Justin M CS/2nd 

Sophie F Ed Tech/2nd 

Yvette F Ed Tech/2nd 

Semester III  
Jan F CS/2nd 

  Aaron   M   CS/2nd   

 

Participant  Age Gender Ethnicity  Prior 

Experience 

on Scratch 

Attended  

Semesters 

Notes 

Becky 

 

9 F White Limited Semester I - 

Melissa 

 

8 F Turkish No Semester I ELLs 

Alex 

 

 

 

9 M Asian 

American 

Yes  Semester I; 

Semester II; 

Semester III  

- 

Anna 

 

 

9 F White Limited Semester II; 

Semester III  

- 

Lily  

 

 

10 F White Yes Semester II; 

Semester III  

- 

Jim 

 

 

9 M White No Semester II; 

Semester III  

- 

Tim 

 

8 M Asian No Semester III  ELLs 

Ella 

 

9 F White No Semester III  - 

John 

 

15 M White No Semester III  Homeschool 

Sophia 

 

9 F Asian No Semester III  ELLs 

Kate 10 F Asian No Semester III  ELLs 
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not: ñWe were ready to start our Scratch Club in the library. 

However, no kid came to the clubò (Yvette, Semester II). 

Moreover, every week new children joined: ñThere were 13 

kids who came to the Scratch Club today, some of them came 

for the first timeò (Yvette, Semester II). This transitional 

participation made it difficult for facilitators to plan 

activities and prepare equipment to meet the needs of 

children.  

The third dilemma related to the resources provided by the 

library. In fact, the space and resources from the library were 

limited, and therefore planning based on number of 

participants attending was important. Thus, the fourth 

dilemma is the culmination of the first three which is about 

how to balance and maximize the effects of the numbers of 

children and the resources to design a learning environment 

that engages children develop CT knowledge and skills in 

short segments of time. 

3.2. Addressing Dilemmas in the Design of Informal 

Learning Environment (Program Implementation) 

When Ted and Dan first started to design the STC in Spring 

2016, they sought out advice from the university faculty 

leading the field experience course and the librarians. Ted 

and Dan decided to have children freely explore Scratch and 

design a project of interest to them. After their first try, 

however, they recognized that free exploration without some 

initial guidance proved challenging to children. As a result, 

they re-defined ñfree-choiceò deciding to first provide 

children with some foundational skills on navigating Scratch 

and subsequently offering ñfree-choiceò on what to program. 

Once children acquired a basic understanding of Scratch 

they again introduced free choice. In the following 

semesters, other facilitators followed the same format of 

instruction; providing initial instruction and subsequently 

just scaffolding as children created computational artifacts 

of interest to them. 

Throughout the program, the roles of the facilitators also 

shifted from instructors to facilitators. Their decisions, 

which included both content and pedagogical 

considerations, were based on three main factors: personal, 

socio-cultural and physical factors (Falk & Storksdieck, 

2005). 

3.2.1. Addressing personal factors to make learning CS 

approachable and engaging 

All facilitators collected childrenôs feedback on what they 

wanted to learn either through observations or 

conversations. In Semester III, as Jan and Aaron took over 

the club, they firstly took action to understand the childrenôs 

needs and interests: ñwe had the children get started on their 

stories, while I went around the room with my notebook, 

asking them individually what concepts they want to learn, 

or need to brush up onò. Moreover, the facilitators would 

modify their planning based on childrenôs engagement and 

feedback from the previous week. 

Considering most children did not have prior knowledge in 

computing, facilitators linked CS concepts through an 

engaging way. They provided children with knowledge and 

skills to construct personal meaningful artifacts and helped 

them establish a linkage between CS concept and its 

applications. Figure 5 illustrates designed CT activities 

provided by the program facilitators throughout three 

semesters that demonstrate connections between CS, 

childrenôs interests and daily life.  

 

 
Figure 5. Implemented CT Activities at Scratch 

Technology Club. 

