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ABSTRACT 

This study sought to explore the outcomes from the use of a dynamic interactive 

visualisation tool among novice programmers in an introductory computer 

programming course. The proposed model, Dynamic Interactive Visualisation Tool in 

Teaching C (DIVTIC), was designed to use multimedia and visual imagery to provide 

learners with a step-by-step representation of program execution in the C language as a 

means of enhancing their understanding of programming structures and concepts. 

DIVTIC was designed to support constructivist learning principles and combined 

collaborative and visualisation learning strategies with use of the Internet and the World 

Wide Web to support the learning of programming. The feasibility and effectiveness of 

DIVTIC was explored among a cohort of 100 undergraduate engineering students, 50 in 

a control group and another 50 in an experimental group, studying an introductory 

programming course at Suranaree University of Technology (SUT) in Thailand. 

The study found that the use of DIVTIC was a successful complement to conventional 

teaching. The results clearly demonstrated the advantage of using DIVTIC among low 

achieving students. The students from this level in the experimental group significantly 

outscored their counterparts in the control group in the final test suggesting that 

DIVTIC was an important element in their learning process. Interestingly, these low 

achieving students used DIVTIC most and achieved highest grades. However, lower 

achieving students appeared to learn from simply viewing the animations rather than 

being highly interactive and stopping and starting them consistently. The study found 

that the visualisation process implemented in DIVTIC could be of considerable 

assistance to a particular group of students, those with a low GPA, in developing their 

understanding of difficult programming concepts. 
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CHAPTER 1 :  INTRODUCTION 

As the impact of technology grows, interactive multimedia is being used more and more 

in the educational sector. This means that researchers need to optimise the use of new 

technologies in teaching and learning environments. Thus, instructional materials and 

tools are being produced by incorporating updated software with advanced delivery 

technologies such as the Internet (e.g., Oliver, Herrington, & Omari, 1996; Rowe & 

Thorburn, 1 999; Warendorf, 1997; Yoo, 1998). 

The teaching and learning of a programming languages is a difficult task (Daly, 1 999; 

Gray, Boyle, & Smith, 1998; Hagan & Lowder, 1996; Jehng & Chan, 1 998). Selby and 

Young ( 1998) state that computer programming courses play an important role as 

gatekeepers for further studies in Computer Science. So first year students need a skilled 

teacher who has experience in teaching computer programming at that level. 

Conventional instruction may not always be appropriate to help students in developing 

semantic knowledge (Oliver & Malone, 1993) even though there have been many 

efforts to create tools for the teaching and learning of programming languages (e.g., 

Daly, 1 999; Jehng & Chan, 1998; Rowe & Thorburn, 1999; Smith & Webb, 1998). This 

still remains a problem in many institutions (Carter & Jenkins, 1999). 

New programming languages tend to add complexity to the task because they have 

more advanced features. For example, for many years, Pascal was the major 

introductory computer programming language and was the most popular first language 

for teaching students in the nineties (Brilliant & Wiseman, 1996) . However, Pascal is no 

longer used in industry (Hubbard, 1996) and many institutions have now switched from 

Pascal to C. The problems experienced by novice programmers learning a procedural 

language such as Pascal as their first programming language increase when learning C 

(Hubbard, 1 996; Smith & Webb, 1998). The C language is difficult for many novices to 

learn on their own (Johnson, 1 995). 

This study sought to explore how contemporary multimedia technologies may be used 

to enhance the teaching and learning of these programming languages. 
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1 .1 The Background to the Study 

CHAPTER 1: INTRODUCTION l 

Computer programming courses are more difficult and time consuming than other 

courses for the majority of students (Hagan & Lowder, 1996). Usually, novices have 

different background knowledge before entering an introductory computer 

programming course, meaning that a class may contain students with a wide range of 

proficiency levels. Wilcocks and Sanders ( 1994) suggest the use of a computer-aided 

dynamic program animator to support the instruction of weaker students who may be 

too shy to ask questions or who have difficulty gaining attention when classes are large. 

Such programs can provide more opportunities for weaker students because they can be 

used over and over again. 

Bishop-Clark ( 1995) states that computer programming is an intricate task, which can 

be divided into four different phases: (a) problem representation, (b) design, (c) coding, 

and ( d) debugging. The requirements for each phase differ in terms of cognitive style 

and personality traits which affect the design stage significantly more than the coding 

stage (Bishop-Clark, 1995). This suggests the optimal role for a technology solution 

might be in the design stage. 

Generally, students differ in their ability to understand material which is very abstract 

and difficult to visualise. Previous research has proposed ways to improve instructional 

materials and therefore student outcomes. For example, instruction can incorporate a 

dynamic explanation tool to help students visualise each step in program execution 

(Karsten & Kaparthi, 1998; Lischner, 2000; Rowe & Thorburn, 1999). New 

technologies now provide many more options for the designer and can be used to 

support the teaching and learning process. 

Technology provides many ways of improving instructional materials to help instructors 

improve the teaching and learning environment. This research sought to develop an 

instructional model using the visual capabilities of the most recent developments in 

technology to explore ways of enhancing the teaching of introductory programming. 
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1 .2 The Significance of the Study 

The number of computers in use worldwide is increasing rapidly and by end of the year 

2000 was estimated to be approximately 579 million (Computers-in-use in year 2000, 

2000), the demand for good programmers is becoming important in our society. 

McKeown and Farrell (2000) state that there will be a shortage of qualified computer 

programmers in the near future. This will have major consequences for education and 

for the global economy. 

Students in science majors, especially in the computing, need to learn valid 

programming concepts during their introductory computing courses because these form 

a strong background for more advanced programming courses in their university 

curriculum (Herrmann & Popyack, 1994). At the moment, much of the teaching is based 

on textbooks and this does not always work well. Many students who finish 

introductory classes, are still weak in their understanding of basic concepts. Kann, 

Lindeman, and Heller ( 1997) claim that the graphic representation of algorithms used in 

most textbooks are abstract visualisations and not sufficient for learners to develop 

logical thinking skills required in computer science courses. Students' problems are 

mostly based on the lack of conceptual understanding and mental models (Soloway, 

Ehrlich, Bonar, & Greenspan, 198 1). This provides an opportunity to investigate ways 

to enhance learning through the informed use of contemporary graphics programs. 

The research presented in this thesis sought to explore the opportunity for creating a 

technology based learning model that used visualisation to provide student activities for 

building their understanding of the programming process. The model has potential 

benefit instructors who want to move from traditional instruction methods to using 

technology as a teaching medium. 

This research sought to explore not only how to help students to learn effectively, but 

also how to: 

• prepare students with a strong background in computer programming; 

• reduce learning time; 

• save teacher consultation time, and 

• engage students in student-centred learning. 
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This research should help to provide useful support and resources to ensure that there 

will be a supply of skilled programmers to serve our future economic needs. 

1 .3 The Purpose of the Study 

The purpose of this study was to explore how students in introductory programming 

courses were aided by the use of interactive visual and Web-based instructional 

materials. This study used the opportunities of new technologies to create a learning 

environment that could help to increase the learners' understanding. A model was 

designed to help students construct valid mental models of computer programming. It 

sought to provide a basis for learning in any programming language. In this study, the C 

language was selected for the following reasons: 

• C is a popular language that is taught in many institutions and is sufficiently 

widespread in industry (Newlands, 1992); and 

• This study was conducted at Suranaree University of Technology (SUT) in 

Thailand, which uses C as its introductory programming language. 

The novelty and originality of this study is in the innovative use of graphics and 

interactivity in computer-based learning and the exploration of how these materials 

influence students' learning outcomes. Another novel feature has been the use of the 

materials in a Thai university where students learn programming using English 

language statements and control structures, despite poor spoken and written English 

skills. The impact of the different language requirements was an important aspect of the 

inquiry and another distinctive element of the research. 

1 .4 The Organisation of the Thesis 

The thesis is organised into eight chapters which are described as follows: 

• Chapter 1 provides the background, significance, and purpose of the study; 

• Chapter 2 presents a review of literature relevant to this research including the 

problems and difficulties in learning to program, strategies in teaching and 

learning programming, previous findings relating to professional development 

models and their evaluation, and technology support; 
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• Chapter 3 describes the conceptual framework for the study. The methods of 

visualisation, collaboration, and constructivism are used to explore how 

instructional design can be used to benefit teaching and learning in 

introductory computer programming. This chapter concludes with research 

questions and an overview of the interactive instructional model which was 

designed, developed, implemented, and evaluated in the teaching and learning 

setting; 

• Chapter 4 contains a description of the development of DIVTIC (Dynamic 

Interactive Visualisation Tool in Teaching C) which was based on the 

contemporary learning theories applied using current communication 

technologies. Each component of DIVTIC is described. The pilot study which 

was conducted to determine the feasibility of some of the components of 

DIVTIC, and the subsequent modifications, is also described; 

• Chapter 5 begins with a literature review of the research methodology used in 

the study followed by the particular methods used in the study. The reliability 

and validity of the data collection are also discussed; 

• Chapters 6 and 7 present the data collection, explanation, analysis, and 

address each of the research questions. Chapter 6 explores how students used 

DIVTIC, while chapter 7 explores to what extent this experience influenced 

students' performance; and 

• Chapter 8 presents a discussion of the problems encountered during the study, 

the conclusions of the findings, the limitations of the study, and the potential 

for further research. 

- 5 -



----- 3: M Ui i :J ·•D �ii :J ,,., i•l ;1 =I ;1 :\!A I =i'+'-f-----

The review of the related literature is divided into four general areas: 

• The problems and difficulties that students face when learning to program; 

• The strategies that teachers use to teach programming; 

• How students learn to program; and 

• How technology can support teaching and learning environments . 

2.1 The Problems and Difficulties that Students Face When 
Learning to Program 

Computer programming is an area that contains complex knowledge and abstract 

concepts that need individual mental effort to learn and understand (Jehng & Chan, 

1998). Learning computer programming involves several cognitive abilities including 

syntactic knowledge, conceptual knowledge, and strategic knowledge (Bayman & 

Mayer, 1988). This study focuses on the problems and difficulties of learning to 

program, in particular, (a) difficulties in learning syntax; (b) difficulties in learning 

semantics; and (c) difficulties in acquiring strategic knowledge. 

2.1 .1 Difficulties in Learning Syntax 

Syntactic knowledge refers to knowledge of lexical units, which consist of specific 

details and rules, such as knowing that the end of each statement in C must end with a 

semicolon (Bayman & Mayer, 1988; Fay & Mayer, 1 994; Oliver & Malone, 1993). 

Lischner (2000) states that syntax in a programming language has complex rules and is 

difficult to learn and understand. Novices must learn commands and statements in 

relation to the syntax of the language. 

Natural languages, like English, have rules which are much more flexible than those of 

a computer programming language. People are able to work out what you are saying 

although you may not be grammatically correct. In a programming language, if you give 

the incorrect syntax, the computer cannot understand what you are trying to do. Mayer 

and Fay ( 1 987) note that students tend to use their intuition from their understanding of 
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natural language when programming commands. For example, with the compound If 

statement, students may write a code as: 

If A > B and C Then . . .  

I n  this case, novice students may assume incorrectly that "the comparisons are being 

made between A and B and A and C" (McKeown & Farrell, 2000, Focus of 

programming research, para. 4), when in fact this is a chain of evaluation based on 

operator precedence. 

du Boulay ( 1986) states that the keywords used in a programming language sometimes 

conflict in meaning. For example, the "repeat" statement can sometimes mislead 

novices who think that something needs to be repeated, but this is not the case. Another 

example by du Boulay ( 1986) is in the use of the boolean operator "and" which can 

mislead novices to think in the sense of "what is next" such as "wash your hand and eat 

your food." Novice programmers also are confused with the assignment of variables and 

arrays which they usually understand in terms of mathematics. For example, in C we 

can say A = 2 but not 2 = A, which is syntactically invalid. 

Research in this area shows quite clearly that many novice programmers have trouble 

learning the syntax of programming languages. One of the principal reasons seems to be 

the conflict with natural language. The syntax or keywords used in a programming 

language sometimes conflict in meaning. For novice programmers with poor English, 

such as in Thailand where English is a foreign language, this problem can be 

heightened. This suggests a need for more research to explore ways to explain these 

problematic concepts and to help students to understand the syntax of programming 

languages. One possible solution that can overcome these problems is the use of a 

teaching and learning environment that provides immediate feedback (e.g., Alam & 

Renci, 1998), a syntax aware program editor. 

2.1 .2 Difficulties in Learning Semantics 

Semantic knowledge refers to the action that occurs in the computer in response to a 

given instruction such as adding and deleting (Fay & Mayer, 1994). Novices often 

assume that the computer will understand and be able to execute their incomplete 

commands because they can understand them (Perkins, Schwartz, & Simmons, 1988). 
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Students therefore have difficulty adapting their existing skills when writing 

programming code (McKeown & Farrell, 2000). Their previous understanding will 

interfere with some commands in programming. For example, in mathematics variables 

or constants on both sides of an equal sign mean that they are equivalent. In 

programming code, however, students may have a problem when they see a code like 

Total = Total + 1; 

because there is no such number that equals itself when one is added to it. Similarly, 

when programming in BASIC, novices are often confused when they see an assignment 

statement such as LET A = A +  1 because they think that the "A''s on both side of the 

equal sign have been treated in the same way. They do not understand the sequential 

nature of program execution where "one stands for a location and the other for a value" 

(du Boulay, 1986, p. 64). 

The most common example in C which supports du Boulay' s  comments is the swapping 

of a value between two variables ( e.g., A and B) where we need to use a temporary third 

variable (e.g., TEMP). Novice programmers will usually swap the value between 

variable A and B without using the third temporary variable, TEMP. For example, 

suppose that the value of A is 5 and the value of B is 7, they will write this as follows: 

A = B; 

B = A; 

which appears to be correct, but is actually incorrect programming. After the processing 

the first statement, the value of variable A is changed from 5 to 7 but the value of 

variable B still has the same value, which is 7. In the following statement, the value of 

variable B is not changed since the value of variable B is 7 and the value of A is now 7. 

Therefore, both variables A and B have the same value of 7. As du Boulay ( 1986) 

states, a variable can hold only one value, thus we need to use the third temporary 

variable, for example, TEMP, so given that A =  5 and B = 7: 

TEMP = A; 

A = B; 

B = TEMP; 

After processing three statements, the variable TEMP and B have the value of 5, since 

A has the initial value of 5; the variable A will have the value of 7, since B has an initial 
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value of 7. This example provides evidence that students have difficulty in 

understanding some programming concepts. They need to visualise what is actually 

happening inside of the computer memory when each statement of the program is 

executed. 

Research by Soloway et al. ( 198 1) shows that novice programmers misunderstand the 

use of appropriate control statements (i.e.,for, while, repeat. . .  until loop). Students in an 

introductory Pascal programming class were given a simple problem that involved 

reading data, looping, testing and operating on a variable, and then writing the output as 

follows: 

Write a program which repeatedly reads in integers until their sum is greater 
than 100. After reaching 100, the program should print out the average of the 
integers read in (Soloway et al., 1981 ,  p. 28). 

Only 44% of students were able to write the correct code. While many of students made 

no particular errors in their programming, those that did included two types of errors: 

(a) syntax and semantics, and (b) deciding which constructs to use and how to operate 

them. 

From research by Soloway et al. ( 198 1), both novices (enrolled in introductory Pascal 

programming class), and intermediates ( enrolled in a second course in programming 

using Pascal, i.e., data structures course) showed the same common problems when 

using the loop construct. The subjects tended to use while loops in all situations rather 

thanfor loops to solve problems. 

Novice programmers also had problems with the conflicts between the update of a 

counter variable, which counts the number of loops undergone, and the update of the 

running-total variable, which accumulates all the supplied variables. For example, they 

misunderstood a particular type of assignment statement by using the pattern for 

updating the counter variable (i.e., I := I + 1), for which a constant is required, when 

they wanted to update the running-total variable and a variable is required (Soloway et 

al., 198 1 ). 

The literature shows that the acquisition of such semantic knowledge is significantly 

difficult for novices. Commands in a programming language are not the same as in the 

everyday use of the English language and mathematics. Rather, they must be specific 
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and follow exact rules of the programming language so that they can be compiled and 

executed correctly. Novices need to be able to visualise what is actually happening 

inside the computer memory when each statement of a program is executed. This 

supports the need for more research into finding ways to provide students with a better 

understanding of a programming language, for example, by adding imagery to the 

teaching and learning of programming. 

2.1 .3 Difficulties in Acquiring Strategic Knowledge 

Strategic knowledge, or transfer strategies, refers to techniques to plan and combine 

syntactic and semantic knowledge when constructing a program to solve a given 

problem (Bayman & Mayer, 1988; Fay & Mayer, 1994). Soloway ( 1986) states that the 

real problem for novices is how to compose a chunk of syntax which will solve the 

given problem. 

Bayman and Mayer; Fay and Mayer; Goei and Pieters; Mayer; Perkins, Schwartz, and 

Simmons; Sleeman, Putnam, Baxter, and Kuspa; and Sloane and Linn (cited in Shih & 

Alessi, 1 993-1994, p. 157) assert that "research has found that misconceptions appeared 

to be one of the biggest obstacles students face in learning to program." Mulholland and 

Eisenstadt ( 1998) also state that novices have more difficulty understanding what an 

execution is doing rather than the algorithm design and planning. Cardinal ( 1991) 

attributes difficulty in interacting with a computer to inadequate understanding of it: 

Conceptual models bridge the gap between a computing system and the 
user's mental representation of that system. Too often, users of interactive 
devices, such as microcomputers, acquire mental representations derived 
from poorly organized and misunderstood interaction with the computer. The 
learner's reactions to a computer system may even appear to border on the 
superstitious. These computer users are unable to cope with minor system 
crises. This results from the formation of inadequate mental models. (p. 1 63) 

The majority of novices create a faulty mental model (Shih & Alessi, 1993-1994 ). 

Johnson-Laird (1983) explains these mental models as follows: 

Understanding certainly depends on knowledge and belief. If you know what 
causes a phenomenon, what results from it, how to influence, control, initiate, 
or prevent it, how it relates to other states of affairs or how it resembles them, 
how to predict its onset and course, what its internal or underlying 'structure' 
is, then to some extent you understand it. The psychological core of 
understanding, I shall assume, consists in your having a 'working model' of 
the phenomenon in your mind. If you understand inflation, a mathematical 
proof, the way a computer works, DNA or a divorce, then you have a mental 
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representation that serves as a model of an entity in much the same way as, 
say, a clock functions as a model of the earth's rotation. (p. 2) 

The problem is also caused by the change processes inside the computer. Novice 

programmers do not fully understand these because they cannot see what is going on 

inside the computer (du Boulay, 1986; Mulholland & Eisenstadt, 1 998). For example, 

when giving students a problem in BASIC that printed a square of stars where the user 

inputed the number of stars on each side, it was evident that some students had not 

previously encountered a repeated loop that crossed a single line of output (Perkins, 

Hancock, Hobbs, Martin, & Simmons, 1 986). This is because students did not visualise 

what was happening when the program is executing. 

The literature shows that novices have difficulty in constructing syntax and 

understanding the semantics required to solve a given problem. They need better 

conceptual knowledge to help them solve programming problems. This literature 

appears to support the need for further research on strategies to develop strong 

conceptual knowledge when learning how to program. To overcome this problem, a 

teaching and learning technique that enables students to construct strong strategic 

knowledge is needed. The use of a visualisation tool which enables students to see the 

internal workings of program execution would address this conceptual problem (e.g., 

Smith & Webb, 1998). Such a teaching tool could access knowledge at multiple levels 

of abstraction (Bergin et al., 1996). 

2.2 The Strategies that Teachers Use to Teach Programming 

In the past, most teaching styles have been teacher-centred, where teachers divide the 

content into small manageable modules and teach according to a prescribed lesson plan 

(Norman & Sphorer, 1996). These traditional teaching methods are lecture-based using 

static media which is often not well suited to conveying dynamic concepts (Jenkins & 

Towle, 1997; Wilcocks & Sanders, 1 994 ). They can only convey the basic idea of 

syntax and semantics which is often not enough for novices to use a language or apply it 

to solving problems (Jenkins, 1 998). 

However, there are a number of computerised aids that are sometimes used in 

laboratories, but these are usually commercial debuggers designed for expert 

programmers and not suitable for novices (Smith & Webb, 1 998). Most educational 
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programming packages have been designed to help students directly debug their 

programs rather than understand how they work (ltoh, Konishi, & Suzuki, 1998). A 

necessary requirement for novices is the development of appropriate schemata and 

mental models of the programming process (Jehng & Chan, 1998; Smith & Webb, 

1998). This need is addressed by this study and investigates more dynamic ways to 

teach the syntactic, semantic, and conceptual requirements of programming. 

2.2.1 Teaching Syntactic Method 

Some of the dynamic teaching tools that have been developed include that of Daly 

( 1999) who designed an online program submission and correction system called 

"RoboProf' to teach a subset of the syntax and semantics of C++. The package 

comprises of an outline course in HTML format with small programming problems on 

each topic which include if statements, loops, arrays, and strings. When a student 

submits an exercise, the system automatically marks it and provides immediate 

feedback which encourages the learning process (Alam & Renci, 1998). The system 

also shows the correct answer if the student makes mistakes. The student then has to 

return to the instructional material and submit a similar completed problem. Results 

have shown that all students pass the online course (with a 40 percent pass rate) and 

three-quarters achieved 90 percent or more. Daly's online course provided opportunities 

for students to increase their motivation and "improve their programming skills by 

completing gradually more difficult tasks" (Daly, 1999, p. 1 57). 

2.2.2 Teaching Semantic Method 

In the area of teaching semantic method, du Boulay ( 1986) proposed that program 

templates, with selected parts for novice programmers to fill in, help with learning to 

write programs. This has been successful because of the large cognitive load novices 

experience when learning a programming language. With only parts of a program to fill 

in there is not too much information for the novice. 

Dyck and Mayer ( 1989) have suggested teaching semantics via native language (e.g., 

English) before teaching syntax will improve students' learning outcomes. Their 

research shows that students taught with corresponding English statements learn faster 

and more correctly. 
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Smith, Cypher, and Tesler (2000) have developed a Java-based authoring tool called 

"Creator" that allows users to create a personalised world and then animate it as desired 

without any knowledge of programming and without seeing a single line of program 

code. With this program, parents, students, and teachers can create interactive 

simulations, models, games, and demonstrate algorithms on the computer. Their 

research show that students who had used Creator shown more development in their 

learning outcomes than others without this experience. 

2.2.3 Teaching Conceptual Method 

Often, textbooks for computer programming languages are simply manuals for 

experienced programmers and inappropriate learning resources for novices (Segal & 

Ahmad, 1993). They generally only focus on syntax and semantics (Soloway, 1986). 

Research by Segal and Ahmad ( 1993) has shown that combining text and working 

examples in the instructional material can improve students' outcomes. They also state 

that the working examples must cover all aspects of instruction. 

Teaching conceptual models which represent the states and relationships in 

programming can improve problem-solving performance and the development of better 

mental models (Bayman & Mayer, 1988; Shih & Alessi, 1993-1994). Bazik, Tamassia, 

Reiss, and Dam ( 1998) argue that algorithm animation and program visualisation tools 

can improve students' understanding of concepts. An example of this is VINCE, a C 

visualisation tool designed to assist novice programmers in understanding how the 

individual steps of a program are executed and used in memory. VINCE is written in 

Java and can be executed via a web page. It allows only syntactically correct C code to 

be traced, one operation at a time. The effect of VINCE has been studied by Rowe and 

Thorburn (1999) using 16 first-year students completing an introductory programming 

course in C. The students were divided into two groups of 8 with equal ability (i.e., a 

test group using VINCE and a control group not using VINCE). Evaluations showed no 

significant difference in students' perception of their programming ability. However, 

students in the test group showed improved comprehension in C. This improvement was 

attributed to the visualisation of each step of program execution. 

Another such tool, TurtleGraph (Jehng & Chan, 1998), is a visual learning software 

product based on LISP-LOGO, which can be used to enhance student's understanding 

- 1 3 -



,
----- ----- --- ---------- CHAPTER 2: LITERATURE REVIEW l 

the concept of recursion to solve geometric pattern drawing problems. This system 

features three instructional principles: ( I )  a reflective learning principle, (2) a reactive 

learning principle, and (3) a structured learning principle. The system provides an 

opportunity for learners to collaborate with each other in solving or discussing difficult 

tasks and comparing each other's code. The learners can observe the execution of their 

programs as they run. It also provides crucial examples to assist learners in solving 

problems. 

The effect of TurtleGraph has been studied by Jehng and Chan ( 1998) using ninety-four 

social science students with no previous experience in computer programming. The 

students were divided into three learning environments: (a) distributed learning, 

(b) face-to-face learning, and (c) individual learning. Student performance in program 

generation was significantly different between the two collaborative learning conditions, 

(i.e., distributed learning and face-to-face learning) and the individual learning 

condition, p < .05. This study shows that collaborative learning conditions can improve 

student outcomes. 

The teaching of computer locations (e.g., memory location) to novices can also be 

improved with online teaching tools. Smith and Webb ( 1998) have developed a low­

level program visualisation tool, called Bradman, to assist novice programmers in 

seeing the internal workings of C program execution. This enables learners to develop 

their mental models and structural knowledge of the programming process in a 

progressive manner. Smith and Webb ( 1998) evaluated Bradman by using it with a 

group of twenty-four volunteer students who were taking an introductory programming 

unit. Half of the students, the test group, had access to Bradman, and the other half, the 

control group, did not. Results showed that the test group performed significantly better 

outcomes than the control group, which suggests that a visualisation tool can enable 

novice programmers to enhance their mental models of programming by providing 

different views of program execution. 

Karsten and Kaparthi ( 1998) propose that using dynamic, visual teaching tools and 

resources via the World Wide Web (WWW) can help students develop appropriate 

mental models. They have developed a dynamic tool called "Web-based dynamic 

explanation" by using inexpensive software such as Microsoft PowerPoint to 

incorporate colour, graphics, animation, and narrative. This tool enables students to 
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visualise programming construction in C. Karsten and Kaparthi' s  research into the 

impact of this teaching tool suggests that, although development is a time-consuming 

process, the benefits are evident in the time saved in teaching and re-teaching concepts 

to novice programmers. Their research also indicates that visual explanations on the 

WWW are the most significantly helpful teaching aid (M = 4.77, SD = 0.43, p < 0.000) 

compared with examples on the board (M = 4.30, SD = 0.79), overheads and handouts 

(M = 3.93, SD = 1.05), IDE program debuggers (M = 3.20, SD = 0.7 1), and course 

textbook exercises (M = 3.01, SD = 0.82). This study, therefore had the same positive 

outcome as VINCE (Rowe & Thorburn, 1999). 

In summary, the literature provides a number of reasons why students have difficulties 

in learning to program, for example: 

1. Programming languages have strong conceptual bases that require 

considerable engagement and thinking, e.g., Jehng & Chan ( 1998); 

2. Students do not understand the learning process. In fact, their learning 

processes are usually shallow, e.g., Smith and Webb ( 1998); 

3. Students frequently learn aspects of programming separately so they do not 

understand the connection between various elements, e.g., du Boulay ( 1986); 

and 

4. Students concentrate on syntax more than semantics, e.g., Dyck and Mayer 

( 1989). 

Leaming a programming language in Thailand is even more difficult because English is 

not the main spoken language. Also more and more students are coming to university 

with low formal reasoning skills, meaning these students need more help in learning to 

program. A possible solution to overcome these problems is to provide students with a 

tool that will help them to understand the step-by-step programming process and to 

visualise program execution. This could help them to understand the sequential nature 

of program execution. 

2.3 How Students Learn to Program 

Race ( 1996) divides the learning process into four primary processes: 

1. wanting to learn (motivation, thirst for knowledge); 
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2. learning by doing (practice, trial and error, getting one's hands dirty); 

3 .  learning from feedback (other people's  comments, seeing the results); and 

4. digesting (making sense of what has been learned; getting a grip on it). 

Race (1996) also proposes optimum conditions for learning: 

1. at one's own pace; 

2. at the time and place of one's own choosing; 

3. with other people around, especially fellow-learners; and 

4. when one feels in control of their learning. 

This suggests that learning is a complex process and needs further exploration, 

especially with regard to learning to program. Leaming to program is challenging in a 

number of ways and these challenges need to be recognised for novices (Perkins et al., 

1986). Perkins et al. state that "learning by discovery is entirely appropriate considering 

the open-ended character of programming problems" (p. 40). 

However, in most educational environments, students have become accustomed to 

conventional forms of teaching and learning where teachers are experts delivering 

knowledge to learners, who are passive receivers (Baldwin & Macredie, 1999; Oliver, 

1999a). However, research on the philosophy of learning and teaching environments has 

discovered strategies which have more potential than traditional teaching styles (Gray, 

1997; Norman & Sphorer, 1996). 

There are many theories looking at how learning occurs and many examples to guide 

and inform teachers and learning designers. In developing materials and activities for 

learning to program, we need to explore those learning theories that promote higher­

order learning and to explore learning strategies that are relevant and appropriate. To 

this end, an exploration of the theory of constructivism, and learning strategies such as 

collaboration and the use of visualisation follows. 

2.3.1 Knowledge Construction 

Previously, behaviorism was used as a theory to describe how learning occurs (Shim, 

1998). Behaviorism is a learning theory which is based on the change in behavior of an 

organism. However, it is only concerned with what learners do and excludes the role of 

mental operations and activities in the learning process (Fardouly, 1998a; Jonassen, 
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1991). It is a theory in which teachers provide students with new knowledge to be 

memorised and repeated without providing an opportunity for them to make sense of the 

information they have been given. Zakari ( 1998) points out that behaviorists made a 

vital mistake in their theory by excluding the role of mental operations. Nonetheless, 

behaviorist theory dominated concepts of learning for most of the first half of the 20th 

century (Jonassen, 1991). 

Nowadays, an alternative learning theory called "Constructivism" is widely followed in 

many educational institutions (Holzer, 1994 ). It is a philosophical theory of knowledge 

which argues that learners become active participants in constructing meaning and 

knowledge through experience, rather than through the passive reception of information 

(Ertl & Kraan, 1997; Lorsbach & Tobin, 1992; Zakari, 1998). This theory is concerned 

with internal mental states. Stephens (n.d., para. 2) states that "aspects of constructivist 

theory can be found among the works of Socrates, Plato, and Aristotle (ranging from 

470-320 B.C.), all of which speak of the information of knowledge. However, the main 

philosophy of constructivism is generally credited to Jean Piaget." 

Constructivist learning is active learning which McKinney ( 1996) describes as 

techniques where a learner does more than merely listen to a lecture, but also discovers, 

processes, and applies information. It occurs when the learner connects their past 

experiences with new information to form new knowledge (Butcher, n.d.). It is a 

situation where the learner is given tasks, information resources and opportunities to 

construct his/her own meaning and knowledge from the learning process (Fardouly, 

1998b; Gagnon & Collay, n.d.). It involves the active creation and modification of 

thought, ideas, and understanding as a result of the experiences that occur within a 

socio-cultural context (Doolittle, 1998). Students themselves may have difficulty 

recognising their own existing knowledge since they believe that the teacher is an expert 

and it is his/her role to transfer knowledge to them. Thus, to successfully apply 

constructivist learning both teachers and students have to adapt to the model (Lorsbach 

& Tobin, 1992). 

When the theory of constructivism is applied to science teaching, teachers change 

themselves from transmitters, who transfer knowledge, to facilitators who assist and 

encourage learning (Stephens, n.d.). Thus, the notion is that knowledge cannot be 

transferred from one person to another, but resides within individuals (Enerson, 
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Johnson, Milner, & Plank, 1997; Lorsbach & Tobin, 1992). Knowledge acquisition is 

the process of building accurate internal models by reconstructing and reorganising old 

knowledge in the light of new experiences (Doolittle, 1998). 

An example of how constructivism can be applied in computing comes from Hagan and 

Sheard ( 1998). They claim that the addition of a one-hour class discussion between the 

traditional computing course sessions of a two-hour lecture and a two-hour laboratory 

session gives students the opportunity to discuss programming concepts and work with 

each other. It also bridges the gap between the lectures and the laboratory sessions. 

Results show that the discussion classes have greater potential and value for learning 

how to programme, because learners actively discuss and construct their own 

knowledge. Similarly, Jenkins ( 1998) proposes a change in students' participation from 

being "passive recipients of the teaching into active participants in a learning process" 

(p. 125). Jenkins also supports a participative approach to learning a programming 

language by offering additional sessions for students who have difficulty. His results 

show an improvement in students' learning outcomes and show that when students have 

the opportunity to interact with their peers, they can construct a better understanding of 

a subject. 

The literature on constructivist learning shows that it has greater potential for improving 

learners' outcomes than traditional learning theory or behaviorism (Cobb, 1999; Hagan 

& Sheard, 1998; Jenkins, 1998). The constructivist model leads to an emphasis on the 

learning process rather than the teaching process. Therefore, it is student-centred, not 

teacher-centred. It provides opportunities for learners to be active in the learning 

process. The contrast between behaviorism and constructivisim parallels the African 

proverb: "If a man is hungry you can give him a fish, but it is better to give him a line 

and teach him to catch fish himself' (Papert, 1993, p. 139). 

This literature suggests some significant benefits of knowledge construction such as: 

1. engaging the learners and making the learning meaningful e.g., Ertl & Kraan 

( 1997) and Zakari ( 1998); 

2. encouraging thinking processes e.g., McKinney (1996); 

3. making individuals able to learn in group settings e.g., Hagan and Sheard 

( 1998); 
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4. creating motivation and interest e.g., Jenkins (1998); 

5. linking new knowledge to what is already known e.g., Doolittle ( 1998); and 

6. making learners responsible and helping them to know what they do not 

know e.g., Jenkins ( 1998). 

Knowledge construction can be used in Thai university settings to help students in their 

learning processes. For example, Thai students can construct their own meaningful 

knowledge since they are engaged to be active learners in constructivist environments. 

These features can be used to help students develop a better understanding in syntax, 

semantic, and strategic knowledge in learning to program as they are encouraged to 

make the learning meaningful by being active learners. 

2.3.2 Collaboration 

Collaborative learning is an active exchange of ideas which increases both interest 

among learners and enhances critical thinking through discussion, the clarification of 

ideas, and the evaluation of others' ideas (Gokhale, 1995). Collaboration is strongly 

supported as a way to promote knowledge construction. Collaborative learning is 

essential to encourage individual learners to share and exchange their ideas (Hsi, 1997). 

It provides opportunities for learners to discover, analyse, synthesise, and evaluate each 

other's  ideas (Gokhale, 1995; Norman & Sphorer, 1996). It is a further learning 

approach, which shifts the locus of classroom authority from being teacher-centred to 

being student-centred (Bruffee, 1995; Carlos, 1998). Thus, collaborative learning helps 

students learn by working together on substantive issues (Bruffee, 1995). As Enerson et 

al. (1997, para. 1) state "Clearly, collaborative learning is another useful method that 

can help teachers and students accomplish specific goals". Collaborative learning 

accommodates a constructivist approach and it is a learning support which Oliver 

( 1999b) claims to be an extremely significant factor in student learning. 

Gokhale (1995) has studied the effectiveness of individual learning versus collaborative 

learning in enhancing critical-thinking skills and drill-and-practice skills. His subjects 

included forty-eight undergraduate students in industrial technology at Western Illinois 

University. The results indicated that students who participated in collaborative learning 

(M = 12.21) performed significantly better on critical-thinking than students who 
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studied individually (M = 8 .63) whereas on the drill-and-practice both groups did 

equally well (F = 3.69, p < 0 .00 1). 

A good example of a computer-based collaborative learning system is "The 

Collaborative World Wide Web Environment Support System (CWEST)" (Oliver, 

Omari, & Herrington, 1998). This is a WWW-based program that enables university 

teachers to develop collaborative online learning activities through the provision of 

customisable templates. The system enables learners to select the mode of collaboration 

or the cooperative space such as a debate, structured controversy etc. Thus, it 

encourages learners to become active by contributing to the learning process. 

Students who learn individually are limited to information provided in the class itself. 

They are not able to get alternative explanations or input from other students (Dalton, 

Hannafin, & Hooper, 1989). Dalton et al. (1989) have studied the students' performance 

between the use of cooperative and individual computerised instructions using 60 

eighth-grade students. The results showed that students who worked cooperatively 

demonstrate significantly better performance than those who worked individually. 

Swigger, Brazile and Shin (1995) have developed a computer-supported cooperative 

problem-solving environment designed to teach undergraduate students in a computer 

science major. It provides students with opportunities to work cooperatively and to be 

active learners and gives teachers the ability to monitor both individual and group 

performance. Results have shown that students who used the computer-supported 

cooperative environment performed better than those who did not. This study indicates 

that group learning provides opportunities to discuss and complete work effectively and 

efficiently. It is a major point in support of collaborative learning and is supported by 

Oliver et al. (1996) who have also demonstrated that collaborative activities are 

advantageous in educational environments. 

In collaborative learning, the teacher plays a role as a facilitator for planning, setting up, 

and running the learning process (Trentin, 1999). Collaborative learning environments 

invite and encourage students to be active learners who share, discuss, evaluate, 

discover, analyse, synthesise, and evaluate other's  ideas. In teaching programming, it 

enables students to share the abstract concepts which are necessary for their learning. In 

collaborative learning students not only work together to complete tasks but also engage 
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in a process which helps them define and create information that transforms into 

knowledge through knowledge construction. 

The literature suggests therefore, that collaboration can be used to provide a better 

setting for learners in learning to program through: 

1. sharing ideas and learning from other students e.g., Hsi ( 1997); 

2. resolving cognitive conflicts when discussion that leads to new knowledge 

and better understanding e.g., Norman & Sphorer ( 1996); 

3. motivating and raising interest e.g., Gokhale ( 1995); and 

4. supporting learners and teachers e.g., Enerson et al. ( 1997). 

Collaborative setting can be used to help Thai students to learn computer programming 

successfully since they have opportunities to collaborate with their peers and discover 

new knowledge. It can be used as a channel for students to construct their own 

knowledge when they interact and communicate with peers. It could also help teachers 

who have to teach computer programming in a large class. These features can be used to 

help students develop a better understanding of syntax, semantic, and strategic 

knowledge in learning to program as they have a chance to collaborate with their peers 

to enhance critical-thinking and drill-and-practice skills. 

2.3.3 Visualisation 

Visualisation is a learning strategy which uses images, graphics and diagrams to help 

learners understand abstract concepts. Visualisation has been used to represent abstract 

business or scientific data as images that can aid in understanding the meaning of the 

data. It is a powerful problem-solving tool which people use in everyday life to translate 

and build their understanding (McLoughlin, 1997; Rieber, 1995). For example, when 

giving directions people visualise the space they are describing. As Rieber ( 1995) notes 

"It is interesting how often the direction giver starts with a purely verbal description, but 

then reverts to visualisation tricks extemporaneously (such as pointing in the air to 

illustrate the many turns and distances)" (p. 46). The idea of using graphics and 

animation to illustrate abstract concepts in the learning process such as when learning 

computer algorithms or mathematical notions was first born in 198 1 (Hansen, 

Narayanan, & Schrimpsher, 2000). Denyer ( 1997) found that students of Biochemistry 

had difficulties with chemical calculations and lost their confidence in the learning 
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process. To address this he designed a computer-based tool for teaching Biochemical 

calculations by incorporating graphics and animations to help students visualise 

problems, learn problem-solving strategies effectively, and build their confidence. Each 

module contained interactive quiz questions and related online help. Results from the 

use of the learning tool have shown positive outcomes. 

To enhance students' understanding of computer programming, Yang ( 1998) concludes 

that effective programming instruction must provide graphical representations for 

students to visualise complicated programming concepts. Warendorf ( 1997) has 

developed an intelligent tutoring system for teaching a data structures course called the 

Animated Data Structure Intelligent Tutoring System (ADIS) which is designed to 

enhance students' understanding of linked-lists, stacks, queues, trees, and graphs by 

displaying these structures graphically. The system also includes a tutorial mode where 

students learn basic algorithms such as insertion, deletion, etc. visually. With this 

system students spend less time learning to use and manipulate data structures 

(W arendorf, 1997). 

Hansen et al. (2000) have developed an algorithm animation system called Hypermedia 

Algorithm Visualizations (HalVis) to teach algorithm design at various levels of 

abstraction. HalVis includes the four typical types of sorting algorithms: BubbleSort, 

SelectionSort, MergeSort, and QuickSort, and a graphing algorithm. They conducted 

eight experiments over a period of three years with a total of 232 computer science 

undergraduate students, with results indicating that the use of HalVis was significantly 

more effective than traditional teaching methods. 

Another sorting algorithm animation system is called Sort Animator (Dershem & 

Brummund, 1998). Sort Animator is implemented as a Java applet and is accessible 

through the World Wide Web. It can show both sort animation and code animation 

synchronously. The sort animation is represented by a row of vertical bars of different 

sizes to represent different values. As the sort algorithm is executed, the bars move 

according to the current line of code. The user is able to control the speed of execution, 

the number of elements being sorted, the colour of the bars, background, and the 

highlighted line on the code. Another option in this sort algorithm is an explanation 

window button which displays a text-based description. At the bottom of the screen it 

displays the number of comparisons and swaps. Dershem and Brummund ( 1998) 
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conclude that the visual animation of the Sort Animator provides significant benefits to 

both students and teachers in understanding of sort algorithms. Its accessibility provides 

students with the opportunity to learn at their own pace. 

In a course on the design and analysis of data structures and algorithms, Goodrich and 

Tamassia (1998) found that the key concepts were very abstract and not clearly 

understood by the majority of students because they were all in the form of 

sophisticated mathematical arguments. Goodrich and Tamassia, therefore, proposed the 

use of pictures that visualised proofs to enhance students' comprehension. Visual proofs 

such as summing linear terms, counting nodes in a binary tree, analysing binary tree 

traversal, etc. were then more effectively learned. 

The use of animations for presenting algorithms in computer science discipline can 

benefit student understanding because students can understand things better when 

viewed graphically (Bergin et al., 1996). It enables students to see abstract information 

or algorithms in the form of pictures of what is happening with an explanation of each 

step in a task (Brummund, 1997; Dershem & Brummund, 1998). 

The potential of graphics in teaching and learning environments has led many 

researchers to optimise its benefits by developing visualisation tools and systems to 

effectively enhance students' understanding. Further examples of visualisation include, 

Dershem and Vanderhyde's ( 1998) Java application that produces a window containing 

a visualisation for teaching object-oriented concepts and Pierson and Rodger's ( 1998) 

Java application called JAW AA which is a Web-based animation program for creating 

animations of data structures and algorithms, etc. 

The literature provides support for using visualisation to enable learners to build a 

deeper understanding of the ways that programming structures operate and to assist 

them in understanding the semantics. Thus, we can conclude that the use of animation 

and graphics images which is very popular in educational environments can be used to 

support teaching and learning of computer programming. Generally, it can be used to: 

1. help to provide concrete examples, e.g., Goodrich and Tamassia ( 1998); 

2. build mental models, e.g., Smith and Webb (1998); 

3 .  help to distinguish between concepts e.g. Bergin et  al. ( 1996); and 

4. make it easier to understand concepts, e.g., Jehng and Chan ( 1998). 
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Visualisation tools and systems can also be used in Thai university settings since 

teaching and learning computer programming in Thailand has many problems 

including: 

1. English as a foreign language; 

2. large classes and few teachers; 

3 .  busy students who have limited time with trimester system; and 

4. students with limited backgrounds. 

2.3.4 Expert Performance 

Students can learn by observing experts doing the same thing. The learning is enhanced 

by watching and copying the modelling of processes from an expert. Sometimes 

learning can occur when students listen to an expert and legitimately acquire 

information to construct their own knowledge. For example, in the article Stolen 

Knowledge (Brown & Duguid, 1993), the authors begin with a quotation from 

Bandyopadhyay ( 1989, p. 45): 

A very great musician came and stayed in [our] house. He made one big 
mistake . . .  [he] determined to teach me music, and consequently no learning 
took place. Nevertheless, I did casually pick up from him a certain amount of 
stolen knowledge. 

This quotation provides such a good example on how learners can learn from an expert 

and can also " . . .  steal their knowledge from the rich resource made up of other, more 

experienced workers and ongoing, social shared practiced" (Brown & Duguid, 1993, p. 

14). 

Expert performances allow learners to observe a task before they actually do it 

(Herrington, 1997). Novice students can observe the record of an expert's 

demonstration. This enables learners to absorb strategies used by the expert for that 

particular task (Collins, Brown, & Newman, 1989). Learners can then compare their 

understanding or performance to the expert's demonstration at various levels of 

expertise, an important factor that can support reflection and which leads them to know 

what elements need to be improved (Collins & Brown, 1988). 

Expert performances are one strategy for providing students with information and 

content from a variety of perspectives. Spiro, Feltovich, Jacobson, and Coulson ( 1991) 

contend that "revisiting the same materials, at different times, in rearranged contexts, 
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for different purposes, and from different conceptual perspectives is essential for 

attaining the goals of advanced knowledge acquisition (mastery of complexity in 

understanding and preparation for transfer)" (p. 28). This contention is supported by 

Young ( 1993) who describes repeated viewing of the film Young Sherlock Homes for an 

entire semester, suggesting that using the same material for such a long period of time 

can: 

invoke images of students bored and tears when viewing the film for tenth or 
thirteenth time. But learning new perspectives of material that students 
initially thought they understood completely proved to be challenging and 
motivating to students. It was the changes in understanding that proved 
motivating, not the original presentation of the situation. (pp. 49-50) 

The literature therefore suggests that the use of expert performance can be applied into 

teaching and learning computer programming by providing some tasks and animation 

examples to be observed by the learner which will help learner to: 

1 . compare his or her performance (Collins & Brown, 1988); 

2 .  absorb strategies used by an expert (Collins et al., 1989); 

3. construct his or her knowledge from the rich resource (Brown & Duguid, 

1993); and 

4. know what elements needed to be improved (Collins & Brown, 1988). 

2.4 What Technology can Support Teaching and Learning 
Environments 

In a traditional teaching setting all information and knowledge were imparted by the 

teacher; students needed to memorise and repeat what they were given often without a 

chance to seek meaning and knowledge through experience. Traditional teaching 

involves the use of blackboards and overhead projections for transferring information 

which students have limited access to outside the classroom (Schemmel, Hall, & 

Dennis, 1997). Thus, students are not encouraged to acquire information and knowledge 

from other sources. However, according to Twigg ( 1993), "If we anticipate a future 

where more students need more learning, there is only one way to meet this need 

without diminishing the quality of their learning experiences: we must change the way 

we deliver education" (p. 1 1). 

Nowadays, technology has moved into the educational sector providing methods to 

improve the transfer of information (Schemmel et al., 1997). Many institutions around 
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the world are taking advantage of new technology, such as the Internet, HyperText 

Markup Language (HTML), etc. This technology provides an alternative delivery 

mechanism and can enhance the teaching and learning process. 

2.4.1 Technologies and Affordances 

In the past, there have been many different media available to deliver information to 

learners, such as face-to-face instruction, textbooks, overhead projectors, tapes, videos, 

radio, and television. Each medium has its own unique characteristics and serves a 

different purpose. For example, a textbook presents information to complement the 

teacher' s presentation, whereas a video replaces the teacher with both static and 

dynamic images accompanied by sound (Newby, Stepich, Lehman, & Russell, 1996). 

2.4.1 .1  Computer Technologles 

Since the late 60s, computer technologies have been used in educational settings 

(Oliver, 1999b). The computer is an instructional tool which can be used to transfer text, 

images, and sound, and to present information or instructional materials (Steinberg, 

1991). It is such a powerful teaching tool which not only displays information, but also 

processes information and its use in education is increasing (Newby et al., 1996). As 

Dyrli and Kinnaman ( 1995) state "Whether you currently use computer-based 

educational technology a lot, occasionally, or not at all, there is little question that your 

level of use, and that of your students, will increase in the year ahead" (p. 38). Teachers 

now have the opportunity to use computers and hypermedia authoring software to create 

interactive instruction and students can produce multimedia reports. 

According to Brock ( 1994, p. 3 1), computer software in educational settings is divided 

into 3 categories and can be summarised as follows: 

1. Programming software, software used to write programs in computer 

languages such as BASIC, LOGO, Pascal, or C; 

2. Courseware, comprised two types, Computer-Assisted or Computer-Aided 

Instruction (CAI) and Computer-Managed Instruction (CMI) programs. 

• CAI programs, usually include drill and practice, tutorial simulation, and 

problem-solving components. 
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• CMI programs, used to manage instruction, keep records, and to evaluate 

students' progress. 

3 .  Application software, software used for  specific tasks such as word 

processing, desktop publishing, graphics, database, spreadsheet, or integrated 

software. 

Brock (1994, p. 39) describes some advantages in using programming software and 

courseware in educational settings in the following table (Table 2. 1). 

Table 2.1 :  Advantages of using programming software and courseware 

Learners' advantages Teachers' advantages 

Logic skill development 
Problem-solving abilities development 
Individualisation of learning tasks 
Increasing of motivation 

Demonstrating and teaching of sequence logic through 
computer interaction 

Interactivity with the microcomputer 

Saving time with administrative and recordkeeping tasks 
Enhancing personalised monitoring of students' 
performance 
Having a computer as a classroom assistance by using 
CAl and CMI 

Vosniadou ( 1994) notes that technology " . . .  makes it possible to create learning 

situations that mirror what is happening in the real world in ways that are difficult to 

realize in a traditional classroom" (p. 12). The traditional classroom setting, therefore, 

seems to be outdated since technology has moved towards educational settings that 

provide opportunities for information transferring using an interactive approach. 

According to a study by Schemmel et al. ( 1997) on the use of computer technology to 

improve the transfer of information and student learning: 

Based on student comments, an examination of student work, performance on 
exams, and final grades some general conclusions can be drawn concerning 
the effectiveness of these techniques: 

• students are focused more on course content than course administration 
and outline; 

• students have experienced more effective studying; 
• laboratory reports have improved steadily, with fewer errors in lab data; 
• overall, student grades have improved for similar assignments and exams; 
• overall, instructor evaluations have shown steady improvement. (pp. 35-

36) 

This improvement is supported by a meta-analysis of findings from 254 controlled 

evaluation studies comparing students learning in traditional classroom settings and 

technology-based learning (Kulik & Kulik, 1986, 199 1) which demonstrated that 

students using computer-based instruction had more significant achievement than those 
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who were taught in conventional settings. Kulik and Kulik ( 1986) also conclude that 

students who learned the material from computer-based instruction spent an average of 

33 percent less time doing so than with traditional teaching methods. 

Rais-Rohani (2001) points out that " . . .  a more recent development is the significant 

shift in technology implementations toward greater use of computers as tools in the 

learning process rather than as instructional delivery device" (p. 38). He conducted a 

study of the effectiveness of an online tutorial to enhance static instruction by 

comparing the students' performance in two different groups, an experimental and a 

control group. Computer-based instructional materials (CIMS) for the static course were 

developed for the experimental group to use individually as a self-paced instructional or 

tutorial tool outside the classroom while the control group did not use the CIMS. The 

results showed that the experimental group did significantly better than those in control 

group on test 1, test 2, and the final examination. 

This literature suggests that the use of CAI can help learners to: 

1. have the ability to control their use e.g., Schemmel et al. ( 1997); 

2. spend less time and gain immediate feedback, e.g., Kulik and Kulik ( 1986); 

and 

3. be able to use it over and over again, e.g., Rais-Rohani (2001). 

The use of computer technology appears to provide opportunities for teaching and 

learning in computer programming by: 

1. facilitating learners to not only perceive information, but also perform their 

tasks; 

2. supporting interactive instruction where learners can produce multimedia 

reports; 

3. increasing learners' motivation; and 

4. improving both the transfer of information and student learning. 

2.4.1.2 Internet 

The Internet is a global communications network connecting million of computers using 

a standardised set of communication protocols which transfer information among 

computers (Higgins, 1996). The Internet is a worldwide collection of computer 
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networks which is accessible to hundreds of millions of people worldwide and enables 

digital data to be transmitted and received between computer systems (Oliver, 1998). 

In 200 1, there were estimated 530 million people who used the Internet worldwide and 

the number of worldwide Internet users by the end of the year 2005 is predicted to 

double to 1. 12 billion (Juliussen, 2002). The Internet is the most widely used 

communications medium that provides a possible opportunity for teachers and students 

to meet virtually, to have synchronous communication via chat or asynchronous 

communication or through e-mail (Tripathi, 1999). Higher education institutions 

throughout the world are moving toward the new advanced technologies for educational 

environments by using the Internet as a delivery medium (e.g., online courses) 

(Corderoy & Lefoe, 1998). The delivery of information using the Internet has more 

flexibility and has become a preferred alternative method of delivery (Forsyth, 1996; 

Franklin & Peat, 2000). This delivery method can increase the flexibility in teaching 

and learning by providing access to a wider range of resources available at any time or 

place, which teachers and learners can use to maximise their teaching and learning 

(Reid, 200 1 ). 

According to Newby et al. (1996), the use of the Internet can be grouped into three 

categories based on the applications used: communication, information retrieval and 

information publishing. These categories can be used to serve the teachers and learners' 

inquiry as follows: 

1. Communication: Communication made through the Internet is either 

synchronous or asynchronous communication. 

• Synchronous communication: This is communication that takes place at 

the same time such as Chat, Multi-User Domain (MUD), MUD Object­

Oriented (MOO), and Videoconferencing etc. This communication 

provides an opportunity for teachers and learners who are physically 

separated by location and need to have live communication. 

• Asynchronous communication: This is communication that takes place 

over a period of time such as Electronic Mail (e-mail), Usenet 

newsgroups, Bulletin boards, etc. This communication allows teachers 

and learners to communicate with each other at their own convenience. 
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2. Information retrieval: Information can be easily exchanged or retrieved from

one computer to another. The primary method for transferring files over the

Internet is called file-transfer protocol (FfP) (Oliver, 1998). Telnet is used to

create a connection with a remote computer to access an interactive service

such as a library catalogue.

3 .  Information publishing: Information can be published on the Internet by using 

HyperText Markup Language (HTML) and the World Wide Web (WWW). 

Alam and Rencis ( 1998) believe that active learning can be promoted by using the 

Internet to develop interactive content such as Web-based discussion, immediate 

assessment feedback, etc. The Internet can be used to support collaboration, knowledge 

construction and visualisation in teaching and learning computer programming. 

2.4.1 .3 The Web 

The Web is the most widely used and fastest-growing part of the Internet which can be 

used for educational purposes by providing content that is easy to distribute, update and 

is inexpensive and convenient to access. The prominent feature of the Web is the use of 

HyperText Markup Language (HTML) which is platform independent (Love & Gosper, 

1995). The information on the Web has global accessibility. Whalley ( 1995) 

demonstrates how the size of the text can be enlarged which enables the students with 

impaired eyesight to access information more easily. Another feature raised by Alam 

and Rencis ( 1998) is that HTML can be extended to produce interactive documents and 

" . . .  these developments will have a significant impact on the education process" (p. 24). 

