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Definition of Terms 

 

This section defines the key terms used throughout this dissertation. 

Applet: One of the three kinds of Java programs: applets, standalone applications, 

and servlets. Applets are executed within web pages in client web browsers whereas 

servlets are executed in web servers. 

C: One of the general-purpose programming languages. Some of the syntax in C is 

similar to that in C++ and Java. 

C++: One of the general-purpose programming languages that is an improved 

extension to C with object-orientation features added. 

Closed Laboratory Session: Supervised and scheduled laboratory session. 

Compilation: A process that translates a high-level language program into a 

computer’s machine code or some other low-level language (The British Computer 

Society 2002). 

Compiler: A computer program that translates a high-level language program into a 

computer’s machine code or some other low-level language (The British Computer 

Society 2002). 

Confucius (孔子): A Latinised form of the Chinese name Kong Fuzi (孔夫子), 

Master Kong (551 BC – 479 BC). He was a great thinker and social philosopher 

whose teachings and philosophy have greatly influenced Chinese and Southeast 

Asian thought and life (Yao 2000). 
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Data Variable: A store in a program to hold a data value temporarily. 

Eclipse: One of the most popular Integrated Development Environments (IDEs), 

mainly for developing programs in Java. 

The Four Books: Chinese classic texts that Zhu Xi (四書), a great Neo-Confucian 

(理學), selected as an introduction to Confucianism: The Great Learning (大學), 

The Doctrine of the Mean (中庸), The Analects of Confucius (論語), and The 

Mencius (孟子). They investigate the fundamental principles of Chinese culture and 

focus on social and personal affairs (Yao 2000). 

HKCEE: Hong Kong Certificate of Education Examination, a public examination 

taken by a student at the end of his/her five-year secondary education. A Hong Kong 

student is said to have graduated from secondary education if he/she has got five 

passes in HKCEE or equivalent. 

HKIEd: The Hong Kong Institute of Education. 

Integrated Development Environment (IDE): A programming tool which supports 

both novices and experts in writing programs in a computer programming language. 

Intelligent Tutoring System (ITS): Educational software using artificial intelligence. 

The computer ‘learns’ from learner/user input and modifies its presentation of 

material accordingly (Hoven 1997). 

Java: A general-purpose programming language. It is an object-oriented 

programming language that is used in a variety of platforms. Some of the syntax in 

Java is similar to that in C and C++. 
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Object-Oriented Programming (OOP): A programming paradigm that supports 

object technology. It is an evolutionary form of modular programming with more 

formal rules that allow pieces of software to be reused and interchanged among 

programs. OOP is thought to increase productivity by allowing programmers to 

focus on higher-level software objects (Intrinsyc Software 2001). 

Paired Programming: A practice in which two programmers work collaboratively at 

one computer to generate program designs, algorithms, or program codes. 

Program Analysis: The (automated) inspection of a program to infer some property. 

Program analysis is needed for most kinds of program transformation and can range 

from simple local properties in pattern matching to more complicated global 

properties in dead code elimination (Van Deursen 2001b). 

Program Comprehension: The process of acquiring knowledge about a computer 

program (Georgia Tech 2001). 

Program Statement: Basic construct of a program to present an instruction that will 

be executed to perform an action or a part of it. 

Program Visualisation: Using graphics to make a program more understandable. It 

differs from Visual Programming, where the program is created graphically; in 

program visualisation, it is created in the normal, textual manner and the graphics 

are used afterwards to show how it works (Myers & Maulsby 2001). 

SCPE: School of Continuing and Professional Education, one of the academic units 

of the Hong Kong Institute of Education. 
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Software Visualisation: The use of computer graphics and animation to illustrate 

and present computer programs, processes, and algorithms. Teachers can use 

software visualisation systems to help students understand how algorithms work, 

and they can be used in program development to help programmers understand their 

code better (Van Deursen 2001a). 
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Abstract 

 

This study investigates the experiences of the Hong Kong sub-degree students in 

learning computer programming and explores ways to help the students learn more 

effectively. 

In Hong Kong, sub-degree programs are offered to increase the number of students 

studying post-secondary education. The performance of the sub-degree students is 

weaker than that of undergraduate students. Learning computer programming is a 

challenge for most post-secondary students and especially for sub-degree students. A 

considerable amount of research has been done in teaching and learning 

programming in the last decade. However, most of this research was targeted to 

Western undergraduates. The findings of this research might not be applicable to 

Chinese students or to the weaker Hong Kong sub-degree students. This study 

attempts to fill this gap. 

A theory-seeking case study research is conducted to investigate students’ learning 

of programming. The researcher collected and analysed data from semi-structured 

interviews. Other data sources – active participant observations, reflective memos, 

and analysis of students’ programming assignments and examination – are used to 

triangulate the data from the interviews. 

The grounded theory that emerged, the theory of ‘Performance Improvement of 

Programming’, offers an exploratory insight into the experiences of the Hong Kong 

sub-degree students in learning to program. It addresses the distinctive challenges 
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facing Hong Kong students in learning, learning styles, and strategies. This study 

also suggests practical strategies in light of the students’ characteristics in order to 

assist their learning of programming. 
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Chapter 1 

Introduction 

 

1.1 Background to the Study 

In Hong Kong, more opportunities for tertiary education are being established to 

increase the proportion of the population with post-secondary qualifications. As a 

result, many institutions offer sub-degree courses, mainly associate degrees and 

higher diplomas. The students who achieve satisfactory results in public 

examinations will usually enter bachelor degree programs at local universities while 

other students may enrol in sub-degree programs offered by local tertiary institutions. 

These sub-degree programs for secondary school leavers have lower entrance 

standards than undergraduate programs. They include diploma, higher diploma, and 

associate degree programs. Therefore, the students in sub-degree programs are 

characterised by their diversity of capability. The majority of these students are 

relatively weaker in academic performance and in English proficiency compared to 

their colleagues in the bachelor programs at the universities. Many of the sub-degree 

students present with below-standard English proficiency in speaking, listening, 

reading and writing. Cantonese is usually their mother tongue but their reading and 

writing skills in (Mandarin) Chinese are still weaker than those of the undergraduate 

students. 

The School of Continuing and Professional Education (SCPE) is one of the academic 

units of the Hong Kong Institute of Education (HKIEd). SCPE is self-funded and 
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provides post-secondary courses including Project Yi Jin1 program, Pre-Associate 

and Associate degree programs. Most of the students in the Associate degree 

programs achieved less than average grades in their public examinations. The target 

module2 of this study, Advanced Java Programming, is one of the compulsory 

modules of the Associate of Science (Information Technology) program and will be 

described in the next section. The students of this module have studied Introduction 

to Programming (Java). The class size of this module is usually below ten (six for the 

target class of the current study). This study focused on this small group of students. 

This module provides 45-hours of face-to-face interaction with the students in which 

a one-and-half-hour lecture and a one-and-half-hour supervised laboratory session 

are allocated in each week. The module is 15 weeks long. This module structure has 

been adopted for most computing modules, including the prerequisite module of the 

target module, Introduction to Programming (Java), in the Associate Degree 

program. 

Past experience and ten-years of course evaluations for the target module revealed 

that because of their limited English proficiency, students struggled to understand the 

basic concepts of programming and to implement such concepts in a programming 

language such as Java. The students were overwhelmed by the module materials 

which were written in English, even though the language of instruction in the 

classroom was Cantonese with some English terms. They found it difficult to read 

and understand English text and they required a great deal of verbal explanation in 

                                                 
1 This program is designed for Secondary 5 school leavers who cannot get five passes in the HKCEE 
(see p. xiii). The graduates from this program are commonly recognised as equivalent to five passes in 
the HKCEE by local employers, including the Hong Kong government and post-secondary 
institutions. 
2 Target module is the one to which our student participants were exposed and from where most of the 
data of this study were collected. This will be elaborated in Section 1.2. 
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Cantonese. Data from this study, class observations and previous course evaluations 

have shown that the students also could not easily write programs by themselves, so 

they searched the web or textbooks to find and modify similar programs. Even 

experienced programmers do not always write programs from scratch and they 

usually build up their programs by combining some pre-written or reusable 

components. However, the fact that the students were writing programs by modifying 

existing ones indicates only a superficial understanding of the basis of programming 

language and a lack of fluency in their programming skills. At the same time, this 

may indicate that they have less self-confidence in writing entire programs on their 

own. Many students lost interest in the module when they could not grasp the 

concepts in the first half of the module. As a result, they might study religiously for 

the module in the hope of simply getting a pass. 

Most of the programming modules offered at both Hong Kong and foreign 

institutions are comprised of lecture and computer laboratory sessions. The 

proportion of time spent between lecture and laboratory sessions may vary. Usually, 

lecture sessions of programming classes presents programming concepts and relevant 

examples to the students; laboratory sessions allow the students to practice the 

programming skills learned from lecture sessions. Academic progress among the 

higher, middle and lower achievers varies. The middle and lower achievers need 

more explanation of programming concepts and relevant examples. They also need 

more guidance in practicing program writing skills. A considerable amount of 

research over the last few decades has been devoted to understanding the teaching of 

programming and the acquisition of programming skills. Those investigations 

attempted to improve learning outcomes and to lower the high drop-out rates. The 
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various methods of teaching and learning to program will be explored in Section 2.3 

of the literature review. 

Most of the research into the teaching and learning of programming has targeted 

university students in the English-speaking world. The present study will investigate 

the applicability of these works to Hong Kong sub-degree level students with limited 

English proficiency and attempt to gain a deeper understanding of the experiences of 

this group of students as they learn how to program. In the following section, the 

content of the target module will be described in order to provide an overview of 

what our student participants learned. 

 

1.2 Module of the Study 

Our study participants completed the study (or target) module, ‘Advanced Java 

Programming’, in which they learned programming. This section describes the target 

module and the associate degree program. The target module is taken by the 

first-year students of the Associate Science (Information Technology) program in the 

second semester. Before beginning this module, students should have passed the 

module ‘Introduction to Programming (Java)’ in the first semester. These Java 

programming modules are two of the nine core modules of the program, Associate of 

Applied Science (Information Technology). 

The associate degree program provides a broad and solid academic foundation for 

further studies and instils programming skills that are required for employment in 

game computing, technical support, software engineering, and other IT-related fields. 

The two-year program comprises nine core modules in addition to four elective 
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modules from the five streams: Internet Computing, Games Computing, Computer 

Science, IT in Business, and IT in Education. Like most comparable computing 

programs, the program emphasises training in programming skills. There are four 

programming modules out of the nine core modules, which are: 

1) Introduction to Programming (Java) 

2) Computer Organisation 

3) Advanced Java Programming 

4) Introduction to Databases 

5) Applications Programming Using C or Programming in C++ 

6) Software Engineering: Analysis and Design 

7) Advance Programming Techniques or Web Programming & Digital Media 

8) Data Communication and Networks 

9) Information Systems Project 

The module ‘Introduction to Programming (Java)’ is dedicated to the introduction of 

object-oriented programming principles. The module assumes no previous 

knowledge of programming. Students who complete the module will be familiar with 

object-oriented principles and be able to use the Java programming language to solve 

small problems. Topics to be studied in this module include: 

1) Introduction to programming languages 

2) Object-oriented programming 

3) Data types and variables 

4) Primitive and reference data types 

5) Basic operators and expressions 

6) Precedence of operators 
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7) String data type 

8) Control Structures 

9) Conditional statements: if-else, switch-case 

10) Iteration statements: for loop, while loop 

11) Subroutines and parameter passing 

12) Introduction to arrays 

13) Introduction to objects and classes 

The follow-up module ‘Advanced Java Programming’, the target module of this 

dissertation, extends the study of programming principles introduced in ‘Introduction 

to Programming (Java)’. Advanced concepts of program design, implementation and 

testing will be presented within a framework of object-oriented programming using 

the Java programming language. Topics to be discussed in this module comprise: 

1) Inheritance, Interfaces, Packages, Recursion, Exception handling, Input/Output 

file handling and Multithread. 

2) Searching, Sorting and Hashing. 

3) Dynamic Structures, Simple Linear Data Types and Generic Data Structures. 

4) Searching, Sorting and Built-in Data Structures. 

5) Basic of Graphic Programming, Event Handling, Interface Components using 

AWT and Swing. 

6) Applet Basics and Applet Security 

Upon completion of this module, students should be able to: 
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1) show competence in the use of the Java programming language in the 

development of small to medium sized application programs that demonstrate 

professionally acceptable coding and performance standards; 

2) demonstrate understanding of the basic principles of the object oriented 

development process and apply this understanding to the analysis and design of 

solutions for small scale problems; 

3) demonstrate knowledge of basic algorithms and data structures, including the 

application of recursive algorithms, simple searching and sorting algorithms and 

simple linked list structures; 

4) demonstrate an introductory understanding of event-driven programming and 

graphical user interfaces.  

In summary, the students should have some basic programming experience in Java 

before studying the target module. The target module introduces object-oriented 

programming, basic algorithm design, graphical user interfaces, and even-driven 

programming. Thus, the students are trained to be entry-level programmers. 

It is common practice that the last topic, ‘Introduction to objects and classes’, of the 

previous module is shifted to the target module, in order to accommodate the 

students’ slower rate of progress. However, this increases the workload on the 

students for the target module. The topics set for these two modules cannot be 

changed as they are benchmarked to similar modules at other institutions in Hong 

Kong. Many non-government subsidised programs, including the one in which our 

student participants enrolled, must fulfil strict accreditation requirements with the 

government. Such benchmarking is mandatory because it is one of the requirements 
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for accreditation and large changes in a module contents require approval from the 

accreditation council and even re-validation of the program. 

While the imperative of completing a learning module affects learners’ performance, 

several other factors that have a direct effect on the approaches that learners rely on 

inside and outside of the classroom. One of these factors relates to the cultural 

context of the learners and their educational traditions. The traditions of learning in 

Confucian heritage cultures (CHC) has been written about by Biggs and Watkins 

(2001), Chan (2001), Lee (1996), Tang (1996), and Watkins and Biggs (2001). The 

next section introduces to this theme which will be elaborated upon elsewhere in the 

thesis. It is presented here as a major contextual issue that must be considered in any 

study of learning approaches by Hong Kong students. 

 

1.3 Hong Kong Education System 

The Hong Kong education system resembles the British one, because Hong Kong 

was a British colony from 1841 until it returned to Chinese sovereignty in July, 1997. 

English was the only official language in Hong Kong until 1974, when Chinese 

gained equal status (Johnson 1997). However, over 95% of Hong Kong’s population 

are Cantonese-speaking Chinese but the demands for English proficiency have 

undergone a further change in recent years. Johnson (1997) indicated that as the 

Hong Kong economy moved from manufacturing to service industries, the demand 

for more people with higher levels of English proficiency forced Hong Kong to 

become a bilingual city. Hong Kong’s education system has played an important role 

in promoting bilingualism. 
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1.3.1 Education System Reform 

The language of instruction in Hong Kong primary schools is Cantonese, but each 

student may take approximately 200 hours of English instruction per year. The 

majority of secondary schools adopted English as the language of instruction and 

some secondary schools used a mix of Cantonese and English until 1997. Johnson 

(1997) argued that more than 90% of students enter English-medium secondary 

education but their level of English proficiency is far below the standard that is 

required to succeed in the secondary curriculum. The government started to review 

the education system in 1995 and implemented the Mother-Tongue Teaching scheme 

in 1998. This scheme forced most secondary schools to use Chinese as the language 

of instruction. Many parents thought that the English-teaching schools would provide 

better employment prospects for their children and tried their best to enrol their 

children in English-teaching schools. The press then started to suspect the 

effectiveness of the scheme. The government has enacted several other education 

policies to improve teaching and learning since 2000. However, only 42.78% of the 

Hong Kong Certificate of Education Examination (HKCEE) candidates pass both 

English Language and Chinese Language, and only 50.28% pass five or more 

subjects in 2008 (HKEAA3 2008a and HKEAA 2008b). The minimum requirement 

for admission to most post-secondary institutions is five passes in the HKCEE, 

including English Language and Chinese Language. 

 

1.3.2 Nine-Year Free and Compulsory Education 

The government invests heavily in education in order to increase Hong Kong’s 

                                                 
3 HKEAA stands for Hong Kong Examination and Assessment Authority. 
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international competiveness. In 1971 free and compulsory nine-year education began, 

comprising six years of primary education (P1-P6) and three years of junior 

secondary education (S1-S3). Pre-primary education is not mandatory, but 90% of all 

children attend some kindergartens. When students complete the nine-year free 

education, the senior secondary education is no longer mandatory. However, the 

government subsidises around 85% of junior secondary leavers to continue to senior 

secondary education (S4 and S5) or vocational training (StateUniversity.com 2009). 

 

1.3.3 Senior Secondary Education 

The two-year senior secondary education program prepares students mainly for the 

HKCEE. The HKCEE may determine the future educational path of students. About 

one-third of the S5 school leavers, aged 15 to 18 years old, qualify to attend Sixth 

Form schools (S6 and S7). There are a limited number of openings at universities in 

Hong Kong and only 18% of Sixth Form students, aged at 17 to 20 years old, can 

attend the public-funded undergraduate degree programs in Hong Kong universities 

(StateUniversity.com 2009). 

 

1.3.4 Post Secondary Education 

Post secondary education comprises two types of institutions: degree-granting and 

sub-degree-granting. Both are supervised by the University Grants Council (UGC). 

Eight institutions offer UGC-funded bachelor’s degree programs, most of which take 

three years. Several self-supporting institutions offer sub-degree programs including 

Associate degrees and Higher Diplomas. To qualify for sub-degree programs, 

students are required to pass at least five subjects in HKCEE. There were 115,527 
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students sitting for the HKCEE in 2009 and 40.9% of them (around 47,250) did not 

meet the minimum requirement for sub-degree programs. In 2009, around one-fourth 

of the latter group of students enrolled in the Project Yi Jin program, a special 

pathway designed for students who could not obtain the five passes in HKCEE. The 

Yi Jin Program gives these students a second chance and enables them to pursue a 

qualification equivalent to five passes in HKCEE. The following figure shows the 

academic path for sub-degree programs. Both Secondary 5 (S5) graduates and 

Project Yi Jin graduates are eligible to enrol in the one-year pre-Associate degree 

programs. In addition to the pre-Associate degree graduates, Secondary 7 (S7) 

graduates are qualified to enter the Associate degree programs. All of our study 

participants graduated from the Project Yi Jin program. 

Figure 1.1: Academic path for sub-degree programs 

 

Associate Degree Programs 

Pre-Associate Degree Programs S7 Graduates 

S5 Graduates Project Yi Jin Graduates
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1.4 Hong Kong Students 

Although Hong Kong was ruled by the British government for over 150 years 

(1841-1997), the educational traditions of the Confucian-heritage culture (CHC) 

have had a profound influence on both the Chinese people and the people of Hong 

Kong. The Confucian tradition was initiated by the great Chinese teacher, Confucius 

(孔子) whose Four Books (四書) are the foundation of Confucianism. This tradition 

has influenced learners in China, Hong Kong, Taiwan, Singapore, Japan and Korea, 

for more than two thousand years. 

Education is greatly emphasised in the Confucian tradition. Lee (1996) explains that 

Confucius depicted his life as a learning process. Education is important both for 

personal development and for social mobility. Therefore, the profound influence of 

the Confucian tradition has moulded the Chinese learners into diligent and high 

achievement oriented people. Additionally, according to Yang, Zheng and Li (2006), 

Confucianism emphasises that knowledge arises in a linear way; it begins with 

memorising to acquire familiarity with the content, then advances to understanding, 

and ends with reflection and questioning. 

Moreover, the Confucian tradition affects contemporary teaching and learning 

practice in the CHC classrooms. Watkins and Biggs (2001) identified the following 

features of CHC classroom practices:  

1) Classes are large, up to 60 students. Chinese students perform better than 

students from the USA do. 
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2) In Hong Kong classrooms, the language of instructions in primary and most 

secondary schools is Chinese (Cantonese). 

3) The values of teachers, parents and students, are strongly Chinese. 

4) In terms of performance in mathematics and science, Hong Kong students 

perform around the mean of participating countries in lower secondary schools, 

but exceptionally well in senior secondary schools. 

5) Because of the general belief that effort counts, not ability, the lower achievers 

will simply have to put in more effort to pass. 

6) The Hong Kong students were more anxious, had lower academic self-efficacy, 

and spent far more time studying. 

On one hand, Hong Kong learners are affected by the Confucian tradition; on the 

other hand, Hong Kong’s educational system has been influenced by British 

colonisation. The differences between Mainland and Hong Kong classrooms, will be 

discussed in the Literature Review chapter (Section 2.6.3). The next few sections will 

define the directions and parameters of this study. 

 

1.5 Statement of the Problem 

This section states the research problem. This study investigates the teaching and 

learning of programming with a view to improving the support for Hong Kong 

sub-degree students. This study is conducted in a classroom dedicated to the teaching 

and learning of Java programming. This setting was not devised specifically for the 

research, and no attempts were made to manipulate the students’ behaviour. The 
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study is a qualitative investigation which places no prior constraints on our research 

subjects. The research studies students’ learning experience holistically, taking into 

account a broad range of factors and influences. 

The teaching and learning of basic computer programming in post-secondary 

institutions is a challenge for both teachers and students. The researcher’s ten years 

of teaching experience and the literature (Lahtinen et al. 2005, Lui et al. 2004, and 

Mow 2008) indicate that the students’ performance in programming courses is not 

satisfactory. This is especially true of students in the sub-degree programs. To what 

degree are the findings from the research on teaching and learning of programming 

for Western and Chinese average university students applicable to Hong Kong 

sub-degree students? What are the actual learning difficulties and learning strategies 

of these sub-degree students? What can educators do to improve these students’ 

ability to learn programming? The study attempts to answer these questions in the 

light of the concepts extracted directly from the raw data. The source of data and the 

research methodology will be explained later in this chapter. 

 

1.6 Research Questions 

The direction and progress of the study are guided by the following research 

questions, which are presented from the broadest to the narrowest. This order reflects 

the sequence of our investigation. Each research question consists of several 

sub-questions that provide more detail about the scope and direction of the study. 
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1) What are the existing theories of teaching and learning of programming? 

1.1) How does constructivism affect current teaching and learning practices? 

1.2) How does constructivism support teaching and learning of programming? 

2) What are the existing approaches to teaching and learning of programming? 

2.1) How effective are visual methods for teaching and learning of programming? 

2.2) How effective are non-visual methods for teaching and learning of 

programming? 

3) What are the learning difficulties and strategies of the Hong Kong sub-degree 

students? 

3.1) What influences are affecting students’ motivation in learning programming? 

3.2) What are the common learning difficulties identified by students and teachers? 

3.3) What are the common learning strategies identified by students and teachers? 

4) What changes in classroom practice are required to improve the academic 

performance of the Hong Kong sub-degree students in learning to program? 

4.1) What strategies are needed to support students to learn programming? 

4.2) What guidance do the students need in learning programming? 

5) What are the characteristics of Chinese learners? 

5.1) How do the experiences of Chinese learners in programming courses compare 

with those of Western students? 

5.2) Are the characteristics of the weaker students linked to culturally based 

attitudes or learning habits? 

5.3) How do the weaker students in Hong Kong approach programming? 
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1.7 Methodology 

Although a considerable amount of research into teaching and learning programming 

has been carried out over the last decades, most of this research targeted Western 

undergraduate students. These works might not be applicable to Chinese students or 

to the weaker Hong Kong sub-degree students. In addition, these works usually 

adopted a quantitative methodology which did not provide a holistic description of 

the subjects in a natural setting. In other words, quantitative studies usually deal with 

parts of an issue, not the entire issue. Therefore, this study fills this gap by adopting 

the case study approach as the core methodology for developing a holistic and 

intensive description of some weaker students in learning programming and of their 

learning differences in a natural (classroom-based) setting. More specifically, a 

theory-seeking case study approach is chosen because investigations of weaker 

students are very rare and in-depth understanding of their learning experiences is 

necessary. Generating theory directly from the students’ learning experiences will 

meet this need. Chapter 3 (Methodology) will offer a detailed rationale for this 

approach. 

The study follows the procedures of grounded theory research as suggested by 

Strauss and Corbin (1998) and attempts to discover a theory that may improve 

current practice and provide a framework for further research. Grounded theory 

research is designed to enable the development of theoretical frameworks for social 

phenomena based on the raw data collected from the field of a study (Ary, Jacobs & 

Sorensen 2010). Engagement with the data generates insights, hypotheses, and 

questions, which lead researchers to pursue with further data collection. Ary, Jacobs, 

and Sorensen (2010) explain that the grounded theory researchers construct concepts 
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from an inductive analysis of the data and they then formulate a theory by proposing 

conceivable relationships among the concepts. 

The study is mainly exploratory and interpretive and contributes to the research area 

of teaching and learning of programming, especially to the Hong Kong sub-degree 

students. It investigates the learning experiences of a class of six students through an 

initial questionnaire, participant observations, semi-structured open interviews and 

the examination of students’ work in assignments and a final examination. Data 

collected from participant observation and interviews are transcribed word-by-word 

for data analysis that uses the grounded theory approach. Our research questions 

direct the grounded theory approach. They guide us to focus on the learning 

experiences of the students, the characteristics of their learning, learning difficulties, 

learning strategies, and motivation to learn. 

 

1.8 Significance of the Study 

Programming is a complex task that involves many problem solving skills. It is not 

only a mandatory course for the computing discipline but also an important course in 

other disciplines to strengthen students’ problem-solving and other cognitive skills. 

Thus, fostering students’ learning in such a complex subject area is highly desirable, 

especially for students with weaker academic capability. This is especially true for 

contemporary Hong Kong sub-degree computing students, who lack proficiency in 

English and are rather passive in their approach to learning. Therefore, to adapt the 

state-of-the-art teaching and learning strategies of programming to Hong Kong 

students is definitely a challenge for their teachers. 
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Contextual considerations relating to language and culture are obviously of great 

significance in coming to terms with the teaching and learning of programming in 

Hong Kong. Not all research on this topic is generalisable to Hong Kong students 

and most of the research has focused on western students. Are these works applicable 

to Chinese students with a weaker academic background? The only recent work for 

weaker students in teaching and learning of programming was done by Lui et al. 

(1997), who focused on Hong Kong adults with full-time jobs. The learners targeted 

in this thesis are young adults (around 20 years old) who are relatively passive in 

their learning, and have less self-confidence than average undergraduates. This thesis 

will contribute new knowledge that will improve the understanding of the learning 

experiences of our targeted students. 

Moreover, the numbers of students entering programming subjects in the sub-degree 

programs has increased following the development of post-secondary education in 

Hong Kong. According to Hong Kong Annual Digest of Statistics (2008), there were 

78,496 full-time Secondary 5 students in 2006 and, among these students, only 

17,714 completed Secondary 7 in 2008 and met the minimum requirements for 

admission to the local universities. Other students (over 60,000 in 2008), who could 

not gain admission to local universities, began to work, studied abroad, or entered 

sub-degree programs. In addition, there is a large group of Secondary 5 school 

leavers each year, who cannot get five or above passes in the HKCEE and will enrol 

in some sub-degree programs after completing the Project Yi Jin program. In 2009, 

more than 12,000 students were enrolled in the Project Yi Jin program at nine local 

institutions. This means that the kind of research conducted for this thesis is all the 

more important and demanding. It is important because more students are in need of 
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the kinds of targeted assistance that has a rigorous theoretical base; it is demanding 

because the scope of the learning experiences both within and outside the classroom 

has become much more extensive and difficult to map. The in-depth and detailed 

understanding of learning experiences of Hong Kong students will allow educators to 

design relevant modules or programs for this group of students and encourage 

researchers to formulate hypotheses for further research. 

Finally, this study adopts a new perspective which distinguishes the cultural 

differences of learning experiences of the Chinese students from those of Western 

students. After stating the significance of the study, the limitations and delimitations 

of the study will be discussed. 

 

1.9 Limitations and Delimitations 

This study investigated a class of Hong Kong sub-degree students and adopted an 

opportunistic sampling method, in which the samples came from a college-wide 

student recruitment in 2006. Thus, an obvious limitation of this approach is the 

relatively small sample size that would hinder the researcher from providing more 

diversified data. However, the small number of participants has the advantage of 

eliciting a deeper and richer description of individual students in the form of case 

studies. 

Although there is also a superficial problem of how generalisable the results of this 

study are, the study is not targeted at the generalisability of the findings as is usually 

the case in larger quantitative studies. Bassey (1999) defines such generalisation as 

scientific or statistical generalisation. In scientific generalisation, a theory is used to 
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predict an empirical result by indicating certain criteria that must be fulfilled, 

whereas in statistical generalisation, a generalisation can predict an empirical result 

using probability calculation. This study adopts a qualitative methodology that 

focuses on the transferability of the results to similar situations in similar classrooms. 

Bassey (1999) calls this kind of transferability as fuzzy generalisation, which 

typically arises from qualitative studies and claims that it is possible, or likely, or 

unlikely that what was found in the studies will be found in similar situations 

elsewhere. This kind of generalisation contains some elements of uncertainty. Our 

responsibility is to provide sufficiently detailed and developed descriptions of our 

research participants so that readers can make the necessary judgments about the 

degree to which the findings of the study can be generalised to other contexts. 

In addition, some other limitations are similar to those that are presented in most 

grounded theory studies. First, there are limited time and resources to conduct a fully 

saturated study that produces a formal theory. In order to circumvent this limitation, 

one of the objectives of this study is to generate substantive theories that are based 

primarily on interview data. Second, grounded theory research is highly dependent 

on the theoretical sensitivity of the researcher, who is also the major research 

instrument of the qualitative approach. Producing theories with good quality requires 

a well-trained and experienced researcher. Third, the findings of this study are 

tentative and dependent on personal interpretation. For example, another researcher 

may produce a different set of axial categories and hence a different substantive 

theory. Lastly, the findings are not generalisable in the conventional sense and are 

subject to the critique on their objectivity. Instead, the findings are transferable to 

other similar contexts. 
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1.10 Organisation of the Dissertation 

This introductory chapter has presented the background, research problem, rationale, 

and limitations of the study along with a definition of terms and the organisation of 

the dissertation. The context of the study has been explained and includes the 

background, the target module of the study and the Hong Kong students to which our 

study participants belong. This contextual information is vital to a complete 

understanding of the background of the students and the issues that affect them. The 

research problems and research questions have been stated to offer the readers 

insight into the direction of the study. In addition, research methodology has been 

described to provide the contours of the study. Then the significance, limitations and 

delimitations of the study have been elaborated. 

Chapter 2 presents a review of literature on teaching and learning of programming. 

The research problem on teaching and learning of programming is explored in five 

dimensions: (1) contents, (2) methods, (3) the role of individual differences, (4) 

optimal learning conditions, and (5) the role of culture. The first section offers an 

overview of computer programming; the second section reviews the common 

methods and approaches to teaching and learning of programming. These methods 

are grouped into two categories: visual and non-visual. The section on the role of 

individual differences explains motivation, challenges faced by learners, and learner 

strategies. This provides a preliminary understanding of the factors which diversify 

the learning performance of different learners. Moreover, optimal learning conditions 

for teaching and learning programming are then presented to offer a general idea of 

what constitutes a learning environment that will improve learners’ ability to learn 
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how to program. The last section discusses the role of culture in learning by 

comparing Western and Chinese learners. In general, this flow of argument is guided 

by the research questions. 

Chapter 3 discusses and explains the research design and methodology of the study. 

A survey of recent research methods is reviewed. Then an explanation of choosing 

the qualitative methodology, especially a combination of case study approach and 

grounded theory approach is provided. In addition, the details of the research design 

and procedures are described. The description of the research participants and 

instruments is then offered. Moreover, the data analysis adopts the grounded theory 

approach and the process of analysis is presented. This process comprises an initial 

data analysis, open coding, axial coding, and selective coding. Similar to Chapter 1, 

the limitations and delimitations are restated here. 

Chapter 4 presents the findings from different sources of data. The interview data are 

triangulated with the data from participant observations and examination of students’ 

works. First, the course of study is explained to provide an overview of how the 

research study was conducted. The data collection procedure is then described and 

includes interviews, participant observation and examination of students’ own 

programs in forms of assignments and examination scripts. Additionally, the findings 

from data analysis are presented in terms of the analysis procedure – initial data 

analysis, open coding, axial coding, and selective coding. As a result, a theory of 

performance improvement of programming is generated and explained. 

Chapter 5 discusses the research findings, as described in Chapter 4. The study 

summary and findings overview are presented first. The discussion is explained in 
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terms of the components of the emerged theory, which comprises students’ 

characteristics, learning difficulties, poorly structured curriculum, and improvement 

strategies. This discussion aligns the findings with the research questions and relates 

to the existing literature. Moreover, the contribution of this study to the field is then 

described. Finally, this chapter concludes the study with implications in professional 

practices on teaching and learning of programming and gives some recommendations 

and suggestions for further studies. 
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Chapter 2 

Literature Review 

 

2.1 Introduction 

In recent years, the number of sub-degree programs in Hong Kong has increased 

rapidly. Computer programming courses are mandatory not only in undergraduate 

computer science curricula but also in sub-degree computing programs. Students in 

these sub-degree programs are characterised by weaker academic backgrounds and 

weaker skills in English. They face more challenges than average university students 

do. 

Because of the difficulties faced by all students learning computer programming, 

studies of teaching and learning of computer programming have attracted much 

attention from computer scientists. Although there much research has been devoted 

to this area, most of this work has focused on undergraduate, middle or higher 

achievers in Western countries. One of the objectives of this literature review is to 

close this gap. Therefore, this chapter provides a review of the literature on teaching 

and learning of computer programming in general, and focuses on teaching and 

learning issues pertaining to Chinese students. A review of research methods is 

provided in Chapter 3. 

First, a brief look at the field of programming will familiarise readers with the 

terminology employed throughout this thesis (Section 2.2). The common methods 
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and approaches to this field will then be reviewed (Section 2.3) in order to answer 

Research Questions 1 and 2. This first section is divided into three sub-sections: 

1) Theoretical Foundations of Learning Programming (Research Question 1) 

2) Visual Methods (Research Question 2.1) 

3) Non-Visual Methods (Research Question 2.2) 

The first sub-section provides the theoretical underpinning of teaching and learning 

programming (Section 2.3.1). The approaches will then be examined in two 

categories: visual (Section 2.3.2) and non-visual methods (Section 2.3.3). The studies 

that adopt program visualisation are categorised as visual methods; the others are 

categorised as non-visual methods. Dual encoding theory advocates that combining 

multiple media when presenting content creates more effective communication and 

learning (Wulf 2005). Many studies advocate program visualisation in order to assist 

learners in comprehending programs and to enhance learning programs.  

After reviewing the common methods of teaching and learning programming, a 

discussion of the human issues on teaching and learning will follow with a focus on 

the role of individual differences and approaches to learning (Section 2.4). This 

section will address Research Question 3: What are the learning difficulties of the 

Hong Kong sub-degree students and what strategies do they employ to overcome 

them? This review will also highlight gaps in the literature relating to the teaching 

and learning of programming in sub-degree classes in Hong Kong. It will provide 

direction for answering the research questions. Regardless of the subject domain, the 

learner is an essential factor in learning. The investigation of learner differences will 

be examined under three headings: learning motivation (Section 2.4.1), challenges 

faced by learners (Section 2.4.2), and learner strategies (Section 2.4.3). 
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Moreover, improving the students’ ability to program is one of the major objectives 

of this study. Therefore, after discussing the role of individual differences, we will 

investigate the optimal learning conditions in general and those that are specific to 

learning to program (Section 2.5). This section partially answers Research Question 

4: What can be done to improve the academic performance of the Hong Kong 

sub-degree students in learning to program? 

In recent years, more attention has been devoted to researching supposed differences 

between Western and Chinese students in their approaches to learning. Some 

comparisons of Chinese and Western learners will be discussed in Section 2.6 in 

order to answer the final research question: What are the characteristics of Chinese 

learners? This review includes an examination of misconceptions held by Western 

researchers and educators (Section 2.6.1), the impact of the Confucian tradition on 

Chinese students (Section 2.6.2), and the learning characteristics of the Hong Kong 

students (Section 2.6.3). Finally, Section 2.7 summarises the chapter. The following 

table lists the links between our research questions and the sections of this chapter: 

Table 2.1: Links between research questions and literature review 

Research Question Literature Review Section 

1) What are the theories of teaching and 

learning of programming? 

Section 2.3.1: Theoretical Foundations 

2) What are the approaches to teaching and 

learning of programming? 

Section 2.3.2: Visual Methods 

Section 2.3.3: Non-Visual Methods 

3) What are the learning difficulties and 

strategies of the Hong Kong sub-degree 

students? 

Section 2.4: Teaching and Learning 

Programming: The Role of Individual 

Differences 
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4) What changes in classroom practice are 

required to improve the academic 

performance of the Hong Kong sub-degree 

students in learning to program? 

Section 2.5: Teaching and Learning 

Programming: Optimal Learning 

Conditions 

5) What are the characteristics of Chinese 

learners? 

Section 2.6: Teaching and Learning 

Programming: The Role of Culture 

 

2.2 Teaching and Learning Programming: Content Overview 

2.2.1 Introduction 

This section gives an overview of computer programming, the relevant concepts and 

terminology. This will provide readers with an understanding of the scope of the 

field in addition to the nature of the challenge faced by sub-degree students in Hong 

Kong. 

 

2.2.2 Programs and Programming 

A program is a set of names and values, in which some of these names have values 

of instructions to the computer (‘code’) (Guzdial 2007). It is like a recipe and 

contains a list of ingredients (variables) and a list of directions (statements) that tell 

the computer what to do with the variables. The variables can represent numeric data, 

text, or graphical images. Programs are usually called software or code. 

In contrast, computer programming (often shortened to programming or coding) is 

the process of writing, testing, debugging (or troubleshooting), and maintaining the 

source code of computer programs. Debugging is the detection, location and 

correction of faults (or bugs) causing errors in a program (British Computer Society 
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2002). The purpose of programming is to create a program that exhibits a certain 

desired behaviour. The process of writing source code often requires expertise in 

many subjects, in addition to knowledge of the application domain, specialised 

algorithms and formal logic. 

When writing programs, we need programming tools such as a program editor, 

debugger, and compiler/interpreter. A program editor is like a text editor (e.g. 

NotePad), which it the programmer can key in programs in a certain format into the 

computer. A debugger helps programmers to locate program errors more easily. No 

matter what programming language we use, we eventually need to convert our 

program into machine language so that the computer can understand it. We may do 

this by compiling or interpreting the program. A compiler is a computer program that 

converts source code written in a programming language into a computer executable 

program. 

 

2.2.3 Software Development 

Software development is the set of activities that produces the software components 

of a new computer system. The software development cycle consists of the analysis, 

design, implementation, testing and installation of these software components 

(British Computer Society 2002). The term software development may also refer to 

computer programming. 

There are several approaches to software development. Some approaches take a more 

structured, engineering-based approach to developing business solutions; other 

approaches take a more incremental approach, where software evolves piecemeal. 
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2.2.4 Programming Languages 

Programming (or computer) languages are obviously not the same as human (or 

natural) languages, most obviously because they are only written and never spoken 

(British Computer Society 2002). Like natural languages, programming languages 

comprise a grammar (or syntax) and meanings (or semantics). Syntax states the rules 

of the language. A distinction between a computer language and a human language is 

that computer languages are never ambiguous. A programming statement has just 

one meaning. 

The term programming language usually refers to high-level languages (see 

Generation of Programming Languages), such as BASIC, C, C++, COBOL, 

FORTRAN, Java, and Pascal. Each language has a unique set of keywords and a 

special syntax for organising program instructions. 

 

2.2.4.1 Generation of Programming Languages 

The first languages were designed to simplify the process of programming the 

electronic patterns (British Computer Society 2002). The first generation of 

programming languages had programs comprising the digits 0 or 1. Because of the 

low readability of machine language, it was quickly superseded by the second 

generation, known as assembly languages. Although assembly language makes use 

of some mnemonics to facilitate higher readability, programs in assembly language 

are still difficult to write and read. Thus the third generation of programming 

languages (3GLs) was developed in the late 1950s, and these include FORTRAN, 

LISP, and COBOL. The first- and second-generation languages are low-level 
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languages; the languages starting with the third generation are high-level languages 

and are closer to natural languages. Here high-level means higher abstraction and 

statement power. 

The fourth generation of programming languages (4GLs) is domain-specific, such as 

SQL, which manipulates and returns sets of data. All 4GLs are designed to be closer 

to natural languages than are 3GLs (Henry 2007). Languages for accessing databases 

are often described as 4GLs. A 4GL language statement might look like this:  

EXTRACT ALL CUSTOMERS WHERE “CURRENT PURCHASES” TOTAL 

MORE THAN $500 

A fifth-generation programming language (5GL) is based upon solving problems 

using constraints given to the program, rather than using an algorithm written by a 

programmer (Javvin 2009). 5GLs make the computer solve a given problem without 

the programmer. They are used mainly in artificial intelligence research. Examples of 

5GLs are Prolog and Lisp. 

 

2.2.4.2 Programming Paradigms 

Having outlined the evolution of programming languages, it is now useful to 

examine the major programming paradigms: the patterns of problem solving through 

programming languages. In general, a paradigm is a pattern of thought which guides 

a collection of related activities. A programming paradigm is a pattern of problem 

solving thought that underlies a particular type of program and language (Tucker & 

Noonan 2007). Paradigms differ in the concepts and abstractions used to represent 

the elements of a program and the steps that compose a computation. 
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Four major programming paradigms have been adopted in the past few decades: 

imperative (or procedural), object-oriented, functional and logic. Some programming 

languages support multiple paradigms (Tucker & Noonan 2007). For example, 

programs written in C++ or Object Pascal can be purely procedural, purely 

object-oriented, or contain elements of both paradigms. Software designers and 

programmers may decide how to use those paradigm elements. These four 

programming paradigms will be explained in the following sections. 

 
Imperative Programming 

In computer science, the imperative programming paradigm describes computation 

in terms of statements that change a program state. In this model, both the program 

itself and its variables are stored together, and the program comprises a series of 

commands that perform calculations, assign values to variables, retrieve inputs, 

produce output, or redirect control elsewhere in the series (Tucker & Noonan 2007). 

Imperative programming is the oldest paradigm. The term procedural programming 

is interchangeable with imperative programming, in which the statements are 

structured into procedures (or subroutines or functions). Common imperative 

languages are Ada, BASIC, C, COBOL, FORTRAN, and Pascal. 

 
Object-Oriented Programming 

Object-oriented programming (OOP) provides a model in which the program is a 

collection of objects that interact with each other by passing messages that change 

their state. Message passing allows the data objects to become active rather than 

passive (Tucker & Noonan 2007). The building blocks for OOP are object 
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classification, inheritance, and message passing. Many modern programming 

languages now support OOP. Major examples of OOP are C++, Eiffel, Java, Simula, 

and Smalltalk. The Java programming language is adopted as the target language to 

be learned by our study participants. This will be introduced in Section 2.2.4.3. 

 
Functional Programming 

Functional programming is a paradigm in which the program is built in terms of a 

collection of mathematical functions. Each of these functions includes an input 

(domain) and a result (range) spaces (Tucker & Noonan 2007). Functions interact 

and combine with each other using functional composition, conditionals, and 

recursion. 

This model emphasises the application of functions, in contrast to the imperative 

programming style, which emphasises changes in state. Important functional 

languages include Lisp, Scheme, Erlang, Haskell, and ML. 

 
Logic Programming 

Logic programming is, in its broadest sense, the use of mathematical logic for 

computer programming. In this sense, logic programming allows a program to model 

a problem by declaring what outcome the program should accomplish, rather than 

how it should be accomplished (Tucker & Noonan 2007). Thus, the problem-solving 

task is split between the programmer, who is responsible only for ensuring the truth 

of programs expressed in logical form, and the theorem-prover or model-generator, 

which is responsible for solving problems efficiently.  
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Logic programming languages are sometimes called rule-based languages as the 

program’s declarations look like a set of rules, or constraints on the problems, rather 

than a sequence of commands to be carried out (Tucker & Noonan 2007). Examples 

of logic programming include Prolog, Fril, Gödel, Mercury, and XSB. 

 

2.2.4.3 The JavaTM Programming Language 

Java is a programming language invented by James Gosling at Sun Microsystems 

(Guzdial, 2007). The language derives much of its syntax from C and C++ but has a 

simpler object model and fewer low-level facilities. Java applications are typically 

compiled to bytecode (the form of instructions that the Java virtual machine executes) 

that can run on any Java virtual machine (JVM) regardless of computer architecture. 

 
Primary Characteristics 

Java has been one of the most popular programming languages in business and 

education for more than a decade. Java is:  

1) a simple, object-oriented, and familiar language 

2) a robust and secure language 

3) an architecture-neutral and portable language 

4) a high-performance language 

5) an interpreted, threaded, and dynamic language 

 
Implementations 

Sun Microsystems has developed a few implementations for different computer 

platforms, which include: 
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1) ‘Java Platform, Standard Edition (Java SE) lets you develop and deploy Java 

applications on desktops and servers, as well as today’s demanding Embedded 

and Real-Time environments.’ (Sun Microsystems 2009b). 

2) ‘Java Platform, Enterprise Edition (Java EE) builds on the solid foundation of 

Java Platform, Standard Edition (Java SE) and is the industry standard for 

implementing enterprise-class service-oriented architecture (SOA) and 

next-generation web applications.’ (Sun Microsystems 2009c) 

3) ‘Java Platform, Micro Edition (Java ME) provides a robust, flexible environment 

for applications running on mobile and other embedded devices—mobile phones, 

personal digital assistants (PDAs), TV set-top boxes, and printers.’ (Sun 

Microsystems 2009d) 

The Java programming language was learned by our study participants in the two 

modules Introduction to Programming (Java) and Advanced Java Programming. The 

topics covered by these modules were described in Section 1.2 (Module of the 

Study). 