 

3.2.2. Addressing sociocultural factors to promote an 

interactive and collaborative dynamics 

Since attendees at the STC came from diverse backgrounds, 

the program facilitators aimed at promoting a social and 

collaborative environment that allowed children to 

communicate with peers, share personal meanings, and 

construct learning together. To accomplish these goals, 

facilitators employed different approaches, including peer-

programing. Moreover, children were observed to bring new 

friends or family members to the club. In this social and 

interactive environment, children were observed to talk, 

share and help each other: ña couple of our students were 

helping each other out more when we were both in one- on-

one sessions and the kids seem to listen to each other a lot. 

They also like to show off to their pals or new friends. It 

seems that even if they had no idea what scratch was before, 

they are still enjoying when in the company of othersò 

(Justin, Semester II). 

3.2.3. Addressing physical factors to strengthen an 

effective learning environment 

Program facilitators often needed to rearrange the physical 

settings to ensure that children have enough space to test 

their artifacts: ñWe have to move the tables at convenient 

positions to allow maximum room for the robot's movement; 

set up individual laptops, chargers, and mouse; tether the 

Finch robot and launch the application before the class 

beginsò (Sophia, Semester II). 

3.3. Capturing Learning Vignettes in Informal Learning 

Environment (Program Outcomes) 
 

3.3.1. CT Concepts 

Week Semester I Semester II  Semester III  

1 Exploring Scratch 

 

Introduction to Scratch--

conditional statement 

CS Unplugged Activity: Harold 

the Robot 

 

Introduction to 

Computer Science 

2 Introduction to Scratch 

(Basic Scratch Concepts on 

Sprite, Scripts etc.) 

 

Simple Animation on Scratch -- x-

y coordinate; operator; sensing. 

Programming on Scratch ï 

Storyboarding Strategy 

3 Learn To Code  

 

Scratch & Math (I) ï loop 

function; pen. 

CS Unplugged Activities: Image 

Representation 

 

Creating your own 

Volleyball Game 

4 Blocks on Loops  Making Scratch Game: 

Underwater Love 

 

Introduction to 3D 

Printing ï Basic 

5 Variables and Operators  Scratch & Math (II) 

CS Unplugged Activity: Variables 
Learning more 

about 3D Printing ï 

Intermediate 

 

6 CS unplugged and Problem 

Solving 

Making Scratch Game: Pong Game Robotics ï Finch Bots ï 

Introductory 

 

7 Conditionals and Loops  

Creation of Individual Project 

Finch Robots (I) ï movement; 

sounds. 
Robotics ï Finch 

Bots ï More Features 

 

8 Creativity -- Music Instrument 

Creation of Individual Project 

Programming Technique with 

Finch Robots (II) ï loop function; 

variables. 

Creative Programming with 

Makey Makey 

 

9 Motion Sensing Blocks 

Creation of Individual Project  

Makey Makey: Create your piano 

with bananas 

Creating Scratch Project 

Advanced Features 

in Scratch ï Cloning and more 

 

10 Creation of Individual Project 

Project Presentation 

Arduino 

Scratch Activity -- Broadcasting 

Scratch Project Presentation 

Making your final 

project with Scratch/ Demo 

Day 
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Children demonstrated growth on CT concepts throughout 

their participation in the STC as illustrated by Timôs case 

(Figure 6). Tim entered the STC without any programming 

experience and with limited English language skills. His 

early project used only foundational blocks (left). In 

contrast, the project he created at the end of the program 

demonstrated a variety of computational concepts including 

synchronization and logic (right).  

 

 
Figure 6. Timôs Midterm Project (Left) 

and Final Project (Right). 

 

3.3.2. CT Practices 

Interview and observation data revealed that children 

developed computational practices, particularly around 

problem-solving and ideation. Additionally, interview data 

indicated that participants were engaged in the process and 

development of personal meaningful artifacts, including 

computer games and robotics. One of the children who came 

to the STC without any prior experience in programming 

notably summarized his semester-long learning experience: 

