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Abstract 
The purpose of this study was to determine whether computer assisted instruction (CAI) in 

the Information Technology for Life course taken by first year students at Nakhon Pathom 

Rajabhat University (NPRU), Thailand, could be used to teach at least as effectively as 

traditional methods. Since CAI has been used successfully in developed countries to 

supplement or replace traditional methods of instruction, it was thought that CAI may 

present a solution to the lack of instructors in general education courses across the 41 

Rajabhat Universities in Thailand. CAI could also facilitate student centred learning, a 

key goal of the National Education Act (1999). 

One hundred and twenty four incoming freshman students enrolled at NPRU for the 

2004 academic year participated in a study comparing the two methods of instruction us-

ing three topics of the Information Technology for Life course. The research questions 

examined were ( 1) are there differences between the groups on the achievement factors 

related to CAI usage? and (2) are there differences between the groups on attitude factors 

related to CAI and traditional teaching? CAI lessons were developed for the experimen-

tal group as interactive multimedia modules loaded from a CD-ROM; the control group 

received traditional lecture instruction. 

Pre-test and post-test scores indicated greater learning gains in the CAI group. Com-

parison of weak, average and strong students between the two groups showed no dif-

ference in learning outcomes for the weak students, but average and strong students in 

the CAI group did better than those of the control group. The results also indicated that 

CAI students' retention of content was better than that of students following traditional 

learning. There was no significant difference in students' attitudes toward their method 

of teaching. Students of both groups felt that overall their method of teaching was very 

good. No relationship was found between student performance and their attitude toward 

CAI. 

xvi 



Chapter 1 

Introduction 

1.1 Background 

Thailand has gradually come to realise that the development of education is very impor-

tant for the improvement of its quality of life and to enable its people to keep pace with 

the rapid changes of modem society. Accordingly, the education system has been chang-

ing from a system of traditional management in the palaces and temples to a schooling 

system with specialist-trained teachers and a designated plan and curriculum. Since the 

Economic Crisis of 1997, there has been an attempt towards further education reform 

aimed at developing educational management to make it more consistent with the coun-

try's needs. Some of the implementations according to this reform have met with a certain 

degree of success, but some are still in need of further practical application. 

This chapter sets the context of the project by giving an overview of the country, 

Thai higher education, and associated problems. Nakhon Pathom Rajabhat University is 

discussed, the motivation for the study is identified, and the aims of the thesis are stated. 

1.1.1 Thailand in brief 

Thailand (formerly named Siam) literally means "Land of the Free" (Vatanavigit, 1984). 

Thailand is the only South-east Asian country never to have been taken over by a European 

power (Central Intelligence Agency, 2005). 
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It covers an area of nearly 513 115 square kilome-

tres, being roughly the size of France. As shown in 

Figure 1. 1, Thailand shares land borders with Myan-

mar (Burma) in the north and west, the Andaman Sea 

in the west, Laos in the north and north-east, Cambo-

dia and the Gulf of Thailand in the east, and Malaysia 

in the south. The shape of the country is said to be 

similar to the profile of an elephant with a long trunk 

stretching down the peninsular. At school, students 

are taught that their country resembles the shape of 

an ancient axe with the peninsular being the handle 

(ThaiWebsites.com, 2005). 

Thailand is composed of 76 provinces, with a pop-

ulation (in July, 2005) of about 65 444 371 people, di-

vided into ethnic groups as follows: Thai 75 %, Chi-

nese 14%, others 11 % (Central Intelligence Agency, 
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2005) . Bangkok is the capital of the country; Thai- Figure 1.1: Thailand and its neigh-

land has a constitutional monarchy, with King Bhu- bouring countries. 

mibol Adulyadej its Head of State (ThaiWebsites.com, 

2005). 

1.1.2 Education in Thailand 

The Thai Education System provides for three types of education (Office of the Educa-

tion Council, 2004) : "Non-formal" education services are provided by both public and 

private bodies to those outside the school system, such as pre-school children, school-age 

children who have missed formal schooling, and adult learners. "Informal" education 

provides opportunities for the populace to learn on their own according to their interests, 

readiness and the opportunities available from individual, society, environment, media or 

other sources. Finally, "formal" education is provided to those inside the school system, 

by both public and private bodies . 

Formal education is further divided into basic education and higher education . Basic 

education is provided for 12 years before higher education commences. Compulsory 
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and free education is provided for all children from ages 6 to 15. Pre-school starts at 

ages 3-5, primary education is for ages 6-11, lower secondary for ages 12-14 and upper 

secondary for ages 15-17. Higher education, on the other hand, is divided into two levels: 

pre-degree level and degree level (International Relations and Cooperation Centre for 

Education Reform, 1999). 

1.1.3 Overvie'v of Higher Education in Thailand 

The beginning of higher education in Thailand can be traced back to the first medical 

school of the country, which was established in 1885 at Siriraj Hospital. However, Chu-

lalongkom University is usually credited as being the first university in Thailand. The 

medical school at Siriraj Hospital was transferred to this new university and became its 

faculty of medicine. The original objectives of the university were to recruit and train 

professional personnel for the civil service. 

The second university, Thammasat University, was established in 1934. The univer-

sity shared the same objectives as Chulalongkom University, with an emphasis on the 

disciplines of law, political science and economics. In addition to admitting full time 

students, Thammasat University also served as an open university by providing oppor-

tunities to those already employed but wishing to advance their careers by pursuing a 

university degree. Both universities have depended almost entirely on budgets allocated 

by the government for their operation. 

Some 88 years have passed since Chulalongkom University was established in 1917 

by King Chulalongkom (Rama V). It incorporated the existing schools of medicine and 

engineering with the newly created faculties of arts and sciences, law and political sci-

ence (Educational Management Information System Centre, 1998). Today the Office of 

Higher Education Commission in the Thai Ministry of Education has under its jurisdiction 

166 institutes (or universities, both public and private), 46 190 instructors, and 1 891 693 

students (Bureau oflnformation and Communication Technology, 2005). 

Higher education in Thailand has progressed remarkably since the establishment of 

Chulalongkom (Weesakul and Team, 2004). University students constitute 28% of the 

l&-24 age group of the population; the budget for the operation of these institutions aver-

ages USS I 550 million per year, 61 % of which comes from the government and the rest 

from fees paid by students for their tuition and related services. The number ofuniversi-
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ties, students and instructors under the jurisdiction of the Office of the Higher Education 

Commission in the Ministry of Education for the academic year 2003 is shown in Ta-

ble 1.1 (Weesakul and Team, 2004). 

Table 1.1: Number of universities, students and instructors under the jurisdiction of the Office of 
the Higher Education Commission in academic year 2003. 

University or Institute Students I Instructors I 
22 Limited Admission Universities 3 100000 20300 

2 Open Universities 640000 1170 
41 Rajabhat Institutes0 220 000 (Formal) 7700 

270 000 (Non-formal) 
l Rajamangala Institute 94000 4600 

of Technology (36 Campuses)b 
51 Private Universities and Colleges 220000 9500 

0 Bccame Rajabhat Universities on 15 June 2004. 
hBecame Rajamangala University of Technology on 18 January 2005. 

1.1.4 Traditional Learning in Thailand 

For much of Thailand's educational history, the teacher has been the centre of the class-

room. Research and pedagogy focused on teacher behaviour and specific pedagogical 

strategies that primarily utilized a "transmission" model of presenting information to stu-

dents and asking them to recall that information (UNESCO, 2003b ). Deveney (2005) 

found that Thai school children are taught to be silent in class so they can listen to the 

teacher. She acknowledges that the relationship between student and teacher is very dif-

ferent to that in the US and other more developed countries. Respect seems to be con-

nected with not only the high status of the teacher in Thai society, but also the fear ofbeing 

hit (with a stick on the knuckles). Thai teaching staff gave some interesting examples of 

student behaviour: in school, students just follow the teacher and copy; students are more 

afraid of their teacher; children have more respect for their teacher e.g. they must stop in 

the corridor and "wei" (a fom1 of respectful salutation) when a teacher goes by, or if the 

teacher is carrying something they ask if they can help. Also, students are well behaved, 

talk nicely and listen to the teacher. Deveney claims that the Thai education system is 

formal and teacher-centred, as well. The conclusion of her research is that Thai culture 

does, indeed, impact on learning. 
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Figure 1.2: Wai Khroo ceremony at Nakhon Pathom Rajabhat University (early academic year, 
2005). 

Comparing characteristics of Thai school children with those of students in univer-

sities, there appears to be little difference between the two. Prangpatanpon ( 1983) em-

phasized that universities in Thailand are based on a system of faculties- each under a 

separate dean, as in the United Kingdom. Teaching and course organization, on the other 

hand, are similar to the American system, with a credit course system being used. How-

ever, the relationship between instructors and students follows the Thai school approach 

rather than any foreign model, which has a strong influence on students' attitudes and 

academic standards. Rites and rituals in the university reinforce this approach. For exam-

ple, Thai universities still practice the tradition of paying homage to instructors. At the 

beginning of each academic year every university conducts an elaborate ceremony called 

'Wai Khroo', to honour teachers, as depicted in Figure 1.2 at Nakhon Pathom Rajabhat 

University. 

Most Thai students are used to authoritarian practice, and are willing to accept what 

their instructors say without question because they see the university as a continuation of 

their traditional schooling in which they receive information submissively and passively. 

Irvin (1990), following experience teaching English at Chaing Mai University in no1th-

ern Thailand, concluded that students often do not have a lot of self-confidence, perhaps 

because freshman university students are not in class with people they have known for a 

long time. Irvin asserts that working with Thai students requires a balance of energies, the 

teacher having to be active enough to stimulate the student's thinking. He found that cul-
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tura] thinking was the biggest problem; for example, organizing the ideas of argumenta-

tion into advantages and disadvantages is not an easy task for Thai students- sometimes 

they mix them up. Moreover, when instructors try to introduce more creative and critical 

elements into their teaching, students find it very difficult to adapt (Brickshawana, 2003). 

Knee ( 1999), an American instructor who has had experience teaching Thai univer-

sity students, claims that when Thai students confront the problem of learning concepts 

at a university level, they Jack the ability of describing deep analysis or criticism of an 

idea or text while American or Australian students do not. Shoko (1998) talks about what 

Thai students are like and points out that school life at a Thai university is considerably 

different from that at a US university. As often observed in many Asian countries, au-

thority and seniority play important roles both inside and outside of the classroom. There 

exists a definite hierarchy between teachers and students, and students are expected to 

respect and follow teachers' directions. While questions and discussions are being more 

and more encouraged by teachers to facilitate students' learning, challenging a teacher 

rarely occurs. 

1.2 Problems in higher education in Thailand 

Despite the progress made in recent years, Thai higher education is still faced with many 

problems. Sakda Prangpatanpon, a USA-trained academic, lists some of these as unclear 

and ambiguous educational aims, inadequate financing, inability to recruit enough qual-

ified lecturers, and insufficient numbers of graduates in science and technology to serve 

the country (Prangpatanpon, 1983). Many of these problems, he says, are related to the 

culture and traditions of Thai society. In the "old days", teachers did not receive any pay 

but taught their students out of kindness. Their students were grateful and would hold 

a ceremony every year to show their appreciation and the great respect they had for the 

teachers. Now, even though teaching is a paid profession, this tradition is still followed at 

all levels of education. As Prangpatanpon emphasised "The failure to integrate knowledge 

in various disciplines keeps students from gaining a broader understanding and preparing 

themselves for a more global society. Often what passes for university education is little 

more than a capacity for passing successive examinations, regardless of whether there 

has been intellectual growth". This is why Knee (1999) criticis~s education in Thailand, 

6 



stating that "In Thailand a degree is seen purely as a means of attaining status and employ-

ability rather than as a means of intellectual enrichment". This inclination suggests that 

there is room to further develop the popular understanding of the university's enterprise 

(Mulder, 1996; Prangpatanpon, 1983). 

The Thai higher education system is facing both a qualitative and quantitative crisis. 

Vatanavigit (1984) concluded that Thai students are expected to be quiet and take what-

ever the teacher imparts. This is in agreement with what Prangpatanpon stated. Most Thai 

students are used to authoritarian practice, and are willing to accept what their professors 

say without question; moreover, most professors use lecturing as their main form of in-

struction, and students rarely argue or discuss the content in class (Prangpatanpon, 1983). 