The previous section gave an overview of computer programming and presented the 

relevant concepts and terminology. These are basic concepts of computer science. 

This overview establishes an outline of the field and gives readers an understanding 

of the scope of the field and of the challenge faced by sub-degree students in Hong 

Kong. 
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2.2.5 Programming Knowledge 

After having an overview of computer programming and the relevant concepts, we 

look at the nature of programming knowledge in relation to teaching and learning. It 

is generally agreed that programming is a problem-solving activity (Lewis & Loftus 

2009, Vickers 2008, Venit & Drake 2007, Robins, Rountree & Rountree 2003, and 

Koffman & Wolz 2002). Rogalski and Samurçay (1993) even argue that programming 

is regarded as a complex design activity. There is a variety of solutions for a 

programming problem and programmers may choose the type of data structures, 

algorithms, and implementation to achieve the goals of the programming problem 

(Reiser et al. 1992). Therefore, students need to learn not only the constructs of a 

programming language, but also how to map from the problem domain into the 

programming domain. 

In order to learn programming effectively, students need to acquire both declarative 

knowledge and procedural knowledge. Students may acquire declarative knowledge 

of programming by listening to lectures or reading relevant textbooks. On the other 

hand, writing programs is a kind of performance that requires procedure knowledge. 

Students must be exposed to practice, practice, and practice in writing programs. 

Programming is not a unitary skill or a simple set of skills, but multiple skills 

(Jenkins 2002 and Pea & Kurland 1983). Jenkins (2002) further mentions that 

students faced with learning a hierarchy of skills will generally learn the lower level 

skills (such as learning the constructs of a programming language) first and then 

progress upwards (including program design skills and problem solving skills). 

Many studies and textbooks in programming have suggested some sets of 

programming tasks (Lewis & Loftus 2009, Gaddis 2008, Vickers 2008, Venit & 
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Drake 2007, Koffman & Wolz 2002, Winslow 1996, Rogalski & Samurçay 1993, and 

Pea & Kurland 1983). These programming tasks roughly include: problem analysis, 

program design, program coding, and program testing. In order to equip students to 

achieve these tasks, Linn and Dalbey (1989) propose an ideal chain for learning 

computer programming, named “chain of cognitive accomplishments”: 

1) Features of the language being taught; 

2) Design skills; and 

3) Problem solving skills, knowledge and strategies. 

This chain of accomplishments forms a good summary of an ideal computer 

programming instruction. In the next section, programming from the perspective of 

teaching and learning will be examined. Several common methods in this area will 

be introduced and their features will be discussed. 

 

2.3 Teaching and Learning Programming: Methods 

This section provides an in-depth discussion of some current methods and practices 

in approaches to teaching and learning of programming. This will facilitate an 

understanding of the ideas in the field and the pros and cons of various approaches. 

This section also lays the basis for a discussion of the effectiveness of these methods 

in meeting the needs of students in the sub-degree programs in Hong Kong. After 

explaining the theoretical foundations on teaching and learning programming, the 

common approaches are presented in two categories: visual methods (Section 2.3.2) 

and non-visual methods (Section 2.3.3). 
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2.3.1 Theoretical Foundations 

Learning to program requires both an understanding of the relevant concepts and 

hands-on practice. Hence, most programming courses are comprised of two parts: the 

first part facilitates students’ understanding of programming concepts and the second 

provides supervised programming laboratory sessions. Programming instructors 

usually illustrate their lesson with visual aids and examples. This allows students to 

comprehend the programming concepts. Due to the benefits accrued from the rapid 

development of computer hardware and software technology, the visual aids may 

include software visualisation and animation whose theoretical foundations are 

constructivism and scaffolding. Software visualisation and animation will be 

explained in Section 2.3.2. Before investigating individual approaches to teaching 

and learning of programming, the theoretical foundations of teaching and learning 

must be first examined in order to answer the first research question: ‘What are the 

theories of teaching and learning of programming?’ This section reviews two 

theoretical foundations: constructivism (Section 2.3.1.1) and scaffolding (Section 

2.3.1.2). 

 

2.3.1.1 Constructivism 

Many theories and paradigms of learning have been developed. Constructivism is 

one of the dominant theories for practical learning, including computer programming. 

It is a theory of learning which facilitates students’ active engagement in 

constructing knowledge, instead of their passive receipt of information from the 

teacher (Ben-Ari 1998). Constructivism emphasises the active role of the learner in 

building understanding and making sense of information (Woolfolk 2007). Such 
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active engagement is emphasised and implemented in both visual (Section 2.3.2) and 

non-visual methods (Section 2.3.3) of teaching and learning of programming. Slavin 

(2003) points the central idea of constructivist theory is that learners must 

individually discover and transform complex concepts in order to make it their own. 

According to most researchers, constructivism is conducive to more effective 

learning of programming. Constructivism is based on the premise that learning 

requires students’ active participation in problem-solving and critical thinking about 

a learning activity they find relevant and engaging (Price, McFadden & Marsh II, 

2001). They explain that students are ‘constructing’ their own knowledge by testing 

ideas and approaches based on their prior knowledge and experience, applying these 

to a new situation, and integrating the new knowledge gained with pre-existing 

intellectual constructs. 

 
Constructivist Approaches 

Several constructivist approaches have been adopted in teaching and learning. 

Examples are cooperative learning, discovery learning, self-regulated learning. 

Constructivist approaches usually highlight scaffolding: the support required for 

learners to complete a specific task. First, Slavin (2003) explained that in cooperative 

learning students will more easily discover and comprehend difficult concepts when 

they interact with each other. Second, Slavin contended that discovery learning is an 

important component of modern constructivist approaches. In discovery learning, 

students learn through active engagement with concepts and principles. The teacher’s 

role is to encourage students to have experiences that allow students to discover these 

principles for themselves. The third constructivist approach is self-regulated 
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learning. Zimmerman (2002) defines self-regulation as the process of activating and 

sustaining our thoughts, behaviours, and emotions in order to reach our goals. The 

concept of self-regulated learning integrates, according to Woolfolk (2007), much 

of the effective learning and motivation (Section 2.4.1), and three factors affect skill 

and will, which are knowledge, motivation, and self-discipline. Woolfolk (2007) 

adds that, to be self-regulated learners, students need knowledge about themselves, 

the subject, the task, strategies for learning, and the context of their learning. Lastly, 

scaffolding is an instructional technique whereby the teacher models the desired 

learning task, then gradually shifts responsibility to the students through the 

provision of targeted support. Scaffolding will be discussed more extensively in 

Section 2.3.1.2. 

All four of these constructivist approaches require the learners to engage actively in 

the learning process in order to produce authentic learning. This is particularly true 

for learning some practical skills, including computer programming. Learners should 

construct their programming concepts from the learning environment and practice 

their learned concepts by writing their own programs. After reviewing the concepts 

of constructivism, the next section will investigate its applications to computer 

science education, and especially to computer programming education. 

 
Constructivism in Computer Science Education 

Constructivism has been widely adopted in computer science education, especially in 

teaching and learning of programming. Lister and Leaney (2003a) explain the three 

views of programming identified by Booth (2001) and explore how objectivism and 

constructivism are applied in developing the coding, the problem-solving and the 
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social views. In the coding view, the student focuses on the mechanics of producing 

a program code that compiles – that is, the program conforms to all the syntax rules 

for the underlying programming language. In other words, such program code is free 

from syntactical (grammatical) errors and it can be executed in a computer. However, 

it may not present the desired behaviour. In the problem- solving approach, the 

student produces a program that not only compiles but also presents the desired 

behaviour. In other words, programming is a process of solving some problems and 

the resultant program code should produce a solution to the problems. The social 

view is when the student is directed to the computer program as a product, to be used 

by other people. In this approach, programming is a social activity that involves 

people as programmers and users. Lister and Leaney (2003a) argue that the coding 

view should be taught using an objectivist approach which emphasises learning as an 

individual activity in which students approach learning as the acquisition of facts. 

The social view should be taught using a constructivist approach as it reinforces the 

view of programming as a social activity, since the importance of good coding style, 

the social side of programming, are best learned constructively. The problem-solving 

view should be taught using a combination of the two approaches since the authors 

set require the students to make a series of changes to a given computer program. 

The first few changes to the program with written advice given tend more toward the 

objectivist philosophy, while the latter changes are closer to the constructivist, in that 

little direction is given and the student must acquire stronger programming skills. 

Constructivism, in combination with today’s information technology, provides many 

insights into teaching and learning practices. This is especially true for learning 

computer programming because programming courses emphasise practical works. In 
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order to master programming skills in a particular computer language, students need 

to integrate what they have learned about a language and the application domain, and 

actually write their own programs. 

Constructivism provides an important theoretical framework and one of the major 

elements of this framework, scaffolding, will be discussed in the next sub-section. 

 

2.3.1.2 Scaffolding 

This section first explains why scaffolding is important to this study and then its 

theoretical foundations and applications to teaching and learning. Most researchers 

and practitioners in the computer science community agree that learning to program 

is a difficult task, especially for low achievers. As with the learning of natural 

languages, learners of computer programming languages need to acquire knowledge 

of that language as well as how to apply such knowledge in actual domains or areas. 

Human communications allow some tolerance of improper use of language elements. 

In contrast, computers cannot accept any improper or non-standard use of a 

programming language. This is one reason why learning to program is a difficult task. 

Another difficulty of learning to program is the actual writing of programs in 

particular applications. In other words, learners may always ask how to model a 

particular application in terms of program elements. Such difficulty is especially true 

for our participants, students who need more assistance in learning to program than 

the average students do. Scaffolding provides an essential means for them to break 

through the obstacles to deep understanding. 
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The following sub-sections will give an overview of scaffolding, its theoretical 

background and its applications to helping students in learning to program. 

 
Vygotsky’s Theories and Scaffolding 

Scaffolding is an aspect of teaching and learning in practice based on Vygotsky’s 

notion of assisted or mediated learning. Vygotsky’s theory suggests that learning 

involves the acquisition of signs by means of instruction and information from others. 

The most important contribution of Vygotsky’s theory is its emphasis on the 

socio-cultural nature of learning. He believed that learning takes place when students 

are working within their zone of proximal development. Tasks within the zone of 

proximal development are ones that a student cannot yet do alone but could do with 

the assistance of more competent peers or teachers. In other words, the zone of 

proximal development relates to tasks that a student has not yet learned but is 

capable of learning at a given time. 

Scaffolding is the main idea derived from Vygotsky’s notion of social learning, 

which emphasises the social nature of learning. More competent peers or teachers 

provide assistance and support for learning. Slavin (2003) pointed that such support 

might include clues, reminders, encouragement, breaking the problem down into 

steps, providing an example, or anything else that allows the student to grow in 

independence as a learner. Usually, scaffolding provides a student with a great deal 

of support during the early stages of learning and then diminishes support and has the 

student assume increasing responsibility as soon as she or he is able. Therefore, 

scaffolding is a relatively long-term practice and a gradual process of learning. As 

explained by Salvin, a related concept to scaffolding is cognitive apprenticeship, 
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which involves the entire process of modelling, coaching, scaffolding, and evaluation. 

Usually, such process exists in one-to-one instruction. 

Summing up, four major principles derived from Vygotsky’s ideas play an important 

role to teaching and learning practice: 

1) Mediated Learning 

2) Zone of Proximal Development 

3) Social Learning 

4) Cognitive Apprenticeship 

 
Social Constructivism and Scaffolding 

Scaffolding constructivism emphasises the social nature of scaffolding and learning. 

Woolfolk (2007) explained that learning and understanding require interaction and 

conversation. Students need to grapple with problems in their zone of proximal 

development, and they need the scaffolding provided by interaction with a teacher or 

other students. In this sense, scaffolding is a powerful conception of teaching and 

learning in which teachers and students create the meaningful connections that form 

the basis of learning.  

Furthermore, the social nature of social constructivism focuses not only on the 

cognitive needs of the students but also on their affective needs. Sivan (1986) 

explained that social constructivist theory addresses both the cognitive and affective 

needs of the individual student at his or her own level. For example, a student needs 

both specific knowledge of the classroom task, whether it is subject matter task 

structure, and guidelines for roles in participation in tasks. In addition, she or he 
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needs to be willing, receptive to new knowledge, cooperative, and free of anxiety. 

Therefore, in order to meet the affective and cognitive needs of students, the teacher 

should combine instruction and motivation and meet their cognitive and affective 

needs within the context of assisted learning by instructing in the zone of proximal 

development. Bergin and Reilly (2005) identify several cognitive skills for 

programming which comprises problem-solving, abstract reasoning, problem 

translation skills, and logical ability. Pea and Kurland (1984) even argue that 

programming requires building detailed ‘mental models’ of what the computer will 

do when a program executes. As computer programming requires such higher level 

of cognitive skills, students need more assistance or guidance in the learning process. 

This is especially true of the lower achievers. 

We have reviewed two major theoretical foundations – constructivism and 

scaffolding, which are dominant in the studies of practical courses like computer 

programming. These theoretical foundations need to be implemented as elements 

within approaches such as the ones to be explored in the following sections. We will 

investigate the ways in which these foundations are applied to teaching and learning 

of programming in terms visual and non-visual methods (Sections 2.3.2 and 2.3.3). 

 

2.3.2 Visual Methods 

In the previous section, we discussed foundational teaching and learning issues. Here 

we will focus on individual methods or approaches to teaching and learning 

computer programming. This section answers the research question: ‘What are visual 

methods for teaching and learning of programming?’ There are many classifications 

of the approaches in teaching and learning of programming, including Bruce and 
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McMahon (2002), Costelloe (2004), Robins et al. (2003) and Rongas et al. (2004), 

but most of them seem to incline to some particular aspects. Here we give a more 

systematic and hierarchical classification, with two categories at its top level: visual 

and non-visual methods. Each of these categories will be divided into sub-categories. 

The term visual method describes the method that adopts some forms of graphical 

user interfaces and/or visualisation techniques including program visualisation, 

integrated development environments (IDEs), and animation. Several approaches 

within this category have been reviewed. Software visualisation (Frick 1997, Young 

& Munro 1997, Bazik et al. 1998, Bagert 1999, Brusilovsky & Spring 2004, and 

Costelloe 2004) attracts the most research. There is a consensus that a picture is 

worth a thousand words, because pictures are easily learned, remember and retrieved 

(Section 2.3.2.1). However, visualisation without students’ active engagement has 

little educational value. Thus, many works on visualisation include an active learning 

component, which is advocated by constructivists. The Light-weight approach 

(Eskola & Tarhio 2000, and Hamer 2004) tries to reduce the work load on both the 

instructors and students through the use of relevant tools or systems (Section 2.3.2.2). 

The Web-based approach (Henze & Nejdl 1997, Domingue & Mulholland 1998, 

Luxton 2004, and Boone 2000) provides a flexible delivery of a course without the 

constraints of time and space (Section 2.3.2.3). This approach acts as an auxiliary 

means to teaching programming and cannot replace the face-to-face mode of 

teaching programming. 

The Integrated approach advocates the notion that no single method is perfect and 

that no single approach can apply to most cases (Section 2.3.2.4). The integration of 

two or more approaches takes advantage of the unique characteristics of each 
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approach. This approach comprises two categories – the use of existing tools 

(Michaud et al. 2001 and Storey et al. 2003a) and the development of new tools 

(Yuen 2006 and Hickey, Langton & Alterman 2004). The former category can avoid 

reinventing the wheel by reusing existing tools whereas the latter develops a tailored 

visual tool for programming students. 

In addition to text, visual aids, which facilitate communication and learning, can be 

viewed as a scaffold enabling students to understand various concepts and program 

codes within their zone of proximal development. 

 

2.3.2.1 Software Visualisation 

Software visualisation is a branch of scientific visualisation dealing with the 

visualisation of software objects including programs and algorithms. Frick (1997) 

provides the following definition: 

‘Software visualisation is the use of computer graphics and 

animation to help illustrate and present computer programs, 

processes, and algorithms. Software visualisation systems can be 

used in teaching to help students understand how algorithms 

work, and they can be used in program development as a way to 

help programmers understand their code better.’ 

Early works of software visualisation in higher education can be found in the 

descriptions of Bazik et al. (1998). Bazik et al. have used software visualisation 

techniques in introductory algorithms and data structures course since 1983. They 

developed a visualisation tool, BALSA, which visualises some sorting algorithms. 
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They attribute the success of the BALSA system to the tight integration of its 

development with development of a textbook and curriculum for a particular course. 

After the BALSA system, they developed two programming environments, Passe 

and MEADOW, for undergraduates in computer science at Brown University. Both 

Passe and MEADOW offer a complete environment for editing, compiling and 

debugging Pascal programs. 

Software visualisation is categorised into three areas (Costelloe 2004): 

1) Program visualisation: helps with understanding the program code and data. 

2) Algorithm visualisation: shows operations that are fundamental to an algorithm. 

3) Visual programming: constructs a program in terms of visual components. 

Costelloe explains that visualisation is used to clarify complex concepts and to 

enable students to develop mental models of the underlying concept, an algorithm or 

the steps of the execution of a program. This notion exhibits the notion of 

constructivism as visualisation aids knowledge construction by developing viable 

mental models of complex concepts. The purpose of a successful visualisation is to 

provide students with a tool that they can control, that actively engages them, and 

that gives immediate feedback. 

Although many studies of visualisation do not focus on the direct educational value 

on learning programming, they use visualisation to offer insights into comprehending 

programs (Yin & Keller 2002) and representing programs using virtual reality 

(Young & Munro 1997). Yin and Keller advocate investigating software in terms of 

various contexts at different levels of abstraction and forming a variety of mental 

models of the software at hand. Young and Munro explain that the problem of 
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conventional software representations is in their complexity. They use virtual reality 

to provide a greater capacity and flexibility for representing information. Virtual 

reality facilitates human experience in interacting with and exploring the 3D 

environment. Such interaction is essential for learners as an enhancement of learning 

through active engagement. 

Brusilovsky and Spring (2004) identify three ways to improve the educational value 

of program visualisation: engaging visualisation, explanatory visualisation and 

adaptive visualisation. They mentioned that these three ways are not contradictory, 

but complementary. They also developed a system for exploring the calculation C 

expressions, called Web-based Adaptive Expression Interpreter (WADELIn). The 

system allows students to explore the process of expression evaluations step-by-step 

with detailed animation. 

Furthermore, Bagert (1999) uses an icon-based software design tool (BACCII++) to 

teach programming concepts. The tool allows the user to design a program with 

icons representing all of the major procedural and object-oriented programming 

constructs and data structures within a syntax-directed environment. The tool was 

used successfully for several years in an academic environment. It was evaluated by 

means of experiments on different sections of computing and engineering 

undergraduate students. The results revealed that the students using the tool 

performed significantly better than those not using it and the authors conclude that 

iconic language representations enhance students’ ability to comprehend and learn 

the language syntax. This research study is one of the few conducted under rigorous 

evaluation and with direct educational value.  
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2.3.2.2 Light-Weight Approach 

Light-weight refers to the amount of effort spent by the instructors or the users in 

preparation for accessing a programming tool prior to learning being very low or 

near to zero. This may include studies which adopt a programming tool without 

modifying it. Hamer (2004) reports on a light-weight tool, LJV that provides 

visualisations of Java data structures. For instructors, LJV can be easily adopted 

without any change to the teaching environment. For students, the interface to LJV is 

very simple. The tool has not been deployed in any rigorous evaluation but in three 

classes. Hamer reports that feedback from students has been very positive and no 

students reported any problems with its use. 

A similar work was conducted by Eskola and Tarhio (2000). They implemented a 

flowchart programming environment with Microsoft Excel using visualisation and 

macro programming features of Excel. They demonstrated the capabilities of Excel 

as a platform for implementation of visual languages and making experiments with 

them. The users did not need to spend much money to change the existing 

environment. These tools are not supported by any rigorous evaluation and therefore, 

their educational value needs to be verified. 

 

2.3.2.3 Web-Based Approach 

Because of the rapid development of information technology, internet-based teaching 

and learning has been useful to many educators and considerable research has been 

devoted to this area. Web-based approaches are not a replacement for traditional 
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face-to-face instructions, but a scaffold to help students learn programming. 

Scaffolding was discussed in Section 2.3.1. 

Web-based approaches are occasionally presented in the form of virtual learning 

environments, as in the work of Henze and Nejdl (1997), which is a part of the 

Knowledge-Based Systems (KBS) Virtual Classroom Project. The Project’s 

theoretical background was in the form of constructivist models of teaching and 

learning. They used the idea of goal-based scenarios as a framework for their 

learning environment and provided both the scenario context which models 

real-world applications. They implemented their ideas in several computer science 

courses. In addition, they evaluated their environment in the course ‘Introduction to 

Computer Science and Programming’ and found it very successful. 

Additionally, other works develop some Web-based software visualisation tools, like 

the Internet Software Visualisation Laboratory (ISVL) of Domingue and Mulholland 

(1998) at the Open University, U.K. ISVL supports teaching computer programming 

in a distance-learning master’s program. Their empirical studies identified four 

problems of learning programming: 

1) Students had difficulty mapping between the graphical representations used in 

the course and the programs to which they relate, 

2) The lack of a conventional context of tutoring help provided over the telephone, 

3) Helping students who due to their other commitments tend to study at irregular 

hours, and 

4) Providing software for the constantly changing and expanding range of 

platforms and operating systems used by students. 
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These findings were based on their eight years of teaching the computer language, 

Prolog. ISVL provides a rich collaborative environment in order to address these 

problems. It allows students to explore and receive instruction within a networked, 

platform-independent environment. The most important feature of ISVL is that it 

allows student programmers to describe their program and how it works through 

software visualisation. 

Moreover, animated visualisations are used to support learning to program in 

web-based programming environments. One of these works is JavanOwl, designed 

by Luxton (2004). It pictorially depicted run-time information in the form of 

animated visualisations. These visualisations helped students link theoretical 

concepts and concrete ideas. In addition, its online learning format allowed students 

to practice and reinforce the concepts they were being taught in class. Online 

learning tools could reduce the need for expensive resources. 

Although the web-based approach to learning programming provides many 

encouraging results based on the existing literature, it cannot replace face-to-face 

instruction. It is fine as one means of supporting learning. Boone’s experience (2000) 

in the development of a web-based course in Java programming is consistent with 

this argument. He developed a Java programming course for a ‘supported distance 

learning’ environment. Here supported means that the students do have some 

personal contact with tutors and other students although regular face-to-face teaching 

is not provided. Boone did not rigorously evaluate the course but obtained feedback 

from students from informal discussions, formal meetings and by e-mail. The results 

indicated that this approach was less successful than expected. Many students had 
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expected some face-to-face teaching. Boone recommends a mixture of online and 

face-to-face contact and emphasises the value of interactivity to students. 

 

2.3.2.4 Integrated Approach 

The integrated approach adopts and integrates two or more approaches or tools into a 

single environment. The literature located for this approach involves visualisations 

and thus the approach falls into the visual methods category. This approach avoids 

reinventing a new tool by reusing existing tools. Michaud et al. (2001) integrated 

three programming tools (JavaRE, Javasrc and Javadoc) with three information 

sources: data integration, presentation integration and control integration. They 

illustrated this integrated approach by using the SHriMP tool (a software 

visualisation system). The example is a small Java program that consists of 30 

classes, or units of a program, in three packages (or components). However, such a 

paradigm has not been rigorously evaluated and the rationale of selecting the three 

tools has not been explained. 

Additionally, many programming tools are designed with fixed features or functions 

and they cannot be tailored for particular programming courses. Therefore, in order 

to be tailored for individual needs, some tools take the form of plug-ins, which are 

software units that are embedded in a system or tool in order to extend its capabilities. 

Storey et al. (2003) designed a set of plug-ins to improve the teaching and learning of 

Java programming. These plug-ins are developed as part of the Groupware enabled 

Integrated Learning and Development (GILD) project and to be embedded in the 

Eclipse4 Java development tool. The authors argue that the major problem of many 

                                                 
4 Eclipse is one of the most popular Integrated Development Environments (IDEs), designed mainly 
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programming courses is the separation of a programming environment from course 

materials. The plug-ins are designed to provide support for instructors for managing 

course content and for students to learn in a simplified development environment. 

The authors conducted only an initial user study with three participants to evaluate 

their design using instruments including questionnaires, focus groups, interviews and 

user experiments. Although the overall results are quite positive, it is difficult to 

generalise the findings for such a small sample size. 

In addition to using existing tools in teaching and learning to program, another 

integrated approach develops a tailored visual tool for programming students. The 

studies in this category include Yuen’s (2006), and Hickey, Langton and Alterman’s 

(2004), which are reviewed in the following sections. 

Computer simulation has been adopted for a variety of general purposes and in 

teaching and learning. Yuen (2006) designed and developed a computer-based 

simulation tool for learning computer programming. This tool was adopted in a case 

study of four students’ learning experiences. In solving the daily-life problems posed 

by the simulation tool, students are encouraged to develop their own solutions. 

Yuen’s work identifies students’ learning difficulties and programming problems and 

pitfalls. However, at the present stage, the simulation tool is under refinement and 

enrichment, and it cannot be accurately evaluated in terms of the best pedagogical 

tool for effective learning of programming. 

Collaborative learning components have also been added to existing works. Hickey, 

Langton and Alterman (2004) designed and used the Groupware Research in 

                                                                                                                                          
for writing Java programs. It features the augmentation or reduction of its functionality based on 
user’s needs by means of adding or removing some software components, called plug-ins.  
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Education and the Workforce Project (GREWPtool) in the study of a collaborative 

learning of programming, paired programming. GREWPtool is an IDE that allows 

students synchronous control of the same piece of programming code and it exploits 

the pedagogical benefits of paired programming. The tool can be used to provide 

interactive lectures, structure classroom activity, and facilitate paired programming 

during programming labs. The authors also presented a qualitative analysis of how 

the tool had been used in six programming courses from 2003 through 2004. 

Although they have identified several key advantages offered by the tool over 

traditional programming laboratory techniques, they did not compare classes that 

used GREWPtool with classes that used other techniques. This study implemented 

both collaborative learning components and paired programming concepts in a 

programming tool.  

Since a single approach or tool provides limited features or functions for 

programming environments, the integrated approach attempts to adopt the joint 

merits of the individual tools for extending the functionality and, in turn, to provide 

greater support to novice programmers. 

 

2.3.2.5 Summary of Visual Methods 

Some common methods and approaches of visual methods for teaching and learning 

programming have been reviewed. Visual aids have been presented as a scaffold to 

assist students in comprehending various programming concepts. In accordance with 

the principles of constructivism, software visualisation facilitates students’ 

internalisation of those concepts, thereby enhancing effective learning. The 

Light-weight approach allows programming instructors to adapt existing tools to 



 

 55

assist students in learning to program. This saves instructors from spending time 

designing teaching and learning tools. Benefiting from advances in Internet 

technology, the web-based approach offers a flexible learning platform for the 

students learning to program on their own. The Integrated approach combines the 

advantages of several approaches in order to enhance learning outcomes. The 

following table summarises these approaches: 

Table 2.2: Summary of visual methods 

Approach Example Features 

Software 

Visualisation 

Bazik et al. (1998) Visualise algorithms and data structures; 

Develop a tool BALSA. 

Yin and Keller 

(2002) 

Help in comprehending programs; 

Form mental model of software. 

Young and Munro 

(1997) 

Represent programs using virtual reality; 

Facilitate interaction with learners. 

Brusilovsky and 

Spring (2004) 

Enhance educational value by engaging vis.5, 

explanatory vis. and adaptive vis.; 

Develop a system WADELIn for C programming 

language. 

 

Bagert (1999) Teach programming concepts using BACCII++; 

Design program with icons. 

Hamer (2004) Use a lightweight tool (LJV) to visualise Java data 

structures. 

Light-weight 

Approach 

Eskola and Tarhio 

(2000) 

Convert programs to flowcharts using Microsoft Excel.

Henze and Nejdl 

(1997) 

Presented in the form of virtual learning environments;

Be a part of the Knowledge-Based Systems (KBS) 

Virtual Classroom Project. 

Domingue and 

Mulholland (1998)

Develop the tool Internet Software Vis. Laboratory 

which provides a rich collaborative environment. 

Luxton (2004) Develop the tool JavanOwl which pictorially depicted 

run-time information in the form of animated vis. 

Web-based Approach 

Boone (2000) Develop a Java programming course (web-based) for a 

‘supported distance learning’ environment. 

                                                 
5 Vis. stands for visualisation. 
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Michaud et al. 

(2001) 

Integrate three existing tools (JavaRE, Javasrc and 

Javadoc). 

Storey et al. (2003) Design a set of plug-ins to improve teaching and 

learning of Java programming; 

The plug-ins are developed to be embedded in the 

Eclipse Java development tool. 

Yuen (2006) Design and develop a computer-based simulation tool 

for learning computer programming; 

Attempt to identify students’ learning difficulties and 

programming problems and pitfalls. 

Integrated Approach 

 

 

Hickey et al. 

(2004) 

Design and use the GREWPtool in the study of a 

collaborative learning of programming; 

GREWPtool is an IDE that allows students 

synchronous control of the same piece of programming 

code and it exploits the pedagogical benefits of paired 

programming. 

 

2.3.3 Non-Visual Methods 

Unlike the visual approaches, non-visual methods emphasise arranging the 

proportion of lectures and practical sessions (Section 2.3.3.1), targeting core contents 

(Section 2.3.3.2), and applying artificial intelligence techniques (Section 2.3.3.3). 

This section answers the research question: ‘What are the non-visual methods for the 

teaching and learning of programming?’ 

There has been a significant amount of research into non-visual methods of teaching 

programming. The approach, a combination of lectures and laboratories (Briggs 2005, 

Lang et al. 2006, Maheshwari 1997, Poindexter 2003, and Postner & Stevens 2005) 

encourages students’ active engagement in practical tasks. Again, active engagement, 

as the central component of constructivism, is widely adopted in both non-visual and 

visual methods. The teaching of different language syntactic constructs (Brusilovsky 
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et al. 1994, Brusilovsky et al. 1997, Hsia et al. 2005, Hu 2004, Mannila et al. 2006, 

and van Roy & Haridi 2002) gives novices a sophisticated foundation for learning 

other computing subjects. The last approach in this category applies artificial 

intelligence techniques to programming (Christiansen 2000, Fix & Wiedenbeck 1996 

and Qiu 2004) and performs some roles traditionally performed by human instructors. 

Intelligent tutoring systems for programming (Moritz et al. 2005 and Song et al. 1997) 

are also a part of this approach. 

Much of this work builds on strong theoretical foundations in the field of education. 

They do not rely on adopting visual aids to support programming, but they may use 

them as supplements. In other words, the visual approaches study teaching and 

learning of programming quantitatively, mainly by testing the effectiveness of a tool. 

At the same time, a large proportion of the work reviewed in the following sections 

more or less adopts the qualitative approach. Although the non-visual approaches are 

more closely related more to the current study, the visual approaches do provide 

much insight on possible ways of adopting programming tools in order to help 

students learn to program.  

 

2.3.3.1 Lecture and Lab Approach 

Lecture and lab approach represents the teaching and learning strategies that 

integrate lectures, tutorials and laboratories and exploit the advantages of their 

unique characteristics. Although most programming courses comprise a certain 

proportion of lecture and laboratory (practical) sessions, striking a balance between 

these two kinds of sessions and tailoring them to individual groups of students are 

crucial to maximising students’ learning outcomes. Maheshwari (1997) describes the 
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development of a model for delivering an introductory course in computer 

programming to large and diverse classes. His model targets the implementation of 

effective quality management in teaching and learning by careful planning of the 

subject delivery system, active student involvement and continuous evaluation 

system in the classroom. He also suggests a set of strategies for each of the learning 

activities and for their integration: (1) encouraging students to be active participants 

in the learning process, (2) getting to know each student’s learning difficulties 

through informal discussions, and (3) helping students reach their highest level of 

learning in the subject area. Maheshwari’s strategies were evaluated in classes over 

two years (1993 and 1994) and the results were positive. He concludes that the key 

feature of the approaches is to have students perform practical tasks. 

 

2.3.3.2 Language Approach 

The language approach teaches the syntactic features of programming language. 

Brusilovsky et al. (1994) review the incremental, the sub-language, and the 

mini-language approaches. In the incremental approach, the language being taught is 

presented as a sequence of language subsets. Each subset introduces new 

programming language constructs and retains all the constructs of the previous 

subsets. Pascal Made Simple (PMS) is one example of the incremental approach. In 

the mini-language approach, a small and simple language is designed to support the 

first steps in learning programming. Typical examples are Karel the Robot and Karel 

Genie. In the sub-language approach, a special starting subset of the full language is 

designed to support learning introductory programming. This approach provides only 

a set of commands and queries as an extension of the full language. Robik and 

KuMir are two examples of this approach. 
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In addition, Brusilovsky et al. (1997) provide an extensive review of the 

mini-language approach to teaching programming. They explain the advantages of 

the approach, in comparison to the standard approach (using general-purpose 

languages), which include (1) small syntax and simple semantics and (2) building on 

intrinsically engaging and visually attractive metaphors. The first advantage allows 

introductory students to comprehend the entire mini-language and the second one 

allows the teachers to create rich sets of problems that cover the fundamental ideas 

and complement the students’ life experiences. They discuss how to choose a 

mini-language for a group of students. The findings and recommendations are the 

results of teaching experience rather than formal empirical evaluation. 

Hu (2004) uses a core language and dynamic visualisation to teach programming to 

novices. His core language approach fills the gap between the syntax-free and 

literacy approaches. The syntax-free approach teaches a quite separate notion from 

the real computer language; students find it difficult to relate this notion to real 

computer language. In contrast, the literacy approach is based on a real computer 

language in which the large set of syntax and semantics may overwhelm introductory 

students. Thus, the core language approach presents a core subset of syntax and 

semantics of a real language and avoids the shortcomings of the syntax-free and 

literacy approaches. Hu uses dynamic visualisation technique to supplement 

programming logic design, debugging and testing with desk-check, all of which help 

novices understand their programs. 
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2.3.3.3 Intelligent Approach 

The intelligent approach applies artificial intelligence (AI) techniques to the teaching 

and learning of programming. In this case, the AI technique is usually presented in 

the form of an expert system (or intelligent system), into which programming 

expertise has been embedded and it emulates a human expert in providing expertise 

to the user. C-Tutor (Song et al., 1997) provides much greater coverage of C 

language. It is a complete intelligent tutoring system (ITS) that teaches students with 

C programming language, analysing students’ programs, and gives intention-based 

diagnosis. C-Tutor consists of a program analyser and a curriculum network. The 

program analyser analyses a student’s C programs and performs a bug diagnosis on 

the programs. The Curriculum Network teaches programming concepts and language 

syntax. Although an evaluation of C-Tutor was done on programs written by students, 

students have not tested this tool. 

Many research works emphasise facilitating novices’ learning. Fix and Wiedenbeck 

(1996), in contrast, target students’ learning of second and subsequent programming 

languages. They have developed an intelligent tool, ADAPT, to help student 

programmers who already know C or Pascal, learn to use Ada packages. In using 

ADAPT, students are given a problem and must write a procedure, function, or 

package to solve it. During the development of ADAPT, a formative evaluation was 

carried out to allow the developer to make useful inferences about their design 

decisions. Again, ADAPT covers only a small portions of the Ada language. 

Although this work targets on experienced student programmers, it provides insights 

to introductory students on transfer between programming languages and developing 

programming solutions. 
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2.3.3.4 Other Approaches 

The studies in this section do not focus on visual techniques and cannot be classified 

as non-visual approaches. These works includes adopting a mix of several 

assessment strategies for a diversity of students (Lister & Leaney 2005), developing 

a model-driven approach with systematic techniques and explicit exposure of the 

programming process (Bennedsen & Caspersen 2004), using a pedagogical 

framework motivated by the constructivist learning theory (Hadjerroult 1998), and 

applying constructivism in programming to improve the performance of weak 

students (Lui et al. 2004). 

In order to allow all participating students to achieve their full potential, Lister and 

Leaney (2005) developed a criterion-referenced grading scheme for a first-year 

programming module. Traditional grading schemes require all students to complete 

the same assessment tasks. These schemes may be effective for high- and 

middle-achieving students, but they are not suitable for lower-achieving students. 

The authors’ explicit grading philosophy is based on Bloom’s taxonomy. Bloom’s 

six levels of educational objectives are groups into three grades, ‘Pass’, ‘Credit or 

Distinction’, and ‘High Distinction’. A grade is assigned to each student according to 

his or her achievement, irrespective of the resultant grade distribution. This approach 

was evaluated through normal course evaluation survey on only one 

semester-module. The results show that 66% of the class agreed or strongly agreed 

with the effectiveness of the approach; 34% were neutral. 

Object-objected programming has been one of the most popular programming 

paradigms in the business and academic communities for a decade. Bennedsen and 
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Caspersen (2004) argue that teaching introductory object-oriented programming is 

difficult. Their model-driven approach focuses on systematic techniques and explicit 

exposure to the programming process. They applied Bloom’s taxonomy; students 

have graduated exposure to the complexity and structure of programming. As a result, 

students learn how to create programming solutions by watching videos of narrated 

programming sessions. This is of particular benefit to weaker students who need 

more explicit guidance. The results of their five-year study showed that the dropout 

rate from programming classes fell from 48% to 11%. 

Several works apply constructivist theory to learning programming, including 

Hadjerroult’s (1998). His pedagogical framework used the principles of 

constructivist learning theory to integrate Java into the undergraduate curriculum. He 

argued that learning should focus on a set of realistic, intrinsically motivating 

problems. Within a constructivist model, a set of learning activities was designed to 

encourage students to solve problems and to construct the concepts of the module. 

The learning activities also reach the following goals: 

1) Identify students’ preconditions; 

2) Emphasise the role of concepts and high-order reasoning skills in problem 

solving; 

3) Provide adequate and appropriate programming tools; 

4) Focus on realistic, intrinsically motivating problems; and 

5) Promote knowledge integration. 

This set of goals is useful in teaching programming and in other domains. However, 

the proposed framework has not been evaluated to validate the author’s work. 
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The study by Lui et al. (2004) is one of the few that targeted weaker students. Their 

proposed Perform approach improves the performance of students who were 

struggling with an introductory programming module. Based on the Perform 

approach, courseware for C programming for these students was developed. The 

approach helps weak students to improve and assists average students in 

consolidating their programming skills. The authors argue that constructivism offers 

a means of attaining a deeper understanding of learning to program. In their view, 

learning to program is difficult because the learning process is susceptible to certain 

hazards. To assist struggling students, they attempt to reduce these threats through 

the development of the following guidelines: 

Guideline 1: Show-Behaviour No-Analogy 

Guideline 2: Concept-Building-First Jargon-Last 

Guideline 3: Constant Repetition 

Guideline 4: Readiness in Concept Construction 

Guideline 5: Building a repertoire of Key Programs 

Guideline 6: Programming without Compilers 

The purpose of these guidelines is to protect the weak students from the hazards. 

Although the authors have collected some positive indicators from survey feedback, 

observation of student work and interviews with the students, the effectiveness of the 

Perform approach is still being measured. 

 

2.3.3.5 Summary of Non-Visual Methods 

Three categories, in addition to a miscellaneous category of non-visual methods for 

teaching and learning programming, have been discussed. A few representative 
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examples for each of these categories have been presented. These examples have 

provided an in-depth understanding of the state-of-the-art approaches to non-visual 

methods. The lecture and lab approach integrates lectures, tutorials and laboratories 

and exploit the advantages of their individual features. The language approach 

reduces the cognitive load on students by introducing a min-language: a small and 

simple language, or a subset of a full language, especially in the early stage of 

learning to program. Making use of the advances in artificial intelligence, the 

intelligent approach assumes some of the responsibilities of a programming 

instructor. The other approaches explore different methods of teaching and learning 

of programming: adopting hybrid assessment strategies for a diversity of students, 

allowing students graduated exposure to the complexity and structure of 

programming, integrating the Java paradigm into the undergraduate curriculum, and 

applying constructivism. The following table sums up these approaches: 

Table 2.3: Summary of non-visual methods 

Approach Example Features 

Lecture and Lab 

Approach 

Maheshwari (1997) Emphasises the subject delivery system, active 

student involvement and continuous evaluation 

system in the classroom. 

Brusilovsky et al. 

(1994) 

Reviews three approaches to teaching introductory 

programming: (1) the incremental approach, (2) the 

sub-language approach, and (3) the mini-language 

approach. 

Brusilovsky et al. 

(1997) 

Provides an extensive review of the mini-language 

approach to teaching programming; 

Includes (1) small syntax and simple semantics and 

(2) building on metaphors. 

Language Approach 

Hu (2004) Uses a core language and dynamic vis. to teach 

novices programming; 

Fills the gap between the Syntax-free approach and 

Literacy approach. 
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Song et al. (1997) Uses C-Tutor (a complete intelligent tutoring 

system) which provides much greater coverage of C 

language; 

C-Tutor consists of a program analyser and a 

curriculum network. 

Intelligent Approach 

Fix and Wiedenbeck 

(1996) 

Targets students’ learning of second and subsequent 

programming languages; 

Develops an intelligent tool, called ADAPT, to help 

experienced student programmers. 

Other Approaches Lister and Leaney 

(2005) 

Develops a criterion-referenced grading scheme for 

a first year programming module; 

Adopts an explicit grading philosophy based on 

Bloom’s taxonomy. 

Bennedsen and 

Caspersen (2004) 

Strongly focuses on systematic techniques and 

explicit exposure of the programming process; 

Allows students graduated exposure to the 

complexity and structure of programming. 

Hadjerroult (1998) Applies the constructivist learning theory to 

integrate the Java paradigm into the undergraduate 

curriculum. 

 

Lui et al. (2004) Proposes the Perform approach that aims to improve 

weak students’ performance; 

Develops courseware for C programming. 

 

2.4 Teaching and Learning Programming: The Role of 

Individual Differences 

This section examines studies of individual differences among students and their role 

in the teaching and learning of programming. This survey is necessary because the 

target group of students in this study, the Hong Kong sub-degree students, is 

characterised by a diversity of initial skills and experiences. They enter the 

sub-degree program with different kinds of motivation, challenges and ingrained 

learning habits. Thus a review of role of individual differences needs will provide a 

basis for further discussion. Three factors in those differences are discussed: learning 
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motivation, challenges faced by learners, and learner strategies. Motivation is 

arguably the primary issue in learning computer programming because effective 

learning starts when with the motivation to learn (Section 2.4.1). Thus, one of the 

central roles of an instructor is to motivate the students to master each learning 

module. In addition, we identify and explore the main difficulties confronted by the 

students (Section 2.4.2) and how the students approach learning to program (Section 

2.4.3). Understanding learners’ difficulties or challenges offers cues to the design of 

effective teaching and learning activities. The challenges mentioned in this section 

are applicable to the majority of students. However, the challenges facing the Hong 

Kong sub-degree students are to be investigated on the basis of the data collected 

from our participants. This section answers the third research question: ‘What are the 

learning difficulties and strategies of Hong Kong sub-degree students?’ 

 

2.4.1 Learning Motivation 

We will now consider motivation which is one of the most important determinants of 

individual differences in learning. This pertains to Research Question 3.1: What 

influences are acting on students’ motivation in learning programming? This 

section provides a basis for understanding how Hong Kong sub-degree students are 

motivated to learn programming. 

The primary responsibility of a teacher is to facilitate student learning. In order to 

provide an environment that is conducive to learning, teachers must deliver easily 

understandable content to their students and, more importantly, motivate their 

students to learn that content. Svinicki (2004) states that great teachers are often 

those who can motivate their students to do their best work. 
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Some students learn better than others. Although students’ effort and abilities might 

have a role in their learning outcomes, the motivation to learn is a critical factor. This 

is especially true among less capable students, especially if their intrinsic motivation 

to learn is weak. Many students only want to pass a subject; others hope to become 

experts in it. The former participate only in those learning activities that are assessed 

and hesitate to do more beyond the minimum. In contrast, the latter will eagerly take 

part in all prescribed learning activities as well as in self-study that is not assessed. 

Students’ motivation to study directly influences their attitude to their work. 

In ten years of teaching less capable post-secondary students, the researcher 

discovered that not all the highly motivated students succeed; other factors 

collectively affect their performance. Among these factors are lack of language 

proficiency (especially in English) and the extra burdens of part-time jobs and 

financial difficulties. Therefore, even though these students know how to learn, these 

factors are obstacles to their learning. 

Therefore, teachers of less capable or struggling students should extend them as 

much assistance as possible. The next section will discuss the effect of motivation on 

learning. This discussion will offer vital information on how to understand students’ 

individual differences in motivation and how to enable students to improve their 

learning outcomes. Additionally, it will establish a basis for theoretical comparisons 

during the data analysis. 

 

2.4.1.1 Motivation and Learning 

Most teachers are interested in increasing their students’ intrinsic and extrinsic 

motivation. Slavin (2003) explained that intrinsic motivation generally declines from 
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early elementary through secondary school. Teachers therefore apply a variety of 

extrinsic incentives, rewards for learning that are not inherent in the material being 

learned. Extrinsic rewards can take such form as praise, high grades, recognition, and 

prizes. He pointed that classroom instruction should maximise intrinsic motivation. 