ñI didnôt really know how to use Scratch before but when I 

come to the Scratch club, I know how to do it. I just know 

many things about it, I can create many things that can be 

used (with) Scratch.ò 

3.3.3. CT Perspectives 

Observation notes and other qualitative data indicated that 

children developed CT concepts and practices through a 

social learning environment with more access to new people 

and resources. As Anna said: ñI enjoyed making things with 

my friend.ò Moreover, children also liked to learn through 

access to other resources. Lily commented: ñ(Learning 

Scratch) it was pretty fun and I enjoyed playing on other 

people's projects and then make my own.ò 

4. SIGNIFICANCE  
In this paper, we addressed an issue that received little 

attention in the literature, related to the design of informal 

learning environments that focus on engaging young 

students with CS concepts (Maloney et al., 2008). We 

focused on providing evidence and analysis on how program 

facilitators, with support from university faculty and 

librarians, regulated and adapted the design of the STC. The 

STC provided opportunities to children aged between 7 - 15 

from different cultural backgrounds to explore CT 

knowledge and practices. The program facilitators 

considered the personal, sociocultural and physical factors 

as they decided on how to better facilitate childrenôs free 

exploration of CS through Scratch programming. 

Throughout the program, children were found to be 

interested and confident in exploring resources about 

programming through social interactions with their peers. To 

become well-educated citizens in the 21st century, children 

must develop a deeper understanding of the fundamentals of 

CS and develop analytical CT skills (Wilson et al., 2010; 

Wing, 2006). Findings of this study provided insights related 

to the design, implementation and outcomes of informal 

computing programs for children from diverse backgrounds. 
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ABSTRACT  

This paper shares a secondary schoolôs implementation for 

students to acquire Computational Thinking skills through 

non-formal learning in after school activities at students 

society club. These activities are also known as school-based 

Co-Curricular Activities (CCAs) under the Singapore 

education system. In the school, a team of teachers manage 

the Infocomm Club where students develop coding 

competency in information and communications technology 

through non-formal learning beyond the school curriculum.  

KEYWORDS  

non-formal learning, coding, computational thinking, co-

curricular activities (CCA), implementation. 

1. INTRODUCTION  
Under the Singapore education system, students spend 

between 4 to 5 years in the secondary school. Students are 

admitted to the Year 1 of the secondary school when they 

are 12 to 13 years old.  It is mandatory for these students to 

select Co-Curricular Activities (CCA) from one of the 

following categories: Uniform Groups, Sports & Games, 

Performing Arts and Society Clubs.  

At Bukit View Secondary School, the Infocomm Club is 

made available to the students under the Society Clubs 

category. The club aims to excite students about the 

possibilities of Information and Communications through a 

structured curriculum with Computational Thinking skills 

(Wing, 2006) and expand studentsô creative and 

entrepreneurial spirit. The students spend 3 hours per week 

at the Infocomm Club. 

2. TRAININ G FRAMEWORK OF THE 

INFOCOMM CLUB  
The teachers of the Infocomm Club at our school have 

designed a training framework for the students to be 

developed in 3 areas: software, hardware and heart-ware.  

Figure 1 shows the skills which the Infocomm Club students 

will acquire at the end of their Year 4.  

 

 
Figure 1. Infocomm Club Training Framework. 

Under this framework, the Infocomm Club students are 

taught software skills in both blocked-based coding and text-

based coding. The student will learn Scratch programming 

(Maloney et al., 2010), Python programming (Rashed & 

Ahsan, 2012) and MITôs App Inventor (Wagner et al, 2013). 

They also learn hardware skills on robotics / electronics 

platform such as the Arduino and Raspberry Pi boards. 

3. IMPLEMENTATION OF THE 

INFOCOMM CLUB CURRICULUM  
The students of Infocomm Club go through a rigorous 4-year 

curriculum in after school activities focusing on the 

following areas: Robotics, Apps Development, Games 

Development and Network Security.  

Table 1 shows the implementation of the Infocomm Club 

Curriculum with the various activities. 

 

Table 1. Infocomm Club Curriculum. 

Area of focus Description of activities 

Robotics Development of applications on 

electronics platform such as Arduino 

or Raspberry Pi boards capable of 

reading inputs from sensors and 

turning on devices such as motors 

and LEDs. 

Apps 

Development 

Building of mobile applications with 

MITôs App Inventor on Android 

phones. 

Games 

Development 

Conceptualisation of game, 

storyboarding, prototyping and game 

creation in Scratch or Python 

programming. 

Network 

Security 

Cyber security, encryption / 

decryption algorithms and 

cryptanalysis techniques. 