This has resulted in a serious inappropriate learning characteristic, namely students learn-

ing by memorizing more than thinking. In the ranking of higher education institutions in 

49 countries by the Institute of Management Development (IMD), Thailand ranks 47th 

and 46th in the overall competitiveness of its education system and its quality of higher 

education respectively, while universities in Singapore and Taiwan come 4th and 14th re-

spectively in the university education ranking (Weesakul and Team, 2004). According to 

the Thailand country report on EF A2000 (Education for All) presented to the UNESCO, 

Thai higher education has encountered management problems and also a lack of quality 

instructors in some vocational and university level subjects; also, the training of technical 

staff is not effective due to their obsolete equipment (The Ministry of Education, 1999). 

Weesakul and Team (2004) identified two groups of problems in the Thai higher edu-

cation system: 

l. Problems in the quality of the education system, composed of the following cate-

gories 

• Government subsidies 

• Inadequacy of public budget 

• Uneven distribution of high quality students 

• Uneven backgrounds of student intake 

• Lopsided growth 

• Poor remuneration for university teaching staff 

• Lack of interest in research 
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2. Problems in the financial management system: 

• Use of two accounting systems 

• Lack of effort to identify the actual production costs 

• Lack of systematic accounting practices 

• Discrepancy in the budget year and the academic year 

• Decentralization of the accounting system 

Identification of the above problems provoked the government to prepare a new ap-

proach to Thai education. As stated by UNESCO (2003b ), newer educational theories 

seek to shift the focus from teaching to learning and, thereby, from the teacher to the 

learner. Emerging models seek to make learning less passive and more interactive and to 

engage the learner as a solver of real-world problems. Srisa-an (2003) recommends that 

from a curriculum and instruction point of view, the Thai teaching and learning process 

must be reformed. Teaching must be student-centred; rote learning must be replaced by 

training in the thinking process, analytical, and problem-solving skills. He also says that 

Thai higher education should be reformed. The International Relations and Cooperation 

Centre for Education Reform ( 1999), in chapter 4 section 24, states that in organizing the 

learning process, concerned educational institutions and agencies should: 

I. Provide materials and arrange activities in line with the learners' interests and apti-

tudes, bearing in mind individual differences. 

2. Provide training in the thinking process, management, how to face various situa-

tions, and the application of knowledge to solving problems. 

3. Organize activities for learners to draw from authentic experience; drill in practical 

work for complete mastery; enable learners to think critically and acquire a habit of 

reading and a continuous thirst for knowledge. 

4. Achieve, in aJI subjects, a balanced integration of subject matter, integrity, values, 

and desirable attributes. 

5. Enable instructors to create the ambiance, environment, instructional media and 

facilities for learners to learn and be aJI-round persons, able to benefit from re-

search as part of the learning process. In so doing, both learners and teachers may 
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learn together from different types of teaching-learning media and other sources of 

knowledge. 

6. Enable individuals to learn at all times and in all places. Co-operation with parents, 

guardians, and all parties concerned in the community shall be sought to develop 

jointly the learners in accord with their potentiality. 

Dr Wichit Srisa-an, one of Thailand's foremost educationalists (and former president 

of Sukhothai Thammathirat Open University, chairman of the Sub-Commission on Re-

form of the Educational Administrative System, a member of Parliament, chairman of the 

House Committee on Education, and executive vice president of Chulabhorn Research In-

stitute), stated in his address to the Regional Seminar on Human Resource Management 

for Global Competitiveness on December 8, 2004 in Bangkok on the topic "Education 

for Global Competitiveness", that Thailand is in a decade of educational reforms and that 

the teaching and learning process must be reformed. Teaching must be student-centered. 

Learning must be replaced by training in the thinking process, development of analyti-

cal, and problem-solving skills (Srisa-an, 2005). This is discussed in the new Thailand 

National Education Act of B.E. 2542 (1999) on learning reform, stating that the govern-

ment will be attaching the highest importance to the learner. Research and development 

should be conducted on the learner-centred teaching-learning process, allowing learners 

to develop at their own pace and in accord with their potential (International Relations 

and Cooperation Centre for Education Reform, 1999). 

1.3 Background to the study 

1.3.1 Brief history of Raj ab hat Institutes 

In 1995, the original 36 Teacher Training Colleges under the authority of the Ministry of 

Education were integrated to form the Rajabhat Institutes (Weesakul and Team, 2004). 

Though the curricula offered vary from one campus to another, most are in the field of 

teacher education and social science. The number of campuses has since increased, in 

200 I numbering 41 campuses throughout the country. The Institute is under the adminis-

tration of the Office of the Secretary General of the Rajabhat Institute, Ministry of Educa-

tion. Legislation processed by Parliament in 2004 made it possible for all the campuses to 
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Figure 1.3: Nakhon-Pathom Rajabhat University (NPRU). 

exist as separate universities. The combined student population of the Rajabhat Institutes 

is 480 OOO. Of this enrolment, 56% are studying in evening programs or at weekends. The 

teaching staff numbers approximately 7 700. 

1.3.2 Brief history of Nakhon Pathom Rajabhat University (NPRU) 

Nakhon Pathom is the name of the province, which is 56 km west from Bangkok. It is a 

city dating back to at least 150 B.C., according to the historians . Nakhon Pathom occupies 

an area of 2 168 km2 and is divided administratively into six Amphoes (districts). Nakhon 

Pathom 's population in 2005 is 806 691 (Department of Provincial Administration, 2005). 

In 1936 "The Nakhon-Pathom Teacher Training School for Girls" was established at 

the registration chambers building of Monthon Nakhon Chaisri situated at 86 Tesa Road, 

Tambon Phraprathomchedi, Amphoe Muang, Nakhon-Pathom province. The school was 

designated to run courses for elementary level teacher training for girls. It was under the 

jurisdiction of Teacher Training Department, Ministry of Education. 

In 1960, it became a comprehensive school and boys were accepted as joint-attendant 

students or co-students. The "Certificate of Education" and the Rural Teacher Training 

Project began. In 1968, the school was renamed "The Nakhon-Pathom Teacher Training 

School". 

In 1969, the school moved from the above address to 85 Malaiman Road (opposite 

Wat Mai Pinkliaw) and the course was upgraded to be based on the elementary level 
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teacher training project. 

In 1970, the school was promoted to Nakhon-Pathom Teachers' College, promulgated 

on 16 January 1970. The Higher Certificate of Education commenced. 

In 1975, the Teachers' Colleges began to operate in line with the Teachers' College 

Act, 1975. Many changes were implemented, particularly in its role and structure, which 

in one way or another paved the way to becoming solely an institute of Higher Education. 

For instance, the Fifth Article of the 1975 Act specified that Teachers' Colleges would, 

" ... become research institutes and legitimately confer the Bachelor's Degree, deliberately 

promote the academic standing of instructors/teachers and education personnel, preserve 

and nurture the arts and cultures, and provide the community with academic services". 

Despite the new obligations having been undertaken for only five years after the enforce-

ment of the Act, Nakhon-Pathom Teachers' College managed to modify many aspects of 

its structure and perform its numerous roles proficiently. 

In 1978, a two-year Bachelor of Education extension programme began for students 

who had completed the two year diploma or certificate courses. In the second semester 

of 1978, the first teacher training and in-service teacher training programmes were also 

offered. 

In 1980, the fourth-year Bachelor Degree commenced. 

In 1984, some articles in the Teachers' Colleges Act, 197 5, were revised and amended, 

not only for the benefit of better administration but also to undertake a broader range 

of significant issues. The amendments to Article 5, fur instance, stated that Teachers' 

Colleges were now required to offer other fields of study than just teacher education. 

In 1985, Nakhon-Pathom Teachers' College offered five new major fields of study in 

two-year undergraduate programmes: two Liberal Arts programmes including Journalism 

& Public Relations and Art & Design, and three Science programmes including Food 

Science, Botany and Electronics. 

In 1986, a greater number of students in varying fields were admitted, and programmes 

were extended to the Bachelor's Degree level for both full-time students and those in the 

in-service personnel programmes. 

On 14th February 1992, His Majesty the King offered the name "Rajabhat Institute" 

to the Teachers' Colleges and Nakhon-Pathom Teachers' College became "Rajabhat In-

stitute Nakhon Pathom". The Department of Teacher Training became the Office of Ra-
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jabhat Institute Councils (ORIC). 

In 2004, His Majesty the King signed the Rajabhat Unvcrsity Act, which was promul-

gated under royal decree on 14 June 2004 in Government Gazette No 121, section 23A, 

and enacted from I 5 June 2004 onwards. The name "Rajabhat Institute" was changed to 

"Rajabhat University". Consequently, Rajabhat Institute Nakhon Pathom became Nakhon 

Pathom Rajabhat University. The Office of Rajabhat Institutes Council became part of 

the Office of the Higher Education Commission, the Office of Rajabhat Institutes Council 

(ORIC). 

Nakhon Pathom Rajabhat University comprises 4 major faculties and I graduate school, 

as follows: 

1. Faculty of Education 

2. Faculty of Management Science 

3. Faculty of Humanities and Social Science 

4. Faculty of Science and Technology 

5. Graduate school. 

In the academic year 2004, Nakhon Pathom Rajabhat University enrolled 7 382 students in 

regular(full-time) classes, 5197 students in Kaw-Saw-Phaw-Paw(weekend) orpart-time 

classes, 206 community leader students, 182 masters degree students, and 93 students in 

the Graduate Certificate of Teaching Profession. The joint program, in cooperation with 

Samuthsakom Physical Education ColJege, enrolled 138 students in full-time classes and 

173 students in Kaw-Saw-Phaw-Paw classes. The University also employed 21 I official 

government instructors, 16 civil-service officials, 117 employed instructors, 4 I permanent 

employees and I I 8 temporary employees (NPRU, 2004a). 

1.3.3 I11forn1atio11 Tech110/ogy for Life course 

As a general education course, the Information Technology for Life course aims to train 

first year students in the knowledge and skills of computer literacy (NPRU, 2004b). This 

is described in the course outline below: 
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• Impact and influence of computers and information technology on social and life 

studies. Application of information technology, data processing, and data manage-

ment. 

• Computer components and functions. 

• Programming and application software usage. 

• Application of the Internet, Intranet, LAN, CD-ROM, E-Mail, FTP, BBP, ICQ etc., 

on studying, reporting and presenting information. 

• Efficient living and intellectual property rights. 

1.4 Motivation for the study 

In view of the problems described above, and in an effort to contribute to the process 

of educational reform in Thailand, researchers have been considering the issue of more 

appropriate approaches to teaching and learning for Thai students. In the case of the 

project reported in this dissertation, the question asked was: "are there specific strategies 

to help NPRU students improve their learning?". 

As a computer education instructor with over 30 years teaching experience at NPRU, 

the idea of a project trialling Computer Assisted Instruction (CAI) lessons was a natu-

ral choice, particularly with the recent expansion of computing facilities to accommodate 

large numbers of students. Given Frick's remark that advances in technology can cause 

a paradigm shift in education (Frick, 1991 ), a project was devised to develop some CAI 

lessons and make them available to students to learn individually at their own pace, while 

at the same time preparing them to face today's Information and Communications Tech-

nology (ICT) world. 

The purpose of this study was to: 

1. Investigate students' achievements using CAI lessons as compared with the achieve-

ments obtained through traditional instruction. 

2. Investigate the impact of CAI on students of different learning abilities. 

3. Evaluate the attitude of students toward the CAI approach. 
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4. Investigate correlations, if any, between previous knowledge and the instructional 

methods. 

1.4.1 Why CAI, why note-learning or \Veb-Based Instruction? 

Today there is much talk about new educational technologies such as e-learning, "an 

innovative approach for delivering well-designed, learner-centred, interactive, and facil-

itated learning environment to anyone, anyplace, anytime by utilizing the attributes and 

resources of various digital technologies along with other forms of learning materials 

suited for open, flexible, and distributed learning environment" (Khan, 2005). Horton 

(200 I) and Horton and Horton (2003) define e-learning as "the use of Web and Internet 

technologies to create learning experiences''. Similarly, Web-Based instruction (WBI) 

is a form of teaching defined as "a hypermedia-based instructional program which uti-

lizes the attributes and resources of the World Wide Web to create a meaningful learning 

environment where learning is fostered and supported" (Khan, 1997). 