Increasing intrinsic motivation is always helpful for learning, whether or not 

extrinsic incentives are also in use. In other words, teachers should try to get their 

students interested in the material and then present the material in a way that both 

satisfies students and stimulates their curiosity. This can be done in the following 

ways: 

1) Arousing interest 

2) Maintaining curiosity 

3) Using a variety of presentation modes 

4) Helping students set their own goals 

Teachers should enhance students’ intrinsic motivation to learn, but they should also 

be concerned about their students’ extrinsic incentives. Principles for improving 

extrinsic incentives to learn include: 

1) Expressing clear expectations 

2) Providing clear, immediate, and frequent feedback 

3) Increasing the value and availability of extrinsic motivators 

Other scholars may have different perspectives in relating motivation to learning. 

Ormrod (2008) proposed that the motivation for performing a particular task depends 

on two variables: expectancy and value. Expectancy is belief about the likelihood of 

success in an activity, given present ability levels and external circumstances that 
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may either help or hinder performance, whereas value is belief about the extent to 

which an activity has direct or indirect benefits. He mentioned that learners should 

have a high expectation and high value, that they will be successful. Expectancies 

and values are related to different aspects of students’ behaviour and performance. 

Values affect the choices students make while expectancies are related to students’ 

effort and achievement. 

In order to motivate students, teachers should enhance students’ expectations of 

success by providing the necessary resources, support, and strategies (Ormrod 2008). 

Besides, in fostering genuine value in academic subject matter, Ormrod further 

suggested that a teacher should: 

1) convey how certain concepts and principles can help students make better sense 

of the surrounding world. 

2) relate information and skills to students’ present concerns and long-term goals. 

3) embed the use of basic skills within the context of meaningful, real-world tasks. 

4) model academic activities – for example, by describing how he or she applies 

things that he or she has learned in school. 

5) refrain from asking students to engage in activities with little long-term benefit. 

In summary, motivation plays an important role in driving students to engage in 

learning activities. In the field of computer programming, instructors should not only 

motivate students to master programming concepts, but also encourage them to write 

programs. Although most of the programming students may be highly motivated at 

the beginning of each module, their motivation will be decreased when they face 

challenges, as will be explained in Section 2.4.2. Therefore, keeping the students’ 
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motivation to learn to program at a high level is a key factor in success for both the 

instructor and the students. In doing so, instructors should enhance students’ 

expectations of success and lead them to engage in learning activities by means of 

different strategies, which will be discussed in Section 2.4.3. Therefore, this section 

has provided vital discussion on understanding students’ individual differences in 

terms of their motivation and on the ways to improve their academic performance. 

The next section will discuss the motivational factor in learning computer 

programming. 

 

2.4.1.2 Motivation and Computer Programming 

Much research has proved that motivation is a key issue in learning computer 

programming. This includes Jenkins (2001), Feldgen and Clúa (2004), and Kelleher 

and Pausch (2006). As the students taking programming modules and their 

motivations became more diverse, Jenkins (2001) argued that an instructor’s key role 

is to motivate the students to engage in self-directed programming practice 

appropriately. Feldgen and Clúa (2004) introduced their students in programming 

problem solving using games and Web programming as real-world problems. They 

designed programming activities that were well suited to accommodate students with 

different learning style and made teaching and learning a fun activity. Based on a 

hypothesis that presenting computer programming as a storytelling will help 

motivate students to learn to program, Kelleher and Pausch (2006) conducted a case 

study in designing a programming system to support storytelling. They found that all 

the participants in their user testing of the programming system managed to create a 

program (story). Besides, motivated by needs in their stories, most students started to 

use more complex programming constructs such as parallelism and loops. 
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After discussing the motivational aspects in learning in general and learning to 

program, the next section will look at the major challenges faced by the students in 

learning to program. 

 

2.4.2 Challenges Faced by Learners 

This section offers basic and general information for further specific discussion on 

investigating the actual learning challenges faced by the Hong Kong sub-degree 

students. It is commonly agreed that computer programming is a difficult subject to 

most novice students of programming courses. Mow (2008) pointed that computer 

programming is a difficult and challenging subject area which places a heavy 

cognitive load on students. Studies in computer programming give only minor 

attention to the issue of difficulty. However, Mow (2008) investigated the difficulties 

of programming in a more systematic and detailed manner. He not only identifies 

several difficulties in terms of five areas but also addresses each of the difficulties by 

suggesting some practical guidelines to resolve it. These five areas are: 

1) Cognitive requirements of programming  

a) Details of syntax and semantics specific to the programming language used 

b) Mental models of how to solve the problem 

c) Ability to differentiate between solving the problem and specifying the 

solution 

2) Syntax and semantics: the notation for representation of a program and its 

underlying meanings. 

3) Orientation: refers to the difficulties students have in recognising and 

identifying what the term programming actually means, what processes 

programming actually entail, and how programming can be used. 
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4) Auxiliary skills needed for programming: include editing, compiling, and 

debugging a program. 

5) Resource constraints: include the lack of quality instructional resources and the 

lack of teachers with sufficient background in teaching object-oriented 

programming. 

In addition, Mow suggests practical strategies for resolving his identified difficulties. 

These strategies are presented against the difficulties and will be elaborated in the 

next section. Moreover, the strategies for dealing with the difficulties outlined are 

also integrated into a proposed learning environment: Cognitive Apprenticeship 

Based Learning Environment (CABLE). This learning model will be elaborated later 

in this chapter. 

Difficulties in computer programming may also be investigated through some 

quantitative approaches. Lahtinen et al. (2005) conducted an international survey of 

opinions was organised for totally 559 students and 34 teachers. They aimed to 

identify the difficulties experienced and perceived when learning and teaching 

programming in order to support developing learning materials for basic 

programming courses. This survey collected information of the difficulties 

experienced and perceived in course content, and learning and teaching programming. 

Among the seven programming tasks, both the students and the teachers perceived 

the following three as the most difficult: issues designing a program to solve a 

certain task, dividing functionality into procedures, and finding bugs in their own 

program. The most difficult programming concepts were recursion, pointers and 

references, abstract data types, error handling, and using language libraries. The 

results of the survey provide a detailed reference in the difficulties of teaching and 
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learning programming for average university students. It is not known, however, to 

what extent the results may be applicable to academically weaker students. 

A Hong Kong researcher addressed the issues on teaching and learning programming 

for weaker students (Lui et al. 2004). These weaker students refer to those who are 

relatively less proficient in English and who possess less developed cognitive skills 

on average in comparison with the mainstream undergraduate students. They need 

more explanation from the instructor to grasp the programming concepts and more 

guidance in practicing programming skills. Lui et al. proposed the Perform approach 

which aims to improve the success rate of weak students in a first programming 

course. The approach, based on constructivism, takes a tight control on the mental 

model construction process in the weak students, and allows the students to navigate 

through many conceptual pitfalls in programming fundamentals. They argued that 

effective learning in constructivism demands the construction of viable models – 

models that match the actual design models. Additionally, they identified five 

hazards that all students would encounter but the weaker students would get stalled 

more easily. These hazards may be categorised into two dimensions – cognitive and 

affective – and are listed as follows: 

1) Weak students do not have confidence in themselves, instructors, or the study 

materials. (Affective) 

2) Weak students are lack in training in abstract thinking and the ability to build 

cognitive structures from abstract ideas. (Cognitive) 

3) Weak students are not skilled in the tasks in compiling and executing programs. 

(Cognitive) 
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4) Weak students do not have already owned the needed background knowledge. 

(Cognitive) 

5) Weak students are not flexible in knowledge construction, and they may insist 

on applying a non-viable mental model in building new concept. (Affective) 

The target students of this study are adults in Hong Kong who are studying part-time. 

Although they are more mature and have higher motivation to study than do my 

study participants, they have several characteristics in common, including weaker 

English standard and cognitive skills. Therefore, Lui et al.’s study provides a 

valuable reference for the present study because their findings identified several 

hazards in both the cognitive and affective dimensions to which weak students are 

vulnerable. Additionally, they suggested the instructors to guide the students to 

construct viable models of programming. 

 

2.4.3 Learner Strategies 

2.4.3.1 Introduction 

In addition to learners’ motivation and the challenges faced by learners, learner 

strategies are another aspect of individual differences. No one can deny that explicit 

learning strategies will make a positive impact on students’ learning and this is 

especially true for academically weaker students. Although the previous section on 

Common Approaches to Teaching and Learning Programming has provided an 

overview of some of the learning strategies, here we will have a more focused and 

comprehensive look at the learner strategies for learning computer programming. We 

will review three recent approaches in the field. In Strategy 1, Mow (2008) combined 

cognitive apprenticeship, collaborative learning, meta-cognition, and the Internet 
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technologies to establish a learning environment (CABLE) in order to build effective 

mental models of learning to program. In Strategy 2, Lui et al. (2004) investigated 

building viable mental models for novice programmers. They developed several 

guidelines by presenting multiple program examples to the students. The last strategy 

adopted scaffolding in learning to program by facilitating reorganisation and 

clarification of programming concepts among students (Mayer 1988). 

 

2.4.3.2 Strategy 1: CABLE Approach 

In addition to a detailed review of the learning difficulties to novice programmers, 

Mow (2008) also suggests six techniques to resolve difficulties with syntax and 

semantics: 

1) Teaching only a subset of the language, and then gradually including the full 

language and the use of contextualised examples of practical programs. 

2) Having the teacher students aware of the limits of the analogy, by highlighting 

and correcting misconceptions during the course of programming instruction. 

3) Emphasising and highlighting common errors. 

4) Supporting role expressiveness by explaining the meaning of each syntactic 

term in a language. 

5) Instructing novice programmers in the use of secondary notation in order to 

enhance the readability and comprehensibility of programs. 

6) Use of scaffolding, coaching, and modelling to help students master complex 

and intellectually challenging operations. 

Mow added that an instructional model build of effective mental models by using 

good modelling, expert coaching and scaffolding, modelling tools, and visualisation 
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techniques. He described the characteristics of an effective instructional model:  

1) Constant repetition of examples illustrating the concepts that are needed for the 

construction of viable mental models. 

2) The use of support materials such as examples and partial solutions, and the use 

of visualisation techniques to alleviate cognitive overload. 

3) An emphasis should be placed on the need for precision by extensive modelling, 

coaching, scaffolding, and the use of a debugger. 

4) The model should address ‘orientation’ by incorporating a good introductory 

section on programming, and its different types. 

5) Programming should be related to its application in software development. 

6) Instruction in computer programming must also include training in file 

management, editing, compiling, and debugging. 

Mow integrated these proposed learning strategies in the learning environment called 

CABLE. It combines contemporary best practices which make use of cognitive 

apprenticeship, collaborative learning, meta-cognition, and technologies through the 

use of tele-apprenticeship and online or computer-mediated communication (CMC). 

Mow’s systematic and comprehensive solution in can assist students who are having 

trouble learning how to program. 

 

2.4.3.3 Strategy 2: Building Viable Mental Models 

The Perform approach was proposed by Lui et al. (2004). Lui et al. suggested six 

guidelines to reduce the threats of identified hazards: 
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1) Show-Behaviour No-Analogy 

The application of analogies or metaphors in the teaching and learning of 

programming is said to lead to inappropriate mental models (Lui et al. 2004). 

Multiple examples should therefore be used to illustrate the behaviour of 

programming models, so that students could use the examples to construct their 

own viable mental models. 

2) Concept-Building-First Jargon-Last 

Technical terms or jargon have the uncanny ability to instil the wrong mental 

models, because the same word may have different meanings in different 

disciplines. A programming course should introduce the concepts using 

examples first, before introducing the technical terms that label the concepts. 

3) Constant Repetition 

To construct viable mental models, constant repetition of examples illustrating a 

concept is needed. Multiple examples can be designed with small variations, 

which highlight the common elements of the concepts and peripherals not 

relating to the concepts. 

4) Readiness in Concept Construction 

As knowledge construction is recursive, it is important to ensure that students 

have the necessary background knowledge. Besides, the topics should be 

presented sequentially. 

5) Building a Repertoire of Key programs 

All students struggle when writing a program from scratch, but a memorised 

program could provide an easier starting point. Building a repertoire of carefully 

selected key programs allows weak students, to recall and apply constructed 
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concepts. Although rote learning is often criticised, memorising key programs 

and program segments can consolidate viable knowledge construction for weak 

students. 

6) Programming without Compilers 

As many students feel incapable of dealing with the cryptic compilation error 

messages, programming exercises for weak students should avoid compilers or 

other integrated development environments. Thus, paper and pencil 

programming creates a low-risk environment for weak students. 

 

2.4.3.4 Strategy 3: Scaffolding in Computer Programming 

Peer interaction is beneficial for all learning, and particularly in the teaching and 

learning of computer programming. Mayer (1988) explained that several theoretical 

perspectives suggest that interacting with peers may promote cognitive restructuring 

in significant ways. Cognitive restructuring may occur when students give and 

receive help from each other. That is, in formulating explanations to give to another 

student, students may reorganise or clarify previously learned material. This 

reorganisation and clarification help the explainers understand the material better. 

Receiving information and explanations may help students to reshape their ideas, 

correct misunderstanding, and learn new information that they might not discover on 

their own. 

This reorganisation or clarification is applicable to the understanding of computer 

programming concepts. Explaining students’ programs in the classroom may help 

other students learn from both the strengths and shortcomings of others’ programs. 

This may allow students to understand what others are thinking when they make 
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errors or ask questions and that enable them to give precise, relevant, and useful 

feedback. Mayer noted that the ability to evaluate what students think and understand 

is at the heart of scaffolding. The aim of scaffolding, whether by a teacher or by peer 

collaborators, is to move students from one level of competence to a higher one. 

Many other researchers have emphasised the adoption of scaffolding in the teaching 

and learning of programming. Jehng and Chan (1998) embedded scaffolding in a 

more general practice, peer-based collaborative learning. They explained that the 

learning of computer programming is suited to collaborative work because 

collaborative learning or problem solving is mainly used with the pedagogical goal 

of promoting learning of difficult and complex knowledge. Computer programming 

is a domain with complex knowledge and many interwoven concepts that often 

require considerable mental effort to understand. 

Jehng and Chan used Piagetian socio-cognitive conflict theory to explain the 

influence of peer-based interaction. Cognitive conflicts arise when there is a 

perceived contradiction between the learner’s existing understanding and previous 

knowledge. The contradiction leads the learner to question his or her beliefs and to 

test new ideas. The learner has the potential to construct deeper knowledge and 

develop understanding in social interaction. 

According to proponents of social constructivism and scaffolding, cognitive 

development takes place within the zone of proximal development where external 

social interaction plays an influential role and provides a cognitive scaffold to help 

shape an individual’s mental structure. Peer-based collaborative interaction provides 

a social context where higher-order cognitive behaviours, such as modelling, 



 

 80

scaffolding, articulating, and reflecting, are encouraged in order to have a productive 

learning outcome. 

Furthermore, software tools are commonly used for scaffolding in the teaching and 

learning of programming. Garner (2000) developed a code restructuring tool (CORT) 

to help students learn programming. He discussed students’ difficulties and the use of 

partial solutions to reduce students’ cognitive load. CORT was developed to support 

this key component of Garner’s scaffolding. 

Asking introductory students to write complete programs on their own is an 

especially difficult task. CORT displays in one window a part-complete solution to a 

programming problem and displays within another window possible lines of code 

that can solve it. The lines can easily be moved between the windows in order to 

complete the solution and the solution then transferred to the target programming 

environment for testing purposes. The tool was evaluated by the students. Their 

feedback indicated that CORT is easy to use and that it helped them to learn 

programming. 

In addition to these studies, others emphasise supervised and scheduled laboratory 

sessions. These sessions engage students in active, cooperative, and collaborative 

learning. Additionally, many studies adopt some visual tools or components to 

enhance students’ learning. Such approaches are grouped under the heading 

software/program visualisation. In general, software visualisation follows dual code 

theory, which suggests that information is encoded either verbally through text or 

audio, or visually through images. In other words, computer programs are presented 

not only in text but also in visual format in order to improve students’ understanding. 
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2.4.3.5 Summary of Learner Strategies 

We have reviewed three learner strategies for computer programming. CABLE 

integrated cognitive apprenticeship, collaborative learning, meta-cognition, and 

Internet technologies to establish a learning environment in which students could 

build mental models of learning to program. The second strategy, Building Viable 

Mental Models, forced the students to improve their non-viable mental models 

before building viable ones through the presentation of multiple program examples. 

The last strategy applied scaffolding by facilitating peer interaction through 

reorganisation and clarification of programming concepts among students. These 

suggested strategies may benefit students with different learning styles and types of 

motivation. The principles and guidelines identified in the section on motivation 

constitute parts of the learner strategies to motivate the students. For instance, Slavin 

(2003) has suggested two sets of principles for increasing intrinsic motivation and 

extrinsic incentives. 

 

2.4.4 Summary 

The role of individual differences among learners has been discussed in terms of 

learner motivation, challenges faced by learners, and learner strategies. This provides 

valuable cues for educators and particularly for this study to understand our students’ 

individual differences in order to establish an effective learning environment for 

them. The next section will investigate optimal learning conditions and then apply 

those conditions to programming students. 
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2.5 Teaching and Learning Programming: Optimal Learning 

Conditions 

2.5.1 Introduction 

After exploring the methods and role of individual differences in teaching and 

learning programming, using these findings to establish an optimal learning 

environment will be investigated. It cannot be denied that one of the major 

responsibilities of educators is to establish a learning environment that facilitates 

learning and teaching. Then, the follow-up questions are: What constitutes an 

effective learning environment? What are optimal learning conditions? The 

theoretical foundations for the establishment of an effective learning environment for 

teaching programming rely on constructivist approaches and scaffolding. These 

foundations were explained in Section 2.3.1. Visual (Section 2.3.2) and non-visual 

methods (Section 2.3.3) provide practical guidelines in creating optimal learning 

conditions. The conditions mentioned below will combine teaching and learning 

methods in programming, because no single method is applicable to most cases or 

capable of maximising learning outcomes. For example, both the general models and 

specific approaches discussed below build on constructivist pedagogy. Additionally, 

the discussion of the role of individual differences provides practical directions for 

helping a diversity of learners learn to program. Motivating different kinds of 

learners to learn, understanding the challenges faced by learners, and comprehending 

the common learner strategies do help learners maximise their learning outcomes. 

In this section, the conditions that constitute an effective learning environment at 

post-secondary level in general will be investigated (Section 2.5.2). Section 2.5.3 

will explain the conditions that facilitate students’ learning of programming. The 
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essential conditions for effective learning from these works and individual teaching 

practices will be summarised in Section 2.5.4. 

 

2.5.2 General Models 

Many researchers and educators rely on the constructivist approaches in practical 

subjects such as computer programming. The most popular constructivist approaches 

are active learning, collaborative learning, problem-based learning, blended learning, 

scaffolding and cognitive apprenticeship. Here we will look for two pieces of 

research that propose means of creating an effective learning environment for general 

domain subjects. Beard and Wilson (2005) propose Learning Combination Lock 

(LCL), which offers educators a systematic process for considering and selecting 

from a variety of ingredients in the development of learning processes. Their model 

provides a meta-approach for the educator to reflect on. This model consists of three 

components (external environment, sensors, and internal environment) in six 

tumblers (see Figure 2.1). Each of these tumblers consists of several ingredients from 

which educators can select. The external environment provides opportunities that 

encourage learning. It consists of two tumblers: the physical learning environment 

and learning activities. The second component, sensors, is comprised of only one 

tumbler: communicating through the senses. The internal environment includes three 

tumblers: emotions in learning, stimulating intelligence, and understanding ways of 

learning. 
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Figure 2.1: The Learning Combination Lock (LCL) 

 
Source: Extracted from Wilson, J.P. & Beard, C. 2003, The Learning Combination Lock – An 

Experiential Approach to Learning Design, Emerald, Bradford, UK, viewed 31 December 

2009, <http://www.emeraldinsight.com/Insight/ViewContentServlet?Filename=Published/ 

EmeraldFullTextArticle/Articles/0030270204.html>. 

 

The Learning Combination Lock (LCL) model is a general approach to establishing 

an effective learning environment. Its first feature is its generality; the LCL does not 

focus on particular subject domains, but on the learning process. The second feature 

is that, unlike other models that focus on a part of the learning process, the LCL is 

attentive to the whole learning process. Although the LCL model allows the educator 

to add other ingredients to the six tumblers as needed, it fails to consider students’ 

motivation and their learning. 

The External Environment component of the LCL model may consist of educational 

policies and curriculum design. Professor Lin (one of the researcher’s interviewees), 

a Taiwanese scholar advocating programming education for the young, mentioned 

that computer programming is not a mandatory subject in high school, and most 
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students concentrate on their mandatory subjects and lose the motivation to learn 

computer programming. She insisted that computer programming is not only 

essential for computer science students but also a useful problem solving tool in 

other domains. In addition, most computer science curricula in sub-degree programs 

in Hong Kong benchmark with the relevant curricula in the degree programs and 

they neglect the academic weakness of sub-degree students. In other words, the 

curricula need to be redesigned to accommodate the sub-degree students. Therefore, 

educational policies and curriculum design are essential conditions for optimal 

learning. Moreover, students’ psychological factors, including emotion (one of the 

tumblers in the model of Beard and Wilson) are areas that educators should consider. 

In addition to Beard and Wilson, Feden and Vogel (2003) suggest some classroom 

strategies – cooperative learning, COVER, and practice/feedback. COVER consists 

of several powerful strategies for presenting instructional materials: Connect, 

Organise, Visualise, and Elaborate and Rehearse (see Feden and Vogel for details). 

They also cited the importance for practice/feedback in learning. This is true in 

learning computer programming, where students must actually practice writing 

programs. Prompt feedback to students’ works is also important; students may learn 

from what the problem is in their programs and what constitutes a good program. 

Feden and Vogel tried to integrate their suggested powerful learning strategies by 

using the 4MAT system, developed by Bernice McCarthy. The 4MAT system, a tool 

for planning and teaching, is depicted as a circle divided into four quadrants 

according to how we perceive and process information (see Figure 2.2). It is similar 

to Kolb’s model. 
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Figure 2.2: The 4MAT system 

 

Source: Extracted from About Learning 2009, What is 4MAT?, About Learning, Wauconda, 

IL, viewed 31 December 2009, <http://www.aboutlearning.com/what-is-4mat.html>. 

 

Each quadrant incorporates the left and right hemispheres of the brain: 

1) Connect: Establish a relationship between your learners and the content 

connecting the content to their lives. 

2) Attend (Examine): Have your students analyse what just happened. 

3) Imagine: Need your students to imagine, to picture the concept as they 

understand it. 

4) Inform (Define): Inform the students of the content they need to understand. 

5) Practice (Try): Allow the students to practice the learning as the experts have 

found it. 

6) Extend: Have the students propose an extension of the learning into their lives. 

7) Refine: Allow the students to evaluate that extension. 

8) Perform (Integrate): Have the students perform: Here the content takes a new 

shape, as it is formed through the learners. 
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The 4MAT system not only integrates some powerful learning strategies, but also 

provides a context with four essential components (quadrants) that promote effective 

learning. Although the system does not suggest some practical guidelines for the 

educator, it is a useful tool for planning the learning process and establishes an 

optimal learning environment. 

 

2.5.3 Specific Approaches 

This section investigates research on establishing an effective learning environment 

for computer programming. Wulf (2005) incorporates forms of constructivist 

pedagogy in teaching programming: active learning, collaborative group-based 

instruction, and cognitive apprenticeships. His work advocates the consideration of 

learners’ different characteristics. He borrows the ideas from dual coding theory and 

Gardner’s work (1983) on multiple intelligences. Dual encoding theory states that 

combining multiple somatic modalities when presenting content creates more 

effective communication and learning. The significance of Gardner’s work for 

instructional design is that instructions should be designed to engage learners with 

the widest range of intelligences and learning styles. More important, he proposes a 

five-phase model of instruction which provides practical direction in establishing an 

optimal learning environment for computer programming. These five phases of 

instruction are: 

1) Initial exposure: Provides assigned readings which are completed individually 

before lessons. 

2) Brief review: Moderates a whole-class question-and-answer session to lead 

directly to a guided practice activity. 
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3) Guided practice activity: Gives students an active learning experience that 

reinforces the topic through practiced application with a level of support. 

4) Individual or group programming assignment: Allows students to demonstrate 

that they have mastered the topic by coding a program. 

5) Evaluation of learning achievement: Counts individual programming 

assignments for the largest portion of the final grade and balances them with 

enough additional testing to prevent plagiarism. 

Although this model provides guidance for computer programming instruction, some 

practical guidelines are needed for individual phases in order to create an effective 

learning environment. Du Boulay (1989) not only identifies several difficulties in 

teaching and learning among novices in computer programming, but also advocates 

the building of effective mental models through strategies including good modelling, 

expert coaching and scaffolding, the use of modelling tools and visualisation 

techniques. Based on du Boulay’s framework, Mow (2008) suggests practical 

solutions to each of the identified difficulties in computer programming. Additionally, 

he argues that four dimensions (content, method, sequence and social context) 

comprise any learning environment. Social factors are the major conditions in 

establishing an effective environment. These social factors constitute parts of his 

proposed learning environment, CABLE. One of the components in CABLE is, as 

mentioned above, cognitive apprenticeship, which consists of modelling, coaching, 

scaffolding, articulation, and reflection. In short, Mow combines content, pedagogies 

recommended in the literature with online technologies to produce an effective 

instructional model which could improve the teaching of computer programming. 
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Moreover, there are many other works on establishing optimal learning conditions, 

including one by Lui et al. (2004) whose Perform approach is assists weaker or 

novices at computer programming. This approach addresses the identified hazards 

which the weaker students are likely to encounter. In addition, Ma et al. (2008) 

propose a constructivist-based learning model by integrating a cognitive conflict 

strategy with program visualisation. Ma et al. found that many programming students 

hold non-viable mental models of basic programming concepts. Their proposed 

model will improve those mental models by adopting an approach based on cognitive 

conflict that helps students see the problem with their understanding, and to use a 

visualisation-oriented learning environment to adopt more viable ones. There are 

four stages in their proposed model: 

1) Preliminary Stage: Instructors investigate the pre-existing mental models held 

by programming students and identify the inappropriate ones; 

2) Cognitive Conflict Stage: A discrepant event is triggered to challenge students’ 

pre-existing mental models and start a cognitive conflict; 

3) Model Construction Stage: Students construct viable mental models by using 

visualisation; 

4) Application Stage: Students solve a programming problem using their newly 

constructed mental model. 

A web-based learning environment has been developed so that instructors and 

students can use the proposed learning model. However, the work of Ma et al. has 

only addressed value assignment in Java programming, which is a very small portion 

of a programming language. They have designed a series of studies for evaluating the 

performance of the learning environment for several key programming concepts, 
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including scope, parameter passing, loops, conditions, arrays, and reference 

manipulation. 

 

2.5.4 Summary 

In summary, all of the works reviewed here and many others rely on the 

constructivist pedagogy in which students participate in active learning and in some 

forms of collaborative learning. In addition, educational policies and curriculum 

design affect students’ motivation and conceptions in learning. Some psychological 

factors like emotions should not be neglected in the establishment of an effective 

learning environment. Moreover, powerful learning strategies, such as scaffolding 

and cognitive apprenticeship, are essential to effective learning, especially for weaker 

students. Explicit instruction of prior knowledge and detailed steps of programming, 

prior assigned readings, and prompt feedback on students’ works are also necessary. 

Lastly, extensive online access to a vast range of real-world examples, tutorials, and 

programming tools are required for an effective learning environment. 

Although the models of optimal learning conditions and their specific approaches to 

learning programming have been explored, there is a question about the applicability 

of the results are applicable to all Chinese learners. The effect on the culture of 

learners needs to be investigated because research has identified significant 

differences between Western and Chinese learners. The next section will elaborate on 

the role of culture on teaching and learning programming. 
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2.6 Teaching and Learning Programming: The Role of 

Culture 

This study investigates the teaching and learning of programming among Hong Kong 

sub-degree students. The previous sections explored the field from the general 

perspective of teaching and learning to the specific domain of the teaching and 

learning of programming. In other words, the theoretical foundations of teaching and 

learning programming, the general methods adopted, the role of individual 

differences, and the optimal learning conditions have been discussed. However, all 

these studies neglected to consider the cultural factor in learning; our study advocates 

that Chinese culture and Western culture instil different learning styles and produce 

different learning outcomes. Most of the work that has been reviewed focused on the 

Western learners. The work of teaching and learning for Chinese learners in general 

is very rare, even in the field of programming. This study explores the role of culture 

in the teaching and learning of programming. This section begins by discussing 

Western conceptions of Chinese learners and the implications of Chinese cultural 

traditions on teaching and learning. Special emphasis will be placed on the Hong 

Kong students as a subset of the population affected by Chinese traditions. 

The characteristics and learning strategies of Chinese and Western learners are quite 

different. All of the participants in this study are Hong Kong Chinese. In order to 

arrive at a more holistic and comprehensive understanding of this population, we 

must investigate the learning issues of the Chinese learners. In other words, this 

section answers our last research question: ‘What are the characteristics of Chinese 

learners?’ 
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The rapid increase in the number of Chinese international students in Western 

countries and in offshore programs in recent years has stimulated much research on 

Chinese learners. A number of learning principles accepted by Western educators are 

not applicable to Chinese learners (Watkins & Biggs 2001). This has led some 

Western educators develop a set of misconceptions about Chinese learners: ‘the 

Chinese Learner Paradox’ (Biggs 1996, Watkins & Biggs 2001, Kember 2000, Tang 

& Williams 1979). A discussion of these misconceptions (Section 2.6.1) will be 

followed by an examination of the Chinese tradition (Lee 1996, Wong 2004, Gow et 

al. 1996, Yang, Zheng & Li 2006) (Section 2.6.2). Finally, a review of the Hong 

Kong students will be presented (Biggs & Watkins 2001, Wong & Wen 2001, Ho, 

Salili, Biggs & Hau 1999, Biggs 1991) (Section 2.6.3). 

 

2.6.1 Western Misperceptions 

Western observers, as according to Biggs (1996), have noted that the conditions for 

good learning advocated by Western educators are rare in Chinese classrooms. Biggs 

pointed that these observers described Chinese students are rote learners in highly 

authoritarian classes, and that this may lead to poor academic performance. However, 

the superior performance of Chinese students in international tests of science and 

mathematics has evoked investigations into the paradox of the Chinese learners. 

Biggs explained that several cultural factors distinguish Chinese learners from 

Western learners in ways that would explain the more favourable learning outcome 

in Chinese classroom. These factors include disposition to learn, attributions for 

success and failure, and spontaneous collaboration. In response to Western 

misperceptions, Biggs argued that the characteristics of the Chinese learning 

environment have a different meaning in the Chinese context. Moreover, a 
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misperception of Chinese students as rote learners is a mistaken interpretation of the 

concept of repetitive effort. Rote learning is memorising without understanding. 

However, Chinese learners frequently learn repetitively (repetitive learning is not the 

same as rote learning), both to ensure retention and to enhance understanding 

(Watkins & Biggs 2001). In addition, Biggs’ other investigations contribute much to 

the understanding of Chinese learners and their learning environments. 

There are two aspects to the paradox of the Chinese learner, as highlighted by 

Watkins and Biggs (2001): 

1) The classroom conditions from Confucian-heritage cultures (CHC) cannot 

conducive to good learning in terms of Western standards. But CHC students 

out-perform Western students, at least in mathematics and science. 

2) The other aspect is the relationship between memorising and understanding. 

CHC students show high levels of understanding although perceived as passive 

rote learners. 

They also identified several positive features in the general culture that are conducive 

to academic learning: 

1) Memorising and understanding 

Chinese students were observed correctly as making great use of memorisation, 

but were not necessarily rote learning. High quality learning outcomes usually 

require both memorising and understanding and many Chinese students actually 

develop their understanding through the process of memorisation. 

2) Effort versus ability 
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Chinese students are more likely to attribute academic success primarily to 

effort, rather than to both effort and ability as Western students do. 

3) Intrinsic versus extrinsic motivation 

Western students believe that the desired deep learning strategies result from 

intrinsic motivation, but Chinese students believe that deep strategies may be 

activated by both intrinsic and extrinsic motivation. 

4) General pattern of socialisation 

CHC affects students to be brought up to be respectful to adults, to spend a long 

time on essentially uninteresting tasks, to conform to group norms. 

5) Achievement motivation: ego versus social 

In Western societies, achievement motivation is highly individualistic and 

ego-enhancing, characterised by individual competition. However, in East Asian 

societies the notion of success needs to be interpreted in a collectivist 

framework, which may involve others, the family, peers, or even society as a 

whole. 

6) Collective versus individual orientation 

Non-Western countries are typically characterised as being collectivist in nature, 

placing more emphasis on the group rather than the individual good. 

These features greatly help interpret the Chinese learner paradox. Additionally, the 

authors investigate the current teaching practice in CHC classrooms, in particular, in 

Hong Kong (Section 2.6.3). 

Kember (2000) examined the misconceptions about the learning approaches, 

motivation and study practices of Asian students. Students’ reliance on passive rote 

learning appears to be incompatible with evidence of their high achievement. The 
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author explained this paradox by showing that memorisation can occur in 

conjunction with the intention to understand. He used evidence from over 90 action 

research projects to disprove the assertion that Asian students prefer passive learning 

and resist teaching innovations. Moreover, he explained ways to design curricula and 

teaching for Asian students. 

In addition, the superior academic results of East Asian students have to be 

understood in the context of misalignment of general learning and learning for 

examination (Tang & Williams 1979). Tang and Williams conducted intensive 

semi-structured interviews with 10 tertiary students, five of whom were East Asian 

and five of whom were Australian. They identify three types of memorising and four 

ways of learning from the analysis of the interview data. The types of memorising 

are: 

1) Memorising with surface or little understanding 

2) Memorising with reproductive understanding 

3) Memorising with transformative understanding 

The four ways of learning are: 

1) Learning by taking in 

2) Learning by active memorising 

3) Learning by seeking deep meaning of text 

4) Learning by understanding phenomenon 

This section has explained the differences in learning styles as well as their impact 

on learning outcomes between Chinese and Western learners. As a result, the 
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researcher designed interview questions that reveal the students’ distinctive learning 

experiences. The next section will discuss the factors that explain these differences in 

teaching and learning. 

 

2.6.2 The Confucian Tradition 

Students from Southeast Asia (China, Hong Kong, Taiwan, Singapore, Japan and 

Korea) have been influenced by the Confucian-heritage cultures (CHC, 儒家傳統文

化) for over two thousand years. The Confucian tradition still exerts a strong 

influence on the Chinese people, especially in education. The typical examples of the 

implications of CHC on education comprise the significance of education for 

personal development and social mobility, motivation in learning, and learning styles. 

This section explains how the CHC affects Chinese learners. 

The founder of the Confucianism tradition is the great teacher, Confucius (孔子), and 

the ‘Four Books’ (四書) are the typical writings of Confucianism6 (儒家). Many 

studies, including those reviewed here, reference them as the major sources to 

understand the CHC and to interpret the Western misperceptions. Lee (1996) takes 

pains to describe the CHC. He found that Asian students have achieved high scores 

in international studies and they are not only diligent, but also have high motivation 

for achievement. He explained the CHC in several domains: 

1) The significance of education 

2) Educability for all and perfectibility of all 

3) Learning, effort, and willpower 

4) Intrinsic motivation of learning: learning for self-realisation 

                                                 
6 Confucianism is the body of teachings of the Chinese philosopher Confucius (孔子). 
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5) The deep approach to learning: promoting reflection and enquiry 

6) Achievement motivation in learning 

Lee’s explanation provides a precise, systematic understanding of the CHC. His 

conclusions are as follows: 

1) Internally, education is important for personal development, and human 

perfectibility is believed to be achievable by everyone. 

2) Externally, education is important for social mobility, and is believed to be 

achievable by anyone. 

3) One’s failure is not due to one’s ability, but one’s effort and willpower. 

A survey of 78 Asian international undergraduate students in Australia conducted by 

Wong (2004) determined their perspective of quality in higher education. Wong 

interviewed nine Asian international students to investigate their learning difficulties 

and preferred styles of learning. He identified intercultural differences in learning in 

three domains: (1) transmission of knowledge, (2) rote learning versus meaningful 

learning, (3) creativity (or lack thereof), and (4) cross-culturalism and adaptability. 

Such cultural differences help us to understand Asian students’ learning difficulties 

and how their learning styles accommodate these difficulties. Wong’s findings have 

implications for the use of appropriate teaching strategies with Asian international 

students and may be summarised as follows: 

1) Learning styles of Chinese students are not culturally based but contextual. 

2) Chinese learners are highly adaptive for learning. 

3) Chinese students are more active in one-to-one interaction with the teacher and 

engaging in peer discussion outside the class. 
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Gow et al. (1996) challenged the assumption that Chinese students have a marked 

preference towards reproductive learning approaches. These authors suggested that 

the learning approaches of Chinese learners are a function of socialisation and the 

context of learning. They provided evidence from quantitative and qualitative 

cross-sectional and longitudinal studies of Chinese students. They argued that the 

Western misperceptions of Asian students result from a confusion between 

researchers’ observations of memorising with understanding and of memorising for 

the reproduction of information. In addition, they discovered that more successful 

students tend to switch approaches according to the requirements of the task at hand. 

They also argued that the matching of study approach to task demand is critical to 

success in higher education. Moreover, they found that the Chinese educational 

traditions influence parent, student, and teacher goals and approaches in ways that 

seem conducive to high motivation for achievement and strategies for learning. They 

further identified, from their analysis of the literature, three influences on the 

learning approaches of Chinese students: (1) child-rearing practices, (2) China’s 

pyramidal education system, and (3) language of instruction: a barrier to 

understanding. Similar to other scholars on the interpretation of the Western 

misperceptions, Gow et al. emphasised the difference between memorisation and 

understanding. They concluded that many Chinese learners combine memorising 

with an attempt to understand. That is, memorisation could co-exist with 

understanding in Chinese students. However, such memorisation with understanding 

is a form of active engagement, in which the students memorise the learning 

materials to order to understand them. Therefore, this learning strategy conforms to 

the central idea of constructivism: learners actively construct their own knowledge. 

In addition, instructors may provide scaffolds to help students, especially the lower 
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achievers, understand the material. The details of constructivism and scaffolding 

were explained in the previous sections. 

Yang, Zheng and Li (2006) have identified Confucian values and beliefs in relation 

to teaching and learning. They viewed culture as a complex system with three 

interrelated elements: values, beliefs, and social norms. The CHC has had a profound 

influence on learning philosophy and practice. The insights of Confucianism 

revealed that Confucian educational philosophy tends to stress the social and moral 

aspects of life. In terms of learning practice, Confucianism emphasises that 

knowledge arises in a linear way, from memorising, to understanding, and from there 

to reflection and questioning. Moreover, in connection with learning styles, they 

maintained that Chinese tend to be field-dependent learners who prefer learning 

when rules are emphasised and inductive. Although Yang, Zheng and Li continued to 

present the implications of the Confucian perspective for developing human 

resources, their findings offer insights into teaching and learning in other domains. 

The effect of the Confucian-heritage cultures on Chinese learners has been described 

above. This gives valuable directions and clues to understand Hong Kong students. It 

also lays a basis for theoretical comparisons during the analysis stage of this study. 

 

2.6.3 The Hong Kong Students 

Our study participants are Hong Kong sub-degree students. There is a need to 

understand the teaching and learning practices in Hong Kong classrooms. Biggs and 

Watkins (2001), as Western scholars, present practical insights into teaching the 

Chinese learners, especially those in Hong Kong. They reviewed and compared 
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studies on classroom practices in Hong Kong and Mainland China in order to answer 

the question:  ‘How ‘Chinese’ are Hong Kong classrooms?’ Their research shows 

extensive knowledge of Hong Kong classroom practices. The similarities to those in 

China are traceable to their shared cultural heritage: 

1) Good learning occurs when there is a repetitive, teacher-dominated script. 

2) Both systems are exam-dominated and, in particular, norm-referencing remains 

the top priority assessment in Hong Kong. 

At the same time, given that Hong Kong’s educational system has been influenced 

by more than a century of British colonisation, there are several differences between 

Mainland and Hong Kong classrooms: 

1) The classroom climate seemed to be more formal in Hong Kong. Hong Kong 

teachers are reported as using praise very rarely and of deliberately using shame 

or loss of face to punish their students. 

2) The better Mainland schools are more student-centred than those in Hong Kong. 

3) Hong Kong classrooms exhibited more problems with language of instruction. 

4) Mainland for in-service education of teachers is completely different. 

5) There are enormous differences in teachers’ pay and workload. 

6) Classes in Mainland China are much larger than those in Hong Kong. 

Moreover, Biggs and Watkins concluded by presenting their major findings: 

1) It matters what teachers see as the important causes of good learning. 

2) Improving practice should focus on teachers’ conceptions of learning and 

teaching, i.e., how teachers can encourage students to engage in appropriate 

learning activities. 
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3) The shift to teachers’ conceptions of learning and teaching requires 

contextualising learning activities, especially cultural issues. 

4) The system and its component parts should be designed with integrity. 

5) A quality enhancement system should be ensured. 

Wong and Wen (2001) examined the impact of university education on conceptions 

of learning between students in Hong Kong students and Nanjing7. They adopted the 

six categories of learning established by Marton et al. (1993) in defining conceptions 

of learning. These categories are: 

1) Increasing one’s knowledge 

2) Memorising and reproducing 

3) Applying 

4) Understanding 

5) Seeing something in a different way 

6) Changing as a person 

They used a questionnaire to compare the six categories of conceptions of learning 

between students at the University of Hong Kong and at Nanjing University. They 

found that Nanjing students were not only more homogeneous in their views but also 

more sophisticated than the Hong Kong students. They argued that this was contrary 

to the assumption in many cross-cultural studies that Chinese learners from different 

places are homogeneous. However, the evidence in favour of such a contradiction is 

quite weak because Wong and Wen limited themselves to studying conceptions of 

learning and excluded other aspects. Additionally, a comparison between an ordinary 

Mainland city and Hong Kong was not strong enough to lead to such a contradiction. 
                                                 
7 Nanjing is a city in southern China with a prominent place in Chinese history and culture. 
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This is because Hong Kong had been ruled by the British government for over 150 

years and thus was affected by the Western culture to an extent that other Chinese 

cities were not. 

Ho, Salili, Biggs, and Hau (1999) studied the relationship between causal attributions, 

motives and learning strategies, and their influence as determinants of achievement. 

Their research participants were 237 Grade 9 Hong Kong students from 16 classes in 

five Anglo-Chinese co-educational schools where English is the language of 

instruction. The instruments were ‘Perceived Academic Success and Causal 

Attributions’ and ‘Learning Process Questionnaire’. The first part of their findings 

revealed differences between high and low achievers on their attribution and 

approaches to learning. They also found a high correlation between perceived and 

actual achievement. This part confirms previous research. The second part of results 

indicated that both high and low achievers attributed their perceived results of their 

performance more to internal than to external causes, which differs from previous 

Western research. However, such an argument is not convincing because the 

difference resulted from the use of perceived results, not of actual examination 

results. 

Briggs (1991) noted two seemingly contradictory stereotypes about Asian students: 

(1) ‘the Rote Learner’, committed to a superficial approach to learning; and (2) ‘the 

Brainy Asian’, who performs disproportionately well, particularly at the tertiary level. 

The learning process may also be described by the 3P Model. Students learn for a 

variety of reasons; those reasons and the contextual components in which they are 

placed, determine how they go about learning; how they go about learning will 

determine the quality of the outcome. These three phases, Presage, Process and 
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Product, are the components of the model. Biggs (1991) compared their approaches 

to learning between secondary and tertiary students in Hong Kong and those in 

Australia. He used the Learning Process Questionnaire (LPQ) for secondary students 

and the Study Process Questionnaire for tertiary students. The findings suggested 

that Hong Kong secondary and tertiary students exhibited a more academic approach 

to learning and studying than their Australian counterparts did. In addition, Hong 

Kong students’ attributions for academic success are more controllable than are those 

of Australian students. Moreover, Hong Kong students exhibit the following 

orientations: 

1) Deep and achieving approaches to learning 

2) Cue-seeking 

3) Collaboration 

4) Coping with the medium of instruction 

Such findings challenge the stereotypes about Asian students and raise a question 

about how well the Hong Kong teaching context fits students’ orientations to 

learning. However, this question is left unanswered. Additionally, the cue-seeking 

orientation of Hong Kong students allows instructors and/or course designers to 

provide different scaffolds. Collaboration orientation is the defining element of social 

constructivism (Section 2.3.1.2). 

 

2.6.4 Summary 

This section revealed that the inherent culture of learners assumes a significant role 

in teaching and learning. Confucian-heritage cultures (CHC) have distinguished 

Chinese from Western learners, in terms of their conceptions of the significance of 
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education, learning motivation, learning styles, and interaction styles. Western 

misconceptions about Chinese learners, the Confucian tradition, and the teaching and 

learning practices in Hong Kong have already been explored. This review partially 

answers our last research question:  ‘What are the characteristics of Chinese 

learners?’ Thus far, the characteristics of Hong Kong programming students have not 

been discussed. The issues of the teaching and learning of programming for Hong 

Kong students will be discussed during the analysis, on the basis of the data collected 

from our study participants. 