Lemay ( 1996) and Yang ( 1998) also point out that the Web is hypertext information 

system, graphical and easy to navigate, cross-platform, distributed, dynamic, and 

interactive. 

By using the Web, learners can have access to millions of pages of information 

worldwide by browsing through an application program called a Web browser. Web 

browsers are available freely on the Internet. The two most typical use of the Web 

browsers are Microsoft Internet Explorer by Microsoft Corporation (75 percent) and 

Netscape Navigator by Netscape Communications Corporation (24 percent) (Waller, 

n.d.). The Web is the most updated resource which provides the latest information for

anyone who can connect to the Internet (McIntyre, 1997). 
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McIntyre ( 1997) studied a group of 20 adults aged between 27 to 50 who each had 

different computer skills and Internet experience. The group was asked to rate the Web 

as a learning tool for adults. Most ( 17 out of 20) stated that they would continue to use 

the Web as a research and/or learning tool and those who did not indicate this had little 

or no previous computer skills or Internet experience. She concluded that the World 

Wide Web would play a significant role in adult learning since it is a powerful tool for 

self-directed learning. 

Using the Web to store information is low cost and relatively easy to update. This can 

be useful in an educational setting (Brusilovsky, 200 1 )  where it can be used to support 

teaching and learning in computer programming. The Web provides: 

1 . accessibility and flexibility for teachers and students in the acquisition of

information at their own pace and time;

2. ease with which to distribute and update;

3. platform independence; and

4. dynamic and interactive information.

2.4.1 .4 Multimedia 

A frequently cited statistic is that "People generally remember 10 percent of what they 

read, 20 percent of what they hear, 30 percent of what they see, and 50 percent of what 

they hear and see" (Treichler, 1967, p. 15). Therefore, as the media used in educational 

settings comes in many different forms and formats, teachers need to understand the 

differences between media used in the classroom in order to select the optimum type 

(Rose & Meyer, 2002). Newby et al. (1996) present 1 1  types of media and provide the 

characteristics of each. These are presented in the following table (Table 2.2). 

Table 2.2: Media characteristics (Newby et al., 1996, p. 147) 

Types of Media Visual Color Sound Motion Interaction Tactile 

Real objects and models • • • 

Text (books, handouts) • • 

Visuals (pictures, photos, drawing, charts, graphs) • • 

Display boards (chalk, bulletin, multipurpose) • • 

Overhead transparencies • • 

Slides and filmstrips • • • 

Audio (tape, disc) • 

Video and film (tape, disc) • • • • 

Television (live) • • • • 
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In addition, Najjar ( 1996) suggests that information must be put into the most 

appropriate medium for learning to be most effective. For example, information should 

be presented as follows: 

• Assembly Instructions should be in textual format with supportive pictures;

• Procedural Information should be in the form of explanatory text with

diagrams or animation;

• Problem-solving Information should be presented with animation and

explanatory verbal narration;

• Recognition and Spatial Information should be presented with pictures;

• Small amounts of verbal information should be presented with sound; and

• Story details should be presented on video with soundtrack or textual format

with supportive illustrations.

The term "multimedia" is defined by Tolhurst ( 1995) as " . . .  the use of two or more 

media to present information. The media that can be used include text, still or animated 

graphics, movie segments, sound, and music" (p. 23). These media can be presented by 

integrating two or more components. Brock ( 1 994) points out that when multimedia is 

incorporated into instructional design, it encourages learners in self-directed learning 

and enables access to information from different perspectives. This notion is supported 

by Bagui ( 1 998) who points out the reasons for an increase in learning with multimedia 

including interactivity with computers, flexibility, rich content, motivational effects, 

better structured instruction, immediate feedback, and stimulating style. 

Many institutions have adopted multimedia technology into teaching and learning 

environments as a means of cost reduction and increasing teaching effectiveness 

(Deacon, Walton, & Wilson, 1997). The most commonly used type of multimedia in 

educational settings is the interactive multimedia in which teachers and learners can 

interact (Brown, 1 997). Interactive multimedia provides learners with the opportunity to 

access information in a non-linear fashion in which learners can access information in 

any of a number of exploration paths. An interactive multimedia production is typically 
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Types of Media Visual Color Sound Motion Interaction Tactile 

Computer software • • • • • 

Multimedia • • • • • 
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comprised of five basic types of media including text, sound, animation, video, and 

graphics which learners can in some way control (Bagui, 1998; Wable, 1998). This 

enables learners to monitor and manage their own learning and as a result to gain more 

motivation for learning. 

Brock ( 1994) indicates that the use of multimedia in educational settings has at least six 

basic advantages over the traditional classroom. These are that: 

• Learning motivation increases through nonlinear interactivity;
• Learning is customized to meet individual needs;
• Resources are multisensory;
• Meta-cognitive abilities (thinking about thinking) plus other higher level

thinking skills are encouraged;
• Learning is active; and
• Learning sequences and material selection are more teacher/student­

controlled than are in traditional modes of instruction. (p. 195)

An example of multimedia for language learning is Dustin which was developed by the 

Institute for Learning Sciences at Northwestern University (Schank & Cleary, 1995). 

Dustin is a multimedia simulation program designed to help students learn English 

language through learning by doing. The program includes real life situations where 

students play a role. The program first places the student at O'Hare International Airport 

where he/she must go through customs, find transportation to a specific place, and 

check into a hotel. Students interact with simulated people who appear in video clips by 

typing responses at the keyboard. If the student responds correctly, the program will 

move to the next task, if not, the program will either break the task into smaller parts or 

show examples. The program provides the student with control of the learning process 

by asking what to say, what to do, asking to repeat a message, and asking for a 

translation. The program also has different levels of difficulty. 

Crynes and Hawley ( 1995) conclude from their review of 139 multimedia programs that 

there are significant benefits in this mode of learning including greater effectiveness and 

efficiency with approximately 30 percent less time spent in learning. This also improved 

student attitudes and decreased the cost of teaching. These findings are supported by a 

study by Perry and Perry (1998) on university students' attitudes towards multimedia 

presentations. Perry and Perry' s  (1998) participants included 84 students enrolled in 

three computer information systems (CIS) classes at Appalachian State University and 

25 students enrolled in a teacher education class at East Tennessee State University. 
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They experienced 5 weeks of teaching with multimedia presentation as a primary 

teaching method. Students were asked to indicate their preference among several 

presentation methods including straight lectures, chalkboards, overhead transparencies, 

and multimedia presentations. The results were as follows: 

• Ninety-seven percent of the students preferred to attend the multimedia

presentation class and felt that it was more interesting;

• Ninety-six percent of the students felt it was more enjoyable;

• Ninety-four percent of the students felt that multimedia presentations could

hold their attention better;

• Ninety-five percent of the students believed that the instructor could cover

more material with multimedia;

• Ninety-two percent of the students thought that they learnt better with

multimedia;

• Eighty-five percent of the students agreed that it was easy for them to

understand difficult concepts with the use of multimedia; and

• Ninety-three percent of the students thought that they retained course material

better when the instructor used multimedia.

A further comparative study is that of Gu twill-Wise (2001)  who investigated the impact 

of active and context-based learning in introductory chemistry courses by comparing 

students' performance between an experimental group who used an interactive 

classroom format and a control group who used textbook and lecture format. The study 

was carried out at two institutions, a small college and a large university. The results 

showed that the experimental group in the small college outscored the control group in 

conceptual problems in chemistry and on scientific thinking problems. The same 

findings were demonstrated at the large university where the experimental group also 

outscored the control group in the subsequent organic chemistry course. 

Haddon, Smith, Brattan, and Smith ( 1995) conducted a study on whether learning via 

multimedia could be of benefit to weaker students. -Sixteen chemistry undergraduate 

students were selected and randomly allocated into two groups, an experimental group 

using multimedia and a control group using a conventional lecture format. Haddon et al. 
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( 1 995) used questionnaires, informal interviews, tests, and monitoring of the learning 

process to: 

• evaluate the learning effectiveness between the two groups; 

• examine the individual learning patterns of the experimental group; 

• assess the attitudes, motivations and criticisms of students; and 

• compare academic ability and learning patterns. 

The results showed that there was no significant difference between the end of course 

scores of both groups. Haddon et al. claimed that multimedia was proved to be an 

effective teaching medium in this setting. A comparison of the time spent using 

multimedia by each student in the experimental group showed that students who spent 

the least time on the task performed poorly. Nonetheless, the students using the 

multimedia were satisfied that it had been an effective and motivating learning method 

compared to conventional lectures. 

The literature suggests that existing technologies are available to improve teaching and 

learning environments in computer programming courses where technologies are 

needed to enhance students' understanding in abstract concepts. Some of the 

technologies that could be adopted include: 

1 .  Computer: CAI provides drill and practice, tutorial, simulation, and tasks 

which helps develop aspects of syntactic knowledge; 

2. The Internet: A medium to transmit and receive data or information which 

has communications capability to help learners; 

3. The Web: An information content that is platform independent, easy to 

update and low cost, and provides flexibility and accessibility for learners; 

and 

4. Multimedia: This helps students to visualise and make meaning from abstract 

information and supports visualisation as a learning strategy. 

2.4.2 Teaching and Learning Opportunities with Technologies 

In this technological and information age, teaching and learning styles using textbooks 

or chalkboards seem to be an inappropriate strategy, especially in the fields of science 

and engineering. This mode of teaching supports passive learning. Also instruction on a 
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blackboard or overhead is usually incompletely transferred to students' notes and 

students are less able to access instructions outside the classroom (Schemmel et al., 

1997). Instructional settings can be designed to optimise learning by using technologies. 

The Internet and the World Wide Web (WWW) are the most prominent technologies in 

the educational sector and Kerlin, Kerlin and Obrien ( 1997) present ten reasons why 

schools should use the Internet and the World Wide Web: 

1 .  Equity of access to new and evolving forms of literacy; 

2. An infinite resource of information;

3 .  A window to the world; 

4. Teachers as learners;

5. Students as learners: active participation;

6. Motivational influence of authentic learning activities;

7. A new mode for self-expression and presentation of self;

8. Community and the role of audience;

9. Student inquiry and cooperative learning; and

10. Assessing and improving student progress.

2.4.2.1 Educational Resources 

In 1997, Macromedia announced and promoted the software program Flash for creating 

graphic content for the World Wide Web (Ulrich, 2001). Flash is a very popular 

animation tool for Web designers to utilise its features. "As of April 1 1, 200 1, Flash 

was installed on 88.23 percent of all Netscape browsers, up from 45 percent on Jan. 8, 

1999" (WebSideStory, 2001, para. 2). Flash is a special website design tool which 

comprises all the elements needed to create an interactive website such as graphics, 

animation, interlace elements and interactivity as well as the HTML necessary to 

display those elements as a Web page on a browser. It is a tool that delivers scalable 

vector images that are also smaller than bitmapped images. This ensures that the 

elements created in Flash will be maintained when the viewer resizes the browser 

window. Flash also provides a streaming capability that allows some elements to be 

displayed immediately while more information continues to download. 

There is also other software that can be incorporated into the instructional design 

process including: 
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• Microsoft Word: This is a word processing application from Microsoft 

corporation. Teachers can use it to write instructional materials while students 

can use it for taking notes or writing reports; 

• Microsoft PowerPoint: This is designed by Microsoft Corporation for creating 

presentations. It is a high-powered tool used for dynamic presentations in a 

slide format. Text, images, sound effects, and charts can be embedded into the 

slide (Powerpoint in the Classroom: Teacher's guide, 1 998). As Essaka ( 1998) 

claims, this software helps teachers or instructional designers to: (a) easily 

design and plan their presentations with provided templates; (b) create 

effective multimedia presentations by incorporating text, animation, sound 

etc.; (c) deliver in different formats such as 35 mm slides, handouts, etc.; and 

(d) publish on the Web. This tool is useful in creating instructional materials 

for presentation. 

• HyperText Markup Language (HTML): HTML is an authoring language used 

to create hypertext documents on the World Wide Web. It defines the 

structure and layout of a Web document by using a variety of tags and 

directives inserted into a plain text file (Love & Gosper, 1 995). The greatest 

advantage of HTML is that it is platform independent. 

• JavaScript: JavaScript is a simple scripting language developed by Netscape 

Communications Corporation that enables Web authors to design interactive 

sites. It can be embedded or integrated into an HTML file to create a complex 

program that interacts with users by obtaining data, processing it and then 

outputting a return result (Ritchey, 1996). 

• Portable Document File (PDF): PDF is developed by Adobe Systems, Inc. 

This software allows authors to convert any popular documents format to an 

Adobe Portable Document Format (PDF) file. The PDF file then can be 

viewed via a Web browser and the 'Adobe Acrobat' plugin which reads the 

PDF file. Users can also download the read-only program free of charge 

which is called 'Adobe Acrobat Reader' from http://www.adobe.com. This is 

a stand-alone program that opens the PDF files without using the Web 

browser. 
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The use of the WWW is growing rapidly in educational settings. As Sangster ( 1995, 

para. 2) states the "World Wide Web represents a new concept in technology, the library 

on your desktop, the dictionary at your finger tips, the sound at your ear. There is 

nothing that we hear or see that will not be accessible through WWW". The WWW can 

be used to optimise the teaching and learning process. Oliver ( 1998) suggests four main 

categories for educational materials and applications on the WWW as in the following 

table (Table 2.3). 

2.4.2.2 Web-Based Instruction 

There are many definitions of Web-Based Instruction (WBI). For example, Relan and 

Gillami ( 1997) define WBI as " ... the application of a repertoire of cognitively oriented 

instructional strategies within a constructivist and collaborative learning environment, 

utilizing the attributes and resources of the World Wide Web" (p. 43). Khan ( 1997) 

defines WBI as "a hypermedia-based instructional program which utilises the attributes 

and resources of the World Wide Web to create a meaningful learning environment 

where learning is fostered and supported" (p. 6). From these definitions, we can 

conclude that the use of WBI can utilise the flexibility of the Internet and the World 

Wide W eh as a transfer medium. 

Web-based instruction is often a cheaper delivery system than traditional face-to-face 

instruction (Brooks, 1997). For example, WBI can be designed to provide synchronous 

and/or asynchronous communications between teachers and learners regardless of time 

and place (Yang, 1998). Teachers provide instructions or content to learners by either 

having live communication or by posting messages to learners. Learners have an 

opportunity to use a self-paced learning style when accessing their course materials 

through the Web via an Internet connection at any time of day or night. They can also 

acquire significant amounts of information from other sources available on the Internet 
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Table 2.3: Instructional form of WWW materials (Oliver, 1998, p. 17) 

Form Description of Materials 

Information Access 

Interactive Leaming 

Networked Leaming 

Materials Development 

Convey information alone to the learner, for example a course syllabus, a calendar, assignment, 
descriptions, lecture notes, workshop descriptions etc. 

Involve instructional elements that engage the learner, encourage reflection and decision making and 
provide feedback in response to learners actions 

Provide a means for the organisation, communication and exchange of ideas and information among 
learners and teachers and other parties in the learning process 

When the WWW is used as a means for learners to create and publish materials, the WWW is used 
as a tool for gathering and collecting information and presenting that information in the published form 
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to fulfil their resource needs. This accessibility can enhance students' knowledge 

acquisition, their active involvement in the learning process, and their access to 

immediate feedback (Karuppan, 200 1 ). 

Maltby and Whittle (2000) have compared students' perceptions and performance using 

traditional face-to-face teaching methods using PowerPoint slides and online Web­

based delivery methods using computer graphics and hypertext. They used an 

introductory programming class using the blackboard courseinfo shell as a mechanism 

to deliver the content. Two campuses of Southern Cross University, Lismore and Coffs 

Harbour campuses, were chosen for the study. The results showed that the online 

delivery method was feasible and practical, however the majority of students (58 

percent) preferred face-to-face lectures and thirty-eight percent did not care. The results 

also showed that students with high ability had the same achievements in learning in 

both the face-to-face and online delivery methods. 

Another example of the use of WWW technologies to enhance instruction and learning 

is in a structural materials course in engineering at the Department of Civil Engineering 

at the University of Arkansas by (Schemmel et al., 1997). Schemmel et al. ( 1 997) used 

the computer network to create a homepage to pass information and instruction to the 

students. Students claimed that this had benefits over the traditional style of course 

presentation including time effectiveness in using classroom and laboratory and 

increasing students' involvement and performance. 

There are a range of development resources including Flash, Microsoft Word, Microsoft 

PowerPoint, HTML, JavaScript, and Adobe Portable Document Format (PDF) that can 

be used to enhance teaching and learning environments in computer programming 

courses. In addition, the Web-based instruction also can be used for computer 

programming courses as it is cheaper than face-to-face system and provides learners 

with flexibility in learning. 

2.4.3 Instructional Design for Online Settings 

Along with the availability of the technology, online learning has been growing rapidly 

in all educational sectors (MacDonald, Stodel, Farres, Breithaupt, & Gabriel, 200 1 ). 

However, " . . .  simply publishing a World Wide Web page with links to other digital 
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resources does not constitute instruction" (Ritchie & Hoffman, 1997, p. 135). 

Instructional design principles must be used to ensure that the instruction will attract 

learners' attention, encourage learners to be active, and motivate learners in the learning 

process. 

Madhumita and Kumar ( 1995) argue that guidelines for instructional design cannot be 

applied to a particular course or school but apply generally. They present twenty-one 

guidelines for effective instructional design across disciplines. These follow a sequence 

of planning, preparation, implementation, and evaluation, as follows: 

I .  Begin with objectives and keep objectives in focus from planning to 
evaluation; 

2. Establish the initial profile of the learner and his/her expectation before
teaching;

3. Match the level of instruction to the learner's level of reception;
4. Motivate the learner by introducing the subject vis-a-vis its future

relevance and important;
5. Provide advance organizers to constitute "ideational scaffolding" in

learning;
6. Divide a complex task into smaller, achievable learning units and

subunits in term of primacy of events;
7. Employ different methods of schematization to promote perceptual

organization;
8. Organize complex information in easy-to-remember structures;
9. Associate a new stimulus with a natural response in order to create

faster learning;
10. Vary activities during learning in order to sustain learner's attention; 
1 1 .  Assess the learner's understanding and interact through questions and 

answers; 
12. Allow time for cognitive processing in order to internalize the concepts; 
13 .  Create and provide environment conducive to learning; 
14. Ensure the achievement of critical tasks by employing mastery learning

techniques;
15. Develop higher mental abilities through participatory teaching;
16. Develop learner's metacognitive skills by employing different

strategies; 
17. Follow a 'variable-ratio schedule' of reinforcement in order to sustain 

the interest of the learner; 
18. Plan and practice instruction in a variety of ways to match different

learning styles;
19. Provide immediate feedback to the learner's responses;
20. Prepare self-learning exercises, for example, assignments, library

readings, etc. for the learner; and
21 .  Conclude the instruction by recapitulating the salient points and by 

linking with future learning. (pp. 59-60) 

MacDonald et al. (2001) point out four features of online learning: 

I .  Convenient, flexible, and cost-effective means of education that 
supports a diverse range of learners; 

2. Provides learners with access to a wide range of educational resources;
3. Supports an active and dynamic learning environment; and
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4. Provides opportunities to interact whereby learners can create a
personally meaningful experience. (p. 15)

Oliver and Herrington (2001) propose the more common factors of online delivery 

including flexibility, economy, and enhanced learning. However, before developing 

instructional materials into an Internet delivery mechanism, Forsyth ( 1996) suggests a 

Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis, as outlined in the 

following table (Table 2.4). 

2.4.3.1 Constructivist Learning Settings 

Numerous writers have provided guidance for the design of constructivist learning 

settings. Some have provided the beginnings of a framework for a constructivist 

approach. For example, Lebow (1993) presents five principles that support 

constructivist learning: 

1 .  Maintain a buffer between the learners and the potentially damaging 
effects of instructional practices. 

2. Provide a context for learning that supports both autonomy and
relatedness.

3. Embed the reasons for learning into the learning activity itself.
4. Support self-regulation through the promotion of skills and attitudes that 

enable the learner to assume increasing responsibility for the 
developmental restructuring process.

5. Strengthen the learner's tendency to engage in intentional learning
processes, especially by encouraging the strategic exploration of errors. 
(p. 5)

Cunningham, Duffy and Knuth (1993, pp. 2 1-29) suggest seven constructivist principles 

as a framework for building constructivist learning environments: 
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Table 2.4: An example of SWOT analysis (Forsyth, 1996, p. 37) 

Strengths Weaknesses 

Internet a growth area: increases exposure for course 
offerings 
Course material already instructionally designed 
Industries moving into Internet-capable operations 
opens up potential for learners to access course 
material on the job 
Use human ability to control and program computers 

Opportunities 

Frees up teaching spaces 
Opens up enrolment opportunities 
Recognition as education and training leader if best 
practice followed 
Reuse existing resources, giving cost benefit 

Currently access to the Internet for some learners 
Course material already instructionally designed (but 
not revised for the Internet) 
Reluctance of teachers to use technology 

• Lack of an Internet standard 
• Possibility of electronic page-turning if the course 

materials lack design 

Threats 

To status as provider if not at the leading edge 
To teachers who need to alter their teaching style 
To credibility if appropriate implementation 
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I .  Provide students with experience with the knowledge construction 
process; 

2. Provide experience in and appreciation for multiple perspectives;
3. Embed learning in realistic and relevant contexts;
4. Encourage ownership and voice in the learning process;
5. Embed learning in social experience;
6. Encourage the use of multiple modes of representation; and

7. Encourage self-awareness of the knowledge construction process.

These seven principles were put into practice by Honebein ( 1996) who examined two 

constructivist learning environments, the Lab Design Project (LOP) and the 

SOCRATES curriculum (Student-Oriented Curriculum: Reflection and Technology as 

Educational Strategies). He suggests that " . . .  these goals provide just the framework; 

the designer' s interpretation of the goals and subsequent translation into learning 

activities is the real art in the design of constructivist learning environments" (p. 18). 

Savery and Duffy ( 1995) characterise the philosophical view of constructivism in terms 

of three propositions: 

1 .  That understanding is in our interactions with the environment. 

2 .  That cognitive conflict or puzzlement is the stimulus for learning and 

determines the organisation and nature of what is learned. 

3 .  That knowledge evolves through social negotiation and through the 

evaluation of the viability of individual understandings. 

From these constructivist propositions, Savery and Duffy ( 1995) derive the following 

set of eight instructional principles for the design of a constructivist learning 

environment in a problem solving context. They also believe these to be central to the 

principles of learning: 

I .  Anchor all learning activities to a larger task or problem. 
2. Support the learner in developing ownership for the overall problem or

task.
3. Design an authentic task.
4. Design the task and the learning environment to reflect the complexity

of the environment they should be able to function in at the end of
learning.

5. Give the learner ownership of the process used to develop a solution.
6. Design the learning environment to support and challenge the learner's

thinking.
7. Encourage testing ideas against alternative views and alternative

contexts.
8. Provide opportunity for and support reflection on both the content

learned and the learning process. (pp. 32-34)
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Albion (2000) presents nine principles for the constructivist educational design of 

interactive multimedia and problem-based learning (IMM-PBL) for materials which can 

be accessed by a web browser or delivered on a CD-ROM. The nine principles are as 

follows: 

1. Begin with an authentic problem; 

2. Incorporate relevant cases; 

3. Represent multiple viewpoints; 

4. Stimulate the activation and elaboration of knowledge; 

5. Scaffold learner performance; 

6. Provide a strong narrative line; 

7. Provide access to relevant information; 

8 .  Encourage self-evaluation; and 

9. Support individual and collaborative learning. 

Oliver (2000) points out that there is little information and few guidelines for 

instructional designers to support constructivism. He suggests 6 guidelines to be used to 

support a constructivist learning environment as follows: 

1. Choose meaningful contexts for learning; 

2. Choose the learning activities ahead of the content; 

3 .  Choose open-ended and ill-structured tasks; 

4. Make the resources plentiful; 

5. Provide supports for the learning; and 

6.  Use authentic assessment activities. 

Oliver and Herrington (2001) argue that there are three interconnecting elements which 

are critical components for the design of constructivist learning settings: 

1. Learning tasks; 

2. Learning resources; and 

3. Learning supports. 

Oliver and Herrington (200 1) state that "In the design process, it is possible to include 

and omit various elements. However, in the design of effective constructivist settings, it 

is important to include particular elements" (p. 20). They provide some forms of 

learning design that can be used for the learning tasks including problems, 

investigations, inquiries, projects, and role plays. Some supports and resource based 

- 43 -



CHAPTER 2: LITERATURE REVIEW l 

activities need to be provided for successful outcomes. These supports are in the form of 

tutorials, quizzes, simulations, worksheets, teamwork, collaboration, conferences, or 

mentors . 

Oliver and Herrington (2001 )  also provide some examples of relevant learning 

resources including books, databases, papers, documents, articles, notes, manuals, 

references, and web links. In addition, learning supports include course schedules, 

instructions for students and procedural descriptions, and announcements and messages 

given by the instructors . The following figure (Figure 2. 1 )  shows the various 

components of a framework for designing online learning settings that support 

knowledge construction. 

books, papers 
articles, notes 
documents 
manuals 
references 
web links 

problems 
investigations 
projects 
tasks 
role plays 

schedules 
instructions 
procedures 
announcements 

Figure 2.1 : Constituent elements of online learning settings (Oliver & Herrington, 2001 , p. 20) 

This suggests that the design of an effective constructivist setting is needed to 

incorporate three major elements : (a) learning tasks, (b) learning resources, and (c) 

learning supports. A computer-programming course can be designed by including 

problems, tasks, references, web links, lectures, books, schedules, instructions, 

procedures, announcements, simulation, worksheets, collaboration, tutorials, quizzes, 

and assessments . 
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2.4.4 Instructional Design for Programming 

Hagan and Lowder ( 1996) have designed instructional materials for teaching 

introductory computer programming in the C++ language. Their main home page 

contains (a) information about the course, and (b) links to connect to 8 different topics 

which include: 

1. Announcements: Relevant course information for students such as sample test 

plan, related textbooks, staff homepage and e-mail addresses; 

2. Assignments: Information relating to assignment specification; 

3. C++ Information: Providing code examples, demonstration of ideas and 

concepts for help in the programming aspects; 

4. Exercises: Hints and solutions for programming exercises are uploaded onto 

the Web; 

5. Feedback: Providing space for students to post their comments which are sent 

to staff via e-mail; 

6. Lectures: Collection of PowerPoint slides taught in class; 

7. Newsgroup: Providing topics for student to discuss relating to programming 

problems; and 

8 .  Tutorial Pages: Allowing each tutorial group to post their presentations on the 

Web. 

Hagan and Lowder (1996) also present guidelines on creating online course material on 

the WWW including Interface design and structure, Download time, Feedback, and 

Information retrieval. They conclude that students prefer to have more support from the 

staff and information on the Web, accessibility from home, and collaborative learning 

by using the Newsgroup and Tutorial Pages. 

Yang (1998) states that the two prominent features of the WWW include multimedia 

and non-linear accessibility and has developed a Web-based learning system for 

teaching an undergraduate programming class in C programming at the University of 

Nebraska-Lincoln. He designed the learning system with HTML, JavaScript and CGI 

and then explored the feasibility and effectiveness of the instructional setting via the 

WWW by conducting two studies, Spring sessions with 27 students as a control group 

and Summer sessions with 20 students as an experimental group. Both groups had the 
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same traditional classroom instruction but the experimental group also had the Web­

based learning system. 

Yang's ( 1998) Web-based learning system was comprised of four main features: (a) 

Tutorial Course-lecture assignments, quizzes, and examinations; (b) Discussion 

Board-classroom discussion; (c) Ask Questions-space for question submission; and 

(d) Online References-further reading. Results showed that there was no statistically

significant difference in the two groups' achievement. The majority of students agreed 

that the Web-based instruction was more interesting, gave them more confidence, and 

improved their communication, learning ability and overall learning quality. Also they 

felt that access to the materials was easy. However, the majority of students disagreed 

that Web-based learning environment could replace the traditional classroom instruction 

or could increase their participation. 

Naps and Bressler ( 1998) developed a Web-based visualisation algorithm called 

"WebGAIGS" which is based on the GRAIGS AV system, a previous system they had 

developed in 1996. This uses the WWW and combined mixed media such as text, 

images and sound. The user enters input data to the algorithm in an HTML form. The 

system then provides a multi-windowed viewing environment to enable users to view 

several successive states of the algorithm on the same screen. It provides different 

algorithms such as a quick sort, shell sort, heap sort, insertion into binary search trees 

and heaps, etc. Naps and Bressler conclude that animations or images have the potential 

to enhance students' understanding of difficult and abstract concepts. This is supported 

by Astrachan and Rodger ( 1998) who note that the use of animation and visualisation 

can enhance students' comprehension. 

Brusilovsky (2001) points out that in the traditional style of teaching computer 

programming or related courses, experienced teachers use problem-solving examples to 

demonstrate and explain concepts. However, this approach does not work with a large 

group of students who have different levels of ability in the learning and acquisition of 

programming concepts. Brusilovsky (2001) has developed an example-based 

programming approach on the Web called WebEx, to enable students with different 

levels of ability to explore the examples with explanations at their own pace. He claims 

that the static appearance of the explanation of each line in the textbook can distract 

students from concentrating on the particular point that needs explanation. WebEx is 
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designed to overcome this problem by showing an explanation on the right side of the 

source code when students request it (see Figure 2.1). 

D Netscape: C program 

,. ... /. ····/"> ......... /. 

Elmmple 12.l 

Clidt 011. a 8ftG hlltt to iu tlt auot11Uoa. 

Figure 2.2: A sample of WebEx shot screen (Brusilovsky, 2001 ). 

HeIO the value of C is a code of a· 
digit. The value of the anay 
elemonts corresponding ti this 
tligil is incmrw,nlod by one. Every 
lime a tligit is falllKl. the valll! in 
that anay position incmses by 
one. 11\us counting each tligil 11\atit 

nails in. To get fmm a ccxk of a 
digit to an index in the anay The 
ASCII code far the clwac1tr 'O' is 
subtrac1td from c. That is far 'O' 
tho expIOSsiDn c - 'O' will 11ave the 
value O. far ' l' It will have the value 
I and so far. 

E!l8 

Brusilovsky (2001) concludes that W ebEx has benefits over conventional teaching 

because it: 

1. provides the possibility for students to explore and reuse self-explanatory

programming examples;

2. saves time for teachers in the explanation of source code;

3. enables less experienced teachers to teach courses more effectively; and

4. can be used the WebEx database to serve as a community resource.

To this end, Oliver (1999a) points out that learning theories have always required more 

active learning processes. In order to promote active learning, Holzer (1994) 

recommends providing opportunities for students to inquire, explore, and collaborate. 

Interactive multimedia and communication technologies provide these opportunities by 

enabling collaboration and visualisation in a constructivist learning environment. 

2.4.5 Summary of the Literature 

The review of the literature conducted in this chapter included: 
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• the problems and difficulties in students' learning of computer programming;

• strategies teachers use for teaching programming;

• how students learn to program; and

• what technology can support the teaching and learning environment.

This review has provided sufficient information for this research to be conducted by 

developing an alternative teaching and learning model, based on constructivist learning 

principles and the instructional design suggested by the literature. The instruction is 

planned to design as a Web-based application using the Internet as a delivery medium. 

The essential elements needed for computer programming are: 

1. Student centred;

2. Interaction;

3. Linking syntax and semantics; and

4. Strong visual orientation.

This form of learning setting needs to be designed around a framework comprising 

learning tasks, learning supports, and learning resources. This framework can be used to 

plan and develop such a model that can be used to encourage and stimulate students to 

be active learners and student centred. In the next chapter, Chapter 3: Conceptual 

Framework, these elements are discussed in more detail and a framework for this study 

is proposed. 
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The use of Interactive Multimedia (IMM) via the World Wide Web in educational 

sectors is rapidly growing {Fetherston, 1998). Fetherson proposes that "Before IMM can 

be used to best advantage in education, research needs to be conducted that will 

generate pedagogical guidelines for its use in the various educational contexts" (p. 99) . 

In this study, the conceptual framework used is based on the learning principles 

necessary for the successful learning of programming; it is derived from the literature 

that has been used to inform and guide the design of learning environments. Methods of 

visualisation, collaboration, constructivism, and student-centred learning are used to 

explore how the design can benefit teaching and learning in introductory computer 

programmmg. 

A constructivist learning environment has been adopted in this conceptual framework. 

The conceptual framework develops, implements, and evaluates an interactive 

instructional model based on constructivist learning theory and relevant research 

findings. 

3.1 Conceptual Framework for DIVTIC 

A possible solution for the conceptual framework comprised of three major parts: (a) 

form, (b) content, and ( c) learning strategy led to the model for the Dynamic Interactive 

Visualisation Tool in Teaching C {DIVTIC) which is a multimedia-based learning 

resource to support programming in C among novice learners. 

3.1 .1  Form of DIVTIC 

The form ofDIVTIC was planned below: 

1 .  Web-based instruction: Web-based instruction has an advantage over the 

traditional face-to-face instruction because it is easier to update, more 

accessible, more flexible, and less costly (Brooks, 1 997). Thus, DIVTIC was 

planned to use W eh-based instruction as a form to deliver course materials 

via the Internet. 
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2. Flash: It was planned to use Flash as the major software to develop DIVTIC 

as follows: 

• create an interactive website including graphics, animation, HTML, and 

interface elements; 

• enable interactivity between user and the program; 

• provide a streaming capability where large files need to be downloaded; 

• display a step-by-step animation of the programming process; and 

• produce instructional materials and be delivered and worldwide used via 

the Internet. 

3 .  Modular: DIVTIC was planned to include I O  modules based on the course 

material at SUT, the university where the tool was to be evaluated. Students 

could access any module by selecting it. This feature would accommodate 

different students' abilities and let them choose their own level of difficulty. 

3.1 .2 Content of DIVTIC 

The content o f DIVTIC was planned to comprise six components: 

1 .  Algorithm-based in C language: The content was planned by using C 

language based on the requirement at SUT. DIVTIC was planned to provide 

students with visual representations of all the major algorithms in the course 

and for each algorithm that would: 

• show the computational process phase by phase; 

• show the memory mapping, input process, output process, and decision 

making process; 

• provide explanations of each step; and 

• provide the students with ability to control the process, to pause, go back, 

go forward. 

2. Virtual computer: DIVTIC was planned to include as a virtual computer 

which could display an imitation of a computer monitor for displaying an 

output and an imitation of the CPU for displaying how the variables and their 

values were kept in the CPU when students run an animation; 
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3 .  Syntax presentation: DIVTIC was also planned to provide a dialogue box to 

display each animation source code with a marker that ran through all 

segments of each line. This feature would allow students to look at the syntax, 

variable or keyword, and its explanation; 

4. Explanations: Some explanations were planned to incorporate with each 

animation a display of the meaning of each syntax, variable, or keyword 

when the marker ran past at any particular stage; 

5 .  Examples: Each module was planned to include three to four examples 

ranging from easy to difficult levels. This would benefit students with 

different learning abilities and motivate students with higher abilities to try 

more difficult problems; and 

6. References: DIVTIC was planned to include references as supplementary 

resource for students. 

The design ofDIVTIC was drawn from the literature and contained critical elements to 

support learning in this complex domain. 

3.1 .3 Learning Strategies Embedded in DIVTIC 

The DIVTIC system planned to employ five learning strategies: 

1 .  Interactive/Feedback: DIVTIC was planned to provide interactive and 

immediate feedback which would encourage students to be active learners; 

2. Visual Representation: DIVTIC was planned to use visual representation to 

help students understand programming concepts better by visualising what is 

happening at each stage of the programming process; 

3 .  Forward/Backward Control: DIVTIC was planned to include a control 

menu for students to use while they were watching the animation. This 

control menu would work in the same way as a video controller and was 

comprised of Play, Step-Backward, Step-Forward, Stop/Pause, Go to the 

End, and Go to the Beginning buttons. This feature would allow students the 

ability to control the animation process. It also would enable students to pause 

and think before watching a further step of the animation and this would 

provide an opportunity for students to become active learners. 
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4. Learning from a Computer: Once the DIVTIC system was installed onto 

the student' s  own computer hard disk, students could run the animation 

section regardless of the Internet connection. 

5. Supporting Normal Classroom Learning: DIVTIC was planned to contain 

with all necessary elements needed to support normal classroom activity. But 

students could also use the DIVTIC system outside classroom at any time of 

the day, at their own pace. 

DIVTIC was intended as a Web-based tool to supplement traditional face-to-face 

instruction. It would use HTML, JavaScript and Flash. It would contain all the needs of 

traditional instructional approach. But its features could also be extended to serve as a 

Web-based course of instruction. The design was intended to create opportunities for 

student-centred learning and active engagement in a constructivist setting. 

3.2 The Planned Functionality of D IVTIC 

The design of DIVTIC was conceived to use the Internet as a delivery medium. All 

relevant course materials were produced and uploaded onto a server. Students were 

given a unique password to log into the DIVTIC system. A cgi script was used to record 

the students' log in time including time spent and visited pages for further evaluation. 

To ensure that the students' use ofDIVTIC was consistent, a weekly task was designed. 

Students were to be given a weekly task to complete in the laboratory which would 

require them to log into the DIVTIC system to explore how a program would run and to 

produce its output. Students would do this by selecting and playing the relevant 

animation for the task. 

DIVTIC was planned to contain eight sections: 

1. Computer Structure; 

2. Syllabus/Lecture Notes; 

3. Animated Examples; 

4. C Compiler; 

5. C References & Link; 

6. C WebBoard; 

7. Self-Evaluation; and 
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8. FAQ Pool. 

A description of each planned section is described in the following pages. 

3.2.1 Computer Structure 

The Computer structure section was planned as an animation which would explain each 

part of the computer to give students an overview of the basic structure of a computer 

and to provide the opportunity for students to be familiar with the overall functioning of 

a computer. 

3.2.2 Syllabus/Lecture Notes 

This was planned to be a set of course materials and relevant information. To assist in 

the knowledge construction process it was planned to allow students to manage their 

own time and construct their own knowledge. 

3.2.3 Animated Examples 

This was planned to be a set of animation examples which students could interact with 

by clicking on the control buttons. The animations would show students each step of 

program execution. A marker would be used to animate each line throughout all the 

segments of each line of the program. Animation examples would be divided into three 

different levels of difficulty: (a) easy and short animations, (b) average difficulty 

animations, and (c) long and complex animations. The dynamic illustration of DIVTIC 

was planned to conform to Rowe and Thorbum's ( 1 999) contention that illustrations 

should be made clear to students to assist them to feel comfortable about writing 

programs. 

It was planned that each animation would have four panels used to synchronously 

display relevant information at any specific time. The design considerations of each 

animation were: 

• short algorithms; 

• students viewing more; 

• stopping to short action; 

• screen with 4 panels; 
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8 .  FAQ Pool. 

A description of each planned section is described in the following pages. 

3.2.1 Computer Structure 

The Computer structure section was planned as an animation which would explain each 

part of the computer to give students an overview of the basic structure of a computer 

and to provide the opportunity for students to be familiar with the overall functioning of 

a computer. 

3.2.2 Syllabus/Lecture Notes 

This was planned to be a set of course materials and relevant information. To assist in 

the knowledge construction process it was planned to allow students to manage their 

own time and construct their own knowledge. 

3.2.3 Animated Examples 

This was planned to be a set of animation examples which students could interact with 

by clicking on the control buttons. The animations would show students each step of 

program execution. A marker would be used to animate each line throughout all the 

segments of each line of the program. Animation examples would be divided into three 

different levels of difficulty: (a) easy and short animations, (b) average difficulty 

animations, and (c) long and complex animations. The dynamic illustration of DIVTIC 

was planned to conform to Rowe and Thorburn' s ( 1 999) contention that illustrations 

should be made clear to students to assist them to feel comfortable about writing 

programs. 

It was planned that each animation would have four panels used to synchronously 

display relevant information at any specific time. The design considerations of each 

animation were: 

• short algorithms; 

• students viewing more; 

• stopping to short action; 

• screen with 4 panels; 
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• movement to attract students; and 

• visualising programming process. 

The plan for each panel was described as follows: 

--- CHAPTER 3: CONCEPTUAL FRAMEWORK I 

• Source Code: A Source Code panel would display a given problem with a 

button to link to its solution in C source code format. This feature would 

encourage students to pause, think and solve the problem. Clicking on a 

button would allow them to compare a given result. This would encourage 

students to be active learners. 

• Dynamic Explanation: A Dynamic Explanation would provide some 

explanations on the behavior of the marker. This was aimed at helping 

students to develop a valid mental model, which was a critical for novices. 

• Simultaneous Dynamic Memory Map: A Simultaneous Dynamic Memory 

Map panel would represent a memory map of the computer. This dynamic 

memory map was intended to help students develop mental models of how the 

computer stores data/variables and their values. When the marker ran through 

the declaration section in the C source code, the equivalent section in the 

memory map would be highlighted. The number of boxes, which depends on 

the particular type of variable, would be assigned to that variable individually. 

For example, a character, an integer, and afloat type would be assigned 1, 2 ,  

and 4 boxes respectively, since they need 1 ,  2 ,  and 4 bytes to hold their 

values. Their values would be displayed and changed in the memory location 

according to the process. This dynamic visualisation was aimed at enhancing 

students' understanding of how memory has been allocated and changed. The 

use of this feature is supported by Mayer ( 1976) and Smith and Webb ( 1998). 

• Synchronise Output Screen: A Synchronise Output Screen panel would 

represent a virtual device used to display the output at each point where the 

marker was placed. To make it realistic, this screen was planned to design to 

sit on top of the Simultaneous Dynamic Memory Map panel as shown in 

Figure 3. 1. 
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Marker 

i = 1 

1 <= 3? Yes .. Then go inside the loop 

i = 2 

2 <= 3? Yes .. Then go inside the loop 

i = 3 
3 <= 3? Yes .. Then go inside lhe loop 

i = 4 

return O; 4 <= 3? NO!. Then get out the loop. 

Synchronise Output 
Panel t---+-----1 

Synchronise Output Screen 

The value of i is: 1 
The value of i is: 2 
The value of i is: 3 

Simultaneously 
Dynamic Memory 

Map Panel Simultaneously Dynamic Memory Map 

Figure 3.1: A planned layout of an animation showing the four elements 

3.2.4 C Compiler 

Dynamic Explanation 
i----t-------1 panel 

DIVTIC was planned to include a C compiler. This was planned to be a step-by-step 

animation that would demonstrate how to use a C compiler. It was intended to help 

students become familiar with the C compiler and also to encourage them to write a 

simple program. This feature was influenced by Azemi (1995) who argues that the most 

important thing for novice programmers is practice in writing programs. 

3.2.5 C References & Links 

In the plan, this would be a kind of information pool, which would assist students in 

constructing their own knowledge by searching for relevant references on the server and 

the World Wide Web. This feature would seek to encourage students to be active 

learners by providing relevant links to start searching for information. 

3.2.6 C WebBoard 

The literature describing how students learn suggested the value of collaboration. Thus, 

DIVTIC was planned to include such supporting elements. The C WebBoard was 

planned to provide opportunities for students to communicate with their peers. This 

feature was planned to encourage individuals to share and change their ideas (Hsi, 1997) 

leading to an opportunity to discover, analyse, synthesise, and evaluate each other's 
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thoughts (Gokhale, 1995; Norman & Sphorer, 1996). It was intended that students could 

post their questions and receive answers via the use of this feature. Moreover, it would 

enable students to play a role in a collaborative learning activity which can be a 

significant factor contributing to student learning (Oliver, 1999b). 

3.2.7 Self-Evaluation 

The literature describing how students learn also suggested the value of reflection and 

self-evaluation. For this reason DIVTIC was planned to include a self-evaluation 

component. This element was planned to allow students to test their understanding. It 

was planned to be comprised of a set of multiple-choice questions which would cover 

all topics. It was also planned to provide a dynamic feedback window for students when 

they clicked on an answer. This option was intended to increase students' motivation to 

test their understanding of each topic and to provide them with dynamic feedback while 

using DIVTIC. It would also challenge students to participate and improve their 

learning outcomes. 

3.2.8 FAQ Pool 

This was planned to be a knowledge-based pool that contains frequently asked questions 

(FAQs). This feature was intended to provide students with easy access to some 

common questions which peers have asked together with their answers. This was 

planned to be the first place for students to go when they had a question. 
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Table 3.1 shows the various elements planned for DIVTIC and lists the forms of 

learning activity each was intended to support together with a list of contributions the 

activities could provide for students' knowledge construction and learning. 

Table 3.1: The relationship between DIVTIC characteristics. forms of learning activity, and its contributions 

DIVTIC Characteristic 

Syllabus/Lecture Notes: This was planned to 
be a set of course materials and relevant 
information. To assist in the knowledge 
construction process it was planned to allow 
students to manage their own time and 
construct their own knowledge. 

Computer Structure: This was planned to be 
a set of animations that would explain each 
part of the computer to give students an 
overview of the basic structure of a computer 
and to provide the opportunity for students to 
be familiar with the overall functioning of a 

computer. 

Animated Examples: This was planned to be 
a set of animation examples which students 
could interact with by clicking on the control 
buttons at anytime. The animations would 
show students each step of program 
execution. A marker would be used to animate 
each line throughout all the segments of each 
lines of the program. 

C Compller: A step-by-step animation that 
would demonstrate how to use a C compiler. 

C WebBoard: This was planned to provide 
opportunities for students to communicate 
with their peers. This feature was planned to 
encourage individuals to share and change 
their ideas leading to an opportunity to 

discover, analyse, synthesise, and evaluate 
each other's thoughts. It was intended that 
students could post their questions and 
receive answers via the use of this feature. 

Self-Evaluation: It was planned to comprise 
of a set of multiple-choice questions which 
would cover all topics. It was also planned to 
provide a dynamic feedback window for 
students when they clicked on an answer. 

FAQ Pool: This was planned to be a 
knowledge-based pool that contains 
frequently asked questions (FAQs). This 
feature was intended to provide students with 
easy access to some common questions 
which peers have asked and their answers. 

C References & Links: This would be a kind 
of information pool, which would assist 
students in constructing their own knowledge 
by searching for relevant references on the 
seNer and the World Wide Web. 

Intended Student Use 

• Browsing, exploring, or inquiring when 
needed during trimester 

• Preparing for lecture by downloading 
and printing notes ahead of time 

• Browsing, exploring, or inquiring when 
needed during trimester 

• Seeking information 

• Browsing, exploring, or inquiring when 
needed during trimester 

• Interacting with the animation process 
• Observing the code at run time 

• Browsing, exploring, or inquiring when 
needed during trimester 

• Testing source code 

• Browsing, exploring, or inquiring when 
needed during trimester 

• Seeking information 
• Supporting peers 

• Testing understanding when needed 
• Knowledge acquisition 

• Finding common frequently asked 
questions 

• Seeking responses to problems 

• Browsing, exploring, or inquiring when 
needed during trimester 

• investigating syntax and algorithms 

Contribution to Learning 

• Support of self-regulated activity 
• Support for learner inquiry 

• Support of self-regulated activity 
• Support for learner inquiry 
• Support for knowledge acquisition 

• Support of self-regulated activity 
• Provision of feedback 
• Support for knowledge acquisition 
• Support for higher-order thinking 
• Provision of multiple perspectives
• Scaffold for learning 
• Support for learner inquiry 
• Support for learner exploration 
• Modelling of expert perfonnance 

• Support of self-regulated activity 
• Support for learner inquiry 
• Support for learner exploration 
• Provision of multiple perspectives 
• Support for knowledge acquisition 
• Modelling of expert perfonnance 

• Provision of collaborative 
opportunities 

• Provision of feedback 
• Provision of multiple perspectives
• Support for knowledge sharing
• Articulation of idea 

• Support of self-regulated activity 
• Provision of feedback 
• Scaffold for learning 
• Support for learner exploration 
• Articulation of idea 

• Support for learner exploration
• Support for learner inquiry 
• Expansion of knowledge base
• Scaffold for learning 
• Modelling of expert perfonnance 

• Expansion of knowledge base
• Provision of multiple perspectives
• Support for learner inquiry 
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Figure 3.2 shows the planned overall structure of DIVTIC and demonstrates the 

linkages and connections between the various elements. 

DIVTIC 2001 
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Figure 3.2: DIVTIC's planned structure 

- 58

1-31-08)

certified

ft1 LMp1 � 

it4Ut 

-

. ,  

� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I 

·­·-



�--------------------- CHAPTER 3: CONCEPTUAL FRAMEWORK -, 
I 

The design and characteristics of DIVTIC were intended to address many of the 

problems in the teaching and learning of introductory computer programming. DIVTIC 

was planned to: 

• encourage students to be active learners by, for example, (a) giving a problem

first to pause for the students to think of a solution, then students can click on

a button to see the solution, (b) providing more accessibility for students to

access the DIVTIC system at any time;

• provide a Source Code panel to help students understand the syntax of the C

language with a marker by looking at the meaning in the Dynamic

Explanation panel when the marker runs past any line of syntax, variable or

keyword;

• provide some explanation in a Dynamic Explanation panel to help students

understand the action of each element in the Source Code panel when the

marker runs past any line of syntax, variable or keyword;

• help students to visualise each phase of the programming process by

incorporating 4 panels: Source Code, Dynamic Explanation, Simultaneous

Dynamic Memory Map, and Synchronise Output Screen panels. These would

ensure that students could see the change of process inside the computer and

lead to a better conceptual understanding of how to construct syntax and

semantics to solve a given problem. It would also enhance their mental

models of programming to provide a better understanding of program

execution;

• save time for teachers in re-teaching the concepts. Students could simply run a

relevant animation to improve their understanding at any time;

• provide a channel for students to collaborate with their peers over the Internet.

This would encourage students to contribute to the learning process and to

engage in a process to define and create information that transforms into

knowledge; and

• provide immediate feedback in a Self-evaluation section that would encourage

the learning process.
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3.3 Research Aims 

With DIVTIC planned, the aim of this study was to explore how students in 

introductory programming courses would be aided by the use of such interactive visual 

and Web-based instructional materials. This was achieved through the subsequent 

development of DIVTIC and its implementation in a tertiary setting. A study was 

planned to explore the following research questions: 

1 .  How do students use the DNTIC? 

( 1  a) Which components of DNTIC do students use and for how long? 

( lb) What strategies do students use with DNTIC? 

( l e) What factors influence students' use of DIVTIC? 

(Id) What attitudes do students generate towards DNTIC? 

2. To what extent does the dynamic interactive visualisation process 

implemented in DNTIC influence learning outcomes? 

(2a) How does the dynamic interactive visualisation process implemented in 

DIVTIC influence students' performance in programming? 

(2b) How does use of the dynamic interactive visualisation process 

implemented in DNTIC vary among students? 

(2c) What levels and forms of cognitive engagement are evident among 

DIVTIC users? 

(2d) What factors influence students' achievement with DNTIC? 
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The review of literature suggests that one possible solution to enhance student 

understanding and learning outcomes is to incorporate multimedia technologies into the 

learning process. This may include the Internet, authoring tools, online discussion 

boards, knowledge pools, self-assessment tasks, and visual interlace design. 

4.1 Development of DIVTIC 

For this study, the above programs mentioned in Section 2 .4.2. 1 have been incorporated 

into the development of DIVTIC including Flash, HTML, JavaScript, and Acrobat. 

These were all necessary in producing the final version of DIVTIC for delivery via the 

Internet so that a specific group could access the system by providing a unique 

password to each student for logging into the DNTIC system. 

The development of DIVTIC was based on contemporary learning theories, applied 

using available communication technologies. It was to be more visually explicit than the 

existing systems (e.g., Rowe & Thorburn, 1999) because DIVTIC shows phrases in 

each line. The DIVTIC system was also designed to employ a combination of 

complementary tools that encourage students to be active learners by utilising the 

Internet as a delivery medium. 

The Animated Examples section was the most important section in developing the 

DIVTIC system. This section contained all the animated examples needed for the entire 

course. It was divided into 10 chapters which were associated with the course outline as 

follows: 

1 .  Flowchart; 

2. Data Types / Input & Output; 

3. Operators; 

4. Control; 

5. Functions; 

6. Arrays; 

7. Pointers; 
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8. Sorting & Searching;

9. Structures; and,

10. Data Files.

Each chapter was comprised of three to six animations depending on how many were 

needed for the chapter. There were 46 animated examples in total. It took about six 

months to build. In addition to the Animated Examples section, there were also seven 

combinations of complementary tools which comprised the learning resources described 

as follows: 

1. Syllabus & Lecture Notes: Self regulation;

2. Computer Structure: Self regulation;

3. Animated Examples: Self regulation and modelling of expert performance;

4. C Compiler: Self regulation and modelling of expert performance;

5. C WebBoard: Provision of multiple perspectives and articulation of idea;

6. Self-evaluation: Self regulation and articulation of idea

7. FAQ Pool: Scaffold for learning and modelling of expert performance; and,

8. C References and Link: Provision of multiple perspectives.

- -- -- -- - ��--- - - �- --- - --- - ---- - - ------- - - - - -

SCHOOL OF COMPUTER ENGINEERING: SURANAREE UNIVERSITY OF TECHIIIOLOGY 
-------- - --- - ------------

Figure 4.1: DIVTIC's homepage 

408101 ·cm,•PJTER PROG�MAUl�G I'll C
"' 

Welcome to 

408101 •computerProgr.,mming inc· 

School ofCompu&wErtiinNring 

SuranarN Un'ivffaity of TachooJogy, THAll.AHO 

Each different section in DIVTIC's Home Page (Figure 4.1) with its own unique 

advantage and usability, are described below in their order of layout from top to bottom 

as they appear on the first screen. 
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4.1 .1 Syl labus & Lecture Notes 

* 408101: Compute, P1og1amming "C" - Netscape l!I� l'3 
_Edi! Yiew yo J;;ommunicator .!:ielp 

1 I>ur.midsts. 

'Ihert Cl saae�y:,wwr/nttd.Plt-asc i:tlitt to downloul.l.nqlJns hrobtt!tl.dtrto nld md}aml it out.. To swtthe 
1ik: Ripl Oi<Mltbl! lri<,tbl!n St1Jlt I.iv.A,, 

Figure 4.2: Syllabus & lecture page 

The DNTIC program was designed so that when a student clicked on the Syllabus & 

Lecture Notes section, a browser would open a new window containing six different 

parts: Syllabus, Textbook, Lecture Notes, Laboratory, Weekly Task, and Sample (see 

Figure 4.2). Each section was either in the form of a PDF file or a compressed ZIP file 

that could be viewed via the browser or downloaded onto the computer. A description 

of each section is given as follows: 

The Syllabus section includes information on the semester topic, the laboratory test 

date, the midterm and the final test dates, and relevant course textbooks. This is 

available as a PDE 

The Textbook section includes a revised version of the notes and papers produced by 

the researcher in the previous 3 years of this study. It was divided into 10 chapters to 

make it easy for students to download or view in a browser. It is available as a PDF. 