These innovations in education are closely tied to the Internet, a network (or web) of 

interconnected, independently-owned computers (servers) (Bates, 2001). As long as it is 

connected to the Internet and has the necessary software and access codes, any computer 

all over the world can act as a connection within the World Wide Web (WWW) by linking 

to the host server which then forwards messages and finds another appropriate server to 

relay them on, and so on, until they reach their final destination. Messages are sent in the 

form of standardized digital data, transmitted across any communications channel (e.g. 

telephone lines, co-axial cable, fibre optic cable, satellite, microwave, or wireless). 

Bates (2001) claims that the first Web-based post-secondary education course took 

place only in 1995, suggesting that e-learning is still relatively new, even in the USA. 

Consequently, it is difficult to find many examples of successful practice outside the most 

economically developed countries. Even in some of these, e-leaming hardly exists in any 

systematic form. Inevitably, then, most examples come from the three developed coun-

tries where the application of e-leaming has been the most extensive: USA, Canada and 

Australia. Several European countries, such as the United Kingdom, Norway, Denmark 

and the Netherlands, have also invested heavily in e-learning. 
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Physical infrastructure problem 

Thee-learning catchword claims it is for anyone, anyplace and anytime. However, this 

only applies ifthcre exists the required infrastructure oflnternet connections with the out-

side world, including ports and other communication facilities installed to enable students 

in residences or off-campus to access the main university campus or other institutions. In 

Thailand at present, students are only be able to access the Internet from home using tele-

phone lines. The number of telephone main lines in use in Thailand is 6 617 400 (2003 

data), while the Thai population is about 65 444 371 (July 2005) (Central Intelligence 

Agency, 2005). This means that there is, on average, one telephone line per IO people. 

In Nakhon Pathom province the proportion of telephones is I per 21 people (1999) (De-

partment of Provincial Administration, 2005). Furthermore, telephones are not equally 

distributed, being clustered in the cities or big towns and very rare in rural areas. Wait-

ayangkoon (2004) points out that as of August 2003, 70% of primary schools and I 7% of 

secondary schools in Thailand had no telephone line at all. This poor telecommunications 

infrastructure has seriously obstructed the use of the Internet, users having to call up to 

10 times for just a few minutes of connection time. Miller (200Ia), who worked on the 

Thailand-Australia Science and Engineering Assistance Project (TAEAP) in 1999, notes 

that Internet use in Thailand was mostly hindered by slow connections speeds from uni-

versities, with actual experience of 20 bytes per second line-speeds and 2 hours to log on to 

access email from Australia. Cable and broadband connections in Thailand are still very 

limited. Waitayangkoon (2004) suggest that for online education the telecommunications 

network of the country has to be developed and improved to provide services at afford-

able prices, and Burn and Thongprasert (2005) note that employing modern technology 

and providing technical support is essential. 

These observations support the view that it is not easy for anyone, from anywhere, 

to be able to access the Internet reliably in Thailand. Meaningful e-learning and/or WBI 

seem unlikely to take place in the near future in Thailand. 

Budgeting infrastructure problem 

Adequate financing is a major problem for a developing country like Thailand. Bates 

(2001) estimates that large research universities may need to spend up to $US4-5 million 

per year to develop and maintain the necessary campus technology infrastructure for e-
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learning. Comparing this figure with Nakhon Pathom Rajabhat University, in fiscal year 

2006 the government through the Ministry of Education subsidized NPRU by an amount 

of 167.67 million baht (Bureau of Policy and Planning, 2005), equivalent to $US 4.09 

milJion. Up to 75% of the total expense on education in Thailand is for salaries and 

regular wages (The Ministry of Education, 1999). Horton (200 l) acknowledges that de-

veloping original e-learning products is complex, difficult, and expensive, but Weesakul 

and Team (2004) points out that only 30% of the budget can be used for this purpose, the 

majority having to be spent on maintaining the operation of the university and increasing 

the number of recruits; the mandatory low tuition fees are certainly not helpful to public 

universities in their pursuit of academic excellence. 

Human support infrastructure problem 

Even more important than the physical infrastructure are the people required to make the 

physical infrastructure work (Bates, 200 I). Waitayangkoon (2004) observed that the lack 

of human resources is one of the major issues in ICT management in Thailand. Good 

ICT personnel may be pooled to develop a project, but on completion they have to return 

to their original agencies, leaving no one to oversee the project in the long term. The 

Thailand country report points out that problems in the management of higher education 

include lack of quality instructors in some vocational and university level subjects, such 

as engineering and computer management (The Ministry of Education, 1999). Weesakul 

and Team (2004) agree with these, predicting that one of the most important projects 

in the Thai higher education development plan will be the recruitment of more doctoral 

degree holders into the system, especially into the smaller, less prestigious universities. 

Bates (2001) concluded that it is important to understand the necessary conditions or 

requirements for the successful implementation of learning technologies: "Those coun-

tries that are not yet ready for the knowledge-based economy are probably not yet ready 

for e-Jeaming. Most developing countries do not have the resources, the technology in-

frastructure or the skilled workforce necessary to make e-Ieaming available on a wide 

scale, at least for many years. When resources are scarce, they need to be concentrated 

and very carefully focused". 

Practically, Computer Assisted Instruction is the direction that we have to consider, 

because this technology is not reliant on the Internet and other devices such as leased lines 
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and expenditure such as paying for telephone services and Internet Service Providers 

(ISP). CAI is an appropriate learning technology for today's Thai students. With CD-

ROMs and stand alone computers, or with a LAN, students can learn at their own pace, 

using the CAI course either within the university or at home. The final report of the 

Experts' Meeting on Teachers/Facilitators Training in Technology-Pedagogy Integration 

(June 2003, Bangkok) states that "CD-ROM is a better medium for distributing e-resources 

for teacher educators than the Internet since it can be accessed where the Internet is not 

available; it saves costs on download time; and CD-ROM drives come on all computers 

nowadays" (UNESCO, 2003a). Waitayangkoon (2004) suggests a solution using a com-

bination of on-line and off-line modes as the most appropriate and flexible for Thailand. 

1.4.2 Self-Paced Learning 

There are many ways to apply appropriate learning methodologies to student-centred 

methods of teaching. Clearly, in the modem world computer technology must be consid-

ered. Thailand's new education Act, in a chapter entitled "Technologies for Education" 

(chapter 4), decrees that "The state shall promote research and development; production 

and refinement of technologies for education; as well as follow-up checking and evaluat-

ing their use to ensure cost-effective and appropriate application to the learning processes 

of the Thai people" (International Relations and Cooperation Centre for Education Re-

form, 1999). It adds that CAI is one of the education technologies that should be con-

sidered a suitable methodology to support self-paced learning; this appropriate strategy 

of learning will safeguard learners from boredom and stereotyping, both of which are 

problems of traditional teaching. 

1.4.3 Use of CAI 

The new Thai education system is moving toward decentralization (Waitayangkoon, 2004), 

focusing on restructuring the framework of resource allocation, organizational structure, 

curriculum, the teaching and learning process, and professional development. Informa-

tion and Communication Technology (JCT) plays an important role as a tool for managing 

these changes. CAI is part of ICT, but there has been very little use of CAI until now. 

Though well-known amongst students working on thesis research, in practice it is very 

rare in Thai schools. 
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As government policy, numerous pilot projects were established to train school teach-

ers to develop CAI lessons, but most schools never received adequate funding. It is the 

responsibility of school administrators to manage their own financial constraints (Wait-

ayangkoon, 2004, p. 15). Typically, any resulting CAI mostly consisted of text, with few 

diagrams, and virtually no audio, animation, interaction or instruction. A common prac-

tice was for teachers to post their notes on the Internet and call them CAI or e-learning, 

even though they were little more than "e-books". 

Two commercial CAI authoring systems available in Thailand are the software pack-

ages Macromedia Authorware1 (formerly known as Macromedia) and Toolbook2 • 

There are also at least two authoring system developed in Thai Universities, CHULA 

CAI, developed by Chulalongkorn University in 1984, and VTAL/THAI developed by 

Sukhothai Thammathirat Open University; both were developed to for diversify lessons 

in distance learning programmes. 

In 1995, Thailand's IT Year, Her Royal Highness introduced an initiative called the 

"IT Project" to serve social development for some "forgotten parts" of Thailand. The 

purpose of the project was to apply the use ofIT to enhance the quality oflife and increase 

education and work opportunities of the under-privileged groups, such as rural school 

children, disabled persons, and sick children. One of the four goals of the project was 

CAI development for use in teaching various subjects. 

1.5 Significance of Study 

The National Education Act of B.E. 2542 ( 1999), in chapter 4 section 22 states that "Ed-

ucation shall be based on the principle that all learners are capable of learning and self-

development, and these are regarded as being the most important issues. The teaching-

learning process should aim at enabling the learners to develop themselves at their own 

pace and to the best of their ability" (International Relations and Cooperation Centre 

for Education Reform, 1999). CAI provides a student-centred approach to teaching. 

Woodruff and Brown ( 1998) point out that CAI is one pedagogy that has long been used 

for supplementary instruction; one means of incorporating CAI is to offer students com-
1 Adobe Systems, http://www. macromedia. com/ software/ authorware/ ?promo id= 

BINL 
2SumTotal Systems, http://www.toolbook.com/index.php 
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plete lessons at their own pace and away from the traditional class. As Aikin ( 1981) 

notes, CAI offers students almost complete freedom to choose when the instruction will 

take place; it also both requires and makes possible a competency-based approach to in-

struction. 

Thai education reform has concentrated on the pedagogy of student-centred learning. 

CAI is a new paradigm of learning for Thai students, because it gives students an oppor-

tunity to learn by themselves at their own pace. By its nature, student-centred learning 

is adaptable to meet the needs of every student (Stuart, 1997). McCombs and Whistler 

(1997), who employed the student-centred approach to teaching found that not only did 

student motivation increase, but actual learning and performance did as well. Further-

more, students taught in a student-centred class retained more material for longer periods 

of time. In order to learn, the brain cannot simply receive information; it must also pro-

cess the information so that it can be stored and recalled (Silberman, 1996). Not only 

does CAI increase students' ability of learning, it automatically decreases the instructors 

teaching load as well. Aikin (1981) explained that CAI offers a way of multiplying the 

number of students who can be taught by one person. 

As explained in § 1.3.2, the former 41 Rajabhat Institutes were under the jurisdiction 

of ORIC. As all Rajabhat institutes followed the same curriculum, it meant that more than 

80 000 first year students had to take the Information Technology for Life course each aca-

demic year. Even though today the Rajabhat universities are independent, pragmatically 

they are still employing the same curriculum. The problem of simultaneously teaching 

such a large number of students can be solved by using CAI lesson on a CD-ROM at 

home or both CD-ROM and local area net work (LAN) on campus. CAI appears to be an 

appropriate supplementary teaching methodology for instructors. 

Today, in developed countries, CAI may not be considered a new educational tech-

nology, but in a developing country like Thailand, it is still a new medium in the delivery 

of instruction. Particularly in the decade of Thai educational reform, enhancing learning 

and teaching styles is the focus of JCT, as outlined in the new Thai Education Act. \.Vhile 

Thailand's finances are limited and some infrastructures are not well developed, CAI is 

one of the educational technologies that should be taken into account. For these reasons, 

it was decided to investigate the empirical efficacy of CAI on student knowledge and sat-

isfaction, based on the students' learning styles. The outcomes of the research could be 
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of particular interest in basic skills courses training high school teachers to develop CAI 

modules, to meet the Ministry of Education's goals. Waitayangkoon (2004) describes the 

2001-20 IO National ICT Master Plan, including an e-Education component which aims 

to: 

1. Develop the mechanisms for effective educational policy and management. 

2. Improve and develop the ICT infrastructure of the nation to enable education for 

all. 

3. Promote and develop the potential of human resources at all levels. 

As part of its professional development goals, the Ministry of Education (MOE) dele-

gates one of the ICT sub-committee to design and develop standard training programmes 

for school administrators, ICT teachers, non-ICT teachers, and school technology coor-

dinators. It was foreseen that the CAI CD-ROM modules for the Information Technology 

for Life course could be distributed and used in the other 40 Rajabhat Universities. The 

findings would perhaps also motivate higher education instructors and educators to pay 

more attention to developing appropriate CAI for teaching and learning. Additionally, this 

study would assist organizations and educational institutions to develop and justify the use 

of CAI for teaching and learning. Such findings could be instrumental in recommending 

virtual classrooms for particular types of students. 

