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Abstract 

The Hong Kong Education Bureau has released the latest strategy on Information Tech-

nology Education in 2015. It emphasized on provoking Computational Thinking (CT) by utili-

zation of coding. Thus, new visual and tangible programming tools, Single Board Computer 

(SBC), become an irreplaceable tool for this education reform. 

This research involves two important goals. The first issue was to explore the usefulness 

of SBCs towards coding learning motivation and influence on learning experience in a com-

puter lesson. The second aim was to measure the effectiveness of enhancing CT skills using 

SBCs. A mixed research method was used in this research, with a total of 14 undergraduate 

students with diverse major areas. 

Pre- post- test and questionnaire were carried out among learners to evaluate the CT 

skills enhancement. Besides, the lesson design framework followed the 6E learning model to 

maximize the expected learning outcome. HaloCode was chosen based on unique AI features 

supported. Collected data were analyzed using Statistical Package for the Social Sciences 

(SPSS) software. This research used descriptive analysis, t-test, reliability analysis, and corre-

lational analysis. For constructing a complete picture of this research, a semi-structured inter-

view was also carried out to supplement the blindspot towards statistical data.  

After the data analysis, several findings can be highlighted. Most of the learners became 

more motivated towards coding based on the joyful learning experience by using HaloCode. 

Additionally, their CT skills are significantly enhanced after the teaching intervention. They all 

welcomed to adopt SBC in coding because of the simplification of its design and learning ex-

perience. 
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Chapter 1. Introduction 

1.1 Background 
Global Education sectors are committing curriculum redesign since Computational Think-

ing (CT) is becoming a universal capability for students of the 21st century. It was confirmed 

by the statement from Jeannette Wing (2011) eight years ago: “Computational thinking is the 

thought processes involved in formulating problems and their solutions so that the solutions are 

represented in a form that can be effectively carried out by an information-processing agent” 

(p. 1). 

Hong Kong Education Bureau has released the newest strategy on Information Technology 

Education in 2015. It emphasized that it is crucial in provoking CT by utilization of coding 

(Education Bureau, 2015, p. 28). Meanwhile, new visual and tangible programming tools (fig-

ure 1), such as Single Board Computers (SBCs), have been developed to allow children to in-

vestigate their ideas before getting into university, which could also grow their multifaceted 

skills (Wong, Jiang & Kong, 2018). 

 

  
Figure 1 – Example of visual and tangible programming tools - HaloCode and its 

online IDE (mBlock) 
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Chapter 2. Literature Review 

2.1 What is Computational Thinking? 

Computational thinking (CT) has a ubiquitous discussion about the ways of teaching tech-

nology to youngsters effectively. This term, CT, made famous by Wing (2006) but found from 

Papert (1980) who suggested the the-state-of-the-art methods of breaking down complex prob-

lems to become more achievable and solvable small tasks through the concepts such as “de-

composition,” “pattern recognition,” “abstraction,” and “algorithms,” which also known as four 

significant areas of CT. 

 
Figure 2 – Example Logo output 

Before CT was defined, Papert initially worked with LOGO (1980) (figure 2). It is widely 

accepted that LOGO complied with the idea originated from Piaget’s (1954) constructivism. 

This means the teacher should facilitate ideas to learners actively by constructing knowledge 

through real experience and the emphasis on “learn-by-doing.” 

According to the viewpoint of Kafai and Burke (2013), it proved that computational par-

ticipation was a suitable medium to promote CT since it had the nature of showing artifacts that 

took the unreplaceable role throughout the learning process in computational participation. 

Thus, CT skills can be considered as a technique of problem-solving which required the con-

struction building of artifacts through programming or 3D printing. 
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2.2 Major approaches in promoting STEM Education 

According to the first strategy in “Report on Promotion of STEM Education” by the Edu-

cation Bureau, two major approaches are mainly adapted, which are problem-based learning 

(PBL) and project-based learning (PjBL), respectively (Education Bureau, 2015, p.13). In most 

cases, the universal conclusion of two dominant approaches was PBL defined by ill-structured 

and relatively open-ended problems that deliver a realistic scenario in the learning process 

(Savin-Baden, 2000). 

Natively, Boud and Feletti (2013) highlighted that PBL is a kind of educational strategy, 

which aims to consolidate the learning process by students’ active engagement in finding an-

swers by themselves. Therefore, Topalli and Cagiltay (2018) emphasized that PBL can hypo-

thetically help learners to achieve in the introduction to the programming classes. Hopefully, it 

could boost their performance in projects. By contrast, PjBL was understood in terms of fixed 

tasks that the students have to perform step-by-step without creativity, which is predictable by 

the teacher in order to fit the lesson flow (Boud & Feletti, 2013). Consequently, most of the 

time, it adopted PBL in the programming lesson plan, in order to maximize the learning out-

come of participants. 

 

2.3 Relationship between CT and coding 

Wong et al. (2015) conducted a wide-ranged quantitative questionnaire to review over 

forty schools in Hong Kong, which shows the tendency in the local schools to encourage STEM 

education. She found that over 85% of local schools consisted coding curriculum already, which 

mainly conduct in regular computer lesson hours. Additionally, it also filtered the core obstacles 

faced by a student in the coding lesson. For instance, they think coding lessons were not only 

abstract to them but also lacking with suitable examples and learning resources. In this research, 

it also catered to the obstacles specifically in order to overcome pain points of using traditional 

2D-based programming lessons. 

Three years later, Wong, Jiang and Kong (2018) organized a qualitative study on fourteen 

Hong Kong primary schools with group interviews and classroom observations. They also de-

veloped an interview protocol which was specially dedicated to kid below 16 years old. It can 

figure out the perception of youngsters in the process of learning programming. The results 

showed that pupils were usually engaging in CT activities and these learning materials and 

processes, which could enhance their generic skills such as creativity and practical problem-

solving skills. Moreover, many research outcomes were showed that it was practical to use CT 
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as a driver of programming skills (Tedre, 2017). Tedre (2017) also concluded that CT is not 

programming only, but it is the outcome of well-planned programming practice. 

Noteworthily, it should be alerted that the interview above did not include any question, 

including professional terminology in CT skills (Wong et al., 2015; Wong, Jiang & Kong, 2018). 

For this reason, the following research procedure of this paper may introduce the general idea 

of CT skills to students before conducting the first lesson. It may able to raise their awareness 

of specific reflection in terms of CT skills in order to collect useful and accurate feedback from 

students in the interview sections. 

Furthermore, all participants in that interview have had experience with CT skills in their 

primary schools. Which means a comparative study was impossible to carry out. Hence, in a 

follow-up study, this paper will avoid this bias on the research outcome, especially the research 

participants were not fresh on programming.  

 

2.4 Common patterns 

It is essential to generate challenging and meaningful tasks to promote the concept of CT 

while frequently aware of students’ frustration (Lee et al., 2011). A thought-provoking problem 

should be treated as a stimulator for students’ motivation enhancement. Thus, students must 

face real and stimulating problems based on their own experiences and interests. 

Nowadays, most of the concept-oriented coding classes are using block-based commands 

languages, for example, MakeCode and Scratch platform. Either the teacher or the student only 

needs to drag and drop blocks. Comparing to old-fashioned text-based programming, it not only 

minimizing the cognitive load on students but also letting them pay more attention to the logical 

structures designed involved in programming (Kong, 2016). Henceforward, block-based coding 

tools were adapted to this research study in order to accelerate the learning processes of students. 

Giving to The International Society for Technology in Education (ISTE) and the Computer 

Science Teachers Association (CSTA), which are the well-known epicenter of ed-tech and a 

professional association whose mission to “empower, engage and advocate for K-12 CS teach-

ers worldwide.” They co-accepted the CT is a problem-solving process, including a collection 

of generic skills that are supported and enhanced by several dispositions or attitudes that are 

essential dimensions of CT (CSTA, 2016). More specifically, those problem-solving process 

occurs in the programming lessons, for example, debugging, reusing, and abstracting and mod-

ularization (Brennan and Resnick, 2012). 
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2.5 Single Board Computer for coding 

In the literature, most of the researchers were building a connection between CT and pro-

gramming lessons. One of the significant practices which are highly promoted across Spain, 

which used Arduino to accurately the learning curve in programming lessons (Rubio et al., 

2014). Przybylla and Romeike (2014) demonstrated that physical computing could allow stu-

dents to develop concrete, tangible products of the real world, which arise from the learners’ 

imagination. Undoubtedly, the development of SBCs still needs significant improvement in 

order to handle the future needs of the rapidly changing world (Koorsse, Cilliers & Calitz, 2015). 

Existing educational SBCs, for example, micro:Bit, Arduino, and Raspberry Pi, are not ade-

quate for employing one of the most advanced world trends, Artificial Intelligence (AI). 