The Lecture Notes section contains Powerpoint slides used by the instructor in the 

lectures. Under normal conditions, these were to be uploaded onto the Web once a week 

prior to the commencement of the lecture. Thus, the subjects could download and view 

the lecture notes ahead of time. These resources were made available in DIVTIC as a 

compressed ZIP file which facilitated uploading onto and downloading from the server. 
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The Laboratory section was designed to provide all students who were registered in the 

course with a download of the laboratory weekly problem ahead of time. It was also a 

place for students who did not have the laboratory sessions and who did not have the 

laboratory weekly problem. This feature was designed to ensure that all the students had 

the laboratory weekly problem on hand before corning to the laboratory session, 

hopefully encouraging them to solve the problem in advance by writing some source 

code either on a piece of paper or in a text editor program. 

The Weekly Task section was designed to contain weekly activities that the students in 

the experimental group would be required to do at the beginning of each laboratory 

session. Each activity was comprised of two "fill-in" questions which would take about 

30-45 minutes to complete. 

The Sample section was designed to contain a sample of previous midterm and final 

examinations. The midterm examination contained 25 multiple-choice questions and the 

final examination contained 50 multiple-choice questions. 

4.1 .2 Computer Structure 

Home Button 

Figure 4.3: Computer structure page 

CD•ROM 
� tee-dee-n:im, ab� of Ompatt D&e­

Rud-Only -.,.Y. A -of oplio.ll dok "'l)OIHof""""'1 
l,� �ot�� - up io 1Ge. �ll.hel,igh lhinmoSIQCrrimon 
,... ;, BScMJl (megaOyles). Aw,gle � - ""'  '*""9<1 
-of 700 Cloppy-. Ol,wgll """""YID-.,"""'-" 
300,000 !eXl pagft. 

CO-ROMs are � by f1e \lendor, and or)C8 slampM,. 
Zheiy canoott4erased and1Uklldwllh l'Hl¥!"0..UL Totwd a CO. 
)"JUneod a co-ROM�. M CO·ROMa conbm ilO a 
.si..n:t.wd me a,d 1otma1. so you an io.d any iype Cf Co.ROM 
Into any CD-ROM pbyer. In addr!lon. CO-ROM playll!!l"I ara 
�bl• of� audio CDs, which Wt1 1he &¥.le -· 

�OM!i are pa,r.icwarty �lad IO "1ronnsllon that 
requires ia,g.- cap,aty, lhls iodudes roor '­
aoftvrifin iPPlicafions, gra�, sound, IOd elPCIQally vtdeo, 

E-mail Button 

The Computer Structure page was designed to off er an overview of the basic structure 

of a computer that contained 12 different parts of hardware including a monitor, central 

processing unit [CPU], CD-ROM, hard disk, floppy disk, mouse, computer system, 

scanner, printer, modem, digital camera and zip drive. Each part was given a definition 
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and description that appeared when a student moved the mouse over each hardware 

icon. The related information was displayed in the middle of a rectangle box. This 

section was intended to be useful for the students who were new to computers or had no 

idea about computers and their parts (see Figure 4.3). A Home button, at the top left­

hand corner, was provided for the students to link back to DNTIC's  home page. An E­

mail button was also provided at the bottom right-hand corner so that the students could 

easily send an e-mail to the researcher by clicking on it to activate an e-mail program. 

4.1 .3 Animated Examples 
----- - -------- -- -- -- ---• Home • 

I , I 

I I 

Figure 4.4: Animated examples page 

The Animated Examples page was designed to contain 10 chapters. Each chapter 

comprised three to six animated examples. The students needed to move the mouse over 

each chapter heading to reveal a submenu linking to some animated examples. For 

example, in Figure 4.4, a student using DNTIC would move the mouse over a chapter 

called Pointers on the left-hand side and the submenu would display on the right-hand 

side containing links to five different animated examples. The student could then move 

the mouse over a specific animated example and click on it to activate it. 

As the Animated Examples section was the most important section, there is a need to 

describe its features in more detail. For example, when students click on the "7c .  Pointer 

Array", a new window displays (see Figure 4.5) and so on. The top left-hand side is a 

panel for a given problem to be displayed with an icon at the bottom called C Source 

Code. When students click on this icon, the given problem changes to the C source code 
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(see Figure 4.6). This feature was incorporated because it could allow the user to pause 

and think about the given problem and to try to write the code before clicking the icon 

to see the result. This was planned to encourage the students to be more active learners. 

lt.btumili.in1, hlf:,311 ... "t&,tiq�111\Jt1nfuot.1Ai, J 

,r-.,i'1 l-.n1; icrloor, 1w,m ,nu.p..;J,i 11AD11t; 

dt.\11' �'*Lll= \ :"1'um"I. ·;�Jd."I. t"li:.an,;i;, 

NOW. .. 
You can see why learning 
about pointer notation for 

arrays pays off! 

\1umtor: Outpii, 

�--····:,,·····-----Memoey Map . • l Bytt 

Figure 4.5: A sample of animated example 1 

C Source Code 

fQl(i'(l: i«3: i++) 
printtt"Strin1 #"'.-.ii 4�.h",i+l,•(oame+i)I: 

•• •(Ka ... +}! - be Cbl"l!ed 10 ...,,,,,[I] •; 

Cl ick 
eamnamrm 

to run the animation 

�···-·�·······----Mcmoey Mop . • l Byl• 

Control Menu 

Figure 4.6: A sample of animated example 2 

Message Board 

Monitor Output 

Memory Map 

The top right-hand side has another panel called the Message Board. Its purpose is to 

display dynamic messages at any specific time when the marker in the Source Code 

panel runs past any particular commands (see Figure 4.7). 

When the students compile and run their source code via the C compiler, they see the 

output after the whole program has been executed. The output command in the source 
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code can be more than one command depending on how many outputs a user needs. 

However, as it is not synchronous it may lead users to misunderstand the concept. In 

order to ensure that this does not happen, the panel below the Message Board, called the 

Monitor Output, synchronously demonstrates the real-time output (see Figure 4.7) 

Another panel located under the Source Code and Monitor Output panels is the Memory 

Map (see Figure 4.7). This was designed to help the users develop mental models of 

how a computer stores data and its values. When the marker runs through the 

declaration section, the equivalent section in the memory map is highlighted. The 

number of boxes is dependent on the type of that particular variable, and is individually 

assigned to that variable. 

Marker 

rcwm O: 

Figure 4. 7: A sample of animated example 3 

Decl.uiuoc) or 11anJard 1/0 '""'''""' 
Dc:clJtt and inltiaJize • ()OM\lcr uray .,.,WTneJJJ 
l>cclan: an intc,;cr variable i 
!ni1iali>.c i - 0  
i < 3 ? •• (O <- 3  7) Yes . G<Lin l!ll? loop •••• 

.,. hlcn:1nau i by I., i = I 

,1omfo,. Outpt.11 
l..:1r1r.i I ,, T ·m 

Slider Button 

Slider Bar 

The last handy tool is the Control Menu. It is at the bottom of the screen (see Figure 4.7) 

and appears when the source code is displayed. It was designed to control the animation. 

It works the same way as the video controller buttons. It comprises six static buttons, 

one slider bar and one dynamic slider button that can be dragged into any position on 

the slider bar to see any particular spot of the animation. It is shown in Figure 4.8. 
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Figure 4.8: Control menu 

4.1 .4 C Compiler 
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Figure 4.9: C compiler page 4 

A Key word 

Previous 
and Next Buttons 

The C compiler page was designed to teach users how to use C compiler step-by-step in 

eight pages. Figure 4.9 shows the interaction when user has moved the mouse over any 

particular key word: the associated description is displayed in the middle of the screen. 

In this case, it is a Title Bar. This feature also includes two buttons, previous and next, 

to go back to the previous page and move on the next page. 

4.1 .5 C WebBoard 

This was designed to permit students to have asynchronous discussion so that they 

could share ideas, information, questions and suggestions by reading and posting the 

messages at whatever hour of the day they were most productive. The instructor would 

also visit the WebBoard page on a daily basis to reply to the messages. This would 
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ensure that all messages were answered by either a peer or the instructor himself (see 

Figure 4 . 10) .  

4081 O 1 :  Computer Programming in C 
Suranaree University of Technology 

J Main Page I Post I Search I Help I 

Post to WebBoard 

iSubject "' L __ · --= 

---- -
" indicates a required field 

Figure 4.1 Q; WebBoard page 

4.1 .6 Self-Evaluation 

Figure 4. 1 1  shows the Self-Evaluation page which also covers 10  chapters. When the 

students click, for example, on Chapter 2, Data Type & Input/Output, a new HTML 

page opens on a browser showing several multiple-choice questions. This can be seen in 

Figure 4.12 .  

- -- - - -- ----- - -- -- - - - - - -- -- - - - -- --- -
• Hor:1� • 

�_-__ -_--_-----Ev.-�-W-ATI--N--------

Figure 4. 1 1 :  Self-evaluation page 
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* Self-Evaluation: Data Types & Input/Output - Nelscape 1!1�£3 
file f_dil 'f.iew _!io r;ommt.ricator .t\elp 

t,Jf��I 1I,1r.!f*-"1.}J:-; ,-�i.f�1 ·i�.ft; �) ti1 ,,. ,, 
.�, '\ "'" ,..-..':;-.,-"- , ... r,;� - . ) ' 

'1. The statement that correctly defines an integer called sum is 

r sum : integer; 
1 integer sum; 
r int sum; 
r swn int; 

1 2. Toe statement that correctly defines a character called letter is 

r letter := char; 
r char letter, 
r letter : char; 
r character letter; 

Figure 4.12: Data type & inpuVoutput sample 1 

The user can then do the self-assessment test by themselves by selecting any answer. 

JavaScript was used to create an immediate feedback feature that pops-up right after an 

answer has been selected as shown in Figure 4. 13 .  

1 .  Toe statement that correctly defines an integer called sum is 

r sum : integer; 
r. integer sum; 
r int sum; 
r sum int; 

r letter := char; 
r char letter; 
r letter : char; 
r character letter; 

Figure 4.1 3: Data type & inpuVoutput sample 2 

4.1 .7 FAQ Pool 

The FAQ Pool page was designed to group frequently asked questions into related 

chapters. When students click on any chapter in the left-hand side panel, the appropriate 

frequently asked questions are then displayed on the right-hand side next to the chapter 

panel with two scroll down and scroll up buttons (see Figure 4. 14). 
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--- - - -- -- ---------- -- -- - ---
•Home • . -

Figure 4.14: FAQ pool page 

4.1 .8 C References & Links 

Scroll up and 
Scroll Down 
Buttons 

There has been a substantial amount of information written and published about the C 

programming language. This information can provide students with interesting insights 

into the language and its variances. The "C References & Links" section was designed 

to provide students with access to this information (Figure 4 . 1 5). 

- -� -- -- ---- - - - - - -- -- -- - - - -- ----- -
. Honie • 

• 

• HistR._ry of 
• lntr�ctlon to C Programming 
• Beginning C 
• Structure of C Programs 
• C Programming 
• The C Programming Language 
• Learn CIC++ Today 
• C Programming Tutoring 
• C Programming Pitfalls 
• The C Programmer's Pages 
• CIC++ Users Journal 
• CIC++ Resources 

Figure 4.15: C references & links page 

4.2 DIVTIC Set up Website 

History of C  

Tlm lirik wiU l•l« yoo to 
D<,nnls lit. Rltchl< 

There were two different websites developed for this study. One was created by the 

instructor providing some course relevant information. It was designed for all students 
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to access. The other website was DIVTIC's website comprising the same information 

plus some extra materials from the DIVTIC system. This website was designed only for 

the experimental group to access. 

The set up of the server for DIVTIC's website was divided into four categories: 

hardware specification, software specification, log in strategy, and file structure. 

4.2.1 Hardware Specification 

The hardware for the server had the following specifications: 

• CPU: Pentium MMX 233 MHz,

• SDRAM: 96 MB,

• Hard Disk: 4 GB,

• NIC ( Network Interfacing Card): PCI 82557 (Ethernet Pro 100) by Intel

Corporation,

• IP: 202.21.140.172

• URL: http:l/202.21.140.172/divtic.html

4.2.2 Software Specification 

The software requirements to set up the server were as follows: 

• OS: Linux Mandrake 8.0 (Traktopel) - Kernel Version 2.4.3,

• Web Server: Apache-Advanced Extranet Server Version 1.3.19 (Linux­

Mandrake/3mdk) Built: April 16, 2001 07:50:02,

• Perl Script: This was used to record users' log-in time,

• E-mail Program: When the student clicks on the icon "Send mail to

 it opens a file, "email.html", and calls a file,

"smkacha.cgi" which resides in /home/kacha/public_html/cgi-bin. File,

"smkacha.cgi", then sends the mail to  and

• WebBoard Program: When the student clicks on the C WebBoard icon in

the main page of DIVTIC program, it calls a file "wbkacha.cgi", which

resides in /home/kacha/public_html/cgi-bin/. File "wbkacha.cgi", then opens a

file called "wbkachavar.pl" which contains configurations for the Web Board
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program. File "wbkacha.cgi" also connects to a database called "dbkacha", 

which resides in the Mysql DataBase Server. All WebBoard data is kept in the 

dbkacha database for convenient access. 

4.2.3 Log in Strategy 

The system required a facility to track student usage so a log in system was developed 

to facilitate this. The log in procedure is described below: 

1 .  The user logs into the system, file "divtic.html" through a Web URL residing 

in /var/www/html/ which is then refreshed to 

http:/1202.2 1 . 140. 172/-kacha/index.html. 

2. File "index.html" in /home/kacha/public_html/index.html asks for the User

Name and Password, then it calls a cgi script, "pwd.pl", which resides in

/htmo/kacha/public_html/cgi-bin/.

3. The cgi script, "pwd.pl", receives the data, User Name and Password, from

index.html and checks it with a file "pword_divtic.lst" to validate the User

Name and Password.

4. If it is a valid user, it then refreshes to 

/home/kacha/public_html/Goodluck.html and also opens the first page of the

Divtic Program, "start_run_divtic.html", which is in

/home/kacha/public_html/bxxxxxxx/, and where bxxxxxxx is the user name.

If it is invalid, then it prompts an invalid User Name or Password and allows

the user to try again (see Figure 4. 16).

The log in process is recorded by pwd.pl in a file called "pwdlog_divtic.txt", which 

resides in /home/kacha/public_html/cgi-bin/, regardless of whether or not it is 

successful. This feature was designed to help keep track of the time spent in DIVTIC. It 

was developed to record the time spent in each module by each student writing relevant 

information to log files for later retrieval purposes. 
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Figure 4.16: Log-in flowchart 

4.2.4 File Structure 

All related DIVTIC files were located in /home/kacha/public_html/ All. The total size of 

all the files was 9.8 MB. The system was designed so that each user had their own 

folder by using their user name as the name of their folder. For example, if the user 

name is "b4111111", then a folder called "b411  l 1 1 1" is created to reside in 

/home/kacha/public_html/. In each user folder, there are only the soft links that point to 

the original DIVTIC files in /home/kacha/public_html/All. Each user's folder is only 

4KB. The reason for this is as follows: 

1. To reduce the size in each user's folder from 9.8 MB to 4KB;

2. To enable simple modification of the original DIVTIC files if necessary; and,

3. To keep a record of each user to see when each user had logged in, the files

used, and length of use.

To create each user folder name in /home/kacha/public_html/, a bash shell script called 

"chang_create_dir'' is used. To run this bash shell script, a period and a slash is required 

in front of the file (./chang_create_dir). The bash shell script opens and reads a file 
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called "pword_divtic.lst" in "/home/kacha/public_html/cgi-bin/" and creates each 

associated folder automatically in /home/kacha/public_html/. It then reads all file names 

in /home/kacha/public_html/ All and creates soft links in each user folder to be pointed 

to /home/kacha/public_htrnl/ All (see Figure 4.17). 

A bash script, "chang_backup", keeps a record of two things: 

1 . File Ldate.tgz keeps a log of log in user produced by pwd.pl, an access log of

web server, and an error log of web server.

2. File Wdate.tgz keeps all web pages in /home/kacha/public_html/.

Figure 4.17: DIVTIC's webstte structure 

With the system planned and developed, a pilot study was carried out ahead of the full 

study to enable the system to be trialed and any problems identified and fixed ahead of 

the full implementation. 
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4.3 The Pilot Study 

The Pilot study was an important step in the development process of DNTIC. It was 

used to test and focus on specific areas of the usability and technical robustness of 

DNTIC ahead of the main study. It was conducted at Suranaree University of 

Technology (SUT) in Thailand where the final experiment would be conducted. It was 

undertaken at the beginning of August 200 1 .  

The pilot study was specifically restricted to the use of the Animated Examples section 

which was the major and most important section for this research. Its purpose was to 

explore the use of the Animated Examples section by checking its usability, data 

accuracy, and technical elements. 

There were 46 animated examples altogether. Twelve subjects were involved in the 

pilot study to run and test the animations. The Pilot Study-Self-administered 

Evaluation Questionnaire form (Figure 4. 18 in section 4.3.2. 1 )  was given to subjects. 

They were asked to fill in the form after testing each animated example. The form 

contained six short questions using a five-point Likert rating scale and two open-ended 

questions. The data from this form was used to evaluate and implement the feasibility 

and usability of DNTIC. Modifications to DNTIC were made in terms of grammar and 

concept correction and are described later in the following section. 

4.3.1 Pilot Study Setting 

Advertisements were posted on the bulletin board seeking six undergraduate 

engineering students who had never taken the course 408 10 1 Computer Programming. 

The subjects were not the same as those in the main study, however they were required 

to have the same level of experience and knowledge. The pilot study also included six 

experienced tutors in the C programming language who were the tutors throughout the 

experimental study period. The students and tutors were paid a small honorarium as an 

encouragement and a reward for their participation. 

Due to the large number of animations to be checked, subjects in the pilot study were 

also given a selection of animations to check. The 46 animated examples were divided 

equally in terms of difficulty into three parts: Part A, Part B, and Part C (see Table 4. 1 ). 

Each part contained only one executable file including all associated files, which fitted 
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onto one floppy disk. In this way, each part was copied and duplicated onto four floppy 

disks in total. 

The total number of the subjects in the pilot study was 12. These were divided into three 

groups: Group! ,  Group2, and Group3. Each group was comprised of two students and 

two tutors. Every subject was provided with a floppy disk containing either Part A, Part 

B or Part C, and the Pilot Study-Self-administered Evaluation Questionnaire form. 

The Pilot Study-Self-administered Evaluation Questionnaire form was comprised of 

two parts: Part 1 and Part 2. Part 1 was a questionnaire containing eight short questions 

using a five-point Likert rating scale. Part 2 was an open-ended question which 

contained two parts. The subjects were asked to test and check each animated example 

carefully and complete the Pilot Study-Self-administered Evaluation Questionnaire 

form after each individual test. Each subject took approximately 4 hours to complete 

checking all the given animated examples and filling in the Pilot Study-Self­

administered Evaluation Questionnaire forms. 

The tutors were given one week to complete the study. They did the test in their own 

time and returned both the floppy disk and the Pilot Study-Self-administered 

Evaluation Questionnaire form to the researcher. 

In addition, each student was asked to be available to test the animation in a different 

time slot in the researcher's office. There were six time slots and each time slot lasted 4 

hours. This process was designed to ensure that each student had done all the animation 

tests on their own. All the feedback from the Pilot Study-Self-administered Evaluation 
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Table 4.1: Grouping animated example files for the pilot study 

Part A: Group1 

1. Flowchart Symbols 
1 a. Credit Approval 
1 b. Circle in the Square 
1 c. Menu Display 
1d. Samples 
2. Data Basics 
2a. lnpuVOutput using scant() and 

printf() 
2b. lnpuVOutput using getchar( ), 

putchar( ), gets(), and puts() 
2c. Area of Triangle 
2d. Triangular Circumferences 
3. Operators 
3a. Basic Arithmetic Operator 
3b. Condition Operator 
3c. lncremenVDecrement Operator 
3d. Dividing a Number 
4. General control Forms 
4a. Print value of I from 1 to 3 
4b. Averaging numbers 

Part B: Group2 

4c. Hollow Triangle 
5. Functions and Library 
Sa. Lucky Number 
Sb. Double Character 
Sc. Reverse String 
6. Anays? 
6a. Anay Summation 
Sb. Vowel Counter 
7. Pointer Basics 
7a. Assigning and Printing Pointers 
7b. Averaging an Array Using Pointer 
7c. Pointer Array 
7d. Accessing String Using Pointer 

Part C: Group3 

8. Sorting & Searching Overview 
Ba. Numeric Sorting 
8b. String Sorting 
Be. Linear Search 
8d. Binary Search 
9. Structure Basics 
9a. Creating a Basic Structure 
9b. Pointer and an Array of Structure 
9c. Pointer, Function, and Structure 
1 o. Data File? 
10a. Writing a Simple Text File 
1 Ob. Reading a Text File 
10c. Appending a Text File
1 Od. Writing a Simple Binary File
1 Oe. Reading a Binary File
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Questionnaire form was used to enhance the usability and feasibility of DIVTIC which 

is described in the next section. 

4.3.2 Pi lot Study Findings 

The pilot study was completed by the middle of August 200 1. A number of changes 

were made to DIVTIC on the basis of the feedback as described in the following 

section. 

4.3.2.1 Findings: Part 1 

Part 1 in the Pilot Study-Self-administered Evaluation Questionnaire form used a 

Likert scale rating, ranging from 1 to 5, which corresponded to strongly disagree, 

disagree, not applicable, agree, and strongly agree, respectively. It was designed to 

evaluate a subject' s impressions of the navigation, speed of access, level of reliability, 

and utility of the various features. It was comprised of eight short questions as shown in 

Figure 4. 18 and given to the subjects to apply to each animation. 

Pilot Study: Self-admin istered Evaluation Questionnaire form 

Ani mation Title: -----------------------­

Part 1 :  Please indicate how much you disagree 
or agree with each of the following statements. 

Note: 1 = stro�ly Dis11gree 
2 = Disawee 
3 = Not Appli:able 
4 = Awee 
5 = stro�ly Awee 

The memory ma p is well explained. 
The rob lem is too difficult. 

Figure 4.1 B: The pilot study-Self-administered evaluation questionnaire form-Part 1 
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The statistical software program, SPSS (Statistical Package for the Social Sciences), 

was used to calculate the mean from the feedback given by the subjects in order to 

explore the usability and technical accuracy of each animated example. In determining 
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the subjects' levels of satisfaction of the various elements, it was interpreted that a mid 

range score between 2.75 to 3.25 was indicative of a non-applicable result; a score less 

than 2.75 was indicative of an unsatisfactory result; and a score greater than 3.25 was 

indicative of a satisfactory result. To determine the difficulty of the problem, the mid 

range score between 2.75 to 3.25 was indicative of a non-applicable result; a score less 

than 2.75 was an indication of an easy problem; and a score greater than 3.25 was an 

indication of a difficult problem. The memory map section was not incorporated into all 

the animations including all animations in Chapter I-Flowchart as well as animations 

2, 3, 4, 5, 6, 7, 8, 9, and 10 as they contained fundamental information. The following 

discussion of the findings is organised on a chapter-by-chapter basis. 

Table 4.2 shows the mean of each question for each animated example in chapter 1 -

Flowchart. The results revealed that the subjects were generally satisfied by the speed of 

the animation (average mean = 3.80), ease of understanding of the concept (average 

mean = 3.95), and the ease of controlling the animation process (average mean = 4.05). 

The interface of the animation and message board explanation were also to the subjects' 

satisfaction (average mean = 3.70). The ease of the navigation also achieved a positive 

response (average mean = 3.40). However, the average mean of the problem difficulty 

(2.35) revealed that subjects disagreed in the statement that the problem was too 

difficult. All problems were deemed to be easy except for problems le (m = 3.00) and 

2d (m = 3.25) where subjects responded with non-applicable results. The speed of the 

animation lb  had a mean of 3.25 which was also indicative of a non-applicable result. 

The ease of understanding of the concept of animation I had a mean of 4.75 which was 

indicative of a highly satisfactory result, while the mean of the interface of the 

animation (average mean = 3.70) and the ease of navigation (average mean = 3.40) 

appeared to produce consistently satisfactory results. The explanation in the message 
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Table 4.2: The mean of each animation and average of mean of each question in Chap1er 1-Flowchart 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

4.50 4.75 3.75 3.50 3.25 4.00 

1a 3.50 3.75 4.00 4.00 3.00 4.00 

1b 3.25 4.25 4.25 3.75 3.25 4.00 

1c 3.50 3.50 4.00 3.75 3.50 3.75 

1d 4.25 3.50 4.25 3.50 4.00 2.75 

Average Mean 3.80 3.95 4.05 3.70 3.40 3.70 

Memory 
Ma 

Difficulty 

2.50 

1.50 

1.75 

3.00 

3.25 

2.35 
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board of animation ld  had a mean of 2.75 which appeared to be a non-applicable result. 

There was no comment on the memory map since it was not included in Chapter 1 .  

Table 4.3 shows an increase in positive responses. The speed of the animation (average 

mean = 3.85) resulted in a consistently satisfactory result except for animation 2 (m = 

4.50), which resulted in a highly satisfactory result. The ease of understanding of the 

concept (average mean = 4.45) was indicative of a highly satisfactory result, especially 

in animation 2c (m = 5.00), which appeared to give the highest result. The ease of 

controlling the animation process ( average mean = 4. 15), the interlace of the animation 

(average mean = 3.70), and the ease of navigation (average mean = 3.65) also appeared 

to produce consistently satisfactory results, except for the ease of navigation of 

animation 2 (m = 3.25) which gave a non-applicable result. The explanation in the 

message board (average mean = 3.75) indicated a satisfactory result except for 

animation 2 (m = 3.25), which was a non-applicable result. The explanation in the 

memory map of each animation had a consistent mean (m = 3.75), which was indicative 

of a satisfactory result. The difficulty of the problem (average mean = 2.56) appeared to 

be easy especially for problem 2c (m = 1 .75), which appeared to be the easiest one. 

However, the responses for problem 2d (m = 3 .50) demonstrated that it was difficult. 

Overall, the results revealed that the subjects were generally satisfied with all aspects of 

the animation. 
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Table 4.3: The mean of each animation and average of mean of each question in Chapter 2-0ata Types & Input/Output 

Mean 
Animation 

Message Memory 
Speed Concept Control Interface Navigation 

Board Ma 

2 4.50 4.00 3.75 3.50 3.25 3.25 

2a 3.50 4.50 4.25 3.75 3.75 4.00 3.75 

2b 3.75 4.50 4.25 3.75 3.75 4.00 3.75 

2c 3.75 5.00 4.25 3.75 3.75 3.75 3.75 

2d 3.75 4.25 4.25 3.75 3.75 3.75 3.75 

Average Mean 3.85 4.45 4.15 3.70 3.65 3.75 3.75 

Difficulty 

2.00 

2.75 

2.50 

1.75 

3.50 

2.56 



Table 4.4 shows positive responses. The speed of the animation (average mean = 3.95) 

appeared to be satisfactory. The ease of understanding of the concept (average mean = 

4.30) was highly satisfactory. However, the mean of animation 3d (m = 3.75) was the 

lowest mean and appeared to be difficult to understand. This was to be expected, since 

the concepts were increasing in complexity. The ease of controlling the animation 

process (average mean = 4. 1 0), the interface of the animation (average mean = 4. 15), 

and the ease of navigation (average mean = 3.90) gave consistently satisfactory results. 

The explanation in the message board (average mean = 3.95) was satisfactory except for 

animation 3d (m = 3.25) which indicated a non-applicable result. The explanation in the 

memory map of each animation had a consistent mean (m = 4.00) which was indicative 

of a satisfactory result. The difficulty of the problem (average mean = 1 .89) appeared to 

be easy, especially problem 3b (m = 1.00). Overall, the results revealed that the subjects 

were generally satisfied with all aspects of the animation. 

Table 4.5 shows positive responses. The speed of the animation (average mean = 3.67) 

produced a satisfactory result except for animation 4b (m = 3.25), which was a non­

applicable result. The ease of understanding of the concept (average mean = 4. 1 3) was 

indicative of a consistently satisfactory result. The ease of controlling the animation 
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Table 4.4: 
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The mean of each animation and average of mean of each question in Chapter 3-0perators 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

3 4.50 4.25 4.00 4.00 3.75 4.00 

3a 4.25 4.50 4.00 4.25 3.75 4.25 

3b 4.00 4.50 4.25 4.25 4.00 4.25 

3c 3.50 4.50 4.25 4.25 4.00 4.00 

3d 3.50 3.75 4.00 4.00 4.00 3.25 

Average Mean 3.95 4.30 4.10 4.15 3.90 3.95 

Memory 
Ma 

Difficulty 

2.50 

4.00 1.50 

4.00 1.00 

4.00 1.75 

4.00 2.50 

4.00 1.89 

Table 4.5: The mean of each animation and average of mean of each question in Chapter 4--Control 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

4 4.50 4.25 4.00 4.25 3.50 3.75 

4a 3.50 4.25 4.00 4.25 4.00 4.25 

4b 3.25 4.00 4.00 4.25 4.00 4.25 

4c 3.33 4.00 3.67 4.00 3.33 4.33 

Average Mean 3.67 4.13 3.93 4.20 3.73 4.13 

Memory 
Ma 

Difficulty 

2.00 

4.00 2.00 

4.25 2.75 

4.33 3.33 

4.20 2.54 
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process (average mean = 3.93) and the interface of the animation (average mean = 4.20) 

produced consistently satisfactory results. The average of the mean of the interface of 

the animation had increased from Chapter 1 (average mean = 3.70) through Chapter 2 

(average mean = 3.70), to Chapter 3 (average mean = 4. 15). This suggested that the 

subjects might have developed a greater appreciation of DIVTIC. The ease of 

navigation (average mean = 3.73) was satisfactory. The explanation in the message 

board (average mean = 4. 13) was also indicative of a satisfactory result. The mean of 

each animation slightly increased from animation 4 (m = 3.75), through animations 4a 

and 4b (m = 4.25), to animation 4c (m = 4.33). This revealed that subjects were satisfied 

and understood more as they used DIVTIC more. The explanation in the memory map 

of each animation (average mean = 4.20) provided a highly satisfactory result. The 

average of the mean of the explanation in the memory map had slightly increased from 

Chapter 2 (average mean = 3.75) to Chapter 3 (average mean = 4.00). This also 

suggested that the subjects might have developed a greater appreciation of DIVTIC. The 

overall difficulty rating of the problem (average mean = 2.54) appeared to be easy 

except for problem 4c (m = 3.33), which was considered difficult as was to be expected, 

since the concepts were increasing in complexity. Overall, the results revealed that the 

subjects were generally satisfied with all aspects of the animation. 

Table 4.6 shows further positive responses. The speed of the animation (average mean = 

4. 19) and the ease of understanding of the concept (average mean = 3.87) resulted in

satisfactory results. However, the average mean of the ease of understanding of the 

concept (average mean = 3.87) had decreased from Chapter 2 (average mean = 4.45) 

through Chapter 3 (average mean = 4.30), to Chapter 4 (average mean = 4. 13). This 

suggested that the concepts were getting more complicated and difficult to understand 

as more materials were incorporated, producing more tasks and information for the 

subjects to accommodate. The ease of controlling the animation process (average mean 
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T able 4.6: The mean of each animation and average of mean of each question in Chapter 5-Functions 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

5 3.75 3.75 4.25 4.00 4.25 4.00 

Sa 4.25 4.25 4.25 4.50 4.00 4.00 

Sb 4.25 4.00 4.00 4.00 4.25 4.25 

Sc 4.50 3.50 4.25 4.00 4.25 3.75 

Average Mean 4.19 3.87 4.19 4.13 4.19 4.00 

Memory 
Ma 

Difficulty 

2.50 

4.25 2.50 

4.00 3.00 

4.25 2.75 

4.17 2.69 
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= 4 . 19), the interface of the animation (average mean = 4. 13), and the ease of navigation 

(average mean = 4. 19) resulted in consistently satisfactory results. The explanation in 

the message board (average mean = 4.00) produced a satisfactory result. The 

explanation in the memory map (average mean = 4. 17) produced a highly satisfactory 

result. The overall difficulty of the problem (average mean = 2.69) appeared to be easy. 

However, problems 5 and 5a had a mean of 2.50, which appeared to be easy problems 

while problems 5b (m = 3.00) and 5c (m = 2.75) appeared to be non-applicable. 

Therefore, the subjects still accepted the difficulty of the problem within acceptable 

boundaries. Overall, the results revealed that the subjects were generally satisfied with 

all aspects of the animation. 

Table 4.7 again shows positive responses. The speed of the animation (average mean = 

4.00), the ease of understanding of the concept (average mean = 3.75), the ease of 

controlling the animation process (average mean = 4.33), the interface of the animation 

(average mean = 4.00), and the ease of navigation (average mean = 3.92) produced 

consistently satisfactory results. The explanation in the message board (average mean = 

4.25) provided a satisfactory result with the mean of each subsequent animation rapidly 

increasing from animation 6 (m = 4.00) through animation 6a (m = 4.25), to animation 

6b (m = 4.50). This suggests that the subjects appeared to have more understanding as 

they became more accustomed to DIVTIC. The explanation in the memory map 

(average mean = 4. 12) indicated a satisfactory result. The difficulty of the problem 

(average mean = 2.75) appeared to be a non-applicable result except for problem 6b (m 

= 2.50), which appeared to be easy, but the subjects still accepted the difficulty of the 

problem within acceptable bounds. Overall, the results were very consistent across the 

three animations and they revealed that the subjects were generally satisfied with all 

aspects of the animation. 
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Table 4.7: The mean of each animation and average of mean of each question in Chapter 6-Arrays 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

6 4.00 3.75 4.25 4.00 3.75 4.00 

6a 4.00 3.75 4.50 4.00 4.00 4.25 

6b 4.00 3.75 4.25 4.00 4.00 4.50 

Average Mean 4.00 3.75 4.33 4.00 3.92 4.25 

Memory 
Ma 

Difficulty 

2.75 

4.00 2.50 

4.25 3.00 

4.12 2.75 



Table 4.8 also shows positive responses. The speed of the animation (average mean = 

4.2 1 )  produced a consistently satisfactory result. The ease of understanding of the 

concept (average mean = 3.65) was indicative of a satisfactory result and the mean of 

each animation increased slightly from animation 7 (m = 3.25) through animation 7a 

(m = 3.50), animations 7b and 7c (m = 3.75), and once more to animation 7d (m = 

4.00). This suggested that the subjects gained more understanding of the concept as they 

progressed through this chapter. However, overall the average mean for the ease of 

understanding of the concept (average mean = 3.65) had decreased from previous 

chapters, Chapter 2 (average mean = 4.45), Chapter 3 (average mean = 4.30), Chapter 4 

(average mean = 4.1 3), Chapter 5 (average mean 3.87), and Chapter 6 (average mean = 

3.75). This suggested that the concepts were getting more complicated and difficult to 

understand as more materials were incorporated, producing more tasks and information 

for the subjects to perceive. The ease of controlling the animation process (average 

mean = 4. 10) and the interface of the animation (average mean = 4.30) gave 

consistently satisfactory results. The ease of navigation (average mean = 3.95) and the 

explanation in the message board (average mean = 4. 1 5) also produced satisfactory 

results, while the explanation in the memory map (average mean = 4. 19) was an 

indication of a highly satisfactory result. The overall difficulty of the problem (average 

mean = 2.80) appeared to be a non-applicable result. However, problems 7c (m = 2.50) 

and 7d (m = 2.25) appeared to be easy while problem 7 (m = 3.50) appeared to be 

difficult as was to be expected, since the concepts of this chapter, Chapter ?-Pointers, 

were increasing in complexity and more difficult to understand. Overall, the results 

revealed that the subjects were generally satisfied with all aspects of the animation. 
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Table 4.8: The mean of each animation and average of mean of each question in Chapter 7-Pointers 

Mean 
Animation 

Message 
Speed Concept Control Interface Navigation 

Board 

7 4.25 3.25 3.75 4.00 4.00 3.75 

7a 4.00 3.50 4.00 4.50 3.75 4.25 

7b 4.50 3.75 4.25 4.25 4.25 4.25 

7c 4.25 3.75 4.25 4.50 4.00 4.50 

7d 4.00 4.00 4.25 4.25 3.75 4.00 

Average Mean 4.21 3.65 4.10 4.30 3.95 4.15 

Memory 
Ma 

Difficulty 

3.50 

4.25 2.75 

4.50 3.00 

4.00 2.50 

4.00 2.25 

4.19 2.80 



Table 4.9 shows positive responses. The speed of the animation (average mean = 4 .26) 

and the ease of understanding of the concept (average mean = 4.55) were indicative of 

highly satisfactory results. The ease of controlling the animation process (average mean 

= 4 .47) and the interface of the animation (average mean = 4.35) produced consistently 

satisfactory results. The average mean of the ease of understanding of the concept 

(average mean = 4.55) and of the ease of controlling the animation process (average 

mean = 4.47) had increased statistically significantly from Chapter 7 (3 .65 and 4. 10 

respectively). This suggested that the subjects had a greater understanding of the 

concepts and more control over the animation process at this stage. The ease of 

navigation (average mean = 4.05) produced satisfactory results except for animation 8 

(m = 3 .25), which had a non-applicable result. The explanation in the message board 

(average mean = 4.05) produced a satisfactory result. The explanation in the memory 

map (average mean = 4. 19) produced a consistently satisfactory result. The difficulty of 

the problem (average mean = 2.83) generated a non-applicable result in all except for 

problem 8 (m = 2.50) which was judged as easy, while subjects still considered the 

difficulty of the problem within acceptable bounds. Overall, the results revealed that the 

subjects were generally satisfied with all aspects of the animation. 

Table 4.10: The mean of each animation and average of mean of each question in Chapter 9-Structure 
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Table 4.9: 
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The mean of each animation and average of mean of each question in Chapter 8-Sorting & Searching 

Mean 

Animation Message Memory 
Speed Concept Control Interface Navigation 

Board Ma 

8 4.33 4.50 4.33 4.33 3.25 4.50 

8a 4.50 4.75 4.25 4.25 4.00 4.00 4.25 

Sb 4.25 4.75 4.75 4.25 4.25 3.50 4.25 

8c 4.25 4.50 4.50 4.50 4.50 4.00 4.25 

8d 4.00 4.25 4.50 4.50 4.25 4.25 4.00 

Average Mean 4.26 4.55 4.47 4.35 4.05 4.05 4.19 

Difficulty 

2.50 

3.00 

2.75 

2.75 

3.00 

2.83 

Mean 
Animation Message Memory 

Speed Concept Control Interface Navigation 
Board Ma 

Difficulty 

9 4.33 4.33 4.67 4.50 4.00 4.25 2.50 

9a 4.25 4.75 4.50 4.00 4.25 4.25 4.00 2.75 

9b 4.25 4.50 4.75 4.50 4.25 3.75 4.00 3.25 

9c 4.00 4.25 4.25 4.00 4.00 3.75 4.00 3.75 

Average Mean 4.20 4.47 4.53 4.25 4.13 4.00 4.00 3.14 
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Table 4. 10 shows positive responses. The speed of the animation (average mean = 

4.20), the ease of understanding of the concept (average mean = 4.47), the ease of 

controlling the animation process (average mean = 4.53), and the interface of the 

animation (average mean = 4.25) were indicative of highly satisfactory results. The 

average mean of the ease of controlling the animation process (average mean = 4.53) 

had increased slightly from Chapter 8 (average mean = 4.47). This suggested that the 

subjects had more control over the animation process. The ease of navigation (average 

mean = 4. 13) produced a consistently satisfactory result. The explanation in the 

message board (average mean = 4.00) produced a satisfactory result. The explanation in 

the memory map (average mean = 4.00) produced a consistently satisfactory result. The 

difficulty of the problem (average mean = 3. 14) produced a non-applicable result. 

However, problem 9 (m = 2.50) appeared to be easy while problem 9c (m = 3.75) 

appeared to be a difficult problem. The mean for the difficulty of each animation had 

increased slightly from animation 9 (m = 2.50) through animation 9a (m = 2.75), to 

animation 9b (m = 3.25), and once more to animation 9c (m = 3.75). However, the 

subjects still accepted the difficulty of the problem as within acceptable bounds. 

Overall, it revealed that the subjects were generally satisfied with all aspects of the 

animation. 

Table 4.1 1 :  The mean of each animation and average of mean of each question in Chapter 10-Data File 

Table 4. 1 1  shows further positive responses. The speed of the animation ( average mean 

= 4.26), the ease of understanding of the concept (average mean = 4.29), and the ease of 

controlling the animation process (average mean = 4.30) produced consistently 

satisfactory results. The interface of the animation (average mean = 4.25) and the ease 

of navigation (average mean = 4.00) produced satisfactory results. The explanation in 

the message board (average mean = 4.25) and the explanation in the memory map 
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Mean 
Animation 

Message Memory 
Speed Concept Control Interface Navigation 

Board Ma 
Dlfflculty 

10 4.33 4.25 4.33 3.75 3.75 4.50 4.00 

10a 4.25 4.50 4.25 4.50 4.00 4.50 4.00 3.50 

10b 4.25 4.50 4.25 4.25 4.25 4.25 4.50 3.25 

10c 4.25 4.25 4.50 4.25 3.75 4.00 4.50 3.50 

10d 4.25 4.00 4.25 4.25 4.25 4.25 4.00 3.75 

1De 4.25 4.25 4.25 4.50 4.00 4.00 4.00 3.50 

Average Mean 4.26 4.29 4.30 4.25 4.00 4.25 4.20 3.55 
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(average mean= 4.20) produced consistently satisfactory results. The difficulty of the 

problem (average mean= 3.55) appeared consistently difficult except for problem 10b 

(m = 3.25) which produced a non-applicable result. The average mean of the difficulty 

of the problem for each chapter had rapidly increased from previous chapters: the 

results for Chapters 1 to 10 were 2.35, 2.56, 1.89, 2.54, 2.69, 2.75, 2.80, 2.83, 3.14, and 

3.55. This suggested that the level of difficulty of the problems grew more complicated 

and difficult as more materials were incorporated producing more tasks and information 

for the subjects to comprehend. This was to be expected since the concepts were 

increasing in complexity. Overall, the results revealed that the subjects were generally 

satisfied with all aspects of the animation except the difficulty of problem. 

Table 4.12: The average of mean for all animated examples covered Chapters 1 to 1 O 

Mean 

Speed Concept Control Interface Navigation 
Message Memory 

Difficulty Board Map 

4.04 4.16 4.21 4.10 3.85 4.02 4.05 2.73 

In conclusion to Part 1, Table 4.12 shows that the average means of questions 1 to 7, 

from the speed of the animation to the explanation in the memory map, were typically 

high (3.85 to 4.16). This suggested that the subjects were satisfied with the functions of 

the animated examples. On the other hand, the average of the mean of question 8 (m = 

2.73 indicated the difficulty of problem was rather low, but the difficulty of the problem 

for each chapter had increased rapidly from Chapter 1 through 10. This suggests that the 

difficulty of each problem increases as the materials become more complex. Figure 4.19 

shows a line chart of the average of the mean for each question. 
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4.3.2.2 Findings: Part 2 

Part 2 was comprised of two open-end questions as shown in Figure 4.20. 

Part2: Please fill in the following questions 

1. Is the animation accurate in all respects? Yes 0 
If No, please explain 

NoO 

2. Please suggest any improvements that will make this a better example

Figure 4.20: The pilot study-Self-administered evaluation questionnaire form-Part 2 

The discussion of the findings from question 1 and 2 was categorised into six different 

parts: memory map, message board, interface/navigation, concept, spelling, and other. 

The feedback is presented in the following table (Table 4.13). 

Table 4.13: Pilot study feedback from the subjects 

Type 

Memory Map 

Message Board 

Interface & Navigation 

Details 

Memory map should have the same format by having the variable name on top of the 
memory location 
Memory map is too small in chapter 9 and 1 0 

Text is too small 
Text should not blink 
Should have a message when finished writing a flowchart 
Should have a little pause when displaying the message to let user think along 
Message should be in Thai 

Using a right click instead of holding down the mouse to see the sample. 
Flowchart needed to be more attractive 
Text is too small, unsharp (blurred), need more contrast 
Should have a button to direct what to do next once the animation finished playing. 
The triangle bullet should be changed to another type of bullet 
Should have a message telling where the control menu is located. 
Inside each chapter, tt should have an order number in front of each animated example, so 
the user knows which one comes first or after by using numbers 1, 2, 3, and so on or up and 
down arrows. 
Memory map in the chapters 9 and 1 O is too small 
Play button in the control menu needed to be more accurate because the animation plays 
when user clicks anywhere on the page. 
The position of the control menu is too low (at the bottom). 
The animation seems to be too fast in the chapter 7 Pointer since tt is a complicated chapter 
In Bd. and 9b., the speed should slow down because there are many variables involved. 
Text should be in different colour between the keyword (int, float, print!( );, etc.) and variable 
name (e.g., avg, n, pass, sir, etc.) 
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4.3.3 Implementation from Pilot Findings 

The feedback from the subjects showed concern for the grammatical terms and concept 

correction. It was also suggested that the interface needed an update and some changes. 

The researcher reviewed the chapters and manipulated each animated example from the 

first one, 1 :  Flowchart, in Chapter 1, to the last one, JOe: Reading a Binary File, in 

Chapter 10. 

Changes were implemented to the Animated Examples section as per most of the 

suggestions made by the subjects. This took two weeks. Some parts were left as they 

were because the suggested changes were substantial and were really only cosmetic 

changes to the interface of the animation such as bigger memory map window. Changes 

were made to content, accuracy and descriptions. 
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Concept 

Spelling 

Other 
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Details 

In 3. Operator, it should take the same format when user clicks either the example in the 
message board panel will show up or not. 
in 4., Should include the arrow to direct the user when the loop goes back to check the 
condition 
In 1.Flowchart, the terminate symbol had a wrong description 
In 4., there is no if-then-else in C 
In 2., Heading of 2. Data Basics should be Data Basics not Data Types & Input/Output 
In 2., There is an overlap of the text in the Output Monitor (2a). The output 3.25 should be 
displayed as 3.250000 
In 4b., the monitor output should be changed from 6.66 to 6.666666 or in the source code 
should be changed form %1 to %.21. 
Mismatch in 5. at isalpha{) and need to explain more about buffer/unbuffer 
In Sc., 1 Oa, and 1 Oc., function gets(str); should be executed before the user enters an input. 
In 6., array_new[subscriptJ; should be changed to array_new[a"ay_sizeJ;, printf 
("number[o/.dJ = %din", i, i=1J;should be changed to printf("number[%dJ = %din", i, 
number[i]};, and 
array_name[subscript 1J[subscript 2J ... [subscript NJ should be changed to array_name 
[size 1}[size 2J ... [size NJ 
In 7b., the problem finding an average of array of integer should be changed to finding an 
average of Integer in an a"ay 
In 7d., cp = &msg[6J; •cp = 'W'; may change to "(cp+6) = 'w'; 
In Ba., the value of i is equal to 1 not 22 as it displayed in the memory map in the first For 
Loop, second call. 
in Bb., in the message board, copy string s[1J to t[ J should be changed to copy string s[1J 
to t 
In Be., the cursor in the source code should be at the end of the scant() when the message 
board displays "Let's assume that user enters 20" 
In 9b., missing j" at the end of For Loop 
In 10d., the cursor in the source code should be at the end of the scant() when waiting for 
the input for std.age and std.n 

In 3a., the heading left out the word "Basics• 
in 5., An alphabetic letter should be changed to An alphabet character,and a• = 3; 
should be changed to a = 3; 

In 6., notalon should be change to notation 
In 7., contain should be changed to contains, add 10 to whatever •iptr point to should be 
changed to add 1 O to whatever iptr points to, meaning three objects should be changed 
to meaning third object, ckose should be changed to close 
In 7a, the last line in the monitor output, FFB4 should be changed to FFF4 

in Ba., valu should be changed to value 
in 9c., Grobal should be changed to Global 

Should provide an opportunity for the users to enter their own input. 
Should include a voiced explanation option for the message board. 
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4.4 Conclusion 

This chapter has described the development process and the design of DIVTIC, the 

DIVTIC set up website and the pilot study process. The necessary changes to the 

Animated Examples section in DIVTIC were completed and ready for the main study. 
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The aims of this study were to explore how students in introductory programming 

courses were aided by the use of interactive visual and Web-based instructional 

materials. The research questions covered two main areas: 

1 .  How do students use the DIVTIC? 

( la) Which components of DIVTIC do students use and for how long? 

( lb) What strategies do students use with DIVTIC? 

( le) What factors influence students' use of DIVTIC? 

(ld) What attitudes do students generate towards DIVTIC? 

2. To what extent does the dynamic interactive visualisation process

implemented in DIVTIC influence learning outcomes?

(2a) How does the dynamic interactive visualisation process implemented in

DIVTIC influence students' performance in programming? 

(2b) How does use of the dynamic interactive visualisation process 

implemented in DIVTIC vary among students? 

(2c) What levels and forms of cognitive engagement are evident among 

DIVTIC users? 

(2d) What factors influence students' achievement with DIVTIC? 

5.1 Research Study 

In order to acquire the answers to the research questions, research methods were 

needed. Research methods can be classified in various ways. In educational research, 

however, one of the most common distinctions is between qualitative and quantitative 

research methods. 

5.1 .1 Quantitative Research 

Quantitative research supports investigations that researchers can repeat to determine 

whether the same validity of the initial investigation results can be obtained by using the 

same procedures in another study (Bryman, 1989). Quantitative research emphasises the 
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testing of theory rather than generating and developing theory (Bums, 1994 ). It enables 

researchers to collect facts and study the relationship of a set of facts to another by using 

scientific measuring techniques to produce information in the form of numbers that can 

be quantified and summarised to produce a more generalisable picture of a problem 

(Bell, 1993). The most common quantitative research techniques include 

experimentation and surveys. 

5.1 .2 Qual itative Research 

Since the early 1970s, there has been an increasing move in education towards 

qualitative research, which is concerned with gaining a deeper understanding of the 

individuals being studied (Bryman, 1989; Miles & Huberman, 1994). "Qualitative 

methods permit the evaluator to study selected issues in depth and detail . Approaching 

fieldwork without being constrained by predetermined categories of analysis contributes 

to the depth, openness, and detail of qualitative inquiry" (Patton, 1990, p. 13) .  It seeks 

to gain insight into human characteristics such as motivation, attitudes and behaviour in 

order to increase the understanding of a problem (Bell, 1993) .  

Qualitative methods provide the opportunity to immerse oneself into a situation in order 

to gain first-hand knowledge of the data collected (Miles & Huberman, 1994). 

Qualitative study is a descriptive form of research that seeks to explore "accurate and 

adequate descriptions of activities, objects, processes and persons" (Allison et al., 1 996, 

p. 14). 

Qualitative researchers can be found in many disciplines and fields, employing a variety 

of approaches, methods and techniques. Qualitative data is usually collected in the form 

of a written description based on observation, interviews, or documents which are 

normally not immediately accessible for analysis (Miles & Huberman, 1994). For 

example, with interview data, the researcher needs to record, transcribe or translate and 

correct before proceeding with analysis. 

5.1 .3 Triangulation 

Both quantitative and qualitative methods have some advantages and disadvantages. A 

major difference between the two is that qualitative research is inductive and 

quantitative research is deductive. Quantitative methods seek to answer the question 
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'What is? '  which stresses how social experience is created and given meaning, while

qualitative methods seek to answer the question 'What if? ' which emphasises the

measurement and analysis of the causal relationship between variables, not processes 

(Allison et al., 1996; Denzin & Lincoln, 1998;  Moore, 2000). In qualitative research, a 

hypothesis is not needed to begin the research. However, quantitative research requires 

a hypothesis before any research can begin. 

In terms of data collection, Trochim (2000) argues that there is little difference between 

qualitative and quantitative data because all qualitative data is based on qualitative 

judgment and can be coded quantitatively. Allison et al. ( 1996) supports this argument: 

. . .  human attributes such as intelligence, happiness and personality 
characteristics as well as people's values and opinions, including such as 
those concerned with assessments of beauty and intensity of religiosity, are 
also variables and so, with more or less degree of precision, are able to be 
measured quantitatively. (p 14) 

Although most researchers do adopt either a quantitative or a qualitative research 

method, some researchers have suggested combining the two methods in the one study; 

an approach that Patton (1 990) and Trochim (2000) believe is valuable to almost every 

applied social research project. 

Overall, "Because qualitative and quantitative methods involve differing strengths and 

weaknesses, they constitute alternative, but not mutually exclusive, strategies for 

research. Both qualitative and quantitative data can be collected in the same study" 

(Patton, 1990, p. 14). One can be used in conjunction with the other if the researcher 

plans carefully and uses each method in a thoughtful manner (Snyder, 1995). Moreover, 

it is suggested that to overcome the weaknesses of each method, a combination of data 

collection techniques should be used from both qualitative and quantitative paradigms 

(Erzberger & Prrein, 1997). This combination of both qualitative and quantitative 

methods is a form of triangulation which Patton (1990) describes as data collected from 

both paradigms: 

Triangulation of qualitative and quantitative data is a form of comparative 
analysis [ . . .  ] This means comparing and cross-checking the consistency of 
information derived at different times and by different means within 
qualitative methods. (pp. 466-467) 
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Creswell ( 1994) describes three models of combined designs: 

1 .  Two-phase design: The researcher conducts a study in one paradigm followed 

by another. The two paradigms are clearly separated and presented, but the 

reader may not recognise the connection between the two paradigms; 

2 .  Dominant-less dominant design: The researcher presents a study in one 

dominant paradigm and uses a small component drawn from the alternative 

paradigm; and 

3 .  Mixed-methodology design: The researcher presents both paradigms at all 

stages. 

Previous researchers, for example Boatwright and Slate (2000), have used a method of 

two-phase design to investigate work ethics as defined by the Georgia Department of 

Technical and Adult Education. They used a qualitative method in the first stage 

followed by a quantitative method in the second stage. Sale, Lohfeld, and Brazil (2002), 

also point out that there are many studies in health care research that combine both 

qualitative and quantitative paradigms. The research presented in this thesis combines a 

number of techniques for data collection by using the mixed-methodology design as 

described by Creswell ( 1994). 