1.6 Research questions 

This study sought to investigate the possible use of computer technologies in Thai educa-

tion through the pedagogy of CAI, as part of an effort to gradually shift the emphasis in 

Thai education from teacher-centred to student-centred. The study also sought to gauge 

the effectiveness of CAI as opposed to a traditional (lecture) style. 

The study used a cohort of first year students enrolled in an Information Technology 

for Life course offered by NPRU. The following research questions relating to students' 

achievements and their attitudes were formulated for the project. 

1. Do students learn more in a CAI class than in a traditional (lecture) class? 

2. What are students• attitudes toward CAI and traditional teaching? 
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3. Is there any correlation between student outcomes and their attitude to the teaching 

method? 

1. 7 Conclusion 

The overall goal of this research was to develop and evaluate CAI courseware in a first-

year general education course, Information Technology for Life at Nakhon Pathom Ra-

jabhat University, Thailand, and to compare the outcomes of using it with those of the 

traditional lecture method. 

This thesis is composed of five chapters, the organization of which is as follows: 

Chapter l discusses the background to the study and its relevance to Thai higher edu-

cation problems. The motivation for the study is explained and the research questions are 

defined. 

Chapter 2 reviews the literature relevant to this study. The theoretical framework is 

identified and discussed. 

Chapter 3 describes the methods used for the study, including the research design, 

survey instruments, participants, tools and equipment. The analysis techniques applied to 

the data collected are also described. Relevant survey instruments, documents and data 

are provided in the appendices. 

Chapter 4 presents the results gathered from the study, including questionnaire survey 

and focus group findings and their interpretation. 

Finally, Chapter 5 summarizes the study and conclusions reached from it. The impli-

cations of the study are discussed and recommendation for further research are presented. 
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Chapter 2 

Review of the Literature 

2.1 Introduction 

For many years, educators have been exploring ways to combine theories of differing 

learning styles and student-constructed knowledge with the theory of practice-centred 

learning. Instead of being passive recipients of knowledge, we now consider students 

capable of constructing their own knowledge with guidance from the instructor. \Ve can 

offer part of this tutorial guidance by setting up an environment that will provide students 

with the resources necessary for independent exploration. In using emerging computer-

based technology as a resource, students are encouraged to explore their own interests and 

to become active learners, with opportunities to solve some genuine problems (Berge and 

Collins, 1995). 

This chapter explores and synthesizes various educational theories of learning, in-

cluding the concepts of adult learning and student-centred learning. There is a discus-

sion on Computer Assisted Instruction, followed by a review of the differences between 

traditional learning and CAI in general. Literature on previous studies related to CAI 

employed in classroom learning and teaching is reviewed, and strategies for developing 

effective CAI courseware are discussed. The chapter ends by considering student attitudes 

to CAI. 
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2.2 Theories of learning 

A UNESCO Experts' Meeting on Teacher/Facilitator Training in Technology-Pedagogy 

Integration was held in Bangkok in 2003. The final report stated that "newer educational 

theories seek to shift the focus from teaching to learning" (UNESCO, 2003b ). So, what is 

learning? This question seems simple enough, but philosophically is very hard to answer 

(Wilhelhelm et al., 1998), as it is such a broad concept, and learning can occur in many 

different ways (Long, 2000). Manochehri (2001, p. 29) said that 

"The literature on learning theory consists of many attributes, including, among 

others, environmental conditions, personal style and motivators, climates of 

collaboration, variety of instructional methods, and preferences toward in-

structional tools. Educators are aware that individual differences exists among 

learners; therefore, they incorporate knowledge of the learning process into 

instructional design. Researchers indicated that learning becomes more ef-

fective when instruction can be linked to the learner preferences and abilities. 

For this reason, they promote the need to individualize and use different edu-

cational tools.'' 

Psychologists and educators have defined learning in a variety of ways. For example, 

Kimble (1961) described it as a process related to change in behavioural potentiality that 

occurs as a result of reinforced practice, while Lovell (1980) defined it as a relatively 

permanent change in potential for performance as the result of past interaction with the 

environment. On the other hand, Gagne ( 1985) defined learning as a "change in human 

disposition or capability that persists over a period of time and is not simply ascribable to 

processes of growth". 

An interesting view on the inter-relation between psychology, education and com-

puter science is presented by Wilhelhelm et al. ( 1998). They describe how developments 

in educational psychology (e.g. changing views and assumptions of learning) have been 

influencing the use of technology in education, suggesting that psychology supplies the 

ideas that affect the "area where education meets technology'', the field of Instructional 

Technology (which includes Computer Assisted Instruction). They also emphasise that 

the development of IT is heavily influenced by technological developments and by ped-

agogical methods. This bi-directional relationship is illustrated in Fig. 2.1, showing that 

23 



Psychology Ideas of learning 
Learning theories 

e.g. structuring material 
promoting material 

role of learner Education 

Figure 2.1: Inter-relationship between psychology, learning, and the use of technology in educa-
tion. Adapted from Wilhelhelm et al. (1998). 

psychology is an integral part of the theoretical background for instructional systems. 

The three dominant views of learning are behaviourism, congnitivism and construc-

tivism. Their key features, strengths and weaknesses are discussed in the following sec-

tions. 

2.2.1 Behaviourism 

Behaviourism is an approach to psychology and learning that emphasizes observable, 

measurable behaviour. The behaviourist theory of animal and human learning focuses 

only on objectively observable behaviours and discounts mental activities. Behaviour the-

orists define learning as a more-or-less permanent change in behaviour. In behaviourism, 

the learner is viewed as passively adapting to their environment. Two of the most famous 

experiments upon which proof of learning is based are the "Dog Salivation Experiment" 
' 

by Ivan Pettrovich Pavlov and the "Skinner Box" experiment with pigeons by B.F. Skin-

ner. Throughout the 1950s and 1960s behaviourism remained influential (Hergennahn 

and Olson, 1993). 

2.2.2 Cognitivism 

In the mid-20th Century, a different view of learning began developing. Many theorists 

disagreed with the observable behaviour approach. The cognitivist basically went inside 

the head of the learner to see what mental processes were activated and changed during 

the course of learning. In cognitive theories, knowledge is viewed as symbolic mental 
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constructs in the learner's mind, and the learning process is the means by which these 

symbolic representations are committed to memory. Changes in behaviour are observed, 

but only as an indicator to what is going on in the learner's head. The cognitivist version 

of the human mind is an input/output model of information or symbol processing. Key 

people in this field are Jean Piaget (1896-1980), Lev Vygotsky (1986-1934) and Robert 

M. Gagne (b. 1916) (Hergennahn and Olson, 1993). 

2.2.3 Constructivism 

Since the early 1990s, the focus on designing learning environments has been based on a 

constructivist approach to learning Seitz (1999). Constructivism is a theory that equates 

learning with creating meaning from experience. Even though constructivism is consid-

ered to be a branch of cognitivism (both conceive of learning as a mental activity), it 

distinguishes itself from traditional cognitive theories in a number of ways. Most cogni-

tive psychologists think of the mind as a reference tool to the real world; constructivists 

believe that the mind filters input from the world to produce its own unique reality. As 

with the rationalists of Plato's time, the mind is believed to be the source of all meaning, 

yet like the empiricists, individual, direct experiences with the environment were consid-

ered critical. Constructivists do not deny the existence of the real world but contend that 

what we know of the world stems from our own interpretations of our experiences. Hu-

mans create meaning as opposed to acquiring it. Since there are many possible meanings 

to glean from any experience, we cannot achieve a predetermined, "correct" meaning. 

Learners do not transfer knowledge from the external world into their memories; rather 

they build personal interpretations of the world based on individual experiences and in-

teractions. Thus, the internal representation of knowledge is constantly open to change; 

there is not an objective reality that learners strive to know. Knowledge emerges in con-

texts within which it is relevant (Ertmer and Newby, 1993). 

2.3 Some strengths and 'veaknesses of learning theories 

Schuman ( 1996, p. 27) proposed strengths and weaknesses of using certain theoretical 

approaches to instructional design, as summarised below. 
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2.3.1 Behaviourism 

Weakness- learners may find themselves in a situation where the stimulus for the correct 

response does not occur, therefore the learner cannot respond; e.g. a worker who has been 

conditioned to respond to a certain cue at work stops production when an anomaly occurs 

because they do not understand the system. 

Strength- the learner is focused on a clear goal and can respond automatically to the 

cues of that goal. 

2.3.2 Cognitivism 

Weakness- the learner learns a way to accomplish a task, but it may not be the best way, 

or not suited to the learner or the situation. For example, logging onto the Internet on one 

computer may not be the same as logging in on another computer. 

Strength- the goal is to train learners to do a task the same way to enable consistency. 

Logging onto and off a workplace computer is the same for all employees; it may be 

important do an exact routine to avoid problems. 

2.3.3 Constructivism 

Weakness- in a situation where conformity is essential, divergent thinking and action 

may cause problems. 

Strength- because the learner is able to interpret multiple realities, the learner is 

better able to deal with real life situations. If learners can problem-solve, they may better 

apply their existing knowledge to a novel situation. 

A comparison of behaviourism, cognitivism and constructivism, as discussed by Ert-

mer and Newby (1993) is presented in Table 2.1. 
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Table 2.1: Comparison of Behaviourism, Cognitivism and Constructivism (following Ertmer and Newby (1993, pp. 50-72)). 

Aspect Behaviourism Cognitivism Constructivism 

How does • Leaming is change in the fonn or fre- • Leaming is discrete changes between • Learning is creating meaning from 

learning quency of observable behaviour. states of knowledge rather than proba- experience. 

occur? • Leaming is demonstrated following bility of response. • Mind filters input from the world to 

the presentation of a specific environ- • Knowledge acquisition is a mental produce its own reality. 

mental stimulus. activity that entails internal coding and • Leamer builds personal interpreta-

• The primary concern is how the as- structuring by the learner. tions of the world based on individual 

sociation between the stimulus and re- • Concern about what the learner know experiences and interactions. 

sponse is made, strengthened or main- and how they come to acquire it. 
tained. • Address issues of how information 

• Responses followed by reinforce- is received, organized, stored and re-

ment are more likely to occur in the trieved by the mind. 
future. 

I Continued on next page I 
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Aspect 

Which 

factors 

influence 

learning? 

Table 2.1- continued from previous page 

Behaviourism Cognitivism I Constructivism 

• Environmental conditions. • Emphasis on environmental condi- I • Both learner and cnviromncntal fac-

• The arrangement of stimuli and con- I tions such as explanation, demonstra- I tors interact to create knowledge. 

sequences within the environment. tion, examples, non-examples, prac- I • Context is important. Content 

• Which point to begin instruction and I tice and feed back. knowledge must be embedded in the 

which reinforcers are most effective? •Focuses on mental activities that lead I situation in which it is used. 

up to a response. • Critical that learning occurs in realis-

• Acknowledges the process of men- tic settings and selected tasks relevant 

tal planning, goal-setting and organi- to the student's experience. 

zation strategies. • Learning must include activity, con-

cept and culture. 

Continued on next page 
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Aspect 

What types 

of learning 

are best 

explained 

by this 

position? 

Table 2.1- continued from previous page 

Behaviourism Cognitivism Constructivism 

• Prescribe strategies for building and • Complex forn1s of learning like rea- • Advanced knowledge acquisition in 

strengthening stimulus-response asso- soning, problem-solving, inforniation- ill-structured domains. 

ciation, e.g. cues, practice, reinforce- processing. 

ment. 

• Facilitate learning outcomes like dis-

criminations, generalizations, associa-

tions and chaining. 

• Does not adequately explain acqui-

sition of high level skills or deep pro-

cessmg. 

Continued on next page 
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Aspect 

How 

should 

instruction 

be 

structured? 

Table 2.1 - continued from previous page 

Behaviourism Cognitivism Constructivism 

• Presentation of target stimulus and • Make knowledge meaningful and • Model construction of knowledge, 

provision of opportunities for the help leamer organize and relate new promote collaboration, design authen-

learner to practice making proper re- infonnation to existing knowledge in tic learning environment. 

sponses. memory. 

•Use cues to prompt the response. 

•Use reinforcement to strengthen the 

association. 