 

4. HOLISTIC DEVELOPMENT OF 

STUDENTS 
In addition to acquiring software and hardware skills, the 

Infocomm Club students also acquire heart-ware skills with 

the following outcomes: 

a. Active Contributor: The students are involved in 

community service work such as providing computer 

training to senior citizens in the neighborhood as well 
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as sharing on cyber wellness regarding online behaviour 

and risks in the cyberspace. 

b. Confident Person: The students gain confidence 

through participation in Infocomm competitions where 

they develop creative ideas, give presentations to 

judging panels and hone their public speaking skills. 

c. Leader: The upper secondary students have the 

opportunity to coach and mentor the junior members in 

both technology and presentation skills. 

The Infocomm Club teachers identify various competitions 

for the students to participate. Through these competitions, 

students are developed in higher level of software and 

hardware skills. Our students have performed well in these 

competitions and won many awards. Table 2 shows the 

students achievements in the year 2018. 

 

Table 2. Infocomm Club Achievements at key competitions 

in the year 2018. 

Infocomm Club 

Competitions 

Student Achievements 

RoboCup Junior Cospace 

Pei Hwa Challenge 

Championship Award 

National Digital Storytelling 

Competition 

Championship Award 

IDE Arduino Maker 

Competition 

Engineering Award 

Singapore Games Creation 

Competition 

Finalist Award 

iCode Competition Finalist Award 

 

5. SURVEY ON STUDENTS INTEREST IN 

CODING AND ITS EFFECTS 
A survey was conducted for 27 Infocomm Club students 

from Year 1 to Year 3 levels in October 2018. 89% of the 

students have expressed they like Coding / Programming 

activities as shown in Figure 2. 74% of the students feel that 

Computational Thinking through coding helps them to 

develop cognitive skills and solve real-life problems (Liao 

& Bright, 1991) as shown in Figure 3. 

 
Figure 2. Survey Question: I like Coding / Programming 

activities. 

 
Figure 3. Survey Question: Coding helps me to develop 

cognitive skills and solve real-life problems. 
 

6. FUTURE PLAN FOR THE CLUB 
In the survey, the students were also asked whether they 

prefer to learn more on computer animation, games 

development or electronic platforms such as the BBC 

micro:bit, Raspberry Pi and Arduino. 89% of the students 

have indicated that they prefer to learn more on coding with 

games development. Hence, the teachers will explore 

training students in other games development platforms such 

as GameMaker, Unity and PyGame. 

7. CONCLUSION  
This paper shares the framework, curriculum and 

implementation of non-formal learning activities at the 

students society club for students to acquire Computational 

Thinking in a fun environment. In addition to acquiring 

software and hardware skills at the Infocomm Club, the 

students are also enriched in heart-ware skills to develop 

their leadership ability through participation in community 

projects related to information and communications 

technology. We hope that sharing the students experience at 

the Infocomm Club would provide some understanding in 

how schools can develop their students in Computational 

Thinking through non-formal learning. 
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ABSTRACT  
The effectiveness of a pedagogical approach is directly 

related to whether it takes the characteristics of cognition 

into account (Sweller 2007). As such, a fundamental 

question that has strong implications for effective teaching 

and learningðin the context of computational thinking 

(CT)ðis what is its nature. Is it a domain-specific or 

domain-general cognitive capacity? The main objective of 

this article is to provide an initial introduction of 

generality/specificity issues to the CT literature from a 

cognitive psychology perspective. Specifically, it focuses on 

a critical appraisal of the domain-specific account of CT, 

which is subscribed by a considerable amount of existing 

conceptualisations and teaching practices. The article 

discusses educational implications under this account of CT, 

provides suggestions informed by learning theories, and 

presents a learning model for CT education. 

KEYWORDS  
computational thinking, cognitive psychology, computer 

science education, learning model, cognitive mechanism  

1. INTRODUCTI ON 
In the past decade, interest in computational thinking (CT) 

has been burgeoning in both research and education sectors. 

Despite the infancy of the field, there is a significant amount 

of studies investigating the association between CT and 

coding/programming (e.g., Brennan and Resnick, 2012; 

Kong 2016) as well as related disciplines (Hambrusch et al., 

2009; Kanaki and Kalogiannakis, 2018). As Voogt et al. 