For this study, a mixed mode of quantitative and qualitative was chosen. A quantitative 

design was chosen to determine if there would be improved performance among 

students and a qualitative design was to be used to explore the impact of DIVTIC and to 

establish causal relationships between its use and the performance of the students. 

The quantitative method was quasi-experimental, involving an experiment with a 

control group and an experimental group. Both control and experimental groups were 

treated in the same manner except that the experimental group was provided with access 

to using DIVTIC as a supplementary tool. However, the nature of educational settings is 

such that control of variables is very difficult to guarantee. 

The qualitative method used was an ethnographic approach involving observation and 

interviews with students and their tutors in the use of DIVTIC. 
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5.1 .4 Designing Choice of Research Strategies 

To minimise the distinction between qualitative and quantitative research paradigms, 

Bryman ( 1988) suggests selecting techniques for data collection suited to specific 

research questions. According to Sproull (1988), there are four main techniques for 

collecting qualitative and quantitative data: 

1 .  interviewing; 

2. instrument administration;

3. observation; and

4. examination of documents, materials and artifacts.

Elements from both paradigms were suitable for this research. Appropriate data 

collection strategies included the observation of students, the interviewing of students 

and tutors, document examination and instrument administration e.g., questionnaires, 

laboratory tests, midterm examination, etc. Data analysis included the use of scientific 

measurement software for statistical analysis as well as the interpretive analysis of 

screen recordings. The variety of analytical techniques selected ensured that the data 

fully and accurately answered the research questions. The following sections describe 

the basic characteristics upon which each technique was chosen. 

5.1 .4.1 Interviewing

Interview techniques involve systematically collecting verbal information about the 

interviewee's opinions, attitudes, values, beliefs or behaviors (Sproull, 1988). They 

have been used in a wide variety of research projects and can be unstructured, semi­

structured, or structured. The main benefit of using the interview technique is that 

interviewees can express their feelings and opinions in their own terms (Patton, 1990). 

Furthermore, this method provides in-depth information. Sewell (n.d.) writes that the 

interview technique is most useful for: 

1. evaluating programs that are aimed at individualised outcomes;

2. capturing and describing program processes;

3. exploring individual differences between participants' experiences and

outcomes;

4. evaluating participants' evolving understanding of a program; and

5. documenting variations in program implementation at different sites.
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Patton ( 1990) describes three basic approaches for data collection through open-ended 

interviews: 

1. the informal conversational interview;

2. the general interview guide approach; and

3. the standardised open-ended interview.

Each approach has its strengths and weaknesses as shown Table 5 . 1. 

A standardised open-ended interview format was chosen for this study because this 

technique facilitates the collection, organisation and analysis of completed data in a 

limited period of time. Patton ( 1990) writes that there are basically six kinds of 

questions that can be asked of people: 

1. experience/behaviour questions;

2. opinion/values questions;

3 .  feeling questions; 

4. knowledge questions;

5. sensory questions; and

6. background/demographic questions.
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Table 5.1: Variation in interview instrumentation (Adapted from Patton, 1990, pp. 288-289) 

Type of interview Strengths Weaknesses 

Informal conversational 
interview 

General interview guide 
approach 

Standardized open-ended 
interview 

Increases the salience and relevance of 
questions 
Interviews are built on and emerge from 
observations 
The interview can be matched to individuals and 
circumstances 

The outline increases the comprehensiveness of 
the data and makes data collection somewhat 
systematic for each respondent 
Logical gaps in data can be anticipated and 
closed 
Interviews remain fair1y conversational and 
situational 

Respondents answer the same questions, thus 
increasing comparability of responses 
Data are complete for each person on the topics 
addressed in the interview 
Reduces interviewer effects and bias when 
several interviewers are used 
Permits evaluation users to see and review the 
instrumentation used in the evaluation 
Facilitates organization and analysis of the data 

Different information collected from 
different people with different questions 
Less systematic and comprehensive if 

certain questions do not arise 
"naturally" 
Data organisation and analysis can be 
uite difficult 

Important and salient topics may be 
inadvertently omitted 
Interviewer flexibility in sequencing 

and wording questions can result in 
substantially different responses from 
different perspectives, thus reducing 
the comparability of responses 

Little flexibility in relating the interview 
to particular individuals and 
circumstances 
Standardized wording of questions 
may constrain and limit naturalness 
and relevance of questions and 
answers 
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The standardised open-ended interview format would allow this study to explore the 

students' perception of ease of use, look and feel, contribution to learning, and 

conceptual understanding. 

5.1 .4.2 Instrument and Questionnaires 

Sproull (1988), defines the term instrument and gives the following examples : 

An instrument is whatever device is used to measure variables. Instruments 
can range from written or oral materials to physical devices. Examples of 
instruments include: (I) questionnaires ( e.g., asking opinions of recent 
mergers), (2) rating scale (e.g., rating major corporations on the social goals), 
(3) skill test (e.g., a typing test), (4) checklists (e.g., checking cities which
have a high 'quality of life') and (5) materials created by Ss (e.g., Ss
designing parts for a computer). (p. 175)

This study sought to use three instruments: a questionnaire, tasks, and experimentation. 

• Questionnaires: Questionnaires can be divided into two broad types:

structured or unstructured. As Trochim (2000, para. 2) states, "Structured

formats help the respondent to respond more easily and help the researcher to

accumulate and summarize responses more efficiently. But, they can also

constrain the respondent and limit the researcher's ability to understand what

the respondent really means." On the other hand, unstructured formats give

respondents more opportunity to express their thoughts in their own words.

This also applies to open-ended questionnaires where subjects are able to add

further comments in their own words. In this study, a structured format was

used to facilitate the collection of quantitative data involving students' attitude

(see Section 5.4.4.1).

• Tasks: A task is a problem which needs to be clarified with a solution. A task

is a very useful instrument to direct the students to creating consistent

activities. It encourages students to be active learners. In this study weekly

tasks were developed and given to the students to complete before testing

their answers using DIVTIC. This was to ensure that the students actually

used DIVTIC to test their answers. Data was collected from the results of

these tasks (see Section 5.4.4.7).

• Experimentation: Experimentation deals with measurable phenomena

whereby conclusions are drawn to establish cause and effect relationships in a

controlled situation (Bell, 1993). Turney and Robb ( 197 1) suggest that the
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most appropriate method for the investigation of problems in education is 

experimental research by which one or more factors are systematically varied 

in order to determine what effects each variation produces. This technique 

was used in this study to explore students' achievement by: 

(a) providing some assessment instruments including an initial 

laboratory test, a midterm examination, a second laboratory test 

and the final examination. The test results constituted as data to be 

calculated and analysed (see Section 5.4.3 . 1  and 5.4.3 .2); 

(b) using a cgi script to record and keep track of students' log-in time. 

This record helped to determine whether the time spent using 

DIVTIC made any significant difference to students' outcomes (see 

Section 5.4.4.6); and 

(c) checking and analysing on the use of C WebBoard (Section 

4. 1 .2.5). All messages were kept in a database on the server. The 

data from this source recorded any collaboration that occurred in 

this setting. 

5.1 .4.3 Observation 

The observation technique is the systematic recording of a subject's behavior patterns 

without questioning or communicating with them. Sproull ( 1988) defines this as "A data 

collection method in which a person (usually trained) observes Ss or phenomena and 

records information about characteristics of the phenomena" (p. 1 66). There are two 

main types of observation: participant and non-participant observation, which can be 

part of either quantitative or qualitative research (Bell, 1 993). Observation enables first­

hand knowledge of the context in which events occur and allows the researcher to see 

things that the participants themselves are not aware of or are unwilling to discuss 

(Patton, 1990). Patton ( 1990) notes that: 

What people say is a major source of qualitative data, whether what they say 
is obtained verbally through an interview or in written form through 
document analysis or survey responses. There are limitations, however, to 
how much can be learned from what people say. To understand fully the 
complexities of many situations, direct participation in and observation of the 
phenomenon of interest may be the best research method. (p. 25) 

This notion is supported by Marshall and Rossman ( 1999) who claim that "Observation 

is a fundamental and highly important method in all qualitative inquiry: It is used to 
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discover complex interactions in natural social settings" (p. 107). The observation 

method was considered to be a useful data collection strategy for this study because 

only this type of data would help to confirm students' opinions. Observation was used 

in three different ways in this study: 

1 .  The Researcher observation form was used to record any problems during the 

laboratory session regarding hardware, software, the network, etc. In this 

way, the researcher could either resolve the problem or ask a technician to do 

so. This ensured that a minimum of difficulties was encountered within the 

learning environment. 

2. The Tutor observation form was used to record students ' expressions and

behaviour when asking questions about DIVTIC. Tutors were asked to note

any problems that occurred during the experimental session relating to

hardware, software, the network, etc. Tutors responded to three questions:

What questions did the students ask when using DIVTIC? How easy was

DIVTIC for the students? and What problems did you face this week relating

to DIVTIC with hardware, software, the network, etc?

3. The screen video capture software was used to record students ' use of

DIVTIC. This enabled the researcher to explore how students used DIVTIC

by looking at the recorded video to see what extent it influenced students'

higher-order thinking, confidence, and motivation.

5.1 .4.4 Examination of Documents, Materials and Artifacts 

This is another data collection method which uses existing data. In this study, this 

method ensured that both the control and experimental groups were perfectly matched. 

The Grade Point Average (GPA) of each student, from the previous trimester, was used 

to match the two groups. This is described in detail in section 5.3.2. 

5.2 Data Matrix 

The data for this study was collected by using the following 10 strategies: 

1 .  DIVTIC self-administered evaluation questionnaires; 

2. Subject semi-structured interviews;

3. Tutor observation;

4. Researcher observation forms;
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5. Tutor semi-structured interviews;

6. First and second laboratory tests plus midterm and final examinations;

7. Screen recordings;

8. DIVTIC weekly tasks;

9. DIVTIC log in records; and

10 . C WebBoard 

These were planned to be used in the following ways: 
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Table 5.2: Data matrix 

Research Question 

1. How do students use DIVTIC? 

(1 a) Which component of DIVTIC do students 
use and for how long? 

(1 b) What strategies do students use with 
DIVTIC? 

(1 c) What factors influence students' use of 
DIVTIC? 

(1 d) What attttudes did students generate 
towards DIVTIC? 

2. To what eXlent does the dynamic interactive 
visualisation process implemented in 
DIVTIC influence learning outcomes? 

(2a) How does the dynamic interactive 
visualisalion process implemented in 
DIVTIC influence students' performance in 
programming? 

(2b) How does use of the dynamic interactive 
visualisation process implemented in 
DIVTIC vary among studenls? 

(2c) What levels and forms of cognitive 
engagement are evident among DIVTIC 
users? 

(2d) What factors influence students' 
achievement with DIVTIC? 

Method 

(1a) A, G, and I 

(1b) A, B, and G 

(1c) A, B, C, D, 
E, and G 

(1d) A, B, C, and 
E 

(2a) F 

(2b) F 

(2c) C, G, H, and 
I 

(2d) A and I 

NOTE: 
A: DIVTIC self-administered evaluation questionnaires 
B: Subject semi-structured interviews 
C: Tutors' observations 
D: Researcher's observations 
E: Tutor semi-structured inlerviews 

Data Collection Data Analysis 

(1 a, 1 b, 1 d) Descriptive 
analysis 

(1 c) Qualitative analysis 
to identify pattems in 
improvement towards 
DIVTIC 

(1 a, 1 b) Collect subjects' 
attitudes and performances 
dala from A (weeks 6 and 10) 
and B, G, and I (weekly) 

(1 c, 1 d) Collect data relaling lo 
the effects of using DIVTIC 
from A (weak 6) and E (weeks 
7 and 11) and B, C, D, and G 
(weekly) 

(2a) Mean comparisons 
to invesligate differences 
between the experimental 
and control groups 

(2b) Mean comparisons 
to invesligate differences 
between each level of 
students' GPA in the 
experimenlal groups 

(2c) Descriptive analysis 

(2d) Inferential analysis to 
investigate relationships 
between achievement 
and time spent in DIVTIC, 
and computer 
experiences. 

(2a, 2b) Collect lab test 1, 
midterm, lab test 2, and final 
scores from F (weeks 7, 7, 11, 
and 13, respectively) 

(2c) Collect dala from C, G, H, 
and I (weekly) 

(2d) Collect data from A 
(weeks 6 and 12) and I 
(weakly) 

F: Lab tesls 1 and 2, Midterm and final examinations 
G: Screen recording 
H: DIVTIC weekly task 
I: DIVTIC log file 
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5.3 The Study 

The research for this study was conducted in Thailand at Suranaree University of 

Technology (SUT), during the second trimester of 2001 from September to December. 

There are 13  weeks in each trimester. In their first trimester, students are required to 

take five basic courses and one associated laboratory: Chemistry I (4 credits), Chemistry 

Lab. ( 1  credit), Calculus I (4 credits), Logical Thinking (3 credits), IT I (3 Credits), and 

English I (3 credits). There are 1 8  credits all together in the first trimester. The IT I 

(Information Technology 1 )  covered a small part of computer programming in C at the 

end of the course. Overall, the students who participated had very little knowledge of 

computer programming. 

To be able to graduate in four years, the subjects were required to enrol in the following 

second trimester units: Chemistry II (4 credits), Chemistry Lab II ( 1  credit), Calculus II 

(4 credits), Physic I (4 credits), Physic Lab I ( 1  credit), and Computer Programming in 

C (3 credits). This totalled 17 credits all together. Therefore, students had to study hard 

to complete the requirement. 

5.3.1 Classroom Process 

Computer Programming 408 101 ,  is a basic computer programming course which is a 

requirement for all engineering students. It is only offered in the second trimester 

although the School of Computer Engineering may also offer it in the third trimester. 

However, to be able to graduate in four years, students need to enrol in this course in the 

second trimester of their first year since it is a prerequisite for later courses. This course 

teaches the basic concepts of object-based programming using C. Students who want to 

be accepted into the School of Computer Engineering have to receive a C grade or 

above. The objectives of the course are to help students understand the common 

components and principles of a programming language and to be able to solve logical 

problems by using the C computer programming language. 

In the period when this study was conducted, in 2001 ,  there were approximately 500 

undergraduate engineering students enrolled in Computer Programming 408 10 1 ,  of 

whom 100 took part in the study. The laboratory component of the course was divided 

into 10 sessions. The students registered into one of these 10  sessions on a first-come 

first-served basis. There were 50 students and two tutors in each session. There were 
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four computer laboratories, each with 60 networked personal computer systems. The 

laboratory sessions were divided into three time-slots as follows: 

• Time-slot 1: Tuesday 4.00-6.00 p.m.; 

• Time-slot 2: Wednesday 4.00-6.00 p.m. ; and, 

• Time-slot 3 :  Wednesday 6.00-8.00 p.m. 

The first two laboratory sessions, 1 and 2, were in Time-slot 1. Sessions 3, 4, 5, and 6 

were in Time-slot 2 and the rest, sessions 7, 8, 9, and 10 were in Time-slot 3 

In order to have the same tutors for both the control and experimental groups, the study 

was designed to use session 6 as a control group and session 10 as an experimental 

group. Both tutors were experts in C programming. One of them had tutored in C for 

many years and the other was an instructor who had previously taught this class and 

who had written a Thai version of a C Programming textbook. 

The study was conducted in normal classes, with the researcher providing guidance to 

the participating teachers and acting as an observer in the classes when the experiment 

was conducted. The students were informed by their teachers of the study and the role 

of the observer. 

5.3.2 Subjects' Setting 

The Grade Point Average (GP A) of students in each session for the first trimester for 

both Time-slot 2 and Time-slot 3, was used to match up two groups. The GPA record 

was obtained from the Centre for Educational Services, SUT. 

Convenience sampling was used to select subjects by manually matching the GP A 

between Time-slot 2 and Time-slot 3 in choosing sample groups. Convenience sampling 

is defined by Sproull ( 1988, p. 1 17) as "A nonrandom sampling method in which the 

researcher uses some convenient group or individuals as the sample." In this study, for 

example, session three to six in the Time-slot 2 were comprised of up to 50 students 

ranging from low to high GPA who were then assigned into session six and called the 

control group (Group C). In addition, sessions 7 to 10 in Time-slot 3 were both selected 

with up to 50 students in the same range as the control group from low to high GPA and 

were assigned into session 10 and called the experimental group (Group E). 
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Each group was divided into three different levels according to their GPA: low ( 1 .00 to 

1 .72); average ( l .78 to 2.22); and high (2.28 to 3.36). Group C, for example, included 

C l ,  C2, and C3 which referred to low, average, and high GPA respectively, and Group 

E was comprised of E l ,  E2, and E3 which also referred to low, average, and high GPA 

respectively. Dividing the students by their GPA into three levels helped the researcher 

determine the different achievements of each level. Finally, both groups were perfectly 

matched by GPA as well as by gender. Each group comprised a matched set of students 

as shown in Table 5.3. 

Table 5.3: Matching number of students in both groups based on gender 

5.4 Resources 

There were four sets of resources required for this study: hardware, software, 

instructor' s  printed media, and researcher's  printed media and file. The hardware and 

software were already prepared and set by the Center for Computer Services (CCS) at 

SUT. However, since this was an important research resource, it is described in detail 

below. 

5.4.1 Hardware 

The hardware in the laboratory had the following specifications: 

- 103 -

Gender 

Male 

Female 

GPA 

1.00-1.72 

C1 E1 

8 8 

8 8 

GPA 

1.78-2.22 

C2 E2 

9 8 

8 9 

GPA 

2.25-3.36 

C3 E3 

8 9 

9 8 

A quasi-experimental design was used in this study since the subjects were not 

randomised. The experimental group used DIVTIC throughout the trimester while the 

control group did not. Table 5.4 shows that both the experimental and control groups 

were treated in the same manner except for use of the DIVTIC system. 

Table 5.4: Quasi-experimental design without pretest in both groups 

Group DIVTIC Lab Test 1 

Experimental 

Control X 

Mid1erm Lsb Test2 Final 
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• Desktop computer: Celeron 500Mhz, RAM 128 MB and 

HD: 13GB. 

• Operating System: Windows 98 se Thai version. 

• Connection: Using HUB to gateway: 203 . 100.0.254. 

5.4.2 Software 

The software included: 

• Internet Explorer 5.5: A browser software program developed by Microsoft 

Corp. downloadable at http://www.microsoft.com/windows/ie/default.asp 

• Borland Turbo C 3.0: The C compiler software from Borland Software 

Corporation. For more information go to http://www.borland.com 

• Camtasia 3.0 .0 (Trial version): A screen video capture software for screen 

recording from TechSmith Corporation, downloadable at 

http://www.techsmith.com 

• Acrobat Reader 4.0: A freely distributed program from Adobe Systems, Inc. 

used to view PDF files created with Adobe Acrobat or other programs, 

downloadable at http://www.adobe.com 

• Winzip 6.2: A program that enables the archiving and compressing of files 

available from WinZip Computing, Inc., downloadable at 

http://www.winzip.com 

5.4.3 Instructor's Printed Media 

The four printed handouts developed for the study that were given to all students by the 

instructor at various stages are described as follows. 

5.4.3.1 Laboratory Test 

There were two laboratory tests during the entire course. Each test was comprised of 

two short questions asking students to write C source code to solve given problems. 

Each laboratory test, taken in the laboratory session, lasted 1 hour and 45 minutes and 

was worth 10 points. The subjects had an opportunity to test their source code via the C 

compiler before handing it to the tutors. 
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5.4.3.2 Midterm and Final Examinations 

Both midterm and final examinations were open-book tests and comprised 60 multiple­

choice questions. Each examination was 2 hours in duration. The midterm examination 

was worth 30 points while the final examination was worth 50 points. 

5.4.3.3 Instructor Weekly Problem 

The instructor created 10  weekly problems relating to the course outline and gave them 

to all subjects. Each weekly problem contained two small problems asking the subjects 

to solve them by writing C source code to test via the C compiler in the laboratory. 

There were no marks given for the weekly problems. They were designed to encourage 

the subjects to test their own understanding and ability. The instructor also posted the 

solution to each weekly problem on his website 2 weeks after it was given to the 

subjects. 

5.4.3.4 Lecture Notes 

The instructor gave out his lecture notes in two forms: in hard copy and as Power Point 

slides in a downloadable zip file format. The subjects were able to go to the instructor' s 

website to download and print the lecture notes before the lecture. The subjects 

therefore knew the key words and topics covered in that particular week and they could 

annotate the downloaded handout. 

5.4.4 Researcher's Printed Media and File 

The handouts given to the subjects were created by the researcher and they are 

described in the following sections. 

5.4.4.1 DIVTIC Self-administered Evaluation Questionnaire Form 

The DIVTIC self-administered questionnaire contained three parts: the questionnaire, 

the checklist, and the open-ended question. The questionnaire was comprised of 33 

short questions using a five-point Likert rating scale. It was divided into 1 1  patterns 

which examined the subjects' experiences such as their higher-order thinking, 

confidence, motivation, etc. The three checklist questions examined the frequency and 

types of strategies used, and when the subjects used DIVTIC. The open-ended question 
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gave room for students to elaborate on any problems using DIVTIC. Figures 5.1 and 5.2 

demonstrate the structure of the DIVTIC self-administered questionnaire 

Part 1: Please indicate how much you disagree or agree with each of the folowing statements. 

Note: 1 = Strongly Disgree 

2 = Disgree 

3 = Not Applicable 

4 =Agree 

5 = Strongly Agree 

QUESTION 

Higher-order 
Thinking r 

When I ,m Wllclingthe arimation, I slop i lrom time to time to re1ed on \l\l'ut I am trying to get out om. 

Confidence 

Encouragement 

User 
Friendliness 

Perceived 
Enjoyment 

Perceived 
Educational Value 

r 

r 

r 

r 

r 

-Using Amsted Examples help me to thinlc logicalyduringthe animation process. 

I alw,ys discuss wth my peers about the enimation ruming process. 

UsingAmated Examples increase my conlderce i1 le!l'ring progamming. 

-Using Animated Examples, I bei"""that I can soMa more complicated tasks. 

Using Animated Examples. I feel that I can help other peers in solviig • gYen problem . 

Using Anmated Examples. I lee! that I pey more attention in progremming dass. 

- Using Animated Examples encxx.rage me in programmiig more effidently. 

Using Animated Examples, I feel that programming is rot too difficult to leern . 

The interface of klimated Exam ,les i s  pleasant. 

-Mm ated Exam pies are an easy.to.use tool. 

Mmated Examples are eosy to navigate. 

I enjoy using Animated Examples. 

-Animated Examples entertain me in learning programming. 

I feel corrtortable by using Anmiited Examples. 

I am pleased to have Animated Examples as assistance. 

-Animated Exarrpes are a useful tool in learning how to program in C. 

Animated Examples material is c hallengng. 

Figure 5.1: DIVTIC Self-administered evaluation questionnaire Part 1 

Part 2: Please tick all that apply. 

1. How many times have you used the folDVYing parts of DIVTIC In the last two weel<S? 

.. I 

Syl18busllec:ture Note 
Computer StructlJ'e 
Animated Examples 
''C' Compiler 
"C"WebBoard 
Self-evaluation 

FAQ Pool 
''C' References & Links 

2. How do you use 'Animated Example'? 

o I just watch the animation without interacting with it 
o I press STOPJPLAY button to think along what is going on. 

I 

o I repeat the animation to make it clear ofhOw the program executes. 
o I press Backward/Forwan:l to see the animation. 
o I stop the animation and discuss with my peers. 

I 

D I go to test my own code ri!t]t alter watching the animation to compare the output. 
D others: _______ _ 

3. When do you normally use DIVTIC? 

o When I am in a laboratory session. 
o When I have free time. 
o When I do assigrrrents. 
o Before examnations. 
o When I face with prograrmng problems. 
o When I am with friends. 
D Others: _______ _ 

Figure 5.2: DIVTIC Self-administered evaluation questionnaire Part 2 

� 
"' <I> 

Li � 
o � Ji 
�

Q,J :.= >. 
"' �� <I> 

�- � e 
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The data from this form enabled the researcher to answer some parts of the first research 

questions lb, le, and ld, and the second set of research questions 2c, and 2d. 

5.4.4.2 Tutor Observation Form 

The Tutor observation form was an open-ended questionnaire for tutors to write a 

weekly report based on their observations of the use of DIVTIC. There were three open­

ended questions to describe the subjects' attitudes toward the use of DIVTIC and any 

general problems which occurred during each laboratory session including software, 

hardware and the network. The questions were as follows: 

• Question 1: What questions did students ask when using DIVTIC?

• Question 2: How easy was DIVTIC for students to use?

• Question 3: What problems did you face in this week in relation to DIVTIC

including hardware, software, the network, etc.

Once again, the data from this observation enabled the researcher to explore and answer 

the first research questions le and l d, which examined the subjects' attitudes toward the 

use of DIVTIC with regard to its user-friendliness, useability, level of enjoyment and 

other factors. 

5.4.4.3 Researcher Observation Form 

The researcher took notes on a weekly basis during the observation sessions to 

investigate any unexpected problems to do with software, hardware, networking, and 

other things. The observation was aimed at discerning any problems that occurred 

which influenced the subjects' use of DIVTIC. 

5.4.4.4 Subject Semi-structured Interview Form 

In this study all subjects were asked the same questions from an open-ended question 

interview form. This makes the process of data analysis easier as each subject's 

response to a particular question is easy to locate, and similar responses are easy to 

group together (Patton, 1990). The form contained five open-ended questions relating to 

the subjects' attitudes and the use of DIVTIC. The interview was undertaken during the 

laboratory session in a quiet corner of the room. The Following table (Table 5.5) shows 
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the questions and their kind described by Patton ( 1990) to explore the students 

perception. 

Table 5.5: Subject semi-structured interview and Tutor semi-structured interview forms 

Question Kind 

1. Feedback on how many problems the subjects experienced. Experience/Behaviour 

2. Did they finish the weekly task? If not, why not? Experience/Behaviour 

3. Some questions about the specific problems, e.g. asking about the algorithm to see if the 
students actually learned about it 

4. Which part of the animation helps you learn the most, and why? 

5. What should be improved to make DIVTIC a better tool? 

Knowledge 

Sensory 

Opinion/Values 

The findings from this interview were an invaluable source of information since the 

interviewees had the opportunity to express their views, ideas, feelings, attitudes, etc. in 

their own words. The interviews were taped and transcribed for analysis. 

5.4.4.5 Tutor Semi-structured Interview Form 

The Tutor semi-structured interview form contained five open-ended questions which 

examined tutor attitudes and suggested improvements to DIVTIC. The interviews were 

undertaken during laboratory tests 1 and 2, outside the laboratory. The following table 

(Table 5 .6) shows each question and its kind as described by Patton ( 1990). 

Table 5.6: Tutor semi-structured interview forms 

Question Kind 

1. What do you think about Animated Examples e.g., interface, usability, clarity, user-friendliness, 
and value? 

2. As a tutor, do you like Animated Examples, how and why? 

3. As a student, do you like Animated Examples, how and why? 

4. What other features do you think Animated Examples should have? 

5. Do you have any other comments about Animated Examples? 

Opinion/Values 

Felling 

Opinion 

Opinion/Values 

Opinion/Values 

The findings from this interview enabled the researcher to explore how to improve the 

useability and feasibility of DIVTIC for further implementation and to find out some 

factors that could influence students' use of D IVTIC. This provided invaluable feedback 

since both interviewees were experts in C programming. These interviews were also 

taped and transcribed for analysis. 
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5.4.4.6 DIVTIC Log File 

A cgi script was used to record the subjects' log-in time. A record was kept on a file in 

the database system whether the log in process was successful or not. The log file 

format recorded information including the IP address, date and time, the subject's 

identification and the pages the subject accessed. Each time a subject accessed another 

page, the cgi script would record that activity. Each Log file format was then converted 

to text file format and transferred into an Excel file for the convenience of calculating 

the log-in time as shown in Figure 5.3 . 

Original 
Log File 

Text File 

Excel File 

.@'J b4401490.log · Notepad 1!!100£1 
[le E_dit �earch !:!elp 

203.147 .25.129 - - (19/Sep/2001 :18:34:24 -0400) "GET 
fl:acha/b4401490%0D/Start_run_divtic.html HTTP/1.0" 200 929 "-" "Mozilla/4.0 
[compatible; t.1SIE 6.0; Windows 98)" 
203.147.25.129 - - [19/Sep/2001 :18:34:25 -0400) "GET 
(l:acha/b-4401490%00/DivticOl .swf HTTP/1.0" 200 112 "-" "t.1ozilla/ll.O 
[compatible; t.1SIE 6.0; Windows 98)" 

file E_dit �earch !:!elp 

203.147 .25.129 - - [19/Sep/2001 :18:34:211 -0400) "GET 
fl:acha/b44011190%0D/Start_run_divtic.html HTTP/1.0" 200 929 "-" "t.1ozilla/4.0 
[compatible; t.1SIE 6.0; Windows 98)" 
203.147.25.129 - - (19/Sep/2001:18:34:25 -01100) "GET 
fl:acha/b-44011190%00/DivticOl .swf HTTP/1.0" 200 112 "-" "t.1ozilla/ll.O 
[compatible; t.1SIE 6.0;_ \i\'indows 98f 

� LOGlile_T,me_Excel 1!!100£3 
A F G K 

IP DATE TIME VISITED PAGE

203.147.25.129 19/Se /2001 
1
18:34:24 ll-kacha/b4401400%0D/Start run divtic.html

203.147.25.129 19/Se /2001 118:34:25 !/-kacha/b4401490%0D/Divtic01.swf 
203.147 .25.129 19/Se /2001 18:34:26 V-kacha/b4401400%0Df780-572. swf 

03.147.25.129 19/Sep/2001 118:34:27 j/-kacha/b4401490%0D/lntro.swf
03.147.25.129 19/Se /2001 18:34:38 il-kacha/b4401400%0D/Home swf 

203.147.25.129 19/Se /2001 18:34:47 1/-kacha/b4401490%0D/S llabus.html
203.147.25.129 19/Se /2001 18:34:52 !l-kacha/b4401400%0D/CP1. df 
203.147.25.129 �/Se /2001 

1
_18:34:53 j/-kacha/b4401490%0D/CP1. df

H � � 84400721 94400936 B440U90 84401, 

Figure 5.3: Converting from log file to text file and then to Excel file 

5.4.4.7 DIVTIC Weekly Tasks 

The subjects were required to complete a weekly task sheet by filling in the answers 

before running DIVTIC. The subjects then needed to run an associated animated 

example in DIVTIC and write down the answer. They then compared both answers. If 

the answer to the task was incorrect, they were asked to write some short messages 

explaining why they had made a mistake, e.g., they did not understand the question, 

forgot to increase the counter, and so on. These messages were collected and are 
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discussed in Chapter 6. The weekly task was comprised of two short questions. Each 

question included four parts: 

1 .  Source Code: A given source code for the subjects to go through; 

2. Your Answer: A space provided for the subjects to fill in the answer; 

3 .  DIVTIC System: A duplicate version of 'Your Answer' which was provided 

for the subjects to fill in the answer after watching the associated animation. 

In this case, it was called "Input/Output using scanf ( ) and 

printf( )"; and, 

4 .  Note: A space for the subjects to write down why they did it  incorrectly. 

A sample of problem 1 in weekly task 2 is shown as follow: 

Problem1: From a given code below, please answer the !ollowing questions: 
#include <stdio.h > 
main( X 

char n[16], c: 
int �ge; 
float gpa: 
printf("Nam• : "); 
scant(" "•".n); 
printf('Agt: "): 
scant(' "d'",B.age); 
printf("GPA: '); 
scant(" "1".IIQpa); 
printf('Expe<ted Grado : "); 
scant(' "°'",&,) 
printf("Hi ... "'· ",n) 
printf(Vou are "d years old.'n"',age� 
printf("l'our GPA is "f , ··.gpa): 
printf(">md you have expected "°·'n".c); 
return O; 

I' line 1 •1 
I' line 2 •1 
I' iine 3 •1 
r line 4•1 
I' line 5 •1 
I' line n •, 
I' line 1 •1 
I' line 8 ,,,,, 
I' line g •/ 
r fine 10·1 
r line 1 1 '/ 
/'" line 12 •1 
r ine 1 3 '/ 
r line 14•1 
r 6ne 1 5 '/ 
I' line 11,•1 
I' line 17 "'/ 
r line 1s•1 
I' line 1g a/ 

DIVTIC System 

0 1 :  How many byte does this 
program need to use in memory? 

-------- f---a--,i A1.�' --------

02: If 1he user enteis •somsaW' 
in ineO.  whatwill happen in the 
memory Men using scanlj"' ) in 
line7? 
Kl_· -------

'Mly I was wrong? 

Figure 5.4: An example of problem 1 in weekly task 2 

5.4.4.8 Screen Recording 

02: If fle user enters -somsak' 
In line 6. Mat will happen in the 
memory when using scanlf J in 
line7? 

An associated 
animated example is 
needed to be viewed 
before filling in the 
answer in the DIVTIC 
System part. 

Screen video capture software was used to record the activities of three voluntary 

subjects using DIVTIC for 30 minutes a week. This screen recording enabled the 

researcher to see which part the subjects used the most and how they used them. For 
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example, whether the subjects simply let the animation go through the process without 

interacting with it or whether they interacted with the animation by clicking the buttons, 

e.g. Play, Stop, Step Fo,ward, etc. , on the control menu as they thought through the

process. If the subjects pressed the Go To The End button at the beginning of the

animation process, it was revealed that they were not using DIVTIC to enhance their

learning and understanding. A still sample of a screen recording is given in Figure 5 .5 .

#include<stdio.h> 
#define SIZE 5 
main( ) {  

inJ.,:1[SIZEJ-(2J. S .  S3, 1 .  S I ;  
int i? pau,. temp: 
printf("\nBefor Sortin&: 1; 
T01'{l V: I o/'"  S(J.:t:.: 1l*) I 

printlf"%d •• n!iD; 
fO<(poss= 1 : .,... <= SIZE • 1 ; .,.._) 

fo,(i • O; i <=SIZE · 2; H-){ 
il{n[i] > n{;.iJH 

a,mp - o[;J< 
n[i] :::o:nft+I]; 
n{i+.IJ  • 1.cmp; 

priarft"\nA f\et Soning: .. ); 
fur(i - 0.;. i < SIZE.:. i++) 

printl{"%d ".n[ij); 
� o� 

n(O] n[J] n(2] n[3] n[4] 

Figure 5.5: A sample of screen recording 

5.5 Procedure 

! 

pass tcmp 

, < :;  L Yes. .. Then gel in 1hc loop ....... . 
Inc=• i by I .... i = 3 
i < 5 ? ... Yes ... Theo ge, in 1he loop-...... . 
Jocn.inent i by J .••• i = 4 

�onitor: ()urput 

nl"f;1n: S.nrrm� 2 1 .; ,, 1 

I • ·--

The data collection was conducted at SUT in the second trimester of 2001 starting 17  

September and ending 16  December. The conventional teaching practice of "Computer 

Programming 408 10 1"  included a two-hour lecture in a lecture theatre and a two-hour 

laboratory session which was scheduled after the lecture. 

The first lecture was given on Tuesday, 1 8  September 200 1 ,  in a big lecture theatre 

holding approximately 450 students. The researcher asked the instructor to announce in 

class that the students who registered for laboratory sessions 3 to 10 needed to check for 

- 111 -



CHAPTER 5: RESEARCH METHOD 
I 

their names on the list posted on each laboratory door. Most students stayed in the same 

session for which they had registered. Some changed to a different session but stayed in 

the same time-slot. The details of each week are described as follows. 

Week 1: Flowchart 

In the first week of class the subjects in the experimental group were informed about the 

study. The researcher introduced himself and explained the purpose and importance of 

his research to the students and tutors. The researcher then gave consent forms to each 

of the subjects, asking them to sign it if they agreed to be a part of the research. If 

anyone did not want to take part, they were welcome to go into another session without 

penalty. 

All the selected students agreed to be a part of the research and signed the consent form 

and returned it to the researcher. The researcher distributed passwords, demonstrated 

how to log in, explained how to navigate in the DIVTIC system and highlighted the 

various features available in it. The remaining time was used to complete the weekly 

problem given by the instructor. The researcher's weekly task was not given to the 

subjects in the first week because of insufficient time. The task for week one, the 

Flowchart, was given in the following week. 

Week 2: Data Types & Input/Output 

The weekly task for week one, the Flowchart, and week two, Data Types & 

Input/Output, were given to the subjects at the beginning of the session. The subjects 

were asked to complete them within 45 minutes and use the remaining time to complete 

the instructor's weekly problem. However, the subjects took up to 1 hour 15 minutes to 

complete both tasks. It took more time than expected because it was the students' first 

exposure to the task and they were unfamiliar with DIVTIC. The tutors collected the 

two tasks and handed them to the researcher. 

The researcher asked for three volunteers to be interviewed using the Subject semi­

structured interview form. Each interview was tape-recorded and took about 5 minutes. 

The Tutor observation form was also given to the tutors to complete and return to the 

researcher at the end of the session. The researcher also used the Researcher observation 

form to record his observations. 
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Week 3 :  Operators to Week 6: Arrays 

From weeks 3 through 6 the procedures followed along the same lines: 

• At the beginning of each laboratory session, a weekly task was given to the

students who were allowed approximately 30 to 40 minutes to complete the

task sheet, depending on its level of difficulty. At the same time, the screen

video capture software was used to record the usage of DIVTIC by three

volunteers. Each recording lasted 30 minutes.

• The tutors collected the weekly task, handed it to the researcher and let the

subjects do the instructor's weekly problem.

• Three volunteers were interviewed and each interview took about 5 minutes.

• Tutors completed the Tutor observation form and handed it to the researcher.

• The researcher also completed the Researcher observation form.

The only extra instrument given to the subjects in week 6 was the Self-administered 

questionnaire form. It took about 10  minutes to complete the form. 

Week 7: Review for Midterm 

Two tests were given in this week: laboratory test 1 and the midterm test. Only one 

instrument, the Tutor semi-structured interview form was used. 

Week 8: Pointer to week 10: Structure 

The activities in weeks 8 to 10 were the same as in weeks 3 to 6. The Self-administered 

questionnaire form was given in week 10. 

Week 11 :  Data Files 

Laboratory test 2 was given in this week. Only one instrument, the Tutor semi­

structured interview form was used. 

Week 12: Review for Final Examination 

There were four instruments used in this week including the Tutor observation form, the 

Researcher observation form, the weekly task and the screen video capture software. 

Week 13: Final Week 

In this final week the final examination was given. There was no other activity during 

this week. 
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Overall both the control and experimental groups had the same instruments provided by 

instructor including laboratory test 1, the midterm examination, laboratory test 2, and 

the final examination. The extra instruments for the experimental group, used by the 

researcher, are described in the following table (Table 5 .7). 

5.6 Data Gathering 

The following procedures for collecting the data were enforced: 

• The midterm and final examinations: Midterm and final examinations were

taken in weeks 7 and 13, each worth 30 and 50 points, respectively.

• Laboratory test 1 and 2: Laboratory test one and two were taken in weeks 7

and 1 1 , respectively, and were each worth 10 points.

• The DIVTIC self-administered evaluation questionnaire form: The self­

administered evaluation questionnaire form was given to the subjects in weeks

6 and 10 at the beginning of the session. Then, tutors collected and gave it to

the researcher at the end of that session.

• The Tutor observation form: The tutors were asked to complete the tutor

observation form that included three weekly open-ended questions starting

from week 2 onwards then returning it to the researcher.

• Researcher observation form: The researcher used an observation form to

record the use of DIVTIC by the subjects and the setting up and running of

the DIVTIC system starting weekly from week 2 onwards.
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Table 5.7: Extra instruments using in the experimental group from weeks 1 to 12 

Week 
Instrument 

2 3 4 5 6 7 8 9 10 11 12 

Weekly Task ., ., � ., .., ., ., ., ., 

Researcher observation ., ., � ., ., ., ., ., ., 

Tutor observation .., ., � ., ., .., ., ., ., 

Self-administered Questionnaire form .., ., 

Subject semi-structured interview form .., ., � .., .., ., ., ., 

Tutor semi-structured interview form .., ., 

DIVTIC Log file ., ., � ., ., ., ., .., ., .., 

Screen Video Capture software .., � ., ., ., ., ., ., 
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• The Subject semi-structured interview form: The Subject semi-structured

interview forms were used by the researcher to interview three volunteers

individually from the experimental group during weekly laboratory session

from week 2 until the end except for the weeks 7 and 11 which were the

laboratory test weeks. Each interview took about 5 minutes and was tape­

recorded. To make it easy to transcribe the tape-recording, the researcher

changed the format to record from an analog signal on the tape to a wave file

format (*. wav) which was an audio file format created by Microsoft to be

used primarily on personal computers (Wave File, 2002). However, each file

was still too large and those files needed to be compressed. The MP3 (MPEG-

1 Audio Layer-3) format was chosen as a final version. Each wave file format

was compressed by a factor of 12 in size without losing sound quality

(Watson, 2002).

• The Tutor semi-structured interview form: A Tutor semi-structured

interview form was used to interview both the tutor and instructor in weeks 7

and 1 1. Each interview took about 10 minutes and was tape-recorded.

• DIVTIC log file: When the subjects logged into DIVTIC, the DIVTIC

system read and wrote each subject's log-in time in log files. The log files

kept records of the features visited by each subject. The data from the log files

was collected weekly.

• Screen video capture software: Three voluntary subjects were recorded

every week from weeks 2 to 12. The screen recording was captured in the form

of an audio/video data file (AVI format: Audio Video Interleave).

• The DIVTIC weekly task: The subjects were given a weekly task to

complete at the beginning of a weekly session from weeks 2 to 12, except for

weeks 7 and 1 1. This was collected by the tutors at the end of the session.

There were a total of 9 weekly tasks.

All the interviews were conducted in Thai. These were first transcribed from Thai into a 

word document. Then, with the help from an Educational Consultant & Translator, Ms 

Catherine Samananda, the interviews were then translated into English. Catherine was 

born and raised in Thailand. She has lived in Perth, Western Australia for many years. 

She graduated in Business and holds postgraduate qualifications in Professional 
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Development in Higher Education - UNSW. She is also well qualified and experienced 

in managing the affairs of Interpreting and Translating under the National Accreditation 

Authority for Translators and Interpreters (N.A.A.T.I.). She has conducted courses in 

Thai language and Culture for many tertiary institutions in Western Australia. The 

interview translation took her approximately 30 hours to complete. 

5. 7 Analysis of Data 

All collected data were analysed as follows. 

1. Laboratory tests one and two: Individual scores for each student from both 

groups was entered into Excel spreadsheets for analysis with SPSS. 

2. Midterm and final examinations: Individual scores for each student from both 

groups was entered into Excel spreadsheets for analysis with SPSS. 

3. DIVTIC self-administered evaluation questionnaire form: All 33 questions of 

the Likert scale in part 1 and all questions in part 2 for each student in the 

experimental group were entered into Excel spreadsheets for analysis with 

SPSS. 

4. Subject semi-structured interview form: Each interview was categorised to 

demonstrate major patterns in the descriptive analysis. 

5. Tutor semi-structured interview form: Each interview was categorised to 

demonstrate major patterns in the descriptive analysis. 

6. Tutor observation form: Each Tutor observation form was categorised to 

demonstrate major patterns in the descriptive analysis. 

7. Researcher observation form: Each observation form was categorised to 

demonstrate major patterns in the descriptive analysis. 

8. DIVTIC weekly task: The results of each DIVTIC weekly task for each 

student was recorded and coded for analysis with SPSS. 

9. DIVTIC log in record: Each log-in record for each student in the 

experimental group was inserted into Excel spreadsheets for analysis with 

SPSS. 

10. C WebBoard: Each WebBoard message was categorised to demonstrate 

major patterns in the descriptive analysis. 
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5.8 Reliability and Validity of Data Collection 

Aiken (1997, p. 165) writes that "An instrument must be reliable in order to be valid, 

but it is not necessarily valid because it is reliable." To ensure that the collected data 

was reliable and valid, this study used the technique of triangulation as described in 

Chapter 5 . 1.3. In the social sciences, triangulation used to view of data from more than 

one standpoint (Bums, 1994). For example, this study compared and contrasted the data 

collected from the DIVTIC self-administered evaluation questionnaire form and the 

DIVTIC log file for the time spent in DIVTIC. Multiple questions were also used to 

assess attitudes such as useability, level of enjoyment and some other affective 

variables. Moreover, the collected data from the Tutor observation form was compared 

to the DIVTIC self-administered evaluation questionnaire form which was completed 

by the subjects and was used to support the validity and reliability. Furthermore, tutors 

were asked to walk through and collect the DIVTIC self-administered evaluation 

questionnaire form from the subjects at the end of the session to ensure that each report 

was answered by the individual subject. 

5.9 Ethical Considerations 

In the first class, the researcher explained the reasons for the laboratory sessions and his 

research which sought to explore how students learned introductory computer 

programming courses via the use of a computer-based learning aid, namely DIVTIC. 

The subjects were also informed of the importance of the study and if, for any reason, 

they felt uncomfortable with the study, they would be able to withdraw their consent at 

any time without penalty. 

The privacy of the subjects was a concern for the researcher as Merriam (1998) states 

Interview-whether it is highly structured with predetermined questions or 
semistructured and open-ended-carries with it both risks and benefits to the 
informants. Respondents may feel their privacy has been invaded, they may 
be embarrassed by certain questions, and they may tell things they had never 
intended to reveal. (p. 214) 

To protect the subjects' right of privacy, the data was treated with the strictest 

confidence. The subjects were not identified by name in any reports. The interviews, 

which were transcribed verbatim, were stored on a computer in a private and secure 

location. Furthermore, all data collected will be destroyed 5 years after the completion 
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of the study. Finally, a consent form was given to those subjects who indicted that they 

were willing to be part of the study. 
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Two research questions were proposed in Chapter 3 .  This chapter discusses research 

question 1, while Chapter 7 discusses research question 2. Table 6. 1 shows the question, 

method, data collection, and analysis conducted in answering research question 1 ,  how 

did students use DIVTIC? The intention of this question was to explore how students in

this study used the tool so that findings associated with learning outcomes could be 

understood in relation to students' usage patterns. 

6.1 Question 1 a: Which Components of DIVTIC do Students Use 
and for How Long? 

DIVTIC was comprised of eight components: Syllabus/Lecture notes, Computer 

Structure, Animated Examples, C Compiler, C WebBoard, Self-evaluation, FAQ Pool, 

and C References and Links. Students in this study were divided into three different 

levels according to GPA: low ( 1 . 1 1  to 1.72); average ( 1.78 to 2.22); and high (2.25 to 

3.36). For example, the control group, Group C, included C l ,  C2, and C3 which 

referred to low, average, and high GPA respectively, and the experimental group, Group 

E, was comprised of El, E2, and E3 which also referred to low, average, and high GPA 

respectively as shown in Table 6.2. Dividing the students by their GPA into three levels 

helped the inquiry to explore the different usages among each level. 
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Table 6.1: Data matrix for research question 1 

Research Question 

1. How do students use DIVTIC? 

(1 a) Which components of DIVTIC do students 
use and for how long? 

(1 b) What strategies do students use with 
DIVTIC? 

Method 

(1a) A, G, and I 

(1b) A, B, an G 

Data Collection Data Analysis 

(1a, 1b. 1d) Descriptive 
analysis 

(1 c) What factors influence students' use of 
DIVTIC? 

(1c) A, B, C, D, E ,  
and G 

(1 d) What attitudes do students generate 
towards DIVTIC? 

(1d) A, B, C, and E 

NOTE: 
A: DIVTIC self-administered evaluation questionnaires 
B: Subject semi-structured interviews 
C: Tutors' observations 
D: Researcher's observations 
E: Tutor semi-structured interviews 

(1 a, 1 b) Collect students' 
attitudes and performances 
data from A (weeks 6 and 1 0) 
and G, and I (weekly) 

(1  c ,  1 d )  Collect data relating to 
the effects of using DIVTIC 
from A (week 6) and E (weeks 
7 and 11) and B, C, D, and G 
(weekly) 

(1c) Qual�ative 
analysis to identify 
patterns in 
improvement towards 
DIVTIC 

F: Lab test 1 and 2, Midterm and final examinations 
G: Screen recording 
H: DIVTIC weekly task 
I: DIVTIC log file 



The methods used to collect data to answer the first research question included the 

DIVTIC self-administered evaluation questionnaires, screen recordings, and DIVTIC 

log files. The use of each method is described in more detail below: 

• The DIVTIC self-administered evaluation questionnaire form: This form

was used twice, in weeks 6 and 10. It contained three parts: ( 1 )  questionnaire,

(2) checklist, and (3) open-ended question. The questionnaire was comprised

of 1 1  scales using a five-point Likert rating scale which questioned the 

students' perceptions of the impact of DIVTIC on their higher-order thinking, 

confidence, motivation, user friendliness, enjoyment, interest, level of 

boredom, useability, clarity, collaboration, and experience. Each scale was 

comprised of three questions which questioned aspects of the same element. 

The checklist part was comprised of three categories to explore: (a) how 

often, (b) what strategies, and (c) when the students used DIVTIC. The open­

ended question was related to other potential problems in using DIVTIC. 

However, only category (a) in Part 2 of the checklist questions, How many 

times have you used the following components of DIVTIC in the previous two 

weeks?, was used to answer this question. The statistics software application, 

SPSS, was used to calculate frequency distributions. 

• Screen recordings: Screen video capture software was used to record the

activities of three students using DIVTIC for approximately 30 minutes each

week starting from week 3 extending through to 12, excluding weeks 7 and

1 1 , in which the laboratory tests 1 and 2 were given, respectively. In total,

there were 24 screen recordings, including five students with low GPA, seven

students with average GPA, and 12 students with high GPA. These screen

recordings were used to explore which components in DIVTIC students used

and for how long. At the beginning of each laboratory, three students were

asked to volunteer to use the screen video capture software to record their

screen while they were using DIVTIC. The weekly task was also given to the
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Table 6.2: Number of students from both groups in three different GPA levels 

Group 

Control 

Experimental 

Low GPA 
1.11 -1.72 

16 

16 

Average GPA 
1.78-2.22 

17 

17 
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High GPA 
2.25-3.36 

17 

17 
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students at the beginning of the laboratory. Therefore, students needed 

approximately 10 to 15 minutes to complete the weekly task and then they 

would log into the DIVTIC system to play the relevant animation for the 

weekly task. This was expected to last from 15 to 20 minutes. 

• DIVTIC log files: The log-in files were recorded and updated onto the

database on a weekly basis starting from weeks 2 through to 11. At the end of

the study, all the log-in files were put together into one big file and separated,

using a perl script, into several files by using the students' ID as a name for

each file.

To answer the research question, Which components of DIVTIC do students use and for 

how long?, the following discussion describes students' usage patterns with DIVTIC 

components and students' time spent with DIVTIC, and it examines any patterns and 

relations which appeared to exist. 

6.1 .1 Level of Students' Usage of DIVTIC Components 

In relation to the frequency of use of each component in the DIVTIC system from 

weeks 2 through to 10, the following discussion explores patterns and themes that 

emerged from the findings and in particular from the students' different learning 

abilities based on their GPA scores. As indicated earlier, DIVTIC was comprised of 

eight components. The features of each component are described below and followed by 

a table containing the frequency of use, an explanation and an analysis. A summary is 

provided and conclusions are drawn at the end of each section. 

• Use of syllabus/lecture notes

The syllabus/lecture notes component included a set of course materials and relevant 

information as described in Section 4. 1. 1 It aimed to provide a self-regulated learning 

environment by allowing students to manage their own time and their own knowledge 

development. Students could get all information relating to the course from this source. 

It was expected that this would help students to save a lot of time gathering the 

information they needed and encourage them to visit other components having already 

logged into the DIVTIC system. 
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Table 6.3 shows that in week 6, the majority of the students (63.3 percent) reported 

using the syllabus/lecture note component one to three times in the previous two weeks, 

seven students (23.3 percent) reported using it four to six times, one student (3.3 

percent) reported using it more than 10 times, and three students (10 percent) reported 

not using it at all. However, in week 10 the majority of the students (46.2 percent) 

reported using this component one to three times, four students ( 15.4 percent) reported 

using it four to six times, four students (15.4 percent) reported using it 7 to 10 times, 

two students (7.7 percent) reported using it more than 10 times, and four students (15.4 

percent) reported not using it at all. 

The results show that the students were more likely to use the syllabus/lecture notes 

towards the end of the course than they were at the start. Some possible explanations of 

this may have come from the fact that students appeared to have more confidence in 

using DIVTIC as they progressed in the course leading them to know that some 

information was available on the web site for their inquiry. The results also revealed 

that few students did not use the syllabus/lecture notes at all. An interesting observation 

was that the majority of these students, who did not use this component at all, had a 

high GP A. It appeared that the syllabus/lecture notes were perceived to be of minimal 

value among students with a high GPA while they seemed to be beneficial for those 

students who had a low or average GP A. A possible explanation for this may have been 

that the students with a high GP A did not need such information from this component 

since they could receive this information in the classroom from their teachers. On the 

other hand, the students with a low or average GP A may not have been able to acquire 

all information provided in the classroom. Thus, these students may have needed to 

acquire some further information at their own pace. 

The results show that a total of 18 students responded in both weeks 6 and 10, among 

whom were five students (27.77 percent) who used it less, eight students (44.44 percent) 

who used it consistently, and five students (27.77 percent) who used it more so toward 
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Table 6.3: 
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I

Frequency use of Syllabus/Lecture Notes from Self-administered evaluation questionnaire 

Topic N Missing Week 
Time (s) used in Previous Two Weeks 

0 1-3 4-6 7-10

39 13 6 
3 19 7 

Syllabus/Lecture Notes 
(10%) (63.3%) (23.3%) 

4 12 4 
39 13 10 

(15.4%) (46.2%) (15.4%) 

0 
(0%) 

4 

(15.4%) 

> 10 

1 
(3.3%) 

2 
(7.7%) 
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the end. The students with a low GPA used this feature more than those students with an 

average or high GP A. 

• Use of computer structure

The computer structure component was designed to include the animated illustration 

that would give novice students an overview of the basic structure of a computer and 

provide students with the opportunity to familiarise themselves with the overall 

functioning of a computer, as described in Section 4. 1 .2. This feature would allow 

novice students to navigate through the animation of each part of the computer, its 

description and detail. Novice students might gain more confidence from using this 

feature which could lead them to use other components of DIVTIC as well. 

Table 6.4: Frequency use of Computer Structure from Self-administered evaluation questionnaire 

Table 6.4 shows that in week 6, there were four students ( 12.9 percent) who reported 

not using the computer structure component at all in the previous two weeks, 18 

students (58. 1 percent) reported using it one to three times, six students (1 9.4 percent) 

reported using it four to six times, two students (6.5 percent) reported using it 7 to 10 

times, and one student (3.2 percent) reported using it more than 10 times. However, in 

week 10 there were four students ( 15.4 percent) who reported not using this component 

at all, 18 students (69.2 percent) reported using it one to three times, one student (3.8 

percent) reported using it four to six times, two students (7.7 percent) reported using it 7 

to 10 times, and one student (3.8 percent) reported using it more than 10 times. 