Continued on next page 



Table 2.1 - continued from previous page 

Aspect Behaviourism Cognitivism Constructivism 

Role of • Dctenninc which cue can elicit re- • Acknowledge that prior knowledge • Instruct student on how to construct 

instructor/ sponse. can affect learning outcomes. meaning, and how to effectively moni-

instruc- • Arrange prompts to pair with stimu- • Determine most effective way to or- tor, evaluate and update their construe-

tional !us. ganize infonnation to tap into prior in- tions. 

designer • Arrange environmental conditions fonnation. • Align and design experiences for the 

so that students can make correct re- • Arrange practice and feedback so learner so that authentic, relevant con-

sponses and receive reinforcement. that new information is assimilated or texts can be experienced. 

w accommodated. -
Continued on next page 
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Aspect 

Goal of 

instruction 

Table 2.1 - continued from previous page 

Behaviourism Cognitivism Constructivism 

• To communicate or transfer knowl- • As in behaviourism: stress on effi- • As in behaviourism: stress on effi-

edge to the students in the most effi- cient processing strategies. cient processing strategies. 

cient, effective manner possible. 

• Use techniques of simplification and 

standardization. 

• Assume knowledge can be analysed, 

decomposed and simplified into basic 

building blocks. 

• Stress on design of environmental 

conditions. 
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Figure 2.2: Comparison of associated instructional strategies of the behavioural, cognitive, and 
constructivist viewpoints, based on the learner's level of task knowledge and the level of cognitive 
processing required by the task (following Ertmer and Newby (1993)). 

Ertmer and Newby ( 1993) suggested that the strategies promoted by different learning 

theories overlap- that is, they may use the same strategy, but for a different reason--

and that learning theory strategies are concentrated along different points of a spectrum, 

depending on the focus of the learning theory (i.e. level of cognitive processing required). 

This is illustrated in Fig. 2.2 by the overlapping solid lines, where the extent of overlap 

increases with the level of cognitive processing demanded by the task. The theoretical 

strategies can complement the learner's level of task knowledge, allowing the designer to 

make the best use of all available practical applications of the different learning theories. 

With this approach the designer is able to draw from a large number of strategies to meet 

a variety of learning situations. 

2.4 Which is the best learning theory for instructional de-

sign? 

Schiffman ( 1995) stated that a solid foundation in learning theory is an essential element 

in the preparation of instructional system design (ISD) professionals because it permeates 

all dimensions oflSD. Depending on the learners and situation, different learning theories 

may apply. Whether we realize it or not, the best design decisions are most certainly 
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based on our knowledge of learning theories (Wilson, 1997). Woolley et al. (1999, p. 16) 

stated that it might be helpful to focus on when to use behaviourist and constructivist 

learning theories rather than on the superiority of one theory over the other. In addition 

Woolley and Woolley (1999, p. 13) suggested that teachers will evolve and differentiate in 

such a way that they may become behaviourist in some areas and constructivist in others. 

Hergennahn and Olson (1993, p. 452) pointed out that the best teaching technique is the 

one that allows teachers to meet their course objective most effectively and efficiently. 

Any teaching method must be evaluated in terms of course objectives. That is, instructors 

must be able to determine whether or not, and to what extent, the objectives of their course 

have been met. Schwier ( 1995) concluded that we must allow circumstances surrounding 

the learning situation to help us decide which approach to learning is most appropriate. It 

is necessary to realize that some learning problems require highly prescriptive solutions, 

whereas others are more suited to learner control of the environment. 

2.5 Nature of adult learning 

Having completed the 12-year education programme described in § 1.1.2, the typical age 

of the (first year university) student participants in this research project is approximately 

18 years. Lovell (1980) describes the characteristics of adults learners around this age as 

being socially engaged in making a shift from largely dependent juveniles to largely inde-

pendent adults. It is at this time that the individual is most likely to engage in anti-social 

behaviour; but it is also the time when individuals are often at their most adventurous, 

creative, socially-concerned and idealistic. Athanasou ( 1999, pp. 34-35) describes the 

social psychology of adult learning as follows: 

• Adults select other people as models for learning. 

• Adults pay attention to the knowledge, skills and attitudes of the models they 

choose. 

• Adults learn selectively from their chosen models. 

• Adults make decisions for learning based on their own perceptions of the relevance 

and likely application of what they have learnt from models to the adults' own 

contexts for application of the learning. 
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• Adults may or may not perform specific learning gained from models because of 

personal factors (such as opportunities and resources). 

Athanasou (1999) also suggested some interesting implications of social learning for adult 

education practice, including that: 

• Instructors can request information from adult learners, prior to and during a learn-

ing experience, on expectations about models and past experience, expertise and 

preferred ways of learning. Individual Profile and Personal Goal sheets can be 

designed to provide relevant information to help adults to understand and monitor 

their learning needs, as adult learners may be seeking a particular type of model for 

learning specific knowledge, skills and attitudes. 

• Instructors should monitor their own education practices and interactions with adult 

learners, as adult learners may be closely observing the instructors as models for 

learning specific knowledge and skills. 

• Instructors should carefully monitor the congruence of their espoused theory and 

theory of use: they should practice what they preach, and communicate through 

congruent verbal and non-verbal means. 

• Instructors' demonstrations of knowledge, skill and attitude should be clear and 

explicit and opportunities and resources for practice should be provided, as appro-

priate, for adult learners. 

• Instructors should create a safe social learning environment where adults can prac-

tice learning in a climate of trust, confidentiality and respect. 

• Instructors should realise that mistakes are accepted as part of learning. 

• Instructors should encourage discussions of relevance and applications of learning 

for the specific contexts of the adult learners and for possible future contexts. 

• Instructors should represent the highest standards of their professional area. The 

instructor's attitudes (for example, to the topic oflearning, to the behaviour and per-

formance of the adult learners present, and their profession) will be under scrutiny 

by adult learners and may be modelled by these adult learners. 
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• Instructor should be up-to-date and should model ethical behaviour. Instructors 

may be mistrusted and may be regarded as inappropriate models for learning if, for 

example, they do not know the material, use unsuitable methods for adults to learn, 

do not respect confidentiality, or criticize adult learners destructively. 

• Instructors should strive to model effective ways of learning. If an instructor is 

regarded as an inappropriate model for learning, then adult learners may become 

cynical and may lack motivation to learn, especially novice or shy adult learners 

who are not confident about their abilities. 

2.6 Student-Centred Learning (SCL) 

Recent shifts in the educational paradigm from an emphasis on teaching to one oflearning 

have encouraged power to move from the teacher to the student (Barr and Tagg, 1995). 

The instructor-focused transmission of information formats, such as lecturing, have be-

gun to be increasingly criticised and this has opened the way for a widespread growth 

of "student-centred learning" (SCL) as an alternative approach (O'Neill and McMahon, 

2005). The term student-centred learning is becoming widely used in educational peda-

gogy literature; it is also described by a range of terms and this has caused confusion sur-

rounding its implementation (O'Neill and McMahon, 2005). Many terms have been asso-

ciated with student-centred learning, for example "flexible learning" (Taylor, 2000), "self-

directed learning" (O'Neill and McMahon, 2005) and "experiential learning" (Burnard, 

1999). 

The concept of student-centred learning has been credited as early as 1905 to Dewey's 

work (Schugurensky, 2005). Carl Rogers, the father of client-centred counselling, is as-

sociated with expanding this approach into general theory of education (Burnard, 1999; 

Rogoff, 1999). The term student-centred learning was also associated with the work of 

Piaget and more recently with Malcolm Knowles (Burnard, 1999). Rogers (1983a), in 

his book "Freedom to Learn for the 80s'', describes the shift in power from the expert 

teacher to the student learner, driven by a need for a change in the traditional environment 

(O'Neill and McMahon, 2005). 

A student-centred teaching approach is a way of planning and teaching, and assess-

ment is centred around the needs and abilities of students. The main idea behind the 
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practice is that learning is most meaningful when topics are relevant to the students• lives, 

needs, and interests, and when the students themselves are actively engaged in creating, 

understanding, and connecting to knowledge (McCombs and Whistler, I 997). Students 

will have a higher motivation to learn when they feel they have a real stake in their own 

learning. Instead of the teacher being the sole, infallible source of information, then, the 

teacher shares control of the classroom and students are allowed to explore, experiment, 

and discover on their own. The students are not just memorizing information, but they are 

allowed to work with and use the information alone or with peers. Their diverse thoughts 

and perspectives are a necessary input to every class. The students are given choices 

and are included in the decision-making processes of the classroom. The focus in these 

classrooms is on options, rather than uniformity (Papalia, 1996). 

2.6.1 What is student-centred learning? 

Kember ( 1997) defined student-centred learning as a process of learning in which knowl-

edge is constructed by students and the instructor is a facilitator of learning rather than a 

presenter of information. In addition, Rogers (l 983b, p. 188) described the considerable 

precondition for student-centred learning as the need for " ... a person who is perceived 

as an authority portrait in the situation, is sufficiently secure within herself/himself and 

in her/his relationship to others that she/he experiences an essential trust in the capac-

ity of others to think for themselves, to learn for themselves". Burnard (1999, p. 244) 

emphasised that "students might not only choose what to study, but how and why that 

topic might be an interesting one to study". Harden and Crosby (2000) points out that in 

student-centred learning we should focus on what the student is doing instead of what the 

teacher doing. 

In their book, Brandes and Ginnis (1986) present the main principles of student-

centred learning as follows: 

• The learner has full responsibility for her/his learning. 

• Involvement and participation are necessary for learning. 

• The relationship between learners is more equal, promoting growth, development. 

• The teacher becomes a facilitator and resource person. 
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• The learner experiences confluence in her/his education. 

• The learner see herself/himself differently as a result of the learning experience. 

2.6.2 Productivity and critiques of student-centred learning 

Lea et al. (2003) studied the use of student-centred learning and found that it was an ef-

fective approach. After a six-year study in Helksinki, Lonka and Ahola (1995) compared 

traditional and activating instruction and found that the activating group developed better 

study skills and understanding, but were slower in their study initially. In addition, Hall 

and Saunders (1997) found that after student-centred learning was employed, students 

had increased participation, motivation and grades in a first year information technology 

course and 94% of the students would recommend it to others over the more conventional 

approach. Students in a UK university felt there was more respect for the student in this 

approach, that it was more interesting, exciting, and raised their confidence (Lea et al., 

2003). 

Some disadvantages in student-centred learning have also been raised. Simon (1999, 

p. 42) highlights the point of focusing on individual learner, saying that "if each child 

is unique, and each requires a specific pedagogical approach appropriate to him or her 

and to no other, the construction of an all embracing pedagogy or general principles of 

teaching become an impossibility". Also, Edwards ( 1999) states that isolation from other 

learners may take place. The importance of the social context of learning and the value of 

interaction with peers is emphasised in the socio-cultural view of learning (Bredo, 1999). 

2.6.3 Comparison of teacher-centred and student-centred models 

Hirumi (2002) provides a useful guide to the creation and evaluation of a student-centred 

learning environment by comparing instructional variables associated with teacher-centred 

and student-centred approaches to teaching and learning, as summarised in Table 2.2. 
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Table 2.2: A comparison of teacher-centred and student-centred models (University of Bath, 2005). 

Instructional variable Teacher-centered Student-centered 

Leaming outcomes • Discipline-specific verbal information • Interdisciplinary infonnation and knowledge. 

• Lower order thinking skills, e.g. recall, iden- • Higher order thinking skills, e.g. problem-

tify, define abstract and isolated facts, figures and solving. 

formulas. • Infom1ation processing interpret, communicate 

information. 

Goals and objectives • Teacher prescribes learning goals and objec- • Students work with teachers to select learning 

tives based on prior experiences, past practices, goals and objectives based on authentic problems 

and state and/or locally mandated standards. and students' prior knowledge, interests and ex-

perience. 

Continued on next page 
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Instructional variable 

Instructional Strategy 

Assessment 

Table 2.2 - continued from previous page 

Teacher-centered Student-centered 

• Instructional Strategy prescribed by teacher. •Teacher works with students to determine learn-

• Group-paced, designed for 'average' student. ing strategy. 

• Information organised and presented primarily I •Self-paced, designed to meet needs of individ-

by teacher, e.g. lectures, with some supplemental I ual student. 

reading assignments. 

• Assessment used to sort students. 

•Student given direct access to multiple sources 

of information, e.g. books, online databases, 

community members. 

• Assessment is integral part of learning. Perfor-

• Paper and pencil exams used to assess students' I mance based, used to assess students' ability to 

acquisition of information. •Teacher sets perfor- apply knowledge. 

mance criteria for students. • Students work with teacher to define perfor-

• Students left to find out what teacher wants. mance criteria. 