Furthermore, coding on the SBCs is fascinating for only a limited number of students, 

especially if they know they are not possible to create and invent their ubiquitous gadgets due 

to the limitation of specific STEM toolkit (Przybylla & Romeike, 2014). Therefore, a group of 

computer scientists from Google AI also advised that the global market should take the respon-

sibility to cater to our needs (Abadi et al., 2016). We are still craving on the low-cost and easy-

to-learn device, which is capable of handling “Machine Learning” and “Deep Learning” for 

actualizing AI applications.  

These observations led to the development of HaloCode from MakeCode, which is an SBC 

with built-in wireless connectivity with reasonably affordable prices. It is designed for pro-

gramming education, as it provides a compact design and integrating a broad selection of elec-

tronic modules. Pairing with block-based programming software mBlock (figure 1), Halocode 

offers handy experience AI and IoT technology with just a few clicks. Optimized hardware with 

a low-technical-cost programming platform makes creation easy and enjoyable.  

Although Gibson and Bradley (2017) have confirmed that micro:Bit could improve the 

learning outcomes of the learner in programming lessons, while this research is using HaloCode 

with AI application, hence, the result may be a variance. 
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Chapter 3. Statement of Problem 

Recently, most of the local schools are still adopting 2D Scratch in programming classes. 

It created the intention of evaluating the effectiveness of applying HaloCode and 2D Scratch in 

CT development lessons. The fundamental purpose of this paper is to investigate the degree of 

developing CT using physical SBC. Not only qualitative but also quantitative methods were 

adopted to make a comparison on the effectiveness of CT enhancement by conducting Halo-

Code and 2D Scratch lesson approach, respectively.  

Based on the abovementioned objectives, three research questions were eventually formu-

lated below: 

1. Is using SBC in the computer lesson able to foster the learning motivation towards cod-

ing? 

2. To what extend computational thinking skills of students able to enhance by using SBC 

in the computer lesson? 

3. Do students achieve a better learning experience by using SBC in the computer lesson? 
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Chapter 4. Research Methodology 

It is respectable to facilitate the understanding of the analysis section. A flowchart (fig-

ure 3) would be provided to illustrate the conceptual picture of this section. 

 
Figure 3 – Conceptual flowchart of the whole process of lesson intervention  

 

4.1 Lesson Design 

This research investigated the impact of CT skills improvement on learners. According to 

CSTA (2016), the lesson intended learning outcome in programming lesson should able to cater 

four primary goals, namely “formulating problems (decomposition),” “logically organizing and 

analyzing data (pattern recognition),” “representing data (abstraction),” and “algorithmic think-

ing (algorithms).” It is because scholars commonly accept this framework in related researches 

(Brennan & Resnick, 2012; CSTA, 2016; Kafai & Burke, 2013; Werner et al., 2012; Wing, 

2011).  

One of the first international scientific-educational organizations, the American Association 

for the Advancement of Science (AAAS), invented a fundamental teaching model since 1960. 

After a series of experiments, it concluded that the three most important steps were the essential 

elements of science-related education, namely “exploration, invention, and discovery.” These 

three cornerstones became a framework adopted by Barry (2014) to finalize the 6E learning 

model initially developed by Burke (2014). This learner-centered teaching model would high-

light the process of learners’ spontaneous discovering and seeking scientific answers to culti-

vate learner’s inquiring abilities. In the lesson design, it advocated the development of learning 

activities by the 6E model of inquiry learning, including engage, explore, explain, elaborate, 
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enrich, evaluate. The framework of learning tasks was PBL design by integrating AI technology 

with the visual programming language.  

By further utilizing the importance of STEM education and the 6E learning model, Tien 

and Yen (2019) recommended a blended learning framework (figure 4), which consists of two 

parts: classroom-led instruction in the inner circle and online inquiry learning activities in the 

outer circle. In the inner circle, teachers use the principles of “information perceiving” (Kolb, 

2014) that are consistent with the concept of experiential learning to design teaching examples. 

In other words, learners ought to start from familiar experience, and gradually accumulate ex-

perience to develop into an abstract concept. Besides, teachers should provide clear guidance 

on procedures of “information processing” (Kolb, 2014) through explanations towards some 

casual examples.  Scholars (Kolb, 2014; Tien & Yen, 2019) confirmed that would accelerate 

learners’ accumulate their unique way to face everyday difficulties, which must consist of iden-

tifying problems, developing plans of problem-solving, taking actions, and evaluation. After 

the classroom-led instruction was completed, the spotlight should transfer to subsequent class-

room and post-class online inquiry learning tasks. 

  
Figure 4 – Teaching framework after integrating CT 

with 6E learning model (Kolb, 2014; Tien & Yen, 

2019) 
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Other than 6E, in order to analyze and evaluate more on computational practices and per-

spectives. Brennan and Resnick (2012) emphasized that the lesson should adopt the think-aloud 

protocol. It encouraged students to verbalize their thought processes while on-screen program-

ming tasks in the interest of rationalizing their computational practices (Lye & Koh, 2014). 

Before starting to code, all participants were separately requested to describe each specific task 

solving procedure. 

 

4.2 Lesson Instruments 

4.2.1 Questionnaire 

4.2.1.1) Computer Programming Self -Efficacy Scale (CTS) and Computational Thinking 
Scales (CPSES) 

Korkmaz et al. (2017) suggested that questionnaires can determine the level of CT skills 

among learners. Appreciating the summative study conducted by Román-González et al. (2019), 

it evidenced a list of Computational Thinking assessment tools by different aspects. Such as 

“Computational Thinking Scales” (CTS) (Korkmaz et al., 2017) and “Computer Programming 

Self -Efficacy Scale” (CPSES) (Kurkul et al., 2017), these two reliable (Cronbach’s α≥ 0.86; 

Cronbach’s α≥ 0.95 respectively) scales are designed to measure the perceptions and attitudes 

towards CT and digital literacy. These scales mainly are evaluating non-cognitive and related 

soft skills such as self-confidence, creativity, teamwork. Thus, scholars (Korkmaz et al., 2017; 

Kukul et al., 2017; Román-González et al., 2019) classified these are “CT perceptions–attitudes 

scales,” which has provided excellent adequacy in pre- and post-test (Table 1).  

Table 1 – Chronological uses of the different types of CT assessment tools 

(Román-González et al., 2019) 
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Table 2 – Adequacy of different types of CT assessment tools regarding CT 

dimensions (Brennan & Resnick, 2012) 

 
Likewise, this test could also comply with the “Computational Perspective” and “Compu-

tational Practice” (Table 2) endorsed by Brennan and Resnick (2012). Subsequently, this re-

search would use the translated version of CTS and CPSES with supplementing AI and SBC 

ideas to generate a set of Chinese questions, and they were questions 14 - 29 (based on CTS) 

and 30 - 46 (based on CPSES) respectively. 

4.2.1.2) Motivated Strategies for Learning Questionnaire (MSLQ) 

Moreover, only assessing CT and digital literacy would not provide a utilized response to 

the research questions 1. Hence, it would also adopt the “Motivated Strategies for Learning 

Questionnaire” (MSLQ) (Pintrich et al., 1991) (Cronbach’s α≥ 0.87) to evaluate learning moti-

vation among university undergraduates. It is a self-report instrument intended to judge the 

motivation of university undergraduates and their use of diverse learning approaches for a ter-

tiary course. Coincidentally, it matched with the primary research audiences, who are university 

students with multiple disciplines. This measurement model can divide into three main aspects, 

namely “Value,” “Expectancy” and “Affective” components, to see the whole picture of stu-

dents’ learning motivation towards my pioneered AI courses. Since the lesson was conducted 

in Cantonese, it was preferred to denote to the translated version by 吳靜吉和程炳林 (1992) 

to create question 1 – 13 of the questionnaire. 

Both questionnaires conducted before and after the intervention were answered anony-

mously in order to be protected students’ privacy. Online Google form platforms were adopted 

to facilitate students to do the questionnaire afterschool. Total of 46 multiple choice questions 

about learning motivation and CT enhancement. Students are predicted to use less than 18 

minutes to finish all questions.  

More specifically, this questionnaire can give self-reported measures about the opinions of 

participants on the way of decision-making and applying related CT skills in the daily scenario. 



16 

For this study, this questionnaire consisted of 46 items with a 5-point Likert scale, which was 

promoted and revisited by Albaum (1997). By using a questionnaire design, it should able to 

gather quantitative data and utilized frequency distribution and means to analyze the data. The 

ranging is designed as “ (1) never”, “ (2) rarely”, “ (3) sometimes”, “ (4) generally, ” and “ (5) 

always”, which is perfectly fit with the original design of MSLQ, CTS, and CPSES. An indic-

ative example of a question that has been adopted is the following: “我可以區分計算機科學，

建築學和人工智能(AI)的概念。” CT enhancement through physical computing still is a con-

temporary educational issue which required an extensive exploration (Przybylla & Romeike, 

2014). It is expected that the implementation of this research could disclose some casual links 

between CT improvement and SBCs. 

In order to facilitate the understanding of the questionnaire design, it is better to summaries 

the correlation between those questions with different evaluate instruments in Table 3. 