(2015) note, the predominant focus in these specific areas 

can lead to an unwarranted bias in the question of whether 

CT equates to or is a prerequisite to programming. Yaĸar 

(2018) further elaborates that the entanglement between CT, 

programming, and related educational tools may shift 

researchersô attention away from investigating the cognitive 

underpinnings of CT. Hence, there is a conceptual and 

theoretical reason to distinguish its core characteristics from 

its correlates, or peripheral skills, as the overemphasis on the 

latter could lead to more ambiguities regarding its nature and 

reduce the unity of CT. Given that the current state of 

research has little knowledge regarding its cognitive 

characteristics, pedagogical decisions become a difficult 

task.  
 

Indeed, Wing (2008) suggests that an important challenge 

for learning and teachingðwhen including CT in the 

repertoire of thinking abilitiesðis deciding on how and 

when learners should be taught. Implicit in this concern is 

the question of how CT operates at a cognitive level, which 

is currently unknown. Merging these research gaps 

identified in the literature, a ramification on a fundamental 

question regarding the underlying mechanism of CT is 

whether it is a domain-specific (e.g., programming) or 

domain-general capacity (e.g., general problem-solving). 

The implications of this question bring us to the heart of 

efficient pedagogy, curriculum design, and guidance for 

future research. However, addressing these issues requires 

bridging cognitive/psychological theories and CT research, 

which is yet to be fulfilled. This paper aims to fill in this gap 

by providing an initial account of generality/specificity 

mechanism from cognitive psychology into the CT 

literature. 

2. DOMAIN -SPECIFIC AND DOMAIN -

GENERAL CT  
In the tradition of cognitive psychological studies, domain-

specific and domain-general mechanisms have been used to 

theorise processes that underlie learning, reasoning, and 

knowledge. For example, they have been used to understand 

problem-solving, statistical learning, and scientific 

reasoning. Consistent with the work of Rakison and 

Yermolayeva (2011), domain-specific mechanisms are 

processes that target learning in a particular area of 

knowledge that may pose certain constraints specific to that 

area, such as computer science. In contrast, domain-general 

mechanisms are processes that are not associated with a 

particular area of knowledge. That is, mechanisms that are 

"knowledge and modality universal" (Rakison & 

Yermolayeva, 2011), context-independent, and may be 

adapted to diverse areas. A domain-general CT would be 

perceived as cognitive processes useful for problem-solving 

across subjects, as suggested by Wing (2008), Yadav, Hong, 

and Stephenson (2016), as well as Labusch (2018), among 

others.  
 

CT, as cognitive capacity, can be represented by and 

promoted as a domain-specific or domain-general construct. 

However, given the lack of empirical evidence, the aim of 

this article is not to propose for a definite mechanism that 

explains the nature of CT. Rather, its objective is to explore, 

in particular, the domain-specific account of CT that the 

majority of the existing conceptualisations and education 

practices subscribe to. It should be noted that there are 

emerging views that endorse a domain-general account, 

viewing CT as an approach to problem-solving without 

relating it to a specific area such as computer science, its 

related skills or tools. However, domain-specificity is 

focused in this article as it has larger influences on current 

educational policies and practices (Bocconi et al., 2016). 
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3. DOMAIN -SPECIFIC ACCOUNT OF CT  
The domain-specific account of CT conceptualises it as a 

skill that is particularly important to computer science and 

often requires the support of technology. Indeed, many early 

computer science scholars and pioneers perceived CT as an 

important skill set for individuals who design and execute 

computations with the support of computers (Tedre and 

Denning, 2016). One important figure is Seymour Papert, 

the co-developer of the LOGO programming language and 

educational robot, Turtle, who purportedly coined CT. 

Influenced by constructionism, Papertôs notion of CT 

situates in a context that emphasises learner-computer 

interactions as well as the thinking skills developed through 

such relations. He speculates that children could be 

manipulators of computers and that interacting with 

machinery is crucial to the enhancement of thinking skills 

(Papert, 1980). This idea is extended to include the 

importance of engaging with artefacts, tools, and media. 

Through these, learners are not only prompted to think 

computationally but to also generate ideas and construct 

meaningful products (Harel & Papert, 1991). 