 

2.7 Chapter Summary 

This chapter reviewed the recent literature in the teaching and learning of 

programming: the content of programming (Section 2.2), the common methods and 

approaches (Section 2.3), the role of individual differences (Section 2.4), the optimal 

learning conditions (Section 2.5), and the role of culture (Section 2.6). In other words, 

the argument flowed from the broad content of the field and the common methods 

that have been adopted, to learners’ individual differences and their optimal learning 

environment, and from there to a focused perspective, the implicit cultural factors in 

teaching and learning. These five perspectives collectively provide a valuable 

foundation and a clear direction for the collection and analysis of the data. 

Additionally, this chapter answers the five research questions posed in the 

Introduction. Section 2.3.1 (Theoretical Foundations) answered the first research 

question (What are the theories of teaching and learning of programming?) in 

relation to constructivism and scaffolding. The second research question (What are 

the approaches to teaching and learning of programming?) was answered in Sections 
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2.3.2 (Visual Methods) and 2.3.3 (Non-Visual Methods). The role of individual 

differences in teaching and learning programming (Section 2.4) offered insights to 

the third research question (What are the learning difficulties and strategies of the 

Hong Kong sub-degree students?) Both the general and specific answers to the fourth 

research question (What can be done to improve the academic performance of the 

Hong Kong sub-degree students in learning to program?) are given in Section 2.5 

(Teaching and Learning Programming: Optimal Learning Conditions). Finally, 

Section 2.6 (Teaching and Learning Programming: The Role of Culture) explained 

how and why Chinese learners are different from Western ones. This explanation 

answered the last research question (What are the characteristics of Chinese 

learners?). The links between these research questions and the literature review 

sections are summarised in Table 1. 

More specifically, a brief discussion of the content of programming has been offered 

to familiarise non-computing readers to with the terminology (Section 2.2). The 

methods and approaches commonly used in teaching and learning to program have 

been reviewed (Section 2.3). This section was divided into three sub-sections: 

Theoretical Foundations of Learning Programming, Visual Methods, and Non-Visual 

Methods. After discussing these methods, the learner issues with teaching and 

learning were explored (Section 2.4) in terms of learning motivation, challenges 

faced by learners, and learner strategies. Moreover, optimal learning conditions were 

investigated in Section 2.5. Finally, common issues among Chinese learners in 

comparison to Western learners were explained in Section 2.6. This review examines 

the misconceptions of Asian students held by the Western practitioners, the impact of 
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the Confucian tradition on Chinese students, and the learning characteristics of Hong 

Kong students. 

This review relates to most of the research questions (see Table 1) and provides a 

valuable theoretical framework with which to address the fourth research question:  

‘What can be done to improve the academic performance of the Hong Kong 

sub-degree students in learning to program?’ Most of the research reviewed here was 

designed for to middle and higher achievers in Western universities or colleges; 

studies of learning among Hong Kong students are quite rare, especially in relation to 

the teaching and learning of computer programming and in relation to weaker 

students. This study fills this gap in the research by qualitatively investigating the 

learning experiences of six Hong Kong sub-degree students. The next chapter will 

discuss the methodology adopted by this theory-seeking case study research. 
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Chapter 3 

Research Design and Methodology 

 

3.1 Introduction 

This research study adopted a theory-seeking case study approach and used grounded 

theory techniques to investigate how Hong Kong sub-degree students learn to 

program. The purpose of this study was to attain a comprehensive understanding of 

the students’ learning experiences, to suggest learning improvement strategies, and to 

formulate hypotheses that could facilitate further investigation. Unlike quantitative 

methods which deductively investigate a research problem, qualitative methods are 

inductive and may provide a more holistic and deeper understanding of a 

phenomenon. In particular, grounded theory research is suitable for exploring a 

social phenomenon as complex and subtle as learning science (Taber 2000). 

This chapter presents the theoretical basis for the design and implementation of this 

research. It begins with a survey of the recent research methodology in teaching and 

learning programming in order to provide a point of reference for the choice of the 

research approach (Section 3.2). It then elaborates on the research methodology of 

this study and its rationale (Section 3.3); the research design and procedures (Section 

3.4); the research participants (Section 3.5); instruments (Section 3.6); data analysis 

(Section 3.7); and limitations of the study (Section 3.8). Finally, Section 3.9 

discusses the ethical issues of this study and Section 3.10 concludes. 
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3.2 A Survey of Recent Research Methods Relevant to the 

Teaching and Learning of Programming 

3.2.1 Introduction 

Before expanding on the rationale for the choice of research method, let us review 

recent studies of teaching and learning programming with a focus on their research 

methods. This provides insights on how different research methodologies have been 

applied to the field and forms a basis for the selection of an appropriate research 

method. Hence, this section surveys the recent research methods that have been 

adopted in most studies of teaching and learning of programming. Those research 

methods are categorised as quantitative, qualitative, or a combination of the two. 

Learning computer programming is difficult for many students and the levels of 

achievement in many post-secondary introductory programming courses are 

unsatisfactory (Reference). Many researchers in computer science and education 

have examined the teaching and learning of programming over the past few decades. 

Much of the research took the form of quantitative inquiries through large-scale 

surveys and experiments, including that of Bagert and Calloni (1999), Bennedsen 

and Caspersen (2004), Brusilovsky and Spring (2004), Lahtinen et al. (2005), Lister 

and Leaney (2003a), Maheshwari (1997), Meisalo et al. (2002), Milne and Rowe 

(2002), and Sayers et al. (2003). This kind of research yields only a rough 

understanding of whether a certain teaching method or tool helps average students. 

Simply put, qualitative research investigates non-numerical (or subjective) data, 

especially the perceptions of the people involved. The main purpose is to explain 

these perceptions and, thus, gain greater insight and knowledge. Conversely, 
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quantitative research focuses on what can be measured. It entails collecting and 

analysing numerical data that can be organised into statistical form. 

 

3.2.2 Quantitative Approach and Mixed Approach 

Many of the studies mentioned in the previous chapter adopted a quantitative 

approach in order to investigate the feasibility of a teaching and learning method or 

tool. In order to gain full benefit from the advantages of both quantitative and 

qualitative methods, many recent studies adopted a mixed approach. Here we will 

look at three recent quantitative studies, by Facey-Shaw and Golding (2005), Ma et 

al. (2007), and Muller and Hosking (2003), and two mixed studies, by Huet et al. 

(2004) and Meisalo, Sutinen and Torvinen (2003). Qualitative methods will be 

contrasted with quantitative methods and become the basis for the selection of a 

qualitative approach. Works that adopted qualitative methods will be discussed in the 

next section. 

The first quantitative study focuses on the academic performance of introductory 

programming students (Facey-Shaw & Golding 2005). Facey-Shaw and Golding 

explored the effects of peer tutoring and attitude on performance. They adopted a 

pretest-posttest control quasi-experimental design to measure student academic 

performance, using a survey derived from a modified Fennema-Sherman 

mathematics attitudes scale to measure student attitude towards programming. The 

results show little evidence of a positive effect of peer tutoring on academic 

performance; however, the study did reveal that various aspects of a student’s 

attitude contribute to his or her academic performance. Confidence in the ability to 

learn programming was shown to play an especially important role in student 
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performance. Furthermore, a student’s confidence in learning programming was 

found to be more significant than the perceived usefulness of programming and the 

perception of teacher motivation. This finding allows us to assume that personal 

attitude or self-perception affects student performance in programming and that 

educators should therefore pay more attention to instilling positive attitudes towards 

learning programming in their students. In summary, this study conducted an 

experiment to investigate the effects of peer tutoring and attitude, on programming 

performance. The results indicated that the experimental method was effective in 

determining the causal effect of an intervention. However, the experimental method 

would be inappropriate for some educational problems, including descriptive studies 

or studies of relationship. 

Another study by Ma et al. (2007) argued that novice programmers usually hold 

non-viable mental models of basic programming concepts. They proposed a 

constructivist-based teaching model to improve novice programmers’ mental models. 

The proposed model integrates a cognitive conflict strategy with program 

visualisation, in particular, program animation. They compared mental models of 

basic programming concepts: assignment process and execution flow. They 

investigated the effectiveness of the teaching model through pretest-posttest control 

experiment with 60 participants of a 15-week module. A questionnaire was 

administered to collect participants’ feedback about the teaching environment. Their 

finding explains why visualisation-based teaching materials are not always helpful 

for improving students’ understanding. In addition, it reveals a weakness of the 

objectivist-based teaching approach and highlights the value of the 

constructivist-based teaching approach. However, the study needs a long-term 

exploration of the effectiveness of its proposed teaching model. This experimental 
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evaluation study would focus on only a few factors. As suggested by McMillan and 

Schumacher (2006), experiments are frequently used with other approaches to 

investigate a single practice. 

The last quantitative study reviewed here is a usability survey conducted by Muller 

and Hosking (2003), who developed an Eclipse plug-in, Penumbra, at Purdue 

University for use in introductory programming classes. Penumbra presents an 

Eclipse perspective 8  that hides all but the basic features of Eclipse’s Java 

perspective9. The study, conducted with a small group of introductory programming 

students, was intended to acquire information about the use of Eclipse to guide the 

development of Penumbra, which was used by 230 students in the fall of 2003. The 

data were collected from an exit survey conducted at the end of the semester. The 

results convinced the authors that the benefits of Eclipse justified the investment of 

time and effort to train students in its use. In addition, student responses were 

overwhelmingly positive. Hosking’s study presented a typical instance of utilising 

Eclipse’s key functionality which tailored individual needs in using a programming 

tool that supported students to learn to program. As most other programming tools 

are non-tailored and their functionality is designed for experienced programmers, 

these tools are too rich for students or novice programmers. Besides, Hosking’s 

investigation proved the efficacy of adapting Eclipse to students in introductory 

programming classes. This is a good reference for selecting a programming tool, and 

will definitely be helpful to students in learning to program, including our students 

                                                 
8 A perspective in Eclipse is an independent set of programming functions together with relevant user 
interface within an integrated development environment. 
9 A Java perspective is one of the Eclipse perspectives. It supports programming functions for the 
Java language. 
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and the Hong Kong sub-degree students. The survey approach used in this study was 

best for collecting opinions from a large group of participants. 

The following two studies adopted a mixed approach. Huet et al. (2004) conducted a 

transnational (Portugal and UK) case study in new challenges in teaching 

introductory programming modules. The research aims to improve the teaching 

quality of introductory programming modules. Data has been collected through 

interviews, questionnaire, archival research and class observation over a two-year 

period. Results were analysed and interpreted to determine indications in teaching 

improvement and module organisation. They revised the module in 2002 by 

introducing a one-hour lecture followed by three hours of lab, developing more 

evaluation points at the labs to facilitate student progression through small exercises, 

and promoting the practical module content. Huet et al.’s study adopted a case study 

design that provided an in-depth understanding of teaching of introductory 

programming modules. It provided a valuable reference of using the case study 

approach to teaching improvement. However, the scope of their study, in terms of 

sources of data, research duration and participant size, was much larger than the one 

used in the current research. 

In the second study, a Finland university began offering virtual computer science 

studies to high school students in 2000. These high school students took online 

first-year university level courses in computer science in tandem with their regular 

studies. Programming proved to be the most difficult part and most students dropped 

out because they were frustrated by the programming modules. Meisalo, Sutinen and 

Torvinen (2003) used quantitative and qualitative methods in the hope of improving 

the distance learning scheme. They contended that the use of qualitative methods is 
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essential to explain the quantitative findings even though computer science 

researchers have traditionally trusted quantitative methods. The quantitative methods 

they used included statistical analysis of exercises and exam scores and analysis of 

closed-end questions on questionnaires. They also adopted qualitative methods like 

interviews, observations, analysis of open questions in questionnaire and analysis of 

students’ works. The data was collected from 2000 to 2002. They identified some 

programming topics that students might find difficult. Their result indicated that 

approximately 70% of the participants found ‘Arrays’ difficult and about 60% 

struggled with ‘Methods’ (program functions) and ‘Applets and Graphics’. In 

addition, the authors adopted a formative evaluation model by combining continuing 

improvements and an evaluation of the module. They found such evaluation model a 

quick and fruitful way to improve module materials and arrangements. 

These three quantitative studies adopted experiments or surveys to measure students’ 

academic performance or to evaluate the effectiveness of the proposed model or tool. 

These studies reveal that quantitative methods were limited to the measurement of a 

few observable variables. The two mixed studies compensate for this limitation by 

adding some qualitative method to produce a more holistic and detailed investigation. 

Now we change our focus to qualitative approach offering a naturalistic inquiry 

resulting in holistic and thick description of a research problem. 

 

3.2.3 Qualitative Approach 

Learning is a complex process that should be seen as a qualitative change in a 

person’s way of experiencing something in the real world (Bruce & McMahon 2002). 

In order to obtain an in-depth understanding of students’’ learning, a qualitative 
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approach should be adopted because it allows a naturalistic inquiry to be done in 

order to have an intensive, holistic description and analysis of a phenomenon from 

the students’ point of view. The relevant qualitative research works are by 

Bennedsen and Caspersen (2004), Bruce et al. (2004), Chong et al. (2005), Douce 

(2005), Kaasbøll (1998), Kaasbøll et al. (2004), Kannusmäki et al. (2004), Kim et al. 

(2003a), Mannila et al. (2006), Murray et al. (2003), Prior et al. (2006), Ragonis and 

Ben-Ari (2005), and Sicilia (2006). The number of participants in several of these 

studies is less than ten. A review of related works on teaching and learning to 

program using qualitative research methods is included. This survey of different 

types of qualitative studies informs the selection of the research methods used in this 

study. 

The first qualitative study aims to improve teaching and learning Java programming 

by developing a set of Eclipse plug-ins (additional software components to augment 

or reduce Eclipse’s functionality) (Storey et al. 2003). These plug-ins are part of the 

Gild project. Storey et al. conducted an initial evaluation of the preliminary version 

of Gild plug-ins with only three student participants. One was a high school student 

who was new to Java programming, and the other two were just finishing a second 

university Java programming course in Canada. In this study Storey et al. focused on 

the ease of use and user interface issues. The authors did not explain the details of the 

evaluation. They concluded that the evaluation yielded some useful results on the 

reduction and augmentation of the features of Eclipse. 

Second, Bruce et al. (2004) investigated the variation in first-year university 

students’ early experiences with learning to program. They identified the differences 

in how students learn to program by adopting a phenomenographic research 
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approach. The research question was: What are the different ways in which 

foundation-year students in Australia learn to program? The authors conducted 

semi-structured interviews with students who had completed or were enrolled in a 

university-level introductory programming course. Their analysis revealed five 

categories of learning: (1) following, (2) coding, (3) understanding and integrating, 

(4) problem solving, and (5) participating. These categories are ordered by the 

increasing awareness associated with them. The study by Bruce et al. offered an 

extensive understanding of the perspectives of programming students that is integral 

to our teaching practice. Such an understanding offers insight into the differences and 

similarities between these groups and forms a basis upon which to design learning 

experiences that improve learning outcomes. 

In the third study, Rigby and Thompson (2005) conducted pilot user research, 

comparing the usability of two integrated development environments (IDEs), Eclipse 

and Gild. Gild is a modified version of Eclipse. The authors hypothesised that Gild 

would be more efficient, effective, and satisfactory than Eclipse. The comparison 

was achieved through both quantitative and qualitative methods with six novice 

programmers. The quantitative data categories were efficiency, effectiveness, 

satisfaction and understanding. Efficiency was measured in terms of time required to 

complete all tasks in using an IDE. Effectiveness was assessed by the number of 

questions or hints the participant asked or was given, the number of errors the 

participant made, and the number of tasks the participant completed correctly. The 

level of satisfaction the participants experienced while using the tool was measured 

on a five-point Likert scale. Understanding of an IDE was measured using a 

true/false questionnaire, which consisted of eight questions. Two statistically 
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significant results are obtained from the measures. The results revealed that Gild was 

more suitable for novices than Eclipse. The qualitative data were gathered through an 

analysis of the assignments of the six novices. The results provided insights into 

novices’ mental models and highlighted some issues in designing effective 

interaction between student and a programming tool. 

The fourth study was a case study of programmer learning during incremental 

program development, developed by Xu et al. (2005). They used a dialog-based 

protocol and protocol analysis to explore learning from the point of view of 

self-directed learning theory. Incremental development is based on a specific 

knowledge model, where seeding, evolution, and reseeding are the three stages of 

knowledge capture and transformation. In this case study, the authors replicated a 

published pair-programming exercise with two new pairs of programmers. They 

observed and recorded each pair of programmers’ dialogues in their daily work and 

then analysed it. They concluded that the self-directed learning model can be used to 

study cognitive activity during incremental software development. 

Having reviewed the above four qualitative studies that employed case studies or 

phenomenographic approach, we will now turn to four more studies that adopted an 

ethnographic approach to researching the teaching and learning of programming. 

Kim et al. (2003) conducted an ethnographic study to understand programmers’ 

copy-and-paste (C&P) programming practices and discover opportunities to assist 

common C&P usage patterns. The authors observed programmers using Eclipse and 

analysed why and how they used ‘copy-and-paste’ operations. The data analysis 

resulted in a taxonomy of C&P usage patterns. The participants were researchers at 

IBM T.J. Watson Research Centre; they were expert programmers in Java. The study 
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consists of two types of observations: direct (N=4) and observation using a logger 

and a replayer (N=5). The observations were supplemented with interviews. Based 

on the insights from this study, the authors proposed tools that could minimise the 

software maintenance problems that may be incurred by C&P, and that could support 

common C&P programming practices. 

Another ethnographic study was undertaken by Sharp and Robinson (2004) who 

investigated eXtreme Programming (XP) practice and offered insights into the 

culture and community underlying the XP approach. XP is an emerging software 

development methodology, in which all production code is written in collaboration 

with a partner (Williams & Kessler 2001). The study was done in a small company 

that developed web-based intelligent advertisements for paying customers; the first 

author conducted the observations. The observer spent a week working with the 

development team of the company, participating in its daily activities including 

attending meetings, paired programming, and eating lunch. The ethnographic 

analysis resulted in identifying insights in terms of five characterising themes into 

the meaning of a certain activity from the details of the data collected. These themes 

are planning game, stand-up meetings, paired programming, documentation, and the 

use of metaphor. 

An ethnographic study of software development teams in industry was performed by 

Chong et al. (2005). These development teams adopted the paired programming 

technique. The ‘driver’ controls the pencil/mouse/keyboard and writes the design or 

code. The ‘observer’ examines the work of the driver, checking for errors, thinking 

of alternatives, looking up resources, and considering the strategic implications of the 

work. The study investigates the socio-cognitive factors of paired programming and 
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consists of two phases: an ethnographic field study and a controlled laboratory 

experiment. The authors conducted eight weeks of fieldwork at a software company 

through observing the software development team with 12 members. Each 

observation session focused on a single pair of programmers. The observer sat 

behind the pair during the session, taking notes on the dialogue that they exchanged. 

The authors analysed the data collected from the observations and used the results to 

inform and refine their experimental design in the second phase of the study. 

The last ethnographic research to be reviewed was conducted by Barker and 

Garvin-Doxas (2004). The study provided a deep understanding of the learning 

environment of selected programming and other computer science classrooms at a 

university in the US. The research team spent more than 348 hours in 13 computer 

science courses over two academic years. They triangulated through the collection of 

participant observation and interview data by analysing artefacts, student records and 

on the like. They identified two categories from the data analysis, both of which 

describe patterns of recurring communication in the classroom learning environment. 

In summary, we have reviewed eight recent qualitative studies in teaching and 

learning programming with attention to their research methodology. The following 

table shows which research method was adopted by each study and its research 

focus. 

Table 3.1: Research methods of relevant recent studies 

Research Study Research Method Research Focus 

Storey et al. (2003) User evaluation and case study 

(N = 3) 

Usability of Eclipse 

plug-ins 

Bruce et al. (2004) Phenomenography (N  20) Orientation of learning to 

program 



 

 119

Rigby and Thompson 

(2005) 

Usability and case study (N = 

6) 

Comparison of two IDEs 

Xu et al. (2005) Case study (N = 2) Learning process of 

pair-programming 

Kim et al. (2003) Ethnography (N = 5) Process of copy-and-paste 

programming practices 

Sharp and Robinson 

(2004) 

Ethnography Development process of 

Extreme programming 

Chong et al. (2005) Ethnography (N = 12) Development process of 

pair-programming 

Barker and Garvin-Doxas 

(2004) 

Ethnography Learning environment of 

computer science classroom 

 

Although many recent studies have been devoted to teaching and learning 

programming, most were focused on middle or higher achievers, Western novices, or 

university students. Are the results also applicable to academically less capable 

students? Will they be generalisable to Chinese learners, and in particular, to Hong 

Kong sub-degree students? These are questions that the current study will answer. 

That is, we assume that less capable students have less developed cognitive skills. 

Programming requires higher cognitive skills because it involves analysis and 

synthesis. The participants of most of the above studies were college or university 

students who had reached a certain academic standard before learning programming. 

Therefore, those works either did not focus on improving the learning of weaker 

students or they neglected the actual learning needs and difficulties of the weaker 

students. This study fills this gap. 
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3.2.4 Summary 

These research methodologies programming fall into three categories: quantitative 

approach, qualitative approach, and a mix. Among the studies reviewed above, 

surveys and experiment were adopted in quantitative approaches. In the reviewed 

qualitative studies, case study, ethnography, or phenomenography were adopted. To 

maximise the merits of both the quantitative and qualitative approaches, the mixed 

approach was used. These reviews offer a point of reference for the application of 

quantitative and qualitative methods to teaching and learning of computer 

programming. They also provide valuable cues for choosing particular research 

approaches. 

The two reviewed experiments (Facey-Shaw & Golding 2005, Ma et al. 2007) 

presented an effective way of determining simple causal effect of an intervention and 

of evaluating the effectiveness of the proposed teaching model that focused on one or 

more factors. The usability survey (Muller & Hosking 2003) showed how well the 

approach could collect opinions on an issue from a large group of participants. 

However, these quantitative methods investigated an issue through either a few 

simple factors or a superficial exploration. Like the current research, a holistic and 

in-depth understanding of a phenomenon requires the adoption of qualitative 

approaches. The two mixed studies (Huet et al. 2004, Meisalo, Sutinen & Torvinen 

2003), which embedded a survey in a case study, provided a valuable reference to 

this research by adopting a case study as the core method and adding a simple 

questionnaire for data triangulation. In addition, the three case studies reviewed 

above (Storey et al. 2003, Rigby & Thompson 2005, Xu et al. 2005) showed how the 

case study method could be applied to the investigation of different aspects of 
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programming education, including introduction of programming tools, comparison of 

two programming tools, and in-depth understanding of the programming process. 

These applications of the case study method offer valuable directions and guidelines 

to this research, where a case study is conducted and multiple forms of data 

collection, including interviews, observations, documents, and memos, are adopted. 

These studies also provided good insights in the ways of improving students’ 

programming performance, which is the main objective of this research. The 

reviewed phenomenography (Bruce et al. 2004) improved out understanding of the 

essence of the different ways of learning programming. Finally, the four 

ethnographies (Kim et al. 2003, Sharp & Robinson 2004, Chong et al. 2005, Barker 

& Garvin-Doxas 2004) provided an understanding of the shared patterns of different 

programming processes or the learning environment of programming classroom. 

However, neither phenomenography nor ethnography offers suggestions for 

improvement to an issue beyond the description of the essence of the experience or 

the interpretation of the shared patterns of culture of a group. This gap is to be filled 

by other qualitative methods such as the case study and the grounded theory methods, 

which have been adopted by this research. 

The selection of the methodology employed in this study and its rationale will be 

presented in the next section, which will explain how and why a case study method 

was selected and why a theory-seeking approach is used. In other words, a grounded 

theory approach is adopted within a case study in this research. 
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3.3 Research Methodology 

The lessons learned from the literature reviewed in Chapter 2 provide us a theoretical 

foundation of the field along with references and insights to the relevant methods and 

paradigms. In short, this study follows a theoretical framework that combines 

constructivism, scaffolding and software visualisation techniques. Constructivist 

approaches provide a sound foundation for learning, especially with practical based 

components that are designed to engage students in the learning process. Scaffolding 

offers numerous instructional strategies for a variety of learners, including lower 

achievers. The support guides students in accordance with their zone of proximal 

development. Software visualisation techniques mentioned in the field of teaching 

and learning programming are usually presented in forms of some tools that offer an 

integrated and user-friendly environment for writing programs. The previous section 

reviewed the literature with attention to the research methods adopted and provided 

directions and references in choosing a methodology that is suitable for this study. 

This study adopts a special type of case study research – a theory-seeking case 

study – and follows the techniques of grounded theory, especially in data analysis. 

An overview of each of case study approach and grounded theory approach is given 

and then the rationale for the methodology is explained. 

 

3.3.1 Case Study Research 

In Section 3.2, we reviewed several studies which adopted the case study method. 

These studies provided valuable insights into different aspects of teaching and 

learning of programming. These aspects included improvement of teaching and 

learning environment, adoption of programming tools, and in-depth understanding of 
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the programming process. As this research study is adopting a grounded theory 

approach within a case study, so this section gives a brief description of the case 

study method per se whereas Section 3.3.2 will explain the grounded theory method. 

Case study research has been widely adopted in social science, especially in 

education. Darke et al. (1998) claimed that case study research is the most widely 

used qualitative research method in information systems research, and is well suited 

to understanding the interactions between information technology-related 

innovations and organisational contexts. 

First, it is useful to consider some definitions of case study from the prominent 

scholars. Yin (2003) provided a two-part definition of a case study. The first part 

states the scope: 

‘A case study is an empirical inquiry that 

 investigates a contemporary phenomenon within its real-life context, 

especially when 

 the boundaries between phenomenon and context are not clearly evident.’ 

 

This distinguishes the case study from other research methods. A case study explores 

a phenomenon in context; an experiment, in contrast, isolates a phenomenon from its 

context and focuses only on a few variables. The second part emphasises strategies 

for data collection and data analysis: 
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‘The case study inquiry 

 copes with the technically distinctive situation in which there will be many 

more variables of interest than data points, and as one result. 

 relies on multiple sources of evidence, with data needing to converge in a 

triangulating fashion, and as another result. 

 benefits from the prior development of theoretical propositions to guide 

data collection and analysis.’ 

 

Unlike quantitative methods, a case study attends to many variables and collects data 

from multiple sources. Yin (2003) described the case study approach as a research 

strategy containing an all-encompassing method, comprising the logic of design, data 

collection techniques, and specific approaches to data analysis. In addition, Merriam 

(1998) defined case study in terms of its end-product: 

‘A qualitative case study is an intensive, holistic description and analysis of a 

single instance phenomenon, or social unit.’ 

Although this definition is rather simple, Merriam elaborated on it. Creswell (1997) 

stated that case study research explores an issue through one or more cases within a 

bounded system. He added: 

‘Case study research is a qualitative approach in which the investigator 

explores a bounded system (a case) or multiple bounded systems (cases) over 

time through detailed, in-depth data collection involving multiple sources of 

information (e.g., observations, interviews, audiovisual material, and 

documents and reports) and reports a case description and case-based 

themes.’ 
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This definition reveals the process of case study research. 

In summing up, we can reach a working definition of a case study that will inform 

the current study: case study research investigates a bounded system through 

multiple sources of evidence in order to provide a holistic and intensive description 

of a phenomenon. 

 

Types of Case Studies 

Case studies may be distinguished according to two dimensions (Yin 1993). The first 

one is single- or multiple-case; the second is exploratory, descriptive, or explanatory. 

This results in six types of case studies. An exploratory case study defines the 

questions and hypotheses of a subsequent study or determines the feasibility of the 

desired procedure. A descriptive case study presents a complete description of a 

phenomenon in its context. An explanatory case study presents data bearing on 

cause-effect relationships – explaining which causes produced which effects. Yin 

(2003) identified four types of design of case studies, again, in two dimensions: 

holistic (single unit of analysis) or embedded (multiple units of analysis), single-case 

designs, and multiple-case designs. 

Conversely, many other scholars have adopted a single dimension in distinguishing 

case studies. Bassey (1999) categorised case studies in education: 

1) theory-seeking and theory-testing case studies 

2) story-telling and picture-drawing case studies 

3) evaluative case studies 



 

 126

Bassey’s theory-seeking case study is what Yin (1993) calls ‘exploratory’ and 

theory-testing case study is what Yin calls ‘explanatory’. These are what Stake (1995) 

calls an ‘instrumental case study’. Story-telling and picture-drawing case studies are 

what Stake (1995) calls ‘intrinsic case study’ and Yin (1993) refers to as a 

‘descriptive case study’. Bassey (1999) noted that story-telling and picture-drawing 

case studies are both analytical accounts of educational projects or programs. 

Evaluative case studies set out to investigate some educational program or system in 

order to evaluate its efficacy. 

Creswell (1997) distinguished qualitative case studies in terms of their intent: 

1) Single instrumental case study: the researcher focuses on an issue or concern, 

and then selects one bounded case by way of illustration. 

2) Collective or multiple case study: the one issue or concern is again selected, but 

the researcher selects multiple case studies. 

3) Intrinsic case study: the focus is on the case itself because it presents an unusual 

or unique situation. 

 

Procedures for Case Study Research 

Several procedures are used to conduct case studies. The following one (Creswell 

1997) is rather simple and precise: 

1) Determine whether a case study approach is suitable to the research problem 

The researcher should have clearly identifiable cases and provide a thorough 

understanding of the cases. 
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2) Identify a case or cases 

These cases may involve an individual or several individuals. Creswell (1997) 

recommends that the researcher should first identify what types of case study 

research are most suitable for the study. 

3) Collect data from multiple sources of information 

These sources may comprise observations, interviews, documents, and 

audiovisual materials. Yin (2003) suggests six types of information to collect: 

interviews, direct observation, participant observations, document, archival 

records, and physical artefacts. 

4) Analyse collected data 

As Yin (2003) mentions, the type of data analysis may be a holistic analysis of 

the entire case or an embedded analysis of a specific aspect of the case. One 

analytic strategy would be to identify concepts within each case and then search 

for common themes that transcend the cases. 

5) Report the meaning of the case 

The meaning of the case comes from learning about the issue of the case; 

Creswell (1997) refers to this as an instrumental case. An intrinsic case is one 

about an unusual situation (Creswell). 

 

3.3.2 Grounded Theory Research 

This study embeds the grounded theory approach in a case study. To the researcher’s 

best knowledge, there are few theories on the learning experiences of the Hong Kong 

sub-degree students and the grounded theory approach will compensate for this 

inadequacy. Whereas the Literature Review chapter has addressed and answered the 



 

 128

first two research questions of this study (see Chapter 1), the grounded theory 

approach is well suited to answer the last three research questions: 

Question 3: What are the learning difficulties and strategies of the Hong Kong 

sub-degree students? 

Question 4: What changes in classroom practice are required to improve the 

academic performance of the Hong Kong sub-degree students in 

learning to program? 

Question 5: What are the characteristics of Chinese learners? 

These questions pertain to the learning experiences of Hong Kong sub-degree 

students. The grounded theory approach has the most potential to answer these 

questions given the dearth of research on this population. 

Having described the case study method, this section introduces the grounded theory 

approach. Grounded theory is a qualitative research method originally developed by 

the sociologists Barney Glaser and Anselm Strauss (Glaser & Strauss 1967). Strauss 

and Corbin (1998) described theory as that was directly derived from data, 

systematically gathered and analysed through the research process. The grounded 

theory researcher begins a project with an area of study and allows the theory to 

emerge from the data. They maintained that theory derived from data is more likely 

to agree with the reality than is theory from a series of concepts based on experience 

or simply through pondering. Grounded theories are promising in terms of the 

insights they offer, the enhanced understandings they bring about, and the significant 

guide to action they can provide. In this case, the learning experiences of Hong Kong 

sub-degree students have been seldom explored and uncovering these experiences 
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requires in-depth interviews and participant observation. Qualitative analysis is a 

good candidate for generating theories of these learning experiences. Those emerging 

theories may form the hypotheses for further testing using quantitative methods. 

Among the qualitative methods, grounded theory approach offers a systematic data 

coding method to generate theories through analysis of the data directly collected 

from participants. 

 

Goals and Features of Grounded Theory Research 

The goal of grounded theory studies is to inductively develop a theory about a 

phenomenon (Ary et al. 2010). The tools for primary data collection are interviews 

and observation. Grounded theory approach concentrates on collecting data about 

human experiences in a particular context. Ary et al. (2010) explained that the theory 

is grounded in the data and presents many conceptual relationships that belong to that 

context. In addition, this research approach adopts the use of constant comparison in 

the course of data analysis. The researcher compares data units with each other to 

generate some categories. This comparison continues until data saturation is reached; 

at this point no new information will be discovered. 

There are several aspects of grounded theory research. Glaser came from Columbia’s 

sociological tradition, which emphasised empirical research in conjunction with the 

development of theory (Strauss & Corbin 1998). These authors maintained that 

Glaser’s thinking about research was influenced by Paul Lazarsfeld, an innovator of 

quantitative methods. In contrast, Strauss was trained at the University of Chicago, 

which had a long history and strong tradition of qualitative research (Strauss & 

Corbin 1998). Although Glaser and Strauss came from different sociological 
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traditions, these traditions shared features that allowed them to work closely together. 

Furthermore, Glaser (1998) is useful for novice researchers in grounded theory and is 

intended as a textbook for beginners. Strauss and Corbin (1998) provide a more 

systematic, analytic procedure for doing grounded theory research, in which the 

investigator systematically develops a theory that explains process, action, or 

interaction on an issue. 

 

Procedures for Grounded Theory Research 

Although several procedures for doing grounded theory research are available, 

Creswell (1997) described a procedure that is helpful to researchers who are learning 

and applying grounded theory approach. Creswell’s illustration relies on Strauss and 

Corbin (1998). 

1) Determine if grounded theory is best suited to a researcher’s study. 

2) Identify research questions. 

3) Collect data through interviews, observation, documents, and so on. 

4) Analyse the collected data in stages: open coding, axial coding and selective 

coding. 

5) Develop and visually portray a conditional matrix, which is a coding device to 

help making connections between the macro and micro conditions affecting the 

phenomenon. 

6) Result in a substantive-level theory close to a specific context. 

Grounded theory research emphasises data analysis. There has been some debate in 

the approach to data analysis. Strauss and Corbin (1998) presented a systematic 

approach; Charmaz (2006) adopted a more constructivist approach. Although the two 
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approaches are quite different in terms of the analysis procedures, both start from 

initial data to gain insights which are then compared with further data to formulate 

tentative theoretical statements. The approach of Straus and Corbin is simpler and 

more precise than that of Charmaz. Thus this research study will follow Strauss and 

Corbin’s approach, in which open coding, axial coding, and selective coding are all 

adopted in turn for data analysis. The research design and procedures will be 

presented in Section 3.4. The following figure depicts the approach of grounded 

theory presented by Strauss and Corbin (1998): 

Figure 3.1: Process of the grounded theory approach of Strauss and Corbin (1998) 

 

Three main coding methods are emphasised by Strauss and Corbin: open coding, 

axial coding, and selective coding. As described by Ary et al. (2010), open coding is 

the identification of concepts and categories; axial coding organises related 

categories into a few core categories. After open coding and axial coding have been 

conducted, selective coding is then adopted to show the connections among 

categories and then develop the resulting theory in form of a series of propositions or 

hypotheses. 
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In contrast, a more constructivist approach of grounded theory was taken by 

Charmaz (2006) as depicted in Figure 3.2. 

Figure 3.2: Process of the grounded theory approach of Charmaz (2006) 

 

The core of analysis in Charmaz’s approach is memoing. This means that the 

researcher takes reflective notes or ideas throughout the coding process. The major 

procedures of Charmaz’s approach comprise initial coding, focused coding, 

theoretical coding, diagramming, and literature review. Ary et al. (2010) reminds us 
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that literature should be reviewed after analysis in order to identify, if any, some 

concepts which the researcher has not shaped. 

 

3.3.3 Comparison of Case Study with Grounded Theory 

This section compares and contrasts case study and grounded theory research, 

primarily relying on Creswell’s work (1997) in terms of seven properties: 

1) Focus 

Case study develops an in-depth description and analysis of case or multiple 

cases. Grounded theory moves beyond description and developing a theory 

grounded in data from the field. 

2) Type of problem best suited for design 

Case study provides an in-depth understanding of a case or cases. Grounded 

theory grounds a theory in the views of participants. 

3) Discipline background 

Case study is founded in psychology, law, political science or medicine. 

Grounded theory originated in sociology. 

4) Unit of analysis 

Case study studies an event, a program, an activity, more than one individual. 

Grounded theory studies a process, action, or interaction involving many 

individuals. 

5) Data collection forms 

Case study uses multiple sources, such as interviews, observations, documents, 

and artefacts. Grounded theory primarily uses interviews. 



 

 134

6) Data analysis strategies 

Case study analyses data through description of the case and themes of the case 

as well as cross-case themes. Grounded theory analyses data through open 

coding, axial coding, and selective coding. 

7) Written report 

Case study develops a detailed analysis of one or more cases. Grounded theory 

generates a theory illustrated in a visual model. 

This comparison not only offers an understanding of the distinguishable features 

between case study research and grounded theory research, but also forms a basis for 

selecting an embedded approach of grounded theory within a case study. The 

rationale will be explained in the next section. 

 

3.3.4 Choosing An Embedded Approach 

This section presents a detailed rationale for choosing a theory-seeking case study 

approach for this study. This theory-seeking case study adopts an embedded 

approach; the grounded theory method is conducted within a case study of the Hong 

Kong sub-degree students to learn computer programming. As a result, a substantive 

theory of performance improvement of programming will be generated to advance 

professional practice in the field and to suggest hypotheses for further research. The 

primary purpose of the study is to obtain an in-depth and holistic understanding of 

students’ learning experiences in computer programming in a natural setting, thus a 

qualitative approach was adopted. Most quantitative investigations, including the 

ones reviewed in Section 3.2, require more than 20 participants; qualitative methods 

need fewer participants (N  20). The qualitative studies reviewed in Section 3.2.3 
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used fewer than ten participants and some employed only two or three. Therefore, 

another reason for choosing the qualitative approach is the small number (N=6) of 

research participants because quantitative methods require a much larger subject 

population in order to allow generalisation of the research results. 

Among the five commonly used qualitative methods: narrative study, 

phenomenological study, grounded theory study, ethnographical study, and case study, 

why was an embedded approach of grounded theory within a case study selected? 

This section answers the question. 

This study investigates a computer programming class of six students. Narrative 

research, ethnography, and case study research are suitable to the situation with a 

single unit of analysis. However, the narrative approach is rejected because of its 

focus on the story told by a single individual and because we are interested in 

understanding both the specific class of students and each student’s learning 

experiences (multiple cases) through classroom observations, in-depth interviews, 

and analysis of students’ works. Ethnography is also rejected as it emphasises the 

investigation of shared patterns of behaviour and beliefs and paints a much broader 

picture of the culture. This study neither explores any common behaviour nor has an 

adequate number of units (over 20) of analysis. In terms of data collection and 

analysis, ethnography focuses on more observations, unlike multiple sources of data 

in a case study, and it lacks systematic procedures of analysis, in contrast to 

grounded theory. 

Phenomenology was not selected because it emphasises the meaning of an 

experience for individuals and by itself does not offer the kinds of insights needed 
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for a study of teaching and learning. The interest in this thesis lies in not only 

understanding participants’ learning experiences but also identifying ways to 

improve their learning. The case study method will satisfy this requirement. In 

addition, we move beyond description and develop a theory that will explain 

professional practice and provide a framework for further research. Thus the 

grounded theory approach is selected within a case study. 

We adopt the case study approach as a core methodology for developing a holistic 

and intensive description of the class of less capable students in learning 

programming and of individuals’ learning differences in a natural setting. The studies 

reviewed in Section 3.2.3, Storey et al. (2003), Rigby and Thompson (2005), and Xu 

et al. (2005), have provided a point of reference as to how the field teaching and 

learning programming can be explored through the adoption of case study methods. 

These studies focused on investigating programming tools or the learning process of 

selected programming methods while our study explores the learning experiences of 

elementary programming students. In addition, a fundamental difference between 

case studies and other qualitative methods is, as mentioned by Benbasat, Goldstein 

and Mead (1987), that the case study researcher may have less a priori knowledge 

about the variables of interest and the measure of these variables. This is true to this 

study because the study of Hong Kong sub-degree students is very rare and the 

learning experiences of these students are new to the researcher. 

However, as stated by Creswell (1997), grounded theory moves past in-depth 

description, as case study method does, and develops a theory grounded in data from 

the field. Thus the systematic data analysis in grounded theory approach is well 

suited to this study, which aims to explain the current practice and provide a 
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framework for further research. Moreover, this study is not the first research to adopt 

a grounded theory approach within a case study. A couple of studies have adopted 

such design with positive results (Eisenhardt 1989 and Taber 2000). These two 

studies were conducted by scholars at Stanford University and the University of 

Cambridge. Eisenhardt (1989) presented a methodology of building theories from 

case study research. Instead of applying the methodology to a particular instance, 

Eisenhardt described the process, strengths, weaknesses and evaluation of theory 

building from cases. His argument relied on the literature. He concluded that theories 

developed from case study research have important strengths, including novelty, 

testability, and empirical validity, all of which arise from the close connection with 

grounded data. In addition, this approach is very well-suited to new research areas or 

to those for which existing theory seems inadequate. 

Another work using a theory-seeking case study approach was undertaken by Taber 

(2000), who presented an example of the application of a grounded theory approach 

to case study research into the learning of science, and considers the generalisability 

of the research results. He argued that grounded theory research may be used as a 

bridge between case studies and large-scale surveys, which enables the strengths of 

both to be combined in the same research. He mentioned that a major feature of 

grounded theory is moving from in-depth study of the specifics of individual cases to 

more general features of the wider context. In conclusion, Taber stated that grounded 

theory allows the researcher to bridge the gap between specific accounts of the 

individual case, and generalised accounts which offer meaningful advice for 

classroom teachers and curriculum developers. 
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Therefore, a theory-seeking case study approach is particularly suited to uncovering 

the learning experiences of the Hong Kong sub-degree students and to generate a 

hypothesis for further investigation. The detailed research design and procedures will 

be described in the coming section, followed by the presentation of the research 

participants and instruments. The key instruments comprise in-depth face-to-face 

interviews, participant observations, and students’ works in form of assignment and 

examination scripts. These instruments will collectively capture data about students’ 

learning experiences. More specifically, students’ learning difficulties, learning 

strategies, and learning needs will be collected from the data. 

 

3.4 Research Design and Procedures 

As mentioned above, this study adopts a grounded theory approach within a case 

study to investigate the experiences of less capable students in learning to program in 

a naturalistic environment and to construct substantive theories regarding learning to 

program. The data was collected from a questionnaire, participant observation, 

in-depth interviews, and examination of students’ five assignments and an 

examination. A short survey of the student participants’ academic background 

information was conducted in the first lesson of the module through a questionnaire. 

Participant observation was performed in 15 lectures and laboratory sessions, from 

February 2007 through June 2007 of the module ‘Advanced Java Programming’ after 

the students gave consent by signing and returning consent forms. Memo and 

reflection notes were taken right after each lesson. Two interviews were conducted 

with each of the student participants in the middle of and after the end of module. 

Interviews with two instructors who teach programming together with examination 
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of students’ works were conducted in the summer of 2007 in order to triangulate with 

the data from observations and interviews. Finally, the information from examining 

students’ written programs in forms of assignments and examination scripts was 

collected to analyse the students’ programming performance and the degree of 

understanding of the learning materials. The design of this study is illustrated in 

Figure 3.3. 

Figure 3.3: Flow diagram of research design and procedures 

 

‘Other Data’ in the figure refers to students’ academic background, observation data, 

students’ programs from assignment and examination scripts, and reflective memos. 
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Data analysis followed the procedures of grounded theory research as suggested by 

Strauss and Corbin (1998) and generated substantive theories regarding learning to 

program. The details of the data analysis will be presented later in this chapter. 

 

3.5 Research Participants 

There were two kinds of research participants – students and instructors – in this 

study. The student participants were taking an ‘Advanced Java Programming’ module 

in the School of Continuing and Professional Education (SCPE), at the Hong Kong 

Institute of Education. All the students had some experience with computers but little 

knowledge of computer programming. Six students were in the class. The 

participants were selected by opportunistic sampling: the class of students was 

assigned by the institution as part of author’s teaching duties. 

In addition, two computer science instructors were invited to be part of the research 

participants and provided valuable teaching experiences in computer programming 

through semi-structured interviews in August and September 2007. 

 

3.5.1 Academic Background of Student Participants 

The background information of each of the research participants is given as follows. 

The names of student participants are encoded as S1 ~ S6; the instructor participants 

are coded as T1 and T2. 

The results of the student participants from Hong Kong Certificate of Education 

Examination (HKCEE) are summarised in Table 3.2. The students’ academic path 

after secondary school is shown in Table 3.3 below. If a Project Yi Jin (PYJ) graduate 
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is 21 or older, he/she is eligible to enter the Associate Degree program as long as 

he/she had some relevant working experience. 

Table 3.2: Students’ HKCEE results (partial) 

Student 
English 

Language 
Chinese 

Language 
Mathematics 

Computing 
Studies 

S1 Fail Pass Pass N/A 

S2 Pass Pass Pass N/A 

S3 N/A N/A N/A N/A 

S4 Fail N/A Pass N/A 

S5 Pass Fail Fail Pass 

S6 Pass Pass Fail Fail 

 

Table 3.3: Students’ academic path after secondary school 

Student Academic Path 

S1 PYJPreADAD 

S2 PYJAD 

S3 PYJ AD 

S4 PYJPreADAD 

S5 PYJAD 

S6 PYJPreADAD 

 

S1 passed Chinese Language and Mathematics in HKCEE but failed English 

Language. He studied Project Yi Jin (PYJ), Pre-Associate Degree (PreAD) and then 

Associate Degree (AD) programs. 