Table 3 – Question categorizations of interviews and question list 

Major focus (research question) Instrument Questionnaire Question 

1, 3 MSLQ 1 - 13 

2, 3 CTS 14 - 29 

2 CPSES 30 - 46 

 

4.2.2 Pretest and Posttest  

4.2.2.1) Computational Thinking Test (CTt) 

Román-González et al. (2019) concluded that the Computational Thinking Test (CTt) 

is one of the best diagnostic assessment tools to examine the CT level of the subject. After they 

were revisiting their exploration in 2017, it is evident that it is suitable in the pure pre-test (e.g., 

without any prior programming experience) and post-test condition for validating the CT ability 

has increased or not (Román-González et al., 2017). Additionally, it also complies with “Com-

putational Concepts” and “Computational Practices” promoted by Brennan and Resnick (2012) 

(Table 2). As it was predicted that some of the learners might lack the experience in any coding 

experience, it has become convincing tools in this research.  

CTt is a multiple-choice instrument composed of 28 items that required students to fin-

ish within 45 minutes. Due to the time limitation of the lesson, only five questions would be 

selected in the pre- and post-test, respectively. Aiming to avoid severely affecting the reliability 

(Cronbach’s α ≥ 0.793) of this tool, five questions on both tests were tightly obeyed by three 

dimensions, namely “Computational Concepts Addressed,” “Style of Response Options” and 
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“Required Cognitive Task.” In easy words, each question should address at least one computa-

tional concept (e.g., sequence, condition, and iteration), which difficulties are progressively 

nested. Also, those questions should show in visual arrow/ blocks form, which may include 

debugging and fill-in-the-blank style.  

4.2.2.2) Bebras Tasks 

Other than straight-forwarded algorithmic tasks, it was important to evaluate how stu-

dents make use of CT skills to accommodate “daily” challenges. Thanks to Dagiene and 

Futschek (2008), they established “Bebras Tasks” to evaluate the capability of learners trans-

ferring CT skills onto different kinds of problems and daily circumstances. Initially, these tasks 

were extracted from “Beras International Contest,” a competition launched in Lithuania since 

2003, which was aimed at fostering the “Computational Perspective” of worldwide high school 

pupils. “Computational Perspective” is one of the critical elements of the new CT framework 

promoted by Brennan and Resnick (2012). Each year would launch a new set of Bebras Tasks, 

which encourage students to project their CT skills to solve “real-life” problems. Based on these 

characteristics, Román-González et al. (2019) have classified the “Bebras Tasks” as a CT skill 

transfer assessment tool. Thus, according to Table 1, this assessment is designed for testing 

after the end of the intervention.  

Similarly, Boom et al. (2008) verified that Bebras Tasks is a justifiable (Cronbach’s α≥ 

0.93) multiple-choice instrument composed of 25 items, which required students to finish 

within 50 minutes. Due to the time limitation of the lesson, only five questions would be se-

lected in the pre- and post-test, respectively.  

When using these tools, the pre-test sequence was tested according to the original se-

quence of CTt and Bebras Tests. During the post-test, in order to prevent students from mem-

orizing the questions to affect the test results, the order of the questions and choices were ran-

domized reset, without changing the content of the questions. One point was gained for each 

correct answer, which means the highest score of the pre- and post-test is 10 out of 10, while 

the lowest mark is 0 out of 10. 
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4.2.3 Creative Product Assessment Matrix (CPAM) 

Furthermore, as the lesson design would include prototyping processes, it is suggested to 

adopt the Creative Product Analysis Matrix (CPAM) promoted by Besemer and O’Quin (1999). 

CPAM is a framework that commonly accepted to evaluate new product ideas during the de-

velopment process. It consists of a high level of validity (Cronbach’s α≥ 0.84) as it would im-

prove creative works in progress by focusing attention on the three dimensions (Novelty, Reso-

lution, and Elaboration and Synthesis). When the nine subscale scores are objectively deter-

mined, the attention of learners may be given to strengthening lower-scoring attributes.  

This scale was mainly used in the final lesson of the course design since this course was 

mainly delivered in Cantonese. A translated version by Hsiao et al. (2019) was employed (Table 

4), and the full version of the CPAM can refer to Appendix A. 

Table 4 – A translated version of CPAM (Hsiao et al., 2019) 

指標 評分準則 

原創性（Original） 作品是否自行構思創造而不是經由複製改編模仿衍生出來的作品 

驚奇性（Surprise） 作品呈現出意想不到的資訊或效果 

價值性（Valuable） 作品設計構想是否具有意義和價值 

邏輯性（Logical） 作品設計構想是否合乎邏輯並且考慮到現實限制 

有用性（Useful） 作品很大機會能夠在實際環境應用 

可理解性（Understandable） 設計理念是否讓大眾清楚了解 

基本品質（Organic） 作品是否能夠正常運作 

精緻程度（Elegance） 作品在軟硬件兩大層面是否精簡易正確 

良好手藝（Well-crafted） 作品在製作流程期間是否合標準及最終外觀是否美觀 
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4.2.4 interview 

Other than those quantitative data, a semi-structured interview would be conducted to col-

lect students’ learning feedback and instructors’ teaching feedback for qualitative data analysis. 

It is planned that the interview would consist of less than ten short open-ended questions about 

using SBC in coding class and CT enhancement. After feedbacks are collected, a triangulation 

and cross-case inductive analysis were conducted to evaluate the extent of reliability and con-

sistency of the data analyses and results (Golafshani, 2003) (Table 5). After the data gathering 

activity from the think-aloud protocol, interviews were scheduled after finishing the entire cod-

ing classes. Students had the chance to express their opinion freely, in order to provide add-on 

feedbacks to the learning activities described in the previous questionnaires. 

Table 5 – Protocol design of setting up the group inter-

view in similar research (Golafshani, 2003) 

Sub-Sections Anticipated Duration 

Briefing 2 minutes 

Introduction of researchers 2 minutes 

Ice-breaking 2 minutes 

Interactive interview 6 minutes 

This interview consisted of seven questions, and these questions were designed to comple-

ment quantitative research. This means those three research questions would also be catered to 

in a more subjective opinion by the interviewees. Interviews were conducted by Cantonese in 

order to maximize the effectiveness of the conversation. It was translated into English in the 

data analysis part already. 
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Chapter 5. Data Collection 

5.1 Methodologies 

This study collected and analyzed both qualitative and quantitative data.  

The comparison was not only based on a questionnaire to measure the change of students’ 

attitudes but also adapting think-aloud protocol in lesson design to collect the detail of problem-

solving procedures of them (Lye and Koh, 2014). After that, a semi-structured interview was 

conducted to collect students’ learning feedback for qualitative data analysis after the interven-

tion; CT assessments would also be aligned for qualitatively comparing the performance of the 

participants. 

Frankly, it is understood that setting up a Control Group and an Experimental Group to 

evaluate the research may be a suitable method. Nevertheless, due to the outbreak of COVID-

19, it is impossible to organize many classes either on the teaching practice school or the Uni-

versity campus. This unfavorable disaster forced this study to be amended. In order to balance 

the risk of conducting face-to-face lessons, it could only confine a trial two-day workshop for 

4 hours a day in the EdUHK library. It may slightly affect this research outcome, but it has 

already tried the best to uphold all pedagogical frameworks and the lesson design discussed 

throughout this essay. Eventually, fourteen undergraduates (age 17-25 with various disciplines) 

from The Education University of Hong Kong were involved in a two-day mini-workshop. 

After these two days, feedbacks from learners were collected by interview. All the classes were 

conducted in Extra Curriculum Activity (ECA) format. 

 

5.2 Ethics Measures 

The identity of students should always stay anonymous. Therefore, this research was 

strictly following the guidelines endorsed by the Human Research Ethics Committee (2015). 

Both questionnaires and interviews were not contained sensitive personal information of par-

ticipants, including name and phone number. The hashed number was provided to students to 

identify the uniqueness of the collected data, such as using “453” to represent the first joiner, 

“258” to represent the second joiner, etc. All the collected data were stored in secured devices 

and will be destroyed when I graduated. 
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Chapter 6. Data Analysis 

It is glad to simplify the understanding of the analysis section. A flowchart (figure 5) 

would be provided to illustrate the conceptual picture of this section. 

 
Figure 5 – Conceptual flowchart of raw data analysis  
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6.1 Quantitative Findings 

6.1.1 Pre- post- Test 

6.1.1.1) Descriptive statistics 

Table 6 – Descriptive statistics from pre- post- test 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation Variance 

Statistic Statistic Statistic Statistic Statistic Statistic 

Pretest score 14 4 9 6.57 1.342 1.802 

Posttest score 14 5 10 8.07 1.439 2.071 
 

 

 
Figure 6 – Broken line chart of students’ marks in pre- post-test 

By observing Table 6, the total marks of both pre-test and post-test are 10. The mean 

score of the pre-test is 6.57, while that of the post-test is 8.07. It shows that there is an overall 

improvement after the intervention (AI lessons designed by the 6E model). As for the difference, 

the increments of absolute value and percentage are 1.5 and 22.8%, respectively. Moreover, by 

observing the figure 6, it was easy to observe 12 out of 14 (over 85%) student gain improvement 

in the post-test. One of them (number 8) even had a 150% improvement compared to the pre-

test. It is assumed that the subjects are in a normal distribution as they were chosen from a 

normally distributed population.  