From week 6 to week 10, there was no change in the number of the students who did 

use and who did not use the computer structure component. This component was 

designed to help students as a guide to understanding some basic concepts of computer 

structure. There were a total of 19 students who responded in both weeks 6 and 10. Of 

these students, there were nine students (47.37 percent) who used it less in week 10 than 

week 6, eight students (42. 1 1  percent) used it consistently between the two tests, one 

student (5.26 percent) did not use it at all, and one student (5.26 percent) used it more 

toward the end. The results showed that this component provided more useful 
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Topic N Missing Week 
Time (s) used in Previous Two Weeks 

0 1-3 4-6 7-10 

39 8 6 
4 18 6 2 

Computer Structure 
(12.9%) (58.1%) (19.4%) (6.5%) 

4 18 1 2 
39 13 10 

(15.4%) (69.2%) (3.8%) (7.7%) 

> 10 

1 
(3.2%) 

1 
(3.8%) 
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information at the beginning of the course but was less important to students as the 

course progressed. A possible explanation was that as the students came to understand 

the basic concepts of computer structure, their use of this component was seen to 

decrease. 

However, the results also revealed that there was one student who used this component 

more toward the end. A possible reason behind this increment could be that this student, 

who had a low GP A, did not know about the feature in the first weeks of the course and 

only discovered it as the course progressed. In addition, the student with an average 

GPA was the only one who did not use this component at all. A possible reason could 

be that this student may have come with some basic knowledge of computer structure or 

that he or she may have not noticed this existing component. The maximum use, more 

than 10 times, was by those students with an average GPA in week 6 and a high GPA in 

week 10. Overall, these results seemed to suggest that the students with an average or 

high GPA had more motivation than those with a low GPA. A possible reason could be 

that these students, with an average or high GP A, may have had more time to browse 

because they found the question problems less difficult and took less time to complete 

them. 

• Use of animated examples 

The animated examples component was a set of animation examples which students 

would interact with by clicking on the control buttons as described in Section 4. 1.3. The 

animations would guide students through each step of program execution. A marker was 

used to animate each line throughout all segments of each line of the program. This 

component, which was planned to be the main function of the DIVTIC system, would 

encourage students to be active learners by enabling them to construct their own 

knowledge. Students would be given a weekly task at the beginning of each laboratory 

session and they would be asked to use this component after completing the weekly task 

to check their answers by watching a specific animation stated on the weekly task. This 

was to ensure that all students had used this component in every single week. Students 

would probably navigate through additional animation examples other than the required 

one. This would lead them to be active learners. 
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Table 6 .5 shows that in week 6, there were 13  students (41 .9 percent) who reported 

using the animated example component one to three times in the previous two weeks, 

nine students (29 percent) reported using it four to six times, five students ( 1 6. 1  percent) 

reported using it 7 to 10 times, and four students (29 percent) reported using it more 

than 10 times. However, in week 10 there were 14 students (45.2 percent) who reported 

using this component one to three times, five students ( 16 . 1  percent) reported using it 

four to six times, six students ( 19 .4 percent) reported using it 7 to 10 times, and six 

students ( 19 .4 percent) reported using it more than 10 times. 

The results show that the number of students using this component gradually increased 

from weeks 6 to 10, except for those students who reported using it four to six times, in 

which the number of students decreased from 9 to 5. There were a total of 24 students 

who responded in both weeks 6 and 10 among whom eight students (33.33 percent) 

used it less, 10 students (41 .67 percent) used it consistently, and six students (25 

percent) used it more toward the end. The results also show that all students used this 

component. Similarly, the results corresponding from the screen recording also 

indicated that this component was used the most. These findings provide some evidence 

of the usefulness of this component. Some possible explanations for the usage patterns 

observed were that they were asked to use this component to check their answer as a 

part of a requirement for using DIVTIC, that the students enjoyed using this component 

to enhance their understanding, or that this component was the only component that was 

designed to incorporate an animation of a step-by-step visualisation of program 

execution. 

The students who most used the animated example component, were those who used 

them more than seven times. These were the students with an average or high GPA in 

week 6. On the other hand, in week 10 the results show that the majority of the students 

who used this section more than seven times were those with a low GP A. This finding 

seemed to suggest that the students with a low GPA were likely to make slow progress 
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Frequency use of Animated Examples from Self-administered evaluation questionnaire 

Topic N Missing Week 
Time (s) used in Previous Two Weeks 

0 1-3 4-6 7-10 

39 B 6 
0 13 9 5 

Animated Examples 
(0%) (41.9%) (29.0%) (16.1%) 

0 14 5 6 
39 B 10 

(0%) (45.2%) (16.1%) (19.4%) 

> 10 

4 

(12.9%) 

6 
(19.4%) 
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in learning and generally started using the animated example component towards the 

end of the course. These students may have found the latter parts of the course more 

difficult and needed DIVTIC to help them. Alternatively, it may have been that the 

students slowly began to realise the usefulness of these tools as the course progressed 

and made more use of these resources to support their learning toward the end of the 

course. 

Another interesting pattern came from the screen recording usage data which showed 

that the majority of the students who played and watched the animation twice or more 

with interaction were students with a high GP A. This pattern seemed to suggest that the 

students with a high GP A enjoyed using DIVTIC as a learning tool by interacting and 

watching the animation more than those with a low or average GPA during the 

laboratory session. Some possible explanations for the observed patterns of usage 

observed were that students with a high GPA may have made fast progress in learning, 

as expected, so that they were able to complete the animation process and start it over 

again. 

• Use of C compiler

The C compiler component is a step-by-step animation that was designed to provide 

information on how to use a C compiler. It aimed to help students become familiar with 

the C compiler. This feature would save students' time spent figuring out how to use the 

C compiler by providing each keyword and its associated description, together with a 

simple C source code along the way, as a hint to encourage each student to write their 

first simple program. Students would appreciate this feature as it could help them make 

faster progress in learning to program such as understanding how to use C compiler, 

running and saving the code, etc. Novice students would not have to spend time 

gathering information and studying it by themselves. 

Table 6.6: Frequency use of C Compiler from Self-administered evaluation questionnaire 

Table 6.6 shows that in week 6, there were two students (6.5 percent) who reported not 

using the C compiler component at all in the previous two weeks, 20 students 
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(64.5 percent) reported using it one to three times, seven students (22.6 percent) 

reported using it four to six times, one student (3 .2 percent) reported using it 7 to 1 0  

times, and one student (3 .2 percent) reported using it more than 10  times. However, in 

week 10, there were three students ( 10.7 percent) who reported not using this 

component at all, 1 5  students (53 .6 percent) reported using it one to three times, eight 

students (28 .6 percent) reported using it four to six times, one student (3.6 percent) 

reported using it 7 to 10 times, and one student (3 .6 percent) reported using it more than 

10  times. 

The results show that there was a big drop in the number of the students who used the C 

compiler component from 20 (64.5 percent) in week 6 to 15  (53.6 percent) in week 10 .  

This appeared to indicate that this component was seen to be more useful to students' 

learning at the beginning as expected. In week 6, there were only two students, with an 

average or high GP A, who used this component more than seven times. On the other 

hand, there was one student with a low GPA who used this component between 7 to 1 0  

times and one student with an average GPA, different from the one in week 6,  used it 

more than 10  times in week 1 0. 

There were a total of 2 1  students who responded in both weeks 6 and 1 0  among whom 

six students (28.57 percent) used the C compiler component of DIVTIC less, 1 3  

students (6 1 .9 percent) used it consistently, and two students (9.53 percent) used it more 

toward the end. The results appeared to suggest that the students used this component 

consistently from the beginning toward the end of the course. They also seemed to 

suggest that the students were satisfied with the feature of this component as they did 

have an opportunity to acquire some information that helped them understand the 

features or options of the C compiler environment. They may have found that they 

could save a lot of time by navigating through this component rather than searching 

other sources. 

• Use of C WebBoard

The C WebBoard component was designed for students to communicate with their 

peers. This feature would encourage individuals to share and change their ideas (Hsi, 

1997) and lead them to discover, analyse, synthesise, and evaluate each other' s ideas 

(Gokhale, 1995; Norman & Sphorer, 1996). Students would also be able to post 
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questions and receive answers via this feature. Moreover, it would enable students to 

participate in collaborative learning which is a significant factor of student learning. 

Students with learning difficulties could get some help from this feature by posting their 

programming problems and waiting for their peers to respond with answers. On the 

other hand, good students with a high ability in learning could share their experiences, 

giving some hints or tips on how to write programming code. This feature would act as 

a channel for students to exchange information, either when they were physically apart 

or when they were perhaps too shy to ask questions in front of others in class. This 

feature would lead them to learn more effectively by facilitating collaboration and the 

sharing of ideas and programming tactics. 

Table 6.7: Frequency use of C WebBoard from Self-administered evaluation questionnaire 

Topic N Missing Week 
Time (s) used in Previous Two Weeks 

0 1-3 4-6 7-10 

39 8 6 
12 15 4 0 

(38.7%) (48.4%) (12.9%) (0%) 
CWebBoard 

39 12 10 
8 14 5 0 

(29.6%) (51.9%) (18.5%) (0%) 

> 10

(0%) 

0 
(0%) 

Table 6.7 shows the results from the Self-administered evaluation questionnaire form. 

These results were discrepant to the results from the log-in records as shown in Figure 

6.1 in which all students (100 percent) had used the animated example component while 

no one used the C WebBoard at all during the entire study. 

100.00''lo 

90.00% 

80.00% 

70.00% 

60.00% 

50.00% 

40.00% 

30.00% 

20.00% 

10.00% 

DIVTIC Component 

Figure 6.1: The usage of each component of DIVTJC from log files 

CSyllabus 

• Computer Structure

CAnimated Example 

a·c· Compiler 

•·c· WebBoard 

a Self-Evaluation 

•FAQ Pool 

a •c• References & Links 

The results revealed that the majority of the students were not using the WebBoard as a 

channel to communicate with their peers. Some possible explanations for the patterns of 
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usage observed were that students did not want to waste their time in using this 

component since they could discuss face-to-face with their peers during the laboratory 

session. Likewise, the results may indicate that they may have had no time to get 

involved with this component because they were busy in using other components such 

as the animated example component. 

However, the log-in record data was more reliable as it provided a record of the times 

when the students visited the page. Therefore, the findings concluded that there was no 

activity for use of the WebBoard component at all during the entire study. It was a big 

surprise that students had not used this component at all. Furthermore, it was impossible 

to find out why the students had given false information about this in the evaluation 

form. The students should have noticed by week 10 that they had not used the C 

WebBoard at all. Some possible explanations may have come from the fact that students 

may have thought other students used it so they just simply gave a false answer to 

please their teacher. In Thai culture, it is important to respect the teacher. Perhaps 

students were used to the traditional teaching and learning style, behaviorism, and not 

familiar with the new teaching and learning style, constructivism, which encourages 

them to be active learners. 

The results also revealed that more than 90 percent of the students used the 

syllabus/lecture notes and animated example components. Approximately, 70 percent of 

the students used the computer structure, C compiler, and self-evaluation components. 

The use of the C references and links component was at 56.41 percent while the FAQ 

Pool component was only 48.72 percent. One possible strategy to increase the use of the 

WebBoard would be to include a programmed topic discussion. The WebBoard 

probably needed more planned activities such as weekly discussion topics linked to the 

weekly tasks. 

• Use of self-evaluation

The self-evaluation component was designed to allow students to test their own 

understanding. It was comprised of a set of multiple-choice questions which covered all 

topics. It provided dynamic feedback when students clicked on an answer, thus 

encouraging the learning process (Alam & Renci, 1998). This feature was intended to 

increase students' motivation to test their own understanding of each topic and to 
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provide them with dynamic feedback while using this component. Students would gain 

understanding and confidence by testing their knowledge with this feature at their own 

pace and in their own time. 

Table 6.8: Frequency use of Self-evaluation from Self-administered evaluation questionnaire 

Table 6.8 shows that in week 6, there were 1 1  students (39.3 percent) who reported not 

using the self-evaluation component at all in the previous two weeks, 13  students (46.4 

percent) reported using it one to three times, two students (7. 1 percent) reported using it 

7 to 10 times, and no one reported using it more than 10 times. However, in week 10, 

there were eight students (32.0 percent) who reported not using this component at all, 12 

students (48.0 percent) reported using it one to three times, four students ( 16.0 percent) 

reported using it approximately four to six times, one student (4.0 percent) reported 

using it 7 to 10 times, and no one reported using it more than 10 times. 

As the number of the students who used this component was stabilised from weeks 6 to 

10, it seemed that students did engage in using this component. The majority of the 

students used this component approximately one to three times. There were only four 

students, one with a high, two with an average, and one with a low GPA, who used this 

component between 4 to 10 times in week 6, in which the students with a low or 

average GPA used this component the most. There was also an indication of a repeated 

pattern in using this component from one student with a low GPA who used it for 

approximately the same amount of time throughout the course. The rest of the students, 

one with a high and two with average GPA, did not respond in week 10. This fact seems 

to suggest that students were more likely to test their abilities once they had learned 

more and gained more or sufficient knowledge. 

A total of 16 students responded in both weeks 6 and 10 among whom, three ( 18.75 

percent) used this component less in week 10 than in week 6, six (37.5 percent) used it 

consistently between the two tests, four (25 percent) did not use it at all, and three 

( 18.75 percent) used it more toward the end. The four students who did not use this 

component at all included three students with a low GPA and one student with an 
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average GP A. This finding appeared to suggest that students with a low GPA were less 

likely to use this component to test their understanding. A possible explanation may 

have come from the fact that these students appeared to have a difficult time in 

understanding the programming concepts. They may not have wanted to waste valuable 

time by doing tests which they knew would indicate their lack of knowledge. Likewise, 

this finding may indicate that these students may not have known about this feature. 

Perhaps the students' focus was based on trying to understand the concepts rather than 

testing their full understanding. 

• Use of FAQ pool

The FAQ pool component contained frequently asked questions (FAQs). This feature 

was designed to provide students with answers to common questions that other peers 

have asked. This aimed to be a first point of reference for students when they had a 

question. Students would be able to access this feature at their own pace and in their 

own time. It was expected that most of the time, students would get the answer they 

needed to make progress in their learning. 

Table 6.9: Frequency use of FAQ Pool from Self-administered evaluation questionnaire 

Table 6.9 shows that in week 6, there were 16 students (55.2 percent) who reported not 

using the FAQ Pool component at all in the previous two weeks, 12 students ( 4 1.4 

percent) reported using it one to three times, one student (3.4 percent) reported using it 

four to six times, and no one reported using it more than six times. However, in week 10 

there were 12 students (48.0 percent) who reported not using this component at all, nine 

students (36.0 percent) reported using it one to three times, four students ( 16.0 percent) 

reported using it four to six times, and no one reported using it more than six times. 

As the level of use of this component was very low, between one to three times in week 

6, the students used this feature less than expected. Some possible explanations may 

come from the fact that students may not have had any chance to navigate through this 

component because of the limited time allowed in the laboratory session, or that they 

did not notice this feature. The results also showed that there was only one student with 
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a high GPA who used this component between four to six times in week 6. The majority 

of the students, who used this component between four to six times in week 10, were 

those with an average or high GPA. 

There were a total of 17 students who responded in both weeks 6 and 10 among whom, 

two ( 1 1.76 percent) used the FAQ Pool less in week 10 than in week 6, three ( 17.65 

percent) used it consistently between the two tests, seven ( 4 1 . 18 percent) did not use it 

at all, and five (29.41 percent) used it more toward the end of the course. The results 

showed that this component held the highest number of students who did not use this 

feature at all. The majority of the students, who used it the most, were those with a high 

GP A. This finding seemed to suggest that either students with a low GPA did not pay 

enough attention to this feature or that they did not know it existed. 

• Use of C references & links

The C references & links component was designed to assist students in advancing their 

knowledge by searching for relevant information on the World Wide Web. This feature 

provided useful URL links from a history of C programming language to an advanced C 

source code. The different element in the C information component were considered be 

useful for students with different learning abilities because they could go to any link to 

suit their needs. This feature was intended to encourage students to become active 

learners by providing them with an opportunity to search for anything of particular 

interest. 

Table 6.10: Frequency use of C References & links from Self-administered evaluation questionnaire 

Table 6 .10 shows that in week 6, there were six students (20.0 percent) who reported 

not using used the C references and links component at all in the previous two weeks, 

18 students (60.0 percent) reported using it one to three times, four students (13.3 

percent) reported using it four to six times, two students (6.7 percent) reported using it 7 

to 10 times, and no one reported using it more than 10 times. However, in week 10, 

there were 14 students (53.8 percent) who reported not using this component at all, eight 
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students (30.8 percent) reported using it one to three times, four students ( 15.4 percent) 

reported using it four to six times, and no one reported using it more than six times. 

As the number of students who used this component decreased from weeks 6 to 1 0, this 

result appeared to suggest that students may not have relied upon consulting this 

external help mechanism as time progressed. One student with a low GP A used the 

references and links component from 7 to 10  times in week 6 and this student still used 

it a few times towards the end. These usage patterns seemed to suggest that this 

component was useful to the students throughout initial weeks but less so as the course 

progressed. 

A total of 19  students responded in both weeks 6 and 10  among whom 1 0  (52.63 

percent) used the references and links component less in week 1 0  than in week 6, four 

students (2 1 .05 percent) used it consistently between the two tests, four students (2 1 .05 

percent) did not use it at all, and one student (5 .26 percent) used it more toward the end. 

The students, who consistently used this component, were those with an average or high 

GP A. There was only one student with an average GP A, who used it more toward the 

end of the course but did not use this component in the first weeks. The results showed 

that students did not use this component toward the end of the course. Possible 

explanations may be that students already had such a difficult time in learning 

programming that they did not have time to search for any more information outside the 

classroom or, perhaps students had a difficult time finding useful information to solve 

their particular problems thus decreasing their use of the reference and links section. 

• Conclusion to level of students' usage of DIVTIC components

The students were more likely to use all DIVTIC components except the C WebBoard 

as results from the log-in records showed that no one had visited the C WebBoard 

component at all during the entire study. Figure 6.2 (same as Figure 6. 1 )  shows the 

percentage of total use for each component. 
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Figure 6.2: Total use for each component of DIVTIC from log files 
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Every component was used: the C WebBoard had the least use while the animated 

examples had the most use. The use of animated examples was highest, as expected, 

because students were mandated to use this component in every single laboratory 

session after they finished the weekly task. On the other hand, the FAQ Pool was not 

obligatory as students had the opportunity to navigate through any component they 

wanted in their own time and leisure. Perhaps students did not use the C WebBoard to 

post their enquires as they already had time to discuss problems face-to-face with their 

peers in the laboratory session. Many students never visited this component. They 

seemed too shy away from posting their enquires on the web or even using information 

from this component. 

6.1.2 Level of Students' Time Spent with DIVTIC Components 

All usage of DNTIC was recorded into log files. The following figure (Figure 6.3) 

shows the time each user spent using DNTIC from weeks 2 to 11. The minimum log-in 

time was 3 minutes, the maximum was 1304 minutes, and the average was 357 minutes. 
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Figure 6.3: Time spent using DIVTIC for each user 

• 
S u b je c t  

The longest log-in time was for 21 hours and 44 minutes by a student with an average 

GP A. This student normally logged into the DIVTIC system outside the laboratory 

session. However, there was no evidence to show that this student had forgotten to log 

out. Each log in showed this student's movement from one page to another. The second 

longest log-in time lasted for 1 1  hours and 2 minutes by a student with a high GP A. 

This was a big jump from the first longest one. A possible explanation for this matter 

was that the first longest log-in time was done gradually and consistently outside and 

inside the laboratory session and the second longest log-in time was done by the student 

with a high GP A who may have taken less time to understand the material from the 

DIVTIC system. The following figure (Figure 6.4) shows the total log-in time of all 

students in each week from weeks 2 to 1 1 .  
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Figure 6.4: Time spent using DIVTIC each week 

4 5 6 7 

Weeks 

8 9 1 0  1 1

- 1 35 -



..-------------------------- CHAPTER 6: RESEARCH QUESTION 1 l 

Figure 6 .4 shows that time spent using DIVTIC in week 4 had obviously dropped from 

week 3 .  This was unexpected. The topic in week 4 was all about control statements, 

which was a difficult topic and more time consuming than previous topics. This seemed 

to be the reason why the log-in time in this week obviously went down. However, the 

log-in times in weeks 5 and 6 had increased sunstantially from week 4 although the 

materials were getting more and more complex in concept. Students may have become 

familiar with DIVTIC by now and wanted to use it to help them in their learning 

process. The log-in times in weeks 7 to 1 1 ,  rapidly decreased as the course progressed. 

This was expected as the students had most trouble overcoming difficulties in their 

learning progress, weekly task, and weekly problem. These findings seem to suggest 

that students would use DIVITC less when they came to a stage where they could not 

comprehend a difficult topic. 

The following figure (Figure 6.5) shows an overview of the log-in time for each group 

of students based on their learning abilities. 
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Figure 6.5: The weekly time spent using DIVTIC of students with a low, average, or high GPA 

-•-Low GPA 

-- Average GPA 

-tr- High GPA 

Figure 6.5 shows that the longest average log-in time during the first weeks was from 

the students with a low GP A. This was an expectation from the study which specifically 

aimed at helping students with a low ability to learn. The students with a low GP A 

seemed to use DIVTIC more than others, gradually increasing during the entire study, 

except in week 1 where the students with a high GP A used it a little bit longer and in 

week 4 where the students with an average GPA had used it more. These results seemed 

to suggest that students with low GPA needed more help with their learning. 
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Figure 6.6 show that the highest frequency of log-ins occurred during the first half of 

the study from weeks 2 to 6. The majority of these students had a low GP A. The results 

seemed to suggest that students with a low GPA found DIVTIC more useful in helping 

them understand the concepts and in preparing for the test. The log-in time was less in 

the second half of the study from weeks 7 to 1 1  as all students used DIVTIC less as the 

course progressed. A possible explanation for the patterns of usage observed were that 

all students may have encountered learning difficulties as the course progressed and the 

learning materials became more complex. 

The first time the students' logged in, there were 12  students (30.77 percent) who 

logged into the syllabus/lecture notes component. There were nine students (23 .05 

percent) who went to the computer structure component and eight students (20.5 1 

percent) who went to the animated examples component. The rest of the students (25 .67 

percent) went to other components including the FAQ Pool, the C compiler, and the 

self-evaluation. This pattern seemed to suggest that the information such as a course 

outline, lecture notes, samples, etc. in the syllabus/lecture notes component was all 

necessary information that should not be excluded from the web site. The basic 

computer structure also appeared to be an important function for the students as it 

indicated to be a second most-often-used component in the first log-in time. The results 

suggested that the students appeared to gain some benefits from providing this 

information because they could access at their own time and pace. The students 

appeared to be satisfied with these provided resources. 

The students used all the components of DIVTIC except for the WebBoard. However, 

the results show that there were only three major components which the students used 
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frequently throughout the study. These were the animated example, the syllabus/lecture 

notes, and the self-evaluation components. The students spent most of the time in using 

the animated example component while there was no student who spent time in using 

the WebBoard. The second most-often-used component was the syllabus/lecture notes 

component and the third one was the self-evaluation component. 

The results show that the syllabus/lecture notes component appeared to be useful and 

more important towards the end of the course as students progressed and came to know 

that this section provided some relevant information for their inquiry. On the other 

hand, the results also showed an opposite pattern for the use of the computer structure 

and the C compiler components of DIVTIC. Students appeared to use these components 

less as the course progressed. The students with an average or high GP A appeared to 

use this component more than those with a low GP A. These components, however, 

appeared to be useful only for the first weeks of the course. Once the students 

understood basic computer structure and the features available in C compiler, they 

tended to use it less. 

The average frequency of the use for the animated examples component was the highest 

one and used up to 252 minutes, the syllabus/lecture notes component was 50 minutes, 

and the self-evaluation component was 39 minutes. The average use for the C compiler 

component was 6 minutes, the computer structure component was 4 minutes, the FAQ 

Pool component was 3 minutes, and the C references and links component was 2 

minutes as shown in Figure 6.6. The high levels of use of the animated examples 

component was expected as it was designed as a major feature of the DIVTIC system. 

50 

OtVTIC Component 

Figure 6.7: The average time use for each component of DIVTIC from log files 

D Syllabus/Lecture Notes 

•computer Structure 

a Animated Examples 

a ·c· Compiler 

• ·c· WebBoard 

D Seid-evaluation 

• FAQ Pool 

D 'C' References & Links 

- 1 38 -



CHAPTER 6: RESEARCH QUESTiON 1 l 

The following table (Table 6.11) shows the components students used and time spent 

using each component of DIVTIC as demonstrated by data collected from the screen 

recordings. 

Table 6.11: Component use and time spent from screen recording 

Data taken from the screen recordings revealed that there were only two components, 

the animated example and syllabus/lecture notes components, being used when this data 

was collected (Table 6.11 ). Within the screen recordings, there were 24 students ( 100 

percent) who used DIVTIC with an average of 26.40 minutes, which was over the 

expected average of between 15 to 20 minutes. There were only two students (8.33 

percent) who used the syllabus/lecture notes component with an average of 2.70 

minutes. There were also eight students (33.33 percent) who used other programs or 

links including C IDE (Integrated Development Environment, three students), Yahoo 

web site (one student), Karaoke web site (one student), and Thai Dictionary program 

(three students) while they were using DIVTIC. The average of the use of other features 

was 4.02 minutes. 

The results appeared to verify that during the laboratory session, the animated example 

component was used the most. This was as expected since the students were asked to 

run the relevant animation inside the animated example component to check their 

answers. However, some unexpected results were also discovered, for example, there 

were also two students who searched and did something else beside the relevant 

learning activities. One of them who had an average GPA went to the Yahoo web site to 

read and send e-mail while another one who had a low GPA went to a Karaoke web site. 

Two students who both had a low GPA used the syllabus/lecture notes component. The 

students with a low GP A seemed to need more information on course materials than 

those with an average or high GP A. The students with an average and high GPA used a 

Thai dictionary program alongside the use of DIVTIC. This seemed to indicate that 

these students had more motivation in acquiring new knowledge through the use of 

other media or software. Three students who chose to see the output without watching 
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the entire animation were at all different levels: low, average, and high GP A. These 

recordings were undertaken for the first time in week 3 .  However, the following weeks 

showed that all students used DIVTIC by watching the entire animation with and 

without interacting with the animations. Nobody jumped immediately to the end to see 

the output as happened in week 3, the first week of recording. A possible reason for this 

may have been that the students felt more likely to use DIVTIC by either watching or 

interacting with the animation process. They may have felt that the animation process 

helped them to learn how to program in a more effective way. 

On the other hand, by watching the students use DIVTIC from the screen recordings, it 

appeared that students with a low GPA did not pay enough attention to DIVTIC. In the 

first week of recording in week 3, one student went to use an e-mail program rather than 

using DIVTIC. These students with a low GPA seemed to learn only from whatever 

information or materials were provided by the teacher without gathering any further 

knowledge from other sources. However, interactions increased towards the end of the 

course when students tended to play and interact more with DIVTIC. The students with 

a high GPA appeared to have more interactions than those with an average or low GP A. 

In addition, there were 1 1  students who navigated through other animations beside the 

suggested ones. These students had a majority with an average or high GP A. This result 

appeared to suggest that students with a low GPA seemed to have less motivation than 

those students with an average or high GPA or that they may have already faced 

learning difficulties and had no time to navigate to other animations beside the 

suggested ones. 

• Conclusion to students' time spent with DIVTIC

The longest log-in time lasted for 2 1  hours and 44 minutes by a student with an average 

GPA. This student normally logged into DIVTIC outside the laboratory session. Each 

log in of this student showed movement in activities from one page to another. The 

second longest log-in time lasted for 1 1  hours and 2 minutes by a student with a high 

GP A. While these results are inconclusive, the results coupled with other data seemed to 

suggest that students with a low GPA found DIVTIC useful in helping them understand 

more about the concepts and as well as helping them to prepare for the test. 
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The animated examples component was the highest used with up to 252 minutes of use; 

the syllabus/lecture notes component was 50 minutes; and the self-evaluation 

component was 39 minutes. The average for using the C compiler component was 6 

minutes; the computer structure component was 4 minutes; the FAQ Pool component 

was 3 minutes; and the C references and links component was 2 minutes. From the 

screen recording, there were only two components, the animated example and the 

syllabus/lecture notes components, in the DIVTIC system that were used. A total of 24 

students ( 100 percent) used the animated examples component with an average of 26.40 

minutes, which was over the expected average of between 15 to 20 minutes, while two 

students used the syllabus/lecture notes component with an average of 2.70 minutes. 

6.1 .3 Conclusions 

The animated examples component appeared to be the most often-used component in 

which the students with a low GP A made more use of this feature to support their 

learning toward the end of the course. However, there was an opposite pattern in the use 

of the WebBoard component to the animated example component. The results from the 

log files show that no one had gone to the WebBoard page throughout during the entire 

study. It seemed to suggest that the use of the WebBoard as part of a constructivist 

learning environment was not appropriate with Thai students who were still familiar 

with a more traditional behaviorist teaching and learning style. In addition, the results 

appeared to conclude that students with an average or high GPA seemed more likely to 

test their understanding via the use of the self-assessment component of DIVTIC than 

those with a low GP A. The self-assessment component seemed to be useful for students 

to test their understanding as the course progressed since the average time spent using 

this component was obviously high at 39 minutes. However, the FAQ pool and the C 

reference and links components were perceived to be of minimal value among students 

since they had not frequently used these components and even some students did not 

even bother to use it at all. The students appeared to make most use from components 

that their teachers encouraged them to use, for example, the animated examples 

component. 
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6.2 Question 1 b: What Strategies do Students Use with DIVTIC? 

As indicated earlier in Section 6. 1 ,  the DIVTIC self-administered evaluation 

questionnaire form contained 3 parts : ( 1 )  questionnaire, (2) checklist, and (3) open­

ended question. The checklist part was comprised of three categories to explore: (a) how 

often, (b) what strategies, and (c) when the students used DIVTIC. Only 2 categories, 

(b) and (c) in part 2, checklist, would be used to explore this research question. The 

statistics software application, SPSS, was used to calculate frequency distributions. 

Another method used was the Subject semi-structured interview. The use of each 

method is described as follows: 

• The DIVTIC self-administered evaluation questionnaire form: This form 

was used twice, in weeks 6 and 10. Category (b) How do you use Animated 

Example ? in the checklist part was used to explore what strategy students use 

the Animated Example component by composing of seven different checklist 

options as follows: 

o I just watch the animation without interacting with it. 

o I press Stop/Play button to think about and change what is going on. 

o I repeat the animation to make it clear how the program executes. 

o I press Backward/Forward to see the animation. 

o I stop the animation and discuss with my peers. 

o I go to test my own code right after watching the animation to 

compare the output. 

o Other: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Category (c) When do you normally use DIVTIC? in the checklist part was 

also used to explore when students use the Animated Example component 

comprised of seven different checklist option as follows: 

o When I am in a laboratory session. 

o When I have free time. 

o When I do assignments. 

o Before examinations. 

o When I face with programming problems. 

o When I am with friends. 

o Other: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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• Subject semi-structure interview: There were 24 interviews in total

throughout the study. Each interview took approximately 5 minutes. A semi­

structured interview format was used, which was comprised of five questions

to explore how the Animated Example component help students to understand

algorithms as follows:

• Feedback on how many problems students watched?

• Did students finish all problems in the weekly task?

• Ask some questions about problems itself, e.g., ask about the

algorithm to see if students actually learned?

• Which part of the animation helped students learn the most and why?

• What should be improved to make DIVTIC a better tool?

The summary of all 24 interviews was categorised into six patterns: (a) 

Finished all problems, (b) Useful/Interesting, (c) Difficulty in language, (d) 

Most useful part, (e) Understanding the problems, and (f) Suggestions. 

However, only pattern ( d), the most useful part pattern, was used for 

exploring this question. 

The strategic use of DIVTIC could be divided into 3 themes, (a) Place and time usage 

patterns, (b) Students' interaction with DIVTIC, and (c) Animation component usage 

patterns, as discussed in the following sections. 

6.2.1 Place and Time Usage Patterns 

Table 6.12: DIVTIC usage data (Weeks 6 and 10) 
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Place and Time 

Week6 

(N = 39, Missing = 8) 

No Yes 

Week 10 

(N = 39, Missing = 8) 

No Yes 

6 25 3 28 
(19.4%) (80.6%) (9.7%) (90.3"/o) 1. When I am in a laboratory session. 

2. When I have free time. 
17 14 14 17 

(54.8%) (45.2%) (45.2%) (54.8%) 

3. When I do assignments. 
24 7 16 15 

(77.4%) (22.6%) (51.6%) (48.4%) 

18 13 18 13 
(58.1%) (41.9%) (58.1%) (41.9%) 4. Before examinations. 

5. When I face wijh programming problems. 
14 17 17 14 

(45.2%) (54.8%) (54.8%) (45.2%) 

28 3 30 1 
(90.3%) (9.7%) (96.8%) (3.2%) 6. When I am with friends. 

7. Other 
31 0 31 0 

(100%) (0%) (100%) (0%) 
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In week 6, Table 6 .12 shows that there were 25 students (80.6 percent) who reported 

using DIVTIC while they were in the laboratory session whereas six students ( 19.4 

percent) reported not using it. It also shows that 17 students (54.8 percent) reported not 

using it when they had free time while 14 students (45.2 percent) did. The majority of 

the students (77.4 percent) reported not using it when they did the assignment or (58 . 1  

percent) before examination. There were 17 students (54.8 percent) who reported using 

it when they were faced with a programming problem. The majority of the students 

(87 . 1  percent) reported not using it when they were with friends or had nothing to do. 

In week 10 the number of the students who reported using DIVTIC during the 

laboratory session increased from 25 to 28 (80 .6 to 90.3 percent) whereas the number of 

students who reported using it when they had free time, interchanged between week 6 

(no = 17, yes = 14) and week 10 (no = 14, yes = 17). It revealed that as the course 

progressed and the students were familiar with DIVTIC, they seemed likely to use 

DIVTIC more and more toward the end of the course. There was a significant increase 

in the number of students (7 to 15 or 22.6 to 48.4 percent) who reported using it when 

they did the assignments. However, there was no change in the number of the students 

who reported using it before the examination. The number of the students, who reported 

using DIVTIC when faced with programming problems, was also interchanged between 

week 6 (no = 14, yes = 17) and week 10 (no = 17, yes = 14). The result seemed to 

suggest that as the materials became more and more complex in concepts, the students 

were more likely to not want to use DIVTIC. A possible explanation may have come 

from the fact that DIVTIC was designed as a tool to help students learn how to program 

by visualising and understanding the programming process rather than providing results 

to solve their specific problems. 

In relation to what situation the students' use of DIVTIC from weeks 6 to 10, the results 

show that there was a total of 24 students who responded in both weeks 6 and 10, 

including five students (20.83 percent) with a low GPA, 10 students (41.67 percent) 

with an average GPA, and nine students (37.5 percent) with a high GPA. The following 

discussion is provided to explore patterns and themes that emerged from the findings 

and in particular from the students' different abilities in learning based on their GPA 

scores. A summary and some conclusions are drawn from this discussion. 
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All students with a low GP A reported using DIVTIC in the laboratory in week 6, but 

one of them reported not using it in week 10 . There were 8 out of 10 students with an 

average GPA who reported using DIVTIC in weeks 6 and 10. One student reported not 

using it at all. There were 9 out of 10 students with a high GPA who reported using 

DIVTIC in week 6 and all of them reported using it in week 10. The results appeared to 

suggest that students with a low GPA enjoyed using DIVTIC during the laboratory 

session in the first few weeks while the students with a high GPA had more motivation 

and enjoyment as the course progressed than those students with a low or average GP A 

by making more use of it toward the end of the course. However, the students with an 

average GPA seemed to use DIVTIC consistently between the two tests. 

This finding may be explained in that students with a low GPA may have found the 

usefulness of DIVTIC to be useful when the materials had less complex concepts such 

as towards the end of the course. Students with an average GPA appeared to 

consistently use DIVTIC throughout the entire course. On the other hand, students with 

a high GPA may have found that the use of DIVTIC had challenged them in learning 

and solving problems with more complicated tasks, as was expected. 

• Using when having free time

The results show that there were 7 out of nine students with a high GPA who reported 

not using DIVTIC when they had free time in both weeks 6 and 10. There were 4 out of 

10 students with an average GPA who also reported not using it when they had free time 

in week 6 and three students reported not using it in week 10. Two out of five students 

with a low GPA reported not using it when they had free time in both weeks 6 and 10. 

Overall, about 50 percent of the students reported not using DIVTIC when they had free 

time. However, the pattern of usage also show that most of the students, who normally 

used DIVTIC when they had free time in week 6, were the same students who 

continually used DIVTIC in week 10. 

Some possible explanations for the patterns of usage observed were that students may 

have been faced with difficulty in accessing the Internet to log into the DIVTIC web site 

in their own time and at their own pace. Students seemed to have no time outside the 
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laboratory session to use DIVTIC since they were required to register for 1 7  credits in 

this particular trimester in order to graduate in four years as expected. 

• Using when doing assignments 

The results show that one student with a low GPA, three students with an average GPA, 

and two students with a high GPA, reported using DIVTIC when they did the 

assignment in week 6. The numbers of students with a low, average, and high GPA who 

reported using DIVTIC in week 10 were increased from 1 to 2, 3 to 5, and 2 to 4, 

respectively. There were 12 out of 24 students who reported not using DIVTIC while 

they did the assignment during the entire course. 

The findings suggest possible reasons why students, who reported using DIVTIC when 

they did the assignment throughout the entire course, may have found the use of 

DIVTIC was useful. It helped them to solve their assignment problems in the first 

weeks so that they kept using it as a tool to assist their learning progress. The number of 

students increased as the course progressed. On the other hand, students who reported 

not using DIVTIC at all while they did their assignments had no chance to find out that 

the use of DIVTIC may have helped solve problems with their assignments. 

• Using prior to examinations 

The results show that three students with a low GPA, three students with an average 

GPA, and four students with a high GPA, reported using DIVTIC before they had the 

examination in week 6. The numbers of students with a low or high GPA who reported 

using DIVTIC before the examination in week 10 decreased from 3 to 2 and 4 to 2, 

respectively while the number of students with an average GPA increased from 3 to 4. 

A total of four students reported using DIVTIC before the examination in both weeks 6 

and 10. Among them there was one with a low GPA, two with an average GPA, and one 

with a high GP A. 

Some possible explanations for the patterns of usage observed were that students with a 

low GPA may have found that the use of DIVTIC helped them to understand more of 

the basic concepts but not the complicated ones so that they used it less as the course 

progressed. However, students with an average or high GPA who reported using 

DIVTIC before the examinations may have understood some of the basic programming 

concepts so that the majority did not need to use DIVTIC before the examination, as 
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was expected. The design of DIVTIC was based on general basic programming 

concepts that may have not been suitable for students with an average or high GP A. 

• Using when facing programming problems

The results show that two students with a low GP A, seven students with an average 

GPA, and four students with a high GPA, reported using DIVTIC when they were faced 

with programming problems in week 6. The number of students with a low GP A who 

reported using DIVTIC when they were faced with programming problems was 

consistent as the course progressed. However, the numbers decreased in both students 

with an average or high GPA from 7 to 4 and 4 to 2, respectively. Four students with an 

average GPA, who reported using DIVTIC in week 10 were the same students who 

reported using it in week 6. Likewise, two students with a high GP A, who reported 

using DIVTIC in week 10 were also the same students who reported using it in week 6.  

These findings seem to suggest possible reasons why all students may have found that 

the use of DIVTIC helped them to understand and solve some basic programming 

problems, but not the complicated ones. However, students with a low GP A may have 

thought that they could use DIVTIC to help them solve complicated programming 

problems while other students with an average or high GP A may have thought 

otherwise. Students with an average or high GP A may have been successful in solving 

basic and complicated programming problems as a consequence of consistent use of the 

same students between weeks 6 and 10. This was an expectation since the design of 

DIVTIC was aimed at helping students with low learning abilities by providing some 

basic programming problems. 

• Using when being with friends

The results show there were only three students with an average GPA who reported 

using DIVTIC when they were with friends in week 6 while no one reported using it in 

week 10. The students with a low or high GP A reported not using DIVTIC at all during 

the entire course when they were with friends. The findings seemed to suggest possible 

explanations such as that the majority of students may have preferred to work 

individually rather than having partners, or that the use of DIVTIC may have become to 

be of minimal value when they were with friends as they could do anything else. This 
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was to be expected since the traditional teaching and learning style, based on 

behaviorism, was still being used with these students. 

• Conclusion to place and time usage patterns

In conclusion, the patterns appeared to suggest that DNTIC was more likely to engage 

students when they were in the laboratory session and when these were required to use 

DNTIC alongside the weekly tasks. About 50 percent of the students seemed to 

allocate no time to DNTIC when they had free time. Students with an average GPA 

appeared to use DNTIC most when they had free time, faced with programming 

problems, when doing the assignment, and when staying with friends while students 

with a low GPA appeared to use DNTIC the most before the examination. The students 

with a high GPA seemed most likely to use DNTIC for the first weeks of the course. 

However, the majority of the students, especially the students with a low or high GPA, 

appeared not to use DNTIC when they were with friends. They did tend to prefer 

working individually. DNTIC seemed to be a valuable resource for students who were 

faced with problems in basic programming concepts. 

6.2.2 Students' Interaction with DIVTIC 

Table 6.13: Strategy for using DIVTIC from category (b) 

Table 6 . 13  shows that in week 6, there were 22 students (7 1 percent) who interacted 

with DNTIC by pressing the Stop, Play, Backward, or/and Fo,wardbuttons to control 

the animation. Twenty-one out of 3 1  students (67. 7 percent) had repeated the animation 

to make it clear and to understand each step of the program execution. There was one 

more student in the group who stopped to discuss with friends ( 16  students) than those 
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Strategy 

1. I just watch the animation without interacting with it 

2. I press Stop/Play button to think about and change what is 
going on. 

3. I repeat the animation to make it clear how the program 
executes. 

4. I press Backward/Forward to see the animation. 

5. I stop the animation and discuss with my peers. 

6. I go to test my own code right after watching the animation to 
compare the output. 

7. Other 

Week6 
(N = 39, Missing = 8) 

No Yes 

22 9 
(71.0%) (29.0%) 

9 22 
(29.0%) (71.0%) 

10 21 
(32.3%) (67.7%) 

9 22 
(29.9%) (71.0%) 

15 16 
(48.4%) (51.6%) 

27 4 
(87.1%) (12.9%) 

29 2 
(93.5%) (6.5%) 

Week 10 
(N = 39, Missing = 8) 

No Yes 

28 3 
(90.3%) (9.7%) 

5 26 
(16.1%) (83.9%) 

5 26 
(16.1%) (83.9%) 

12 19 
(38.7%) (61.3%) 

14 17 
(45.2%) (54.8%) 

31 0 
(100%) (0%) 

31 0 
(100%) (0%) 
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who did not stop the animation ( 15  students). The table also shows that 27 students 

(87. 1 percent) did not bother to test their own C code to compare the output. There were 

only two students who did so. One described that they wanted the explanation message 

to be an audio message and another one stated, "I want to take some problems 

programs in Animated Examples because it show very well and understand so good "

On the other hand, in week 10, Table 6. 13 shows that there were 28 students (90.3 

percent) who had interacted with the animation while they were watching, but only 

three students (9.7 percent) who did not. There were 26 students (83.9 percent) who 

played and stopped the animation to make sure they understood, but only five students 

(16. 1  percent) who did not. There were 19 students (6 1 .3 percent) who pressed the Stop 

and Play buttons to think about the animation process while 12 students (38.7 percent)

did not. There were 17  students (54.8 percent) who discussed the animation with their 

peers. Finally, all of the students (100 percent) did not test their own code right after 

watching the animation. 

The results appeared to produce fewer interactions toward the end of the study but more 

thought about the animation process by responding with a bigger number when they 

were asked "I press Stop/Play buttons to think about and change what is going on. "

The results also show that the students felt more likely to play the animation over and 

over again to make it clear to themselves but ignored to press the Backward/Forward 

buttons to review and reflect on their understanding. The number of students who 

stopped the animation and discussed with their peers was consistent from weeks 6 to 10. 

Moreover, the time for using DIVTIC in the laboratory appeared to be inadequate. They 

did not appear to have time to test their own C source code right after watching the 

animation. 

In relation to the students' use of the animated examples component from weeks 6 to 

10, the results show that a total of 24 students from the screen recordings responded in 

both weeks 6 and 10 including five students (20.83 percent) with a low GPA, seven 

students (29.71 percent) with an average GPA, and 12 students (50 percent) with a high 

GP A. The following discussion is provided to explore the patterns and themes that 

emerged from the findings and in particular from the students different abilities to learn 

based on their GP A scores. The low interaction is used to represent an action when 

students used with the animation example component by simply clicking Play and Stop 
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buttons to control the animation process or repeated the animation more than once. A 

summary and further conclusions are drawn from this discussion. 

• Using animated examples with low interaction 

The results showed that three students ( 60 percent of students with a low GP A), two 

students (28.57 percent of students with an average GP A), and three students (25 

percent of students with a high GPA) used the animated example component with little 

interaction. The findings suggest that the possible reasons for the patterns of usage 

observed were that students with a low GPA may have learning difficulties so that all of 

them appeared to have less interaction with the animation process. Students with an 

average or high GPA, who seemed to make fast learning progress, may have found that 

they needed to interact with the animation process more to explore the more complex 

concepts as the course progressed. 

• Using animated examples with high interaction 

The results show that many students with an average or high GP A used the control 

buttons (e.g., Stop, Play, Backward, and Forward) the most to interact with the 

animation process throughout the entire course while the students with a low GP A used 

it less. This may explain why students with a low GP A may have made slow learning 

progress in that they just simply watched the animation process without having more 

chance to use the control buttons to reflect on their thoughts along the way. Students 

with an average or high GP A may have had a better understanding of the programming 

concepts than those with a low GP A. As the course progressed, the complexity of the 

programming concepts may have proved challenging to the students with an average or 

high GP A and so they tended to use the control buttons more toward the end of the 

course. 

• Repeating the animation process 

The results show that students with a high GPA appeared to repeat the animation more 

than the students with a low or average GP A. There was one student with a low GP A 

and one student with an average GPA who did not repeat the animation at all for the 

entire course. A possible reason was that students with a high GP A may have made 

faster progress than those students with a low or average GP A, so that they may have 

had more time to repeat the animation process. 
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• Stopping the animation process for discussion with peers

The results showed that students with an average GP A appeared to stop the animation 

process to discuss with their peers more in the first weeks than toward the end of the 

course. The number of these students was significantly higher than those with a low or 

high GP A in both weeks 6 and 10. There were about 40 percent of students with a low 

or high GPA who appeared to consistently stop the animation process as the course 

progressed while the rest of them had not stopped it. 

From the researcher's observation, the findings suggest that students with a low GP A 

may have had some difficulties in understanding the animation process and they may 

have felt that they were too shy to ask or discuss with their peers. On the other hand, the 

students with an average GPA may have had more confidence when they needed to ask 

a question or discuss something with their peers. Such students may have known their 

abilities and felt comfortable in discussing programming with their peers. 

Some students with a high GP A may have thought that they were strong and fast 

learners so that they were less inclined to discuss things with other students who were 

either of the same level of ability or less. Some students with a high GPA may have felt 

that they would have learnt more if they had a chance to discuss problems with their 

peers to discover what could be useful from each situation. 

• Testing own code after watching the animation

The results revealed four students who claimed to test their own C code right after 

watching the animation in week 6, among whom were two students with a low GP A, 

one student with an average GPA, and one student with a high GPA. As the course 

progressed, the results also showed that no one at all tested the code. One possible 

reason could be that students did not have their own source code to test at that particular 

time or that they did not have any source code that was similar to the animation to 

which to test and compare. By testing their code right after watching the animation, 

students would be able to compare any segment of their code to DNTIC if they had 

problems with the code. 

Reasons for this may have been that students may have been excited to use the 

animation tool in the first weeks of the course and some of them did try to test their own 

code after initially watching the animations. However, the majority of the students who 
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did not test their own code may have had inadequate time in the laboratory to complete 

their use of DNTIC. As the course progressed, the complexity of the programming 

concepts increased so that the use of DNTIC for problem-solving was time consuming. 

• Conclusion to strategy in using DIVTIC

In conclusion to these discussions of the strategy the students used in DIVTIC, the 

patterns appeared to show that the students tended to interact with the animation and 

they seemed likely to watch the animation process more and more as the course 

progressed. Students with a low GP A appeared to use the control buttons to interact 

with DNTIC more than others at the beginning of the course, while the students with a 

high GP A appeared to have more interactions toward the end of the course. On the other 

hand, students with an average GPA appeared to have more discussion with their peers 

than others. A minority of the students had a chance to test their own C source code 

right after watching the animation. The results revealed that the weekly tasks for the 

students, which were to be completed within a specific time in the laboratory, were 

likely to be too difficult. In addition, DNTIC was too time consuming. Students 

seemed to take more time to use DNTIC for more difficult tasks. Thus, they seemed to 

need more time for utilising DNTIC in such a way that they would perceive and 

construct their learning processes. However, the animation appeared to be useful in 

helping students discover and apply information they perceived by constructing their 

own meaning and knowledge from the animation process. 

6.2.3 Animation Component Usage Patterns 

There were four different panels in each animation including C Source Code, Message 

Board, Monitor Output, and Memory Map panels. Interviewees were asked to indicate 

the most useful panel and the results are shown in Table 6.14. 

Table 6.14: The most useful panel of the animation 

There were seven students (29 .17 percent) who responded that the C Source Code panel 

was the most useful for them as one of them stated, '1f we don 't understand this part, 
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C Source Code 

7 
(29.17%) 

Most Useful Panel 
(n=24) 

Message Board 

9 
(37.5%) 

Monitor Output 

2 
(8.33%) 

Memory Map 

6 
(25%) 

All Useful 
Panels 

17 
(70.83%) 
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we cannot resolve the question. We should be able to read it before we analyse it " 

(Student 639); nine students (37.5 percent) responded for the Message Board panel; two 

students (8.3 percent) responded for the Monitor Output panel; and six students (25 

percent) responded for the Memory Map panel. There were seven students (29. 17 

percent) who responded that all panels were equally useful to them: 

Student 817: 1 think they 're all important. 

Student 042: They 're equally important as they work together. 

Student 413: They are equally important. Each part has its own usefulness 
which shows its functions and tells us what is happening. 

Student 866: There 's no 'the most important' part. They are all important. 

Student 936: 1 think they 're all important. Jfwe don 't have the program, we 
won 't know how it works. We have a Message Board to show us how 
programs run. Monitor helps us understand the result and Memory Map 
shows us where to store data. They all make me understand better. 

Student 121: All parts are important as they relate to each other. They make 
me understand how the program works and understand the procedures of 
value and memory storage. 

The results suggest that the Message Board panel was the most important panel as it 

was the most useful panel to which the students responded. The students appeared to 

spend most of their time on the Message Board as a strategy in their learning process 

along with the use of the C Source Code panel. The Monitor Output and Memory Map 

panels also seemed to be useful options that the students could use in helping their 

understanding in some cases, as one student claimed, "This is important sometime. 

Suppose only once there 's a question asking how many bytes it will take to declare the 

variables, This will help with the answer but after that it is useless " (Student 872). 

Students had different strategies for using DIVTIC. For example, one student used 

DIVTIC as, "/ finished the question before I checked the answer"  ( Student 81 7), while 

another used as " . . .  sometimes if I don't understand the question I look at the answer key 

before I start: ( student 425 ). Most students seemed to have a difficult time 

understanding the problems and solving all of them. One student described his strategy 

in using DIVTIC as, "/ usually look at the program to see how much I understand it. If I 

already understand, I won 't click 'PLAY', but if I don 't understand, I will click 'PLAY' 

and study " ( Student 683 ). This appeared to suggest that the use of D IVTIC would help 

students understand the algorithms. 
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The following figure (Figure 6.8) shows the percentage students associated with the 

most useful panel in the animation activities . 

.. 

C'I 
.. 

� 40.00 +-----------------1----'--l

C Source Code Message Board Monitor Output Memory Map All Panels 

Figure 6.8: The most useful panel in the animation examples component 

• Conclusion to animation component usage pattern

The results suggest that the Message Board panel was the most important since it was 

the most useful panel to which the students responded. The students appeared to use 

most of their time on the Message Board as a strategy in their learning process along 

with the use of the C Source Code panel. Students had different strategies for using 

DIVTIC such as finishing the weekly task first and looking for the answers from 

DIVTIC or vice versa. However, the majority of students (70.83 percent) claimed that 

all panels in the animation were useful and needed to be linked together within such 

animation. 

6.2.4 Conclusions 

The findings suggest that students had fewer interactions with the use of DIVTIC 

toward the end of the study but more thinking along with the animation process. Many 

students with a high GPA used the control buttons (e.g., Stop, Play, Backward, and 

Forward buttons) the most to interact with the animation process throughout the entire 

course while the students with a low GPA used it less. In addition, the students with a 

high GP A appeared to use the control buttons more as the course progressed. Some 

possible explanations for the patterns of usage observed were that students with a low 

GP A may have made slow progress in learning so that they had no time to use the 
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control buttons to reflect their thoughts along the animation process. Students with an 

average or high GP A may have possessed more understanding of programming 

concepts than students with a low GP A. As the course progressed, the complexity of the 

programming concepts may have made proved a challenge to the students with a high 

GP A so that these students tended to use the control buttons more toward the end of the 

course. 

DIVTIC was more likely to engage students when they were in the laboratory session 

and when they were required to use DIVTIC along with the weekly tasks. About 50 

percent of the students seemed to have no time to use DIVTIC when they had free time. 

Students with an average GPA appeared to use DIVTIC most when they had free time, 

were faced with programming problems, were doing the assignment, and were staying 

with friends while students with a low GPA appeared to use DIVTIC most before the 

examination. Within each animation, the Message Board panel was the most important 

panel to be concerned with since it was the most useful panel to which the students 

responded. The students appeared to make most of the Message Board as a strategy in 

their learning process along with the use of the C Source Code panel. However, the 

majority of students claimed that all panels in the animation were useful and needed to 

be linked together within such animation. 