S2 passed English Language, Chinese Language and Mathematics in HKCEE. She 

directly promoted to Associate Degree program after studying Project Yi Jin 

program. 



 

 142

S3 did not provide information on the results of HKCEE. He directly promoted to 

Associate Degree program after studying Project Yi Jin program. 

S4 passed Mathematics in HKCEE but failed English Language. He studied Project 

Yi Jin, Pre-Associate Degree and then Associate Degree programs. 

S5 passed English Language in HKCEE but failed Chinese Language and 

Mathematics. He directly promoted to Associate Degree program after studying 

Project Yi Jin program. 

S6 passed English Language and Chinese Language in HKCEE but failed 

Mathematics. He studied Project Yi Jin, Pre-Associate Degree and then Associate 

Degree programs. 

 

3.5.2 Academic Background of Teacher Participants 

T1 is a lecturer in the School of Continuing and Professional Education at the Hong 

Kong Institute of Education (HKIEd). He has a B.Eng. and M.Sc. in computer 

science at the Hong Kong University of Science and Technology, Hong Kong and a 

postgraduate diploma in education at HKIEd. He has been teaching Java 

programming for four years. 

T2 is a Professor of Graduate Institute of Information and Computer Education at 

National Taiwan Normal University, Taipei. She earned a PhD in computer science at 

Northwestern University, Evanston, Illinois. She is a specialist in computer 

programming education and design of courseware for teaching and learning of 

programming. She has numerous publications in computer education. 
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3.6 Instruments 

The instruments adopted in this study are: 

1) Researcher 

The researcher in a qualitative research is the major instrument of a study. As 

the researcher of the study, I was also the instructor of the student participants. I 

earned a bachelor’s degree with honours in Mathematics and Computing in 

1990, an M.Sc. in Software, Systems and Information Engineering in 1998 and 

an M.Ed. in Information Technology in 2002. I started to teach post-secondary 

students in computer science in 1999 and have over five years of experience in 

teaching Java programming, the target language of teaching in this study. 

Before entering the teaching profession, I worked as a software developer for 

some private software firms for more than four years. Therefore, I have solid 

experiences in computer programming in both industry and academia. 

2) Questionnaire (Appendix C) 

A questionnaire administered in the first lesson of the module collected 

information about the student participants’ academic background. 

3) Participant Observations (Appendix F) 

Active participant observations were conducted in the classroom during the 

module period. Memo notes were jotted down after each lesson. 

4) Students’ Works in Assignments (Appendix G) and Examination (Appendix H) 

Students’ work on five assignments and an examination were collected for 

analysis on their programming performance and the degree of understanding of 

the module materials. 
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5) In-depth Interviews (Appendices D and E) 

Two kinds of semi-structured interviews were conducted with student 

participants (S1 ~ S6) and instructor participants (T1 and T2). Two interviews 

were conducted with each of the students in the middle of and after the end of 

the module period on the campus of the Hong Kong Institute of Education. The 

data collected from the first interviews informed the framing of the questions 

for the second interviews. 

The interview with T1 was also conducted in the Hong Kong Institute of 

Education at the end of August 2007. However, the interview with T2 was 

conducted in T2’s office, at National Taiwan Normal University, Taipei, on 3 

September 2007. 

The interviews with S1 ~ S6 and T1 were conducted in Cantonese; the interview 

with T2 was conducted in English. All interviews were recorded by a digital 

audio recorder with one gigabyte memory. 

6) Memo (Appendix I) 

Memo and reflection notes were taken during the data collection and analysis 

period. Memo notes recorded the learning experiences of the student 

participants in the classroom; reflection notes recorded some insights during the 

data collection and analysis periods. 

 

3.7 Data Analysis 

The data analysis process was based on grounded theory approach (Strauss & Corbin 

1998) with some modifications. The steps are as follows: 
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1) Interview data transcription: The data collected from interviews were 

transcribed word-by-word in Chinese or English depending on the language 

used during recording. All audio recordings are around 12.5 hours (750 minutes) 

in length. 

2) First-level document: Each transcript representing an interview was perused. 

Irrelevant information was removed and a first-level document was generated. 

The wording in this document is identical to the wording in the audio 

recordings. 

3) Second-level document: Each first-level document was re-organised and 

grouped according to pre-set themes such as ‘learning strategies’, and ‘learning 

difficulties’. Second-level documents were then generated. The utterances in 

this document also correspond exactly with those in the original audio 

recordings. 

4) Document computerisation: All second-level documents were entered into the 

computer using Microsoft Word. 

5) Open coding: All computerised documents were perused and analysed. Data in 

the documents were classified by concepts or incidents. Emerging concepts and 

categories were marked on the Word documents and then extracted to Microsoft 

Excel worksheets automatically through VBA10 programs (Appendix M). 

6) Axial coding: All the concepts coded during open coding were then grouped 

into categories. All categories and their concepts were categorised according to 

five themes – ‘Background’, ‘Conceptions’, ‘Strategies’, ‘Difficulties’, and 

                                                 
10  VBA stands for Visual Basic for Applications, which is an implementation of Microsoft’s 
event-driven programming language Visual Basic. 
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‘Opinions’. All the categories and concepts were analysed to relate categories to 

their subcategories based on the axial coding procedure suggested by Strauss 

and Corbin (1998). Four major categories were then identified using an analytic 

tool, the coding paradigm (Strauss & Corbin 1998). The different levels of the 

identified categories were organised automatically by VBA programs (Appendix 

M). 

7) Selective coding: The four major categories identified from axial coding were 

integrated and refined to form a theory. That is, one of the four categories was 

selected to form the core category and the other categories were related to the 

core one. 

 

3.8 Study Limitations 

One of the limitations of this study is its sampling method. As this study adopted 

opportunistic sampling, another set of participants could have different viewpoints 

and findings. In addition, the other limitations are the same as most grounded theory 

studies, which include the following: 

1) There are limited time and resources to conduct a fully saturated study that 

generates a formal theory. In order to avoid this limitation, an objective of this 

study is to generate substantive theories that are based on interview data. 

2) Grounded theory research is highly dependent on the theoretical sensitivity of 

the researcher, who is also the major research instrument of the qualitative 

approach. Producing theories with good quality requires a well-trained and 

experienced researcher.  
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3) The findings of this study are tentative and depend on my personal 

interpretation. For example, another researcher may produce a different set of 

axial categories and hence a different substantive theory. 

4) The findings are not generalisable in the conventional sense and their objectivity 

is subject to critique. Instead, the findings are transferable to similar contexts. 

Although the findings will be of the most benefit the Hong Kong sub-degree 

students, the transferability is valid to the sub-degree students in Asian and even 

in non-Asian countries. Some of the findings will also apply to freshmen in 

undergraduate programming modules. One of the recommendations of this 

study is to provide the students with additional learning materials in Chinese. 

This suggestion may be adapted to non-English speaking students. 

 

3.9 Ethical Issues 

3.9.1 Conduct Ethical Research 

This study is consonant with generally accepted ethical principles. Before any data 

were collected from respective institution, ethical application was submitted to the 

UTS Human Research Ethics Committee and the application was approved on 8 May, 

2007. The following ethical principles were kept in mind throughout the research 

study: 

1) This study does not support discrimination based on age, gender, ethnicity, or 

social class. 

2) There is no risk or harm to participants resulting from the research at any time 

during the study. 
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3) This study does not reflect any deception to the participants. 

4) The results are reported honestly and objectively. 

 

3.9.2 Secure Informed Consent 

Before any data were collected from the institutions, all the study participants were 

informed about the study both verbally and through the Information Sheet (Appendix 

A). They all agreed to participate in the study and signed the Consent Letter 

(Appendix B). 

 

3.9.3 Collect and Store Data 

The researcher was the only person to collect data. All the student participants are 

given a choice to whether or not to participate and have their data used. They were 

told of the uses to which the data will be put. Additionally, the data were stored in a 

private area to which only the researcher had access. The data are anonymous, 

confidential and where possible, de-identified and the codes are stored separately. 

The participants cannot be identified directly from published or unpublished encoded 

data. 

 

3.10 Chapter Summary 

In summary, this chapter has presented a survey of recent research methods which 

provides a point of reference for the application of quantitative and qualitative 

methods to the teaching and learning of computer programming. It also provides 

valuable cues for choosing particular research approaches among the qualitative 
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methods. It revealed that quantitative methods investigate an issue either through a 

few simple factors or a superficial exploration of them. Therefore, similar to this 

study, a holistic and in-depth understanding of a phenomenon requires the adoption 

of a qualitative approach. 

In addition, the two mixed studies that were reviewed here provide a valuable 

reference on teaching and learning improvement by the adoption of a case study as 

the core method. On the one hand, the three subsequent case studies reviewed above 

show how the case study method could be applied to the investigation of different 

aspects of programming education, and they provided good insights on ways to 

improve students’ programming performance. On the other hand, the reviewed 

phenomenography and four ethnographies do not suggest and improvements to an 

issue beyond the description of the essence of the experience or the interpretation of 

the shared patterns of culture of a group. This gap is to be filled by qualitative 

methods such as the case study and the grounded theory methods, which are adopted 

by this research. 

After reviewing these research methods, this chapter explains the justification of 

adopting a theory-seeking case study approach in the teaching and learning of 

programming for Hong Kong sub-degree students. 

The assumption of the study is the interpretive paradigm and the methodological 

focus of the study is on the ground theory approach. The details of the research 

design and procedures, together with the relevant instruments, the research 

participants and data analysis procedures have been described. Finally, the study’s 

limitations and ethical issues have been discussed. 
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Chapter 4 

Findings 

 

4.1 Introduction 

This chapter presents and comments on the findings of the study. After reviewing the 

course of study and the process of data collection and analysis, the findings relating 

to the processes of open coding, axial coding and selective coding will be presented. 

Then the emerging theory will be elaborated. The findings presented in this chapter 

answer the last three questions (3 ~ 5) as stated in Chapter 1: 

Question 3: What are the learning difficulties and strategies of the Hong Kong 

sub-degree students? 

Question 4: What changes in classroom practice are required to improve the 

academic performance of the Hong Kong sub-degree students in 

learning to program? 

Question 5: What are the characteristics of Chinese learners? 

The literature review answered the first two research questions, which are concerned 

with existing theories and approaches to the teaching and learning of programming. 

As mentioned in the previous chapter, this study adopts a grounded theory approach 

to investigate the experiences of less capable students in learning to program and to 

construct substantive theories regarding learning improvement. The findings 

presented here were the students’ experiences in learning to program, which were 

collected from in-depth interviews, participant observations, students’ assignments 
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and examinations and reflective memos. The data analysis process comprised 

transcribing interview data word-by-word, filtering and re-organising transcribed 

data, and conducting opening coding, axial coding and selective coding. The findings 

of the study reveal a great deal about the classroom application of the theories and 

approaches that were investigated in the literature review. These findings also offer 

concrete answers to the last three research questions and constitute an important 

addition to the literature. Hypotheses for further investigations are also suggested. 

 

4.2 The Study 

The study was conducted using data collected between February 2007 and September 

2007 from a class of six students doing a module ‘Advanced Java Programming’ and 

two teachers in computer science. The sources of data collection include in-depth 

semi-structured interviews, participant observation of classroom activities, students’ 

assignments and examinations, and reflective memos. 

The interviews amount to 12.5 hours (750 minutes) of audio recordings. The 

interviewees include the six target students and two teachers. Four of the target 

students consented to mid-term interviews (March 2007) and after-module interviews 

(August 2007) and the other two consented only to after-module interviews. One of 

the two teachers is the researcher’s colleague and was IT subject leader, and had 

taught the same module for several cohorts. The other teacher is both a Computer 

Science Professor of National Taiwan Normal University, Taiwan and the Director of 

a research centre investigating programming education to secondary and tertiary 

students. Further details of the research participants were presented in Chapter 3, 

Section 3.4. 
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The following table summarises the academic background information of the six 

student participants prior to beginning the target module: 

Table 4.1: Participants’ academic results 

Student 
HKCEE

English

HKCEE

Chinese

HKCEE

Maths 

HKCEE 

IT 

HKIEd 

Java I 

S1 Fail Pass Pass N/A B+ 

S2 Pass Pass Pass N/A A 

S3 N/A N/A N/A N/A B 

S4 Fail N/A Pass N/A C 

S5 Pass Fail Fail Pass B/B- 

S6 Pass Pass Fail Fail N/A 

 

Columns 2 through 5 present the results of the six participants from the local public 

examination, HKCEE. Column 6 shows their grades in the prerequisite (Introduction 

to Programming – Java, in short, Java I) of the target module (Advanced Java 

Programming). This summary information conforms to the generally accepted 

conception in the computer science community, that prior English proficiency and 

mathematical skills are proportional to the programming performance. Therefore, 

English and mathematics are usually two of prerequisites for most university 

computing programs. 

 

4.3 Data Collection 

Over 80% of data were collected from the interviews where the data from other 

sources were adopted for triangulation. All the interviews were conducted in Chinese 

(except for the interview with the Taiwanese Professor which was done in English) 

through face-to-face meetings with audio recordings. All the audio recordings were 
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then transcribed. Unrelated data were removed from the transcripts to form a 

first-level summary and then a second-level summary was extracted from the 

first-level summary by grouping the data by pre-set themes. 

The first interviews with the participants were conducted after the first few lessons of 

the target module in order to obtain the participants’ initial learning experiences, 

which informed the design of the interview questions of the second interviews. The 

questions for the first interviews were: 

1) To what extent do you understand the concepts introduced in the lectures? 

2) What are your opinions and/or suggestions about the arrangement of laboratory 

sessions? 

3) What are your experiences with Eclipse? 

4) What features in Eclipse are helpful in writing Java programs? 

5) What features in Eclipse are not helpful in writing Java programs? 

6) Which IDE do you think is more helpful than Eclipse in writing Java programs? 

7) What improvements for Eclipse should be made? 

8) What do you think about the design of the laboratory exercises? 

Additionally, the questions for the second interviews were designed to elicit answers 

to the last three research questions. There are 45 questions (see Appendix E) in the 

following nine areas for the second interviews: 

1) Ways of seeing programs and programming 

2) Ways of seeing for learning a programming language 

3) Key motivations in learning to program 

4) Past learning strategies 
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5) Kinds of assistance adopted 

6) Individual learning difficulties or problems 

7) Self-evaluation in learning Java programming 

8) Opinions in learning to program in the past 

9) Opinions in learning to program in the future 

Follow-up questions for each of the interview questions were added as appropriate to 

elicit more detailed and accurate information, and to maintain a conversational flow 

to the discussion. The interviews with the two teachers aimed at a triangulation of the 

data collected from the student interviews. This also had generated insights into the 

teaching and learning of computer programming from the perspective of a teacher. 

The participant observation was conducted during 15 lectures and laboratory sessions, 

within the target module from February through June 2007. The students’ consent 

was obtained from their signed consent forms. Memos and reflection notes were 

taken right after each lesson and throughout the main data collection and analysis 

period (February 2007 to August 2008). Furthermore, students’ works for all the five 

assignments and one examination set as assessment items for the target module were 

collected for detailed analysis on their programming performance. 

Data analysis followed the procedures of grounded theory research as suggested by 

Strauss and Corbin (1998) and will generate substantive theories about learning to 

program. The details of the data analysis will be presented in the next sections. 
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4.4 Initial Data Analysis 

All the audio recordings were transcribed. Unrelated data were removed from the 

hand-written transcripts to generate a first-level summary. In addition, a second-level 

summary was done by grouping the data by pre-set themes. The themes were: 

1) Background Information 

2) Learning Difficulties 

3) Learning Strategies 

4) Programming Tools 

5) Needs and Opinions 

The second-level summary formed the basis of further data analysis. In order to 

automate the data analysis process, the second-level summary was keyed in to the 

computer in Microsoft Word. Further data analysis was conducted based on this 

summary in Microsoft Word format. 

 

4.5 Open Coding 

Concepts were identified from the second-level transcripts and written in English 

although most transcripts were in Chinese. These concepts were marked in red colour 

at the appropriate transcript segments using the codebook in Appendix J. All these 

initial concepts were grouped into two categories: coding for students (515 concepts) 

and coding for teachers (135 concepts), and were listed in Appendix K. The concepts 

were categorised into five areas for follow-up analysis and each of these areas is to 

be elaborated in the following sub-sections. 
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1) Learning Difficulties 

2) Learning Strategies 

3) Motivation and Attitude 

4) Students’ Perspectives 

5) Teachers’ Perspectives 

 

4.5.1 Learning Difficulties 

Learning difficulties are one of the major target areas of investigation of the study, as 

highlighted in the third research question. The following is a list of identified 

concepts from the organised transcript for the interviews which relate to students’ 

learning difficulties (LD) in programming. Note that each concept below contains 

two pairs of curly brackets. The first pair includes a code for further classification 

and a unique number to represent a concept; the second pair contains the concept per 

se. The subject of all the expressions in the second pair of curly brackets is assumed 

to be the interviewer unless specified otherwise. 

Table 4.2: Emerging concepts of learning difficulties 

Concept/Category Frequency

1 {LD-1}{Cannot start from scratch} 6 

2 {LD-5}{Understanding requirements} 3 

3 {LD-8}{Inadequate time} 3 

4 {LD-10}{Distracted by other modules} 2 

5 {LD-16}{Tired} 2 

6 {LD-4}{Improper start affects learning} 2 

7 {LD-11}{Do not know how to ask questions} 1 

8 {LD-12}{Difficult to find examples} 1 

9 {LD-13}{Do not know how to use examples} 1 

10 {LD-14}{Do not know how to locate program bugs} 1 

11 {LD-15}{General language dictionaries are not helpful} 1 

12 {LD-17}{Financial limitations results in doing part-time job} 1 

 



 

 157

13 
{LD-18}{Difficulty of learning to program is knowing something but 
not knowing something} 

1 

14 {LD-19}{File name does not match with class name} 1 

15 {LD-2}{Low self-conf affects learning} 1 

16 {LD-20}{Grasp requirements but not how to start} 1 

17 {LD-21}{Difficult to grasp concepts} 1 

18 {LD-22}{More difficult in writing programs than in grasping concepts} 1 

19 {LD-23}{Have not spent adequate time in learning} 1 

20 {LD-24}{Slow pace of knowledge absorption} 1 

21 {LD-25}{Lack of interest in module} 1 

22 {LD-26}{Difficult to adapt different program codes into one} 1 

23 {LD-27}{Module consists of many theoretical concepts} 1 

24 {LD-28}{Overwhelmed by the details of inheritance} 1 

25 {LD-3}{Be unaccustomed to T&L in Java II} 1 

26 
{LD-6}{Syntax problems}{Memo}{Syntax problems may result from 
inadequate practice and/or reading inadequate examples} 

1 

27 {LD-7}{Lab ex are too difficult} 1 

28 {LD-9}{Lazy} 1 

 

According to these concepts, the most frequently expressed difficulty for our 

programming students was learning to write programs from scratch (LD-1). They 

need sample programs, templates, or more guidance to complete the tasks. Another 

major difficulty is understanding the requirements of their assignments (LD-5). 

During the explanation of the assignments’ requirements in the classroom, it was 

discovered that this difficulty is not due to their language problem but to inadequate 

cues for modelling the problem’s solution in program statements. In fact, they needed 

similar examples (LD-12, LS-9, LS-36). They also needed a variety of examples to 

grasp the programming concepts (LS-12). Another source of frustration was grasping 

the syntax of the Java language (LD-6). Java contains many symbolic elements that 

interfere with students’ understanding. Although this difficulty was not often 

mentioned by the students, it did emerge from students’ programs and was 

emphasised by one (T1) of the teacher participants (LD-T01). 
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4.5.2 Learning Strategies 

Learning Strategies (LS) is a major pre-set theme in the study, and consists of the 

following concepts: 

Table 4.3: Emerging concepts of learning strategies 

Concept/Category Frequency

1 {LS-1}{Ask peers} 7 

2 {LS-9}{Find relevant examples} 7 

3 {LS-11}{No preparation before lectures} 5 

4 {LS-12}{Understand concepts through example} 5 

5 {LS-6}{Discuss with classmates} 5 

6 {LS-1a}{Ask teachers} 4 

7 {LS-20}{Priority of asking for help: peers, online, books, teachers} 3 

8 {LS-22}{Ask peers to debug programs} 3 

9 {LS-2a}{Prefer reading English info} 3 

10 {LS-14}{Read book; understand concepts; read code} 2 

11 {LS-15}{Exercises are done less frequently} 2 

12 {LS-19}{Memorise common code} 2 

13 {LS-19a}{Memorise concept definitions} 2 

14 {LS-2}{Read English books} 2 

15 {LS-25}{Top-down understanding} 2 

16 {LS-28}{Memorise after understanding} 2 

17 {LS-29}{Find relevant examples online} 2 

18 {LS-3}{Divide and conquer} 2 

19 {LS-4}{Translate notes} 2 

20 {LS-4a}{Look up English word meanings from online dictionary} 2 

21 {LS-10}{Take notes during lectures} 1 

22 {LS-13}{More practice} 1 

23 {LS-16}{Exercises of finding errors are helpful} 1 

24 {LS-17}{Flowcharting is helpful} 1 

25 {LS-18}{Revision: Identify lectures’ main points} 1 

26 {LS-21}{Read overview before listening} 1 

27 {LS-22a}{Debugging by trial-and-error} 1 

28 
{LS-23}{Write down method invocation chain to understand 
recursion} 

1 

29 {LS-24}{Grasp through do ex.} 1 

30 {LS-26}{Add print statements for debugging} 1 

31 {LS-27}{Understanding programs through their output} 1 

32 {LS-30}{Drop down unclear points} 1 
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33 {LS-31}{Check relevant info online} 1 

34 {LS-32}{Attempt easier exercises} 1 

35 
{LS-33}{Approach programming problems, read notes, search relevant 
info online, ask peers, ask teachers} 

1 

36 {LS-34}{Ask questions in classroom} 1 

37 {LS-35}{For unclear programs, find relevant code online} 1 

38 {LS-36}{Search examples for writing programs} 1 

39 {LS-37}{Seldom read books when coding} 1 

40 {LS-38}{Study notes for writing programs} 1 

41 {LS-39}{Search and read books in school library, rare at bookstores} 1 

42 {LS-5}{Test examples and do exercises} 1 

43 {LS-6a}{Actively approach peers} 1 

44 {LS-7}{Browse online Chinese tutorials} 1 

45 {LS-8}{Use mnemonics} 1 

 

The data revealed that our students usually ask peers for help or discuss problems 

encountered when writing programs. Some students (S1 and S2) even asked each 

other to read their programs in order to check for errors. Most of the students were 

either reluctant to ask for help from teachers or asked the teachers as a last resort. 

The students explained that they were afraid to bother the teachers, or they hoped to 

find the solutions on their own. Additionally, they liked to look for similar programs 

and to find clues to their programming tasks. 

 

4.5.3 Motivation and Attitude 

Motivation/Attitude (MA) consists of the following concepts: 

Table 4.4: Emerging concepts of motivation/attitude 

Concept/Category Frequency

1 {MA-1}{Following – getting through the unit} 2 

2 {MA-12}{Study for assignments and examination} 2 

3 {MA-5}{Participating or enculturation} 2 

4 {MA-6}{Enjoying} 2 

5 {MA-6a}{Occasionally enjoyable} 2 

6 {MA-01}{Interest affects effort} 1 



 

 160

7 {MA-02}{Self-confidence (Eng) leads to not escape from Eng text} 1 

8 {MA-03}{Difficult and hesitate to change habit} 1 

9 {MA-10}{Too customary to previous T&L, hesitate to change} 1 

10 {MA-11}{Self English proficiency does not hinder learning} 1 

11 {MA-13}{Passive learning} 1 

12 {MA-14}{Do not read after lectures} 1 

13 {MA-15}{Start doing assignments closely before due dates} 1 

14 {MA-16}{Depressed from Java I to Java II} 1 

15 {MA-17}{Dare not ask teachers} 1 

16 {MA-18}{No writing programs except doing assignments} 1 

17 {MA-19}{May use IDE tools for writing large programs} 1 

18 {MA-2}{Coding – learning to code} 1 

19 
{MA-20}{Not use Eclipse because of time constraint and English 
interface} 

1 

20 
{MA-21}{Do not try to use tools due to worrying about how to use 
them} 

1 

21 {MA-22}{Lazy to install programming tools} 1 

22 {MA-23}{May use pre-installed programming tools} 1 

23 {MA-24}{May try to optimise programs} 1 

24 {MA-3}{Understanding and integrating} 1 

25 {MA-4}{Problem solving} 1 

26 {MA-6b}{Not enjoy when failing to solve problems} 1 

27 {MA-6c}{Not enjoy at all} 1 

28 {MA-7}{Boring} 1 

29 {MA-8}{Do the best on likes} 1 

30 {MA-9}{More motive in doing easier exercises and vice versa} 1 

 

On the one hand, students (S4 and S6) studied the module only for the sake of 

completing the module, which is a mandatory part of the program. This reflects these 

two students’ extrinsic motivation, as discussed in Chapter 2. On the other hand, 

others (S1 and S2) hoped to acculturate themselves into the computing community 

through learning programming and this reflects their intrinsic motivation. The other 

two (S3 and S5) learned programming to assist with problem solving. This is also a 

kind of extrinsic motivation. In general, two-thirds of the students expressed an 

interest in computer programming. However, from the half-year observation, such 

interest is inadequate to lead them to put enough effort in doing the job. Their 
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motivation may be easily affected by various internal and external factors. The 

internal factors are inadequate persistence and tolerance in doing a job. Doing 

part-time jobs and workloads from other courses are the major external factors. 

 

4.5.4 Students’ Perspectives 

The theme Students’ Conception (SCo) directly relates to the students’ learning 

experiences and consists of the following concepts: 

Table 4.5: Emerging concepts of students’ conception 

Concept/Category Frequency

1 {SCo-3}{JDK error messages are understandable} 3 

2 
{SCo-1}{Programming is more difficult than other computing 
modules} 

2 

3 {SCo-10}{Relative passive} 1 

4 {SCo-11}{Laziness affects learning} 1 

5 {SCo-12}{Misconceive that comments can only be in English} 1 

6 {SCo-13}{Helper examples for A4 is not helpful} 1 

7 {SCo-14}{Code variation in Java is greater than that in Pascal} 1 

8 {SCo-15}{Writing Java programs is more difficult than writing Pascal} 1 

9 {SCo-16}{Relevant examples are very helpful in programming} 1 

10 {SCo-17}{Part-time job does not affect learning} 1 

11 {SCo-18}{Every AD student has a part-time job} 1 

12 
{SCo-19}{VB is more learnable than Java as it includes less various 
symbols} 

1 

13 {SCo-2}{Only writing large programs needs debugger} 1 

14 
{SCo-20}{OOP is more difficult (compared with VB) as it goes from 
scratch} 

1 

15 {SCo-21}{GUI and abstract class require rote memorisation} 1 

16 {SCo-22}{Understand more if paying more attention} 1 

17 {SCo-23}{Visual aids will be helpful for program comprehension} 1 

18 {SCo-24}{Misconceive that Eclipse provides only English interface} 1 

19 
{SCo-25}{Approaching teachers in classroom or through email is very 
helpful in understanding assignment requirements} 

1 

20 {SCo-26}{Eclipse should be adopted after familiar with Java} 1 

21 {SCo-27}{Online information is important and very helpful} 1 

22 
{SCo-28}{The understandability of Chinese and English books is 
similar} 

1 

23 {SCo-29}{More is learned from English books} 1 
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24 {SCo-4}{Cannot use English to rewrite concepts} 1 

25 {SCo-5}{Previous teacher catered more to students’ standard} 1 

26 {SCo-6}{OOP concepts are easily understandable} 1 

27 {SCo-6a}{OOP is not difficult after lecturing} 1 

28 {SCo-7}{Teacher and students are in different levels} 1 

29 {SCo-8}{OOP is efficient and convenient} 1 

30 {SCo-9}{OOP is good for modularisation} 1 

 

The emerging concepts of students’ perspectives reflected individual students’ 

perceptions and needs on teaching and learning to program. Some students found that 

visual aids would be helpful for comprehending a program (SCo-23) while some 

pointed that online information was important and much helpful (SCo-27). Another 

emerging concept drawn to our attention is that the accessibility and 

comprehensibility of Chinese and English (programming) books are similar (SCo-28). 

This concept seems to contradict the Chinese teachers’ conception that it is easier for 

Chinese students to read Chinese texts than English ones, especially to lower 

achievers. This will be discussed in the next chapter. 

 

4.5.5 Teachers’ Perspectives 

Finally, the concepts identified from interview transcripts with the two teacher 

participants (T1 and T2) helped to triangulate the data from students and enabled a 

comparison between the learning experiences of Hong Kong students and Taiwan 

students. Some of those emergent concepts focused on the language problems (Lang), 

learning difficulties (LD), students’ characteristics (SCh) and conceptions (SCo) 

from teachers’ perspective. The full list can be found in Appendix K. 



 

 163

Table 4.6: Emerging concepts of teachers’ conception 

Concept/Category Subject 

1 
{Lang-01}{Instruction is in Chinese, but most programming languages 
are in English} 

T2 

2 
{Lang-02}{Taiwanese students start to learn English from Grade 3 and 
only limited vocabulary} 

T2 

3 {Lang-03}{English interface is an obstacle} T2 

4 
{Lang-04}{Students find great difficult to understand the English error 
messages} 

T2 

5 {Lang-05}{Graduate students face the language problem too} T2 

6 {LD-T01}{The major learning difficulty of students is syntax} T1 

7 {LD-T02}{The learning difficulties in Java II are OO concepts} T1 

8 
{LD-T03}{After knowing students’ problems by themselves, some 
choose to escape and give up while some attempt to solve} 

T1 

9 
{LD-T04}{Some students gave up and hesitated to accept teachers’ 
advice} 

T1 

10 
{SCh-01}{T1 suggested the students with low English proficiency 
reading some Chinese Web pages or textbooks} 

T1 

11 
{SCh-02}{Those students with weak in mathematical fundamentals could 
understand the lectures only through some practical examples} 

T1 

12 
{SCh-04}{Students who felt interior and hesitate to learn from failure 
experiences will easily fail in the module} 

T1 

13 
{SCh-05}{Students learn better in various domains, especially sciences, if 
their language ability and mathematical fundamentals are good} 

T1 

14 
{SCh-06}{In addition to weaker academic capability, students are less 
capable to learn new things} 

T1 

15 {SCh-07}{Students frequently use the Internet} T2 

16 
{SCo-101}{Students always want to progress quickly without much 
efforts} 

T1 

17 {SCo-201}{ES students are interested as they proud of creating things} T2 

18 
{SCo-202}{SS & college students do it for fulfilling course requirements 
as they have pressure for public exam and programming is not 
mandatory} 

T2 

19 {SCo-203}{Math and Physics are important, but programming is not} T2 

20 {SCo-203a}{HS students focus only on Maths, Physics and English} T2 

21 
{SCo-204}{Some students, after a semester, would like to major in CS 
and to be a programmer in the future} 

T2 

22 {SCo-205}{Programming is not a problem-solving task} T2 

23 {SCo-206}{Some do not want to learn programming at all} T2 

 

The findings from the interviews with the Hong Kong teacher and Taiwan teacher 

revealed that language problems are common to both areas but in different 

dimensions. Hong Kong students may find it difficult to understand the English 

textbooks whereas Taiwan students are hindered by the English interface (Lang-03) 
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of most programming tools. Syntactic problem of programming languages is also an 

obstacle to students’ progress (LD-T01). Moreover, as indicated by teacher T1, the 

students may easily give up when encountering difficulties (LD-T03 and LD-T04). 

This is especially true of the weaker students because their past experiences of failure 

diminished their motivation to persist. 

Moreover, the concepts were then extracted automatically from the Word document 

and stored in Microsoft Excel worksheets using some VBA program (see Appendix 

M for program listing). Related concepts were then grouped into categories. 

 

4.6 Axial Coding 

The concepts identified from open coding were then reorganised and regrouped into 

five major themes: 

1) Students’ Background 

2) Students’ Motivation/Attitude/Conception 

3) Learning Difficulties 

4) Learning Strategies 

5) Students’ Needs and Suggestions 

The concepts in each of the five themes were grouped into different levels of 

categories. During this process of categorisation, some concepts are extracted while 

others are eliminated through two passes. The first pass grouped concepts from each 

theme into different categories and the second pass eliminate some concepts through 

constant comparisons. Three categories (Bg-1002, Bg1003 and Bg1004) were 

identified from the concepts of ‘Students’ Background’ and listed as follows: 
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Table 4.7: Categories of students’ background 

Category/Concept 

1 
{Bg-1002}{Motivation in learning programming may be hindered by educational 

policies} 

1.1 
{SP-01}{Computer is compulsory in high schools (in Taiwan), but not 

programming}  

1.2 {SP-01a}{Programming is not tested} 

2 
{Bg-1003}{Verbal and mathematical skills are definite helpful in learning sciences, 

incl. programming} 

2.1 
{SCh-02}{Those students with weak in mathematical fundamentals could 

understand the lectures only through some practical examples} 
 

2.2 
{SCh-05}{Students learn better in various domains, especially sciences, if 

their language ability and mathematical fundamentals are good} 

3 {Bg-1004}{Weaker students’ characteristics} 

3.1 
{SCh-04}{Students who felt interior and hesitate to learn from failure 

experiences will easily fail in the module} 

3.2 
{SCh-06}{In addition to weaker academic capability, students are less 

capable to learn new things} 

 

3.3 {SExp-01}{Students did exercises with a relative slow pace at the start} 

 

The categories identified under the theme Students’ Motivation/Attitude/Conception 

are: 

1) {Cc-1001}{Educational policies and impacts} 

2) {Cc-1002}{Students’ characteristics}[Dimensional]  

3) {Cc-1003}{Habits and learning} 

4) {Cc-1004}{Learning needs} 

5) {Cc-1005}{English proficiency in learning to program} 

6) {Cc-1006}{Motivated by one’s likes, easier exercises} 

7) {Cc-1008}{Learning attitudes} 

8) {Cc-1009}{Learning strategies} 

9) {Cc-1010}{Self-confidence affects learning}[Dimensional]  

10) {Cc-1011}{Enjoying in Learning: Enjoy ... Boring}[Dimensional]  

11) {Cc-1012}{Nature/Conceptions of Programming} 

12) {Cc-1013}{Self-evaluation on programming} 
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13) {Cc-1014}{Usefulness of examples} 

14) {Cc-1016}{Usefulness of programming tools} 

15) {Cc-2001}{Good programs are precise, user-friendly, complete, generalisable, 

helpful, and executable} 

16) {Cc-2002}{Good programs have comments and no bugs, meet requirements, and 

facilitate problem solving} 

17) {Cc-2003}{The five types of motivation/orientation in learning programming} 

18) {Cc-2004}{Attitude affects effort involved and hence learning quality} 

19) {Cc-2005}{Use programming tools} 

 

Besides, the categories identified under the theme Learning Difficulties are: 

1) {Dif-1001}{Difficult Topics} 

2) {Dif-1002}{English proficiency} 

3) {Dif-1003}{Learning skills} 

4) {Dif-1004}{Personal issues} 

5) {Dif-1005}{Difficulty in starting} 

6) {Dif-1007}{Teaching and learning} 

 

The fourth theme, Learning Strategies, comprises the following categories: 

1) {Stra-1001}{Study Printed Materials} 

2) {Stra-1002}{Online Study} 

3) {Stra-1003}{Ask Teachers} 

4) {Stra-1004}{Peer Learning} 

5) {Stra-1005}{Study Methods/Approaches} 

6) {Stra-1006}{Teaching Strategies} 

7) {Stra-1007}{Learning Tools} 

8) {Stra-1008}{Learning to program} 

 

Finally, the categories identified under the last theme, Students’ Needs and 

Suggestions are: 

1) {Opn-1001}{Module Presentation} 

2) {Opn-1002}{Notes} 

3) {Opn-1003}{Examples} 
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4) {Opn-1004}{Module Contents} 

5) {Opn-1005}{Exercises} 

6) {Opn-1006}{Programming Tools} 

7) {Opn-1007}{Facilities and Resources} 

8) {Opn-1008}{Program Level} 

9) {Opn-1009}{Institution Level} 

10) {Opn-1010}{Teaching and Learning} 

 

The resultant categories were then further analysed by relating various categories 

using Strauss and Corbin’s concepts of ‘paradigm’ into four axial categories (see 

Appendix L for details): 

Category 1: Students were accustomed to some learning patterns which they are 

hesitant to change. 

Category 2: Academically weaker students encountered more difficulties in learning 

to program. 

Category 3: Students needed more guidance in learning. 

Category 4: Motivation and curriculum design will affect students learning. 

 

Category 3 means that the student participants, in general, needed more guidance in 

learning to program. The kinds of guidance that they need will be discussed in 

Section 4.8. Each category consists of the following components: 

1) Properties 

2) Context 

3) Causal conditions 

4) Intervening conditions 

5) Action strategies 

6) Consequences 
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A core category is identified from the four categories above and will be elaborated in 

the next section. 

 

4.7 Selective Coding 

Category 3 will be selected as the core category and all the other categories will be 

related to it. The components of Category 3 are illustrated in Figure 4.1 and listed as 

follows: 

 

Category 3: Students needed more guidance in learning 

 

Properties: 

 They asked for more examples with more explanation. 

 They asked for more guidelines in doing the assignments. 

 

Context: 

 The students expressed that they had great difficulty starting to write 

programs for the prescribed assignments 

 They delayed handing in the assignments. 

 They found difficulties in understanding some in-depth programming 

concepts. 

 

Causal conditions: 

 They were relatively weak in academic performance. 

 

Intervening conditions: 

 They frequently sought help from peers. 

 

Action strategies: 

 The teacher provided more closely relevant examples to the students. 

 More explanations with visual aids and Chinese terms were provided. 
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Consequences: 

 The students completed most assignments. 

 All students passed the module. 

 

 

Figure 4.1: Category 3: Students needed more guidance in learning 

 

 

Such findings answer Research Question 4 (What can be done to improve the 

academic performance of the Hong Kong sub-degree students in learning to 

program?), which is the final objective of the study. Having discussed the approaches 

to current practices of teaching and learning of computer programming (Research 

Question 2), their underlying theoretical support (Research Question 1), the learning 

difficulties and strategies of the Hong Kong students (Research Question 3), and the 

specific characteristics of Chinese students (Research Question 5), a possible way to 

help Hong Kong students to improve their programming performance is now 

identified. The core idea of the solution is to furnish the students with various levels 

Context 

Found it difficult to start writing 

programs. 

Delayed handing in assignments. 

Found difficulties in understanding 

programming concepts.

Causal conditions 

Relatively weak in 

academic performance. 

Intervening conditions 

Frequently seek help 

from peers. 

Properties 

Need more examples. 

Need more explanation.

Need more guidelines. 

Action strategies 

Provided more examples. 

Provided more visual aids.

Consequences 

Completed most assignments.

All students passed. 
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of guidance during their entire learning process, from grasping the programming 

concepts to writing workable programs. 

The core category (Category 3) is caused by the other three categories (Categories 1, 

2 and 4) and their relationships are presented in the following figure (where each 

arrow represents a causal relationship): 

Figure 4.2: Core category and relating categories 

 

 

The findings from the interview data were triangulated with literature, observations, 

students’ works and reflective memo. The grounded theory that emerged from this 

study is stated and elaborated in the following section. 

 

Category 4 

Motivation and curriculum 

design will affect students’ 

learning 

Category 1 

Students were accustomed 

to some learning patterns 

which they hesitated to 

change 

Category 2 

Academically weak 

students encountered 

more difficulties in 

learning to program 

Core Category 

Students needed more 

guidance in learning to 

program 
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4.8 Theory of Performance Improvement of Programming 

Various levels of guidance should be provided to Hong Kong sub-degree students to 

improve their programming performance (Category 3). The reasons for this are 

threefold. First, the students’ characteristics and relatively weaker abilities cause 

them to encounter more difficulties in learning to program than the average 

undergraduates do (Category 2). Second, the students had acquired certain learning 

styles and habits that they are reluctant to change (Category 1). Finally, the students’ 

relatively low intrinsic motivation and the poorly structured curriculum do affect 

their learning (Category 4). 

Hong Kong sub-degree students are weaker in English proficiency, mathematical 

skills, and cognitive skills, than their undergraduate counterparts. It also seems that 

they give up easily in the face of learning difficulties. The strategies suggested in the 

Literature Review chapter can be applied to the students to resolve their difficulties 

in learning. In grasping the programming concepts, prior assigned readings in both 

English and Chinese are given to the students as an overview of the course materials 

to be presented and to engage them in active learning. Additionally, more visual 

explanations to programming concepts are to be provided to augment their 

understanding. At the same time, in training the students’ programming skills, forms 

of scaffolding are given to them in terms of daily example programs with 

explanations, different levels of problem modelling techniques, and gradually 

progressive programming exercises. 

The students developed some inherent learning styles and habits from their past 

learning experiences which they are reluctant to change. Explanations of suggested 
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learning styles and right conceptions in learning to program are needed to improve 

the students’ learning. More encouragement, praise and constructive appraisal to 

students can reinforce their self-confidence and self-esteem. 

The students’ motivation to learn is not strong enough to support them in the 

challenging tasks of learning computer programming. They need different types of 

scaffolding to help them learn to program in different stages of the learning process. 

On the one hand, establishing an interesting learning environment will be helpful in 

motivating the student to learn. On the other hand, a well-structured curriculum 

design is necessary, not only to the particular programming modules, but also for the 

entire computing program. More especially, the topics of the two Java programming 

modules – Introduction to Programming (Java) and Advanced Java Programming – 

should be well-organised in a manner that will balance the topics and the workload 

requirements of the two modules. The present situation meant that that too few topics 

are introduced in the former module whereas too many advanced topics exist in the 

later modules. This resulted in difficult accommodation for the students in learning 

the later modules. 

In summary, based on the findings presented here, the different kinds of guidance 

suggested above can be summarised as follows: 

1) Prior assigned readings in both English and Chinese are provided to the 

students. 

2) More visual explanations to programming concepts are presented. 
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3) Various scaffolds are given to them in terms of daily example programs with 

explanations, different levels of problem modelling techniques, and progressive 

programming exercises. 

4) Explicit explanations of suggested learning styles and right conceptions in 

learning to program are needed. 

5) More encouragement, praise and constructive appraisal to students can reinforce 

their self-confidence and self-esteem. 

6) Different levels of scaffolding to help students learn to program in different 

stages of the learning process. 

7) Establishing an interesting learning environment will be helpful in motivating 

the student to learn and to insist in learning. 

8) Well-structured curriculum design is necessary not only to the programming 

modules but also to the whole computing program. 

 

4.9 Chapter Summary 

The chapter has presented a detailed description of the findings from this study. 

These findings answer the last three research questions concerning students’ learning 

difficulties and strategies, ways of improving students’ academic performance, and 

characteristics of Chinese learners. The literature review chapter has investigated 

these three questions in a more general perspective while our findings bring a 

specific understanding to the learning experiences of the Hong Kong sub-degree 

students and, more important, suggest several practical improvement strategies. The 

analysis started from the following five pre-set themes, as stated in Section 4.4. 
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1) Background Information 

2) Learning Difficulties 

3) Learning Strategies 

4) Programming Tools 

5) Needs and Opinions 

Open coding resulted in five major categories, which taken together provided 

important cues and references to understand the learning difficulties and strategies of 

our study participants (Research Question 3) and their characteristics (Research 

Question 5). 

1) Students’ Background 

2) Students’ Motivation/Attitude/Conception 

3) Learning Difficulties 

4) Learning Strategies 

5) Students’ Needs and Suggestions 

Moreover, four axial categories generated from axial coding were restated here. 

Category 1: Students were accustomed to some learning patterns which they are 

hesitant to change. 

Category 2: Academically weaker students encountered more difficulties in learning 

to program. 

Category 3: Students needed more guidance in learning. 

Category 4: Motivation and curriculum design will affect students learning. 

Finally, further analysis from selective coding led us to obtain the grounded theory, 

Theory of Performance Improvement of Programming, which suggests ways of 
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improvement and relevant guidance to the Hong Kong sub-degree students studying 

computer programming. Thus the resultant theory offers us with concrete solutions to 

Research Question 4 and suggests hypotheses for further research. The follow-up 

discussion, recommendations and implications for professional practice are to be 

explained in the coming chapter. 
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Chapter 5 

Discussion and Conclusions 

 

5.1 Introduction 

The learning experiences of the Hong Kong sub-degree students have rarely been 

investigated. This study fills this gap by exploring the issues around the teaching and 

learning of programming with a view to improving the support for Hong Kong 

sub-degree students. The literature was reviewed to create a theoretical framework 

for this study and an awareness of recent studies in the field. A theory-seeking case 

study was adopted to obtain a more comprehensive understanding of the learning 

experiences of the Hong Kong sub-degree students in a natural setting. As a result of 

this study, a substantive grounded theory has emerged to offer an explorative 

explanation of the issue and to suggest practical guidelines to educators in order to 

facilitate students’ effective learning of programming. 