The total marks of both pre-test and post-test are 10. The mean score of the pre-test is 

6.57, while that of the post-test is 8.07. It shows that there is an overall improvement after the 

intervention (AI lessons designed by the 6E model). As for the difference, the increments of 

absolute value and percentage are 1.5 and 22.8%, respectively. Moreover, by observing the 
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figure 7, it was straightforward to observe 12 out of 14 (over 85%) student gain improvement 

in the post-test. One of them (number 8) even had a 150% improvement compared to the pre-

test. It is assumed that the subjects are in a normal distribution as they were chosen from a 

normally distributed population.  

Also, the mean scores show that the subjects performed better after joining the interven-

tion generally. It is expected that the intervention has a positive effect, and the post-test scores 

are higher than the pre-test score.  

Therefore, the alternative hypothesis is that the post-test mean score is larger than the 

pre-test mean score (H1: μ > 1.5), and so the null hypothesis is that the post-test mean score is 

equal to the pre-test mean score (H0: μ = 1.5). In short, the above statistical information facili-

tated to make a response to the research question 2, learners’ CT skill could be enhanced by 

near 15% with significant narrower learning diversities. 

 

6.1.1.2) Paired samples t-Test 

Also, the mean scores show that the subjects performed better after joining the interven-

tion generally. It is expected that the intervention has a positive effect, and the post-test scores 

are higher than the pre-test score. Therefore, the alternative hypothesis is that the post-test mean 

score is larger than the pre-test mean score (H1: μ > 1.5), and so the null hypothesis is that the 

post-test mean score is equal to the pre-test mean score (H0: μ = 1.5). A 2-tailed paired T-test 

was done using the scores of both tests for all subjects. Below is the result (Table 7). 

 

Table 7 – Paired samples t-Test of pre- post- test 
Paired Samples Test 

 t df Std. Error Mean Sig. (2-tailed) Mean Difference 95% Confidence Interval 
Lower Upper 

Pre – Post - test 2.669 13 .562 .019 1.500 .286 2.714 
 

The conventional way of reporting the findings is to state the test statistic (t), degrees of 

freedom (df), and probability value (p). We can report our results as follows. 

 
t(13) = 2.669; p < .05 

 
The “Standard Error Mean” estimates the standard deviation (σ) of all the differences between 

sample means for samples of size N = 14 when the null hypothesis is true. It indicates the dif-

ference in the means we would expect by chance if the null hypothesis is true. Our mean dif-

ference is 1.5, which is much bigger than the standard error of the mean of .562, suggesting that 

the data does not support the null hypothesis. The calculated t value is the ratio of these two 

values: 



24 

𝑡𝑡 =
1.5

. 562
= 2.669 

This measure is often used as a supplementary or alternative indicator of statistical signifi-

cance. A suggested way of reporting these findings is as follows: 

 

Difference in means = 1.500 (95% CI: .286 to 2.714) 

 

There is a statistically significant mean difference in the test scores at the 0.05 level. As 

a result, this SBC computer lesson leads to improvements in students’ knowledge and skills.  

 

6.1.1.3) 2-tailed Wilcoxon Signed-Rank Test 

Apart from a 2-tailed paired T-test, the significance of improvement was examined us-

ing 2-tailed Wilcoxon Signed-Rank Test, which is a nonparametric test, due to the small sample 

size. Below is the result (Table 8). 

Table 8 – 2-tailed Wilcoxon Signed-Rank Test 
Test Statisticsa 

 
Pretest score - Posttest 

score 
Z -2.390b 
Asymp. Sig. (2-tailed) .017 
a. Wilcoxon Signed Ranks Test 
b. Based on positive ranks. 

The result of this nonparametric test shows a p-value of 0.017. The significance level of 

this test is 0.05. The p-value is less than the significance level (i.e., 0.017 ≤ 0.05). Therefore, it 

can be said that the improvement is significant. To conclude, all statistical data yield the same 

outcome that the result is significant. In other words, the improvement between pre-test and 

post-test is significant overall. In short, the above statistical information could help to answer 

the research question 2. Their CT skills were enhanced by at least one-fifth with significant 

narrower learning diversities. 

  



25 

6.1.2 Questionnaire 

6.1.2.1) reliability 

It had integrated three types of questions from the questionnaire, namely from MSLQ 

(Question 1-13), CTS (Question 14-29), and CPSES (Question 30-46). Although they are 

highly reliable (Cronbach’s α ≥ 0.87, ≥ 0.86 and ≥ 0.95 respectively) proven by different schol-

ars (Kukul et al., 2017; Pintrich et al., 1991; Román-González et al., 2019). It may affect those 

reliabilities based on questions modification and integration. It is better to statistically prove 

the reliability of this questionnaire before further discussing the collected data. As 14 partici-

pants encountered in this research, thus 28 samples were recorded based on the pre- and post- 

questionnaire set. The results showed in Table 9. 

Table 9 – Case Processing Summary 

Case Processing Summary 

 N % 

Cases Valid 28 100.0 

Excludeda 0 .0 

Total 28 100.0 

a. Listwise deletion based on all variables in the pro-

cedure. 
 

The first part of the output provides a summary of the data. We can see that our data 

contains 28 cases (summation of pre- and post- questionnaire) and that the analysis is consid-

ering 100 % of the data. 

The results of the reliability analysis were shown in the following table (Table 10). 

There were 46 questions in this study. Cronbach’s alpha was 0.926, which was greater than 0.9. 

According to Tavakol and Dennick (2011), the questionnaire design indicated a scale of excel-

lent reliability. 

Table 10 – Reliability of the questionnaire 

Reliability Statistics 

Cronbach’s Alpha 

Cronbach’s Alpha 

Based on Stand-

ardized Items N of Items 

.931 .926 46 
 

After examining the reliability of the questionnaire, it is great to move on to the question-

naire result analysis section. 
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6.1.2.2) Descriptive statistics 

For easy understanding, it is better to categorize these 46 questions by their primary focus 

(Table 11). 

Table 11 – Question descriptions of the questionnaire 

Questions Major focus 

1-13 
(MSLQ) 

Evaluating learning motivation among university under-
graduate in the computer lesson 

14-29 (CTS) Measuring the perceptions and attitudes towards CT and 
digital literacy 30-46 

(CPSES) 
 

 
Figure 7 – Broken line chart of pre- and post- questionnaire analysis 

For this study, this questionnaire consisted of 46 items with a 5-point Likert scale (figure 

7), which was promoted and revisited by Albaum (1997). All the questions were designed based 

on MSLQ (Question 1-13), CTS (Question 14-29), and CPSES (Question 30-46), respectively. 

The purple dotted lines are also used to divide them into respective parts to exam them in a 

transparent way.  

In the first portion (MSLQ), which focused on the learning motivation of the learners. 
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We could see the trend of pre- and post- questionnaire did not have a significant difference. 

Either the means and σ were very similar in the pre- and post- questionnaire. In short, the above 

statistical information could help to answer the research question 1, their learning motivation 

towards coding may not have a significant difference after the lesson intervention. 

In contrast, the means difference in CTS and CPSES (Question 14-46), both of them are 

the tools to test the CT abilities, were significantly improved. The most noteworthy one should 

be question 15, “I understand how to apply Artificial Intelligence through the block coding 

platform.” Its mean score boost from 2.14 to 3.86, which had more than 80% improvement after 

attending the pioneer class. Nearly all the means score of questions from CTS and CPSES are 

increased, while the average means score of them has increased by 14.9%. Still, the σ of CTS 

and CPSES were mainly decreased, which means the scores of individuals were closer to the 

mean score. Hence, the CT skills learning the difference between learners can assume to have 

a reduction after attending the lessons. 

 

6.1.2.3) Correlation analysis 

6.1.2.3.1) Pre- questionnaire 

Before the computer lesson using HaloCode, it has carried out a questionnaire that is the 

same as the post- questionnaire. It is because it can be observed the change between pre- and 

post-intervention in order to analyze and draw some conclusions based on the changes. 