Papertôs early ideas have a significant influence on the 

modern understanding of CT, with a particular focus on 

learner-computer interactions, computer science concepts, 

and programming. Indeed, extending from his perspectives, 

some researchers view CT in a context-dependent manner. 

For example, a well-referenced theoretical framework 

proposed by Brennan and Resnick (2012) identifies three 

dimensions of CT, consisting of CT concepts, practices, and 

perspectivesðall of which are embedded in programming 

languages and artefacts. While CT concepts refer to 

programming concepts (e.g., conditionals), CT practices 

point to processes learners develop as they program (e.g., 

abstraction), and CT perspectives are how learners relate to 

the technological world (e.g., questioning) (Brennan & 

Resnick, 2012). Likewise, considering ñdesign thinking 

componentsò (e.g., exploration, empathy, and creation) and 

hardware aspect of CT solutions (e.g., robotics), other 

researchers define CT as cognitive tools for creative 

programming and digital literacy (Romero, Lepage, and 

Lille, 2017). Other organisations such as The International 

Society for Technology in Education (ISTE, 2011) 

highlights the importance of formulating problems such that 

a computer and other tools can help. As such, there is a 

supposition that CT cannot be divorced from the context of 

computer science or technology. 

Educational practices that emerge from the domain-specific 

account of CT tend to promote it through programming, with 

the hope to develop what Yaĸar (2018) refers to as 

ñelectronic CT skillsò. While recent proposed curriculum 

frameworks consider general problem-solving and real-

world problems to some extent (Kong, 2016; Angeli et al., 

2016), current educational policies remain predominantly 

focused on teaching CT through coding/ programming 

lessons with an emphasis on artefacts (de Paula et al., 2018). 

This is evident at an international level. To name a few: The 

English National Curriculum for Computing Education 

(2013) established the priority to prepare learners to use CT 

to understand and contribute to their environments; Italy 

aims to teach programming as a means to introduce CT to 

learners; Hong Kong has launched a 4-year coding program 

to teach CT in pilot schools; and Singapore has introduced 

CT-based coding enrichment lessons for learners. Emerging 

from these initiatives are applications that support the 

creation of artefacts in the classrooms through child-friendly 

graphical programming languages (e.g., Scratch, Alice, 

Snap, Blockly) and robotic kits (e.g., Mindstorm, LEGO® 

WeDo® 2.0). 

4. RETHINKING THE DOMAIN -

SPECIFIC LEARNING APPROACH OF 

CT 

4.1. Programming Languages   

It is undeniable that a computing curriculum, programming 

activities, and educational applications support the 

development of CT skills and provide means for it to be 

expressed. However, it is less known whether the knowledge 

structure or schemas in these areas encompass CT entirely 

or merely aspects of CT skills such as programming.  

Ambrosio et al. (2014) define a schema as the cognitive 

structure that helps learners to recognise a specific class of 

problems which necessitate particular strategies or 

processes. This, in turn, contributes to the construction of 

mental models. Despite programming languages allowing 

learners to demonstrate CT skills, promoting CT through 

programming alone may not be sufficient enough for 

learners to develop a coherent mental model of CT. This 

model becomes crucial when learners face novel (non-

programming) problems in which they need to identify the 

most appropriate CT process(es) so as to devise a successful 

solution. That is, a coherent mental model of CT should 

reflect conceptual clarity and is flexible to different problem 

contexts. Whether programming education can contribute to 

such a mental model of CT is an area to elucidate in future 

research.  

On the other hand, educators following this procedure ought 

to question whether learning transfer is an objective. If 

domain-specific CT skills operate without any general 

conceptual knowledge or problem-solving strategies, they 

could be diminished to rudimentary skills that are only 

useful in standard or routine problems. That is, it would be, 

at best, procedural skills in which learners memorise steps 

of operations without a clear understanding of underlying 

meanings (Arslan, 2010). This is different from conceptual 

knowledge in which learners are able to carefully analyse 

new scenarios and generate novel ideas. For example, a 

learner coding an algorithm that was previously taught is 

different from being able to write his or her own code to 

tackle a new problem situation. This ability is rather 

important, especially in the 21st century where many new 

and complex problems arise in situations never encountered 

by learners. Yet, this ability surpasses routine problems that 

domain-specific CT skills can solve. In this regard, it may 

be of interest to investigate how domain-general CT skills 

could be integrated into or support the teaching of domain-

specific CT skills.  