• Students develop self-assessment and peer as-

sessment skills. 

Continued on next page 



Instructional variable 

Teacher's role 

Student's role 

~ ...... 

Learning environment 

Table 2.2 - continued from previous page 

Teacher-centered I Student-centered 

• Teacher organises and presents information to I • Teacher provides multiple means of accessing 

groups of students. information. 

•Teacher acts as gatekeeper of knowledge, con- I •Teacher acts as facilitator, helps students access 

trolling students' access to information. 

• Teacher directs learning. 

and process infonnation. 

• Teacher facilitates learning. 

• Students expect teachers to teach them what's • Students take responsibility for learning. 

required to pass the test. • Passive recipients of •Active knowledge seekers. 

in formation. • Construct knowledge and meaning. 

• Reconstructs knowledge and instmction. 

• Students sit in rows. • Students work at stations with access to multi-

• Information presented via lectures, books and I ple resources. 

films. • Students work individually at times but also 

need to collaborate in small groups. 



2. 7 What is CAI? 

According to Finnegan and Sinatra (199 l ), CAI provides pragmatic learning and allows 

adult learners to have control over their level and pace oflearning. CAI for adults has been 

proven to empower the learner, with learners accepting responsibility for educating them-

selves and controlling the pace and level of program accomplishment. This empowerment 

and success in learning computer skills brings adults into the world of the future. 

Woodruff and Brown ( 1998) notes that CAI has long been used for supplementary 

instruction. In music education, for instance, CAI has found its greatest success in the 

development of skills in the areas of theory, sight-singing and ear-training. One means 

of incorporating CAI is in the presentation of modules which students may complete 

at their own rates and away from the traditional classroom. Becker and Dwyer (1994), 

who studied the impact of increased learning control on students' intrinsic motivation 

for a learning task, found that students who learn at their own pace gained more in self-

determination, and their intrinsic motivation was higher than those students who used 

paper-based resources to study. Prasad et al. (1994) and his team in the Department of 

Civil Engineering at the University of British Columbia, developed CAI for their students. 

They found that CAI modules offer several distinct advantages which make them useful 

additions to classroom instruction: they allow hands-on activity, self-paced learning, and 

flexible exploration of topics; they are also good tools for increasing student interest in 

a topic and presenting information in different ways. Fletcher-Flinn and Gravatt (1995), 

who examined studies on CAI from 1987 to 1992, found that there is an overall favourable 

effective size at all grade levels for CAI versus traditional classroom settings. 

With the development of the microcomputer in the late 1970s, we have seen the rapid 

spread of computing in businesses, schools, homes (Allessi and Trollip, 1991 ), with rapid 

expansion during tbe 1980s. Between 1981 and the end of the decade, American schools 

acquired over two million microcomputers. The number of schools owning computers 

increased from approximately 25 percent to virtually I 00 percent. More than half the 

states began requiring or at least recommending pre-service technology programs for all 

prospective teachers (Kinnaman, 1990). 

It has been about thirty years since educators began using computers for instructional 

purposes. A great deal of research was conducted during the 1970s, 80s and early 90s on 

the effects of computer use on student achievement, attitudes, and other variables, such as 
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learning rate (Cotton, 200 l ). Many names were used to describe the use of microcomput-

ers in teaching, some of these being (Allessi and Trollip, 1991) CAI (computer-assisted 

instruction), CBI (computer-based instruction), CBE (computer-based education), CAL 

(computer-assisted learning), and IAC (instructional applications of a computers). 

The term CAI will be used in this thesis as an inclusive term. Steinberg (1991) defines 

the term Conputer-Assisted Instruction (CAI) as a computer-presented instruction that is 

individualized, interactive, and guided. These terms are used in the following sense: 

Individualized The computer serves as a tutor for one individual rather than as an in-

structor for a group. CAI need not be confined to individual users and can be 

effective for students working in pairs or small groups. 

Interactive It involves two-way communication between a learner and a computer sys-

tem. In some lessons the computer poses questions, the learner responds, and the 

computer presents feedback. In other lessons the user initiates the interaction and 

the computer responds. 

Guided Because CAI is a method of instruction, some element of guidance is implied. 

Consider a physics lesson in which a student observes how the path of projectile 

varies with the angle of projection. The student specifies the angle at which the 

projectile should be fired and then watches as the computer traces the path of the 

projectile on the display screen. By entering the different values for the angle, 

the student can observe how changes in the angle of elevation affect the height 

and horizontal distance of the projectile. Such a program provides interaction and 

offers an opportunity for self-instmction. To be CAI as defined here, the lesson 

should guide the student by suggesting an appropriate range of values to select if 

the range he/she selected is too narrow or otherwise inadequate. 

Allessi and Trollip (1991) preferred to define instructional computer programs as a 

computer-based instruction (CBI) because their emphasis is on instruction rather than 

education in general. According to this model, for instruction to be effective the following 

four phases are provided: 

I. Presenting Information To teach something new, the instmctor must first present 

information. This may take a number of forms. For verbal or pictorial information, 
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an instructor may present rules and examples, show pictures, or provide other non-

verbal information. To teach skills, the instructor will probably model the skills to 

be learned. That is, the instructor will perform the skills so that students can imitate 

them. 

2. Guiding the student Having observed the presentation, the student must now 

perform under instructor guidance. When the student performs a skill incorrectly, 

the instructor may model the procedure or part of it. If the student demonstrates 

misunderstanding of concepts or principles, the instructor will try to understand the 

student's confusion and dispel it. Guidance is important in instruction because no 

student learns all that is taught on a single exposure. Students will make errors and 

frequently be unaware that they have made them. It is necessary that the student 

be made aware of these and can correct them. The interactive process of the stu-

dent attempting to apply new knowledge, the instructor correcting and guiding, and 

the student making further attempts is frequently omitted in instruction and yet is 

probably its most important component. 

3. Practice Practice is student-centred, although the instructor often observes the 

student and makes corrections when errors are observed, the emphasis being on 

the student practising and the instructor making only short corrective statements. 

Practising a skill once or answering a single question will not guarantee retention. 

Repeated practice is often required for a student to retain information and to become 

fluent with it. 

4. Assessing Student Learning It cannot be assumed that instruction will be suc-

cessful for all students. Rather, student learning should be assessed, usually with 

tests, which are the important part of the instructional process. Tests provide infor-

mation about the level of learning, the quality of teaching, and future instructional 

needs. 

The Association for Educational Communications and Technology1 in 1977 defined 

computer-assisted instruction (CAI) as a method of instruction in which the computer 

is used to instruct the student and where the computer contains the instruction which is 
1AECT,http://www.aect.<?rg/default.asp 
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designed to teach, guide, and test the student until a desired level of proficiency is attained 

(Jenks and Springer, 2002). 

2.8 Differences between CAI and other modes of instruc-

tion 

Steinberg ( 1991) notes that understanding the differences between CAI and other modes 

of instruction will enable us to draw appropriately from past experience. Leaming in 

group-paced situations such as listening to lectures, participating in discussions, and view-

ing films is different to learning from CAI lessons. Even learning with individually-paced 

print media such as books and programmed instruction is significantly different to CAI. 

Some differences between CAI and other modes of modes of instruction are listed below. 

Classroom Instruction and CAI There are three main areas of difference here: 

1. l\1odes of communication In traditional classrooms, instructors may use 

verbal/non-verbal means, physical actions or even body language to commu-

nicate (e.g. smile to reward or to encourage correct responses, shake head, and 

so on). At present, communication between CAI and students is rather limited 

compared with human instructors. In the classroom, students communicate by 

speaking or by writing. In CAI, they type, touch a display screen, or click a 

mouse. Students know how to speak and they know how to write, but some 

do not know how to type. 

2. Instructor-learner interaction (an important issue). An instructor tries to 

monitor students' understanding by asking questions. Usually only one stu-

dent at a time responds overtly. The others respond covertly, if at all. All 

students except one are supposed to "think" the answer. Instructors can also 

judge progress in learning by observing students' behaviour. It is not so in 

CAI, however. A computer cannot see a learner. The only way a computer 

can monitor understanding is by asking questions and evaluating responses. 

To accomplish this, a computer lesson must require overt responses. Judging 

learners' responses can be flexible for a human-instructor; in CAI answer-

judging can be very flexible, but it is not an innate part of computer systems. 
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Furthermore, a computer cannot answer arbitrary questions posed by a learner. 

Instructors generally can; if not, they can suggest resources for finding the 

answers. 

Teacher-learner interaction is basically teacher-controlled, and, for the most 

part, group-paced in a traditional classroom. In contrast, CAI can be individually-

paced and can allow multiple instructional paths. 

3. Environment factors In the classroom the quality of students' performance 

is often self-evident, as is the status of students' knowledge and performance 

relative to the performance of others. In CAI, information about students' 

performance is self-evident only in some lessons. Students learn by observ-

ing and interacting with others in a classroom. A student who is unable to 

answer a question posed by the teacher can learn by listening to another stu-

dent's response. A student who does not understand a concept can learn from 

a teacher's responses to other students' questions. This give-and-take of class-

room learning is not present in CAI. Because CAI is individualized instruc-

tion, lessons can allow each learner to progress at a self-determined pace, 

moving quickly through topics that are easily understood and slowly through 

more difficult ones. A concept missed, or those not thoroughly understood, 

can be repeated. In contrast, students in a classroom move along more or less 

at the same pace. Faster students have to wait for slower ones and slower ones 

may be unable to keep up with the group. 

Programmed instruction and CAI In programmed instruction, a student's response 

may be correct, but not the same as the one provided by the program. She/he must 

decide if the answers are equivalent, but may lack the background to make such a 

judgement. In contrast, a CAI lesson can be programmed to judge answers flexibly, 

accept all correct responses, and provide informative feedback specific to the nature 

of the learner's misconception. A CAI lesson can branch a student around material 

that she/he has mastered, or provide further instruction if remediation is needed. 

Branching is theoretically possible in programmed instruction, but is generally not 

provided because implementation is cumbersome. In physical differences, with 

programmed instruction a student can peek at the correct answer before formulating 

a response, while in CAI the author has the option of allowing a student to do so or 
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of requiring a response to be entered before displaying the correct one. 

Books While providing self-instruction. books are also different from CAI in many 

aspects, such as; 

I. Individualization A book presents identical information to every reader. In 

this sense, books are not individualized instruction. However, all learners 

reads at their own pace and learns what they are capable of and motivated to 

learn. In this sense, books are individualized self-instruction. 

2. Interaction Clearly there is no interaction between a reader and a book. 

Questions may be inserted in the text, answers provided, and helpful learning 

hints presented. Nevertheless, it is one-way instruction. A book does not 

respond to a reader's activities. 

3. Physical differences All textual information illustrated in books are "still'~ 

on printed pages, whereas they may be either still or animated on computer 

displays. In CAI it is possible to focus on a specific concept by physically 

isolating it and presenting it on a separate display. It is also possible to do this 

in books, but it is not a common practice. 

Film and Television Like books, film and television can be a form of self-instruction. 

Differences include: 

• Interaction Films and television constitute one-way instruction. They present, 

but do not interact with learners. 

• Realism Realism between films/television and CAI need not be much differ-

ent today, but it instructors should be mindful that realism may even interfere 

with learning in some situations. 

\Veb-Based Instruction and CAI WBI representd a further evolution of computer-

assisted instruction, as described, for example, by Chumley-Jones et al. (2002). 

Technical advantages ofWBI include universal accessibility, ease of updating con-

tent, and hyperlink functions that permit cross-referencing to other resources. These 

technical advances, particularly the hyperlink and search capabilities, fit the con-

structivist learning theory, where learners search out and create their own knowl-

edge bases. Practical reasons for the decision to use CAI instead of E-leaming or 

47 



web-based instruction in this research have been discussed in § 1.4.1, essentially 

reducing to the current under-developed and unreliable state of the network infras-

tructure in Thailand posing too great a risk of students not being able to obtain 

access to their lessons at all times. 

2.9 Types of CAI 

Steinberg (1984, p. 144) classified CAI into games, drills and simulation, while Cotton 

(2001) asserted that CAI most often refers to drill-and-practice, tutorial, or simulation 

activities offered either by themselves or as supplements to traditional, teacher directed 

instruction. Perhaps the most inclusive categorisation is that of Allessi and Trollip (1991), 

who classify CAI into five major types as described below. 