6.3 Question 1 c: What Factors Influence Students' Use of DIVTIC? 

The methods used to collect data to answer this question included (a) DIVTIC self­

administered evaluation questionnaires, (b) Subject semi-structured interview; (c) 

Tutors' observations; (d) Researcher's observations; (e) Tutor semi-structured 

interviews, and (f) Screen recordings. The use of each method is described as follows: 

• The DIVTIC self-administered evaluation questionnaire form: Only part

3 in this form was used in weeks 6 and 10 asking the students to describe the

problem in relation to DIVTIC included software, hardware, network, and

other.

• Subject semi-structured interview: There were 24 interviews in total

throughout the study. Each interview took approximately 5 minutes. A semi­

structured interview format was used, which was comprised of five questions
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to, explore how the Animated Example component help students to 

understand algorithms as follows: 

• Feedback on how many problems students watched? 

• Did students finish all problems in the weekly task? 

• Ask some questions about problems itself, e.g., ask about the 

algorithm to see if students actually learned? 

• Which part of the animation helped students learn the most and why? 

• What should be improved to make DIVTIC a better tool? 

The summary of all 24 interviews was categorised into six patterns: (a) 

Finished all problems, (b) Useful/Interesting, ( c) Difficulty in language, ( d) 

Most useful part, (e) Understanding the problems, and (f) Suggestions. 

However, only pattern (d), the most useful part pattern, was used for 

exploring this question. 

• Tutors observation: Tutors observed the laboratory session from weeks 2 to 

12 except weeks 7 and 11, which was when the laboratory tests 1 and 2 were 

taken. The Tutor observation form was comprised of three open-ended 

questions as follows: 

• What questions did students ask when using DIVTIC? 

• What help did you need to give to students? 

• What problems did you face in this week relating to DIVTIC 

(Hardware, Software, Network, and Other)? 

• Researcher's observation: The researcher observed the laboratory session 

focussing on the problems that occurred during each session from weeks 2 to 

12, except weeks 7 and 10 in which the laboratory test 1 and 2 were taken, 

respectively. The problems were divided into 4 open-end questions: (a) 

Hardware, (b) Software, (c) Network, and (d) Other. 

• Tutor semi-structured interviews: There were two tutors to interview 

namely Tutor A and Tutor B. The transcripts of the interview were translated 

into English and divided into two phases, the first interview and second 

interview. Both interviews were designed to be taken during the laboratory 

tests 1 and 2, respectively, outside the laboratory room itself. Each interview 
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with each tutor took approximately 10 minutes. The semi-structured interview 

format was used and was comprised of five questions as follows: 

• What did you think about Animated Examples e.g., interface,

useability, clarity, user-friendliness, and value?

• As a tutor, did you like Animated Examples, how and why?

• From the students' perspective, did you like Animated Examples,

how and why?

• What other features did you think Animated Examples should have?

• Did you have any other comments about Animated Examples?

• Screen recordings: Screen video capture software was used to record the

activities of three voluntary students using DIVTIC for approximately 30

minutes each week starting from weeks 3 extending through to 12, excluding

weeks 7 and 1 1, in which the laboratory tests 1 and 2 were given,

respectively. In total, there were 24 screen recordings, including five students

with low GPA, seven students with average GP A, and 12 students with high

GP A. These screen recordings were used to explore which components in

DIVTIC students used and for how long. At the beginning of each laboratory,

three students were asked to volunteer to use the screen video capture

software to record their screen while they were using DIVTIC. The weekly

task was also given to the students at the beginning of the laboratory.

Therefore, students needed approximately 10 to 15 minutes to complete the

weekly task and then they would log into the DIVTIC system to play the

relevant animation for the weekly task. This was expected to last from 15 to

20 minutes.

There appeared to be some factors in DIVTIC' s usage that seemed to have potential to 

encourage or impede students' use of DIVTIC. These included technical factors, content 

factors, and factors to do with the design of DIVTIC. The statistics software application, 

SPSS, was used to calculate frequency distributions. 

6.3.1 Technical Factors 

The technical factors in this study that may have impacted on student learning were 

based on hardware, software, and network problems. The following table (Table 6 . 15) 
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shows the problems that occurred during the laboratory session and outside the 

laboratory as well. 

Table 6.15: Forms of problem in using DIVTIC (Weeks 6 and 10) 

In week 6, there was only one student (3.2 percent) who reported having a problem with 

the hardware and another who reported having a problem with the software. They said it 

worked slowly. However, the majority of the students, 30 students (96.8 percent), 

reported not having any problems with hardware and software configurations. There 

were four students ( 12.9 percent) who reported having a problem with the network 

among whom two could not connect to the web site and the other two said that the 

network was too slow. 

In week 10, there were no hardware problems reported. There was only one student (3.2 

percent) who reported having a problem with the software and three students (9.7 

percent) who reported having a problem with the network saying that it was too slow. 

There were two students (6.5 percent) who stated that the text in the message board was 

too small and difficult to understand as it was written in English. 

The results seem to suggest that the majority of the students was satisfied with the 

DIVTIC setting. There was only one student who stated that the explanation message in 

the Message Board panel should be written in Thai. This revealed that there were few 

factors impeding students' use of DIVTIC with regard to software, hardware, and 

network problems as indicated by the lack of students who reported having a problem 

with the setting. 

In order to access the DIVTIC system, students needed to use computers that already 

had Internet-ready connections. Students seemed to have problems with Internet 

connections when working outside the laboratory. As Tutor B stated ''Students.find it 

hard to keep up with the unprepared computer laboratory and problems with web sites 

and Internet connections. " He suggested that DIVTIC could be used without the 
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Week6 

Topic 

Week 10 

(N = 39, Missing = 8) (N = 39, Missing = 8) 

No Yes No Yes 

Hardware problem 30 (96.8%) 1 (3.2%) 31 (100%) 0(0%) 

Software problem 30 (96.8%) 1 (3.2%) 30 (96.8%) 1 (3.2%) 

Network problem 27 (87.1%) 4(12.9%) 28 (90.3%) 3(9.7%) 

Other 31 (100%) 0(0%) 29 (93.5%) 2(6.5%) 
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Internet connection requirement if DIVTIC was copied onto CDs and distributed to all 

students. Students seemed likely to prefer using DNTIC in their own time outside the 

laboratory. He also claimed "Students can then use it anytime without accessing the 

Internet. This will help them learn. " 

Tutors also indicated that the network connection was very slow and sometimes 

students could not connect to the server because of an error on the proxy server. From 

Tutor B's experience in setting up the web site for courses, he claimed that students 

seemed to be unwilling to do such a course via the Internet. Thus, he suggested that 

DNTIC could be set up for use at home: 

. . .  copy it onto a CD for students. They can use it at home instead of going to 
the web site each time when they want to access it. I understand that this may 
need to be researched and developed then amended. This all takes time. 
Once it's complete we can copy it onto a CD. Students can then use it anytime 
without accessing the Internet. This will help them learn.. .  This is an idea of 
how students will use the program without accessing the Internet. 

The results from the researcher's observations also showed that the network problem 

was a major problem that influenced the use of DNTIC as the network connection at 

SUT was not estabilised. Any other problems could be resolved during the laboratory 

session such as some typing errors in the weekly task problem, or some mismatches 

between images and their given descriptions in the animated example component. 

6.3.2 Content Factors 

There were two content factors that emerged from the students' interviews that seemed 

to have a capacity to influence the students' use of DNTIC. These related to the 

difficulty of the problems in the weekly task and the language used in DNTIC. The 

following table (Table 6. 16) shows the percentage of students who completed all 

problems in the previous two weeks, completed it sometime, or never completed it at 

all. 

Table 6. 1 6: Difficulty of problem and influence on students' use of DIVTIC 

Finish all Problems 

There were seven students (29 . 17 percent) who indicated that they finished all problems 

in the previous two weeks. Not all of them were sure that they got all correct answers. 
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Yes 

7 
(29.17%} 

Sometime 

11 
(45.83%) 

Never 

6 
(25%} 



CHAPTER 6: RESEARCH QUESTION 1 I 

One of them argued, "/ think there are some mistakes " ( Student 042) and another

argued, " . . .  but not sure that they 're correct " (Student 413 ). There were 1 1  students

(45.83 percent) who finished all problems at sometime while there were six students (25 

percent) who never finished any of them. The students who sometimes finished and who 

had never finished all had problems: 

Student 626: I could do only half of it. It 's also very difficult. 

Student 572: I usually finish Question I. Question 2 I only finish half. . .  

Student 94/: /finished them in the few first weeks, but later i t  started to get 
harder and more complicated so I haven 't.finished them all. 

Student 09/: Sometimes I can finish but sometimes I can 't because the time 's 
up. 

Student 936: No. Sometime I can finish them but sometimes I can 't. If I have 
enough time I may finish them. 

Some interviewees were asked some algorithm questions relating to the weekly 

problems they had done. Most of them appeared to misunderstand the programming 

concepts. For example, one of them could not answer the question "Given: int Nf 5] 

= {15, 22, 3, 55, 42}; what is N?" He could not answer this simple question correctly. 

He said that N was comprised of five members. The correct answer was that N was an 

array containing five integer variables. Another example from weekly task 7 (Pointers) 

was that students misunderstood how to define a pointer variable. When a question 

"Given: int *ip; what is *ip?" was asked. A student replied that *ip was a function. 

This was the incorrect answer. The correct answer was that *ip was a pointer variable 

that could point to any integer variable. Some of interviewees understood the problems 

but they were not able to complete them with all correct answers. This indicated that 

students had difficulty in understanding the programming concepts and algorithms. 

The problems in the weekly tasks seemed to be difficult for the students to complete 

fully in the given time. Some students seemed to have a difficult time understanding the 

problems. Using DNTIC was time consuming and the given time to complete the 

weekly task seemed inadequate. The difficulty of the weekly task and the inadequate 

time given may have discouraged students from using DIVTIC. 

Another factor that appeared to impede students from using DNTIC was the language. 

DNTIC was designed to use English to explain the programming process in the 

Message Board panel located in the animated example component. The following table 
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(Table 6. 17) shows the percentage of students who preferred to have the explanation 

message in the Message Board panel be in Thai rather than in English because they 

seemed to have difficulties in learning English at the same time as the programming 

concepts. This seemed to be a factor that misled their understanding. 

Table 6. 17: Language influences on students' use of DIVTJC 

There were 20 students (83.33 percent) who replied that the English explanation was an 

obstruction to their learning. They responded to this English explanation in the 

following ways. 

Student 81 7: It would be good if we can get it in Thai.

Student 425: I think it would be good as this would help us understand better. 

Student 369: I wish it were in Thai language because I find it hard to 
understand some words. 

Student 413: Yes, it should be in Thai language . . .  not every one of us knows 
English well. 

Student 936: Yes, that's very good as some people may lose interest if they
don 't understand English. 

However, there were four students ( 16.67 percent) who replied that they still wanted to 

have the explanation in the Message Board in English as they argued 

Student 566: Yes, I think it's good as we can practise English . . .  ! think 
sometimes it's not appropriate because we will lose the meaning. 

Student 479: I can understand English both reading and interpreting so 
there 's no problem for me. But for other students, who don 't understand 
English, they need to see it in Thai. 

Student 091: I still want it to be in English as we will learn lots of 
vocabularies. 

Student 941: It looks international and some words can be transliterated. 
Some words cannot be translated into Thai as they will lose their meanings. 

The percentage of the number of students who wanted to have Thai explanation was 

significantly higher (83.33 percent) than those who wanted an English explanation 

( 16.67 percent). This shows that the difficulty in understanding English appeared to be 

the most obstructive factor for Thai students since English is a foreign language to 

them. 
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Yes 

20 
(83.33%) 

No 

4 
(16.67%) 
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DNTIC was designed to be a supplementary tool to help students learn. It provided a 

Message Board panel that displayed related information as the animation progressed. 

The information was written in English, which both tutors agreed, may have been a 

problem for students. For example, Tutor A pointed out that students could 

"misinterpret or misunderstand" and Tutor B stated that 'These students will try hard 

to study English at the same time. " Students seemed to grow tired of learning both new

English vocabularies and programming concepts at the same time. They were not 

always able to achieve both learning targets. The language difficulties and the 

complexity of the concepts seemed to be a cause of students having negative attitudes 

towards DNTIC such as feeling of boredom, confusion, diffidence, or even discarding 

DNTIC altogether. 

The tutors also pointed out the clarity and user-friendliness of DIVTIC as follows: 

The program is quite clear and helps in less complicated matters. For 
example, at the printf or scanf fanctions, the program shows calculation step 
by step. The Pointer and Function are complicated, students may need to ask 
a tutor. But it is better for them to work and practise on this program rather 
than not seeing it at all. 

This reply also appeared to support the notion that students faced with less complex 

concepts would have fewer questions to ask tutors. On the other hand, more questions 

would be asked when concepts were more complex. This appeared to be a factor that 

could encourage students to use DNTIC, if it was used with topics that were less 

complex where the step-by-step visualisation was easy to follow and understand. 

However, it may deter students from using DIVTIC when the concepts were 

complicated or inadequate information was provided for a topic. 

The following table (Table 6. 18) shows the summary of the problems that occurred, as 

observed by the tutors, of the concept and weekly task. 

Table 6.18: Summary of tutors' obseivation 
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Problem 

Concept 

Weekly Task 

Detail 

Byte representation in memory? 
What is sum += x,1 
for(i=1; i<=3; i++); i++ and ++iare the same? 
What LuckyNumber() does? 
How do we know the value of n? 
What is strlen( f? 
What is int backward(char[ ]);? 
Where the returned value should be located? 
What is •p = n; and •p = &n,1 
What is sizeof(s)? 
Did not understand how the DIVTIC Weekly Task wor1<? 
In OPERATORS, student did not understand what had been asked for in problem 2, question 1. 
What do they need to do? 
In FUNCTION, problem 2, 04, change j = 6; to i = 6; 
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Most of the problems that occurred during the tutors' observation were concerned with 

the concepts of the C programming language. The students asked more questions about 

conceptual problems as the materials got more complicated. This problem could effect 

the students' use of DIVTIC if they did not understand the concept behind the materials. 

They might either stop using it altogether or rarely use it. However, DIVTIC seemed to 

be a useful tool for helping students learn some basic concepts to start with, as shown 

by the time spent using DIVTIC from log files as discussed earlier. 

The weekly task problem could also have influenced students' use of DIVTIC. If the 

students understood the weekly task questions and could solve it, they would use 

DIVTIC to check their answers. This ensured that they understood the material. On the 

other hand, if the weekly task was too complicated and unclear to them, then they could 

feel that DIVTIC was a boring tool and not invest time in using it. 

In addition, from the screen recording of 24 voluntary students, there was some 

evidence that the difficulty of the problems in weekly task itself and the language 

seemed to discourage students' use of DIVTIC. The following table (Table 6. 19) shows 

the number of students who watched the animation for one or two or more times and 

who used the Thai dictionary program to help them understand some of the vocab. 

Table 6.19: Number of students who watched animation one or more times and used Thai dictionary program 

Table 6. 19 shows that there were eight students (33.33 percent) who reported playing 

and watching the animation only one time while 16 students (66.66 percent) reported 

playing and watching the animation for two or more times. This seemed to indicate that 

there were two thirds of the students who seemed to have difficulty in understanding the 

programming concepts or in solving the weekly task. The difficulty of the programming 

concepts or of the weekly task could discourage students' use of DIVTIC. Another 

influencing factor seemed to be the difficulty of the language itself. The explanation in 

the Message Board panel of the animation was written in English. There were three 

students (12.5 percent) who used the Thai dictionary software while they were using 

DIVTIC. They seemed to have difficulty in understanding some of the vocab. This 
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Number of the students watched the animation 

One Time 

8 
(33.33%) 

Two or More Times 

16 
(66.66%) 

Number of the students used Thai dictionary 
program 

3 
(12.5%) 
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could have affected the students' use of DIVTIC and also have discouraged the students 

from using DIVTIC. 

6.3.3 The Design of DIVTIC Factors 

The design of DIVTIC could also be a factor that influenced students' use of the tool. 

The following tables show the summary of some feedback from both Tutors A and B .  

This feedback provided insight into some of the factors relating to the design of 

DIVTIC that appeared to influence the students' use of DIVTIC. The first interview 

with Tutors A and B was taken in week 7 and is summarised as follows: 

Table 6.20: First interview with Tutor A 

Table 6.20 reveals that Tutor A appeared to be satisfied with all DIVTIC elements. His 

responses appeared to support the notion that the interface and useability of DIVTIC 

could be factors that influenced students to use DIVTIC : 

The Interface is interesting and has a Menu usage. It is easy to understand 
and easy to go back to the Menu. It can be accessed easily and quickly. I like 
it at this point. When I use the program, because I already understand the C 
language it seems to be easy for me. I notice that between the students who 
have never used the program before and ones who have used it, their 
questions are different. Students who have no knowledge of this will ask 
questions frequently. For experienced students, they will study it themselves 
and hardly ask any question. The program helps them understand and 
resolve problems for them. 
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Question Tutor's Feedback 

Interface 

Useabillty 

Clarity 

User-friendliness 

Value 

As a tutor/instructor, do you like 
Animated Examples, how and why? 

From the students' perspective, do you 
like Animated Examples, how and why? 

What other features do you think 
Animated Examples should have? 

Other comments about Animated 
Examples? 

Interesting, good design, easy to use and access 

Most of the time, students can access and understand on their own, Less questions 
to ask tutors during the lab session 

Good and clear for basic and simple commands, Pointer and Function are advance 
and difficult tasks in wlich students may need to ask tutors 

Easy to access with choices of menu to navigate 

7 to 8 because of dislike of the colour of the design 

Like: 
-· It is beneficial for the students
-- Save a lot of time in answering some basic programming problems

Dislike: 
•· DIVTIC can replace his duty 

LoveDIVTIC 
New media and can replace the textbook 

Enough infonnation and features 
No need to include more images or other features 

Having DIVTIC is better than not having 
Get more understanding from DIVTIC than Textbook 
Should be in Thai Language 
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Another point he made is that DIVTIC could be used as a supplementary tool for 

learning C language since it was a self-learning package that students could study and 

understand by themselves: 

If I were a student, definitely I would have many books about the C program. 
If I saw media like this, I would like it. I wouldn't have to have a text book all 
the time as I would be able to study through the media. I can look up the 
Help fanction when I get stuck. And if I don't understand because it's in 
English, I can then go to the DNTIC program and run the program to help 
me resolve my question. I could study by myself and get most of it done. 

By using DIVTIC as a supplementary tool, he claimed that students would gain some 

benefits out of it. He rated DIVTIC as 7 .5 out of a scale of 10. He appeared to like all 

the elements of the DIVTIC system, except for the colour, '1f it 's my colour, which is 

based on Blue, I'll give you 10 out of JO". However, from the tutors' perspective, he 

confessed that his position as teacher could be replaced by the DIVTIC system if it was 

fully developed. 

in regard to being a tutor, I worry that I may lose my job as this program will 
replace me. It is possible that students won't need a tutor because they hardly 
ask in class now. In fature, the institute may consider cutting down tutors 
and leave only a few for students' support. This is a personal worry, that 
there is an advantage to having the program and a disadvantage to a tutor. 

Table 6.21 reveals that Tutor B appeared to be satisfied with the basic environment of 

the DIVTIC system. His response when asked about the interface and useability was, 

"It 's very good. The Animation helps students understand how the program works. It 

helps with imagination and tells us what's going to happen next. I think this animation 

component helps students lots ". The tutor agreed that both the interface and useability 
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Table 6.21: First interview with Tutor B 

Question 

Interface 

Useability 

Clarity 

User-friendliness 

Value 

As a tutor/Instructor, do you like 
Animated Examples, how and why? 

From the students' perspective, do you 
like Animated Examples, how and why? 

What other features do you think 
Animated Examples should have? 

Other comments about Animated 
Examples? 

Tutor's Feedback 

Very good 

Good and help student to imagine and see what is happening 

Message Board is needed to be changed into Thai language to make it easy to 
understand for weak students who have a difficult time to understand English. 
Sound would be more appropriate and useful than static text in Message Board 

Easy to access and use 

Now, It is only 7 points. If Message Board is in Thai with sound, then DIVTIC would 
et 10 oints 

Love 
•• Step-by step animation 
•• Help to understand 

Like it and use it more if it is in Thai language 

Now It is good enough 
More useful if the users can enter their own input 

Change Message Board from English to Thai 
Add audio explanation 
Copy onto CD and handout to students 
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of the DIVTIC system seemed good and appropriate so that the students could follow 

and visualise what was going on. He commented on the user friendliness of DIVTIC, 

"This is already good. Students enjoy using this function. Wherever they click, there 

will be an explanation telling them what's happening". However, this tutor suggested 

that the explanations in English were not always appropriate for the Thai students. The 

tutor felt that DIVTIC needed some modifications to make it more appropriate for Thai 

students so that they could learn in their Thai language: 

There are two issues about this. First, it's in English which may be difficult 
for Thai students. If it were in Thai language, it would take less time trying to 
understand the program. Thai people will find it hard to read and 
understand. Second, in the Animation there is reading and listening. It would 
be better if there could be sound at the text explanation. Students would 
understand better. 

Overall, the tutor agreed that the overall design which included interface, useability, 

clarity, and user friendliness would influence students' use of the tool even more so if it 

were designed with a good look and feel and understandable information. He ranked the. 

value of DIVTIC as 7 out of a scale of 10 because he insisted that the, " . . .  Thai 

language is necessary, so is sound. If you have both of them, I'll rate JO out of JO. For 

now, I think 7 is fair to rate ". 

From a student' perspective, the tutor claimed, ''/ like it as this is a main part of 

studying. Students cannot imagine what's going to happen next and ifwe have the 

Animation to help them, this will be the best point of the program. " His response 

supports the important role of visuals in helping learners to perceive abstract concepts. 

On the other hand, from his impression of the students' perspective, he added, 

I don't think I can answer this question very well but I'll try to answer it 
fairly. My English is okay comparing to students who don't know the 
language. These students will try hard to study English at the same time. For 
example, some students that their study require English text books and they 
ask whether they can avoid using them. This is their problem with vocabulary 
learning. There are also students that they need to study via a web site. 
Students are reluctant to do so as they 're not familiar with the language. I 
have collected statistics about this. You can take a look later. Students find it 
hard to keep up with the unprepared computer laboratory and problems with 
the web site and Internet connections. In regards to the program's benefits, I 
think it is good and will be beneficial. If the text were in Thai language with 
Thai sound, this would make it even better. 

The tutor insisted that the language was the most important influential factor impeding 

learning effectiveness. Since this tool was designed for Thai students, the language 

should have been in Thai to avoid misunderstanding. 
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In pointing to the animated examples, the tutor appeared to be satisfied with all the 

features provided in the DIVTIC system. In addition, he suggested that DIVTIC might 

provide the extra option for students to test themselves: 

But I would like to see students inputting their own program and run it. The 
program will then show them what is happening at each step. The Animation 
will then help students to achieve their Ultimate goal. The current program 
has a pre-set Fix Input which corresponds to the course outline. I think this is 
okay, nothing to lose. But I still need to see students input their own program. 

The second interview with Tutors A and B was undertaken in week 1 1  during the 

laboratory test 2 and is summarised in Table 6.22. 

Table 6.22: Second interview with Tutor A 

Table 6.22 reveals that Tutor A seemed to be satisfied with the interface, useability and 

user friendliness of DIVTIC: 

It is easy to understand and easy to retrieve back to the Menu. It's quite good. 
It tells us how to operate it in order for it to be easy to understand. This 
means the user only has to click each button to explore quick details and 
information. It's a user friendly program and matches our needs. I feel the 
program's ability is just right. 

However, the tutor pointed out that explanations in English needed to be considered. He 

argued, "This can be a barrier for Thai students as they don't understand specific 

words. This may cause misinterpretation or misunderstanding ". He still insisted he 

gave 7.5 out of 10  because he disliked the colours of the design. 

From the tutors' perspective, he replied, "In my opinion, direct access to details is 

amazing . . .  This animation will attract students because it makes the program more 

interesting . . .  This makes students alert and won't be bored by 'clicking and waiting"'. 

- 167 -

Question Tutor's Feedback 

Interesting; good design; easy to use and access; Like this point 

Easy to understand the content; Good organisation of the content 

Interface 

Useability 

Clarity 

User-friendliness 

Value 

As a tutor/Instructor, do you like 
Animated Examples, how and why? 

From the students' perspective, do you 
like Animated Examples, how and why? 

What other features do you think 
Animated Examples should have? 

Other comments about Animated 
Examples? 

May need to convert into Thai language, since it is used to teach Thai students to 
avoid misunderstanding or mistranslation. 

Easy to access; Choices of menu to navigate 

7 to 8 because of dislike the colour of the design 

Surprise in getting into the content. 

Enjoyable 
Just need a click on it and it will run automatically 
Excellent tool 

Message Board needs to be changed into Thai Language 
May use speech instead of the static text 

Colours are also needed to be changed 
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He seemed to be surprised with the access to content. On the other hand, from his 

observations of the students, he seemed to be pleased to use DIVTIC and indicated a 

willingness to continue using it as a tool to aid his students' learning: 

Certainly, if I were a student I would enjoy using the animated examples as
they would be important to me. I would just move the cursor and each time I 
moved it, something would happen with an explanation. This is like 
something that has already been prepared for users for easy learning. I 
would like it very much if I were a student. 

The tutor also suggested that some features might need to be changed including the 

explanations in the Message Board panel in which English text should be replaced with 

Thai. Furthermore, he suggested adding some audio explanations to make it easier for 

the learners, as he stated, ''It would be good if the English explanation were in Thai. 

This may be difficult I know as the program will not be used in Thailand only. Another 

suggestion is the colour". 

Table 6.23: Second interview with Tutor B 

Table 6.23 reveals that Tutor B was also satisfied with the interface and clarity. He 

stated, "/ think the Interface is interesting. Students can imagine what will happen when 

they run the program. The animation helps them understand the memory better" and "

The clarity is alright. Also, when running the program, we can imagine what's going to 

happen next ". However, the tutor indicated a problem with the useability of DIVTIC in

that the text explanation was too small and he suggested a solution to make it more 

useable: 

There is a small problem about the Usability - the text is too small and hard 
to read. It's in English and I'm not sure students will be able to cope with the 

- 1 68 -

Question 

Interface 

Useability 

Clarity 

User-friendliness 

Value 

As a tutor/instructor, do you like 
Animated Examples, how and why? 

From the students' perspective, do you 
like Animated Examples, how and why? 

What other features do you think 
Animated Examples should have? 

Other comments about Animated 
Examples? 

Tutor's Feedback 

Good 

Text in Message Board is too small 

It is okay. 

It is an excellent toll that is easy to navigate. Students went back and forth easily 
around the toll. 

7 or 8, because it is needed to have some changes, e.g., Thai language, audio 
e lanation etc. 

Like 
-- can use the tool to animate some examples in the lecture room 
-· help student to visual what is happening inside of the computer 

Like 
- show what is happening inside the computer 

Audio explanation instead of the statice text explanation 
Have an option for students to put their own input or source code and let the 
software create the animation and show them visually how it works 

Good enough 
More useful if the users can enter their own input. 
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new technique of teaching and learning style. They hardly access the web 
site. And if we copied it on a CD, again, I couldn 't say they would play it. I 
know that if we let them access the web site, they will use their computers at 
the dormitory which I can 't check. I can only look at the Log File to check 
their usage. 

In term of user friendliness, DIVTIC seemed to be easy to navigate through, as the tutor 

stated, '1t is certainly easy for students - only clicking buttons. They don 't need to have 

background. I noticed students were confident in clicking and exploring it ". 

Tutor B preferred to have DIVTIC as an additional tool because of its usefulness. In 

support of this he said, 

It would be good if I could use this in my teaching. This will help me explain 
to students what's happening. At present I'm not able to show them the 
Animation. It would be beneficial to them if they could see what was going on 
in the computer. This could be a problem to them if they couldn 't see it. 

From his impression of the students' perspective, he strongly stated that he liked it 

because of the visual as the traditional teaching style does not provide animation: 

I think I would like it. At least it would tell me things that a tutor couldn't tell 
in class. This function will show me how a variable happened and where a 
memory came from. And when I click a 'run ' command I can watch out for a 
result. I can see what's going on and can use the information for other 
variables. I can also see how the Loop runs each time. If I were a student I 
would definitely like it. 

The tutor rated the value of DIVTIC as 7.5 on a scale out of 10. He claimed that 

DIVTIC needed some additional features including audio explanations and explanations 

in the Thai language. He also suggested to add an ultimate goal to the DIVTIC system 

by providing an option for students to put their own input or source code to let the 

software create the animation and show them visually how it works. 

The following table (Table 6.24) shows factors that tutors suggested would influence 

students' use of DIVTIC in two phases of interview, the first interview and the second 

interview. Table 6.24 shows encouraging factors, while Table 6.25 shows discouraging 

factors. Each factor was rated by using a five-point Likert rating scale. A rating of 1 

indicated less influence to students' use of DIVTIC where a rating of 5 indicated the 

most influence to students' use of DIVTIC. However, a horizontal block of unselected 

numbers in any column for each tutor indicated that there was no feedback about that 

factor. 
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Table 6.24 shows that both tutors agreed in both interviews that the interface, useability, 

clarity, and user-friendliness were very important factors. The design of DIVTIC and its 

context had played a major role that could influence students to use DIVTIC either more 

or less. A good design and well organised components with sufficient information 

would engage students to use it more: 'Tutor B: It is certainly easy for students-only 

clicking buttons. They don't need to have background. I noticed students were confident 

in clicking and exploring it ". On the other hand, students would appear to use it less if 

such a tool had an inappropriate design or insufficient information in its context. 

Both tutors suggested changing the English explanations in the Message Board panel to 

Thai with the inclusion of an audio explanations instead of using static text: 'Tutor B: 

Instead of just a cursor moving, there should be a sound explanation to help students 

understand better . . .  lfthe text were in Thai language with Thai sound, this would make 

it even better. " These suggestions appeared to be the most important suggestions to 

encourage students to use DIVTIC as Tutor B claimed, " . . .  it would take less time trying 

to understand the program. " 

Tutor B suggested adding a feature to DIVTIC which would enable students to test their 

own input or source code and let DIVTIC automatically create an animation for them. 

This suggestion seemed to be the most powerful option in encouraging student to use 

DIVTIC. Tutor B also suggested copying DIVTIC onto CDs and distributing it to all 

students to avoid facing problems with the Internet connection so that students could 

use it in any place at any time without having any Internet connection concerns, as he 

stated, ''We can then copy it onto a CD for students. They can use it at home instead of 

going to the web site each time when they want to access it ". 
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Table 6.24: A summary of encouraging factors from the two phases of interview 

First Interview Second Interview 

Tutor A Tutor B Tutor A Tutor B 

©a>@ e ISi ©a>@ e ISi <D a>@ e ISi ©a>@ e ISi 

©a>@ e ISi <D a>@ e ISi ©a>@ e ISi ©a>@ e ISi 

©a>@ e ISi <D a>@ e ISi <D a>@ e ISi ©a>@ e ISi 

©a>@ e ISi ©a>@ e ISi ©a>@ e ISi ©a>@ e ISi 

©a>@ e ISi ©a>@ e ISi <D a>@ e ISi ©a>@ e ISi 

©Ql@©0 (j)Q)@@0 ©Ql@©0 ©Ql@©0 

© Q)@ © ISi ©Ql@©0 ©Ql@@0 © Q) @ © 0 

© Q)@ © ISi ©Ql@©0 (j) Q)@ © ISi © Q) @ © 0 

Encouraging Factor 

Interlace 

Useability 

Clarity 

User-friendliness 

Value 

Thai explanation 

Audio explanation 

Testable their own input 

CD version beside Web-based © Q)@ © ISi ©Ql8©151 ©Ql@©ISI ©Ql8©151 
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This suggestion appeared to provide ways to encourage students to use DIVTIC since 

they could have their private time to concentrate more on the learning process via the 

use of DIVTIC. However, this suggestion would only provide an option for students to 

use it at their own pace and in their own time. They would also need to use it in the 

laboratory with some allocated limited time to ensure that students did use DIVTIC as 

Tutor B explained " . . .  ifwe copied it on a CD, again, I couldn 't say they would play it. " 

The following table (Table 6.25) shows factors that appeared to discourage students' 

use of DIVTIC. There were four factors from the tutors' feedback including the 

complexity of the concepts, the English explanations, the time it took, and the Internet 

connection. 

Table 6.25: A summary of discouragement factors from the two phases of interview 

The difficulty of the problems could be a factor which discouraged students from using 

DIVTIC. However, this had little overall effect since DIVTIC still seemed to be a useful 

tool for students as they could see the animations of any difficult problems. Tutor A 

stated in the first interview, 'The Pointer and Function are complicated, students may 

need to ask a tutor. But it is better for them to work and practise on this program rather 

than not seeing it at all ". 

The English explanations in the Message Board appeared to impede students from using 

DIVTIC since their native language was Thai: 'Tutor A: This can be a barrier for Thai 

students as they don't understand specific words. This may cause misinterpretation or 

misunderstanding ". Both tutors suggested replacing the English explanations with Thai 

explanations or to have both English and Thai versions in DIVTIC so that students 

would have a choice of selecting a version that was more appropriate for them. This 

could be a major factor influencing the use of DIVTIC. As Tutor B stated, "It's in 

English and I'm not sure students will be able to cope . . .  " 
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First Interview Second Interview 

Tutor A Tutor B Tutor A Tutor B 

0 (2) @ @ ® (j) �@@ ® (j) � @ @ ® (j) (2) @@ ® 

(j) (2)@ 0 ® (j) (2)@ 0 ® (j) (2)@ 0 ® (j) (2)@ 0 ® 

(j) (2) Cl@® (j) �@@ ® (j) (2)@@ ® (j) (2)., © ® 

Discouraging Factor 

Complexity in concepts 

English explanation 

nme consuming 

Internet connection (j) (2)@@ ® 0 (2)@@ ® (j) (2) @@® 0�@®® 
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Time also could have been a factor that discouraged students from using DIVTIC. 

Students were sometime allowed to spend up to one hour with DIVTIC and other times 

they were allowed only 30 minutes depending on the level of difficulty of the task. The 

average time spent using DIVTIC in the laboratory was approximately 45 minutes for 

the entire study. This seemed to be inadequate time for students to complete the whole 

task. Tutor A commented, ''For the first hour, I think it should not be limited to this 

hour only . . .  I don 't think it can be predicted. This is dependent upon each student. " 

Tutor B also added, "Students may need lots of concentration in class to be able to 

understand. It takes time. " 

Another factor that seemed to discourage the use of DIVTIC was the Internet 

connection. Tutor B explained from his own experience, "Students find it hard to keep 

up with the unprepared computer laboratory and problems with web sites and Internet 

connection. " This factor, however, had little effect on the use of DIVTIC in the 

laboratory since the set up of the computer network ran successfully and the technicians 

were always on board and ready to solve any unexpected problems. Difficulty in 

connecting to the web site happened only once and it took several minutes to fix it. 

6.3.4 Conclusions 

The findings suggested that the majority of the students seemed to be satisfied with the 

DIVTIC setting. However, if DIVTIC could have been put onto CDs and given out to 

all students, they would have been able to use it at their own pace and in their own time 

without any Internet connection problems. The problems with the language used in the 

Message Board panel of the animated examples component will be further discussed in 

the next section. 

The difficulty of the weekly task and the English explanation in the Message Board 

panel of the animated example component seemed to be strong factors in obstructing 

students' use of DIVTIC. Some possible explanations of this may have come from the 

fact that learning to program is a complicated task and English language is also difficult 

for Thai students as it is a foreign language. When the students had to learn both 

programming concepts and English at the same time, they understandably were not to 

be able to handle both. 
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In most cases, each aspect of DIVTIC seemed to encourage students to use DIVTIC. 

The language problem seemed to be a major discouraging factor. To overcome this 

problem, DIVTIC could be modified by changing English explanations into Thai. All 

changes suggested in the interviews are shown in Table 6.26. 

Table 6.26: Summary of the interviewees' suggestion from students and tutors 

Another major factor that could impede students' use of DIVTIC appeared to be the 

difficulty of the content and the time consuming nature of DIVTIC. Using DIVTIC was 

time consuming and the time given to complete the weekly task seemed to be 

inadequate. The difficulty of the weekly task and the little allocated time could have 

discouraged students from using DIVTIC. To improve DIVTIC to be more relevant and 

dynamic, an option to allow students to test their own input is being considered. 

6.4 Question 1 d: What Attitudes do Students Generate Towards 
DIVTIC? 

The methods used to collect data in answering this question included DIVTIC self­

administered evaluation questionnaires, Student semi-structured interviews, Tutor 

observations, and Tutor semi-structured interviews. The use of each method was 

described earlier in section 6.3. 

• The DIVTIC self-administered evaluation questionnaire form: This form

was used twice, in weeks 6 and 10. Only the questionnaire which included

higher-order thinking, confidence, encouragement, user friendliness,

enjoyment, perceived educational value, perceived level of interest, useability,

clarity, and collaboration patterns was used to answer this research question.

• Subject semi-structured interview: There were 24 interviews in total

throughout the study. Each interview took approximately 5 minutes. A semi­

structured interview format was used, which was comprised of five questions
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Interviewees' Suggestion 

• English explanation should be in Thai

• The animation run a little bit too fast
• Should be able to test their own input
• Should add audio explanation 
• Text should be a little bit bigger 

• Should be able to click where they want to run 
• Need more questions in each week to practice 
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to, explore how the Animated Example component help students to 

understand algorithms as follows: 

• Feedback on how many problems students watched?

• Did students finish all problems in the weekly task?

• Ask some questions about problems itself, e.g., ask about the

algorithm to see if students actually learned?

• Which part of the animation helped students learn the most and why?

• What should be improved to make DIVTIC a better tool?

The summary of all 24 interviews was categorised into six patterns: (a) 

Finished all problems, (b) Useful/Interesting, (c) Difficulty in language, (d) 

Most useful part, (e) Understanding the problems, and (f) Suggestions. 

However, only pattern (d), the most useful part pattern, was used for 

exploring this question. 

• Tutors observation: Tutors observed the laboratory session from weeks 2 to

12 except weeks 7 and 1 1  in which the laboratory tests 1 and 2 were taken,

respectively. The Tutor observation form was comprised of three open-end

questions as follows:

• What questions did students ask when using DIVTIC?

• What help did you need to give to students? And,

• What problems did you face in this week relating to DIVTIC

(Hardware, Software, Network, and Other)?

• Tutor semi-structured interview: There were two tutors to interview namely

Tutor A and Tutor B. The transcripts of the interview were translated into

English and divided into two phases, the first interview and second interview.

Both interviews were designed to be taken during the laboratory tests 1 and 2,

respectively, outside the laboratory room itself. Each interview with each tutor

took approximately 10 minutes. The semi-structured interview format was

used and was comprised of five questions as follows:

• What did you think about the Animated Examples e.g., interlace,

useability, clarity, user-friendliness, and value?

• As a tutor, did you like the Animated Examples, how and why?
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• From the students' perspective, did you like the Animated Examples,

how and why?

• What other features did you think the Animated Examples should

have?

• Did you have any other comments about the Animated Examples?

The following discussion draws conclusions from the students' perspective. 

6.4.1 Learning Potential 

• Higher-order thinking

The questionnaire had a series of questions that sought to explore the way in which 

using DIVTIC encouraged students to engage in higher-order thinking processes. Table 

6.27 shows the questions and the students' responses. 

Table 6.27: Higher-order thinking (week 6) 

- 175 -

Higher-order Thinking Week 6 

1. When I am watching the animation, I stop it from time to time to reflect on what I 
am trying to get out of it? (N. 39; Missing. 8) 

2. Using Animated Examples help me to think logically during the animation 
process. (N. 39: Missing. 8) 

3. I always discuss with my peers about the animation running process. 
(N • 39; Missing • 9) 

SD 

1 
(3.2%) 

2 
(6.5%) 

1 
(3.3%) 

D 

1 
(3.2% 

0 
(19.4%) 

3 
(10.0%) 

NA A SA 

6 17 6 
(19.4%) (58.4%) (19.4%) 

6 18 
(19.4%) (58.1%) (16.1%) 

6 16 
(20.0%) (53.3%) (13.3%) 

In week 6, Table 6.27 shows that 23 students (77 .8 percent) claimed, in both questions 1 

and 2, to have stopped the animation and reflect on it while only two students (6.4 

percent) never did this. Question 3 explored the ways in which the students discussed 

DIVTIC with their peers. It shows that 20 students (66.6 percent) claimed to have 

discussed it with their peers. The results seem to show that DIVTIC was successful in 

encouraging and supporting this activity which in turn, encouraged higher-order 

thinking. 

Table 6.27a: Higher-order thinking (week 10) 

Higher-order Thinking Week 1 O 

1. 

2. 

3. 

When I am watching the animation, I stop it from time to time to reflect on what I 
am trying to get out of it? (N • 39: Miuing. Bl 

Using Animated Examples help me to think logically during the animation 
process. (N • 39; M;ssing • 7) 

I always discuss with my peers about the animation running process. 
(N • 39; Missing = 7) 

SD 

0 
(0%) 

0 
(0%) 

0 
(0%) 

D 

1 
(3.2% 

1 
(3.1%) 

5 
(15.6%) 

NA A SA 

1 16 13 
(3.2%) (51.6%) (41.9%) 

1 22 8 
(3.1%) (68.6%) (25.0%) 

9 18 0 
(28.1%) (56.3%) (0%) 

In week 10, the number of students who agreed/strongly agreed from the responses in 

questions 1 and 2, had increased significantly from 23 to 29 (77.8 to 93.5 percent) and 
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23 to 30 (74.2 to 93.6 percent), respectively. DIVTIC appeared to be more successful in 

supporting and encouraging students' higher-order thinking process in the long term. 

There was a significant increase in the numbers of students who reported in questions 1 

(from 77.8 to 93.5 percent) and 2 (from 74.2 to 93.6 percent) that the use of DIVTIC 

could help them reflect their ideas and think logically throughout the animation process. 

However, the number of the students who agreed/strongly agreed in question 3 

decreased from 20 to 18  (66 .6 to 56.3 percent). This shows that the discussion between 

the students was less as the course progressed. A possible explanation may have been 

that as the course progressed, the weekly tasks were getting more complicated and more 

time was needed to concentrate on the animation process. Thus, the students did not 

have time to discuss anything with their peers. However, overall the results reveal that 

majority of the students did engage in a higher-order thinking process from time to time. 

• Confidence

The following three questions sought to explore the way in which using DIVTIC 

increased the students' confidence. Table 6.28 shows the questions and the students' 

responses. 

Table 6.28: Confidence (week 6) 

In week 6, question 1 explored whether using the animated examples component had 

increased students' confidence. Table 6.28 shows that 1 9  students (6 1 .3 percent) 

agreed/strongly agreed that they experienced more confidence in programming after 

using the animated examples component, while there were only five students ( 16 . 1  

percent) who disagreed/strongly disagreed. Question 2 sought to examine whether the 

students believed they were able to solve more complicated tasks or not. It shows that 

15 students (48.4 percent) believed that they were able to solve more complicated tasks 

while seven students (22.6 percent) were not. Responses to question 3 show that the 

number of the students who agreed/strongly agreed and disagreed/strongly disagreed 

that they could help other peers in solving a given task were not significantly different. 
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Confidence Week 6 

1. Using Animated Examples increase my confidence in learning programming. 
(N • 39; Milling • 8) 

2. Using Animated Examples, I believe that I can solve more complicated tasks.
(N • 39; Milling• 8)

3. Using Animated Examples, I feel that I can help other peers in solving a given 
problem. (N. 39; Milling. 8) 

SD D 

1 4 

(3.2%) (12.9%) 

1 6 
(3.2%) (19.4%) 

0 12 
(0%) (38.7%) 

NA A SA 

7 14 
(226%) (45.2%) (16.1%) 

9 14 1 
(29.0%) (45.2%) (3.2%) 

9 9 1 
(29.0%) (29.0%) (3.2%) 



In week 10, the number of the students who responded to question 1 had increased 

significantly from 1 9  (6 1 .3 percent) to 25 (78.2 percent). This reveals that many 

students had more confidence in learning programming after having used the animated 

examples component for a longer period of time. However, there was a significant 

decrease in the number of the students who responded to question 2 from week 6 ( 48 .4 

percent) to week 10 (25 .8  percent). On the other hand, the number of the students (32.2 

percent) who agreed/strongly agreed to question 3 from week 6 was approximately the 

same as in week 10  (34.4 percent), but there was a significant increase in the number of 

the students who commented 'not applicable' from 9 (29 percent) to 1 6  (50 percent). 

These results suggested that the animated examples component did accomplish the task 

of increasing students' confidence in learning programming, but it did not help them to 

solve more complicated tasks or to enable them to help other peers solve a given 

problem. 

6.4.2 Motivation 

• Encouragement

In using the animated examples component, Table 6 .29 shows that there were 17 

students (54.9 percent) who agreed/strongly agreed that they had paid more attention in 

programming class while eight students (25.8 percent) marked 'not applicable' and six 

students ( 19.4 percent) who disagreed. There were 1 8  students (67.7 percent) who 

agreed that animated examples encouraged them to programme more efficiently while 

nine students (29 percent) said it was 'not applicable' and four students ( 12.9 percent) 
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Table 6.28a: Confidence (week 1 O) 

Confidence Week 10 SD D NA A SA 

1. Using Animated Examples increase my confidence in learning programming. 1 1 5 19 6 
(N = 39; M;ss;ng • 7) (3.1%) (3.1%) (15.6%) (59.4%) (18.8%) 

2. Using Animated Examples, I believe that I can solve more complicated tasks. 1 5 17 7 1 
(N •39; M;ss;ng• 8) (3.2%) (16.1r.) (54.8%) (22.6%) (3.2%) 

3. Using Animated Examples, I feel that I can help other peers in solving a given 1 4 16 10 1 
problem. (N. 39; ,..ss;ng. 7) (3.1,,,) (12.5%) (50.0'Y,) (31.3%) (3.1%) 

Table 6.29: Encouragement (week 6) 

Encouragement Week 6 

1. Using Animated Examples, I feel that I pay more attention in programming class. 
(N • 39; Missing • 8) 

2. Using Animated Examples encourage me in programming more efficiently. 
(N • 39; Msaing • 8) 

3. Using Animated Examples, I feel that programming is not too difficult to learn. 
(N • 39; luaing = 9) 

SD 

0 

(0%) 

1 
(3.2%) 

1 
(3.3%) 

D 

6 
(19.4%) 

3 
(9.7%) 

2 
(6.7%) 

NA A SA 

8 15 2 
(25.8%) (48.4%) (6.5%) 

9 12 6 
(29.0%) (38.7%) (19.4%) 

11 14 2 
(36.7%) (48.7%) (6.7%) 
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disagreed/strongly disagreed. There were 16 students (53.4 percent) who 

agreed/strongly agreed that they felt the programming was not too difficult to learn 

while 1 1  students (36.7 percent) said it was 'not applicable' and three students ( 10 

percent) disagreed/strongly disagreed. 

Table 6.29a: Encouragement (week 10) 

In Week 10, in using the animated examples component, there were 25 students (78.2 

percent) who agreed/strongly agreed that they had paid more attention in programming 

class while six students ( 18.8 percent) marked 'not applicable' and only one student (3. 1  

percent) disagreed. There were 2 1  students (65 .6 percent) who agreed that it encouraged 

them to programme more efficiently while nine students (28. 1 percent) said it was 'not 

applicable' and two students (6.3 percent) who disagreed/strongly disagreed. There 

were 14 students (45.2 percent) who agreed/strongly agreed that they felt that 

programming was not too difficult to learn while 14 students (45.2 percent) said 'not 

applicable' and three students (9.7 percent) disagreed/strongly disagreed. 

The findings show that there was a significant increase in the number of students who 

agreed/strongly agreed that they paid more attention in programming class, from 17 to 

25 (54.9 to 78.2 percent). This seemed to suggest that the animated examples 

component could be used to encourage students to pay more attention in class. The 

percentage of students who agreed/strongly agreed that it encouraged them to 

programme more efficiently (58. 1 to 65.5 percent) increased as the course progressed. 

This seemed to suggest that the animated examples component could also be used to 

help students create learning outcomes more efficiently. However, the animated 

examples component did not seem to make students believe that programming was 

easier as the course progressed and the concepts and tasks became more complex. 
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Encouragement Week 1 O SD D NA A 

1. Using Animated Examples, I feel that I pay more attention in programming c lass. 0 1 6 22 
(N • 39; Missing • 7) (0%) (3.1%) (18.8%) (68.8%) 

2. Using Animated Examples encourage me in programming more efficiently. 0 2 9 17 
(N = 39; Missing • 7) (0%) (6.3%) (28.1%) (53.1%) 

3. Using Animated Examples, I feel that programming is not too difficult to learn. 1 2 14 11 
(N • 39; Missing • 9) (3.2%) (6.5%) (45.2%) (35.5%) 

SA 

3 
(9.4%) 

4 
(12.5%) 

3 
(9.7%) 



In week 10, Table 6.30a shows that there was only one student who disagreed that the 

interface of DIVTIC was good, three who marked not applicable, and 28 (87 .5 percent) 

who agreed/strongly agreed. There were 27 students (84.4) who agreed/strongly agreed 

that the animated examples component was an easy-to-use tool and was easy to 

navigate. 

The number of students who agreed/strongly agreed that the interface of the animated 

examples component was pleasant substantially increased from week 6 to week 10 (2 1 

to 28 students or 70 to 87.5 percent). This suggests that once the students had used the 

animated examples component for a period of time, they felt more likely to agree that it 

was designed to be a user-friendly tool. There was no real difference in the number of 

students who reported that the animated examples component was an easy to navigate 

and use. This seems to suggest that most of the students appeared to be satisfied with 

the features of the animated examples component in that was designed to be easy to use 

and navigate from the first use. 
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• User friendliness

Table 6.30: User Friendliness (week 6) 

User Friendliness Week 6 SD D NA A SA 

1. The interface of Animated Examples is pleasant. (N. 39; Missing. 9) 0 3 6 17 4 
(0%) (10.0%) (20.0%) (56.7%) (13.3%) 

2. Animated Examples are an easy-to-use tool. IN. 39; M;ss;n9• Bl 
1 0 4 19 7 

(3.2%) (0%) (12.9%) (61.3%) (22.So/.) 

3. Animated Examples are easy to navigate. IN. 39; M;ssing. s1 0 0 7 17 7 
(0%) (0%) (22.6%) (54.Bo/.) (22.6%) 

Table 6.30 shows that in week 6, there were 21 students (70 percent) who 

agreed/strongly agreed that the animated examples component had an attractive 

interface. There were 26 students (83.9 percent) who agreed/strongly agreed that it was 

an easy tool to use, whereas only one student found it was difficult to use. In term of the 

navigation system, there were 24 students (77.4 percent) who agreed/strongly agreed 

that DIVTIC was easy to navigate. 

Table 6.30a: User Friendliness (week 10) 

User Friendliness Week 10 SD D NA A SA 

1. The interface of Animated Examples is pleasant. (N. 39; M;ss;ng. 11 0 1 3 22 6 
(0%) (3.1%) (9.4%) (68.7%) (18.8%) 

2 . Animated Examples are an  easy-to-use tool. (N  = 39;  Missing= 11 0 1 4 18 9 
(0%) (3.1%) (12.5%) (56.3%) (28.1%) 

3. Animated Examples are easy to navigate. (N=39; M;ssing=7) 0 0 5 20 7 
(0%) (0%) (15.6%) (62.5%) (21.9%) 



In week 10, however, Table 6.3 1a  shows that there was no substantial change from 

week 6 to week 10. The number of students who agreed/strongly agreed that they 

enjoyed using the animated examples component, increased by 2 (from 1 8  to 20 

students, or from 58. 1  to 62.6 percent), while the number of students who 

disagreed/strongly disagreed, also increased by 1 (from 2 to 3 or from 6.4 to 9 .4 

percent). There was also no overall change in the number of the students who 

agreed/strongly agreed that the animated examples component entertained them in 

learning programming, in which the number of the students who agreed/strongly agreed 

had decreased by 1 (from 20 to 19), and those who did not agree, had increased by 1 

(from 5 to 6). However, there was a large change in the number of students who 

agreed/strongly agreed that they felt comfortable in using the animated examples 

component from 21 to 26 students (67.7 to 8 1 .2 percent) . 
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• Perceived enjoyment

Table 6.31: Perceived enjoyment (week 6) 

Perceived Enjoyment Week 6 SD D NA A SA 

1 1 11 15 3 
(3.2%) (3.2%) (35.5%) (48.4%) (9.7%) 

1. I enjoy using Animated Examples. (N. 39; Missing= 8) 

1 4 6 17 3 
(3.2%) (12.9%) (19.4,,.) (54.8",) (9.7,,,) 

2. Animated Examples entertain me in learning programming. (N. 39; Misslng. 8) 

1 3 6 16 5 
(3.2",) (9.7%) (19.4%) (51.6",) (16.1%) 

3. I feel comfortable by using Animated Examples. (N. 39; Missing. 8) 

Table 6.31 shows that in week 6 there were 11 students (35.5 percent) who marked not 

applicable that they enjoyed using the animated examples component whereas 18 

students (58.1 percent) who agreed/strongly agreed. There were 20 students (64.5 

percent) who agreed/strongly agreed that the animated examples component entertained 

them in learning programming while five students ( 16.1 percent) who did not. The 

number of the students who agreed/strongly agreed that they felt comfortable in using 

the animated examples component was up to 21 (67.7 percent) whereas there were only 

four students who did not. 

Table 6.31 a: Perceived enjoyment (week 10) 

Perceived Enjoyment Week 10 

1. I enjoy using Animated Examples. (N. 39; Miaing. 7) 

2. Animated Examples entertain me in learning programming. (N. 39; Missing. 7) 

3. I feel comfortable by using Animated Examples. (N. 39; Missing. 7) 

SD 

0 
(0%) 

0 
(0%) 

0 
(0%) 

D 

3 
(9.4%) 

6 
(18.8%) 

1 
(3.1%) 

NA A SA 

9 18 2 
(28.1%) (56.3%) (6.3%) 

7 17 2 
(21.9%) (53.1%) (6.3%) 

5 21 5 
(15.8%) (65.6%) (15.8%) 
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The findings appeared to suggest that the majority of students were enjoying using the 

animated examples as the course progressed. It also seemed to suggest that the animated 

examples component could be used to entertain and motivate students throughout their 

learning process. In addition, most students were more comfortable in using the 

animated examples component toward the end of the study. This could suggest that the 

animated examples component was likely to be an enjoyable and entertaining tool that 

would make the students feel more comfortable after they had become familiar with it. 