This chapter is presented in eight sections. After explaining the study summary in the 

next section, the findings of this study will be reviewed in Section 5.3. The emerged 

theory will be elaborated in Section 5.4 in terms of the four theory components: 

students’ characteristics, learning difficulties, poorly structured curriculum, and 

improvement strategies. The contributions of this study to the field and study 

limitations will be explained in Sections 5.5 and 5.6. Section 5.7 will discuss the 

recommendations for further research and Section 5.8 will give the implications for 

professional practices. The last section will conclude this chapter. 
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5.2 Study Summary 

As mentioned in the Introduction chapter of this dissertation, this study investigates 

how Hong Kong sub-degree students learn to program in Java in a natural setting. 

Hong Kong sub-degree students are characterised by weaker English proficiency and 

their level of achievement in their final year of high school is considerably below 

that of the degree students. This is revealed by the teacher participants as discussed 

in Section 4.5 and the researcher’s teaching experiences at sub-degree level. In 

addition, as shown in Section 4.2, only half of the student participants passed English 

and mathematics at HKCEE. On the one hand, students often lack the motivation to 

learn and easily give up when confronted with difficult tasks. On the other hand, the 

teaching and learning of basic computer programming presents major challenges to 

all students. Recent literature (Lahtinen et al. 2005, Lui et al. 2004, and Mow 2008) 

and the researcher’s over ten years of teaching experiences reveal that the students’ 

performance in programming courses is unsatisfactory. This is especially true for the 

sub-degree students. At the same time, most studies of teaching and learning of 

programming have focused on Western students and some on Chinese undergraduate 

students. Very little work has been done on Hong Kong students and only a few of 

these have examined weaker students. The only such work that can be accessed by 

the researcher is focused on Hong Kong adults enrolled part-time in undergraduate 

computing programs. 

This study investigated the learning difficulties and strategies in computer 

programming of the Hong Kong sub-degree students in order to find ways to 

improve teaching and learning practices. This study adopted a case study research 
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methodology which followed processes of theory discovery. The grounded theory 

data analysis led to a substantive theory of performance improvement of 

programming. 

In summary, an in-depth understanding of the students’ learning experiences in 

programming was achieved and discussed in Chapter 4. These learning experiences 

have been presented in terms of five major themes, which will be recalled in the next 

section. In addition, four axial categories and a substantive theory of performance 

improvement of programming have been derived from the findings, as explained in 

Chapter 4. The theory that emerged from this process suggests practical strategies for 

the Hong Kong sub-degree students to improve their programming performance and 

establishes hypotheses for future investigations. 

 

5.3 Findings Overview 

As described in Chapter 3, the data collected from this research are mainly derived 

from interviews with students and teachers, which led to 750 minutes of audio 

recordings. Participant observation, analysis of students’ programming, and reflective 

memos were adopted to triangulate the data from the interviews. These data sources 

led to a singular proposition about the learning experiences of the Hong Kong 

sub-degree students. For instance, the students’ programs revealed that the students 

found it difficult to grasp some programming concepts, which was consistent with 

the conceptions of both the students and the teachers, as found in the interviews. 

The data from the interviews were transcribed word-by-word in hand-writing form. 

Relevant data from the transcripts were then extracted and grouped to build the 
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first-level and second-level summaries. These summaries were keyed in into the 

computer in Microsoft Word format for further analysis. As shown in the Findings 

chapter of this dissertation, the substantive theory has emerged through a process 

starting from open coding to identify relevant concepts and categories, then axial 

coding to derive axial categories, and finally selective coding to relate the axial 

categories to form the substantive theory. Section 4.6 demonstrated how the concepts 

and categories identified from the transcript data were grouped according to the 

following five pre-set themes: 

1) Background Information 

2) Learning Difficulties 

3) Learning Strategies 

4) Programming Tools 

5) Needs and Opinions 

Open coding was then conducted and resulted in the following five categories: 

1) Students’ Background 

2) Students’ Motivation/Attitude/Conception 

3) Learning Difficulties 

4) Learning Strategies 

5) Students’ Needs and Suggestions 

Moreover, the resultant categories were then analysed by axial coding and the 

following four axial categories were generated: 

Category 1: Students were accustomed to some learning patterns which they are 

hesitant to change. 
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Category 2: Academically weaker students encountered more difficulties in learning 

to program. 

Category 3: Students needed more guidance in learning. 

Category 4: Motivation and curriculum design will affect students learning. 

In selective coding, Category 3 will be selected as the core category and all the other 

categories will be related to it. The resulting relationships are presented in Figure 4.2. 

These findings have been triangulated with the literature, observations, reflective 

memo, and students’ written programs. The core category was then reshaped to 

generate the substantive theory which is restated as follows: 

Theory of Performance Improvement of Programming: Various levels of 

guidance should be provided to Hong Kong sub-degree students to improve their 

programming performance. 

The relevant guidance was identified in forms of some practical guidelines, which 

were derived collectively from the emerged concepts and categories as listed below. 

Section 5.4.4 (Improvement Strategies) will show how these guidelines were derived 

from the data. 

1) Prior assigned readings in both English and Chinese are provided to the 

students. 

2) More visual explanations to programming concepts are presented. 

3) Various scaffolds are given to them in terms of various daily example programs 

with explanations, different levels of problem modelling techniques, and 

gradually progressive programming exercises. 
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4) Explicit explanations of suggested learning styles and right conceptions in 

learning to program are needed. 

5) More encouragement, praise and constructive appraisal to students can reinforce 

their self-confidence and self-esteem. 

6) Different levels of scaffolding to help students learn to program in different 

stages of the learning process. 

7) Establishing an interesting learning environment will be helpful in motivating 

the student to learn and to insist in learning. 

8) Well-structured curriculum design is necessary not only to the particular 

programming modules but also to the whole computing program. 

The resultant substantive theory, as described in the Findings chapter and restated 

above, will be elaborated and discussed in the following section. 

 

5.4 Theory Components 

The substantive theory that emerged from this study comprises the following four 

major components: 

1) Students’ Characteristics (Categories 1, 2 and 4) 

2) Learning Difficulties (Category 2) 

3) Poorly Structured Curriculum (Category 4) 

4) Improvement Strategies (Category 3) 
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This section elaborates each of these components in details in the coming 

sub-sections. 

 

5.4.1 Students’ Characteristics 

The most prominent characteristic for Hong Kong sub-degree students is their lack of 

English proficiency in comparison to that of undergraduate students because they 

most likely failed English at HKCEE or just got a pass. A student participant (S5) 

mentioned, 

‘I cannot understand English grammar at all or write any fluent 

English essays.’ (Translated from Interview Transcript T1xL2SE page 

1 line 20) 

Besides, S2 even explained, 

‘I know Sun’s Java Tutorial11; however, I will not browse it 

because it is in English.’ (Translated from Interview Transcript 

T1xL2SE page 3 line 7) 

When doing the first assignment, S2 described the challenges: 

‘The hardest part [of the assignment] is understanding the 

requirements. It is because my English is weak.’ (Translated from 

Interview Transcript T2xL2SE page 5 line 15) 

Actually, S2 did pass English at HKCEE. The weakness in English proficiency 

affects not only students’ understanding of the learning materials but also their 

                                                 
11 Sun’s Java Tutorial is a free online tutorial for learning Java programming. 
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confidence in approaching and/or reading English text. Therefore, in understanding 

the programming concepts, the students most often studied relevant examples of 

programming instead of reading text explanation. S1 claimed, 

‘I will read program examples when I have problems doing 

assignments.’ (Translated from Interview Transcript T1xL2SE page 3 

line 16) 

He added, 

‘I usually read program code12 [when doing assignments]. ... In 

grasping programming concepts, reading program examples 

results in understanding more quickly.’ (Translated from Interview 

Transcript T1xL2SE page 3 lines 14 & 18) 

Second, according to most Western scholars, Asian students are quiet and introverted 

(Watkins and Biggs 2001). S4’s comment below is typical of the behaviour that was 

observed in this study: 

‘I’m relatively passive.’ (Translated from Interview Transcript 

T2xL2SE page 8 line 18) 

S5 shared, 

‘I dared not ask questions during the lessons because I was afraid 

of bothering the teacher or being resented by classmates.’ 

(Translated from Interview Transcript T2xL2SE page 9 line 30) 

                                                 
12 Program code refers to the program statements. 
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Over half of the participants were reluctant to ask questions in the classroom when 

they encountered learning problems (Interview Transcript T2xL2SE13). One-third of 

the participants worried that asking questions in the classroom would interrupt the 

learning progress of the whole class. The other two-thirds of the participants hoped 

to solve the problems on their own, instead of asking the teachers, from which they 

thought they would learn less. They would rather ask peers to discuss their problems 

than approach their teachers. This conforms to the argument in Section 2.6.2 that 

Chinese students engaged in peer discussion outside the class. 

Third, as discussed in Section 2.6.1, Chinese students are misperceived by Western 

observers as rote learners. Instead, Watkins and Biggs (2001) discovered that 

Chinese learners frequently learn repetitively (repetitive learning), both to ensure 

retention and to enhance understanding. This finding is applicable to the Hong Kong 

sub-degree students because over half of the student participants mentioned that they 

would memorise some standard program fragments in order to ensure that they 

would remember them when they took the examination (Interview Transcript 

T2xL2SE page 4 line 31, page 5 line 30, page 7 line 39, page 8 lines 1 & 2, and page 

9 line 11). 

Fourth, the students displayed low levels of autonomy. This characteristic is reflected 

in the following instances. In the second interview with S5 in the discussing some 

classroom instance, he recalled, 

‘I attempted to understand the lesson, but did not do anything 

when I could not understand it.’ (Translated from Interview 

Transcript T2xL2SE page 9 line 25) 

                                                 
13 See Appendix O (Interview Transcript). 
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S5 always fell asleep in the classroom. He suggested, 

‘Teachers should frequently ask questions to keep students 

awake.’ (Translated from Interview Transcript T2xL2SE page 20 line 

17) 

The students did not learn actively but expected the teacher to intervene to improve 

their learning. Fifth, in addition to weaker English proficiency, the students were also 

weaker in cognitive skills, such as reasoning, problem solving, abstraction thinking, 

and language comprehension. They need more detailed explanations for most 

programming concepts. As discussed above, they usually understood a concept 

through studying relevant examples instead of reading explanations in English or 

Chinese. This might result from their weaker performance in most subjects in 

secondary school. None of the six student participants could get five or more passes 

at HKCEE. There were still some exceptional cases among students of some 

previous cohorts. One of the teacher participants, T1, shared his experiences as a 

teacher of programming. He described, 

‘I hope to share some instances of acquiring great 

self-satisfaction. There were some students who had not any Java 

programming experiences. They found the subject interesting and 

could grasp the basic syntax, for-loop and while-loop14 after a 

few lessons. ... There was a male student who had only Form 3 

standard and directly entered into the AD15 program as a mature 

student. Although his Chinese and English proficiency was very 

                                                 
14 These are two of the programming constructs in the Java language. 
15 AD stands for Associate Degree, a kind of sub-degree program in Hong Kong. 
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low, he was the best one in the class.’ (Translated from Interview 

Transcript TT1L1SE page 3 lines 7~11) 

Sixth, each student has ingrained learning habits which are difficult to change. Even 

though students were often advised that there were better learning conventions, they 

were reluctant to change their habits. An obvious example is that all six student 

participants had become accustomed to using a primitive editor, NotePad16, for 

editing their programs in their previous programming module. This editor does not 

provide basic functions for novice programmers, including displaying line numbers, 

highlighting keywords, or checking program errors. It is designed for editing simple 

text with limited size only. Here are some of the student participants’ conceptions and 

experiences of using this editor. 

S2: ‘I am used to using NotePad. It is difficult for me to change. ... 

I will not use Eclipse mainly because of time limit and its English 

interface.’ (Translated from Interview Transcript T2xL2SE page 13 

lines 23 & 26) 

S3: ‘I use NotePad to edit programs. I am used to it and do not 

consider using any others.’ (Translated from Interview Transcript 

T2xL2SE page 13 line 31) 

S4: ‘I use NotePad only. It is difficult to use JBuilder 17 .’ 

(Translated from Interview Transcript T2xL2SE page 14 lines 2 & 3) 

S5: ‘I use NotePad to edit programs. ... I worry that I do not know 

how to use other [programming] tools.’ (Translated from Interview 

                                                 
16 NotePad is one of the accessory applications built in under the Windows environment. 
17 JBuilder is one of the common IDEs for Java programming. 
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Transcript T2xL2SE page 14 lines 13 & 14) 

S6: ‘I know that there are many functions in Eclipse, but I am lazy 

about installing it.’ (Translated from Interview Transcript T2xL2SE 

page 14 line 25) 

The students were introduced to a programming tool, Eclipse, during the target 

module. Eclipse is an integrated development environment (IDE) providing either an 

English or a Chinese interface for writing programs. The basic program development 

functions – editing programs, compiling programs, and debugging programs – are 

included. Eclipse is not only a sophisticated tool for expert programmers but also a 

customisable programming tool for novice programmers. Through the classroom 

observation and chatting with the students, a few reasons for students’ refusal to use 

Eclipse were identified. They hesitated to invest the time required to learn it. Besides, 

they lacked confidence in learning the tool. Moreover, using the tool was not an 

assessed item in the target module. 

Seventh, the students have low intrinsic motivation. One-third (S4 and S6) of the 

students indicated that they learned Java programming to fulfil the course 

requirement. S3 and S5 shared that they learned programming for problem solving. 

Only two students (S1 and S2) expressed a hope to be programmers. Although two- 

thirds of students have higher intrinsic motivation, all six of the students emphasised 

assessed items only in the circumstance of time limit or limited self abilities. For 

example, half of the students initially refused to do the last of the five assignments. 

This is because they believed that handing in the first four assignments would be 

enough for them to pass the module. 
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Lastly, the researcher observed that the weaker students in sub-degree programs in 

Hong Kong lack the patience and perseverance to finish their tasks. S4 shared, 

‘I was lazy and this affected my learning. … I would have learned 

more if I had paid more attention to the lessons.’ (Translated from 

Interview Transcript T2xL2SE page 8 lines 27 & 23) 

T1 asserted, 

‘Students who felt interior and hesitated to learn from failure will 

easily fail the module. … In addition to having weaker academic 

capabilities, students are less capable of learning new things.’ 

(Translated from Interview Transcript TT1L1SE page 3 line 37 & page 

4 line 10) 

They would give up on their tasks even when confronted with relatively minor 

difficulties. Such observations accord with the researcher’s experience of teaching 

sub-degree students in Hong Kong. This observation was explicitly supported by one 

(T1) of the researcher’s colleagues. During the interview, T1 described his 

experience: 

‘Some students easily gave up. ... Some students who promoted 

from PreAD program exhibited rather satisfactory academic 

performance. However, they would eventually give up. Many 

students gave up after learning looping18 because they could not 

understand how a few program statements would generate 

                                                 
18 Looping is a type of programming construct which repeats a block of statements a certain number 
of times. 
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several hundreds of output lines. If they did not understand [the 

concept of) looping, they would be much less motivated to learn 

“function” 19 and “class” 20 ...’ (Translated from Interview 

Transcript TT1L1SE page 3 lines 21~24) 

In summary, we arrive at the following eight characteristics for the Hong Kong 

sub-degree students: 

1) The students are weaker in English than are undergraduate students. 

2) The students are passive and introverted. 

3) The students are repetitive instead of rote learners. 

4) The students display low levels of autonomy. 

5) The students are weaker in cognitive skills. 

6) The students may have inherent learning habits which are difficult to change. 

7) The students have low intrinsic motivation. 

8) The weaker students lack the patience and perseverance in doing their tasks. 

 

5.4.2 Learning Difficulties 

Understanding the learning difficulties of the Hong Kong sub-degree students is one 

of the major objectives of this study. The findings of this area came directly from 

interviews with the students. Five learning difficulties of the students are identified 

and organised. First, the students exhibited inadequate proficiency in English for 

studying at sub-degree level or higher. Although all the course materials of the target 

module were in English, the verbal explanation in the classroom was in Cantonese. 

                                                 
19 ‘Function’ is a kind of subroutine or procedure in a programming language. 
20 ‘Class’ is a kind of program structures in object-oriented programming languages like Java. 
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This might be attributed to their weaker cognitive skills. Since they did not 

understand the English materials, they preferred studying the programs at the first 

instance in order to avoid the text. Some students would look up the Chinese 

meanings of the English text in online dictionaries. Others would read Chinese books 

and/or online Chinese tutorials of programming. At the same time, the problems with 

the English language problems that the Hong Kong weaker students had were not as 

bad as those found in most Taiwanese students who were average or above. This is 

because Hong Kong students received more English training in elementary and 

secondary schools than Taiwanese students did. Therefore, the Taiwanese students 

found it harder to use programming tools because most of the tools provided only an 

English interface. Hence, T2 shared, 

‘Our graduate students have a serious problem with English 

because all the tools are English interface. I’m very frustrated by 

my graduate students’ English.’ (Interview Transcript TT2L2SE page 

2 lines 23~25) 

Moreover, the programming concepts of the target module required cognitive skills 

that the students did not possess. The number of concepts in the module was also 

larger than normal. This resulted from improper design and implementation of the 

curricula of the target module (Java II) and its pre-requisite (Java I). Although the 

topics distributed to Java I and Java II were originally quite balanced, the teacher for 

Java I shifted some topics to Java II in order to accommodate the slower progress of 

the students. Thus, the original designed topics of Java II together with the shifted 

topics from Java I resulted in cognitive overload. Obviously, the only solution to this 

problem was to re-structure Java I and Java II and implement the curriculum better. 
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The third learning difficulty identified was syntactical: arising from learning the 

program constructs and their associated meanings. This problem was identified from 

the interview transcripts of both the student and teacher participants. S2 explained 

one of his difficulties in writing programs: 

‘I always face obstacles in writing programs, including 

positioning the syntactic keywords (in program statements).’ 

(Translated from Interview Transcript T1xL2SE page 2 line 14) 

T1 also observed some of the students’ learning experiences: 

‘The most important point was that the students should grasp 

syntax at the beginning. ... The students found it difficult [to 

handle syntax] at the beginning. They had trouble understanding 

the looping constructs including “for loop” and” while loop”. 

How could the looping constructs repeat the execution of some 

program statements several times?’ (Translated from Interview 

Transcript TT1L1SE page 1 lines 10 & 14) 

Fourth, most students indicated or implied that they struggled to write programs from 

scratch. Even though they understood all the requirements of a project or an 

assignment, they did not still know how to start writing programs or how to turn 

program requirements into program statements that would work. The following 

quotation reflects a student’s (S6) problem with starting from scratch: 
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‘I do not know how to write programs from zero. ... I know the 

requirements (of Assignment 1), but I do not know how to start. ... 

The difficulty of writing programs is doing it from zero.’ 

(Translated from Interview Transcripts T1xL2SE page 2 lines 3 & 6, & 

T2xL2SE page 11 line 33) 

The final difficulty identified from the transcript data consists of external factors 

such as poor time management and the impact of a part-time job. S2 explained: 

‘I seldom attempted the lab exercises because they were too hard. 

I did not have time [to do the exercises]. ... I did not have enough 

time to prepare [for the examination]. I know that I am lazy. ... 

Because of doing other subjects, I did not have enough time to 

write programs.’ (Translated from Interview Transcript T2xL2SE 

page 5 lines 12 & 29, & page 6 line 14) 

S6 shared, 

‘I have not spent much time [in learning programming]. It is 

because I am busy and it takes me a while to learn.’ (Translated 

from Interview Transcript T2xL2SE page 12 line 1) 

According to S5, 

‘My learning strategies are not okay because satisfactory because 

I do not manage my time well and because there are too many 

[concepts] I do not know.’ (Translated from Interview Transcript 

T2xL2SE page 16 line 4) 
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Moreover, in discussing part-time jobs, S2 noted, 

‘I had two part-time jobs last semester and three this semester.’ 

(Translated from Interview Transcript T2xL2SE page 6 line 20) 

S6 said, 

‘I spent three days a week and six hours a day on part-time 

jobs. ... Each AD student would have a part-time job.’ (Translated 

from Interview Transcript T2xL2SE page 12 lines 4 & 6) 

 

5.4.3 Poorly Structured Curriculum 

One problem with the curriculum is its poor structure. Some topics originally 

designed in Java I were shifted to Java II which increased the content of Java II. 

Consequently, both the level of difficulty per se and the amount of content interfered 

with learning. In addition, both the curricula of Java I and Java II should be 

re-structured so that there is a smooth progression from Java I to Java II. 

Moreover, the curricula of sub-degree programs were designed in alignment with 

those of undergraduate programs with some minor reduction of contents. The 

question that arises is: Do these curricula suit the standards and needs of the 

sub-degree students? The answer to this question is by no means positive. Therefore, 

the curricula of Java I and Java II should be re-designed to accommodate the weaker 

students. 
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5.4.4 Improvement Strategies 

After explaining the students’ characteristics and learning difficulties, strategies can 

be suggested to improve the weaker students’ programming abilities. These 

suggestions are referenced to the existing literature and are customised to suit those 

characteristics and to resolve these difficulties individually. In other words, these 

suggestions are the resolution strategies to the first three theory components 

explained above: 

1) Students’ Characteristics 

2) Learning Difficulties 

3) Poorly Structured Curriculum 

The students’ characteristics are summarised below: 

C1) Weaker English proficiency 

C2) Relatively passive and introverted 

C3) Repetitive 

C4) Low autonomy 

C5) Weaker cognitive skills 

C6) Inherent learning habits which are difficult to change 

C7) Low intrinsic motivation 

C8) Lack of patience and low tolerance for their tasks 

Their learning difficulties are summarised as follows: 

D1) Inability to understand the English materials 

D2) Poorly prepared to grasp these concepts 

D3) Syntactical problems 
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D4) Great difficulties in starting to write programs from scratch 

D5) Improper time management skills and the impact of part-time job 

The improvement strategies are listed against students’ characteristics and learning 

difficulties as in the following table. 

Table 5.1: Improvement strategies against students’ characteristics and learning 

difficulties 

 Improvement Strategies 
Characteristics (C?) or  

Difficulties (D?) 

IS1 
Prior assigned readings in both English and 

Chinese are provided to the students. 
C1 C2 C5 D1 D2    

IS2 
More visual explanations to programming 

concepts are presented. 
C1 C3 C5 C8 D2    

IS3 

Scaffolds are given to them in terms of daily 

sample programs with explanations, different 

levels of problem modelling techniques, and 

progressively difficult programming exercises. 

C1 C2 C3 C4 C5 D2 D3 D4

IS4 

Explicit explanations of suggested learning 

styles and right conceptions in learning to 

program are needed. 

C2 C3 C4 C6 C7 C8 D5  

IS5 

More encouragement, praise and constructive 

appraisal to students can reinforce their 

self-confidence and self-esteem. 

C2 C7 C8      

IS6 

Different levels of scaffolds to help students 

learn to program in different stages of the 

learning process. 

C1 C2 C3 C4 C5 D1 D2 D3 D4

IS7 

Establishing an interesting learning environment 

will be helpful in motivating the student to learn 

and to insist in learning. 

C7 C8       

IS8 

Well-structured curriculum design is necessary 

not only to the particular programming modules 

but also to the whole computing program. 

C1 C5       

 

First, in order to cater to students’ weaker English proficiency (C1), relatively 

passive and introverted behaviour (C2), weaker cognitive skills (C5), inadequate 

understanding the English materials (D1), and more tenuous grasp of the 
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programming concepts (D2), initial exposure to the course materials is suggested 

(Wulf 2005) through assigned readings. These readings should be in both English 

and Chinese and should be done individually. English readings are to meet one of the 

program requirements while Chinese ones are against C1 and C5. This strategy 

facilitates students’ engagement in learning which is against C2, D1 and D2. If the 

students cannot understand the English contents, they may look for some 

explanations from Chinese readings sources. Such initial exposure to the materials 

may also enable the students to understand the lectures more readily (Wulf 2005). 

In addition, an effective instructional strategy should provide more visual 

explanations to programming concepts. This will facilitate the understanding of 

students with weaker English proficiency (C1) and weaker cognitive skills (C5). It 

will reduce the need for the students to struggle over the English text. Visual 

explanations will also help the students with repetitive learning style (C3) ensure 

retention and enhance understanding of learning materials. Impatient students may 

give up (C8) when they find the materials difficult to understand. However, the adage, 

‘A picture is worth thousands of words,’ describes the superiority of visual aids to 

text explanations. Dual code theory suggests, as explained in the Literature Review 

chapter, that information is encoded either verbally through text or audio, or visually 

through images. That is, in addition to text explanations, visual aids supplement or 

accelerate students’ understanding of abstract concepts in programming. This is 

especially true for students with weaker cognitive skills. This is supported in the 

students’ comments on visual aids: 

S1: ‘Program animation is helping in debugging programs.’ 

(Translated from Interview Transcript T2xL2SE page 17 line 34) 
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S3: ‘Program visualisation helps explain program code.’ 

(Translated from Interview Transcript T2xL2SE page 19 line 5) 

S4: ‘Program visualisation and animation are helpful in 

comprehending programs.’ (Translated from Interview Transcript 

T2xL2SE page 20 line 8) 

S5: ‘I studied program examples from the first line to the last. It 

would be better if some visual representation [of the programs] is 

given.’ (Translated from Interview Transcript T2xL2SE page 10 line 39, 

& page 11 line 1) 

Third, scaffolds should be given to them in terms of different levels of problem 

modelling techniques, daily example programs with explanations, and gradually 

progressive programming exercises. This strategy suits most of the students’ 

characteristics (C1 through C5) and resolves most of the learning difficulties (D1 

through D4). As explained in the Literature Review chapter, the premise of 

scaffolding is that students should be given complex, difficult, realistic tasks and then 

be given the help to complete these tasks. Most novice programmers, especially 

weaker ones, struggle to write programs from scratch. They need several levels of 

scaffolding to guide them through the programming process. They initially need to 

know basic problem modelling techniques. For example, the popular top-down 

approach is usually adopted at the start of the programming process. This approach 

divides the problem into sub-problems. Sub-problems may themselves be subdivided 

and directly mapped to program statements. In addition, novices need relevant 

examples about mapping a sub-problem to program statements. 
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Several students expressed a desire for relevant program examples that would help 

them write programs. They could extract some program fragments from the examples 

and modify them to suit their programming requirements: 

S1: ‘When I had problems with assignments, I searched for 

relevant examples. [...] I would study other people’s program 

examples in order to understand how they construct a program 

and I would use them to build up some programming foundation 

and learn much [from the examples].’ (Translated from Interview 

Transcripts T1xL2SE page 3 line 16, & T2xL2SE page 4 line 11) 

S2: ‘I looked for examples when doing assignments. I attempted 

to find out some relevant program fragments according to the 

requirements [of the assignments].’ (Translated from Interview 

Transcript T1xL2SE page 3 line 10) 

S3: ‘I looked for relevant examples in order to attempt to write 

programs.’ (Translated from Interview Transcript T2xL2SE page 7 line 

35) 

S4: ‘I built my programs from program examples.’ (Translated from 

Interview Transcript T2xL2SE page 8 line 22) 

S5: ‘I looked for examples in the lecture notes when doing 

Assignment 1. The examples from the Internet are never any 

good.’ (Translated from Interview Transcript T1xL2SE page 2 lines 37 

& 38) 
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S6: ‘I cannot do [the assignments] unless examples and 

guidelines have been provided.’ (Translated from Interview 

Transcript T1xL2SE page 2 line 4) 

Several examples should be provided for each programming concept so that the 

students can learn how to implement it in different situations. Moreover, precise 

explanations and program output should be readily understandable by the students. 

Moreover, some of the scaffolds may be presented as progressively more difficult 

programming exercises. This approach is similar to Kwan’s (1997) three levels of 

short programming exercises in each laboratory session. These exercises will be 

tailored to less capable students so that they can grasp the contents of each lecture 

through easy (understanding a piece of program fragment), intermediate (to complete 

or rewrite a given piece of program fragment), and advanced exercises (to write a 

small program in their own). Each of the three levels of exercises encourages the 

students to practice a single unit of programming concepts. 

The fourth resolution strategy relates to the provision of explicit explanations of 

suggested learning styles. The teacher should be aware of individual students’ 

learning styles and conceptions of learning in order to improve their learning and 

correct wrong conceptions. For example, S2 insisted, 

‘I am not accustomed to the teaching and learning in Java II. ... 

The presentation and examples in Java I are easy to understand.’ 

(Translated from Interview Transcript T1xL2SE page 2 lines 10 & 11) 
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The student seemed to be too accustomed to the simple program constructs in Java I. 

However, he was overwhelmed by the more detailed programming concepts in Java 

II. None of the students did any preparation before each lesson although they had 

been requested to do so. Therefore, some assigned readings, as suggested above, are 

necessary prior to each lesson. Moreover, all the students adopted the limited 

programming tool, NotePad, which had been used in the previous module. They did 

not wish to take the time or run the risk of learning how to use a sophisticated tool. 

By the same token, some students worried that the more advanced tools might 

provide too much help and in turn might have an undesirable effect. According to S5, 

‘It’s not too good to depend too much on IDE. Excessive help may 

have a counter effect.’ (Translated from Interview Transcript 

T2xL2SE page 14 line 17) 

Thus, explicit instruction and explanation of the target programming tools should be 

given to the students to assuage their worries. 

Fifth, encouragement, praise and constructive appraisal can reinforce students’ 

self-confidence and self-esteem. This strategy caters to the students’ characteristics: 

relative passivity and introversion (C2), low intrinsic motivation (C7) and inadequate 

patience and low tolerance in doing their tasks (C8). Timely feedback reinforces 

students’ learning and corrects wrong conceptions. 

Sixth, providing different levels of scaffolds will help students learn to program in 

different stages of their learning process. More explicit guidance and explanations 

will enhance students to acquire necessary programming concepts. Various program 

examples and different types of programming exercises will facilitate students 
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learning to write small programs. This strategy comprises several other strategies 

mentioned here and hence caters to various students’ characteristics (C1 through C5) 

and most of their learning difficulties (D1 through D4). 

Seventh, establishing an interesting learning environment will motivate the student to 

learn and to insist on learning. As our students have low intrinsic motivation (C7) 

and inadequate patience and low tolerance in doing their tasks (C8), they need such 

an environment. S6 claimed, 

‘Lessons in Java I were more interesting and involved some extra 

but worthwhile issues.’ (Translated from Interview Transcript 

T2xL2SE page 21 line 9) 

S5 even suggested, 

‘Teachers should frequently ask questions to keep students from 

falling asleep.’ (Translated from Interview Transcript T2xL2SE page 

20 line 17) 

Therefore, interesting presentation and more interaction with the students stimulate 

learning. 

Finally, a well-structured curriculum design is necessary not only in relation to the 

programming modules but also to the entire computing program. As discussed in 

Section 5.4.3, the curricula of Java I and Java II are unbalanced. In order to reduce 

the cognitive load on the students, some topics in Java II including objects and 

classes should be moved to Java II and several advanced topics should be changed 

from mandatory to optional. 
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In addition to these strategies for improvement, both our student and teacher 

participants made the following recommendations: 

1) Foster collaborative learning 

2) Re-structure curriculum of Java I and II 

3) Provide more relevant examples 

4) Motivate students to engage in learning to program 

5) Adopt a variety of teaching and learning strategies to suit students’ different 

learning styles  

6) Carefully use programming tools to meet students’ needs 

All these strategies except the first one have been discussed. Collaborative learning 

was suggested by both students and teachers. 

S4: ‘Peer discussion is fruitful.’ (Translated from Interview 

Transcript T2xL2SE page 20 line 13) 

S6: ‘Peer learning may facilitate understanding one’s own 

weakness.’ (Translated from Interview Transcript T2xL2SE page 21 

line 30) 

S2: ‘When I had problems debugging my own program, I would 

sometimes ask S1 to exchange programs for debugging.’ 

(Translated from Interview Transcript T2xL2SE page 5 line 19) 

S5: ‘Ask peers about their understanding of a concept [...] I 

frequently ask peers because I know them well.’ (Translated from 

Interview Transcript T2xL2SE page 10 line 31) 
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T2: ‘I use collaborative learning and guided collaboration.’ 

(Translated from Interview Transcript TT2L2SE page 3 line 2) 

In short, these recommendations can be used to establish the Scaffolding, 

Collaboration, and Apprenticeship based Learning Environment (SCALE) Approach. 

Scaffolding refers to the third suggested strategy. Collaboration is advocated by both 

our students and teachers. Apprenticeship strategies include: 

1) Providing prior assigned readings in both English and Chinese 

2) Presenting more visual explanations to programming concepts 

3) Providing more relevant examples 

4) Carefully using programming tools to suit students’ needs 

Moreover, the proposed learning environment should include: 

1) Well-structured curriculum design. 

2) Explicit explanations of suggested learning styles and right conceptions in 

learning to program. 

3) An environment that motivates students to learn and to insist in learning. 

4) More encouragement, praise and constructive appraisal to reinforce 

self-confidence and self-esteem. 

 

5.5 Contributions to the Field 

This study reveals several areas of issues on teaching and learning of computer 

programming specific to the weaker students. The in-depth understanding of the 

learning experiences of this group of students and the suggested improvements add 
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to the body of knowledge on programming performance improvements. In addition, 

the grounded theory approach revealed several core categories and themes, including 

the characteristics of Hong Kong sub-degree students, their learning difficulties and 

strategies, and their view on their needs and suggestions for teaching and learning 

practices. All these findings have generated new knowledge of computer science, and 

especially of programming. 

Moreover, the guidelines that emerged from this study aim to improve the 

programming performance of sub-degree students. While more learning 

opportunities are being made available to more people everywhere, all achievers will 

benefit. Therefore, the findings of this study are applicable to weaker and to stronger 

students, and to Eastern and Western students. 

 

5.6 Study Limitations 

This study was subject to the following limitations. First, there are limited time and 

resources to conduct a fully saturated study that generates a formal theory. In order to 

avoid this limitation, this study generates substantive theories that based on interview 

data. Second, the decision to adopt grounded theory was made after all interviews 

had been conducted. Therefore, the theoretical sampling was inadequate. That is, 

collecting further data in the light of concepts and categories emerged from early 

data analysis was quite impossible as most student participants had graduated. 

However, some reflective memos were made through conversations with S2 and T1. 

Third, grounded theory research is highly dependent on the theoretical sensitivity of 

the researcher, who is also the major research instrument of the qualitative approach. 
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Professional experience is a source of theoretical sensitivity and it can enable the 

researcher to move into an area more quickly (Strauss & Corbin 1998). Furthermore, 

the researcher should know when theoretical saturation has been reached; this is a 

skill developed through experience (Glaser & Strauss 1967). Therefore, producing 

theories with good quality requires a well-trained and experienced researcher. Fourth, 

the findings of this study are tentative and subjective. For example, another 

researcher may produce different set of axial categories and hence a different 

substantive theory. 

Finally, these findings are not generalisable in the conventional sense and are subject 

to the critique on the basis of their objectivity. Instead, the findings are, borrowing 

from Bassey (1999), fuzzy generalisable. In other words, they are transferable to 

other similar contexts elsewhere. 

 

5.7 Recommendations for Future Research 

This study uncovered several concerns and issues in relation to Hong Kong 

sub-degree students who are learning computer programming. These concerns and 

issues have rarely appeared in the existing literature and merit further discussion and 

investigation. Besides, the substantive theory that has emerged may attract testing in 

different contexts. Although this study was conducted on teaching and learning 

programming, its findings can be adapted to other practice-based courses or applied 

science courses. 

Additionally, only six students participated in the study. Further investigations with 

significantly more participants and longer duration of research will generate 
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sophisticated substantive theories. This type of studies could provide more data for 

more accurate theoretical sampling. Moreover, the individual guidelines suggested in 

this study could be applied and tested in different situations. All these guidelines may 

have been applied to Western undergraduate students but not to Hong Kong students, 

nor even to the weaker students. 

 

5.8 Implications for Professional Practice 

From the interviews of the participants, participant observations, reflective memos, 

students’ programming works, and the review of the literature, several implications 

emerged for teaching and learning of computer programming to Hong Kong 

sub-degree students. Although the implications emphasised weaker students in a 

sub-degree computing science program, they may act as a good reference to or even 

be applicable to other Chinese students and/or of other practice-based courses. 

Most of the research on teaching and learning of computer programming focus on 

Western undergraduate students. The works on Chinese students or even on weaker 

students are very rare. This study investigated the learning experiences of such a 

neglected population. This study adopted a qualitative methodology in order to have 

a more holistic and comprehensive understanding of the learning experiences of this 

population in a natural setting. Therefore, the first implication is that a qualitative 

approach is suggested in order to comprehend the learning experiences of weaker 

students and to find improve their ability to learn computer programming. This study 

has suggested several practical strategies that will enable the weaker students to learn 

programming more effectively. These strategies were formulated in the light of the 

students’ distinctive characteristics, the challenges they faced, and their inherent 
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learning styles and strategies. The core idea of the suggested strategies is to offer a 

variety of scaffolds throughout the students’ learning process. 

In addition, the literature on Chinese students revealed several characteristics of the 

high-achievers (Chapter 2). These characteristics comprised (1) understanding 

through memorisation, (2) effort attribution, (3) deep strategies activated by both 

intrinsic and extrinsic motivation, (4) respect for adults and conformity to group 

norms, and (5) collective orientation. The study found that low-achievers possess 

most of these characteristics. The low-achievers are also characterised by some poor 

self-image, low intrinsic motivation, low tolerance, and the tendency to give up 

quickly. This understanding is helpful to educators to establish relevant strategies to 

improve the academic performance of the weaker students. 

Third, the curriculum of computer programming needs to be designed in alignment 

with weaker students’ abilities. As the curricula of the local sub-degree programs are 

commonly referenced to those of the undergraduate programs, the resulting course 

contents may prove overwhelming to weaker students. Thus, simplifying some 

advanced topics and/or making some mandatory topics optional will be necessary. 

Since the students have less motivation to learn and become easily frustrated when 

asked to perform difficult tasks, a relaxing and interesting learning environment 

should be established to motivate them to learn. Additionally, explicit instruction on 

learning strategies to the students is needed. 

The fifth implication is that most students approach their peers to discuss and to ask 

for help with their learning problems. Approaching teachers is usually students’ last 
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resort. According to the findings of this study, some students even exchanged 

programs with their partners for debugging. Hence, encouraging collaborative 

learning among the students is suggested. 

Based the students’ characteristics and learning difficulties identified from the 

findings of this study, several guidelines were suggested. The central idea is to 

provide more guidance to the weaker students, which is the last implication for 

teaching and learning of computer programming. This guidance is presented in four 

forms: scaffolding, modelling, coaching and visualisation. Mow (2008) described 

these instructional strategies as cognitive apprenticeship. He targeted typical novice 

programmers; I concentrated on the weaker students. 

Scaffolding is recommended as the main form of the suggested guidance. As 

discussed in the Literature Review chapter, students learn more effectively when they 

are working within their zone of proximal development. Students are given learning 

tasks in addition to assistance from teachers or more competent peers. Scaffolding 

may be presented in terms of some progressive programming exercises with relevant 

guidelines for completing the exercises. They are similar to the three levels of short 

programming exercises in each laboratory session as from Kwan (1997). The 

exercises should allow weaker students to grasp the contents of lectures by offering 

easier fill-in-the-blanks questions and incomplete programs. Intermediate exercises 

should allow students to rewrite a program fragment, and more advanced exercises 

can require them to write a small program with some guidelines. 

Modelling is an essential skill in software development, which builds different levels 

of software models to represent the problem world. Most of our student participants 
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reported that they found writing programs from scratch to be extremely difficult. 

They needed software modelling techniques to turn the software requirements into 

software models and final into program code. Teachers should provide explicit 

instructions to the students on modelling techniques and demonstrate the ways in 

which these techniques can be applied to real problems. Additionally, the students 

need numerous examples with explanations in order to comprehend the modelling 

techniques. Based on the findings of this study, this is an explicit request of most of 

our student participants. 

Moreover, coaching is an important strategy to improve weaker students’ ability to 

write programs. The students need one-to-one tutoring for their individual and 

diverse problems. Tutoring could be made available at a help desk, as suggested by 

one of our student participants (S4), at which a teacher or a teaching assistant is 

available for consultation at certain times. This is particularly helpful to some 

Chinese students, such as S5, who worry that asking questions in the classroom is 

irritating to teachers. These students would be more comfortable approaching the 

teacher at the help desk. 

Furthermore, the Hong Kong sub-degree students have relatively weak cognitive 

skills. Grasping abstract concepts is difficult for them. In addition to verbal and text 

explanations, they need other means to help them understand more abstract 

programming concepts. Visualisation is a common practice. The teachers need to 

prepare more visual aids to explain programming concepts. Program visualisation 

and program animation can also assist students in making sense of the structure and 

the execution flow of programs. In turn, they can learn much from sample programs 

after comprehending them through these visual aids. Finally, programming tools like 
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Integrated Development Environment (IDE) have as a definite role in assisting the 

students to write programs from editing a program through compiling and executing 

the program in that environment. 

In summary: 

1) A qualitative research approach provides a more comprehensive understanding 

of the learning experiences of the weaker students. 

2) Understanding of the distinctive characteristics of the low achievers is very 

helpful to educators to establish relevant improvement strategies. 

3) Curriculum of computer programming needs to be designed carefully in order to 

accommodate weaker students. 

4) A relaxing and interesting learning environment should be established to 

motivate the students to learn. 

5) Fostering a more collaborative learning among the Chinese students is 

suggested. 

6) Weaker students need more guidance in the forms of scaffolding, modelling, 

coaching and visualisation. 

Although this study recommends strategies that will improve Hong Kong sub-degree 

students’ ability to learn programming, the findings from this study may be applied 

to the same population of students taking other computing courses and offer practical 

insights into other practical-based courses. The suggested improvement strategies 

were formulated in light of the distinctive characteristics of the weaker students: 

which includes poorer English language and cognitive skills, less motivation to learn, 

and a lack of patience to complete difficult tasks. Therefore, the strategies may be 
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applied to similar students. That is, this may include students studying other 

computing courses and even other practical-based courses. In addition, the suggested 

strategies include guidance in forms of scaffolding, modelling, coaching and 

visualisation. These forms of guidance have been amply studied and applied to both 

programming and other courses, as reviewed in the Literature Review chapter. Thus, 

the findings from this study may have a wide application to teaching and learning for 

the weaker students. 

 

5.9 Conclusion 

The theory of Performance Improvement of Programming that emerged from this 

study provides an exploratory insight into the experiences of the Hong Kong 

sub-degree students who are learning to program. The detailed explanation of the 

emerged theory suggests practical improvement strategies for the students. It 

addresses the distinctive characteristics of the Hong Kong students in terms of the 

challenges that they face in learning and their learning styles and strategies. The core 

idea of the suggested strategies is to offer different levels of guidance in light of the 

students’ characteristics so that they can learn programming. Although the focus of 

this study is on the Hong Kong sub-degree students who are learning to program, the 

findings may be applicable to students in other computing courses or even other 

practical-based courses. The study may also provide valuable insights to both middle 

and the lower achievers in other countries. 
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Appendix A: Information Sheet 

 

A Qualitative Study of Learning Programming Using an Integrated Development 

Environment Tool 

 

 

Dear ________________________, 

 

My name is Johnny CHENG Wing Fat and I am a student at the University of 

Technology, Sydney.  

 

I would welcome your assistance with my research into post-secondary students’ 

learning experiences of Java programming in computer laboratories in order to 

seek a holistic description and explanation. The research involves participant 

observation, a few in-depth interviews, the completion of questionnaires, 

laboratory exercises and/or assignments and should take no more than 10 hours (in 

addition to your normal study) of your time. 

 

If you are interested in participating, I would be glad if you would sign and return the 

Consent Form to me at your earliest convenience. 

 

You are under no obligation to participate in this research. 

 

Yours sincerely, 

 

 
___________________________ 
Johnny CHENG Wing Fat 
Instructor and Program Developer (Professional Education) 
School of Continuing and Professional Education 
The Hong Kong Institute of Education 
Room 238-5, Level 2, The Long Beach 
8 Hoi Fai Road, Tai Kok Tsui, Kowloon 
Tel: 2190 8573 Email: jwfcheng@ied.edu.hk 
_____________________________________________________ 
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Appendix B: Consent Letter 

 
UNIVERSITY OF TECHNOLOGY, SYDNEY 
CONSENT FORM – STUDENT RESEARCH 

 
I ___________________________ agree to participate in the research project ‘A 
Qualitative Study of Learning Programming Using an Integrated Development 
Environment Tool’ being conducted by Johnny CHENG Wing Fat of the University 
of Technology, Sydney for the degree of Doctor of Education. 
 
I understand that the purpose of this study is to investigate post-secondary students’ 
learning experiences of Java programming in computer laboratories in order to 
seek a holistic description and explanation. 
 
I understand that my participation in this research will involve the researcher’s 
participant observation, a few in-depth interviews, the completion of 
questionnaires, and of some laboratory exercises and/or assignments. I know that 
the research should take no more than 10 hours (in addition to my normal study) 
of my time. 
 
I am aware that I can contact Johnny CHENG Wing Fat or his supervisor Dr. Bob 
Pithers if I have any concerns about the research. I also understand that I am free to 
withdraw my participation from this research project at any time I wish, without 
consequences, and without giving a reason.  
 
I agree that Johnny CHENG Wing Fat has answered all my questions fully and 
clearly.  
 
I agree that the research data gathered from this project may be published in a form 
that does not identify me in any way. 
 