From the correlation analysis, the summary results of the hypothesis test were shown 

below (Table 12). It showed that “major” had a strong and positive relationship (r > 0.5) on 

“coding experience,” question 2, 19, 26, 27, C1(confidence towards the pre-test) and C2 (joy-

fulness when using the computer), and it was significant (p < 0.05). Thus, it could assume that 

majoring in Science or Mathematic-related would have higher confidence in AI lessons. Similar 

patterns could also be recognized in the “Science Result” (Table 13) and “IT Result” (Table 

14), while this time, they were proving the significant relationships on the actual academic 

performance in CT test. In other words, it can be concluded that higher academic achievements 

in Science-related subjects in the past could positively contribute to their learning motivation 

and CT skills. While most of the learners were lacking coding experience (non-IT discipline), 

thus, it was an excellent chance for me to observe their improvement after the intervention. 
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Table 12 – Correlations towards Major (Pre- questionnaire) 
“Major” Correlations 

  Major Coding Experience Q2 Q19 Q26 Q27 C1 C2 
Major Pearson Correlation 1 .638* .611* .565* .611* .720** .534* .667** 

Sig. (2-tailed)   0.014 0.020 0.035 0.020 0.004 0.049 0.009 
N 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

 

Table 13 – Correlations towards Science Result (Pre- questionnaire) 
“Science Result” Correlations 

  Science Result Q6 Q20 Pretest score 

Science Result Pearson Correlation 1 -.676** -.601* .784** 
Sig. (2-tailed)   0.008 0.023 0.001 
N 14 14 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

 

Table 14 – Correlations towards IT Result (Pre- questionnaire) 
“IT Result” Correlations 

  

IT 
Re
sul
t 

Cod-
ing 

Expe-
rience 

IT 
In-
ter-

ested Q8 Q9 Q11 Q12 Q13 Q14 Q15 Q16 Q19 Q23 Q27 Q32 Q33 Q42 Q44 C2 
IT 
Re
sul
t 

Pear-
son 
Cor-
rela-
tion 

1 .745*
* 

.645
* 

.664*
* 

.606
* 

.573
* 

.536
* 

.659
* 

.534
* 

.601
* 

.723*
* 

.603
* 

.664*
* 

.537
* 

.551
* 

.609
* 

.681*
* 

.551
* 

.696*
* 

Sig. 
(2-
tailed
) 

  0.002 0.01
3 

0.010 0.02
2 

0.03
2 

0.04
8 

0.01
0 

0.04
9 

0.02
3 

0.003 0.02
2 

0.010 0.04
8 

0.04
1 

0.02
1 

0.007 0.04
1 

0.006 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

Above and beyond, it is easy to observe that higher motivation on learning coding would 

contribute to the better learning outcome of CT skills. By spotting question 8-12 (Table 15) and 

13 (Table 16), which is related to the learning motivation towards the lesson, it had many pos-

itive correlated not only in the learning motivation section (question 8-13), but also quite a lot 

in the attitudes towards CT(question 16, 18, 23, 26, 32, 34, 44 and 45). Therefore, if it could 

show shreds of evidence on proving their learning motivation towards coding was increased, it 

will also prove their CT skills were improved. 

Table 15 – Correlations towards Q8-12 (Pre- questionnaire) 
Q8-Q12 Correlations 

  Q8 Q9 Q10 Q11 Q12 
IT Re-

sult Q13 Q16 Q19 Q23 Q26 Q32 Q34 Q44 Q45 
Q8 Pearson 

Correlation 
1 .867** .789** .706** .729** .664** .591* .625* .639* .579* .672** .714** .622* .535* .613* 
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Sig. (2-
tailed) 

  0.000 0.001 0.005 0.003 0.010 0.026 0.017 0.014 0.030 0.009 0.004 0.018 0.049 0.020 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q9 Pearson 

Correlation 
.867** 1 .867** .730** .665** .606* 0.447 .665** .741** 0.496 0.484 .600* 0.340 0.360 0.471 

Sig. (2-
tailed) 

0.000   0.000 0.003 0.009 0.022 0.109 0.009 0.002 0.072 0.079 0.023 0.235 0.206 0.089 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q10 Pearson 

Correlation 
.789** .867** 1 0.489 0.520 0.474 0.295 0.416 .781** 0.474 0.384 0.476 0.389 0.382 0.438 

Sig. (2-
tailed) 

0.001 0.000   0.076 0.056 0.087 0.305 0.139 0.001 0.087 0.175 0.085 0.170 0.177 0.117 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q11 Pearson 

Correlation 
.706** .730** 0.489 1 .951** .573* .682** .629* 0.492 0.489 .750** .561* 0.435 0.316 0.374 

Sig. (2-
tailed) 

0.005 0.003 0.076   0.000 0.032 0.007 0.016 0.074 0.076 0.002 0.037 0.120 0.272 0.187 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q12 Pearson 

Correlation 
.729** .665** 0.520 .951** 1 .536* .723** 0.485 0.522 0.520 .773** .605* 0.527 0.302 0.371 

Sig. (2-
tailed) 

0.003 0.009 0.056 0.000   0.048 0.003 0.079 0.056 0.056 0.001 0.022 0.053 0.293 0.191 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
IT 
Result 

Pearson 
Correlation 

.664** .606* 0.474 .573* .536* 1 .659* .723** .603* .664** 0.444 .551* 0.480 .551* 0.496 

Sig. (2-
tailed) 

0.010 0.022 0.087 0.032 0.048   0.010 0.003 0.022 0.010 0.111 0.041 0.082 0.041 0.071 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q13 Pearson 

Correlation 
.591* 0.447 0.295 .682** .723** .659* 1 0.529 0.456 .886** .564* .589* .706** .572* .702** 

Sig. (2-
tailed) 

0.026 0.109 0.305 0.007 0.003 0.010   0.052 0.102 0.000 0.036 0.027 0.005 0.032 0.005 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q16 Pearson 

Correlation 
.625* .665** 0.416 .629* 0.485 .723** 0.529 1 0.381 0.520 .583* 0.252 0.527 .681** .631* 

Sig. (2-
tailed) 

0.017 0.009 0.139 0.016 0.079 0.003 0.052   0.178 0.056 0.029 0.384 0.053 0.007 0.015 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q19 Pearson 

Correlation 
.639* .741** .781** 0.492 0.522 .603* 0.456 0.381 1 .639* 0.278 .666** 0.300 0.413 0.389 

Sig. (2-
tailed) 

0.014 0.002 0.001 0.074 0.056 0.022 0.102 0.178   0.014 0.337 0.009 0.298 0.142 0.170 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q23 Pearson 

Correlation 
.579* 0.496 0.474 0.489 0.520 .664** .886** 0.520 .639* 1 0.480 .595* .699** .688** .788** 

Sig. (2-
tailed) 

0.030 0.072 0.087 0.076 0.056 0.010 0.000 0.056 0.014   0.082 0.025 0.005 0.007 0.001 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q26 Pearson 

Correlation 
.672** 0.484 0.384 .750** .773** 0.444 .564* .583* 0.278 0.480 1 0.481 .678** 0.488 0.468 

Sig. (2-
tailed) 

0.009 0.079 0.175 0.002 0.001 0.111 0.036 0.029 0.337 0.082   0.082 0.008 0.077 0.092 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q32 Pearson 

Correlation 
.714** .600* 0.476 .561* .605* .551* .589* 0.252 .666** .595* 0.481 1 0.402 0.259 0.382 

Sig. (2-
tailed) 

0.004 0.023 0.085 0.037 0.022 0.041 0.027 0.384 0.009 0.025 0.082   0.154 0.370 0.178 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q34 Pearson 

Correlation 
.622* 0.340 0.389 0.435 0.527 0.480 .706** 0.527 0.300 .699** .678** 0.402 1 .847** .850** 

Sig. (2-
tailed) 

0.018 0.235 0.170 0.120 0.053 0.082 0.005 0.053 0.298 0.005 0.008 0.154   0.000 0.000 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q44 Pearson 

Correlation 
.535* 0.360 0.382 0.316 0.302 .551* .572* .681** 0.413 .688** 0.488 0.259 .847** 1 .891** 

Sig. (2-
tailed) 

0.049 0.206 0.177 0.272 0.293 0.041 0.032 0.007 0.142 0.007 0.077 0.370 0.000   0.000 

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
Q45 Pearson 

Correlation 
.613* 0.471 0.438 0.374 0.371 0.496 .702** .631* 0.389 .788** 0.468 0.382 .850** .891** 1 

Sig. (2-
tailed) 

0.020 0.089 0.117 0.187 0.191 0.071 0.005 0.015 0.170 0.001 0.092 0.178 0.000 0.000   

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 16 – Correlations towards Q13 (Pre- questionnaire) 
Q13 Correlations 

  Q13 IT Result Q11 Q12 Q17 Q22 Q23 Q26 Q31 Q32 Q33 Q34 Q42 Q44 Q45 
Q13 Pearson Correlation 1 .659* .682** .723** .563* .824** .886** .564* .720** .589* .665** .706** .578* .572* .702** 

Sig. (2-tailed)   0.010 0.007 0.003 0.036 0.000 0.000 0.036 0.004 0.027 0.010 0.005 0.030 0.032 0.005 
N 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

Additionally, some noteworthy phenomenon is that CT skills may foster a better presen-

tation ability. According to the wordings in question 32, “I can clearly explain my way of prob-

lem-solving and its included steps.” it is a CPSES testing question, which means they expected 

to have a higher ability on CT skills if they gain higher marks in this question. By observing 

Table 17, it showed that “question 32” had a strong and positive relationship (r > 0.5) on “Pre-

sent Score” (carried out at the end of the course), and it was significant (p < 0.05). Thus, it could 

assume that higher CT skills should echo better presentation capability.  