I. Tutorials:- Relevant to almost every subject area, from the humanities to the so-

cial and physical sciences. They are appropriate for presenting factual information, 

for learning rules and principles, or for learning problem-solving strategies. A good 

tutorial should include both presentation and guidance (Gagne et al., 1981). 

2. Drills:- The function of drills is to provide practice. They are applicable to all 

types of learning, assuming presentation and guidance has already occurred. Drills 

may be applied to simple paired-associate learning, such as spelling or foreign lan-

guage word translation; to verbal information, such as definitions, historical facts, 

or scientific concepts and principles; to simple problem solving, such as arithmetic 

facts; and to complex problem solving, such as problems in the physical and social 

sciences. 

3. Simulations:- Simulations differ from interactive tutorials, which help the student 

learn by providing information and using appropriate question-answer techniques. 

In a simulation the student learns by actually performing the activities to be learned 

in a context that is similar to the real world. In an educational context, a simulation 

is a powerful technique that teaches about some aspect of the world by imitating or 

replicating it. Students are not only motivated by simulations, but learn by interact-

ing with them in a manner similar to the way they would react in real situations. In 

almost every instance, a simulation also simplifies reality by omitting or changing 
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details. In this simplified world, the student solves problems, learns procedures, 

comes to understand the characteristics of phenomena and how to control them, or 

learns what actions to take in different situations. In each case, the purpose is to 

help the student build a useful mental model of part of the world and to provide an 

opportunity to test it safely and efficiently. 

4. Games:- Games are a powerful instructional tool. They have become extremely 

prevalent with the proliferation of computers in schools. Simulations attempt to 

mimic reality, but while many simulations are also quite entertaining, entertainment 

is not one of their distinguishing features. Conversely, games may or may not 

simulate reality, but they are nearly always characterized by providing the student 

with entertaining challenges (Allessi and Trollip, 1991). Maidment and Bronstein 

(1973) and Nesbitt (1971) state that the overriding purpose of instructional games 

is to teach, and they can be successfully used to convey a variety of information, 

such as: 

• Facts and principles. 

• Processes, such as titration or real estate acquisition. 

• The structure and dynamics of systems. 

• Skills, such as problem solving, decision making, or the formulation of strate-

gies. 

• Social skills, such as communication. 

• Attitudes. 

5. Tests:- Tests are an essential aspect of all instruction, used for a variety of pur-

poses. There are two major ways to incorporate computers in the testing process: 

using the computer as an aid to construct the test, and using the computer to ad-

minister the test. Computerized test construction utilizes the computer to generate, 

print, and score tests that students write on paper (or, increasingly, online). Both 

techniques offer advantages and both have limitations. Wisely used, however, both 

can save a substantial amount of time without sacrificing quality, and can frequently 

improve the quality of testing. Assessment of learning is a crucial part of the in-

structional process. Tests are the primary means we have for assessment. Because 
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they can have such a strong influence on a student's future, test need to be con-

structed with great care. 

2.10 Research on CAI 

There have been numerous studies in recent years on the effectiveness of ~AI compared 

with traditional teaching. In many cases, the use of multimedia instruction has proven to 

be effective (Kulick et al., 1980; Morrell, 1992). Mclssac and Blocher (1998, p. 3) note 

that in the late 1990s, the use of technology was most apparent in classroom teaching; 

not surprisingly, research studies focusing on this area grew to major importance. There 

have been a variety of research studies comparing CAI with traditional teaching, with a 

mixture of outcomes. Following is a brief mention of some of them. 

Brothen (1998) refers to Lepper and Gurtner (1989), who studied a group of 100 

students on computer-assisted instruction effectiveness, finding that there was an overall 

positive gain in learning. In post-secondary students, Jenks and Springer (2002) state that 

research from the 1980s found a positive effect of CAI on students of various ages in the 

formal education environment. According to the study of Leeds et al. ( 1991) on mathe-

matics student performance, the developmental students' achievement levels for the CAI 

group were equal to or statistically significantly better than their non-CAI counterparts. 

Vogler et al. ( 1991) studied the effectiveness of CAI as a supplement to a Sociology I 00 

course, finding that students in the CAI group gained more knowledge and got better 

grades than the non-CAI group. In a study of traditional lectures compared with CAI in 

pharmacy students, Delafuente et al. ( 1998) found that students in the CAI group spent 

less time learning the material but performed better than their traditional learning coun-

terparts. Mars and Mclean (1996), in a study at a Medical school in South Africa, came 

to a similar conclusion. Grimes et al. (1997) studied economics students at Mississippi 

State University and found that those in the CAI group did significantly better in the final 

exam. Worthington et al. ( 1996) indicated that students using CAI as a supplement to a 

lecture course in an introductory psychology class obtained higher scores than students in 

the lecture-only group. Research from Dunn (2002) found that freshmen in high school in 

a CAI group scored significantly higher than the control group on reading comprehension 

measurements. Tseng ( 1999) found that CAI was useful in mathematics teaching with 
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first grade students; results indicated that most students gained more knowledge than with 

traditional classes. In a similar study involving elementary students, Chang (2000) found 

a significant increase in scores after learning addition and subtraction in arithmetic with 

CAI courseware. Clariana and Smith (1988) studied learning styles using CAI, finding 

that a change in student learning style preference, particularly for high-ability students, 

occurs in CAI environments. Faircloth and et al. (1986) found that greater learning gains 

in the experimental group in a study using CAI teaching to Consumer Credit students. 

Okolo (1992) performed a study using CAI on students with learning disabilities, and 

found a significantly improved arithmetic proficiency after four sessions of cornputer-

based practice. Schuman (1991) found that single-step problem solving can be taught in 

a relatively short period of time using CAI in numerical problem solving in elementary 

school Students. Shiah and et al. (1994) studied the effects of CAI on the mathematical 

problem solving skills of students with learning disabilities and found that students per-

formed significantly better on mathematics tests given using a computer than by paper 

and pencil. 

Some studies have found no difference between CAI and traditional learning (Cotton, 

2001). Jenks and Springer (2002) reported on some meta-analysis studies in which the 

same teacher taught both the CAI and traditional versions of a course; the researchers 

isolated the results of these studies and found no significant differences between CAI and 

traditional teaching. Fletcher-Flinn and Gravatt ( 1995) found that for those studies using 

paper and pencil equivalents of the CAI, there were no significant achievement differ-

ences between experimental groups and control groups. The results of Milne et al. (1990) 

indicated an overall lack of motivation among the students for mathematics and no dif-

ference in performance between the lecture/tutorial group and the CAI group; students 

felt that the CAI program was better for reviewing old material than for learning new top-

ics. Huxford (1999), in a study comparing a traditional instruction format group with a 

CAI format group, found that CAI is not as useful for instruction as previously claimed, 

with college students from the different groups showing no significant difference on mea-

sures of cognitive and affective learning. Puangsuwan (1997), in his study comparing 

two groups of first year students in an integral calculus course at Burapa University, Thai-

land, found no significant difference in the final exam mean scores achieved by students 

in the CAI group and those in the traditional method of teaching group. Gay et al. (1988, 
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p. 31) stated that "In most studies of interactive learning programs students have actually 

learned less when they have been provided choices that would allow them more control 

over their own instructional strategies and forms of presentation". 

2.11 Development of CAI 

Allessi and Trollip (1991, p. 11-13) believe that cognitive theory is the most important to 

CAI design relating to perception and attention, memory, comprehension, active learning, 

motivation, locus of control, transfer of learning and individual differences. The most 

important of these issues in evaluation and design of CAI are described briefly below. 

Perception and Attention Leaming processes are dependent on the learner cor-

rectly perceiving stimuli and attending to them. Perception is constantly strained 

by many competing stimuli, so attention may falter during instruction or be at-

tracted by stimuli other than the desired ones. Thus, effective instruction depends 

on presentations designed for easy and accurate perception; this may be facilitated 

by many presentation design factors:- detail and realism, the use of sound versus 

visuals, colour, characteristics of text such as its size, font, animations, and so on. 

For perception of proper lesson elements to occur, the attention of the student must 

not only be initially attracted but maintained throughout the lesson. In addition to 

the factors just mentioned, attention is affected by many other considerations, in-

cluding the level of student involvement, personal interests and prior knowledge of 

the student, lesson difficulty, novelty and familiarity, pacing, and variety. 

Memory Much of what we perceive we must store and be able to retrieve later. 

While the information storage and retrieval capacity of human intelligence is im-

mense, assuring that the important things are not only perceived but properly stored 

is not trivial. This is particularly true when faced with new and large bodies of 

infom1ation, such as the vocabulary of a new language. Two principles underlie 

almost all methods of enhancing memory- the principle of organization and the 

principle of repetition (Fleming and Levie, 1978). In general, organization is easier 

and more powerful. For instance, showing a student the organization of new infor-

mation, or imposing organization upon it, aids recall. When the use of organization 

is inappropriate or impossible, repetition is often used. 
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Comprehension Our current knowledge comes from interpretation and integration 

of what we have perceived in the past (Anderson, 1977). We should be able to 

classify, apply, evaluate, and manipulate stored information, and so on. Principles 

of concept acquisition and rule application, for example, guide much CAI design. 

These principles include the use of prior knowledge, defining and exemplifying 

concepts, rule application, and information paraphrasing. The type of learning de-

sired must determine the type of presentations and activities of a lesson. 

Active Learning Interaction not only maintains attention, but creates and stores 

new knowledge and skills. One of the essential features of CAI in contrast to some 

other media is its capacity to require and act upon student interactions. Most authors 

stress this important aspect of CAL 

Motivation Proper motivation is essential to learning. Several theories of motiva-

tion suggest CAI techniques that will enhance motivation. Some unique aspects of 

CAI, which permit methodologies like simulation and gaming, are very valuable for 

motivation enhancement. Motivation theories particularly relevant to CAI are those 

of Lepper (Lepper and Chabay, 1985), Malone (Malone, 1981; Malone and Lep-

per, I 987), and Keller (Keller and Suzuki, I 987). Lepper maintains that motivation 

should be used which is intrinsic to the instruction rather than externally applied. 

Malone hypothesizes that the four elements which foster motivation are challenge, 

curiosity, control, and fantasy. Keller also suggests that four factors (some similar 

to Malone's) are essential to motivation: maintenance of attention, relevance of the 

material, student confidence, and student satisfaction. 

Locus of Control A crucial design variable in all CAI is instructional locus of con-

trol, which refers to whether control of sequence, content, methodology and other 

instructional factors is determined by the student, the lesson (actually, the lesson 

author), or some combination of the two. While the potential for flexible student 

control is an often-claimed advantage of CAI (Laurillard, 1987), its effects on mo-

tivation and learning are complex (Hannafin, 1984; Steinberg, 1989). In reality, all 

lessons have a mixture of student and lesson control. Whether the lesson is success-

ful depends on which aspects ofinstruction are controlled by the student and which 

by the lesson. 
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Transfer of Learning Learning in a CAI lesson is usually just a precursor to ap-

plying or using that knowledge in the real world. Transfer refers to the extent to 

which improved performance in the lesson is reflected in the real world (Clark and 

Voogle, 1985; Cormier and Hagman, 1987). Transfer is affected by type, amount, 

and variety of interaction, by realism of the instruction, and by the methodologies 

used. In training situations, transfer is ultimately the most important instructional 

outcome. 

Individual Differences Students do not all learn the same way or at the same rate, 

some instructional methods being better for some students than others. Another 

often-praised advantage of CAI is its capability to individualize, but, just like inter-

activity, this supposed advantage is not often exercised. Good software will adapt to 

the learner, capitalizing upon his or her talents, giving extra help where the student 

is weak, and providing motivators to which each student responds. 

Steinberg (1991) stated that" ... we need a learning theory that is general enough to 

encompass many categories of learning (e.g., verbal learning, learning strategies) and a 

theory that translates reasonably well to procedures for designing instruction. These cri-

teria can be fulfilled by a synthesis of the theories of Bransford and Gagne". An overview 

of their theories relevant to a CAI framework is presented below. 

2.11.1 Gagne's Theory 

Gagne described learning in terms of five categories of skills and capabilities and the 

conditions under which they are learned in concept (Gagne, 1977). 

1. Intellectual skills:- the rules and concepts that constitute a considerable propor-

tion of school learning. These skills are a sequentially ordered hierarchy of capa-

bilities. For learning to occur, each capability must be mastered as a pre-requisite 

to learning skills at the next higher level. The most complex level of intellectual 

skills is learning higher order rules, which are a combination of other rules. This 

requires as a pre-requisite learning other rules. A rule, in tum, is a relationship of 

two or more concepts, which must be learned in order to learn the rule. 