 
________________________________________  ____/____/____ 
Signature (participant) 
 
 
________________________________________  ____/____/____ 
Signature (researcher or delegate) 
 
 
NOTE: 
This study has been approved by the University of Technology, Sydney Human Research Ethics 

Committee. If you have any complaints or reservations about any aspect of your participation in this 

research which you cannot resolve with the researcher, you may contact the Ethics Committee through 

the Research Ethics Officer (ph: 02 9514 9615, Research.Ethics@uts.edu.au) and quote the UTS 

HREC reference number. Any complaint you make will be treated in confidence and investigated fully 

and you will be informed of the outcome. 
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Appendix C: Initial Questionnaire 

University of Technology, Sydney 
Initial Questionnaire of Research Project 
 
Project Title: A Qualitative Study of Learning Programming Using an Integrated 
Development Environment Tool 
 
The investigator of the research project would like to collect your personal information for 
the purposes of this study. Please complete this questionnaire; your answers will remain 
confidential. Please use a ballpoint pen to indicate your views by marking the appropriate 
circle  or adding your comments and suggestions in the spaces provided. 
 
A. Background Information: 

1. Student Number: __________________________ 
2. Gender:  Male  Female 
3. Academic Qualification: 

i. Choose your passed subject(s) in the HKCEE: 
 English (Syll B)  Chinese  Mathematics  Computer 
Studies 

ii. Write down your grade, if any, in the course ‘I.T. Programming’ (Pre-AD 
Program): _____________ 

iii. Write down your grade, if any, in the course ‘Introduction to Programming 
(Java)’ (AD Program): _____________ 

 
B. Interests and Experiences: 

1. Indicate your degree of interest in programming in general: 
 Interest  Neutral  No interest 

2. Choose the programming language(s) in which you are able to write simple 
programs: 
 C  C++  Java  Visual Basic 
 Others, please specify   

3. Choose the programming tool(s) which you have adopted in writing Java 
programs: 
 Sun J2SE  Sun NetBeans  Microsoft Visual J++   JBuilder 
 JCreator  Eclipse  Others, please specify   

4. Please write down, in the following space, your expectation of this course. 
  
  
  

CONFIDENTIAL 
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Appendix D: Interview Questions: Set A 

 

University of Technology, Sydney 

Sample Interview Questions of Research Project 
 

Project Title: A Qualitative Study of Learning Programming Using an Integrated 

Development Environment Tool 

 

1. To what extent did you understand the concepts introducing in lectures? 

2. What are your opinions and/or suggestions about the overall arrangements in 

laboratory sessions? 

3. What are your experiences with Eclipse? 

4. What features in Eclipse are helpful in writing Java programs? 

5. What features in Eclipse are not helpful in writing Java programs? 

6. Which IDE you think is more helpful than Eclipse in writing Java programs? 

7. What improvements to Eclipse should be made? 

8. What do you think about the design of the laboratory exercises? 
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Appendix E: Interview Questions: Set B 

 
Interview Questions (Version 3.0) Last Updated: 24 August 2007 
 

A. Ways of seeing programs and programming 

 

1. What is a program? 

 

2. What is programming? 

 

3. What is a good program? What constitutes a good program? 

 

B. Ways of seeing for learning a programming language 

 

4. How did you see learning Java? 

 Following – getting through the unit 

 Coding – learning to code 

 Understanding and integrating – learning to write a program through 

understanding and integrating concepts 

 Problem solving – learning to do what it takes to solve a problem 

 Participating or enculturation – Discovering what it means to become a 

programmer 

 

C. Key motivations in learning to program 

 

5. What motivates you to learn to program? 

 

6. Did you enjoy programming? 

 

D. Past learning strategies, including 

a) Learning in the classroom 

b) Self-study 

c) Doing laboratory exercises/assignments 

d) Preparation for examination 

e) Other issues 
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7. How do you learn Java programming in classroom? For example, 

 active listening 

 pre-study 

 more interaction with the teacher 

 understanding individual concepts first 

 getting the whole picture first 

 

8. Did you study Java outside the classroom? 

If so, how did you study? 

 

9. Did you do the laboratory exercises? 

If so, how did you do them? 

If not, why not? 

 

10. Did you do the assignments? 

If so, how did you do them? 

 

11. How did you prepare for the examination? 

 

12. Did you actively let the teacher know your opinions? 

If so, how? 

 

13. Did you actively let the institution know your opinions? 

If so, how? 

 

E. Kinds of assistance adopted 

a) Learning materials (notes/books) (language?) 

b) Programming tools (NotePad, TextPad, JDK, JBuilder, BlueJ, Eclipse, API 

Pages) 

c) Teachers’ and/or peers’ assistance (face-to-face, email, phone discussions) 

d) Other aids (online tutorials, e-books, program examples, etc.) 

 

14. What kinds of assistance did you need in the learning experiences mentioned 

above? Why? 

 

F. Individual learning difficulties or problems 

 

15. How long did you spend in this subject per week on average? 
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16. Did you have any learning difficulties or problems? 

If so, what are they? 

 

17. Did you try to resolve the above mentioned difficulties or problems, if any? 

If so, how did you resolve them? 

 

18. When you found problems during learning to program, what would you do? 

 Ask classmates 

 Ask teachers 

 Study examples in textbooks/Internet 

 Others (please specify) 

 

19. When you were studying program examples, how did you understand the code? 

 Use program visualisation tools 

 Draw flowcharts 

 Ask someone 

 

20. Which part(s) of the Java language were difficult for you? 

 Data types and variables 

 Control flow constructs 

 Operators and expressions 

 Classes and objects 

 Inheritance and polymorphism 

 Variables scopes and parameter passing 

 Exception handling 

 Interfaces and abstract classes 

 Graphical user interfaces 

 Threads 

 Packages 

 Data structures, searching and sorting 

 

21. What are your specific opinions on individual assignments? 

 A1: Implementation of a hierarchy of classes 

 A2: File processing in Java 

 A3: Sorting and generics 

 A4: Match game with helpers 

 A5: Shooting game 
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G. Self-evaluation in learning Java programming 

 

22. How do you see your current ability to program? 

What makes you say that? 

How do you decide? 

 

23. Can you write a program that works? 

How do you know? 

 

24. Can you write a good program? 

How do you know? 

 

25. What do you think about the readability of your programs? 

 

26. To what extent did they satisfy your performance in learning Java programming? 

 

27. Do you think your learning strategies in learning Java were okay? 

If so, what are they? 

If not, what learning strategies are better? 

 

28. Did your learning strategies/experiences change over the semester/year? 

If so, please elaborate. 

 

29. Were there any external factors that affected your learning in this subject? 

If so, what are there factors and how will they be resolved? 

 

30. Had you learned any programming language before learning Java? 

If so, which language? 

How do you compare that language with Java? 

 

31. Did you find object-oriented thinking difficult? 

If so, how difficult? 

 

32. How do you compare your performance in Java programming to that of other 

students in the class? 
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33. How do you compare your performance in Java programming to that of other 

students in other institutions? 

 

H. Opinions in learning to program in the past 

 

34. Do you think the workload of this subject was reasonable? 

 

35. Do you think the workload in Semester 1 and/or Semester 2 was reasonable? 

 

36. Which lesson(s) impressed you? 

 

I. Opinions in learning to program in the future 

 

37. What should the teacher do in fostering your learning? 

 

38. What should the institution do/provide in fostering your learning? 

 

39. Do you think the curriculum for Java programming needed for re-structuring or 

re-design? 

 

40. Do you think formal training in programming is essential? 

If so, should formal training be perceived as a high priority? 

(Teaching > Self-study or vice versa) 

 

41. Do you think program design in learning to program is essential? 

If so, how should knowledge and skills in program design be acquired? 

 

42. Do you think that you could learn Java programming through self-study? 

 

43. Would a Web-based learning system for Java programming be helpful? 

 

44. If so, what kinds of functions should be included in such kind of system? 

 Recordings of classroom lectures 

 Repository of selected sample programs for illustrating essential concepts 

 IDE 

 Others? 
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45. What you do you think about the following way of learning to program? 

 Program visualisation 

 Program animation 

 IDE (including compiler and debugger) 

 Language subset 

 Different levels of laboratory exercises for diversity of students 

 Peer learning 
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Appendix F: Memo on Participant Observation 

 

Module: Advanced Java Programming (AD Year 1 Core Module) 

Period: February 2007 ~ June 2007 

Subjects: Maximum 5 males and 1 female 

 

Lesson 1: 27 February 2007 (Java Review 1) 

 Attendance: 6 Present, 2 Absent 

 Lesson organisation 

09:15 ~ 10:30 Introduction to the module and explanation of my research study 

10:30 ~ 10:45 Break 

10:45 ~ 12:30 Lecture 1 (Java Review) 36 slides 

 At the end of lesson, 6 consent letters and 6 questionnaires were received. 

(All students agreed to participate in my study) 

 

[Observation] 

 S1: The amount of work for Lab 1 is okay, but he is annoyed by looping 

(for-loop) 

 Overall responses: Most are willing to show their responses through body 

language and some asked questions. 

 Especially, S2 ask, ‘How to copy strings instead of ‘s1 = s2’? 

 I requested students to send completed lab ex. to me by next lesson since there 

was no lab session during Lesson 1. 

 

Lesson 2: 6 March 2007 (Java Review 2) 

 Attendance: One PRC student present and the other had withdrawn. 

 Topics: (01JavaReviewB.ppt) Class definition; instance vs. static (fields and 

methods); parameter passing. 

 The printed format (4 slides in one A4) of lecture notes is accepted by students 

 Request students to send Lab1 to me by next week. 

 S2 clarified some points of the last lesson. This implied that some students did 

re-read the lecture notes after the lesson. 

 When asking about Lab 1, S1 mentioned that he would escape from coding with 

for-loop. 

 Self reflection: 

1. Evaluation of teaching and course materials? 
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2. How do they start doing lab ex? 

3. How do they solve problems encountered in doing lab ex? 

 

Lesson 3: 13 March 2007 (Inheritance) 

 Lesson organisation: Explain Lab 1 Solutions and topic ‘Inheritance’ (up to 12 

noon) 

 S2 asked: 

1. Difference between class and object 

2. Command-line arguments 

 S5 asked some questions and he responded to my instruction by showing that he 

understood part of my lecture. 

 During lab session (12 noon +) 

1. S6 tried Lab 2 Ex 3 first. He missed the keyword ‘class’ at first attempt. 

2. S1 was the first one to point out Brian’s mistake and then Abby. 

3. S6 drew a diagram to represent the hierarchy (of classes) in Ex 3. 

 A PRC student preferred Putonghua as instruction language. 

 Most students preferred more time in lab session (>= 0.5 hr), but S1 preferred 

more content instruction instead of lab. 

 When explaining Lab 1, Ex 1 (nested for-loop), the students seems not to sure 

the number of times to be executed for the conditional part. 

 S6 asked for my advice before finishing Lab 2 Ex 3, it seemed that he was 

field-dependent (S6). He seems not to have accurately explained the question at 

the first instance (language inefficacy?) 

 

Lesson 4: 20 March 2007 (Packages and Interfaces) 

 Attendance: 2 students absent. 

 S2: For abstract class, what happens if no abstract method exists? 

And the purpose of ‘java.util’. 

 Lesson rundown: 

1. Explain solutions of Lab 2. 

2. Present Lecture 3 

3. Explain Lab 3 

4. Explain Assignment 1 (A1) 

5. Fill LS Evaluation and Course Evaluation forms. 

 Was responded more frequently to my questions and answered correctly. 

 S5 fell asleep. 

 S3 did not have explicit response. 
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Lesson 5: 27 March 2007 (Exception Handling) 

 Attendance: 5 students present. 

 The topic, the degree of depth, and the amount of contents seem to be 

satisfactory to all students. 

 They had less difficulty understanding the lecture. 

 I have tried to include more examples and add a slide for summary of lecture. 

 This summary seemed to be helpful to the students. 

 Instead of directly transmit the knowledge to students, I usually ask them 

questions to stimulate them to think of the answers. 

 In the lesson, when explaining Lab03a, 

1. We need an import statement for Arrays.sort(…), I ask them how to 

know to which package ‘Arrays’ belongs. Solution: from API 

documentation web pages. 

2. Additionally, I ask them which Exception class should be used. Possible 

solution includes: 

 Use ‘Exception’ (the root of Exception classes) 

 Find out from API pages 

 Leave it to compilation and find out from error messages. 

 S2 seemed to have had no idea of how to start A1; she first asked S1. I 

explained to her thorough the A1 sheet. She seemed still not fully understand. I 

suggested to her think twice and then asked me, if needed, on Friday. 

 S2 said that the English description of A1 is okay. I mentioned that she might 

not fully grasp the concept of inheritance and she agreed. 

 

Lesson 6: 3 April 2007 (I/O Streams) 

 I emphasised on text files vs. binary files and character streams vs. bytes 

streams. 

 In general, the students seemed to be okay. 

 For Assignment 1, the students seemed not fully understand the requirements. 

 Afterwards, S5 knew how to do through examples of the books. 

 

Lesson 7: 10 April 2007 (Recursion and Searching) 

 When explaining Recursion, the students seemed to understand more when I use 

visual aids (tracing the recursive calls and returns) in addition to verbal 

explanation. 

 

Extra Lesson: 11 April 2007 (10 am ~ 1 pm)(Sorting) 

 Attendance: Present: S1, S4, S5 and S6; Absent: S2 and S3. 
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 Brian, through body and verbal language), indicated that lesson was easier to 

understand. 

 Brian, during the first interview, mentioned the output of programs should be 

included in the lecture notes. 

 

Lesson 8: 17 April 2007 (Linked Lists) 

 S1, during the first interview, mentioned the diagrams for linked lists were okay 

and necessary. 

 

Lesson 9: 24 April 2007 (GUI) 

 Attendance: Present: S1, S2, S3, S5 and S6; Absent: S4. 

 S2 said that she liked the lesson because she liked GUI. 

 S2 mentioned the font’s metrics were over-described.  

 

Lesson 10: 8 May 2007 (Event Handling) 

 S3 mentioned that he was confused by the differences among the 3 versions of 

Example 1 (Beeper.java, Beeper1.java, and Beeper2.java). 

 Peer Classroom Observation: T1. 

 S5 fell asleep during the class and observed by T1. 

 

Lesson 11: 15 May 2007 (Swing) 

Lesson 12: 22 May 2007 (Applet) 

Lesson 13: 29 May 2007 (Thread) 

 The students asked questions less frequently (on Threads). 

 On May 29, the last submission of A3 and A4 was extended to mid-night of that 

day. 

 All students, except S4, could meet the deadline for A3, but not for A4. 

 

 Possible reasons for the delay of submission of assignments 

1. The lecturer did not insist on the due day. 

2. Students were overwhelmed by the assignments themselves and hesitated 

to start doing them. 

3. Students might have other works to do. 

4. Students encountered too many problems in doing the assignments. 

 

Lesson 14: 14 June 2007 (2 pm+) (Module Revision) 

 The Revision lesson was originally scheduled on June 5 but only S4, S5 and S6 

were present on that day. 
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Lesson 15: 22 June 2007 (2:30 pm ~ 4:30 pm) (Examination) 

 When discussing with the students about the naming conventions in Java, S2 

asked whether the class’s name should be capitalised and have an ‘s’ at the end 

(‘Shape’ or Shapes’, for describing a shape). She asked the question because she 

saw the description of an exam question with the term ‘shapes’. 

 

1 July 2007 (S4’s Inquiry on Scope of Variables) 

 He declared two int (A & B) globally (i.e., outside methods), and he also 

declared two int with the same names (A & B) and he set/updated their values. 

But the updated values could not reflect in other method. 

 Reason: The variables A & B declared in main method are local. Other methods 

cannot access them (methods declared in other methods) but can only access the 

one declared globally. 

 Solution: Remove the declaration of A & B in main method. 

 

 As A & B are non-static; he cannot access them in main method. 

 Solution: Declare the global A & B as static. 
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Appendix G: Analysis of Students’ Assignments 

 

Assignment 1 

 Implement inheritance based on a hierarchy of various balls. 

 Include abstract and concrete classes with constructors and inherited abstract 

methods. 

 Write test driver to reference various objects polymorphically. 

 

General Comments 
 All students found difficulties in understanding the assignment specifications 

and required the lecturer to explain it at least twice. 

 Most students had trouble starting the assignment. 

 They did not know how to follow the output in order to guess the method 

behaviour. 

 None of the students except S4 (late submission) wrote comments21 on this 

assignment. 

 

S1 
 Miss constructors of all classes. 

 Improper setting of types of balls in method ‘getType’. 

 Use an unnecessary variable. 

 Mark: 80. 

 

S2 
 Good for including constructors. 

 Use unnecessary variables. 

 Mark: 93. 

 

S3 
 Good for including constructors. 

 Use unnecessary variables. 

 

S4 
 Good for including constructors.  

 Include a few comments. 
                                                 
21 These refer to program comments which some program remarks are embedded in a program. 
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 Part 2 – restructuring of the hierarchy of classes – not function. 

 Mark: 72. 

 

S5 
 Miss constructors of all classes  Types of ball are missed to be set. 

 Use unnecessary variables. 

 Mark: 72. 

 

S6 
 Miss constructors of all classes  Types of ball are missed to be set. 

 Use unnecessary variables. 

 Mark: 72. 

 Mark: 93. 

 

 

Assignment 2 

 Test file and string processing. 

 Part 1: Merge several files into one. 

 Part 2: Search for a keyword in several files. 

 

General Comments 
 Most students started to include comments. 

 Most students wrote programs without thinking of future extension. 

 

S1 
 No (command-line) argument check. 

 Mark: 80. 

 

S2 
 No (command-line) argument check. 

 Mark: 78. 

 

S3 
 No comments. 

 No (command-line) argument check. 

 Hard code the number of files to be processed. 

 Mark: 60. 
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S4 
 No comments. 

 No (command-line) argument check. 

 The contents of files are stored a single variable  Not function for large files 

merge. 

 Only first lines of files are merged. 

 Mark: 61. 

 

S5 
 No comments. 

 No (command-line) argument check. 

 Mark: 70. 

 

S6 
 No (command-line) argument check. 

 Hard code the number of files to be processed. 

 Mark: 70. 

 

 

Assignment 3 

 Optimise general bubble sort algorithm. 

 Write generic version of programs. 

 Write test driver for program testing. 

 

General Comments 
 Most students are overwhelmed by the syntax of generic version. 

 Not all of the students can grasp the inclusion of more conditions in for-loop. 

 

S1 
 Cannot grasp the inclusion of more conditions in for-loop. 

 The test driver is attached to the primary class. 

 A single driver for 3 different sets of data is better. 

 Inadequate comments 

 Mark: 88. 

 



 

 231

S2 
 Cannot grasp the inclusion of more conditions in for-loop. 

 Good for separating the test driver from the primary class. 

 A single driver for 3 different sets of data is better. 

 Inadequate comments 

 Mark: 92. 

 

S3 
 Cannot grasp the inclusion of more conditions in for-loop. 

 Good for separating the test driver from the primary class. 

 A single driver for 3 different sets of data is better. 

 Inadequate comments 

 Mark: 93. 

 

S4 
 Cannot grasp the inclusion of more conditions in for-loop. 

 The test driver is attached to the primary class. 

 A single driver for 3 different sets of data is better. 

 Inadequate comments 

 Mark: 88. 

 

S5 
 Cannot grasp the inclusion of more conditions in for-loop. 

 The test driver is attached to the primary class. 

 Miss the test driver for the third set of data. 

 Include only a few comments. 

 Mark: 75. 

 

S6 
 Cannot grasp the inclusion of more conditions in for-loop. 

 The test driver is attached to the primary class. 

 A single driver for 3 different sets of data is better. 

 Inadequate comments 

 Mark: 88. 
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Assignment 4 

 Implement a matching game with 8 different cartoons in double. 

 Five helper examples – game board, image file processing, menu manipulation, 

timer, and random number generation – are given. 

 

General Comments 
 All students have great difficulty getting started. 

 Some helper examples, including random number generation, do not help much. 

 The students mentioned that the random number example does not match the 

need of the assignment. 

 

S1 
 The timer continues to run after all pairs have been matched. 

 More comments are needed, including method description. 

 No consideration of further extension, for example, hard-coding the number of 

minutes. 

 Mark: 90. 

 

S2 
 Hard-code several file names, which follow some pattern. 

 More comments are needed, including method description. 

 No consideration of further extension, for example, hard-coding the number of 

minutes. 

 Mark: 93. 

 

S3 
 The program has not been completed yet. 

 Inadequate comments. 

 Some duplicate method. 

 Mark: 20. 

 

S4 
 Possibly use decompilation tool. 

 No comments. 

 Some dirty code in timing display. 

 Some extra variable. 

 Mark: 90. 
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S5 
 Possibly use decompilation tool. 

 No comments. 

 Some dirty code in timing display. 

 Some extra variable. 

 Mark: 90. 

 

S6 
 Possibly use decompilation tool. 

 Inadequate comments, including method description. 

 Some dirty code in timing display. 

 Some extra variable. 

 Mark: 95. 

 

Assignment 5 

 Implement a simple shooting game, which demonstrates simple animation, 

collision resolution, and multi-threading. 

 Some initial examples are given. 

 

General Comments 
 Some students gave up the assignments because they could not figure out how 

to start and they were distracted by having to meet the deadlines for assignments 

and/or projects of other modules. 

 After the lecturer encouraged the students to complete some partial components 

of the assignment, all students submitted at least one part (out of 3) of the 

assignment. 

 

S1 
 No comments. 

 Not optimise the hierarchy of image objects. 

 Including collision check and sound and visual effect. 

 No score counter or count-down timer. 

 Mark: 77. 
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S2 
 No comments. 

 The vertical bullet moves too fast. 

 Not optimise the hierarchy of image objects. 

 The collided bullets do not disappear. 

 Visual effect for collision, score counter and timer are included. 

 Task 3 has not been completed yet. 

 Mark: 78. 

 

S3 
 No comments. 

 Submit only Task 1 of the assignment. 

 Not optimise the hierarchy of image objects. 

 The vertical bullet moves too fast. 

 Mark: 25. 

 

S4 
 No comments. 

 Optimise the hierarchy of image objects. 

 Collision check and sound effect are included. 

 Visual effect for collision, score counter and timer are also included. 

 Mark: 91, but lower score to 45.5 due to late submission. 

 

S5 
 No comments. 

 Not optimise the hierarchy of image objects. 

 Submit only Task 1 of the assignment. 

 Mark: 12. 

 

S6 
 No comments. 

 Not optimise the hierarchy of image objects. 

 Collision check is okay, but the relevant image objects still exist. 

 Visual effect for collision, score counter and timer are included. 

 Task 3 has not been completed yet. 

 Mark: 78. 
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Appendix H: Analysis of Students’ Examination Scripts 

 

Examination Questions 

 Section A: 20  2% 

 Section B: 6  5% 

 (1) Skeleton of a hierarchy, (2) Exception handling, (3) Selection sort 

algorithm, (4) Basic program understanding, (5) GUI (fill-in), and (6) 

Threading. 

 Section C: 2 (out of 4)  15% 

 (1) Inheritance, (2) GUI, (3) Basic I/O & Recursion, and (4) Threading. 

 

General Comments 

 Revision exercises and solutions are given and explained in advance. 

 

S1 
 Section B: Okay in skeleton, sorting algorithm, basic program understanding, 

and basic threading, but not grasping the control flow in exceptional case and 

use extra variables. 

 C1: Confused by the purpose of constructors (not use parameter values); not 

okay in invocation of parent’s method. 

 C2: Not grasping the use of ‘JLabel()’, JTextField, or the combination of String 

and integer. 

 Mark: 89. 

 

S2 
 Section B: Okay in skeleton, control flow in exceptional case, sorting algorithm, 

basic program understanding, and basic threading, but confused with 

positioning of GUI components. 

 C1: Grasp of inheritance and its application. 

 C2: Improper use of JTextField. 

 Mark: 86. 

 

S3 
 Section B: Improper definition of parent class, not okay in control flow of 

exceptional case and sorting algorithm; use of extra variables; but okay in basic 

program understanding and basic threading. 
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 C1: Improper definition of additional instance variable and improper invocation 

of parent’s method. 

 C2: Miss to convert a double result to an integer. 

 Mark: 81. 

 

S4 
 Section B: Okay in skeleton, sorting algorithm, basic program understanding, 

and basic threading, but not grasping the control flow in exceptional case. Miss 

B5 (GUI). 

 C1: Improper initialisation in constructor. 

 C3: Okay in basic application of simple I/O, but confused with expression 

assignment (=) and comparison (==). 

 Mark: 84. 

 

S5 
 The examination script reflects improper revision of the module. 

 Not grasp in skeleton, control flow of exceptional case, sorting algorithm, basic 

program understanding, nor adding GUI components on screen; but okay in 

basic threading. 

 C1: Not okay in basic method invocation. 

 C2: Not okay in manipulation of text field; missed converting a double result to 

an integer; nor basic GUI programming. 

 Mark: 61. 

 

S6 
 Section B: Okay in skeleton, sorting algorithm, basic program understanding 

and basic threading; but not okay in control flow of exceptional case or in 

adding GUI components on screen. 

 C2: Keyword misspelling and miss to convert a double result to an integer. 

 C4: Seems to be okay in basic threading. 

 Mark: 66. 
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Appendix I: General Reflective Memo 

 

3 March 2007 

 Possibility of change/extension of research subjects (to the next semester). E.g. 

October 2007 ~ January 2008, C Programming/C++ Programming 

 

8 March 2007 

 Invite students to ask for remedial help on previous topics individually 

(one-to-one basis). 

 

10 March 2007 

[Observation Focus] 

Macro: What? Why? How? 

 Are learning experiences of average students applicable to academically weaker 

students? 

 What additional teaching and learning skills should be acquired? 

 

More focus: Various factors 

1. Environments 

 Physical settings 

 Computer facilities (hardware) 

 Software (compiler, IDE, other tools) 

 Learning materials (notes, lab ex., books, online materials) 

 

2. Personal skills/experiences 

 Learning styles 

 Learning skills – questioning, pre-study, notes taking, review notes, study 

examples, practicing programming, peer discussion. 

 Past learning experiences (secondary schools) 

 

5 June 2007 

 As analysis of the first interview with students, students seemed to know how to 

do (learn) better, but they hesitated to do so because of other work load and/or 

‘inertia’. 

 What constitutes such ‘inertia’? 

 What possible reasons are there? 

1. Language problems: overwhelmed by the English materials 
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2. Inadequate encouragement 

3. Insisting on the ‘rules’/habits. 

 

Revision 

 Only S4, S5, and S6 came. 

 I explained to S4 and S5 on GUI (L09) and Event Handling (L10). 

 On A3, Task 1, Abby misunderstood the use of ArrayList as Set 
 temp = (Integer)data.get(j); 

By S4: data.set(temp, data.get(j)); 

 

26 July 2007 

[Objectives] 

 How students learn Java Programming? 

 What are the difficulties in learning? (Learning itself) 

 Which parts of the Java language they found difficult? 

 How to help them learn better? 

 After understanding students’ learning strategies (*), how to adjust the teaching 

and learning activities in order to enhance their learning? 

* S2: Modify similar fragment of code + API help. 

 S1: After understanding the use of constructs, write code on his own. 

 

22 March 2008 

Teaching and Learning Reflections 

 Motivate students in learning to program 

 Re-write lecture notes to enhance understanding 

 More interactive classroom activities 

 Re-write laboratory exercises, examples, etc. 

 Assign suggested readings 

 

23 March 2008 

Teaching and Learning Reflections (cont.) 

 Discuss students’ programs in the class, provide suggestions, and ask for 

re-writing 

 

24 March 2008 

Teaching and Learning Reflections (cont.) 

 Fast feedback on students’ programs 

 Part-Completion Method – Germane cognitive load (conscious processing) 
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20 June 2008 

 Learning process: listening, reading notes/books, asking peers, asking 

teachers, … 

 

22 June 2008 

 Students (2007/2008) learned for completing a module/program. 

 They hesitated to do better although they know the ways to improve. 

 Ability to understand abstract concepts is relatively weak. 

 Cognitive skills: relatively weak. 

 Resources problem: help desk! 

 

11 July 2008 

 Analysis of students’ exam scripts and assignments may reveal students’ 

misconceptions on programming. 

 Such misconceptions inform the understanding of students’ learning problems 

and/or help us identify ways to resolve the problems. 

 

12 July 2008 

 Students were more willing to complete assessed items. 

 They hesitated to try to use sophisticated tools, including Eclipse even they 

believe they are helpful. They seemed not willing to invest their time to do so, 

nor to change their habits. 

 Although reading good example programs is helpful in learning to program, 

some indicated that they hesitated to read long/complicated programs. 

 

30 August 2008 

 Some students mentioned, during the interviews, that they hesitate or delay to 

seek help from the teacher because some worried such action may disrupt the 

class or be resented by classmates; some think such action results in a too fast 

resolution of their problems. It seemed that they might not learn much from fast 

resolution from the teacher and they may take such action only as a last resort. 

Besides, they were aware of some good learning or deep learning – they think 

that direct answers to their questions do not facilitate learning or deep learning. 

They perceived that, in most circumstances, teachers would give a direct answer 

to their questions and hence prevent deep learning. 
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Appendix J: Codebook for Data Analysis 

 
  Code Explanation 

1 AB Students’ Academic Background 

2 AD Associate Degree 

3 CL Classroom Learning 

4 Deb Debugging Methods 

5 DT Difficult Topics 

6 Eng English Problems 

7 ES Elementary School 

8 Exp Expectations 

9 FD Future Directions 

10 Fe Feeling 

11 GP Good Program 

12 HA High Achiever 

13 HN Hidden Needs 

14 HS High School 

15 IA Instructional Activities 

16 ITP IT Programming (A PreAD Module) 

17 LA Lower Achiever 

18 Lang Language Problem 

19 LD Learning Difficulties (Students’ difficulties)

20 LN Learning Needs 

21 LP Learning Problems 

22 LS Learning Strategies 

23 LSu Learning Support 

24 LT Learning Tools 

25 MA Motivation/Attitude 

26 Med Medium Achiever 

27 MS Module Sequence 

28 NO Needs and Opinions 

29 OO Object Orientation 

30 Op Opinions 

31 PC Programming Comprehension 

32 PE Priori Experiences 

33 PL Peer Learning 

34 PP Programming Process 

35 PS Problem Solving Strategies 

36 PSk Programming Skills 

37 PT Programming Tools 

38 PTJ Part-Time Jobs 

39 SCh Students’ Characteristics 
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40 SCo Students’ Conception 

41 SE Self-Evaluation 

42 SExp Students’ Experiences 

43 SP Social/Educational Phenomenon 

44 SS Secondary School 

45 Su Suggestions/Recommendations 

46 Syn Syntax 

47 TCo Teachers’ Conception 

48 TD Teaching Difficulties 

49 TE Teachers’ Expectations 

50 TExp Teachers’ Experiences 

51 TG Teaching Goals/Objectives 

52 TL Teaching & Learning 

53 TS Teaching Strategies 

54 TSc Time Scheduling 

55 TSq Teaching Sequence 
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Appendix K: Categories and Coding 

 

Coding for Students 
  Concept/Category Subject Interview

1 {DT-1}{Threading}  S1 2 

2 {DT-1}{Threading}  S1 2 

3 {DT-1}{Threading}  S4 2 

4 {DT-1}{Threading}  S4 2 

5 {DT-10}{GUI}  S6 2 

6 {DT-10}{GUI}  S6 2 

7 
{DT-1a}{Threading is relatively simple and easily 
understandable} 

S5 2 

8 {DT-2}{Inheritance}  S2 2 

9 {DT-2}{Inheritance}  S3 2 

10 {DT-2}{Inheritance}  S4 2 

11 {DT-3}{Polymorphism}  S2 2 

12 {DT-4}{Exception handling} S2 2 

13 {DT-4}{Exception handling} S5 2 

14 {DT-5}{Parameter passing} S2 2 

15 {DT-6}{Building packages} S2 2 

16 {DT-7}{Looping constructs} S3 2 

17 {DT-8}{Generics} S3 2 

18 {DT-8}{Generics} S4 2 

19 {DT-9}{Operators & expressions} S5 2 

20 {Eng-1}{Weak in English} S2 2 

21 {Eng-1a}{English proficiency greatly affect understanding} S2 2 

22 {Eng-1a}{English proficiency greatly affect understanding} S5 2 

23 {GP-1}{Precise} S1 2 

24 {GP-1}{Precise} S4 2 

25 {GP-1}{Precise} S5 2 

26 {GP-10}{User-friendly}  S6 2 

27 {GP-2}{Comments} S1 2 

28 {GP-2}{Comments} S4 2 

29 {GP-3}{Complete}  S3 2 

30 {GP-4}{Meet requirements} S3 2 

31 {GP-4}{Meet requirements} S5 2 

32 {GP-5}{Generalisable} S3 2 

33 {GP-6}{Helpful} S4 2 

34 {GP-7}{No bugs}  S4 2 

35 {GP-7}{No bugs}  S5 2 

36 {GP-7}{No bugs}  S6 2 

37 {GP-8}{Executable}  S5 2 

38 {GP-9}{Problem solving} S5 2 
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39 {LD-1}{Cannot start from scratch} S3 2 

40 {LD-1}{Cannot start from scratch} S6 1 

41 {LD-10}{Distracted by other modules} S2 2 

42 {LD-10}{Distracted by other modules} S5 2 

43 {LD-11}{Do not know how to ask questions} S3 2 

44 {LD-12}{Difficult to find examples}  S3 2 

45 {LD-13}{Do not know how to use examples} S3 2 

46 {LD-14}{Do not know how to locate program bugs} S3 2 

47 {LD-15}{General language dictionaries are not helpful} S3 2 

48 {LD-16}{Tired} S3 2 

49 {LD-16}{Tired} S4 2 

50 {LD-17}{Financial limitations results in doing part-time job} S4 2 

51 
{LD-18}{Difficulty of learning to program is knowing something 
but not knowing something}  

S4 2 

52 {LD-19}{File name does not match with class name} S5 2 

53 {LD-1a}{Do not know how to start} S3 2 

54 {LD-1a}{Do not know how to start} S6 1 

55 {LD-1b}{Difficulty of programming is to do from scratch} S6 2 

56 {LD-1c}{Difficult to start programming w/o examples} S6 2 

57 {LD-2}{Low self-conf affects learning} S5 1 

58 {LD-20}{Grasp requirements but not how to start} S5 2 

59 {LD-21}{Difficult to grasp concepts} S5 2 

60 
{LD-22}{More difficult in writing programs than that in grasping 
concepts} 

S5 2 

61 {LD-23}{Have not spent adequate time in learning}  S6 2 

62 {LD-24}{Slow pace of knowledge absorption} S6 2 

63 {LD-25}{Lack of interest in module} S6 2 

64 {LD-26}{Difficult to adapt different program codes into one} S3 2 

65 {LD-27}{Module consists of many theoretical concepts} S2 2 

66 
{LD-28}{Overwhelmed by the details of 
inheritance}{Memo}{Resolution: Provide of summary of 
contents/concepts} 

S1 1 

67 {LD-3}{Be unaccustomed to T&L in Java II} S2 1 

68 {LD-4}{Improper start affects learning} S2 1 

69 {LD-4}{Improper start affects learning} S2 2 

70 {LD-5}{Understanding requirements} S1 1 

71 {LD-5}{Understanding requirements} S2 1 

72 {LD-5}{Understanding requirements} S2 2 

73 
{LD-6}{Syntax problems}{Memo}{Syntax problems may result 
from inadequate practice and/or reading inadequate examples} 

S2 1 

74 {LD-7}{Lab ex are too difficult}  S2 2 

75 {LD-8}{Inadequate time} S2 2 

76 {LD-8}{Inadequate time} S2 2 

77 {LD-8a}{Busy}  S6 2 

78 {LD-9}{Lazy} S2 2 
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79 {LS-1}{Ask peers} S2 1 

80 {LS-1}{Ask peers} S3 2 

81 {LS-1}{Ask peers} S5 1 

82 {LS-1}{Ask peers} S5 2 

83 {LS-1}{Ask peers} S6 1 

84 {LS-1}{Ask peers} S6 2 

85 
{LS-1}{Memo}{His learning attitude greatly affects his learning 
to program although he is aware of this problem} 

S6 1 

86 {LS-10}{Take notes during lectures} S1 2 

87 {LS-10a}{Conquer 1st step}{cf.: LD-4} S1 1 

88 {LS-10a}{Conquer 1st step}{cf.: LD-4} S2 1 

89 {LS-11}{No preparation before lectures} S1 2 

90 {LS-11}{No preparation before lectures} S2 2 

91 {LS-11}{No preparation before lectures} S3 2 

92 {LS-11}{No preparation before lectures} S4 2 

93 {LS-11}{No preparation before lectures} S5 2 

94 {LS-12}{Concepts before programming} S1 2 

95 {LS-12}{Understand concepts through example} S1 1 

96 {LS-12a}{Reading examples is helpful} S1 2 

97 {LS-12b}{Read more examples to grasp methods’ behaviour} S2 2 

98 {LS-12b}{Reading code more than text} S2 2 

99 {LS-12c}{Study entry-level examples} S6 2 

100 {LS-13}{More practice} S1 1 

101 {LS-13}{Trial & error} S1 2 

102 {LS-13}{Trial & error} S3 2 

103 {LS-14}{Read book; understand concepts; read code} S1 2 

104 {LS-14}{Read book; understand concepts; read code} S3 2 

105 {LS-15}{Exercises are done less frequently} S1 2 

106 {LS-15}{Exercises are done less frequently} S2 2 

107 {LS-16}{Exercises of finding errors are helpful} S1 2 

108 {LS-17}{Flowcharting is helpful} S1 2 

109 {LS-18}{Revision: Identify lectures’ main points} S1 2 

110 {LS-19}{Memorise common code} S1 2 

111 {LS-19}{Memorise common code} S3 2 

112 {LS-19a}{Memorise concept definitions} S1 2 

113 {LS-19a}{Memorise concept definitions} S3 2 

114 {LS-19b}{Not memorise concepts/code} S2 2 

115 {LS-1a}{Ask teachers} S1 2 

116 {LS-1a}{Ask teachers} S2 1 

117 {LS-1a}{Ask teachers} S2 2 

118 {LS-1a}{Ask teachers} S4 2 

119 {LS-1b}{Ask peers on concept understanding} S5 2 

120 {LS-1b}{Ask peers on concept understanding} S6 2 

121 {LS-1c}{Never ask teachers for unclear concepts} S6 2 
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122 {LS-1d}{Do not ask peers} S4 2 

123 {LS-1e}{Rarely ask teachers}  S5 2 

124 {LS-1f}{More ask peers due to familiarity} S5 2 

125 {LS-1g}{Ask teacher in classroom if any problems} S6 1 

126 {LS-2}{Read English books} S1 1 

127 {LS-2}{Read English books} S6 1 

128 
{LS-20}{Priority of asking for help: peers, online, books, 
teachers} 

S1 2 

129 {LS-20a}{Teachers: low priority} S1 2 

130 {LS-20b}{Ask teachers, then read examples from books} S2 2 

131 {LS-21}{Read overview before listening} S2 2 

132 {LS-22}{Ask peers to debug programs} S2 2 

133 {LS-22}{Ask peers to debug programs} S3 2 

134 {LS-22}{Ask peers to debug programs} S5 2 

135 {LS-22a}{Debugging by trial-and-error} S2 2 

136 
{LS-23}{Write down method invocation chain to understand 
recursion} 

S2 2 

137 {LS-24}{Grasp through do ex.} S3 2 

138 {LS-25}{Top-down understanding} S3 2 

139 {LS-25}{Top-down understanding} S5 2 

140 {LS-26}{Add print statements for debugging} S3 2 

141 {LS-27}{Understanding programs through their output} S3 2 

142 {LS-28}{Memorise after understanding} S3 2 

143 {LS-28}{Memorise after understanding} S4 2 

144 {LS-29}{Find relevant examples online} S3 2 

145 {LS-29}{Find relevant examples online} S6 2 

146 {LS-2a}{Prefer reading English info}  S2 2 

147 {LS-2a}{Prefer reading English info}  S5 2 

148 {LS-2a}{Prefer reading English info}  S6 2 

149 {LS-2a}{Read Chinese books} S5 1 

150 {LS-2b}{Seldom read textbooks or online information} S2 1 

151 {LS-2c}{Check references} S1 1 

152 {LS-2c}{Check references} S2 1 

153 {LS-2d}{When doing assignments}  S1 1 

154 {LS-2e}{Read Chinese information}  S1 2 

155 {LS-2f}{Seldom read books} S5 2 

156 {LS-2g}{In reading books, concepts then examples} S5 2 

157 {LS-2h}{Read Chinese information online} S2 2 

158 {LS-3}{Divide and conquer}  S5 1 

159 {LS-3}{Divide and conquer}  S6 1 

160 {LS-30}{Drop down unclear points}  S5 2 

161 {LS-31}{Check relevant info online} S5 2 

162 {LS-32}{Attempt easier exercises} S5 2 

163 
{LS-33}{Approach programming problems, read notes, search 
relevant info online, ask peers, ask teachers} 

S5 2 
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164 {LS-34}{Ask questions in classroom} S6 2 

165 {LS-35}{For unclear programs, find relevant code online}  S6 2 

166 {LS-36}{Search examples for writing programs} S1 2 

167 {LS-37}{Seldom read books when coding}  S1 2 

168 {LS-38}{Study notes for writing programs}  S1 2 

169 
{LS-39}{Search and read books in school library, rare at 
bookstores} 

S1 2 

170 {LS-4}{Translate notes}  S2 1 

171 {LS-4}{Translate notes}  S5 1 

172 {LS-4a}{Lookup English word meanings from online dictionary} S2 2 

173 {LS-4a}{Lookup English word meanings from online dictionary} S5 2 

174 {LS-5}{Test examples & do exercises} S5 1 

175 {LS-6}{Discuss with classmates} S1 1 

176 {LS-6}{Discuss with classmates} S1 2 

177 {LS-6}{Discuss with classmates} S2 2 

178 {LS-6}{Discuss with classmates} S3 2 

179 {LS-6}{Discuss with classmates} S5 1 

180 {LS-6a}{Actively approach peers} S3 2 

181 {LS-7}{Browse online Chinese tutorials} S5 1 

182 {LS-8}{Use mnemonics} S5 1 

183 {LS-9}{Find relevant examples} S1 1 

184 {LS-9}{Find relevant examples} S2 1 

185 {LS-9}{Find relevant examples} S2 1 

186 {LS-9}{Find relevant examples} S5 1 

187 {LS-9a}{Frequently read code} S2 1 

188 {LS-9b}{Frequently read online examples and info} S5 2 

189 {LS-9b}{Frequently study online examples} S4 2 

190 {LT-1}{Search information using Google} S1 2 

191 {LT-2}{Use MSN for peer discussion} S1 2 

192 {MA-01}{Interest affects effort} S6 1 

193 
{MA-02}{Self-confidence (Eng) leads to not escape from Eng 
text} 

S1 1 

194 {MA-03}{Difficult and hesitate to change habit} S2 1 

195 {MA-1}{Following – getting through the unit} S4 2 

196 {MA-1}{Following – getting through the unit} S6 2 

197 {MA-10}{Too customary to previous T&L, hesitate to change} S2 2 

198 {MA-11}{Self English proficiency does not hinder learning} S4 2 

199 {MA-12}{Study for assignments and examination} S4 2 

200 {MA-12}{Study for assignments and examination} S6 2 

201 {MA-12a}{Read notes not for assignment} S5 2 

202 {MA-13}{Passive learning} S5 2 

203 {MA-14}{Do not read after lectures} S6 2 

204 {MA-15}{Start doing assignments closely before due dates} S6 2 

205 {MA-16}{Depressed from Java I to Java II} S6 2 
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206 {MA-17}{Dare not ask teachers} S5 2 

207 {MA-18}{No writing programs except doing assignments} S4 2 

208 {MA-19}{May use IDE tools for writing large programs} S2 2 

209 {MA-2}{Coding – learning to code} S1 2 

210 
{MA-20}{Not use Eclipse because of time constraint and English 
interface}  

S2 2 

211 
{MA-21}{Do not try to use tools due to worrying about how to 
use them} 

S5 2 

212 {MA-22}{Lazy to install programming tools} S6 2 

213 {MA-23}{May use pre-installed programming tools} S6 2 

214 {MA-24}{May try to optimise programs} S5 2 

215 {MA-3}{Understanding and integrating} S3 2 

216 {MA-4}{Problem solving} {MA-5}{Participating} S5 2 

217 {MA-5}{Participating or enculturation} S1 2 

218 {MA-6}{Enjoying} S1 2 

219 {MA-6}{Enjoying} S3 2 

220 {MA-6a}{Occasionally enjoyable}  S4 2 

221 {MA-6a}{Occasionally enjoyable}  S5 2 

222 {MA-6b}{Not enjoy when failing to solve problems} S5 2 

223 {MA-6c}{Not enjoy at all} S6 2 

224 {MA-7}{Boring}  S4 2 

225 {MA-8}{Do the best on likes} S6 2 

226 {MA-9}{More motive in doing easier exercises and vice versa} S1 2 

227 
{NO-01}{Presentation & use of examples in Java I are easily 
understandable} 

S2 1 

228 
{NO-02}{Exercises in identifying program errors are 
difficult}{Memo}{This may hinder reading adequate examples 
and hence limit the progress of learning} 

S1 1 

229 {NO-1}{More guidance and examples} S3 2 

230 {NO-1}{More guidance and examples} S6 1 

231 {NO-10}{Easy access examples} S2 1 

232 
{NO-101}{Lecture notes are inadequate to grasp certain 
concepts} 

S1 2 

233 
{NO-102}{Eclipse is difficult to use and it makes programming 
become too simple} 