Table 17 – Correlations towards Q32 (Pre- questionnaire) 

Q32 Correlations 

  Q32 IT Result Q4 Q8 Q9 Q11 Q12 Q13 Q19 Q23 Q33 Q46 Present Score 
Q32 Pearson Correlation 1 .551* .562* .714** .600* .561* .605* .589* .666** .595* .570* .649* .539* 

Sig. (2-tailed)   0.041 0.036 0.004 0.023 0.037 0.022 0.027 0.009 0.025 0.033 0.012 0.047 
N 14 14 14 14 14 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

 

6.1.2.3.2) Post- questionnaire 

After the teaching intervention, participates were required to do the same questionnaire 

again to measure the changing of their attitudes. Due to the word limit of this report, it will only 

focus on the noteworthy differences towards the pre- questionnaire.  

First of all, by co-investigating the wording of question 1 (Table 18) and 10 (Table 19), 

which are “I am very interested in the content of this program.” and “I am sure I can master the 

skills or techniques taught in this program.” respectively. The correlations are not significant 

towards other factors in the pre- questionnaire. Interestingly, according to Table 18, it consisted 

of a significant positive correlation towards the CTS questions (Q14, 22, 23) and CPSES (Q26, 

27, 32, 34). Therefore, this change proved that the course was fundamental and suitable for 

beginners to achieve the learning objectives easily. It could help learners become more confi-

dent about further explore coding to improve their CT skills. To further extend, this phenome-

non aided to answer research questions 1 and 3, SBC is useful to foster learning motivation due 

to the gentle learning curve. 
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Table 18 – Correlations towards Q1 (Post- questionnaire) 

Q1 Correlations 

  Q1 Q2 Q3 Q14 Q22 Q23 Q26 Q27 Q32 Q34 C2 
Q1 Pearson Correlation 1 .869** .733** .544* .749** .572* .618* .699** .737** .750** .766** 

Sig. (2-tailed)   0.000 0.003 0.044 0.002 0.033 0.018 0.005 0.003 0.002 0.001 
N 14 14 14 14 14 14 14 14 14 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

 

Table 19 – Correlations towards Q10 (Post- questionnaire) 
Q10 Correlations 

  Q10 IT Result Q2 Q8 Q11 Q12 Q13 Q14 Q22 Q34 Q35 Q45 Present Score 
Q10 Pearson Correlation 1 .586* .550* .662** .758** .721** .777** .591* .635* .754** .550* .640* .624* 

Sig. (2-tailed)   0.028 0.041 0.010 0.002 0.004 0.001 0.026 0.015 0.002 0.041 0.014 0.017 
N 14 14 14 14 14 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

 

Furthermore, by co-investigating, the wording of question 26 (Table 20) and 27 (Table 

21), which are “It would great for me to work for Big Techs in my future career.” and “I am 

sure I can master the skills or techniques taught in this program.” respectively. The correlations 

are not significant towards other factors in the pre- questionnaire. Remarkably, according to 

Tables 22 and 23, it consisted of a significant positive correlation towards the MSLQ (Q1, 2, 3, 

12, 13), CPSES (Q32, 34), and C2 (joyfulness when using the computer). Therefore, it could 

assume that joiners agreed that coding lessons using SBC could orient learners to become new 

blood of the IT industries in the future. To further extend this phenomenon support to answer 

research questions 1 and 3, they were happy to use SBC in a coding class, even foster them to 

code more in the future. 

Table 20 – Correlations towards Q26 (Post- questionnaire) 
Q26 Correlations 

  Q26 Q1 Q2 Q12 Q13 Q27 Q32 Q34 C2 
Q26 Pearson Correlation 1 .618* .537* .544* .587* .727** .755** .713** .672** 

Sig. (2-tailed)   0.018 0.048 0.044 0.027 0.003 0.002 0.004 0.008 
N 14 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
  

Table 21 – Correlations towards Q27 (Post- questionnaire) 
Q27 Correlations 

  Q27 Major IT Result Q1 Q2 Q3 Q13 Q26 Q32 Q34 C2 
Q27 Pearson Correlation 1 .635* .547* .699** .716** .654* .537* .727** .770** .733** .882** 

Sig. (2-tailed)   0.015 0.043 0.005 0.004 0.011 0.048 0.003 0.001 0.003 0.000 
N 14 14 14 14 14 14 14 14 14 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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6.2 Interview Findings 

For easy understanding, it is better to categorize these seven questions by three research 

questions and the actual question list (Table 22). 

Table 22 – Question categorizations of interviews and question list 

Major focus (research question) Interview Questions 

1 1, 2, 7 

2 6 

3 2, 3, 4, 5 

 
Interview Question List (Translated) 

1 Before you use an SBC, do you like computer lessons? Why? 

2 Do you think that using an SBC will improve your motivation to learn AI or coding? 

Why? 

3 Do you want to use SBC in computer courses in primary and secondary schools in the 

future? Why? 

4 What is the most impressive feature about HaloCode (and sensors)? Why? 

5 What are the pros and cons of HaloCode (and sensors)? Why? 

6 What should be improved throughout the entire computer course? Why? 

7 Can you give three examples of how to improve the standard of living through the ap-

plication of AI? 

In question 1, most of the interviewees responded that they love computer lessons. It 

could let them be more creative and make something freely, which means higher flexibility in 

the lesson could be achieved. For example, some of them have learned Photoshop and Scratch 

before. They were interested in participating. Thus, we could understand that we have a great 

start point to attract more new-learners to experience coding. It would be great to find a good 

medium to foster their learning motivation towards coding. 

In question 2, most of the interviewees agreed SBC would make the computer lesson 

more enjoyable. In the old day, the computer lesson always required students to follow the step 

of the teacher; while in this workshop, most of the time required them to think and make. Be-

cause of that, they can actualize their thoughts by some AI API host by Google. Moreover, they 

would prefer to interact with a material, rather than only seeing the output on the screen. 

In question 7, due to the outbreak of COVID-19, the participants of the course are only 

limited to the undergraduate level. Therefore, they could only provide the bystander viewpoint 
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in the question. They believe it is a positive and feasible solution to integrate SBC into local 

schools daily. As computer lessons should not always learning the outdated tech. If the school 

can afford it, children should have a chance to try a new tech that would be helpful for their 

future. Plus, they think pupils should like this learning medium more, as it was more interactive 

than the previous outdated computer curriculum. 

To sum up, SBC is a great medium for a computer lesson. The research question 1 could 

also be supplemented. Based on respondents’ reflections, the SBC computer lesson increased 

the learning motivation of students towards coding. The interactive feedback in an actual device 

was better than the virtual output on the screen. It is more energetic than traditional computer 

lesson content, which made students more engaged in the lesson. 

In question 3, near all the learners, think that the most crucial function was calling 

Google API services. As it is out of their expectation that even a tiny SBC can perform this 

kind of high-tech functions.  For instance, the face-recognition and voice-recognition features 

were impressive to be manipulated by themselves. They could train their custom AI to perform 

certain functions in the workshop. Some of them also mention the AI image descriptor is a 

powerful feature that could use in the educational field, while some personal privacy maybe 

encounters. This handy SBC benefited them to build their prototype easily.  

In question 4, for the positive side, it could transfer the virtual feedback to an actual 

environment in an interactive way. A block-based coding environment also made AI applica-

tions achievable. Also, it had real-time and upload mode, which provided a feasible solution if 

we want to produce a standalone gadget (actualization). This feature helpful for fostering the 

creativity of learners.  

For the cons, some of the participants return feedback towards the unstable wireless 

connection. Also, it only supported up to a simple 2.4Ghz WPA WIFI4 or below, which means 

it did not support IEEE 802.1x and WIFI 5 or above, which is commonly employed in the 

University environment. It may be problematic in the future. 

In question 5, some participants reflect that as they had failed many times when they 

were trying to connect the HaloCode, thus they believe this technology may still be not suffi-

ciently stable. Eventually, it even makes them feel depressed as they could not perform the 

function that they want. The steps were a bit not clear. The design section of our gadget should 

provide more guidelines for reference or even can give some limitations and circumstances for 

us, such as using in the library or hospital. 
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To conclude, students did achieve better learning experience from using SBC in the 

computer lesson. This leading to the answer research question 3. Based on respondents’ reflec-

tions, they were impressed by the possibilities of SBC, from applying AI features to the actual-

izing their prototype, all by easy-to-learn drag-and-drop. At the same time, the lesson design 

should take care of the creativity pedagogical frameworks in order to foster the learning out-

come more easily. 