In week 10, Table 6.32a shows that there were 30 students (93.8 percent) who 

agreed/strongly agreed that they were pleased to use the animated examples component 

as an assistance tool, which was a useful component in learning how to program in C, 

while there was no one who did not agree. There were 20 students (62.5 percent) who 

· 181

• Perceived educational value

Table 6.32: Perceived educational value (week 6) 

Perceived Educational Value Week 6 

1. I am pleased to have Animated Examples as assistance.(N. 39: Misoing = B) 

2. Animated Examples are a useful component in learning how to program in C. 
(N= 39; Miuing •8) 

3. Animated Examples material is challenging. (N. 39: Missing. 8) 

SD D 

3 0 
(9.7%) (0,,.) 

0 2 
(0%) (8.5%) 

0 3 
(0%) (9.7%) 

NA A SA 

3 14 11 
(9.7%) (45.2%) (35.5%) 

3 17 9 
(9.7%) (54.8%) (29.0%) 

7 19 2 
(22.6%) (61.3%) (6.5%) 

Table 6.32 shows that there were only three students (97 percent) who strongly 

disagreed that they were pleased to use the animated examples component as learning 

tool, while there were 25 students (80.7 percent) who agreed/strongly agreed. There 

were 26 students (83.8 percent) who felt that the animated examples component was a 

useful component in learning how to program in C while there were only two students 

(6.5 percent) who did not. The number of the students who agreed/strongly agreed that 

the material from the animated examples component was challenging, was up to 21 

(67.8 percent) while those who did not agree, were only 3 (9.7 percent). 

Table 6.32a: Perceived educational value (week 10) 

Perceived Educational Value Week 10 SD D NA A SA 

1. I am pleased to have Animated Examples as assistance.(N. 39: �. 7) 0 0 2 19 11 
(9.7%) (0%) (6.3%) (59.4%) (34.4%) 

2. Animated Examples are a useful component in learning how to program in C. 0 0 2 20 10 
(N = 39; Missing• 7) (0%) (0%) (6.3%) (62.5%) (31.3%) 

3. Animated Examples material is challenging. 0 1 
(N = 39; Mlulng • 7) (0%) (3.1%) 

11 16 4 
(34.4%) (50.0%) (12.5%) 
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agreed/strongly agreed that the material from the animated examples component was 

challenging while there was only one student (3. 1 percent) who disagreed. 

There was a large change in the number of the students who agreed/strongly agreed that 

they were pleased to use the animated examples component as an assistant tool, from 25 

to 30 (80.7 to 93.8 percent) and from 26 to 30 (83.8 to 93.8 percent) of those who 

supported that the animated examples component was useful in learning how to 

program in C. The findings seem to suggest that most of the students were likely to use 

the animated examples component as an instructional tool. Most of the students also 

agreed that the animated examples component was a useful tool in helping them to learn 

how to program as the course progressed. It could be seen that as the students used the 

animated examples component over a long period (from weeks 6 to 10), they appeared 

to recognise that the animated examples component was a valuable tool which could 

help them to gain perceived educational value. However, the challenge in the use of this 

component seemed to be established towards the end of the course. 

Table 6.33 demonstrates that there were 14 students (45. 1 percent) who 

disagreed/strongly disagreed and who marked not applicable to the statement that the 

animated examples component was boring, while there were three students (9.7 percent) 

who agreed/strongly agreed. There were 18 students who disagreed/strongly disagreed 

that the animated examples component caused mental weariness while 10 students (32.3 

percent) who marked not applicable and only three students who agreed/strongly 

agreed. The number of the students who disagreed/strongly disagreed that they fell 

asleep when they used the animated examples component went up to 22 (7 1 percent) 

while there were five students (12.8 percent) who marked not applicable and four 

students ( 12.9 percent) who agreed/strongly agreed. 

- 182 -

• Perceived level of interest

Table 6.33: Perceived level of interest (week 6) 

Perceived Level of Interest Week 6 SD D NA A SA 

1. Using Animated Examples are boring. (N. 39: !b!ing. 8) 5 9 14 2 1 
(16.1%) (29.0%) (45.2%) (6.5%) (3.2%) 

2. Animated Examples cause mental weariness. IN • 39; !b!ing • 8) 
6 12 10 1 2 

(19.4%) (38.7%) (32.3%) (3.2%) (6.5%) 

3. I falll asleep when I use Animated Examples. (N. 39; Miming. 8) 
10 12 5 3 1 

(32.3%) (38.7%) (12.8%) (9.7%) (3.2%) 



In week 10, Table 6 .33a shows that there was a large change in the number of students 

who disagreed/strongly disagreed that using the animated examples component was 

boring, from 14 to 20 (45 . 1  to 62.6 percent), while there was no change in the number 

of the students who agreed/strongly agreed. There was a small change in the number of 

the students who disagreed/strongly disagreed that the animated examples component 

caused mental weariness, from 18  to 19  (58 . 1  to 59.4 percent). However, the number of 

students who marked not applicable that they fell asleep when they used the animated 

examples component had increased from 5 to 1 1  students ( 12.8 to 34.4 percent). 

The findings seem to suggest that students developed more interest in using the 

animated examples component as the course progressed. A few students had responded 

that the use of the animated examples component caused mental weariness in both two 

tests in weeks 6 and 10. The number of students who marked not applicable to falling 

asleep when they used this component, had strongly increased from 5 to 1 1  ( 12.8 to 34.4 

percent). This shows that the students seemed to have some difficulties in solving more 

complicated tasks via the use of the animated examples component which could lead 

them to become tired when using this component. 

The following table (Table 6.34) shows the summary of the problems occurred during 

the tutors' observation which involved students' attitude. These had to do with 

Interface, Log in, Weekly Task, and Network. 

Table 6.34: Summary of Tutor observation 
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Table 6.33a: Perceived level of interest (week 10) 

Perceived Level of Interest Week 10 

1 . Using Animated Examples are boring. (N = 39; Missing= 7J 

2. Animated Examples cause mental weariness. (N. 39; Missing. 7J 

3. I fall asleep when I use Animated Examples. (N. 39; Missing= 7J 

SD 

6 
(18.8%) 

8 
(25.0%) 

7 
(21.9%) 

D 

14 
(43.8%) 

11 
(34.4%) 

12 
(37.5'l'.J 

NA A SA 

9 2 1 
(28.1%) (6.3%) (3.1%) 

9 4 0 
(28.1%) (12.5%) (0%) 

11 2 0 
(34.4%) (6.3%) (0%) 

' 

Problem 

Interface 

Login 

Weekly Task 

Network 

Other 

Detail 

Could not find a Play button? 

Some students could not log in because type the ID in upper case. 
Typed in the wrong URL 

Did not understand how the D IVTIC Weekly Task work? 
In OPERATORS, student did not understand what had been asked for in problem 2, question 1. 
What do they need to do? 
In FUNCTION, problem 2, 04, change j = 6; to i = 6; 

Network is very slow. 

Can they input their own codes? 
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The interface and the log-in problems were not actually the problems that caused 

students' negative attitudes. Once they knew where the Play button was, the problem 

was solved. In addition, with the log in problem, once the students knew that the ID and 

password had to be in lower case, they then used the lower case alphabet to log in. 

However, the weekly task problem aroused attitudes that were both negative and 

positive. The students who understood the weekly task questions and who could solve it 

appeared to be more likely to enjoy using DIVTIC to check their answers. On the other 

hand, when the weekly task questions were too complicated and unclear to them, they 

could feel that DIVTIC was not worth the time investment needed. One inquiry from a 

user which led to a positive attitude suggested that it would be more appropriate and 

interesting if they could test their own input via the use of DIVTIC. 

6.4.3 Technical Satisfactory 

• Useability

Both tutors agreed that students were satisfied with all elements of the animated 

examples component, except for the English explanation in the Message Board. Tutor A 

pointed out that the animated examples component helped the students' learning process 

by visualising the program execution step-by-step along with the relevant text 

explanation of each step. " The program is quite clear and helps in less complicated 

matters. For example, at the ' printf' or 'scanf' fu.nctions, the program shows 

calculation step by step . . .  it's easy and quick to access the program, also there is a Menu 

to choose from. . .  The program has a good explanation and is very detailed", s tated 

Tutor A. His argument suggested that students had no difficulty with understanding how 

each element worked. This notion was supported by Tutor B, "It is certainly easy for 

students - only clicking buttons. They don't need to have background . . .  Students enjoy 

using this function. Wherever they click, there will be an explanation telling them what's 

happening. " The following table (Table 6.35) shows the student feedback from the 

DIVTIC self-administered evaluation questionnaire form. 

Table 6.35: Useability (week 6) 
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Useability Week 6 SD D NA A SA 

1. I can apply the concept getting from Animated Examples to solve given problems. 0 2 10 15 4 
(N •39: Mlsaii>;i • 8) (0%) (6.5%) (32.3%) (48.4%) (12.9%) 

2. Using Animated Examples enhance my understandng. 1 1 5 17 7 
(N • 39; !Muii>;i = 8) (3.2%) (3.2%) (16.1%) (54.8%) (22.6%) 

3. Animated Examples cover all I need to learn in programming appropriately. 1 3 5 18 4 
(N • 39; Missii>;i • 8) (3.2%) (9.7%) (16.1%) (58.1%) (12.9%) 
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Table 6.35 shows that there were 1 9  students (61 .3 percent) who agreed/strongly agreed 

that they could apply the concept gained from using the animated examples component 

to solve given problems, while 10 students (32.3 percent) who marked not applicable 

and two students (6.5 percent) who did not agree. There were 24 students (77.4 percent) 

who agreed/strongly agreed that the animated examples component enhanced their 

understanding, while five students ( 1 6. 1  percent) marked not applicable and two 

students (6.4 percent) who did not agree. Twenty-two students (7 1 percent) 

agreed/strongly agreed that the animated examples component covered all they needed 

to learn programming appropriately while five students ( 16 . 1  percent) marked not 

applicable and four students ( 1 2.9 percent) did not agree. 

Table 6.35a: Useability (week 10) 

In week 10, Table 6 .35a shows that the number of students who disagreed/strongly 

disagreed that they could apply the concepts gained from the animated examples 

component to solve given problems was still the same as those in week 6, while the 

number of the students who agreed/strongly agreed had increased from 19  to 24 (6 1 .3 to 

75 percent). The number of students who agreed/strongly agreed that using the animated 

examples component enhanced their understanding had also increased from 24 to 29 

(77.4 to 90.6 percent), while there was no one who disagreed. There was no change in 

the number of the students who agreed/strongly agreed that the animated examples 

component covered all they needed from weeks 6 to 10. The results seem to suggest that 

this component could be used to help them better understand the programming process 

as the course progressed. Overall, most of the students seemed to be happy with the 

useability of this component. 

From the student interviews, all interviewees (24 students) agreed that DIVTIC was 

useful and interesting. One of the interviewees stated, ''/ wish you teach other years ' 

students too: Student 572 " and another one stated, ''/ think it would be beneficial for 

ones who have used this program. Ones who ha.ven 't used it will need to do a self-study: 
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UseabilityWeek 10 SD D NA A SA 

1. I can apply the concept getting from Animated Examples to solve given problems. 0 2 6 20 4 
(N=39:Misoing=7) (0%) (6.3%) (18.6%) (62.5%) (12.5%) 

2. Using Animated Examples enhance my understanding. 0 0 3 25 4 
(N = 39: M;ssng = 7) (0%) (0%) (9.4%) (78.1%) (12.5%) 

3. Animated Examples cover all I need to learn in programming appropriately. 0 3 5 22 2 
(N = 39; J,A;ssng • 7) (0%) (9.4%) (15.6%) (68.8%) (6.3%) 
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Student 683. " In addition, some interviewees found that DIVTIC was an easy tool to 

use after they got used to it: 

Student 059: At first, I thought it's a bit confusing as my English is not so 
good. But after a while, about after JO minutes I started to get used to it and 
found that it's not that hard . .  lt's quite clear and is better than looking in the 
textbook. I can now see the picture and understand better. 

Student 938: It would be good to have picture to help understand. 

Student 872: I wasn 't sure how it worked on the first week. This week is a bit 
better. I browsed through many times and the more I browse, the more I 
understand. 

Student 863: It's good. When I'm stuck with programming, I can look at and 
try to understand it. This program shows us each step and each line that 
memories are being used. It also shows on screen how much memory has 
been used. 

All interviewees appeared to be satisfied that they could take part in this study. They 

recommended changing some features to make it more comprehensive such as the 

English explanations should be changed into Thai, the speed of the animation should be 

slower, an audio explanation should be included in DIVTIC etc. 

The findings seem to suggest that the animated examples component useful in that it 

covered all aspects appropriately, it could help the students apply concepts to solve 

given problems and it also enhanced their understanding. Most of the students seemed 

to be satisfied with the useability of this component. 

• Clarity

Table 6.36 shows that there were 16 students (51.7 percent) who agreed/strongly agreed 

that the concepts were addressed and well explained in the animated examples 

component while 1 1  students (35.5 percent) who marked not applicable and four 

students ( 12.9 percent) who did not agree. There were also 16 students (5 1.6 percent) 

who agreed/strongly agreed that the animated examples component helped them in 

learning the programming environment, while 13 students (41.9 percent) marked not 

applicable and two students (6.5 percent) who disagreed. The majority of students (80.6 
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Table 6.36 Clarity (week 6) 

Clarity Week 6 

1. Concepts are addressed and well explained in Animated Examples. 
(N•39; twtissing•8) 

2. Animated Examples clarify me in lea ming the programming environment. 
(N • 39; Missing = 8) 

3. Using Animated Examples, I comprehend how the program executes. 
(N • 39; Misslng = 8) 

SD D 

1 3 
(3.2%) (9.7%) 

0 2 
(0%) (6.5%) 

0 4 
(0%) (12.9%) 

NA A SA 

11 14 2 
(35.S'ro) (45.2"0) (6.5%) 

13 15 1 
(41.9%) (48.4%) (3.2%) 

2 17 
(8.5%) (54.8%) (25.8%) 
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percent) agreed/strongly agreed that they comprehended how the program was 

executed, while two students (6.5 percent) marked not applicable and four students 

( 12.9 percent) disagreed. 

Table 6.36a: Clarity (week 10) 

Table 6.37 shows that there were 18 students (58 . 1  percent) who agreed that they 

discussed programming problems with their friends, while 10 students (32.3 percent) 

who marked not applicable and three students (9.7 percent) who disagreed. There were 

14 students (45. 1 percent) who agreed/strongly agreed that they always posted the 

programming problems to the C WebBoard, while 12 students (38.7 percent) who 
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Clarity Week 10 

1. Concepts are addressed and well explained in Animated Examples. 
(N = 39; Missing • 7) 

2. Animated Examples clarify me in learning the programming environment. 
(N = 39; Missing• 7) 

3. Using Animated Examples, I comprehend how the program executes. 
(N = 39; Missing• 7) 

SD 

0 
(0%) 

0 
(0%) 

0 
(0,-.) 

D NA A 

2 3 24 
(6.3%) (9.4%) (75.0%) 

1 2 24 
(3.1%) (6.3%) (75.0,-.) 

1 2 20 
(3.1%) (6.3%) (62.5%) 

SA 

3 
(9.4%) 

(15.6%) 

(28.1%) 

In week 10, Table 6.36a shows that the number of students who agreed/strongly agreed 

that the concepts were addressed and well explained in the animated examples 

component, had increased from 16 to 27 (51.7 to 84.4 percent). The number of students 

had also increased from 16 to 29 (51.6 to 90.6 percent) of those who agreed/strongly 

agreed that the animated examples component clarified learning the programming 

environment. The number of the students had also increased from 25 to 29 (80.6 to 90.6 

percent) of those who agreed/strongly agreed that they comprehended how the program 

was executed. 

The findings seem to indicate that the animated examples component delivered concepts 

that were well addressed and well explained and which helped the students to learn the 

programming environment and program execution. Most of the students seemed to be 

satisfied with the clarity of the animated examples component. 

• Collaboration

Table 6.37 Collaboration (week 6) 

Collaboration Week 6 SD D NA A SA 

1. I always discuss programming problems with my peers. 0 3 10 18 0 
(N • 39; Missing • 8) (0%) (9.7%) (32.3%) (58.1%) (0%) 

2. I always post the programming problems to the W ebBoard. 2 3 12 13 1 
(N E 39; Missing • 8) (6.5%) (9.7%) (38.7%) (41.9%) (3.2%) 

3. It is more effective to learn Animated Examples in a group rather than individually. 0 1 3 17 10 
(N • 39; Missing • 8) (0%) (3.2%) (9.7%) (54.8%) (32.3%) 
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marked not applicable and five students ( 16.2 percent) who disagreed/strongly 

disagreed. Twenty-seven students (87 . 1  percent) agreed/strongly agreed that it was more 

effective to use the animated example component in a group rather than individually, 

while three students (9.7 percent) who marked not applicable and one student (3.2 

percent) who disagreed. 

Table 6.37a: Collaboration {week 1 O) 

In week 10, Table 6.37a shows that there were 18 students (56.3 percent) who 

agreed/strongly agreed that they discussed programming problems with their friends, 

while 14 students (43.8 percent) marked not applicable. There were seven students (2 1.9 

percent) who agreed/strongly agreed that they always posted the programming problems 

to the C WebBoard, while 14 students (43.8 percent) marked not applicable and 1 1  

students (34.4 percent) who disagreed/strongly disagreed. Twenty-eight students (87.4 

percent) agreed/strongly agreed that it was more effective to use this component in a 

group rather than individually, while four students ( 12.5 percent) marked not applicable. 

The results show that approximately, half of the students seemed to have held 

discussions on programming problems with their friends, while the others seemed to 

solve their programming problems individually. There were some students who 

agreed/strongly agreed that they had posted some programming problems to the 

WebBoard. Once again, this result was conflicting with the log-in record which 

indicated that there was no activity via the use of C WebBoard throughout the entire 

study. Therefore, the finding concluded that the C Web Board was unused. Most of the 

students seemed more likely to use this component as a group but this result also 

conflicted with the first question, "/ always discuss programming problems with my 

peer. " One possible explanation of this may have come from the fact that students 

appeared to be too shy to ask or discuss with their peers. 
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Collaboration Week 10 SD D NA A SA 

1. I always discuss programming problems with my peers. 0 0 14 16 
(N • 39; Mssing • 7) (O'Y.) (0%) (43.B'l'o) (50.0%) (6.3'Yo) 

2. I always post the programming problems to the WebBoard. 4 7 14 6 1 
(N • 39: Missing = 7) (12.S'/'.) (21.9%) (43.8%) (18.11°.4) (3.1%) 

3. It is more effective to learn Animated Examples in a group rather than individually. 0 0 4 17 11 
(N • 39; Mssing • 7) (0%) (0%) (12.5%) (53.7%) (34.4%) 
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6.4.4 Conclusions 

DIVTIC seemed to be useful in encouraging and supporting the majority of students to 

think along with the animation process while the discussion between students decreased 

as the course progressed. The results also show that majority of students gained more 

confidence from using DIVTIC to help them solve any basic programming problems as 

the course progressed. However, DIVTIC seemed to be unable to help students solve 

more complicated tasks or enable them to help their peers as the course progressed. 

The animated examples component could be used to encourage students to pay more 

attention in class and to create more efficient learning outcomes. Most students 

appeared to be satisfied with the features of the animated examples component that 

proved to be a user-friendly tool designed that was easy to use and navigate. They 

gained more enjoyment and felt more comfortable in using this component as the course 

progressed. The animated examples component seemed to be a useful component which 

covered all aspects appropriately that could help the students apply concepts to solve 

given problems and enhance their understanding. This component provided concepts 

that were well addressed and well explained and helped the students to learn the 

programming environment and program execution. Most of the students seemed more 

likely to use this component as a group but they were too shy to discuss or ask any 

questions. 
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This chapter discusses research question 2, To what extent does the dynamic interactive 

visualisation process implemented in DIVTIC influence learning outcomes? The 

intention of this question was to explore how the use of this tool influenced students' 

achievement in this study so that findings associated with learning outcomes could be 

understood in relation to the use of this visualisation tool. Table 7. 1 shows the question, 

method, data collection, and analysis conducted in answering this research question. 

Table 7.1 :  Data matrix for research question 2 

7.1 Question 2a: How does the dynamic interactive visualisation 
process implemented in DIVTIC influence students' 
performance in programming? 

The methods used to collect data to answer this question included laboratory test 1, 

midterm examination, laboratory test 2, and the final examination which were taken in 

weeks 7, 7, 1 1, and 13, respectively. There were 17 students in the control group and 1 1  

students in the experimental group who withdrew from the course. Thus, there were 
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Research Question 

2. To what extent does the 
dynamic interactive 
visualisation process 
implemented in DIVTIC 
influence learning outcomes? 

(2a) How does the dynamic (2a) F 
interactive visualisation 
process implemented in 
DIVTIC influence students' 
performance in programming? 

(2b) How does use of the dynamic (2b) F 
interactive visualisation 
process implemented in 
DIVTIC vary among students? 

Method 

(2c) What levels and forms of (2c) C, G, H, and I 
cognitive engagement are 
evident among DIVTIC users? 

(2d) What factors influence 
(2d) A and I students' achievement with 

DIVTIC? 

NOTE: 
A: DIVTIC self-administered evaluation questionnaires 
B: Subject semi-structured interviews 
C: Tutors' observations 
D: Researcher's observations 
E: Tutor semi-structured interviews 

Data Collection 

(2a, 2b) Collect lab test 1, 
midterm, lab test 2, and 
final scores from F 
(weeks 7, 7, 11, and 13, 
respectively) 

(2c) Collect data from C, 
G, H, and I (weekly) 

(2d) Collect data from A 
(weeks 6 and 12) and I 
(weekly) 

Data Analysis 

(2a) Mean comparisons to investigate 
differences between the experimental 
and control groups 

(2b) Mean comparisons to investigate 
differences between each level of 
students' GPA in the experimental 
groups 

(2c) Descriptive analysis 

(2d) Inferential analysis to investigate 
relationships between achievement and 
time spent in DIVTIC, and computer 
experiences. 

F: Lab tests 1 and 2, Midterm and final examinations 
G: Screen recording 
H: DIVTIC weekly task 
I: DIVTIC log file 



CHAPTER ?: RESEARCH QUESTION 2 I 

only 72 students (Control Group = 33; Experimental Group = 39) who participated in 

this study. The following section discusses the performance of students in the control 

and experimental groups by comparing their achievement in all the tests between the 

two groups, experimental and control. 

7 .1 .1 Students' Performance 

The following table (Table 7.2) shows the mean and standard deviation in each of the 4 

tests taken by students in the two groups. 

Table 7.2: The mean and standard deviation achieved in each test by the students in the experimental and control groups 

" p  < 0.05 

Table 7.2 shows the mean in the laboratory test 1 of the experimental group (m = 5.83) 

was slightly higher than the control group (m = 5.5 1 ). On the other hand, the means in 

other tests, midterm examination (m = 17.0 1), laboratory test 2 (m = 5.92), and the final 

examination (m = 3 1.74), of the control group were higher than those of the 

experimental group, (m = 15.92), (m = 5.36), and (m = 29.04) respectively. 

A possible cause of these results is that the use of DIVTIC helped some students in the 

early stage of the course as evidenced by the laboratory test 1 but did not have an 

overall influence on all students. The students who did not use DIVTIC scored better in 

other tests and in particular scored significantly higher results in the final examination. 

There seem to be a number of possible explanations for this finding. For example, use 

of DIVTIC is time consuming and could be an obstruction for some students in learning 

programming since it takes away from time spent in solving actual problems and tasks 

given by the instructor. The two-hour laboratory session might not have been adequate 

for the students to complete a weekly task and the DIVTIC examples given by the 

researcher and the weekly problems given by the teacher. The results from the weekly 

tasks also show that there were approximately 30 percent of students who completed all 

the tasks, while 25 percent of students finished none. Another 45 percent of students 

completed some of the tasks. 
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Lab Test 1 Midterm Lab Test 2 Final 
Group No. 

M SD M SD M SD M 

Experimental 39 5.83 2. 72 15.92 2.83 5.36 2.70 29.04" 

Control 33 5.51 2.30 17.01 3.49 5.92 2.42 31.74" 

SD 

5.95 

4.83 
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7.1.2 Conclusion 

The results suggest that DIVTIC may not be the solution for all students. The findings 

suggest this because the results from the whole group do not show significant 

achievement gains. While it was originally thought that use of DIVTIC might benefit all 

students, the results do not support this contention. Further investigations were 

conducted with the data to explore if DIVTIC assisted the learning of particular 

students. 

7.2 Question 2b: How does use of the dynamic interactive 
-----v�issiulclia'"l�is-at�on process implemented in DIVTIC vary among 

students? 

An inquiry was undertaken to explore how different students used DIVTIC. This was to 

explore the variations between students in learning computer programming by using 

DIVTIC as a tool supporting their learning. The methods used to collect data to answer 

this question included laboratory test 1, midterm examination, laboratory test 2, and the 

final examination. 

In order to explore the impact of the use of DIVTIC on students' achievement, the data 

was organised to reveal levels of student achievement among students of different 

ability levels. The GPA of students was used to separate the students into three distinct 

groups to assist in this inquiry. 

Table 7.3 shows the number of students who participated or withdrew from the study in 

each group and level. It shows that the majority of the students who withdrew from the 

course were those with a low GPA in both groups (Cl= 56.25 percent, El = 56.25 

percent). However, there were no students with a high GP A in the experimental group 

who withdrew from the course. The extent of the withdrawal from among the low GP A 

strengthens arguments for use of such visualisation products as DIVTIC. Clearly, such 

students find programming difficult and would appear to benefit from the extra support 

and assistance. 
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Table 7.3: The number of participants and withdrawals in each group and level 

Students 

Participated Students 

W�hdrawal Students 

GPA 1.11-1.72 GPA 1.78-2.22 GPA 2.25 - 3.36 

CI El C2 E2 C3 E3 

7 (43.75%) 7 (43.75%) 14 (82.35%) 15 (BB.24%) 12 (70.59%) 17 (100%) 

9(56.25%) 9(56.25%) 3(17.65%) 2(11.76%) 5(29.41%) O(O"A,) 
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The scores for each student in both groups including the laboratory test 1 (10 percent), 

midterm examination (30 percent), laboratory test 2 (10 percent), and final examination 

(50 percent) were entered into an Excel spreadsheet for analysis with SPSS. The 

variation between students was examined by analysing the influence of GPA in 

learners' achievement. 

7.2.1 Influence of GPA 

The following sections describe students' achievement based on their learning abilities, 

low GPA (1.11 - 1.72), average GPA (l.78 - 2. 22), and high GPA (2.25 - 3.36), by 

comparing the mean of each group ln each test including laboratory test I, midterm 

examination, laboratory test 2, and the final examination. Both laboratory tests 1 and 2 

were considered to be minimal tests and were comprised of two small problems 

requiring the development of C source code to solve the problems. Each test was worth 

10 percent of the overall mark for the trimester. On the other hand, the midterm and 

final examinations were both formal tests and worth 30 and 50 percent each, 

respectively. Each examination was comprised of 60 multiple-choice questions. 

• Students with a low GPA

Table 7.4 shows the means and standard deviations of each test of the two groups in 

level 1 (Low GPA: 1.11 - 1.72). 

Table 7.4: The mean and standard deviation of each test between the experimental and control groups in level 1 

Lab Test 1 Midtenn Test Lab Test2 Final Test 
Group N 

M SD M SD M SD M SD 

Experimental 1 (E1) 7 7.36 2.16 16.71" 3.43 6.36 2.59 32.03" 3.69 

Control 1 (C1) 7 5.07 2.11 13.57" 1.59 4.71 1.87 25.95" 2.82 

• p < 0.05 

Overall 

M SD 

62.45 10.87" 

49.31 5.77" 

Table 7.4 reveals that students in Group El, who used DIVTIC, had a higher mean in 

each test than those in Group Cl. The t-test showed that the difference between the 

means of the two groups in laboratory test 1 (2.29) and laboratory test 2 ( 1.65) was not 

large enough to reach statistical significance. However, there were obviously relatively 

large differences between means in the midterm examination (3.14) with t(8.48) = 2.20, 

p < 0.05, and in the final examination (6.08) with t(l2) = 2.82, p < 0.05. It appeared that 

the students may not have been using DIVTIC long enough by the laboratory test 1 for 
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the tool to make a difference. However, continued use throughout the trimester was 

found to contribute significantly to students' programming performance. 

• Students with an average GPA

Table 7.5 shows the means and standard deviations of each test of the two groups in 

level 2 (Average GPA: 1.78 - 2.22). 

Table 7.5: The mean and standard deviation of each test between the experimental and control groups in level 2 

Lab Test 1 Midterm Test Lab Test2 Final Test 
Group N 

M SD M SD M SD M SD 

Experimental 2 (E2) 15 5.47 2.73 15.40 2.54 5.40 1.89 28.67* 5.94 

-Control 2 (C2) -t4 "6.-43 "2.53 .. 4i'c36 3-.04 · 5.75 .:!.60 ,12.98* ll08 

* p < 0.05 

Overall 

M SD 

54.93 8.35 

-�1f.tt . --9:00 ·-. 

Students in Group C2 had a slightly higher mean than Group E2 in laboratory test 1 

(0.04), in the midterm examination (l.96), and in the laboratory test 2 (0.35). However, 

students in Group C2 had a significantly higher mean in the final examination (4.31). 

The use of DIVTIC appeared to help the students in the early stage of the course, as 

evidenced by the laboratory test 1, but did not have the expected influence overall. 

Students who did not use DIVTIC scored significantly better. This was an unexpected 

finding in some ways but understandable in the light of DIVTIC and how it was used by 

students. The power of the tool was intended to lie in its ability and capacity to assist 

learners to develop strong mental models of the processing occurring in the conduct of 

various algorithms. The use of DIVTIC required a substantial time commitment, and 

this commitment generally limited the amounts of time students were able to spend 

attending to other tasks and programming activities. Clearly, students with an average 

GPA did not receive the level of learning benefit from the use of DIVTIC that those in 

the control group received from their alternative activities. 

• Students with a high GPA

Table 7 .6 shows the means and standard deviations of each test of the two groups in 

level 3 (High GPA: 2.25 - 3.36). 

Table 7.6: The mean and standard deviation of each test between the experimental and control groups in level 3 

Lab Test 1 Midterm Test Lab Test 2 Final Test 
Group N 

M SD M SD M SD M SD 

Experimental 3 (E3) 17 5.53 2.70 16.06* 2.89 4.91 3.34 28.14* 6.57 

Control 3 (C3) 12 5.88 2.26 18.62* 3.56 6.83 2.31 33.68* 4.99 

• p < 0.05 

Overall 

M SD 

54.64 13.02* 

65.01 11.26* 

- 194 -



CHAPTER 7: RESEARCH QUESTION 2 I 

The table reveals that students in Group E3 had lower mean scores than Group C3 in all 

tests. Students in Group C3 perform significantly better in all the tests. These results 

were very similar to those achieved by students with an average GPA. The results 

suggest that the use of DIVTIC did not appear to help students with a high GP A. The 

way the study used DIVTIC with high GPA students appeared detrimental to their 

learning. Students were required to use DIVTIC for 30 minutes in each laboratory 

session and for many high GPA students this appeared to be a non-productive time. 

They were not learning. It appeared that they already could visualise, already had good 

mental models and would have benefited from practice in programming more than 

visualisation tasks. 

These represent important findings from the use of DIVTIC and from the use of any 

intervention used to enhance programming performance. The results indicate the need to 

target planned improvements to the groups of students with particular needs. Clearly, 

DIVTIC is a tool capable of enhancing learning among students with a low GP A. For 

students with an average or high GPA, mandatory use of this tool over existing methods 

was seen to actually impede performance and achievement of the students. 

7 .2.2 Learners' Interactions with DIVTIC 

In order to further explore how the use of DIVTIC was seen to influence student 

achievement, the study explored the various forms of usage made by the students. In 

particular the study explored the ways learners interacted with the tool and sought to 

explore if the form of interaction played a significant role in their level of achievement. 

• Interaction with DIVTIC

As discussed earlier in Section 6.2.2 that there were approximately 70 percent of the 

students who interacted with the use of DIVTIC by either pressing Stop, Play, 

Backward, or/and Forward buttons to control the animation process. Students who used 

the tool by making consistent use of these buttons to control the tool were categorised as 

having a high level of interactivity. Student who used the tool and who made limited use 

of these buttons were categorised as having a low level of interactivity. 
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The following table (Table 7.7) shows the mean and standard deviation of the overall 

score of the students who interacted with DIVTIC with low or high interaction in weeks 

6 and 10 . 

Table 7.7: The mean and standard deviation of overall score between the students who had low or high interaction with DIVTIC 

Table 7 .8 clearly shows that all students with a low GP A reported a high level of 

interaction in both weeks 6 and 10. This form of usage by the students with a low GPA 

may have been a factor contributing to their enhanced achievement. These students 

significantly outscored their counterparts in the control group in both the midterm and 

final examinations as shown in Table 7.4. Students with an average or high GPA 

appeared to have more interactions as the course progressed. 

- 1 96 -

Weeks Week 10 
Level of 

Number of Overall score Number of Overall score 
Interaction 

Student M SD Student M SD 

Low Interaction 9 53.09 7.83 3 49.78. 3.00 

High Interaction 22 56.36 13.11 28 57.96. 10.98 

• p <0.05

The results show that there was no significant correlation coefficient between the mean 

and the overall score of the students in week 6. However, the students seemed to have 

more interactions towards the end of the course and the results show that there was a 

significant correlation between the mean and overall score in week 10 (8.19), with t 

(10.28) = 3.03, p < 0.05. A possible explanation of this may have come from the fact 

that thinking through the animation process and reflecting on outcomes through 

interactions with DIVTIC helped students to better understand the programming 

process. 

The following table (Table 7.8) shows the number of students with a low, average, or 

high GPA who reported having a low or high level of interaction with DIVTIC in weeks 

6 and 10. 

Table 7.8: Number of students with a low, average, or high GPA who had low or high level of interaction wi1h DIVTIC 

Number of Student in Week 6 
(n = 31) 

Number of Student in Week 10 
(n = 31) 

Level of Interaction Low Average High Low Average High Total Total GPA GPA GPA 
(n = 31) 

GPA GPA GPA 
(n = 31) 

(n = 5} (n = 12} (n = 14) (n = 7} (n = 13} (n = 11} 

Low Interaction 
5 4 9 3 3 

(41.67%) (28.57%) (29.03%) (20.08%) (9.68%) 

High Interaction 
5 7 10 22 7 10 11 28 

(100%) (58.33%) (72.43%) (70.97%) (100%) (79.92%) (100%) (90.32%) 
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Another important factor that may have impacted students' achievement was 

collaboration among themselves. This study also explored the way learners collaborated 

with their peers and sought to explore if this form of collaboration played a significant 

role in level of achievement. 

• Discussion with peers while using DIVTIC

Once again, as discussed earlier in Section 6.2. 1 that there were approximately 5 1 .6 

percent of the students in week 6 who reported stopping the animation and discussing 

aspects with their peers, while the rest of them did not. However, in week 10  the 

percentage of the students who reported stopping the animation and discussing with 

their peers had increased a little from 5 1 .6 to 54.3 percent. The following table (Table 

7 .9) shows the mean and standard deviation of the overall score of the students who 

stopped and discussed with their peers when they used DIVTIC, and those who did not, 

in weeks 6 and 10 .  

Table 7.9: The mean and standard deviation of overall score between the students who discussed with peers 

The results show the number of the students who engaged in discussion with their peers 

tended to increase a little as the course progressed. However, there was no significant 

difference between the means of overall score in weeks 6 and 10. A possible reason may 

have come from the fact that students may have found the material covering more 

complexities in concepts requiring them to concentrate more on their own learning 

process within the limited allowed time. DIVTIC did not seem to encourage discussion 

among learners as verified by the log-in time showing that no one visited the WebBoard 

component during the study as shown in Figure 7 . 1 .  
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Week& Week 10 

Student N Overall score N Overall score 

(31) SD (31) SD 

No Discussion 15 11.24 14 11.40 

Discussion 16 

M

58.71 

52.31 11.79 17 

M

54.89

59.05 10.10 

• p <0.05 
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Figure 7.1: The usage of each component of DIVTIC from log files 

7.2.3 Conclusion 
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a Syllabus 

• Computer Structure 

CAnimated Example 

a·c· Compiler 

•·c· WebBoard 

a self-Evaluation 

•FAQ Pool 

a ·c· References & Links 

The results from a quantitative study appeared to support the notion that use of DIVTIC 

can assist novices in learning introductory computer programming. The results are 

interesting in that they clearly demonstrate the advantage of DIVTIC with students with 

a low GP A. The students from this level in the experimental group, significantly 

outscored their counterparts in the control group in the final test suggesting that 

DIVTIC was an important element in their learning outcomes. However, the use of 

DIVTIC seemed to be of minimal value among students with an average or high GP A. 

The findings also suggest that students seemed likely to discuss with their peers 

consistently in class rather than using the C WebBoard. They also seemed likely to have 

more interaction with DIVTIC as the course progressed. 

7.3 Question 2c: What levels and forms of cognitive engagement 
are evident among DIVTIC users? 

An important contribution to learning is cognitive engagement. Students learn when 

they are actively engaged in a process that involves higher order thinking. The study 

sought to explore the ways in which DIVTIC encouraged and supported learners' 

engagement with the activities and examples. 
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The methods used to collect data in answering this question were tutor observations, 

screen recordings, DIVTIC weekly tasks, and DIVTIC log files. The use of each method 

is described as follows: 

• Tutor observation: Tutors observed the laboratory session from weeks 2 to

12 except weeks 7 and 11, which was when the laboratory tests 1 and 2 were

taken. The Tutor observation form was comprised of three open-ended

questions as follows:

• What questions did students ask when using DIVTIC?

• What help did you need to give to students?

• What problems did you face in this week relating to DIVTIC

(Hardware, Software, Network, and Other)?

• DIVTIC weekly task: Each weekly task was comprised of two problems.

Students were given the weekly task at the beginning of the laboratory and

asked to do six consecutive steps:

1. complete the weekly task;

2. log into the DIVTIC system;

3. run a relevant animation taken from the weekly task;

4. write down the answer from DIVTIC;

5. compare the answer to DIVTIC and write down a note if the answer

was incorrect and why?; and,

6. hand it back to tutors.

There was no weekly task given in the first week since it was necessary to use 

this session to provide an introduction and preparation to the study. There was 

also no weekly task given in weeks 7 and 11, during which time the 

laboratory test 1 and 2, were given. Thus, there were nine weekly tasks, 

weekly tasks 1 to 9, in total. Each weekly task was marked and given a result 

in two categories including (a) score representing level of success in a 

programming task and (b) the level of success in the task requiring use of 

DIVTIC. A spreadsheet in Excel was used to calculate the frequency of each 

weekly task in order to explore the process which appeared to influence 

students' higher-order thinking, confidence, or motivation. 
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• DIVTIC log files: The log-in files were recorded and updated onto the

database on a weekly basis starting from weeks 2 through to 11 .  At the end of

the study, all the log-in files were put together into one big file and separated,

using a perl script, into several files by using the students' ID as a name for

each file.

7.3.1 Levels of cognitive engagement 

In order to explore students' levels of cognitive engagement with DIVTIC, a screen 

video capture software was used to record the students' activities. Three students were 

recorded using DIVTIC for approximately 30 minutes weekly starting from weeks 3 to 

12 and excluding weeks 7 and 1 1  in which laboratory tests 1 and 2 were given, 

respectively. This screen recording was used as a guideline to explore how students' use 

of DIVTIC might have influenced levels of cognitive engagement. The styles of 

students' use of DIVTIC were summarised into five levels of cognitive engagement 

based on their interactions with DIVTIC as shown in Table 7. 10. 

Table 7.10: Levels of  cognitive engagement 

Table 7 . 10 shows 5 levels of cognitive engagement in which level 1 is used to represent 

a low level of cognitive engagement, while level 5 is used to represent a high level of 

cognitive engagement. 

Table 7 . 1 1  shows numbers of students with different abilities associated with each level 

of cognitive engagement by combining levels 1 and 2 as a low level, level 3 as a 

medium level, and levels 4 and 5 as a high level. This data was observed from the 

screen recordings of 24 students. 
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Level 

2 

3 

4 

5 

Action 

Pressing Forward button to go to the 
end to see final result 

P laying and watching 

Playing twice or more 

Playing but stopping from time to time 

Playing but stopping from time to time 
and repeating 

Cognitive Engagement 

Viewing inijiaJ final stage 

Observing variable and changes commands sequentially 

Observing variable and changes commands sequentially, 
but repeating to review particular elements 

Observing and predicting 

Observing, predicting, and repeating to review particular 
elements 



Table 7. 1 1  shows that there were only three students ( 12.5 percent) who did not watch 

the entire animation. They simply pressed the End button to go to the last frame of the 

animation to see the results. There were five students (20 .83 percent) who watched the 

animation from the starting point through to the last frame by pressing the Play button at 

the beginning of the animation with no further interaction. There were also three 

students ( 12.5 percent) who just watched the animation two or three times from the 

starting point through to the last frame without interaction. However, there were six 

students (25 percent) who played and watched the animation with some interaction by 

pressing Play, Step-Forward, Step-Backward, Pause, and Stop buttons. fu addition, 

there were seven students (29. 17 percent) who also played and watched the animation 

two or three times with interaction. 

The results show that use of DIVTIC seemed to influence the majority of students 

(54.17 percent) into a strong levels of cognitive engagement. These students showed the 

interaction with the animation by pressing, for example, the Pause, Step-Backward, and 

Play buttons to think through the process. Some students watched the animation frame­

by-frame by pressing Step-Forward button at some specific point to review each 

concept. Some students even watched the animation twice or more with interaction to 

make sure that they understood the programming concepts. This action seemed to 

stimulate, extend, and enhance students thinking. Overall, the students with a high GP A 

seemed to have most interactions, while students with a low GP A had least interaction. 

The following figure (Figure 7 .2) shows the percentage of cognitive engagement for all 

24 students. 
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Table 7.11: Levels of cognitive engagement of students with different GPA from screen recordings 

Levels of 
Cognitive 
Engagement 

Low 

Medium 

High 

Pattern 

Just pressing Forward button to go to the end of the 
animation to see the final resutts. 

Playing and watching animations without interaction 

Playing and watching animations twice or more without 
interaction 

Playing and watching animations with interaction by 
pressing Stop, Pause, Step-Backward, Step-Forward, 
and Play buttons 
Playing and watching animations twice or more with 
interaction by pressing Stop, Pause, Step-Backward, 
Step-Forward, and Play buttons 

Low 
GPA 

(n=5) 

2 

Number of Students 

Average High 
Total 

GPA GPA 
(n=24) (n= 7) (n = 12) 

3 (12.50%) 

2 5(20.83%) 

2 3 (12.50%) 

2 3 6 (25.00%) 

2 4 7 (29.17%) 
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Level of cognitive engagement 

•Medium 

13% 

Clow 

33% 

Figure 7.2: Percentage of the students with a low, medium, or high level of cognitive engagement 

Figure 7 .2 shows that there were approximately one third of the students (33 percent) 

who experienced low levels of cognitive engagement. The highest percentage of 

students, comparing the number of responses to the total number of each group, was the 

students with a low GPA (60 percent). On the other hand, the highest percentage of the 

students who had a high level of cognitive engagement was among students with an 

average (57.17 percent) or high GPA (53.85 percent). This finding may be explained in 

terms of the students' learning ability. Students with a low GP A might have made slow 

progress in learning which could have led them to interact less with DIVTIC since they 

had less time to play around with each component of the animation. It appeared that low 

GP A students simply watched the animation with less interaction. On the other hand, 

the average or high GP A students seemed likely to make more rapid progress with more 

interactions with DIVTIC and pressing buttons to go back and forth. These results 

suggest that for some students, use of DIVTIC did not require a high level of 

interactivity to support learning. 

7.3.2 Level of Completion of Weekly Tasks 

Students in the experimental group were provided with a weekly task sheet requiring 

them to predict outcomes and to use DIVTIC to check their answers. This process was 

designed to provide structure to the use of DIVTIC and to encourage students' use in a 

meaningful and deliberate fashion. The following sections discuss the level of 

completion of the weekly tasks among students and explore the extent to which this 

activity may have enhanced their learning. 
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Each weekly task was comprised of two small problems; each problem was repeated 

and was laid out into two columns; the left column contained a problem requiring 

students to write their own answers, while the right column contained the duplicate 

problem requiring students to write the answer obtained by watching the relevant 

animation from the DIVTIC system. Students first needed to use their knowledge to 

solve the problems in the weekly task sheet, and then they were asked to use DIVTIC to 

check their answers. This process was intended to help students closely concentrate on 

the animation to verify their answers. 

Table 7.12 shows the numbers of students with different abilities who completed the 

weekly task activity from weeks 1 to 9 by comparing the answers from DIVTIC to their 

answers. This data was taken from the weekly task sheets that students handed in after 

using DIVTIC weekly. 

Table 7.12: Weekly task-Using DIVITIC to compare the answers 

Using DIVTIC to Compare the Answers 

Weekly Task Students with a Students with an Students with a 
Low GPA Average GPA High GPA Total(%) 

N % N % N % 

Week 1 (Flowchart) 7 (n = 7) 100 14 (n=14) 100 16 (n= 16) 100 100 

Week 2 (Data Type & VO) 5 (n = 7) 71.43 5(n=14) 35.71 11 (n= 16) 68.75 56.80 

Week 3 (Operators) 7 (n = 7) 100 12 (n= 14) 85.71 10(n= 16) 62.50 82.90 

Week 4 (Control) 6 (n = 7) 85.71 10(n= 14) 71.43 14 (n= 16) 87.50 83.30 

Week 5 (Functions) 7 (n = 7) 100 10(n= 14) 71.43 12 (n = 16) 75 82.14 

Week 6 (Arrays) 7 (n = 7) 100 11 (n= 14) 78.57 12 (n = 16) 75 84.52 

Week 7 (Pointers) 5 (n = 5) 100 7 (n = 14) 50 10 (n = 16) 62.50 70.83 

Week 8 (Sorting & Searching) 5 (n = 6) 83.33 8 (n= 14) 57.14 11 (n= 16) 68.75 69.74 

Week 9 (Structures) 7 (n = 7) 100 11 (n = 14) 78.57 10(n= 16) 62.50 80.35 

Average 93.38 69.84 73.61 75.65 

Table 7.12 shows that all students used DIVTIC to obtain the answers and to compare 

their answers in weekly task 1. However, the students with a low GPA appeared to be 

the group which was the highest level of completion of the task with an average of 

93.38 percent. All students with a low GPA had compared their answers with the use of 

DIVTIC for 6 out of 9 weekly tasks, while all students in other groups, average and high 

GPA, had used it only once in the first week. This pattern seems to show a sign of 

continued motivation of students with a low GP A. This finding suggests that the use of 

weekly tasks along with DIVTIC had the potential to motivate students with a low 

GPA. Among average and high GPA students about 70 percent of students completed 
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the tasks. The remaining students used DIVTIC but in less formal ways. This seems to 

indicate that the weekly tasks may have encouraged students to use DIVTIC. 

The following figure (Figure 7 .3) show a graph of the percentage of all students who 

used DIVTIC to compare their answers from weekly tasks 1 to 9. 
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Figure 7.3: Students' use of DIVTIC for a comparison of the answers in weekly task 

7 8 9 

Figure 7.3 shows that the majority (75.65 percent) of students completed the weekly 

tasks as requested. The weekly task appeared to be a useful source that could help 

students engage in activities to assist their learning. The process of comparing the 

answers from the use of DIVTIC could stimulate, extend, and enhance students' 

thinking. In addition, students seemed to gain more confidence since they watched the 

animation and knew whether their answers were correct or not. 

7.3.3 Level of Time Spent 

In order to explore the level of time spent using DIVTIC, log-in time records from the 

log files were used to explore the ways in which students logged into the DIVTIC 

system and sought to explore if the log-in time had an impact to the level of cognitive 

engagement. 

The records of log-in time were divided into two stages, first stage and second stage. 

The first stage was comprised of log-in time from weeks 1 to 5, while the second stage 

was comprised of log-in time from weeks 6 to 10. The following table (Table 7 .13) 

shows the means in each stage of students' log-in time among the different ability 

groups. 
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Table 7.13: Two stages of log-in time of each level 

Group 

Low GPA (n = 7) 

Average GPA (n = 15) 

High GPA (n = 17) 

• p < 0.05 

First Stage (Weeks 1 to 5) 

Mean Std- Deviation 

394.s6· 203.87 

265.73. 232.01 

205_59• 132.85 

CHAPTER 7: RESEARCH QUESTION 2 
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Second Stage (Weeks 6 to 1 O) 

Mean Std- Deviation 

142.00· 134.99 

59.40· 99.00 

75_94• 65.23 

Table 7.13 shows that there was a significant decrease in the differences between the 

means of log-in time in both stages of the students with a low GPA (t(6) = 4.519, 

p < 0.05), students with an average GPA (t(14) = 3_582, p < 0.05), and students with a 

high GPA (t(16) = 4_159, p < 0_05)_ The mean of students with a low GPA (m = 394_86) 

in the first stage was higher than students with an average GPA (m = 265_73) and 

students with a high GPA (m = 205_59)_ This pattern was also repeated in the second 

stage. There was also an indication of a significant difference between the means of log­

in time in the first stage of students with a low GPA and high GPA (t(22) = 2.711, 

p < 0.05). The results appeared to suggest that students with a lower GPA tended to 

spend more time using DIVTIC than others and as time progressed, all students made 

less use of it. Even with less time the students still seemed to get as much done. 

7.3.4 Level of Students' Abilities in Answering the Weekly Tasks 

Each student's outcome from the weekly task was divided into four different types of 

completion to explore how students did the problems. Results were recorded as follows: 

(a) no tasks completed, (b) tasks completed with many mistakes, (c) tasks completed

with few mistakes, and (d) tasks completed with all correct as shown in Table 7.14. 

Table 7.14: Weekly task-Percentage of completion 

Tasks Completed Tasks Completed Tasks Completed 
Weekly No Tasks Completed with with with 
Task Man}'. Mistakes Few Mistakes All Correct 

N Percent N Percent N Percent N Percent 

1 (n=37) 2.70 21 56.80 4 10.80 11 29.70 

2 (n = 37) 9 24.30 21 56.80 5 13.50 2 5.40 

3 (n = 35) 3 8.60 8 22.90 14 40.00 10 28.60 

4 (n = 36) 4 11.10 3 8.30 22 61.10 7 19.40 

5 (n = 37) 13 35.10 20 54.10 4 10.80 0 0 

6 (n = 37) 9 24.30 11 29.70 8 21.60 9 24.30 

7 (n= 31) 10 32.30 15 48.40 5 16.10 3.20 

8 (n = 37) 15 40.50 20 54.10 2 5.40 0 0 

9 (n = 32) 15 46.90 8 25.00 8 25.00 3.10 
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Table 7 . 14 shows that the majority of students successfully completed the problems in 

weekly task 1 (Flowchart). There was only one student (2.7 percent) who did not 

complete the problems in week 1 .  There were 21 students (56.8 percent) who completed 

the problems with many mistakes. The number of students who completed the problems 

with few mistakes was four (10.8 percent), while the number of students who completed 

the problems with all correct was 1 1  (29.7 percent). 

In weekly task 2 (Data Types & I/0), the number of students who did not complete the 

problems had increased from one (2 .7 percent), in weekly task 1 ,  to nine (24.3 percent), 

while the number of students who completed with all correct had decreased from 1 1  

(29.7 percent) to two (5.4 percent). The numbers of students who completed with many 

mistakes and with few mistakes in weekly tasks 1 and 2 were consistent. This weekly 

task was the beginning of the programming process involving reading source code and 

comprehension processes. Students seemed to have difficulty in coming to understand 

syntax and concepts even at the very beginning stages. 

In weekly task 3 (Operators), the number of students who did not complete the 

problems had decreased from nine (24.3 percent), in weekly tasks 2, to three (8 .6 

percent) and those who completed with many mistakes had also decreased from 21 

(56.8 percent) to eight (22 .9 percent). On the other hand, the number of students who 

completed with few mistakes went up from five ( 13.5 percent) to 14 (4 percent) and 

those who completed with all correct also went up from two (5.4 percent) to 10 (28.6 

percent). These numbers suggested a successful pattern was developing. The results 

suggest that students had tried to push themselves will more effort to complete the 

problems with all correct. This seemed to suggest that students had more confidence and 

motivation in solving programming problems from previous weeks. The number of 

students appeared to be consistent in solving problems in weekly task 4 (Control). 

However, there was a sign of an unsuccessful pattern in weekly task 5 (Functions). The 

number of students who did not complete the problems went up from four (1 1 . 1  

percent), in weekly tasks 4, to 13  (35. 1 percent) and those who completed with many 

mistakes also went up from three (8 .3 percent) to 20 (54. 1 percent). On the other hand, 

the number of students who completed with few mistakes went down from 22 (61 . 1  

percent) to four (10.8 percent) and those who completed with all correct also went down 

from seven ( 19.4 percent) to none. This weekly task was difficult and involved all 
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functions in the C language. Students seemed to have a difficult time coming to 

understand such a complicated concept. The results seemed to suggest that this topic 

(Functions) was very difficult for students to perceive and to move on from basic 

programming concepts such as Data Types, Input/Output, Operators, and Control to a 

more advance topic like Functions. The results also suggested that one-week duration to 

complete the Functions topic was inadequate. Students seemed to need more time for 

this big gap between the basic and advanced concepts. Students appeared to lose their 

motivation or confidence when faced with these complicated topics. 

In weekly task 6 (Arrays), the number of students who did not complete the problems 

decreased from 13 (35 . 1  percent), in weekly tasks 5, to nine (24.3 percent) and those 

who completed with many mistakes had also decreased from 20 (54. 1 percent) to 1 1  

(29.7 percent). On the other hand, the number of students who completed with few 

mistakes went up from four ( 10.8 percent) to eight (2 1.6 percent) and those who 

completed with all correct also went up none to nine (24.3 percent). The results 

suggested that students seemed to have their motivation back from the previous weeks 

as was indicated in the number of students who completed with all correct. 

The numbers of students who attended the class from weeks 1 to 6 were consistent. 

However, in weekly task 7 (Pointers), there was a significant decrease in the number of 

students who attended the class from 37, in weekly tasks 6, to 3 1. One of the possible 

reasons could be the difficulty of the previous topic, weekly task 6 (Functions), and as 

well as this weekly task 7 (Pointers). There were 10 students (32.3 percent) who did not 

complete the problems, 15 students (48 .4 percent) who completed with many mistakes, 

and five students (16. 1 percent) who completed with few mistakes. There was only one 

student (3.2 percent) who completed with all correct. The results appeared to suggest 

that some students had lost the necessary motivation when faced with this complicated 

topic. They seemed to be unwilling to attend the class afterwards. The number of 

students who completed with all correct had decreased from nine (24.30 percent) to one 

(3.20 percent). 