S1 2 

234 
{NO-103}{Eclipse is suitable when one grasps Java to some 
extent or in workplace} 

S1 2 

235 {NO-11}{Use diagram to present abstraction} S1 1 

236 {NO-111}{Inheritance is difficult to grasp}  S1 2 

237 {NO-112}{Purpose of abstract class is not clear} S1 2 

238 {NO-113}{Generics are troublesome} S1 2 

239 {NO-114}{GUI and Random are difficult to approach} S1 2 

240 {NO-115}{Event driven programming is not easy to grasp} S1 2 

241 {NO-116}{Threading is very difficult} S1 2 

242 
{NO-117}{More examples should be upload on web for easy 
access, including ones w/o explanation due to time limit} 

S1 2 

243 {NO-117a}{Number of examples have been increased} S1 2 
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244 {NO-118}{The workload of the year is reasonable} S1 2 

245 {NO-119}{Java teachers need not to be improved} S1 2 

246 {NO-12}{Interactive}  S3 2 

247 
{NO-120}{Newer version of JDK should be installed in 
computer lab} 

S1 2 

248 {NO-121}{GUI & Threading requires more elaboration} S1 2 

249 
{NO-122}{Sorting algorithms should be eliminated as Java 
provides similar methods} 

S1 2 

250 
{NO-123}{Java review (Lecture 1) should be eliminated and be 
self-studied} 

S1 2 

251 {NO-124}{Programming, including Java, may be self-studied} S1 2 

252 
{NO-124a}{Java may be self-studied if one have learned 
programming fundamentals} 

S1 2 

253 {NO-125}{Java should be learned as a second language} S1 2 

254 {NO-13}{ Taiwan online tutorials are very helpful} S6 2 

255 {NO-131}{Only writing large programs needs design} S1 2 

256 
{NO-132}{Program design should be done through ‘divide and 
conquer’} 

S1 2 

257 {NO-14}{Due dates matching among modules is problematic} S6 2 

258 
{NO-141}{Program visualisation is helpful for programming, but 
he will not use} 

S1 2 

259 
{NO-142}{Program animation is helpful for debugging and more 
helpful than program visualisation} 

S1 2 

260 
{NO-143}{IDE tools may lead to lazy as they hinder students to 
memorise syntax} 

S1 2 

261 
{NO-144}{Language subset approach is good as it eliminate 
non-core elements} 

S1 2 

262 {NO-145}{Gradual Lab Ex is helpful} S1 2 

263 {NO-146}{Peer learning is helpful} S1 2 

264 
{NO-15}{Lecture recording may reduce no. of students attending 
normal classes} 

S1 2 

265 
{NO-17}{Using NotePad & SDK is okay for writing a wide 
range of programs} 

S2 2 

266 {NO-18}{JBuilder is inconvenient} S4 2 

267 {NO-19}{Eclipse is detrimental to learning} S4 2 

268 {NO-1a}{More examples for difficult concepts} S2 1 

269 {NO-1b}{More relevant examples} S1 2 

270 {NO-2}{Examples with output} S6 1 

271 {NO-20}{Sun’s online tutorials are difficult to understand} S4 2 

272 {NO-201}{Java teachers have been doing too much} S2 2 

273 
{NO-202}{In Java II, examples are adequate and match with 
module contents} 

S2 2 

274 {NO-203}{Practice is adequate} S2 2 

275 
{NO-204}{Although lab ex are seldom attempted, more has been 
learned after explanation of lab ex} 

S2 2 

276 
{NO-205}{Lecture notes and examples have facilitated learning a 
lot} 

S2 2 

277 {NO-20a}{Sun’s online tutorials lack for explanation} S4 2 
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278 {NO-21}{Examples accompanied with explanation are helpful} S4 2 

279 {NO-211}{Computer hardware facilities are adequate} S2 2 

280 
{NO-212}{Visits to commercials sectors, including software 
houses and game production companies, are necessary} 

S2 2 

281 {NO-22}{Eclipse is difficult to use} S5 2 

282 {NO-23}{Over dependence on IDE may produce counter-effect} S5 2 

283 {NO-24}{Suggestions for modifications may be helpful} S5 2 

284 {NO-3}{Editor shows line no.} S6 1 

285 
{NO-301}{The due dates of assessment tasks of various modules 
should be optimised in order to prevent crash} 

S3 2 

286 {NO-302}{More tutorials for explaining lecture contents}  S3 2 

287 {NO-303}{Explanation should align with students’ standard} S3 2 

288 {NO-304}{Many terms are difficult to grasp} S3 2 

289 {NO-305}{Sometimes Chinese explanations are not helpful} S3 2 

290 
{NO-306}{Include more examples with different 
implementation} 

S3 2 

291 {NO-307}{JDK should be installed in computer labs} S3 2 

292 
{NO-308}{Storing notes, ex. and solutions in network drive is 
helpful} 

S3 2 

293 
{NO-309}{Learning materials should be uploaded to the Web for 
accessing at home} 

S3 2 

294 
{NO-310}{Lecture video recording is helpful when missing a 
particular lesson} 

S3 2 

295 
{NO-310a}{Audio recording is more reasonable than video 
recording} 

S3 2 

296 {NO-311}{Threading should be exclude in module} S3 2 

297 {NO-322}{More elaboration on GUI will be better} S3 2 

298 
{NO-323}{It is more practical to include client-server 
programming} 

S3 2 

299 
{NO-324}{It will be better to focus on Java, not other languages, 
and in-depth details} 

S3 2 

300 {NO-325}{Learning Java through face-to-face is better} S3 2 

301 
{NO-327}{In general, programming needs formal training, 
especially the first language} 

S3 2 

302 {NO-328}{Program design is important} S3 2 

303 {NO-329}{He is able to learn Java by self-study} S3 2 

304 
{NO-330}{Web-based system is necessary for storing notes 
audio & video recordings, relevant examples, as well as 
introduction to other functions} 

S3 2 

305 
{NO-331}{Traditional editing and compilation is better than 
web-based version} 

S3 2 

306 
{NO-332}{Some programming tools may have counter effect, 
but understanding them is helpful} 

S3 2 

307 {NO-341}{Program visualisation explains code} S3 2 

308 {NO-342}{Familiarising IDE may facilitate constant usage} S3 2 

309 
{NO-343}{Language subset approach may exclude some 
difficult components} 

S3 2 

310 {NO-344}{Three-level lab ex design is helpful} S3 2 
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311 
{NO-345}{It is not uncommon that some peers may hesitate to 
share with others due to competition} 

S3 2 

312 {NO-4}{Inconvenience for installing SDK every lesson} S6 1 

313 {NO-401}{The facilities in school are adequate} S4 2 

314 
{NO-402}{The computers are more than adequate and easily 
booked} 

S4 2 

315 
{NO-403}{Examples should be accompanied with some 
explanation} 

S4 2 

316 
{NO-404}{OOP concepts, after teachers’ explanation, are not 
difficult} 

S4 2 

317 
{NO-405}{Java is more difficult than C as Java module includes 
GUI, threads and exception handling} 

S4 2 

318 {NO-406}{The (IT) curriculum in IVE is more practical} S4 2 

319 {NO-407}{The workload in Java I & II is reasonable} S4 2 

320 {NO-408}{No lessons in Java I or II are impressive} S4 2 

321 
{NO-411}{Teachers have been done much, including interesting 
contents, more examples with explanation, and easily 
understandable and detailed lecture notes} 

S4 2 

322 {NO-421}{The school should recruit expert to form help desk} S4 2 

323 
{NO-422}{In Java II, it is much helpful in inquiries to the 
teachers through telephone} 

S4 2 

324 
{NO-423}{It is better for the help desk to provide non-fixed 
timeslots, but be accessed when needed} 

S4 2 

325 {NO-431}{Functions should be taught in Java I} S4 2 

326 {NO-432}{Only statements (syntax) are taught in Java I} S4 2 

327 
{NO-433}{The content level in Java I should be raised and no 
content should be eliminated} 

S4 2 

328 
{NO-434}{IT modules should be streamed into different 
specialisms} 

S4 2 

329 
{NO-435}{Some popular workplace computer languages are not 
taught in the program} 

S4 2 

330 {NO-436}{Programming can be self-studied by patient people} S4 2 

331 
{NO-437}{Formal training in programming is better and easily 
learned} 

S4 2 

332 {NO-438}{Java requires formal training} S4 2 

333 
{NO-439}{Program design is important, but not necessary to be 
an independent module} 

S4 2 

334 
{NO-440}{Web-based system is helpful, but not as good as help 
desk} 

S4 2 

335 
{NO-441}{Online forum is helpful as high achieved peers or 
teachers may reply} 

S4 2 

336 
{NO-442}{Video recording of lectures is okay but may leads to 
counter effect} 

S4 2 

337 
{NO-443}{Online compilation and execution is better than 
nothing} 

S4 2 

338 {NO-444}{API pages are much helpful} S4 2 

339 
{NO-451}{Program visualisation and animation are helpful for 
comprehending programs} 

S4 2 

340 {NO-452}{IDE is convenient, but may have counter effect} S4 2 
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341 
{NO-453}{Language subset approach is good as it does not need 
to learn much at a time} 

S4 2 

342 {NO-454}{Three-level lab ex is helpful for gradual progress} S4 2 

343 {NO-455}{Peer learning is not much helpful to him} S4 2 

344 {NO-456}{Peer discussion is fruitful} S4 2 

345 {NO-457}{Widespread online discussion is much helpful} S4 2 

346 {NO-5}{Gradual Lab Ex is okay} S3 2 

347 {NO-5}{Gradual Lab Ex is okay} S6 1 

348 
{NO-501}{Teachers should frequently ask questions to prevent 
student falling asleep} 

S5 2 

349 {NO-502}{JDK should be pre-install in computer lab} S5 2 

350 {NO-503}{The workload for Java I & II is reasonable} S5 2 

351 {NO-504}{Many assignment due dates fall near end of semester} S5 2 

352 
{NO-505}{The first eight to nine lessons are relatively 
impressive because he frequently browse information online for 
unclear points at that time} 

S5 2 

353 {NO-506}{Teacher’s explanation is okay and in-depth} S5 2 

354 {NO-507}{The extent of details for lecture notes is okay} S5 2 

355 
{NO-508}{Examples are adequate, but more explanation is 
needed} 

S5 2 

356 
{NO-509}{Increasing one to two lessons to explain existing 
topics will be better} 

S5 2 

357 
{NO-510}{Some topics may be added into module, including 
database programming} 

S5 2 

358 
{NO-511}{There is no room to be improved in the organisation 
of Java I & II} 

S5 2 

359 {NO-512}{Both hardware and software facilities are adequate} S5 2 

360 
{NO-513}{Programming may be self-studies by ordinary people 
and it is a matter of timing} 

S5 2 

361 {NO-514}{He is not able to self study of Java} S5 2 

362 
{NO-515}{Program design needs to be taught in an independent 
module} 

S5 2 

363 
{NO-516}{Some program design was learned in the last part of 
Java II such as controlling the movement of objects} 

S5 2 

364 
{NO-521}{Lecture notes, tutorials, examples and tools may be 
uploaded on the Web} 

S5 2 

365 
{NO-522}{Video recording of lectures is okay as teachers’ 
explanation on the white board is shown} 

S5 2 

366 
{NO-523}{Online forum is okay as both classmates or teachers 
may explain some topics} 

S5 2 

367 {NO-524}{Online compilation will be better and convenient} S5 2 

368 {NO-6}{Precise}  S1 1 

369 {NO-6}{Precise}  S6 1 

370 
{NO-601}{The workload of Java II is reasonable, but four 
assignments instead of five are better} 

S6 2 

371 
{NO-602}{Reducing the proportion of exam from 60% to 30% 
will be much better} 

S6 2 

372 
{NO-603}{The setting of due dates of assessment items from 
various modules should be compromised} 

S6 2 
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373 {NO-604}{Project is preferred to exam} S6 2 

374 {NO-605}{MC questions are preferred in written exam} S6 2 

375 
{NO-606}{It is difficult to write programs on paper as testing 
cannot be done} 

S6 2 

376 
{NO-607}{The lesson on inheritance was impressive as it 
involved some relationships} 

S6 2 

377 
{NO-608}{Java I lessons were more interesting and involved 
some extra but relevant issues} 

S6 2 

378 
{NO-609}{The school learning environment and facilities are 
okay} 

S6 2 

379 {NO-610}{Pre-installed tools increase usage} S6 2 

380 {NO-611}{Selection of modules should be more flexible} S6 2 

381 
{NO-612}{Business applications, including MIS, system admin, 
and networking, should be included in the module} 

S6 2 

382 {NO-613}{Formal training is better but not necessary} S6 2 

383 
{NO-614}{Self-study of programming is okay if efforts are 
made} 

S6 2 

384 
{NO-615}{Good programs are not necessary to be produced even 
one familiarises the language} 

S6 2 

385 
{NO-616}{Program design is needed and a half module is 
adequate} 

S6 2 

386 {NO-617}{Program design may be taught more than the basic} S6 2 

387 
{NO-621}{Web-based system should include lecture notes, 
relevant links and forum} 

S6 2 

388 
{NO-622}{Online compilation and execution will be much 
better} 

S6 2 

389 {NO-623}{Online forum is much helpful} S6 2 

390 
{NO-631}{Program visualisation and animation are not 
necessary} 

S6 2 

391 
{NO-632}{Program subset approach is okay as he do not want to 
go in-depth} 

S6 2 

392 {NO-633}{Three-level lab design is better} S6 2 

393 
{NO-634}{Examples and solutions to exercises should include 
program output} 

S6 2 

394 
{NO-635}{Peer learning may facilitate understanding one’s own 
weakness} 

S6 2 

395 {NO-7}{Interesting}  S1 1 

396 {NO-7}{Interesting}  S5 1 

397 {NO-7}{Interesting}  S6 1 

398 {NO-8}{Do not speak too long} S6 1 

399 {NO-9}{Include in-depth content for further reference} S2 1 

400 {PC-1}{Execute, study output, study code} S4 2 

401 {PC-2}{Top-down comprehension} S4 2 

402 {PP-1}{Thinking, trial, problem solving} S1 2 

403 {PP-1a}{Problems: Read examples, ask peers} S2 2 

404 {PP-2}{Read spec., try, find similar code} S3 2 

405 
{PP-2}{Study spec, thinking, find relevant examples, ask 
teachers} 

S4 2 

406 {PP-2a}{Study spec, thinking, coding} S4 2 
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407 {PP-2c}{Study spec, modify example} S5 2 

408 {PP-3}{Ask peers, read books, ask teachers} S3 2 

409 {PP-4}{Copy & paste at outer levels and write at inner levels} S5 2 

410 {PP-5}{Study spec, outlining; modify relevant examples} S6 2 

411 
{PP-6}{Lookup info online, ask peers, study book in library, ask 
teachers} 

S5 2 

412 {PS-40}{Seldom read e-books or online tutorials} S1 2 

413 {PS-40}{Seldom read e-books or online tutorials} S2 2 

414 {PSk-1}{Build and implement a model} S1 2 

415 {PSk-2}{Step by step}  S3 2 

416 {PSk-3}{Bottom-up} S1 2 

417 {PSk-3}{Bottom-up} S2 2 

418 {PSk-3}{Bottom-up} S3 2 

419 {PSk-3}{Bottom-up} S3 2 

420 {PSk-3}{Bottom-up} S4 2 

421 {PSk-3}{Bottom-up} S6 2 

422 {PSk-4}{Aim for extensible}  S2 2 

423 {PSk-5}{Do data validation} S2 2 

424 {PSk-6}{Top-down} S1 1 

425 {PSk-6}{Top-down} S4 2 

426 {PT-1}{SDK}  S1 2 

427 {PT-1}{SDK}  S2 1 

428 {PT-1}{SDK}  S4 2 

429 {PT-1}{SDK}  S5 1 

430 {PT-1}{SDK}  S6 1 

431 {PT-2}{Simple Editor}  S1 2 

432 {PT-2}{Simple Editor}  S2 1 

433 {PT-2}{Simple Editor}  S2 2 

434 {PT-2}{Simple Editor}  S3 2 

435 {PT-2}{Simple Editor}  S4 2 

436 {PT-2}{Simple Editor}  S5 1 

437 {PT-2}{Simple Editor}  S5 2 

438 {PT-2}{Simple Editor}  S6 1 

439 {PT-2a}{Editor w/ line no.} S1 2 

440 {PT-2a}{Editor w/ line no.} S5 1 

441 {PT-2a}{Editor w/ line no.} S5 2 

442 {PT-3}{Not use debugger} S1 2 

443 {PT-4}{Not use tools to comprehend programs}  S5 2 

444 {PT-5}{Use API when coding} S1 2 

445 {PT-5}{Use API when coding} S2 2 

446 {PT-6}{JAR tool} S1 2 

447 {PT-7}{Decompiler tool} S1 2 

448 {PTJ-1}{No part-time job} S1 2 
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449 
{SCo-01}{Low self-confidence leads to escape from English 
text} 

S5 1 

450 {SCo-02}{High self-confidence in English} S6 1 

451 {SCo-03}{Self absorption pace is relatively slow} S6 1 

452 {SCo-04}{He is able to grasp around 50%~60% of the module} S1 1 

453 
{SCo-1}{Programming is more difficult than other computing 
modules} 

S1 2 

454 
{SCo-1}{Programming is more difficult than other computing 
modules} 

S5 2 

455 {SCo-10}{Relative passive} S4 2 

456 {SCo-11}{Laziness affects learning} S4 2 

457 {SCo-12}{Misconceive that comments can only be in English} S5 2 

458 {SCo-13}{Helper examples for A4 is not helpful} S5 2 

459 {SCo-14}{Code variation in Java is greater than that in Pascal} S5 2 

460 
{SCo-15}{Writing Java programs is more difficult than writing 
Pascal} 

S5 2 

461 {SCo-16}{Relevant examples are very helpful in programming}  S6 2 

462 {SCo-17}{Part-time job does not affect learning}  S6 2 

463 {SCo-18}{Every AD student has a part-time job} S6 2 

464 
{SCo-19}{VB is more learnable than Java as it includes less 
various symbols} 

S6 2 

465 {SCo-2}{Only writing large programs needs debugger} S1 2 

466 
{SCo-20}{OOP is more difficult (compared with VB) as it goes 
from scratch} 

S6 2 

467 {SCo-21}{GUI and abstract class require rote memorisation} S3 2 

468 {SCo-22}{Understand more if paying more attention} S4 2 

469 
{SCo-23}{Visual aids will be helpful for program 
comprehension} 

S5 2 

470 
{SCo-24}{Misconceive that Eclipse provides only English 
interface} 

S2 2 

471 
{SCo-25}{Approaching teachers in classroom or through email is 
very helpful in understanding assignment requirements} 

S2 2 

472 {SCo-26}{Eclipse should be adopted after familiar with Java} S3 2 

473 {SCo-27}{Online information is important and very helpful} S3 2 

474 
{SCo-28}{The understandability of Chinese and English books is 
similar} 

S3 2 

475 {SCo-29}{More is learned from English books} S3 2 

476 {SCo-3}{JDK error messages are understandable} S2 2 

477 {SCo-3}{JDK error messages are understandable} S3 2 

478 {SCo-3}{JDK error messages are understandable} S5 2 

479 {SCo-4}{Cannot use English to rewrite concepts} S2 2 

480 {SCo-5}{Previous teacher catered more to students’ standard} S3 2 

481 {SCo-6}{OOP concepts are easily understandable} S3 2 

482 {SCo-6a}{OOP is not difficult after lecturing} S4 2 

483 {SCo-7}{Teacher and students are in different levels} S3 2 

484 {SCo-8}{OOP is efficient and convenient} S3 2 
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485 {SCo-9}{OOP is good for modularisation} S3 2 

486 {SE-11}{Able to write common (simple) Java programs} S1 2 

487 {SE-11a}{Able to handle programs with 500-600 lines} S1 2 

488 {SE-12}{No confidence in applets} S1 2 

489 {SE-13}{Not able to optimise programs} S1 2 

490 {SE-14}{Programs in high readability} S1 2 

491 {SE-15}{Java learning strategies are okay} S1 2 

492 {SE-16}{Relatively lazy in Sem 2} S1 2 

493 {SE-17}{Put more effort than other classmates} S1 2 

494 {SE-18}{Self ranking: 7/10} S1 2 

495 
{SE-21}{Not satisfy own performance due to workload and 
unfamiliar to teaching methods} 

S2 2 

496 {SE-31}{Able to write only simple programs} S3 2 

497 {SE-32}{Able to improve existing programs} S3 2 

498 {SE-33}{Not satisfy own performance in general} S3 2 

499 {SE-41}{Self ranking: low to medium} S4 2 

500 {SE-42}{Okay in comparison to classmates} S4 2 

501 
{SE-43}{Able to write an executable program, but not a good 
program} 

S4 2 

502 {SE-44}{Own programs are in low readability} S4 2 

503 {SE-45}{Able to improve programs, but inadequate time} S4 2 

504 
{SE-46}{Writing programs is targeted on meeting requirements 
only} 

S4 2 

505 {SE-51}{Able to write simple executable programs} S5 2 

506 {SE-52}{Able to write bug-less and user-friendly programs} S5 2 

507 {SE-53}{Self ranking: 2-3 with max. 5} S5 2 

508 {SE-54}{Java II performance: 3/5} S5 2 

509 
{SE-55}{Learning strategies are not okay due to improper time 
scheduling and too many difficult items} 

S5 2 

510 {SE-61}{Able to write simple executable programs} S6 2 

511 {SE-62}{Able to write bug-less and user-friendly programs} S6 2 

512 {SE-63}{Self ranking: 50-60 /100} S6 2 

513 {SE-64}{Learning performance is not okay due to lazy} S6 2 

514 {SE-65}{Weak in find bugs in others’ programs} S6 2 

515 {SE-66}{Ranking in the class is medium} S6 2 

 

Coding for Teachers 

  Concept/Category Subject

1 {AB-01}{Grade 4 to Freshmen} T2 

2 
{IA-01}{Let students doing some exercises after teaching a small part as 
their concentration ability is not strong} 

T1 

3 
{Lang-01}{Instruction is in Chinese, but most programming languages are 
in English} 

T2 

4 
{Lang-02}{Taiwanese students start to learn English from Grade 3 and 
only limited vocabulary} 

T2 

5 {Lang-03}{English interface is an obstacle} T2 
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6 
{Lang-04}{Students find great difficult to understand the English error 
messages} 

T2 

7 {Lang-05}{Graduate students face the language problem too} T2 

8 {LD-29}{LA cannot catch up the progress} T2 

9 {LD-30}{Most students have progress but not able to grasp concepts} T2 

10 {LD-T01}{The major learning difficulty of students is syntax} T1 

11 {LD-T02}{The learning difficulties in Java II are OO concepts} T1 

12 
{LD-T03}{After knowing students’ problems by themselves, some choose 
to escape and give up while some attempt to solve} 

T1 

13 {LD-T04}{Some students gave up and hesitated to accept teachers’ advice} T1 

14 {LS-40}{Students would ask teacher or peers when they found difficulties} T2 

15 {LSu-01}{The university maintains a Blackboard system} T2 

16 {LSu-01a}{T2 have not tried it, but some of her colleagues is using it} T2 

17 {LT-T01}{Use JDK and NotePad as programs are small (30-40 lines)} T1 

18 {LT-T02}{Other editors are introduced} T1 

19 {LT-T03}{Many links are presented on the Web} T1 

20 {LT-T04}{Use IDE} T2 

21 {LT-T05}{Introduce testing and debugging} T2 

22 {LT-T06}{Chinese interface to Eclipse is helpful} T2 

23 
{Op-01}{Remove threading from Java II and add some practice topics, 
including database programming} 

T1 

24 {Op-02}{Move class and inheritance from Java II to Java I} T1 

25 
{Op-03}{In general, move some components from Java II to Java I and add 
some practical components} 

T1 

26 {Op-04}{Program design is important} T1 

27 {PE-01}{ITP uses some commands to control an object movement} T1 

28 
{PE-02}{ITP lets students know what is programming through drawing 
some graph patterns through commands} 

T1 

29 {PE-03}{ITP includes writing procedures} T1 

30 
{PE-04}{If students understand ITP concepts, they will learn Java more 
easily} 

T1 

31 
{SCh-01}{T1 suggested the students with low English proficiency reading 
some Chinese Web pages or textbooks} 

T1 

32 
{SCh-02}{Those students with weak in mathematical fundamentals could 
understand the lectures only through some practical examples} 

T1 

33 
{SCh-04}{Students who felt interior and hesitate to learn from failure 
experiences will easily fail in the module} 

T1 

34 
{SCh-05}{Students learn better in various domains, especially sciences, if 
their language ability and mathematical fundamentals are good} 

T1 

35 
{SCh-06}{In addition to weaker academic capability, students are less 
capable to learn new things} 

T1 

36 {SCh-07}{Students frequently use the Internet} T2 

37 
{SCo-101}{Students always want to progress quickly without much 
efforts} 

T1 

38 {SCo-201}{ES students are interested as they proud of creating things} T2 

39 
{SCo-202}{SS & college students do it for fulfilling course requirements as 
they have pressure for public exam and programming is not mandatory} 

T2 

40 {SCo-203}{Maths and Physics are important, but programming is not} T2 
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41 {SCo-203a}{HS students focus only on Maths, Physics and English} T2 

42 
{SCo-204}{Some students, after a semester, would like to major in CS and 
to be a programmer in the future} 

T2 

43 {SCo-205}{Programming is not a problem-solving task} T2 

44 {SCo-206}{Some do not want to learn programming at all} T2 

45 {SExp-01}{Students did exercises with a relative slow pace} T1 

46 
{SP-01}{Computer is compulsory in high schools (in Taiwan), but not 
programming} 

T2 

47 {SP-01a}{Programming is tested}{cf. SCo-203} T2 

48 
{Su-01}{Not limit to certain kinds of programming languages and many 
other languages are interesting and help algorithmic thinking} 

T2 

49 
{TCo-01}{The IEd AD students are comparable to AD students from other 
institutions} 

T1 

50 {TCo-02}{Some students studied for just passing a module} T1 

51 
{TCo-03}{After completing the AD program, some students know their 
weakness in programming and redirect to IT support or business domains} 

T1 

52 
{TCo-04}{When learning classes and methods, students know that design 
facilitates optimising programs to increase program readability} 

T1 

53 {TCo-05}{Research reveals programming as important study skills} T2 

54 
{TCo-06}{The obstacle is educators themselves as they do not believe 
youngsters can learn to program} 

T2 

55 {TCo-07}{Teaching programming is difficult but it depends} T2 

56 {TCo-08}{Teachers can do nothing} T2 

57 
{TCo-09}{Automatic compilation and correction suggestions are too much 
for students} 

T2 

58 {TCo-09}{GSs’ English frustrated T2} T2 

59 {TCo-10}{No idea in whether web-based tool is helpful in learning} T2 

60 {TD-01}{The introductory module focuses on syntax} T1 

61 
{TD-02}{The weaker students need to help themselves, what teachers 
could do is to provide more examples and exercises and to encourage them 
to take public recognised Java exam} 

T1 

62 
{TD-03}{Most teacher methods have been attempted, what could be done 
is one-to-one instructions} 

T1 

63 {TE-01}{Expect the high-achievers to be programmers in the future} T1 

64 {TE-02}{A large proportion of students could reach T1’s expectation} T1 

65 {TE-03}{Let students think programming is not boring or difficult} T2 

66 
{TE-04}{Hope them be power user of applications (be able to use s/w in 
sophisticated way} 

T2 

67 {TE-05}{Use programming to solve problems} T2 

68 {TE-06}{Facilitate students to learn by themselves} T2 

69 {TE-07}{Young kids are able to learn programming} T2 

70 {TE-07}{Young kids are able to learn programming} T2 

71 
{TE-08}{Students should learn more programming in order to train their 
logical thinking skills} 

T2 

72 
{TExp-01}{Java I & II are taught by the same teacher is much better in 
students’ learning} 

T1 

73 
{TExp-02}{Java replaced exam by project in order to reduce exam’s 
pressure, and in turn to have a better learning outcome} 

T1 

74 {TExp-03}{Use more practical examples, especially for abstract concepts} T1 
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75 
{TExp-04}{The exercises in terms of amount in Java are more than those in 
Java II as the former ones are small and simple} 

T1 

76 {TExp-05}{Some exercises were done in classroom} T1 

77 
{TExp-06}{The exercises involved modifying some given code at the 
beginning and then other required students to write programs from scratch} 

T1 

78 
{TExp-07}{The lecture time in Java II is longer than that in Java I as the 
former’s syllabus include more contents, including inheritance and 
polymorphism} 

T1 

79 {TExp-08}{Java I focused on control structures} T1 

80 
{TExp-09}{Lecture notes of T1 and local & foreign universities were 
uploaded on the Web} 

T1 

81 
{TExp-10}{Links to Java official sites were included to let students know 
the new versions of Java, new functions, etc.} 

T1 

82 
{TExp-11}{Some prescribed topics could not be finished and some even 
was skipped, for example, threading} 

T1 

83 
{TExp-12}{External Java curricula include inheritance and polymorphism 
in the first half, however, the one in IEd include less content in the first half 
in order to cater students’ weakness in mathematical skills} 

T1 

84 
{TExp-13}{Some students who did not have experiences in Java found 
Java interesting after a few lessons and could grasp basic syntax and 
looping} 

T1 

85 
{TExp-14}{A student who had only Form 3 standard directly entered into 
the AD program as a mature students. Although his Chinese and English 
proficiency was very low, he is the best one in the class} 

T1 

86 
{TExp-14a}{As the student was weak in Chinese and English and could not 
understand lecture notes and exercises, he paid much attention to the verbal 
explanation of the teacher and used his own way to drop down notes} 

T1 

87 
{TExp-14b}{This kind of students had a great motive and interest to learn 
as well as having a strong absorption ability} 

T1 

88 
{TExp-14c}{Motives facilitate his learning much, including overcoming 
the language weakness to study intensively and to write programs} 

T1 

89 {TExp-14d}{He could study Java by reading some Chinese textbooks} T1 

90 {TExp-14e}{He progressed much ahead from the other students} T1 

91 
{TExp-15}{Many students might give up at the middle of the module when 
they cannot grasp looping and lost motives to continue} 

T1 

92 
{TExp-16}{Although there was a diversity of even a class with size below 
ten, teachers could not humour much the lowest achievers} 

T1 

93 
{TExp-16a}{T1 usually discussed in person with the lower achievers on 
their learning problems}  

T1 

94 
{TExp-16b}{It is difficult to help the lower achievers if they lost the 
motives to learn} 

T1 

95 
{TExp-17}{Practical examples were adopted after introducing one to two 
units of syntax} 

T1 

96 
{TExp-18}{Previous computing experiences help students learn (Java) 
better} 

T1 

97 
{TExp-19}{The average universities seldom cater to individual students, 
but the small class size at IEd facilitates knowing students’ progress more 
easily} 

T1 

98 
{TExp-20}{The upper medium achievers’ learning abilities are gradual 
strengthened and are able to be self-regulated when reaching a certain 
stage} 

T1 

99 {TExp-21}{Program design is skipped until teaching classes and functions} T1 
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100 
{TExp-22}{Students found difficulty in debugging and they need to learn 
from failure} 

T1 

101 {TExp-23}{Students know how to debug syntax errors} T1 

102 
{TExp-24}{Students needs to check the programs statement by statement 
against logical errors } 

T1 

103 {TExp-24a}{Students need to gradually grasp debugging skills} T1 

104 
{TExp-25}{An iconic language is NOT easier to be taught than a textual 
language for Taiwan students as the interface is in English} 

T2 

105 
{TExp-26}{LA and Med benefit most while no significant changes for 
HA} 

T2 

106 {TExp-26a}{HA was bored and got faster in it} T2 

107 {TExp-27}{Upload lecture notes, examples and assignments on the web} T2 

108 {TExp-27a}{Provide web storage for the students} T2 

109 {TExp-28}{Colleagues provide discussion forum for students} T2 

110 
{TExp-29}{Usually students who could grasp basic syntax, looping and 
functions could study Java by themselves} 

T1 

111 {TL-01}{Classroom discussion facilitates students’ thinking through} T1 

112 
{TL-02}{Asking students to write program on white boards facilitates 
group learning} 

T1 

113 {TS-01}{Previous programming experiences helpful in learning Java} T1 

114 
{TS-02}{Students w/o computing experience require long time in grasping 
Java syntax} 

T1 

115 {TS-03}{Program syntax is rigor and does not any errors} T1 

116 {TS-04}{Students should first grasp Java syntax} T1 

117 {TS-05}{T1 used real-life example to explain syntax} T1 

118 {TS-06}{Java is better as it is OO and its syntax is similar to English} T1 

119 {TS-07}{Students found difficult at the beginning to grasp looping} T1 

120 
{TS-08}{Practical examples are presented right after a small portion has 
been explained} 

T1 

121 
{TS-09}{Program design need not to be a single module, but embedded in 
Java I and II} 

T1 

122 {TS-10}{Group learning: 10groups with 1HA, 1Med & 1LA} T2 

123 {TS-10a}{Expect HA helps LA, but HA does all works} T2 

124 
{TS-11}{Trying different methods, incl. worksheets to guide them 
step-by-step} 

T2 

125 {TS-12}{Embed programming principles in interesting problem solving} T2 

126 {TS-13}{Use collaborative learning and guided collaboration} T2 

127 {TS-14}{Design teaching materials differently from usual practice} T2 

128 
{TS-14a}{Traditionally, form design and then writing code are taught in 
VB} 

T2 

129 
{TS-14b}{Students put too much attention in creating better interface, 
instead of understanding how to program} 

T2 

130 {TS-14c}{Provide interface to the students and ask them to write code} T2 

131 {TS-14d}{Significant results were obtained from experimental research} T2 

132 
{TSq-01}{Giving some examples, teaching them how to solve problems, 
and let them solve some problems} 

T1 

133 {TSq-02}{T1 demonstrated some example and let them do an exercise} T1 
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134 
{TSq-03}{Half of a 3-hour lectures spend on lecturing and the other half on 
doing some exercises} 

T1 

135 {TSq-04}{Java I: Syntax, data types, looping, classes, and methods} T1 
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Appendix L: Major Categories Resulting from Axial Coding 

 

Category 1: Students were accustomed to some learning patterns which they 

hesitated to change. 

 

Properties: 

 Previous teaching styles 

 Previous programming tools: NotePad and JDK 

 Prefer to peer learning/discussion 

 Hesitate to seek help from teachers 

 Hesitate to read textual explanation, especially English text 

 

Context: 

 The students, who completed the first Java programming module (Java I), 

took the second Java programming module (Java II). 

 Java I and Java II were taught by two teachers. 

 Java I focused on some introductory programming syntax and concepts 

whereas Java II emphasised on in-depth programming concepts and 

applications. 

 They used some simple text editors with limited functions. 

 They hesitated to change to their learning habits or programming tools. 

 

Causal conditions: 

 Java I was the first programming module for the students. 

 They became accustomed to some learning habits and programming tools. 

 They hesitated to adopt some sophisticated programming tools because 

they were worried that they could not easily familiarise themselves with 

the new tools. 

 They hesitated to seek help from teachers because they were afraid of 

disturbing them. 

 They studies examples to grasp the underlying programming concepts, 

instead of studying the text explanation directly. 

 They were relatively weak in verbal and mathematical skills. 
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Intervening conditions: 

 They gradually accepted that Java II focused on in-depth programming 

concepts and applications. 

 They found difficulties in learning to program and could not resolve them 

from peers. 

 They found deficiencies in the accustomed tools. 

 They could not learn effectively by studying the examples directly. 

 

Action strategies: 

 The teacher introduced some new sophisticated tools to them. 

 The teacher encouraged them to approach him if needed. 

 The teacher actively discussed with the students about their learning 

difficulties. 

 The teacher introduced other learning methods in programming to them. 

 

Consequences: 

 The students gradually accepted the need to change. 

 They attempted to learn to use the new tools. 

 They were willing to share their learning difficulties and needs. 

 

 

Category 2: Academically weak students encountered more difficulties in 

learning to program. 

 

Properties: 

 The students were relatively weak in verbal and mathematical skills. 

 The students were relatively weak cognitive skills. 

 Some students escaped from failure and hesitated to improve. 

 Some students easily gave up. 

 

Context: 

 Students found difficulties in understanding the programming concepts and 

starting to write relevant programs. 

 Some students felt asleep in the classroom. 

 Some students showed their hesitation in actively improving their learning 

problems. 
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Causal conditions: 

 All students had not a full certificate at secondary level and most of them 

failed in English. 

 Most students had some part-time job during studying the module. 

 

Intervening conditions: 

 Most students pay more attention and efforts in studying the module. 

 

Action strategies: 

 A few students actively approach the teacher to seek help. 

 The teacher encouraged the students to share their learning difficulties. 

 The teacher provided more guidance to them. 

 Most students sought peer help. 

 

Consequences: 

 Some students expressed that they learned a lot from the module. 

 Most students attempted to improve their performance. 

 

 

Category 3: Students needed more guidance in learning. 

 

Properties: 

 They asked for more examples with more explanation. 

 They asked for more guidelines in doing the assignments. 

 

Context: 

 The students expressed that they found great difficult to start writing 

programs for the prescribed assignments 

 They delayed in handing in the assignments. 

 They found difficulties in understanding some in-depth programming 

concepts. 

 

Causal conditions: 

 They were relatively weak in academic performance. 

 

Intervening conditions: 

 They frequently seek help from peers. 
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Action strategies: 

 The teacher provided more closely relevant examples to the students. 

 More explanations with visual aids and Chinese terms were provided. 

 

Consequences: 

 The students completed most assignments. 

 All students got a pass in the module. 

 

 

Category 4: Motivation and curriculum design will affect students learning. 

 

Properties: 

 Students usually focused on assessed items. 

 Students were overwhelmed by large amount of in-depth contents. 

 Students should focus on core elements, especially in introductory 

modules. 

 

Context: 

 Some students just hoped to get a pass from the module. 

 The distribution of topics between Java I and II is unbalanced where too 

many in-depth topics were presented in Java II. 

 Most due dates of handed in the assessed items for different modules were 

set near semester end. 

 The students indicated that they hoped to focus on core elements of a 

programming language in introductory modules. 

 

Causal conditions: 

 Some students mentioned that they are interested in programming and they 

just hoped to get a pass in the module. 

 Many in-depth programming topics were presented in Java II. 

 

Intervening conditions: 

 Nil 

 

Action strategies: 

 The teachers attempted to motivate the students to learn. 

 Some topics in Java II were not gone in depth. 

 Some extra lessons were added. 
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 The due dates for the last two assignments were adjusted. 

 In long term, teachers of different modules should cooperate in setting the 

due dates of assessed items. 

 In long term, the curriculum for Java I and II should be re-designed. 

 

Consequences: 

 No students missed any assignments in Java II. 

 The recommendations on the curriculum will be passed to the relevant 

program leader and coordinators. 

 



 

 266

Appendix M: VBA Programs Assisting Data Analysis 

 

The following programs, or more exactly subroutines, were written by the researcher 

to partially automate the various data analysis tasks. These subroutines were written 

in Visual Basic for Applications (VBA), which is an implementation of Microsoft’s 

event-driven programming language Visual Basic. It is built into most Microsoft 

Office applications, including Word and Excel. 

1. Extract_Codes 

This subroutine extracts the codes marked on the Word document of interview data 

and stores the extracted codes on Excel worksheets. It was mainly used during the 

process of open coding and axial coding. 

Public Const thisWorksheet As String = "T1x L2" 

 

Sub Extract_Codes() 

    Dim coding_file As Workbook 

    Dim coding_sheet As Worksheet 

    Dim pageRange As Range 

    Dim aRange As Range 

    Dim code_file As String 

    Dim code_row As Integer 

    Dim concept As String 

    Dim concept_started As Boolean 

    Dim subject_codes As String 

    Dim current_subject As String 

    Dim i As Integer 

 

    code_file = "OpenCoding.xls" 

    subject_codes = "WC~VN~BN~AL~RL~BL"  ‘Initials of research participants 

     

    Workbooks.Open ActiveDocument.Path & "\" & code_file 

 

    Set coding_file = Workbooks(code_file) 

    Set coding_sheet = coding_file.Worksheets(thisWorksheet) 

 

    code_row = 3 

    concept = "" 
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    concept_started = False 

    current_subject = "Nil" 

 

    ‘Select a range of pages 

    Selection.GoTo What:=wdGoToPage, Which:=wdGoToAbsolute, Count:=2   ‘Start page 

    Set pageRange = Selection.Range 

    Selection.GoTo What:=wdGoToPage, Which:=wdGoToAbsolute, Count:=4   ‘End page 

    pageRange.End = Selection.Bookmarks("\Page").Range.End 

    pageRange.Select 

 

    For i = 1 To pageRange.Words.Count 

        Set aRange = pageRange.Words(i) 

        Application.StatusBar = "Processing document: Page " & 

    aRange.Information(wdActiveEndPageNumber) & ", Line " & 

    aRange.Information(wdFirstCharacterLineNumber) 

 

        ‘The word is a subject code 

        If InStr(subject_codes, aRange) > 0 And aRange.Font.ColorIndex = wdViolet Then 

                current_subject = Left(aRange, 2) 

        End If 

 

        If aRange.Font.ColorIndex = wdRed Then 

            If Left(aRange.Text, 1) = "{" Then concept_started = True 

            If concept_started Then concept = concept + aRange 

        Else 

            If concept_started Then 

                coding_sheet.Cells(code_row, 2) = concept 

                coding_sheet.Cells(code_row, 3) = current_subject 

                coding_sheet.Cells(code_row, 4) =  

     aRange.Information(wdActiveEndPageNumber) 

                coding_sheet.Cells(code_row, 5) =  

     aRange.Information(wdFirstCharacterLineNumber) 

                code_row = code_row + 1 

                concept = "" 

                concept_started = False 

            End If 

        End If 

 

    Next i 

 

    Workbooks(code_file).Close SaveChanges:=True 

End Sub ‘Extract_Codes 
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2. Locate_Highlight 

This subroutine extracts the codes highlighted on the Word document of 

non-interview data, including observation memo, reflective memo, students’ 

programs in assignments and examination scripts, and stores the extracted codes on 

Excel worksheets. 

Sub Locate_Highlight() 

    Dim coding_sheet As Worksheet 

    Dim wrdApp As New Word.Application 

    Dim wrdDoc As Word.Document 

    Dim data_file As Document 

    Dim data_filename As String 

    Dim code_row As Integer 

    Dim concept As String 

    Dim concept_started As Boolean 

    Dim i As Integer 

 

    Application.ScreenUpdating = False 

 

    ‘Set coding_sheet = Worksheets("Observation") 

    ‘Set coding_sheet = Worksheets("Memo") 

    ‘Set coding_sheet = Worksheets("Exam Scripts") 

    Set coding_sheet = Worksheets("Assignments") 

 

    ‘data_filename = "Observation.doc" 

    ‘data_filename = "Memo.doc" 

    ‘data_filename = "Exam Scripts.doc" 

    data_filename = "Assignments.doc" 

 

    wrdApp.Documents.Open ActiveWorkbook.Path & "\" & data_filename 

    wrdApp.Visible = True 

    Set wrdDoc = wrdApp.ActiveDocument 

 

    code_row = 3 

    concept = "" 

    concept_started = False 

    For i = 1 To wrdDoc.Words.Count 

        wrdApp.StatusBar = "Processing document: Page " & 

   wrdDoc.Words(i).Information(wdActiveEndPageNumber) & ", Line " & 

   wrdDoc.Words(i).Information(wdFirstCharacterLineNumber) 

 

        If wrdDoc.Words(i).HighlightColorIndex = wdYellow Then 

            If Not concept_started Then concept_started = True 

            concept = concept + wrdDoc.Words(i).Text 



 

 269

        Else 

            If concept_started Then 

                coding_sheet.Cells(code_row, 2) = concept 

                coding_sheet.Cells(code_row, 3) = 

    wrdDoc.Words(i).Information(wdActiveEndPageNumber) 

                code_row = code_row + 1 

                concept = "" 

                concept_started = False 

            End If 

        End If 

    Next i 

 

    wrdDoc.Close 

    wrdApp.Quit 

 

    Set wrdDoc = Nothing 

    Set wrdApp = Nothing 

End Sub ‘Locate_Highlight 
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Appendix N: Interview Recordings 

 

All the interviews for this study were conducted from March 2007 through 

September 2007 and recorded on a digital audio recorder as audio files (in MP3 

format) stored on the attached CD and these files are organised as follows: 

File Folder Description 

1st Interview 
Stores the 1st interview recordings for 4 student participants 

(S1, S2, S5, and S6) 

2nd Interview 
Stores the 2nd interview recordings for 6 student participants 

(S1, S2, S3, S4, S5, and S6) 

Teachers 
Stores the interview recordings for 2 teacher participants (T1 

and T2) 
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Appendix O: Organised Interview Transcripts 

 

The interview recordings were manually transcribed and then organised by extracting 

relevant information and grouping it into several pre-set categories. These transcripts 

were then stored as Microsoft Word files in the attached CD and the Microsoft Word 

files are listed as follows: 

Microsoft Word File Description 

T1xL2SE.doc 
Organised transcript for the first set of interviews of the 

student participants 

T2xL2SE.doc 
Organised transcript for the second set of interviews of the 

student participants 

TT1L1SE.doc 
Organised transcript for the interview of the teacher 

participant T1 

TT2L2SE.doc 
Organised transcript for the interview of the teacher 

participant T2 
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