In question 6, although the quantitative data analysis has proved the improvement of CT 

skills of learners. Some of them had a slight misconception towards AI. It was glad that most 

of them could state at least two correct examples, such as Face ID Physical lock, real-time auto 

driving, and custom chatbot; But some of them were not aware or understood thoroughly on 

the definition of AI. Therefore, they may give some not related examples, like IKEA AR appli-

cation, IoT devices, and airport self-check-in system. It may be encountered, given that the 

lesson design was highly compressed. 
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Chapter 7. Conclusion 

7.1 Overview 

To conclude, despite the limitations of the lesson durations, the research gives positive 

answers to the research questions. Applying SBC in the computer lesson can foster a noticeable 

amount of learning motivation towards coding. Although participants come from different ma-

jor disciplines, the coding experience lets them step out of their comfort zone. It is a great 

entrance for new learners to start with block-coding and actual real-world feedbacks. The 8 

hours workshop upheld the 6E model and including CT training tests and questionnaires.  Major 

results returned positive contributions on enhancing CT skills, form 13% to near 23%, also 

noted with lower learning diversity between learners. Besides, the interview results show that 

learners are more enjoy using SBC in computer lessons than the traditional one. All in all, SBC 

is a great medium for computer lessons, hoping that it will further apply in local coding educa-

tion in the foreseeable future. 

 

7.2 Summary of findings 

This research eventually provided various shreds of evidence to answer the three re-

search questions stated in Chapter 3, respectively. 

Research question 1: Is using SBC in the computer lesson able to foster the learning motiva-

tion towards coding? 

Undoubtedly, the data analysis part in the MSLQ portion did not show there were sig-

nificantly correlated between using SBC and increasing learning motivation. It may be since 

the ill-connection process between computer and HaloCode. Alternatively, by observing the 

responses from the interview, most of the joiners love and enjoy to use HaloCode to code with 

AI features. They would more engageable in the lesson based on the tangible interaction of 

HaloCode. Most importantly, they all agreed that SBC was a handy entrance for new-learners 

to actualize their prototype with block-based coding.  

Research question 2: To what extend computational thinking skills of students able to enhance 

by using SBC in the computer lesson? 

All findings from the instruments produced the consistent answers towards this research 

question – SBC will significantly enhance the CT skills of students. Not only over 20% of the 

mean score increased between the pre- and post-test, but also a near 15% improvement in the 
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CT skill measurement section (CTS and CPSES) in the questionnaire. Other than the quantita-

tive analysis, comments were given by participants in the interview also helped to support the 

statistical findings. They reflected that they were more capable of building the prototypes with 

AI features by using HaloCode. The coding processes was easier than their expectations, the 

actual manipulation on coding (applying iteration, drawing flowchart, reusing global variables 

to accept the arguments, etc.) was not as difficult as they thought. Therefore, it is glad to con-

clude that this shockingly huge improvement on their CT skills was contributed by the applica-

tion of SBC in coding class. 

Research question 3: Do students achieve a better learning experience by using SBC in the 

computer lesson? 

Students achieved a better overall learning experience by using SBC in this research 

intervention. According to their responses in interviews, they were highly impressed by the 

possibilities of HaloCode. It was straight forwarded for coding with AI features, which finally 

actualized their gadgets to a prototype. They expressed that they will welcome using SBC in 

coding classes, or even should further extend to the current Computer Literacy curriculum in 

local primary and secondary schools. 

 

7.3 Limitations and Suggestions 

1. Insufficient lesson hours 

Since the outbreak of COVID-19, it forced to amend the planning and lesson design for 

many times. Originally, it has planned at least two iterations of this research, while the audience 

should be secondary students in my practicum school. However, this year, 2019-2020, have 

happened many unfavorable accidents, which directly lead to the long-term school suspension. 

Thus, it has changed the plan to 8 hours mini-workshops, break into two days, for different 

disciplines undergraduate students to experience using SBC to code with AI features. 

2. Limited sample size may result in less accurate statistics 

Just like I have mentioned above, the sample size of this pioneering workshop was smaller 

than expected. It is recommended to increase the sample size, says 40-50 joiners in total, which 

break them down evenly into Control Group and Experimental Group. Also noted that it would 

be more reasonable carrying out in real school setting. 
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3. Lacking limitations or guidance 

Some participants reported that it was hard for them to suddenly generate some ideas which 

are useful in daily life, let along using the new-learned SBC to actualize their ideas. It is sug-

gested that the lesson durations should be lengthened, also assisting students with some peda-

gogical frameworks, such as Multi-Area Creativity Educational Model (Cheng, 2020), in order 

to maximize the learning outcome of the lesson with smoother lesson pace. 

4. Insufficient questions for the pre- post-test 

Initially, CTt and Bebras Task included 30-40 questions in total. Nevertheless, due to the 

time limitation, it has randomly chosen 10 of each test with the corresponding type. It may have 

some negative influence on the reliability of the test. Moreover, according to figure 8 (Román-

González et al., 2019), it is suggested to do some tests which are catering the high level of 

Bloom’s taxonomy, such as Dr. Sctrach, while it may be more feasible given that I have a longer 

time for the test. 

 

Figure 8 – Bloom’s taxonomy and CT assessment 

tools (Román-González et al., 2019) 
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Appendix B - Pre-test 
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grow(direction) split(); die();

 a.grow(east); a.grow(east); 

b,c = a.split(); c.grow(north); b.die(); 
** split() 
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Appendix C - Post-test 
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fold;

e = fold(a, b)  a b , e ; 
f = fold(a, e)  a e , f

e = fold(c, a); f = fold(c, d); g = fold(a, f) 
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Appendix E - Interview 

Question 

  



面試問題 

1）在未使用單板計算機（SBC）之前，您是否喜歡電腦課？為什

麼？ 

2）您認為通過單板電腦有沒有提升你應用人工智能（AI）/ coding

學習動機？為什麼？ 

3）HaloCode (and sensors) 令你最深印象的是什麽？為什麼？ 

4）HaloCode (and sensors) 的優點和缺點是什麼？為什麼？ 

5）你認為整個電腦課程最需要改善的地方是什麼？為什麼？ 

6）你可以舉三個通過應用人工智能（AI）來改善生活水平的例子

嗎？ 

7）您希望將來在中小學的電腦課程中使用單板電腦（SBC）嗎？為

什麼？ 
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Appendix F - Creative 

Product Assessment 

Matrix (CPAM) 

  



指標 評分準則 
原創性（Original） 作品是否自行構思創造而不是經由複製改編模仿衍生出來的作品 
驚奇性（Surprise） 作品呈現出意想不到的資訊或效果 
價值性（Valuable） 作品設計構想是否具有意義和價值 
邏輯性（Logical） 作品設計構想是否合乎邏輯並且考慮到現實限制 
有用性（Useful） 作品很大機會能夠在實際環境應用 
可理解性（Understandable） 設計理念是否讓大眾清楚了解 
基本品質（Organic） 作品是否能夠正常運作 
精緻程度（Elegance） 作品在軟硬件兩大層面是否精簡易正確 
良好手藝（Well-crafted） 作品在製作流程期間是否合標準及最終外觀是否美觀 

 

向度 指標 分數 

創新性（Novelity） 
原創性（Original） 1      5 
驚奇性（Surprise） 1      5 

解決方案（Resolution） 

價值性（Valuable） 1      5 
邏輯性（Logical） 1      5 
有用性（Useful） 1      5 
可理解性（Understandable） 1      5 

製作與統合（Elaboration & Synthesis） 
基本品質（Organic） 1      5 
精緻程度（Elegance） 1      5 
良好手藝（Well-crafted） 1      5 
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Appendix G - Lesson 

Slideshow 

  



2020/5/4

1

人工智能編程課程
LESSON 1

AI?

無可限量的 AI 未來



2020/5/4

2

以上的說法貌似都不
太對，那人工智能的
本質到底是什麼？



2020/5/4

3

Artificial Intelligence
=AI

=人工智能

人工智能
亦稱智械、機器智慧，指由人製造出來的機器所表現出

來的智慧。通常人工智慧是指透過普通電腦程式來呈現

人類智慧的技術。該詞也指出研究這樣的智慧系統是否

能夠實現，以及如何實現。同時，通過醫學、神經科學、

機器人學及統計學等的進步，有些預測則認為人類的無

數職業也逐漸被其取代。

以下理解僅個人簡化
後的簡介，是非常的
不嚴謹和不科學
的！！！
但是對於初學者，姑且先這樣理解吧。

AI是一個函數(function)
只是此功能不同於我們的人寫的，它是通過大規模
的培訓模式(DATASETS  +  TRAIN  MODEL)產生



2020/5/4

4

現有的程式，都通過不斷的IF…else…，的方式事
先寫好，當下次遇到相同的輸入時，匹配上了IF，
自然就輸出結果了。

IF Input Then output Cat

IF Input Then output Dog

AI function和現有function之間有什麼區
別?

現有認貓function

Input output cat

AI function和現有function之間有什麼區
別?