In weekly task 8 (Sorting & Searching), the number of students who did not complete 

the problems increased from 10 (32.3 percent), in weekly tasks 7, to 15 (40.5 percent) 

and those who completed with many mistakes also increased from 15 (48.4 percent) to 

20 (54. 1 percent). On the other hand the number of students who completed with few 

- 207 -



CHAPTER 7: RESEARCH QUESTION 2 
I

mistakes decreased from five (16.1 percent) to two (5.4 percent) and there was no one 

who completed with all correct. One of the possible reasons could be that this topic, 

Sorting & Searching, was also complicated and difficult to understand. 

Once again, the number of students who attended the class was decreased from 37, in 

previous week, to 32 in weekly task 9 (Structures). The number of students who did not 

complete the problems was consistent, while the number of students who completed 

with many mistakes had decreased from 20 (54.1 percent), in weekly tasks 8, to eight 

(25 percent). The number of students who completed with few mistakes had increased 

from two (5.4 percent) to eight (25 percent) and who completed with all correct had 

increased from none to one (3.1 percent). The results appeared to suggest that this 

weekly task was easier to understand than the previous ones. The following figure 

(Figure 7.4) shows a graph of a relationship between weekly tasks 1 to 9 and the 

students' outcomes. 
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Figure 7.4: Students' outcomes from weekly tasks 
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The majority of the students had completed the problems with many mistakes, while the 

minority of the students had completed the problems without any mistakes. These 

results appeared to suggest that many of the weekly tasks were too difficult for students 

to complete with all correct, especially in weeks 5 and 8. There was much success 

experienced in early weeks. Predominantly most people did more tasks, or did some 

tasks with many of mistake. In some weeks, some students did very few tasks and had 

very little success with them. In some weeks, the tasks must have been too hard. The 

level of difficulty of tasks may need to be reviewed to ensure they provide the necessary 

assistance for students. 
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Figure 7 .5 shows the average of each weekly task completed by each group of students . 

The completion of weekly tasks was divided into 4 levels: 

• Level 1 :  no tasks completed; 

• Level 2 :  tasks completed with many mistakes; 

• Level 3 :  tasks completed with few mistakes; and 

• Level 4: tasks completed with all correct. 

W1 W2 W3 W4 W5 W6 W7 WB W9 

Weekly TaskS 

Figure 7.5: Average of weekly tasks completed by students with a low, average, and high GPA 

The average level of weekly task completion of students with a low, average, and high 

GPA for the whole study were 2.46, 2 . 14, and 2.20, respectively. The results seemed to 

suggest that students with a low GPA appeared to have the highest level of weekly task 

completion. Thus, these students seemed to use DIVTIC the most. As discussed in 

Section 7.2. 1 ,  this finding seems to support and verify the achievement of students with 

a low GPA. 

7.3.5 Conclusion 

The results showed that students with an average or high GPA seemed likely to have 

more interaction with the use of DIVTIC as the course progressed than those with a low 

GP A. On the other hand, the students with a low GP A appeared to be the group with the 

highest level of weekly task completion, and used DIVTIC significantly more than other 

students. Their achievement significantly outscored their counterparts in the control 

group. This finding seems to support the notion that use of DIVTIC with less interaction 
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and completion of the task could assist novices in learning introductory computer 

programming successfully. 

7.4 Question 2d: What factors influence students' achievement w ith 
DIVTIC? 

In order to explore the impact of those factors influencing students' achievement, the 

data was organised to explore whether there were any obvious correlations between 

achievement and other variables. The methods used to collect data to answer this 

question included the DIVTIC self-administered evaluation questionnaires and the 

DIVTIC log files. The use of each method is described in more detail below: 

• The DIVTIC self-administered evaluation questionnaire form: This form 

was used twice, in weeks 6 and 10.  It contained three parts: ( 1 )  questionnaire, 

(2) checklist, and (3) open-ended question. The questionnaire was comprised 

of 1 1  scales using a five-point Likert rating scale which questioned the 

students' perceptions of the impact of DIVTIC on their higher-order thinking, 

confidence, motivation, user friendliness, enjoyment, interest, level of 

boredom, useability, clarity, collaboration, and experience. However, only the 

questionnaire which included experience patterns was used to answer this 

research question. The statistics software application, SPSS, was used to 

calculate frequency distributions. 

• DIVTIC log files: The log-in files were recorded and updated onto the 

database on a weekly basis starting from weeks 2 through to 1 1 . At the end of 

the study, all the log-in files were put together into one big file and separated, 

using a perl script, into several files by using the students '  ID as a name for 

each file. 

The statistics software application, SPSS, was used to calculate frequency distributions. 

7.4.1 Time Factors 

Many students appeared to spend different amounts of time using DIVTIC. These 

differences appeared to have impacted on their achievement. The log-in time was used 

to explore whether there was a significant correlation between time spent using DIVTIC 
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and students' achievement by using three different log-in times, weeks 2 to 6, weeks 7 

to 1 1 , and weeks 2 to 1 1 , and the overall score. The following table 

(Table 7. 1 5) is provided to explore the different between log-in time weeks 2 to 6, 

weeks 7 to 1 1 , and weeks 2 to 1 1 . 

Table 7.1 5: Log-in time weeks 2 to 6, 7 to 1 1 ,  and 2 to 1 1  

Low GPA: 1 . 1 1  - 1 .72 Average GPA: 1 .78 - 2.22 High GPA: 2.25 - 3.36 
Log-in (N = 7) (N = 15) (N = 1 7) 
Time 

M SD M SD M SD 

Weeks 2 to 6 394.86. 203.87 265.73 232.01 205.59. 1 32.85 

Weeks 7 to 1 1  1 42.00 1 34.99 89.40 99.00 75.94 65.24 

Weeks 2 to 1 1  536.86. 355.07 355.07 301 .60 281 .41. 1 65.32 

• p < 0.05 

Table 7 . 1 5  shows that there was a significant difference between the means of log-in 

time weeks 2 to 6 of the students with a low GP A and students with a high GP A 

(t(22) = 2.7 1 1 ,  p < 0 .05), and a significant difference between the means of log-in time 

weeks 2 to 1 1  of the students with a low GPA and students with a high GP A 

(t(22) = 2.637, p < 0.05). In fact, the means of log-in time weeks 2 to 6 (m = 394.86) 

and weeks 7 to 1 1  (m = 142.00) of the students with a low GPA were highest, while the 

means of log-in time weeks 2 to 6 (m = 205.59) and weeks 7 to 1 1  (m = 75.94) of 

students with a high GP A were the lowest. These results seemed to suggest that students 

with a low GP A were more likely to need DIVTIC as a tool in helping their learning 

process than others. 

Figure 7 .6 shows the weekly average of the log-in time between the first stage, weeks 2 

to 6 and second stage, weeks 6 to 1 1 .  
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Figure 7.6: Average time spent using DIVTIC between weeks 2 to 6 and weeks 7 to 1 1  
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The results show that the means of log-in time decreased from the first half of the study, 

weeks 2 to 6, to the second half of the study, weeks 7 to 11. As time progressed students 

spent less time with DNTIC and completed fewer tasks successfully. The harder tasks 

may have reduced students' motivation. Some possible explanations for the patterns of 

usage may have come from the fact that students with a low GPA made slow progress in 

learning which led them to use DIVTIC more than others, or that they might find out 

that DIVTIC was a useful tool to help them in learning how to program effectively. 

However, the results also suggest that all students might have difficulty in using 

DNTIC toward the end of the course since there were more complexities in concepts as 

indicated by the decrease of the weekly average of log-in time from the first to second 

stages. 

Clearly, students with a low GPA had a significant difference in their log-in times, 

weeks 2 to 6 and 2 to 11, over others in the experimental group as shown in Table 7 .15. 

Further exploration into students' log-in times in each group and the scores of each test 

was carried out to see if there was any pattern in students' achievement in both groups. 

Table 7.16 shows that students with different learning abilities in the experimental 

group, averaged log-in times from weeks 2 to 6, weeks 2 to 10, and the scores of each 

test. 

Table 7.16: Levels of students in the experimental group with scores 

Log-in Weeks Lab Test 1 Midterm Score LabTest2 Final Score 

Experimental (minutes) (10%) (30%) (10%) (50%) 
N 

Group 2-6 2 -11 
M SD M SD M SD M SD 

M M 

Low GPA 7 394.86. 536.86. 7.36 2.61 16.71 3.43 6.36 2.53 32.03 3.69 

Average GPA 15 265.73 355.07 5.47 2.72 15.40 2.54 5.40 1.89 28.67 5.94 

High GPA 17 2os.59• 251.41• 5.53 2.70 16.06 2.89 4.91 3.34 28.14 6.57 

• p < 0.05 

Table 7 .16 shows a pattern with students with a low GPA having means in all tests 

higher than those with an average or high GP A. The mean of each test for students with 

a low GPA, who used DNTIC the most, seems to support the notion of their success 

and achievement being supported by more experience, resulting in enhanced learning 

outcomes. The findings seem to suggest that DNTIC should be used for long periods of 

time in order to make the most difference to learning. 
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Table 7 . 17  shows the results of students with different learning abilities in the control 

group and the score of each test. The results appeared to show a pattern with students 

with a high GP A having the highest mean of each test over others and students with an 

average GPA having a higher mean in each test over students with a low GP A. 

Table 7.17: Levels of students in the control group with scores 

- 213

Lab Test 1 Midterm Score Lab Test2 Final Score 

Control Group N (10%) (30%) (10%) (50%) 

M SD M SD M SD M SD 

Low GPA 7 5.07 2.11 13.57 1.59 4.71 1.87 25.95 2.82 

Average GPA 14 5.43 2.53 17.36 3.04 5.75 2.60 32.98 3.08 

High GPA 12 5.87 2.26 18.62 3.56 6.83 2.31 33.68 4.99 

Table 7.18 shows a significant correlation between log-in time of all students in the first 

stage, weeks 2 to 6, and the laboratory test 1 (r = 0.371, n = 39, p = < 0.05, one-tailed). 

The results suggest that log-in time can influence students' achievement in the early 

stages of usage. 

Table 7.18: Correlation between log-in time of all students from weeks 2 to 6 and the laboratory test 1 

Laboratory Test 1 

All Students' Log-in Time 
Weeks2to6 

Pearson Correlation 

Sig. (1-tailed) 

N 

Pearson Correlation 

Sig. (1-tailed) 

N 

• .Correlation is significant at the 0.05 level (1-tailed). 

Laboratory Test 1 

39 

.371* 

.010 

39 

All Students' Log-in Time 
Weeks2to 6 

.371* 

.010 

39 

39 

However, Table 7.19 shows that there was no significant correlation between log-in 

time of all students from weeks 2 to 11 and the final examination (r = -0.004, n = 39, 

p > 0.05, one-tailed). 

Table 7.19: Correlation between log-in time of all students from weeks 2 to 11 and the final examination 

Flnal Examination 

All Students' Log-in Time 
Weeks 2 to 11 

Pearson Correlation 

Sig. (1-tailed) 

N 

Pearson Correlation 

Sig. (Hailed) 

N 

Final Examination 

39 

-.004 

.490 

39 

All Students' Log-in Time 
Weeks 2 to 11 

-.004 

.490 

39 

39 



CHAPTER 7: RESEARCH QUESTION 2 I 

This result appeared to suggest that the overall log-in time did not influence students' 

achievement over the entire study. This could be because students were making so little 

use of DIVTIC. If they had been making more use, the outcome could have been 

different. Since, the students used DIVTIC in the second stage, weeks 7 to 1 1 , obviously 

less than the early stage, weeks 2 to 6, a paired t-test was used to find out there was any 

significant difference between the means of log-in times. The result shows that there 

was a significant difference between the means of the two log-in times 

(t(38) = 6.579, p < 0.0005). This finding appears to explain why there was no significant 

correlation between log-in time from weeks 2 tol 1 and the final examination. 

Table 7.20 shows that the correlation was significant between log-in time of students 

with a low GPA from weeks 2 to 1 1  and the final examination (r = 0.683, n = 7, p = < 

0.05, one-tailed). Although, the number of students with a low GPA was small (n = 7), 

there was still a correlation. 

Table 7.20: Correlation between log-in time from weeks 2 to 1 1  of students with a low GPA and the final examination 

However, the log-in time of students with a low GP A in the first stage, weeks 2 to 6, 

showed no correlation to either the laboratory test 1 or midterm examination. The 

results appeared to verify that continued use of DIVTIC throughout the course would 

contribute to students' achievement. 

Table 7.21 shows log-in times (weeks 2 to 6, 7 to 1 1 , and 2 to 1 1 ) and the scores of each 

student with a low GPA. The results suggest that students with low GPA who used 

DIVTIC most were likely to achieve higher scores. 
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Final Examination 

Students with Low GPA' s 
Log-In nme Weeks 2 to 11 

Pearson Correlation 

Sig. (Hailed) 

N 

Pearson Correlation 

Sig. ( Hailed) 

N 

• .Correlation is significant at the 0.05 level (1-tailed). 

Final Examination 

7 

.683* 

.045 

7 

Students with Low GPA' s 
Log-in Time Weeks 2 to 11 

.683* 

.045 

7 

7 



In week 6, Table 7.22 shows that there were 19 students (6 1 .3 percent) who claimed that 

they had experience in using a computer for many years, but only four students ( 12.9 

percent) did not have. There were 10 students (32.3 percent) who reported that they 

were experienced Internet users, while the majority of students, 15 students (48.4 

percent) reported that they were not applicable and six students ( 19.4 percent) reported 

that they were not experienced Internet users. There were 15 students (48.4 percent) 

who reported having no difficulty in using a computer, while 13 students ( 41 .9 percent) 

reported not applicable and three students reported having difficulty in using a 

computer. 

- 215

CHAPTER 7: RESEARCH QUESTION 2 
I

Table 7.21: Log-in time and scores of each student with low GPA 

Log-in Time (minutes) Scores 

No. Weeks Weeks Weeks Lab Test 1 Midterm Lab Test 2 Final Total 
2 to 6 7 to 11 2 to 11 (10%) (30%) (10%) (50%) (100%) 

245 20 265 2.5 15.5 2 26 46 

2 182 85 267 9.5 13.5 5 32 60 

3 277 142 419 6 13.5 7 29 56 

4 281 157 438 10 22 9.5 35 76 

5 516 25 541 9 19 8 34 70 

6 513 145 658 6.5 14 5 32 57 

7 750 420 1170 8 19.5 8 37 72 

7.4.2 Computer Experience Factors 

In this trimester, the students were using computer in a number of units. For many 

students, this trimester was their first serious computer-based learning experience. The 

results from the DIVTIC self-administered evaluation questionnaire form in part 1 was 

used to explore the experience students had towards the use of DIVTIC. This form was 

given to students in weeks 6 and 10. The statistics software application, SPSS, was used 

to calculate frequency distributions. The averages of each response were used to explore 

if there were any correlation between students' experience in using a computer and their 

outcomes. 

Table 7.22: Experience (week 6) 

Experience Week 6 

1 . I have used a computer for many years. (N. 39; Missing= 8) 

2. I am an experienced Internet user. (N•39;Missing=8) 

3. I have no difficulty in using computer. (N = 39; Miss;ng = 8) 

SD 

0 
(Co/,) 

0 
(0%) 

0 
(Co/,) 

D 

4 
(12.9%) 

6 
(19.4%) 

3 
(9.7%) 

NA A SA 

8 9 10 
(25.8%) (29.0%) (32.3%) 

15 7 3 
(48.4%) (22.6%) (9.7%) 

13 9 6 
(41.9%) (29.0%) (19.4%) 



Table 7 .23 shows that in week 10, there were 28 students (87.5 percent) who claimed 

that they had experience in using computer for many years, but only four students ( 12.9 

percent) did not. There were 24 students (75 . 1  percent) who claimed that they were 

experienced Internet users, but four students ( 12.5 percent) norminated not applicable 

and other four students ( 1 2.5 percent) were not experienced Internet users. Twenty-one 

students (65 .7 percent) claimed that they had no difficulty in using computer, six 

students ( 1 8.8 percent) were not applicable, and five students ( 15.7 percent) had 

difficulty. 

The results show that by week 10, students' perception of the computer experience had 

changed. They gained more experience in using the computer and the Internet as time 

progressed, which was expected. However, the percentage of students who reported 

having difficulty in using the computer increased from week 6 (9.7 percent) to week 10 

( 16 .7 percent). Some possible reasons may have come from the fact that these students 

might rarely use a computer or that they might not have much time to use a computer 

because they had to deal with other courses at the same time. Thus, the results seemed 

to show that the computer experience might have come to be a factor influencing 

students' achievement. To explore this matter, the average of responses obtained by 

adding all numbers of responses was used to find out if there was any correlation. 

Table 7.24: Correlation between computer usage experience from week 6 and the score of midterm examination 
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Table 7.23: Experience (week 10) 

Experience Week 10 

1 . I have used a computer for many years. (N. 39; M�s;ng. 7) 

2. I am an experienced Internet user. (N. 39; Miss;ng. 7) 

3. I have no difficulty in using computer. (N. 39; Miss;ng. 7) 

SD D 

0 4 
(0%) (12.5%) 

0 4 
(0%) (12.5%) 

2 3 
(6.3%) (9.4%) 

NA A SA 

0 16 12 
(0%) (50.0%) (37.5%) 

4 18 6 
(12.5%) (56.3%) (18.8%) 

6 14 7 
(18.8%) (43.8%) (21.9%) 

I 

Experience From Week 6 Midterm Score 

Experience From Week 6 

Midterm Score 

Pearson Correlation 

Sig. (1-tailed) 

N 

Pearson Correlation 

Sig. (1-tailed) 

N 

31 

.130 

.243 

31 

Table 7 .24 shows that there was no significant correlation coefficient between 

experience using a computer in week 6 and the midterm score (r = 0.130, n = 31, 

.130 

.243 

31 

39 
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p > 0.05, one-tailed). However, Table 7.25 shows that the correlation coefficient was 

significant between computer usage experience in week 10 and the final score 

(r = 0. 3 10, n = 32, p = < 0. 05, one-tailed). The results appear to show that when students 

had used the computer for 10 weeks, they were likely to have gained more experience 

and these results could be used to verify that computer usage had potential to be a factor 

influencing students' achievement as indicated by the correlation between the computer 

usage experience and the final score. 

Table 7.25: Correlation between computer usage experience from week 1 O and the score of final examination 

7.4.3 Conclusion 

The results from this part of the study showed that students used DIVTIC much less in 

the second half of the course. The findings revealed that there was a correlation between 

the total of log-in times of students with a low GP A and the final examination score. 

This could be because students with a low GPA used DIVTIC significantly more than 

other students. This finding seems to suggest that time spent using DIVTIC was a factor 

influencing students' achievement. 

As time progressed, students appeared to become experienced using DIVTIC and 

developed the ability to go straight to a particular point of DIVTIC to suit their needs. 

Thus, level of computer experience appeared to have the potential to be a factor 

influencing students' achievement. When students had used the computer and DIVTIC 

for extended periods of time, they gained more experience. This experience appeared to 

help them to navigate and use DIVTIC in a more effective way requiring less time to 

achieve. 
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Experience From Week 10 

Final Score 

Pearson Correlation 

Sig. (1-tailed) 

N 

Pearson Correlation 

Sig. (1 ·tailed) 

N 

• .Correlation is significant at the 0.05 level (Hailed). 

Experience Form Week 10 

32 

.310* 

.042 

32 

Final Score 

.310* 

.042 

32 

39 



The thesis sought to explore the learning opportunities and advantages that could be 

gained through the use of contemporary multimedia technologies as instructional 

supports in introductory programming classes. The thesis involved the design, 

development and implementation of an interactive multimedia model called Dynamic 

Interactive Visualisation Tool in Teaching C (DIVTIC). 

DIVTIC was designed by using multimedia and visual imagery to provide learners with 

a step-by-step representation of program executions in C language as a means to 

enhance their understanding. DIVTIC was designed to support knowledge construction 

and combined collaborative and visualisation learning strategies with use of the Internet 

and the World Wide Web to support the learning of introductory programming. The 

development ofDIVTIC was based on contemporary learning theories applied using 

available communication technologies and the Internet as a delivery medium. 

Designed to support learning introductory C programming, DIVTIC was comprised of 

eight components including: 

1 .  Information of computer structure: A set of animations which was designed to 

explain each part of the computer to give students an overview of the basic 

structure of a computer and to provide the opportunity for students to become 

familiar with the overall functioning of a computer. 

2 .  Syllabus/Lecture notes: A set of course materials and relevant information for 

students to download ahead of time during the trimester for an introductory C 

programming class. 

3 .  Animated examples: A set of animation examples which students could 

interact with by clicking on the control buttons at anytime. The animations 

showed students each step of program execution of algorithm in C from the 

introduction to computer programming course. There were 46 animations in 

total. A marker was used to animate all the segments of each line of the 

program. Animation examples were divided into three different levels of 
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difficulty: (a) easy and short animations, (b) average difficulty animations, 

and ( c) long and complex animations. 

4. Notes about C compiler: This component contained a step-by-step animation

that demonstrated how to use a C compiler. It was intended to help students

become familiar with the C compiler and also to encourage them to write a

simple program.

5 .  C references & links: This component contained information which assisted 

students in constructing their own knowledge by searching for relevant 

references on the server and the World Wide Web. 

6. C WebBoard: This component allowed students to communicate with their

peers. Students could post their questions and receive answers via the use of

this feature.

7. Self-Evaluation exercises: This component was designed to provide an

opportunity for students to test their own understanding or performance. It

contained a set of multiple-choice questions which covered all topics in the

computer programming course. It was designed to include a dynamic

feedback window for students when they clicked on an answer.

8. FAQ pool: This component contained frequently asked questions (FAQs) by

students in previous computer programming classes. This feature was

intended to provide students with easy access to some common questions

which peers had asked, together with teacher responses.

To explore how DIVTIC could influence learning, a study was designed and 

implemented with 100 undergraduate engineering students enrolled in Computer 

Programming 408101  at SUT in Thailand. The study used to explore the following 

research questions: 

1 .  How do students use the DIVTIC? 

( la) Which components ofDIVTIC do students use and for how long? 

( l b) What strategies do students use with DIVTIC? 

( le) What factors influence students' use of DIVTIC? 

( ld) What attitudes do students generate towards DIVTIC? 

These questions sought to investigate how students in the study responded to this 

innovative tool in order that learning outcomes could be better understood. At the same 

time the study sought to examine how DIVTIC was used so that any implications for 
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broader use could be identified. A second set of research questions was investigated to 

explore the impact of DIVTIC on students' actual learning achievement. 

2 .  To what extent does the dynamic interactive visualisation process 

implemented in DIVTIC influence learning outcomes? 

(2a) How does the dynamic interactive visualisation process implemented in 

DIVTIC influence students' performance in programming? 

(2b) How does use of the dynamic interactive visualisation process 

implemented in DIVTIC vary among students? 

(2c) What levels and forms of cognitive engagement are evident among 

DIVTIC users? 

(2d) What factors influence students' achievement with DIVTIC? 

This chapter is designed to conclude the fmdings from both research questions and 

provide recommendations for future research. 

8.1 Findings 

The study used one group of 50 students as a control group (Group C) and another of 50 

students as an experimental group (Group E) with the same teachers and tutors for both 

groups. Convenience sampling was used to select students by matching the GP A 

manually in choosing sample groups. Therefore, both groups were comprised of 50 

students ranging from low to high GP A. Each group was divided into three different 

levels according to GPA: low-less than 1 .78; average-1 .78 to 2 .22; and high-above 

2.22. Group C, for example, included C l ,  C2, and C3 which referred to low, average, 

and high GPA respectively, and Group E was comprised of E l ,  E2, and E3 which also 

referred to low, average, and high GPA respectively. However, there were 17 students 

in Group C and 1 1  students in Group E who withdrew from the course. Thus, there were 

only 72 students (Group C = 33; Group E = 39) who participated in the entire study. 

The majority of students who withdrew from the course were those with a low GP A in 

both groups. 

Both the experimental and control groups were treated in the same manner except for 

use of the DIVTIC system. The DIVTIC system was provided to be used only by 

students in the experimental group for about 30 to 45 minutes at the beginning of each 

laboratory session along with a weekly task for a trimester. The study was conducted in 
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normal classes with the researcher providing guidance to the participating teachers and 

acting as an observer in the classes when the experiment was conducted. The students 

were informed by their teachers of the study and the role of the observer. 

In order to explore how students used DIVTIC, the following data was collected during 

the study: 

• Strategies students used when interacting with DIVTIC;

• Length of time spent by students using DIVTIC,

• Place and time when students used DIVTIC;

• Levels of students' interaction with DIVTIC;

• Students' feedback on the design ofDIVTIC;

• Students' impressions ofDIVTIC as a learning tool;

• Students' attitudes from using DIVTIC;

• Students' motivation in using DIVTIC;

• Students ' satisfaction with DIVTIC

• Tutors' impression ofDIVTIC as a learning tool;

• Factors influencing students' use ofDIVTIC (time, content, and networking);

• Components of DIVTIC used by students and for how long; and

• Log files describing Web pages accessed by students.

This data was collected from such sources as screen recordings, log files, tutor 

interviews, student interviews, student questionnaires, and researcher observation. 

To explore the impact ofDIVTIC on students' programming performance, the 

following data was collected: 

• Students' performances from the laboratory tests among the control and

experimental group;

• Student's performances from the formal midterm and final examinations

among the control and experimental groups;

• Performances of students with different learning abilities (low, average, and

high GPA)
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• Students' attempts in completing the weekly tasks; 

• Forms and levels of interaction of students with different learning abilities 

(low, average, and high GPA); and 

• Length of time spent by students with different learning abilities (low, 

average, and high GPA). 

8.1 .1 Research Question 1 :  How do students use DIVTIC? 

The outcomes from analysis of the empirical data provided some very interesting and, in 

some cases, unexpected findings. The following section provides a summary and 

discussion of the findings which can be generated from this study. 

• Students prefer the animated examples component over all others in DIVTIC 

DIVTIC was comprised of eight components: Syllabus/Lecture Notes, Computer 

Structure, Animated Examples, C Compiler, C WebBoard, Self-assessment, FAQ Pool, 

and C References and Links. The animated examples component was designed to be a 

major component that provided animations showing students each step of program 

execution. At the beginning of each laboratory session, students were given a weekly 

task sheet requiring them to predict outcomes and to use DIVTIC to check their answers 

by viewing an associated animation. This process was designed to provide structure to 

the use of DIVTIC and to encourage students' use in a meaningful and deliberate 

fashion. 

The empirical data from the log-in records revealed that the animated examples 

component was the most often-used component and followed by the Syllabus and 

lecture notes, the Computer structure, the C compiler, the Self-evaluation, the C 

references and links, the FAQ pool, and the C W ebBoard. 

The animated examples component was designed to help students to visualise what was 

happening when a program was executed step-by-step. Although, students were 

required to use the animated examples component along with the weekly task, they had 

opportunities to use other components to explore what they needed at any time. Students 

seemed to prefer the animated examples component over all others in DIVTIC. This 

may be because they were given the weekly task sheet to complete and asked to view an 

associated animation in the animated examples component to check their answer. These 
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findings suggest that the weekly task could be a major instrument that could be used to 

motivate students to use all parts of DIVTIC. A weekly task with more broadly based 

activities could possibly create the opportunities for students to use all of the DIVTIC 

components in meaningful and effective ways. 

• Without teacher direction, the C WebBoard component will not l ikely be used
by students using DIVTIC

The C W ebBoard component was designed as part of learning environment. This 

component was intended to provide opportunities for students to communicate with 

their peers. This feature would encourage individuals to share and change their ideas 

leading to an opportunity to discover, analyse, synthesise, and evaluate each others' 

thoughts. It was intended that students could post their questions and receive answers 

via the use of this feature. However, the findings revealed that students in this study did 

not use this component at all. Some possible reasons may have come from the fact that 

these students used to a traditional learning style when information is transmitted, and 

not familiar with the learning strategy involving knowledge construction. It may have 

been that some were too shy to ask questions of their peers via the use of the WebBoard 

since they already had a chance to discuss issues and concerns in the laboratory 

sessions. 

The findings suggest that teachers using DIVTIC need to discover ways to engage 

students to use the W ebBoard as a channel to communicate, share ideas, or get feedback 

from peers or the teachers themselves. For example, teachers could provide a weekly 

topic posted on the WebBoard and ask students to respond to that topic by rewarding 

them with a minimal mark towards their total score, as an encouragement. This could 

motivate students to participate with the WebBoard in order to expand their knowledge 

and also have a chance to gain some marks. 

• Students with an average or high GPA are more l ikely to test their
understanding than low GPA students 

DIVTIC also provided an opportunity for students to test their understanding via the use 

of the self-assessment component which was comprised of a set of multiple-choice 

questions that covered all topics. This component provided a dynamic feedback window 

for students when they clicked on an answer. This was intended to challenge students to 

participate and improve their learning outcomes. 
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The findings revealed that students with an average or high GP A seemed more likely to 

test their understanding via the use of the self-assessment component than those with a 

low GP A. This was an expected result. Students with an average or high GP A made 

faster progress in learning than those with a low GP A so that they had more time during 

the laboratory session to test their understanding via the use of the self-assessment 

component. 

The findings suggest that teachers using DIVTIC may motivate students with a low 

GPA to test their own understanding through use of the self-assessment component by, 

for example, keeping records of students who used this component and rewarding them 

in some way. Generally, one would imagine that when students test their understanding 

with strategies that provide immediate feedback over a period of time, they would 

eventually gain some knowledge and learning advancement. Such a method could be 

used to encourage students with a low GP A to use the self-assessment component more 

since they could get some academic credit from using this component and would also 

gain some knowledge at the same time. 

• Students tend to see little value in the use of the FAQ pool and the C 
references and links components 

DIVTIC included a FAQ pool and C references and links components as part of the 

learning environment. The FAQ pool component was intended to be a knowledge-based 

pool that contained frequently asked questions (FAQs). This feature provided students 

with easy access to some common questions that peers have asked, together with 

answers. The C references and links component was a kind of information pool, which 

was intended to assist students in constructing their own knowledge by providing them 

with access to relevant information on the server and the World Wide Web. 

The findings revealed that these two components were perceived to be of minimal value 

among students and they did not frequently use these components. Some students did 

not even bother to use these either. These two components were included to enable 

students to explore their knowledge and available related information. Students are 

likely to use these components whenever they need to seek further information. 

The findings suggest that teachers using DIVTIC may include information that students 

would want to access, such as frequently asked questions relating to topics relevant to 
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either the midterm or final examinations. Teachers may announce this feature to 

students in the initial weeks to ensure that students know the benefit from using these 

two components . This may be a strategy which encourages students to make more use 

of these two components. 

• Students appear to have more interactions toward the end of the course

DIVTIC was designed to provide capability for students to control the animation 

process by including a set of control buttons that student could interact with. By 

interacting with DIVTIC, students can access information in a non-linear fashion that 

can come from any exploration paths. This capability was designed to enable students to 

monitor and manage their own learning and to construct better understanding in 

programming concepts and as a result to gain more motivation for learning. 

The data from the questionnaires revealed that students in this study seemed likely to 

have more interactions with DIVTIC as the course progressed. They seemed more likely 

to use the control buttons to interact with DIVTIC at the end of the course than at the 

beginning. A possible reason may have been that students may have found this way to 

interact with DIVTIC only after an extended period oftime. 

Students could use the control buttons to stop and pause which would enable them to 

pause and think, compare, or reflect on their thoughts. This feature was expected to be 

used consistently throughout the study. A possible explanation for low use early in the 

study could have been that students gained more experience using DIVTIC as the 

course progressed. The findings suggest that teachers using DIVTIC should demonstrate 

how to interact with DIVTIC fully in the very first weeks in order to allow students to 

get used to the controls and to know exactly what they could do with the control 

buttons .  

• The language used in  DIVTIC appears to be a factor that impede students'
use of DIVTIC

The study was undertaken at Suranaree University of Technology (SUT). Students in 

this study typically had lower abilities in learning than students in other government 

universities in Thailand. This is because SUT is a new university established in 1 990 

and the first cohort of students was admitted in 1 993 academic year. Most of the 
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students, who took a standard entrance examination and admitted into SUT, had 

selected SUT as their last choice. 

DIVTIC was designed to be a supplementary tool to help students learn programming. It 

provided a Message Board panel that displayed related information as the animation 

progressed. The information was written in English. In this study, the difficulty in 

understanding the English explanations in the Message Board panel for each animation 

seemed to be a significant factor in obstructing students' use of DIVTIC, since their 

native language was Thai. The study confirmed that when students had to learn both 

programming concepts and English at the same time, they understandably were not to 

be able to handle both and some words seemed likely to mislead their understanding. 

This was an unexpected result because most of the English explanations used in 

DIVTIC were technical terms. However, students in this study had low English skills 

and needed more time to acquire the information they needed. If DIVTIC had been used 

with students for whom English was their native language, the outcomes may have been 

different. 

The findings suggest that DIVTIC may need to be modified from English explanations 

to Thai, with the inclusion of audio explanations instead of using static text. This may 

help students save time through listening rather than reading all the explanations. If 

English explanations were used, teachers using DIVTIC may have needed to translate 

the explanations into their students' native language to prevent any misunderstandings 

or misconceptions. 

• Students tend to respond well to the use of DIVTIC as a complement to 
programming learning 

Students in this study were given questionnaires twice during the study. They were the 

same questionnaire but given at different times. One was given in week 6 and another 

one was given in week 10. The questionnaire sought their feedback on issues associated 

with use of DNTIC as a complement to learning. 

The study revealed that students responded very positively to the use of DIVTIC as a 

complement to programming learning and the fact that they were able to freely navigate 

through the resource they needed at their own pace and in their own time. They claimed 

to have gained confidence from using DIVTIC to solve basic programming problems. 
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Most of the students seemed to be satisfied and interested in using the animated 

examples component. The interface of the animated examples was found to be 

comfortable and user-friendly tool, easy to use and navigate. The animated examples 

component was felt to have covered all aspects appropriately and provided concepts that 

were well addressed and well explained. Most of the students seemed more likely to use 

this component as a group but they may have been too shy to communicate with their 

peers. 

The findings suggest that the DIVTIC system could be used by teachers and students in 

a similar setting to : 

• encourage and support the majority of students to think along with the

animation process so that they could reflect on what they were trying to get

out of it;

• help students to solve more complicated tasks or enable them to help their

peers as the course progressed;

• encourage students to pay more attention in class;

• help students create learning outcomes more efficiently;

• help students gain more enjoyment and feel more comfortable;

• entertain the students in their learning process;

• assist in learning to program;

• help students apply concepts to solve given problems and also enhance their

understanding; and

• help students to learn the programming environment and program execution.

8.1 .2 Research Question 2: To what extent does the dynamic interactive 
visualisation process implemented in DIVTIC influence learning 
outcomes? 

The outcomes from analysis of the empirical data provided some very interesting and, in 

some cases, unexpected findings. The following section provides a summary and 

discussion of the findings which can be generated from this study. 
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• The use of DIVTIC can significantly increase low GPA students' 
programming achievement 

The findings from this study clearly demonstrated that when low GP A students used 

DIVTIC their programming achievement was significantly enhanced over similar 

students whose learning did not involve this tool. In comparisons between the 

achievement of the students in the control and experimental groups, the achievements of 

students with a low GP A were compared. 

The study revealed that students with a low GP A in the experimental group had a higher 

mean in each test than those in the control group, especially in the midterm and final 

examinations which were obviously relatively large differences. The findings suggest 

that students may not have been using DIVTIC long enough by laboratory test 1 for the 

tool to make a difference. However, continued use throughout the trimester was found 

to contribute significantly to students' programming performance. 

DIVTIC was designed to help students to visualise and conceptualise programming 

constructs through their interaction with a tool that helped them to focus and engage 

with important steps and processes in the solution of programming algorithms. The 

study confirmed that a visualisation process could be of considerable assistance to a 

particular group of students, those with a low GP A, in developing their understanding of 

difficult programming concepts. The lower GP A students could view the process in a 

visual fashion helping their understanding. The findings suggest that DIVTIC would be 

a useful tool for teachers looking to promote understanding among their learners with a 

low GPA. 

• The use of DIVTIC can impede the programming achievement of average or 
high GPA students 

The outcomes from this study revealed an unexpected finding in terms of the 

contribution made by DIVTIC to students with an average or high GP A. The study 

found that among those students were made to use DIVTIC, programming achievement 

as demonstrated by results in the tests, actually diminished compared to their 

counterparts in the control group who did not use DIVTIC. 

The scores of each test of students in both experimental and control were used to 

explore if there were any significant differences between each level of students' 
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learning abilities, low, average, or high GP A. The findings revealed that students with 

an average or high GPA did not improve their achievement through the use of DIVTIC. 

Although, DIVTIC was designed to help all students, use ofDIVTIC was found to 

impede the programming achievement of those with higher learning abilities. 

This was an unexpected finding. One would imagine that if such an interaction did not 

help their learning, it certainly should not impede their programming achievement. The 

cause of the impediment appeared to come from how the students were required to use 

DIVTIC rather than from use of the program itself. Some possible explanations may 

have come from the fact that the visualisation process in DIVTIC may not have been 

challenging or been appropriate to students with an average or high GPA. Another 

possibility is that the problems may have needed to demonstrate more complex 

concepts. The most likely reason for the impeded learning appears to come from the 

time students spent using DIVTIC. The use ofDIVTIC along with the weekly tasks was 

very time consuming and may have taken away from students' time spent solving 

weekly problems given by the teacher. Perhaps, students with an average or high GP A 

may have already understood the basic concepts, and did not need to invest their time 

using DIVTIC to discover what they already knew. 

The findings suggest that the mandatory use ofDIVTIC for such periods of time 

without any exception may not benefit all students especially those with an average or 

high GP A. This seems to suggest that the use of D IVTIC by teachers should be flexible 

and made when students are found needing in their understanding. 

• Students with a low GPA tend to use DIVTIC more than others

DIVTIC was planned to be used, most of the time, by students who may have had 

difficulty in understanding abstract programming concepts. All students in the 

experimental group were given the same opportunity and the same tasks to complete 

with DIVTIC. The results clearly showed that those students with a low GPA took more 

time and completed more exercises than others. Some possible reasons could be that 

those students with an average or high GP A might have already understood the basic 

programming concepts so that they used DIVTIC less. There was considerable 

repetition in the animations. Students with an average or high GP A may have gained the 

concepts before those with the low GP A. Students with higher GPA seemed likely to 
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make faster progress and to require less time to complete the weekly tasks with 

DIVTIC. 

This finding suggests that the low GP A students saw greater benefit in the use of 

DIVTIC than others and were encouraged by their successes. On the other hand, those 

students with an average or high GP A must not have seen the benefits to be derived 

from the use of DIVTIC and were less inclined to continue using it. 

• Among students with a low GPA, high levels of use of DIVTIC correlates with 
higher programming achievement 

The results from this study revealed that there were differences in the time spent using 

DIVTIC among students with a low GP A. The results showed that students who used it 

more were more likely to have higher programming achievement than other students 

who used it less. This was a promising outcome. Generally, one would imagine that 

students with a low GP A would be expected to use the tool to help their understanding 

in programming concepts and the more time they spent using DIVTIC, the higher 

programming achievement they would achieve. The outcomes confirm this expectation. 

This finding suggests that teachers using DIVTIC should encourage and motivate 

students with a low GP A to use D IVTIC as much as possible. Higher levels of use can 

contribute to the development of students' conceptual understanding of programming 

language. 

• The form of interaction with DIVTIC does not necessarily influence 
programming achievement 

DIVTIC was designed to be an interactive tool which provided students with the 

capacity in control the animation. This feature was intended to enable students to 

conceptualise and reflect throughout the animation process by pressing the control 

buttons including Stop, Play, Step Forward, Step Backward, Go to the Beginning, and 

Go to the Endbuttons. The findings revealed that most of the students who were highly 

interactive with the use of DIVTIC were those with an average or high GP A. However, 

their interaction did not appear to correlate with increases in their programming 

achievement. 

This was an unexpected result because this form of interaction was intended to help and 

engage learners in a process involving higher order thinking that should have enabled 
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them to gain understanding. Some possible explanations may have come from the fact 

that these students made faster learning progress and had more time to interact with the 

functionality ofDIVTIC than those with a low GPA. Without watching the entire 

animation process from the starting point to the end, students possibly might not 

develop the intended understandings of the programming process. 

The fmdings suggest that teachers using DIVTIC should guide students at the initial 

stage to watch the entire animation process before using the control buttons to interact 

with DIVTIC. Once, students have seen through the animation process, they could then 

be free to play around with the control buttons. This seems likely to be able to prevent 

any misunderstanding in any parts of the source code. Another possibility to encourage 

students to view the entire program, would be to have DIVTIC provide only the Play 

and Stop buttons at the initial stage. The other buttons, Step Forward, Step .Backward, 

Go to the .Beginning, and Go to the Endbuttons, may be included when the animation

process had run completely once. 

• Lower GPA students appear to learn from non-interactive use of DIVTIC

DIVTIC was designed to provide students with the capacity in control the animation 

process .  One would imagine that the lower GP A students, who seemed likely to have 

more difficulties in understanding programming concepts, might have higher 

interactions with the tool than other students. This interaction could help them to focus 

and engage with important steps and processes in the solution of programming 

algorithms. However, lower GP A students in this study appeared to learn from simply 

viewing the animations rather than being highly interactive and stopping and starting 

them consistently. 

The successful use ofDIVTIC seemed not always to require students to be highly 

interactive. Students with a low GP A watched the animation process all the way through 

with less interaction. This strategic use ofDIVTIC took more time. However, these 

students seemed likely to gain better understanding by spending more time in just 

viewing the animation process itself. 

The fmdings suggest that teachers using DIVTIC should require all students to watch 

the animation process all the way through at least once before reviewing or interacting. 

Teachers may also demonstrate the entire animation process in the class once before 
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going to the laboratory. This seems likely to help students to gain some ideas by 

observing what is going on when the program executes at any particular step before they 

actually try it themselves. 

• Over extended periods of time, students are able to gain learning 
advancement from reduced use of DIVTIC 

All students in the experimental group were required to use DIVTIC along with the 

weekly task at the beginning of each laboratory session for 30 to 45 minutes. They also 

were encouraged to use DIVTIC at their own pace and in their own time. The data 

revealed that even though students tended to use DIVTIC less as the course progressed, 

they achieved the same level of problem success. 

When students had used DIVTIC over extended periods of time, they gained experience 

on how to use the feature and functionality provided in such a tool. Thus, they could just 

go straight to a particular point of the tool to suit their needs without wasting their time 

on unnecessary features. This experience appeared to help them to navigate and use 

DIVTIC in a more effective way with less time to achieve success. Interestingly, the 

lower GPA students also made less use ofDIVTIC as time progressed, but they still got 

as much done. 

The findings suggest that teachers using DIVTIC may provide extra tasks relating to 

some examples in DIVTIC for student to practise as the course progressed. This can 

encourage students to be active learners by giving them opportunities to solve such 

tasks, and this can also motivate students to use DIVTIC more to compare their results 

or when they face difficult steps in solving programming tasks. 

• Time spent using DIVTIC is a factor that appears to influence students' 
programming achievement 

Students in the experiment group were required to use DIVTIC at least once a week 

during the laboratory session. There were differences between time spent using DIVTIC 

among students which appeared to influence students' programming achievement. The 

results from this study revealed that time spent using DIVTIC among all students in the 

first stage (weeks 2 to 6) correlated with the score of the laboratory test 1 undertaken in 

week 7. However, there was no correlation between the total of log-in times and the 

score of the final examination. 
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A further exploration into each group of students' log-in times was carried out to see i f  

there were any correlations between time spent using DIVTIC of  each group and the 

scores of each test. The findings revealed that there was a correlation between the total 

log-in times of  students with a low GPA and the final examination score. This could be 

because students with a low GPA used DIVTIC significantly more than other students. 

The findings seem to suggest that time spent using DIVTIC is a factor influencing 

students' programming achievement. This was a promising result because it showed the 

more time students spent using DIVTIC, the higher outcomes they could achieve. 

Teachers using DIVTIC may encourage students with a low GPA to use DIVTIC as 

much as possible. On the other hand, students with an average or high GP A might best 

be provided with more challenging tasks relating to examples in DIVTIC as their course 

progresses. This could motivate them to use DNTIC consistently and may help them to 

achieve higher programming achievement. The findings suggest the need for teachers to 

adopt DIVTIC in flexible ways to cater for the varying needs of their programming 

students. 

8.2 Suggested Improvements for DIVTIC 

The overall findings from the study have suggested numbers of possible ways to 

improve DIVTIC and the way it is used with students, in order to improve its capacity 

to influence learning. From a technical perspective, the detailed study ofDIVTIC has 

suggested that for the target audience, DIVTIC would be enhanced by: 

• Instructing and description in Thai: The explanation in the Message Board

panel of each animation could be translated into Thai. This would help Thai

students who were weak in English to understand better.

• Viewing through the entire animation process: Students should view the

animation process all the way through at least once before reviewing or

interacting with DIVTIC. This could ensure that students would not miss any

important steps and processes in the solution o f  programming algorithms.

• Opportunity for students to test their own input: DIVTIC may be designed

to provide an opportunity for students to be able to test their own input beside

the given input from DIVTIC so that it makes learning meaningful and

students may have more interest. One suggestion from a user suggested that it
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would be more appropriate and interesting if they could test their own input 

via the use ofDIVTIC. 

From an implementation perspective, use of DNTIC might best be achieved through 

learning setting which exhibits the following characteristics: 

• More time for students: The two-hour laboratory session time in this study 

appeared to be inadequate. Students clearly need more time to achieve 

abstract programming concepts. Incorporating DIVTIC into a schedule 

requires students to spend more time and this would need to be built into the 

setting. 

• More flexible approaches to its use: Students should be required to use 

DNTIC for differing amounts of time depending on how much each student 

needs. Low GPA students could be encouraged to use DIVTIC as much as 

they can, while students with an average or high GP A might need less time to 

achieve the same success. 

• DIVTIC on CDs: The DIVTIC system may be produced on a CD and 

distributed to all students to install the software onto their own computers. 

This could reduce network problems often evident in Thailand. 

• More advanced programming concepts: DIVTIC was used as a 

supplementary tool to help students in learning how to program at SUT. It 

covered only basic C syntax since the 408 10 1  course, Computer 

Programming in C, was planned and prepared to teach basic introduction to 

computer programming to engineering students. It may be of more benefit to 

include more advanced C syntax so that DIVTIC could be used to support all 

levels of student abilities in learning. 

8.3 Potential Limitations of the Study 

As Patton ( 1990) notes "There are no perfect research designs. There are always trade­

offs" (p. 162). The study sought to explore how the students in an introductory 

programming course were aided by the use of interactive visual and Web-based 

instructional materials. There were a number of factors likely to limit the 

generalisability such as: 

- 234 -



�-------------------- CHAPTER 8: SUMMARY AND CONCLUSIONS I 

• Limited learning setting: This thesis reports on a single university studying

at Suranaree University of Technology (SUT). Students at SUT are more

likely to live in a rural area and have a low level of intake. These students

have low English skills comparing to other government universities in

Thailand, as they use Thai language most of the time in their everyday lives.

There may have been cultural and social issues associated with the Thai

setting that have influenced findings that may not be evident in other settings.

• Language of implementation: Students at SUT speak and write in Thai, their

native language. They study using Thai textbook in all their courses. Thus,

having a text written in English as in this study may have caused some

difficulties in their learning process. DNTIC was designed and developed

using English. Only the problems were written in Thai. However, the meaning

and description of each keyword and the explanation of each animation

process were written in English. Difficulties with English may have caused

difficulties with the use ofDNTIC which may have limited the findings.

• Nonrandom sampling: By using convenience sampling to select students for

the control and experimental groups, the students in both groups were not

necessarily representative of the population. Sproull ( 1988) argues that results

from nonrandom sampling cannot be generalised because they have usually

not been defined. The findings would have been more generalisable if the

student sampling had come from a randomised process.

• Variation in learner: There were many variations in learners. A more

homogeneous group of students would have provided more opportunity to

explore how best to use DNTIC. If the students in this study had the same

levels of abilities in learning, the findings may have been generated in a

different way.

• Sample size: The students in this study were able to withdraw from the

course anytime before the withdrawal penalty period. It was not guaranteed

that all students in both groups would remain throughout the study period.

There were 33 out of 50 students who participated in the control group, while

39 out of 50 students participated in the experimental group. The results from

this small number of students may be difficult to generalise.
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• Duration of intervention: The time that students used DIVTIC was limited 

for 30 to 45 minutes depending on how easy or difficult the weekly task was 

in each laboratory session. The tutors sometimes spent an extra 30 minutes for 

teaching how to solve the instructor's weekly problem, and left the remaining 

time for the students to write the C source code to solve that problem and test 

it via the C compiler. The two-hour laboratory seemed to be insufficient for 

students to complete all the tasks, weekly task and instructor's weekly 

problem. A four-hour laboratory would be more appropriate for students 

learning to programming through the use of DIVTIC. The lack of time with 

DIVTIC, caused by environmental factors outside the control of the study, 

may have limited the findings. 

• Lack of pretest. This study did not provide a pretest in both the control and 

experimental groups. The students in both groups may not have been matched 

perfectly in term of their learning abilities and achievement. Although, the 

students' GPA in both groups were matched perfectly by using convenience 

sampling, those GP A were acquired from the first trimester which students 

enrolled only in basic fundamental courses. The GP A from those courses may 

not have been able to match the ability of each subject perfectly for the 

purpose of this study, a computer programming course, which was mainly 

involved with mathematical and scientific matters. 

• Short time span: This study was conducted over one trimester that was 

comprised of 1 2  weeks for lecture plus another week, the 1 3th week, for the 

final examination period. The time that students used DIVTIC was limited to 

30 to 45 minutes depending on how easy or difficult the weekly task was in 

each laboratory session. A longer period of time in using DIVTIC might have 

led to greater changes in students' achievement than appeared in this study. 

• Novelty of learning design: This study was undertaken with students who 

were accustomed to learning in a traditional style, including direct teaching 

and knowledge transmission. In such settings, teachers provide students with 

knowledge to be memorised and repeated usually without providing 

opportunities for them to make sense of the information they have been given. 

DIVTIC was designed to support student-centred learning which engages 

students as active learners by thinking along with and interacting with the 
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animation process. This would have been an unusual learning style for the 

students, which they might have needed time to get used to. 

The study may have been able to show more significant results if students had been 

familiar with student-centred learning and better able to choose how and when to use a 

tool such as DIVTIC. 

8.4 Suggestions for Future Research 

Further study is needed to establish precisely the design of elements of interactive 

multimedia, which encourage and enable students with an average or high GP A to 

achieve their ultimate outcomes. Furthermore, the two-hour laboratory session did not 

seem to be adequate. Novice students may need more time to finish both DIVTIC's  

weekly task and the instructor's  weekly problem with tutor's assistance. In some cases, 

if the Internet connection possibly is a problem suggesting that the DIVTIC system 

could be produced on a CD and given to all students. 

The findings from the study provide strong support for the concept of a dynamic and 

visual programming aid such as DIVTIC as a support for introductory programmers. A 

number of areas emerged from the study as potentially important areas of inquiry to 

further explore ways to maximise learning from such tools. Possible areas of further 

inquiry include: 

• Using DIVTIC for more complex problems 

Students with an average or high GPA may have already understood some basic 

programming concepts. Teachers using DIVTIC may provide more complex problems 

to ensure that students with an average or high GPA are satisfied in using DIVTIC and 

see some benefits. In this study, DIVTIC was created to support the learning of 

introductory programming concepts. It could also be used to support the learning of 

more advanced programming concepts. Further research into the efficacy of such a tool 

supporting the learning of high achieving students would be useful to explore the full 

extent of the possibilities of this learning support. 

• Encouraging particular patterns of use: 
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This study found that students used DIVTIC in a variety of forms and for varying times. 

Students often failed to view the animation in their entirety. It would be useful in further 

research to explore different usage patterns to determine optimal forms for teachers to 

encourage. In such research, teachers using DIVTIC could encourage students to view 

the entire animation process at least once before interacting with DIVTIC. This could 

ensure that students would, at least, see each entire animation once. The findings 

suggest this could enhance learning but further research is needed to explore and 

confirm this possibility. 

• Using DIVTIC in  other programming languages 

Although DIVTIC was designed to help students in learning how to program in C, 

students learning other programming language could also use DIVTIC to help them 

understand basic programming concepts. Most programming languages have the same 

concepts and algorithms. Further research could explore the reusability ofDIVTIC in 

other programming domains and could establish strategies for facilitating the design of 

subsequent systems in ways that support this form of application and reuse. 

• Exploring more flexible ways to use DIVTIC in classrooms 

Learning theory suggests that students should have the opportunity to use tools such as 

DIVTIC on their own terms. They should have flexibility in their use ofDIVTIC. 

Students with a low GP A may need more time than those with an average or high GPA. 

Students with a low GPA could be encouraged to use DIVTIC as much as they can, 

while other students could be free to use DIVTIC as they choose. It would be helpful in 

determining how best to implement a tool like DIVTIC to explore learning outcomes 

from flexible approaches. Further research that could assist in this process would 

involve applications ofDIVTIC with varying forms of teacher support among diverse 

students groups. 

• Alternative del ivery strategies 

In the study, DIVTIC was provided to students through a Web-based delivery. This was 

limiting in a number of respects. It limited the levels of student access and limited 

places from which access could be gained. Given the nature of the animation section of 

the tool, there are other more flexible ways that could be used to provide students access 

to this tool. For example, DIVTIC could be uploaded onto a server and also produced 
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on a CD to distribute to students. This could ensure that if there was an Internet 

connection problem, students would still be able to use DIVTIC on their own machine. 

Also production of such learning resources on CD can provide cost savings. Useful 

further research could explore possible forms of CD delivery for various components of 

DIVTIC to explore how this might improve access and lead to higher levels of 

incidental access. Discovering the optimal delivery form for the components of DIVTIC 

would help to improve learning outcomes from its implementation. 

8.5 Conclusion 

The results from this quantitative study have provided strong support for the notion that 

use ofDIVTIC can assist novices in learning introductory computer programming. The 

results are interesting that they clearly demonstrate the advantage ofDIVTIC with 

students with a low GP A. What are the learner characteristics inherent in this group? Is 

it low formal reasoning or poor self-regulation? If we could identify the learner 

characteristic, we could use DIVTIC more widely. However, the study has suggested 

that DIVTIC is a valuable tool for novice programmers and encourages further 

exploration and inquiry. This model seems to have potential over traditional face-to-face 

teaching and it is a strong complement for teaching and learning innovations and 

initiatives in introductory computer programming courses. 
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