4.2. Educational Robotics    

On the other hand, influenced by constructionism, there is 

emerging popularity in promoting CT through educational 

tools, such as educational robotics. These tools have shown 
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to provide rewarding learning experiences that motivate 

learners (Penmetcha 2012). However, overemphasising the 

usage of these tools without delivering fundamental 

conceptual knowledge alongside, the development of CT, as 

a thinking skill, could be undermined. Indeed, giving the 

example of using a calculator in contrast to understanding 

arithmetic, Wing (2008) cautions the possibility of learners 

confusing conceptual understanding with mastery of 

applications. Moreover, constructionism may only be 

successful if learners have sufficient prior content 

knowledge (Yaĸar, 2018). Yet, the link between CT 

principles and robotics are often not made explicit to 

learners. As such, it requires learners to reason and reflect 

on the underlying logic and processes during a robotics 

activity. However, introspection is not always initiated by 

learners. In this regard, the conceptual understanding of CT 

may not be delivered to the extent that educators and policy-

makers intend to. To ensure effective learning outcomes, 

there is a necessity to integrate and consider other aspects of 

CT education. To extend from the current practices, 

suggestions based on learning theories are given below to 

guide future directions in curriculum design and pedagogical 

decisions. A learning model is presented to summarise these 

suggestions. 

5. FUTURE DIRECTIONS IN CT 

EDUCATION  

5.1. A Hybrid Teaching Approach to Foster CT  

Promoting domain-general CT entails the development of 

cognitive skills that are relevant for cross-curricular 

contexts, such as problem-solving strategies, information 

processing, self-regulation, and metacognition (Greiff et al., 

2014). This is the foundation in which educators can support 

learning transfer in CT. On the other hand, fostering domain-

specific CT could provide programming knowledge and 

concepts such that learners can apply CT to solve 

computational problems and developed relevant skills 

within the scope of computer science or technology-related 

areas. For example, the use of the computer may provide an 

environment for learners to apply CT effectively and 

creatively to solve complex network problems in computer 

science, biology, and physics. Despite targeting different 

learning goals and outcomes, the two domains are non-

exclusive: domain-specific expertise can emerge from 

domain-general knowledge given adequate experience 

(Rakison and Yermolayeva, 2011). To this end, a well-

designed curriculum ought to integrate both models. That is, 

a hybrid teaching approach.  

The hybrid approach goes beyond solely integrating CT 

across the curriculum, which has already started to emerge 

in both research and practice. Rather, successful teaching 

ought to also consider the nature of the various components, 

such as abstraction, algorithmic thinking, problem-

decomposition, and debugging, that CT is composed of. As 

Yaĸar (2018) observes, abstraction and problem-

decomposition are often expressed in a more generalised 

form than other components that may have a stronger 

reliance on computer science or technology. He notes that 

abstraction is an inductive reasoning process that simplifies, 

categorises and processes important information for faster 

retrieval. On the other hand, decomposition is a deductive 

reasoning process that manages complexity by solving 

smaller problems. Both of which are practiced in our 

everyday lives albeit we all possess a varying degree of 

understanding and usage. This suggests some components of 

CT may be better taught as generalised skills while others 

within a domain subjectð with or without the support of 

technology. For example, the concept of abstraction can be 

taught in map reading, a rather generic and real-life scenario 

that learners can relate to. Implicit in this idea is the need for 

a dynamical and flexible pedagogy that encompass the 

nature of CT and its related components. 

5.2. Teaching Toward Transfer  

Transfer of learning is essential to building lifelong learners 

and should be an explicit goal in the promotion of CT. 