AI認貓function

Training Data
This is cat

AI

AI function和現有function之間有什麼區
別?

AI認貓function

Input output
Cat 
(properly)

AI
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5

What is AI?

虛擬銷售 自然語言處理 專家系統
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Implications
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Appendix H - Final 

Presentation Slideshow 
 



Exploring the usefulness of Single 
Board Computer in computer lessons

Tsui Hok Sing Stanley

Literature Review

Research Aim & Questions 01
02

Research Methodology 03
Findings 04Agenda

05
06

Limitation

Conclusion

Introduction
• The Hong Kong Education Bureau (2015 & 

2019) Latest strategy on ITE & 2025 ICT 
Curriculum Renewal on NSS curriculum

Highly emphases on improving 
Computational Thinking (CT) by coding

“Computational thinking is the thought processes involved 
in formulating problems and their solutions so that the 

solutions are represented in a form that can be effectively
carried out by an information-processing agent”

—Jeannette Wing (2011, p.1)



Relationship between 
CT and SBC
• new visual and tangible programming tools 

Single Board Computer

• Provoking CT by coding (Wong, Jiang & 

Kong, 2018)

• Irreplaceable tool for coding education 

reform

Research Aim & Questions
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• Exploring the usefulness of Single Board 

Computer Coding

RQ1 Is using SBC in the computer lesson able to foster the 
learning motivation towards coding?

RQ2 To what extend computational thinking skills of students 
able to enhance by using SBC in the computer lesson?

RQ3 Do students achieve a better learning experience by using 
SBC in the computer lesson?

Literature Review

02

Problem-solving process (CSTA ,2016)

1) Decomposition
2) Pattern recognition

3) Abstraction
4) Algorithms

What is Computational Thinking?



CT activities 
enhance generic skills such as creativity and practical problem-solving skills 
use CT as a driver of programming skills (Tedre, 2017)

85% of local schools consisted coding curriculum already
Core obstacles abstract  + lacking learning resources (Wong et al., 2015)

• Physical computing could foster development of students (Koorsse, Cilliers & 
Calitz, 2015)

• “Machine Learning” and “Deep Learning” in block-based HaloCode (AI features 
implementation) 

Relationship between CT, coding & SBC

ng skills 

Research  
Methodology
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Research  Methodology

Learner-centered teaching model
Cultivate learner's inquiring 

abilities
(Barry, 2014)

Lesson Design (Kolb, 2014; Tien & Yen, 2019)

CT

6E Model Formulating problems
Logically organizing and analyzing data

Representing data
Algorithmic thinking

(Brennan & Resnick, 2012; CSTA, 2016; Kafai & 
Burke, 2013; Werner et al., 2012; Wing, 2011)

el



• Control Group and an Experimental Group impossible
• Balance the risk of conducting face-to-face lessons
• trial two-day workshop for 4 hours a day in the EdUHK 

library

• 14 undergraduates (age 17-25 with various disciplines) 
from The Education University of Hong Kong were 
involved

Outbreak of COVID-19

Creative Product 
Assessment Matrix 
(CPAM)

• Cronbach’s α≥ 0.84

• To evaluate new product 

ideas during the 

development process

• For peer evaluation in the 

final presentation

• Assist 6E model (evaluate)

A translated version of CPAM (Hsiao et al., 2019)

Original

Surprise
Valuable

Logical

Useful

Understandable

Organic

Elegance

Well-crafted

Research Instrument - Questionnaire

1. Motivated Strategies for Learning Questionnaire (MSLQ) (Question 1-13)
2. Computational Thinking Scales (CTS) (Question 14-29)
3. Computer Programming Self -Efficacy Scale (CPSES) (Question 30-46)

Cronbach’s α≥ 0.86; 0.95; 0.87 respectively

CTS and CPSES are evaluating non-cognitive and related soft skills such as 
self-confidence, creativity, teamwork.

MSLQ to evaluate learning motivation.

MSLQ (Pintrich et al., 1991) 

CTS (Korkmaz et al., 2017)

CPESE (Kurkul et al., 2017)

5-point Likert scale



Research Instrument - Test

1. Computational Thinking Test (CTt) (Question 1-5)
2. Bebras Tasks (Question 6-10)

Cronbach’s α≥ 0.793 and 0.93 respectively

CTt is one of the best diagnostic assessment tools to examine 
the CT level of the subject.

Bebras Tasks can evaluate how students make use of CT skills 
to accommodate “daily” challenges.

CTt

BebrasTasks

Research Instrument - Interview

7 questions

• Before you use an SBC, do you like computer lessons? Why?
• Do you think that using an SBC have improved your motivation to learn AI or coding? Why?
• What is the most impressive feature about HaloCode (and sensors)? Why?
• What are the pros and cons of HaloCode (and sensors)? Why?
• What should be improved throughout the entire computer course? Why?
• Can you give three examples of how to improve the standard of living through the application 

of AI?
• Do you want to use SBC in computer courses in primary and secondary schools in the future? 

Why?

Major focus (research 

question)
Interview Questions

1 1, 2, 7

2 6
3 2, 3, 4, 5

Findings

04



Flowchart

Findings in Tests

Mean
Pre-test: 6.57 /10
Post-test: 8.07 /10

Difference
Absolute value: +1.5
% change: +22.8%

Answering RQ#2 

Findings in Tests

Subjects were chosen from a normally distributed population

Paired Samples Test (2 tailed)
• p-value = 0.019
• Significance level = 0.05 p-value < significance level The result is significant

Paired samples t-Test of pre- post- test

Paired Samples Test
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Findings in Tests

2-tailed Wilcoxon Signed-Rank Test
• p-value = 0.017
• Significance level = 0.05

p-value < significance level The result is significant

2-tailed Wilcoxon Signed-Rank 
Test

Test Statisticsa

Pretest score -
Posttest score

Z -2.390b

Asymp. Sig. (2-tailed) .017
a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.

Answering RQ#2



Findings in Questionnaire

Reliability Test
• Cronbach's Alpha Based on Standardized 

Items = 0.926

Cronbach's Alpha > 0.9 Excellent reliability

Reliability of the questionnaire
Reliability Statistics

Cronbach's Alpha

Cronbach's Alpha Based on 

Standardized Items N of Items
.931 .926 46

Findings in 
Questionnaire

Questio

ns
Major focus

1-13 
(MSLQ)

Evaluating learning motivation 
among university 
undergraduate in the computer 
lesson

14-29 
(CTS) Measuring the perceptions and 

attitudes towards CT and digital 
literacy

30-46 
(CPSES)

Answering RQ#1, 2, 3 

Findings in Questionnaire 
(pre- and post-)

Excellent chance for me to 
observe their improvement 
after the intervention

Findings in Questionnaire (pre- and post-)

If learning motivation on coding = CT skills

Answering RQ#1, 2



Findings in Questionnaire (pre- and post-)

“Present Score” (carried out at the end of the course) 
• Peer assessed by CPAM

Higher CT skills should echo better presentation capability

Q32: I can clearly explain my way of problem-solving and its included steps.

Answering RQ#2

Findings in Questionnaire (difference between pre and post)

• SBC is useful to foster learning motivation due to the gentle learning curve

Q1: I am very interested in the content of this program.

Q10: I am sure I can master the skills or 
techniques taught in this program.

Answering RQ#1, 
2, 3

Findings in Questionnaire 
(difference between pre and post)

• They were happy to use SBC in a coding class, even foster them to code 
more in the future

Q26: It would great for me to work for Big Techs in my 
future career.

Q27: I am sure I can master the skills or 
techniques taught in this program.

Answering RQ#1, 3

Interview Findings
Major focus (research question) Interview Questions

1 1, 2, 7

2 6
3 2, 3, 4, 5



Summary of Interview Findings

Q1 love computer lesson more creative and make something freely
• great to find a good medium to foster their learning motivation towards 

coding

Q2 SBC is enjoyable actualize their thoughts by some AI API host by 
Google
• prefer to interact with a material, rather than only seeing the output on the 

screen

Q7 positive and feasible solution to integrate SBC into local schools
• pupils should like this learning medium more

Answering RQ#1

Summary of Interview Findings

Q3 Google API services is the most impressive
• benefited them to build their prototype

Q4 
Pros: transfer the virtual feedback to an actual environment in an interactive 
way
Cons: did not support IEEE 802.1x and WIFI 5 or above

Q5 failed in the connection
• provide more guidelines for reference

Answering RQ#3

Insufficient questions for 
the pre- post- test

Limited sample size may result 
in less accurate statistics

Insufficient lesson hours

Limitations

(Román-González et al., 2019)

Conclusion
1. Foster a noticeable amount of learning motivation towards coding

2. Positive contributions on enhancing CT skills, form 13% to near 

23% + reduced learning diversity between learners

3. Enjoy using SBC in computer lessons than the traditional one

• SBC is really useful in computer lesson! 

learning motivation + CT skills + coding learning experience

1. Foster a

2.
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