However, there is a paucity of studies and discussions 

surrounding the topic of learning transfer in CT. Transfer 

occurs when learning in one context influences performance 

in another context and is demonstrated in two ways: low-

road transfer (to similar contexts, problems, and 

performance) and high-road transfer (to dissimilar contexts, 

problems, and performance) (Perkins & Salomon, 1992). To 

apply CT in the most effective and meaningful manner, 

learners should thoughtfully abstract, generalise, and apply 

CT principles in novel problems. These problems should 

share similarities in structure but differ in surface features as 

previously solved problems (Mestre, 2006). According to 

Witherspoon et al. (2017), transfer may be most efficiently 

accomplished through instructional and teaching approaches 

along with metacognitive strategies. Building upon the 

authors' recommendation and informed by learning theories, 

six suggestions are given to optimise learning transfer in CT:  

Motivation : provoke learners' interests to learn and apply 

CT. Educational robotics and fun unplugged activities can 

be used to introduce basic concepts while increasing 

learnersô motivation.  

Learn how to learn: integrate metacognitive strategies that 

support learning transfer in lessons 

Build  foundational knowledge: make explicit connections 

between CT principles to real-world problems that learners 

can relate to; use analogies and metaphors to assist teaching  

Reflective learning: create an environment for transfer by 

having learners deliberately analyse how they can apply CT 

in their everyday lives and have them present their ideas 

Embed CT into a specific area: allow learners to apply 

their CT knowledge to a specific area such as a programming 

environment to further develop CT skills 

Use formative assessments to test transfer: focus on 

whether students can think conceptually and thoughtfully 

when applying CT in a novel and unfamiliar problem. Gives 

feedback regarding learnersô strengths and weaknesses to 

enhance learning.  

5.3. Future Curriculum Design  

Implied by the previous two points is a necessity to move 

beyond a context-bound understanding and pedagogy of CT. 

This includes the need to consider how to help learners 

construct a coherent mental model of CT as the foundation 
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of learning.  What is of interest to educators are not merely 

CT skills demonstrated in a rudimentary form such as 

programming, but of learnersô insight into how and when to 

use CT in diverse contexts that are relevantðthe ability to 

discern when CT is the best approach to problem-solving. 

This is largely dependent on learnersô mental models, which 

could be developed through conceptual, theoretical 

discussions and demonstrations. For example, using worked 

examples to encourage exploration of similarities and 

patterns that commonly arise when tackling similar families 

of problems. While the former reduces cognitive load, the 

latter facilitates mindful abstraction. It is then, and only then, 

that domain-specific teaching approaches that integrate 

programming and robotic tools become good ñobjects to 

think withò, as Papert (1980) puts it.  

5.4. A Summary: A Three-Layer Learning Model of CT  

To demonstrate the above suggestions explicitly, a three-

layer learning model is illustrated in Figure 1 to represent 

three aspects of CT education: learning procedure, learning 

goals, and learning outcomes. The model comprises learning 

process in domain-general and domain-specific procedure, 

with a consideration of transition between the two. Whereas 

domain-general procedure aims to help learners develop a 

coherent mental model of CT as the foundation of learning, 

domain-specific procedure seeks to incorporate and 

contribute to the model by advancing CT skills in a 

specialised subject (e.g., computing education and STEM).  

The transition stage prepares for the success of learning 

transfer between the two procedures. Learning outcomes and 

goals are different and depend on the given procedure but 

together fulfil the purpose of the hybrid teaching approach. 

 

 

Figure 1. A Three-layer Learning Model of CT. 

 

6. CONCLUSION 
This article gives the first discussion on the generality-

specificity issue of CT from a psychological perspective. It 

is hoped that through this a dialogue is opened for cognitive 

scientists, educational researchers, and curriculum 

developers on the cognitive mechanism that underpins CT. 

Addressing this issue is not only significant from a 

theoretical point of view, but also from a practical 

perspective. At a theoretical level, this article paves the path 

for cognitive psychology to enter CT research thereby to 

further elucidate on its underlying cognitive mechanisms. It 

is believed that such effort could continue to shed light on 

the nature of CT by addressing, for example: the 

developmental trajectory of CT; cognitive functions that 

support it; and ways to enhance conceptual learning of CT. 

In this regard, contributions from cognitive scientists and 

educational psychologists are appreciated and demanded. 

On the other hand, at a more practical level, this article calls 

for a revisit of the current pedagogy and curriculum design; 

and to argue for the importance of a hybrid teaching 

approach. This is a call for promoting CT in a dynamic 

manner such that we are developing learnersô computational 

minds rather than rudimentary CT skills.   
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