2. Verbal information:- the capability of verbalizing infom1ation, such as stating 

facts or presenting infom1ation in the form of sentences. Summarizing a body of 
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text and paraphrasing a rule are examples. To learn verbal information, a person 

needs to comprehend verbal text and to have previously stored in memory well-

structured knowledge that is meaningfully related to the to-be-learned information. 

3. Cognitive strategies:- employing personal strategies to guide learning, thinking, 

acting, and feeling. 

4. Motor skills:- executing tasks involving the use muscles e.g. manipulating a com-

puter mouse. 

5. Attitude:- choosing personal actions based on internal states of understanding 

and feeling e.g. deciding to study daily to achieve a high enough grade for entry 

into an honours programme. 

In summary, the most important ideas of Gagne's theory are that (1) both attributes 

of a learner and events in the environment contribute to learning, and (2) each type of 

learning outcome has its own set of internal and external conditions. 

2.11.2 Bransford's Theory 

Bransford (1979) studied learning, remembering, and understanding from a process per-

spective. He presents a :framework of four components: 

I. Learner characteristics:- attributes that are intrinsic to each individual, including 

a person's prior knowledge, the structure of that knowledge in memory, beliefs and 

expectations, knowledge about one's own knowledge, developmental maturity, and 

experience. 

2. Criterial tasks:- used to test learning outcomes. A student's task may be to mem-

orize or to solve a problem. For effective learning, different activities are needed 

for different criterial tasks. 

3. Nature of materials:- material to be learned varies along many dimensions. They 

may be visual or verbal, written or aural, simple or complex, hierarchical in nature 

or not. Gathering information from maps, for instance, involves different skills to 

learning from verbal discourse. 
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4. Nature of learning activities:- include attention, analysis, elaboration, and re-

hearsal. 

Bransford emphasizes that the most significant idea underlining this framework is the 

interaction among components. Each ofBransford's components interacts with the others 

to affect learning. Even for a single criteria} task, such as a memory task, the learning 

activities differ according to the nature of the materials and characteristics of the learners. 

Immature learners, unlike mature learners, are apt to use a single memory strategy for 

every task, repetition. Appropriate or not, they try to remember by repeating the material 

to be learned again and again. The task of condensing a body of text requires different 

activities than memorization. The activities in which learners spontaneously engage vary 

with the characteristics of the learners. Mature learners reorganize text and state the 

significance of it in their own words. Children from ages 11 to 15 years, however, do not 

manipulate text. They tend to delete relatively unimportant information, and then copy 

the rest almost verbatim from the text (Brown et al., 1982). 

2.11.3 Instructional design for CAI 

Steinberg (1984) proposed a two-level, three-phase of CAI designation, with a broad 

range of goals, learners, subject matter domains, tasks and instructional techniques. The 

core of the Three-Phase plan is: 

1. Laying the groundwork for the lesson as a whole by making an initial plan. 

2. Using this plan as a guide to produce the instruction, one unit at a time. 

3. Integrating the parts and completing the lesson. 

Lesson design occurs in three phases, as follows: 

1. Initial Planning:- made for the lesson as a whole, before production begins, in-

cluding components of the systems approach: 

• Characterization of the target population. It is important to characterize the 

target population by more than simply age or grade level. Specify skills of the 

target population if the skills deviate from the anticipated norn1. 
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• Formulation of overall goals. The reason for writing goals is to clarify, in 

the instructors' mind, what the learners are supposed to accomplish. Goals 

provide a framework for designing the lesson, as well as for evaluating it. In 

CAI there are three aspects to goal formulation: goals for the learner, the role 

of the computer in helping the learner achieve those goals, and the role of the 

lesson in the curriculum. 

Learner goals The overall goal for the learner is a statement of the skills, 

knowledge, processes or attitudes the learner will attain. 

Role of the computer The diverse roles of the computer can be grouped 

into five categories: 

(a) Providing individualization. 

(b) Providing experience not otherwise possible. 

( c) Separating practice in interdependent skills. 

(d) Enabling curriculum revision. 

( e) Providing group interaction. 

Role of the lesson in the curriculum CAI lesson must be fitted in the cur-

riculum, and the author should specify the intended use of the lesson. For 

example CAI may be the only medium of instruction for certain parts of 

a course, it may follow classroom instruction to review principles, apply 

concepts, or perfect a skill. 

• Task analysis. Not only the content must be analysed, but also the learn-

ing strategies, appropriate organization of the content, and analysis of novice 

learners' misconceptions. Task analysis is a prototype, which the author should 

adapt and modify according to the target population, goals and content of the 

lesson. A general procedure for task analysis is presented as follows: 

(a) Generate a prototype item, or more than one if the goal is stated as more 

than one task. 

(b) Be systematic. Write down your work as a succession of numbered steps. 

Show all of your work. 

( c) Review each of the steps. On another sheet of paper, for each step, write 

the step number, the subject matter knowledge, and the skills or strategies 
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you employed. 

(d) Summarize the analysis of knowledge and skills that you have just com-

pleted into a list of topics. 

After generating the Ji st of topics, the author will need to ascertain how much 

additional instruction to provide for each. At this stage a detailed task analysis 

is required, to enable the author to specify pre-requisite skills and to decide 

how to organize the knowledge for instructional presentation. In addition, the 

detailed analysis provides a basis for generating specific goals later when the 

units of instruction are developed. 

• Designation of pre-requisite skills. It cannot be assumed that all students of 

the target population already have the pre-requisite skills. A short pre-test can 

be presented at the beginning of the lesson to determine this. 

• Development of an initial set of evaluation measures. An important aspect of 

developing a lesson is evaluating it to determine if learners have achieved the 

specified goals. Although the actual evaluation of students' performance takes 

place at a later time in lesson development, measures should be planned and 

generated as much as possible at this time. 

2. Ripple Plan:- design and production of the instruction per se occurs in this phase. 

Design begins at the heart of instruction, by generating the presentation, including 

audio, visuals, question-response feedback sequences, etc. The units of instruc-

tion are designed and programmed and also tested with students. Based on the 

results of such early trials, a designer evaluates and modifies the presentation, adds 

informative feedback for commonly occurring errors, and designs supplementary 

instruction if needed. Management decisions about advancing the student through 

the lesson are also made. Essential aspects include the following: 

(a) Rationale. Creation entailed in CAI lessons is much more than just writing 

text. It includes, planning interaction, posing questions, judging responses, 

and commenting on those responses. 

Equally important is the planning for smooth human-machine interaction and 

for managing the instruction. There is no need to make extensive plans and 

expend considerable time programming an entire lesson only to discover later 
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that the instructional design is faulty. Interacting with others as each unit is 

produced is helpful. Authors are less reluctant to incorporate comments and 

suggestions of colleagues if only part, rather than the entire lesson, requires 

rev1s10n. 

(b) Components. A systematic and efficient procedure is required; such a pro-

cedure is the function of the Ripple Plan and is in two parts. The first part 

consists of planning, creation, and revision of materials off-line. Each unit 

developed is composed of a presentation, responses and feedback, and human 

factors and management. The second part is implementation and evaluation: 

programming the computer to produce the actual product, and testing it. The 

basic idea is to plan, program, and evaluate one component before expanding 

the unit to include additional components. 

(c) Procedure. First, start with the presentation, producing and writing the com-

puter program; evaluate the program by doing it yourself as a student, as well 

as asking a colleague or some students to do so. Use this try-out to improve 

the presentation. 

Secondly, based on the evaluationjust completed, generate feedback for incor-

rect responses, decide how to help students who had difficulty understanding 

the instruction, then try-out the lesson and get others to do so, too. 

Thirdly, decide such matters as the conditions under which the student is al-

lowed to advance in the instruction, and whether to allow the student to ask for 

help or to provide it automatically. This is a management and human factors 

decision. Make revisions as shown necessary. Again, program, evaluate and 

revise. 

3. Completing the Lesson:- this requires integrating the parts of the CAI and in-

cludes the following steps: 

• Complete management and human factors decisions. At this step, considera-

tion of human-machine interaction is taken into account. The author should 

think about communicating to the learners what the computer will expect of 

them and what they can expect from the computer. Decide also who will 

manage the learners' path of instruction through the lesson: the computer, the 
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learner, the classroom instmctor, or some combination of these. For those as-

pects of instruction under computer control, plan rules for advancing through 

the lesson. 

• Generate the introductory display. A title page is provided in every lesson, 

with an index or ''menu" often contained in most lessons. Some other in-

troductory displays are (I) an explanation of the function and use of special-

purpose keys, (2) the purpose of the lesson, and (3) special information or 

rules if the lesson is a game or simulation. 

• Generate concluding displays. Learners have to be told what they can do, and 

what options are available to them. For example, when the lesson has ended, 

when to start again from the beginning or what learners should do when they 

want to quit the lesson. 

• Complete initial set of evaluation measures. 

• Evaluate and revise. We cannot know if the lesson as a whole has accom-

plished its goals until students from the target population have tried it. These 

trials enable the lesson to evaluated and revised. 

• Document the lesson. This documentation provides decision-making infor-

mation to potential users of the lesson. It should include the topics covered in 

the lesson, the goals, prerequisites, target population, instructional techniques 

used, special features, number of students who tested the completed lesson, 

and results of student trials. 

• Plan maintenance. Sometimes programming errors do not occur until after 

hundreds of users have studied a lesson. In addition, if the content of the lesson 

is subject to change (e.g., census data), plans must be made for updating it. 

2.11.4 Gagne's Nine Events of Instruction 

According to Robert Gagne, there are nine events that activate processes needed for ef-

fective learning (Carr and Carr, 2000; Kruse, 2005), and all lessons should includes this 

sequence of events. These were based on the information processing model of mental 

events that occur when adults are presented with various stimuli. Gagne's nine events of 

60 



instruction correlate to and address the conditions of learning; they are listed below and 

also illustrated schematically in Figure 2.3. 

I. Gain attention In order for any learning to take place, students must first be mo-

tivated. A multimedia program that begins with an animated title screen sequence 

accompanied by sound effects or music startles the senses with auditory or visual 

stimuli. An even better way to capture students' attention is to start each lesson 

with a thought-provoking question or interesting fact. Curiosity motivates students 

to learn. 

2. Inform learners of objectives Early in each lesson, students should encounter a 

list oflearning objectives. This initiates the internal process of expectancy and helps 

motivate the learner to complete the lesson. These objectives should form the basis 

for assessment and possible certification as well. Typically, learning objectives are 

presented in the form of"After completing this lesson you will be able to ... ". 

3. Stimulate recall of prior learning Associating new information with prior knowl-

edge can facilitate the learning process. It is easier for learners to encode and store 

information in long-term memory when there are links to personal experience and 

knowledge. A simple way to stimulate recall is to ask questions about previous 

experiences, an understanding of previous concepts, or a body of content. 

4. Present the content This event ofinstruction is where the new content is actually 

presented to the learner. Content should be chunked and organized meaningfully, 

and typically is explained and then demonstrated. To appeal to different learning 

modalities, a variety of media should be used if possible, including text, graphics, 

audio narration, and video. 

5. Provide "learning guidance" To help learners encode information for long-term 

storage, additional guidance should be provided along with the presentation of new 

content. Guidance strategies include the use of examples, case studies, graphical 

representations, mnemonics, and analogies. 

6. Elicit performance (practice) In this event of instruction, the learner is required 

to practice the new skill or behaviour. Eliciting performance provides an opportu-
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nity for learners to confirm their correct understanding, and the repetition further 

increases the likelihood of retention. 

7. Provide feedback As learners practice new behaviour it is important to provide 

specific and immediate feedback of their performance. Unlike questions in a post-

test, exercises within tutorials should be used for comprehension and encoding pur-

poses, not for formal scoring. Additional guidance and answers provided at this 

stage are called formative feedback. 

8. Assess performance Upon completing instructional modules, students should be 

given the opportunity to take (or be required to take) a post-test or final assess-

ment. This assessment should be completed without the ability to receive addi-

tional coaching, feedback, or hints. Mastery of material, or certification, is typically 

granted after achieving a certain score or percent correct. A commonly accepted 

level of mastery is 80% to 90% correct. 

9. Enhance retention and transfer to the job Determining whether or not the skills 

learned from a training program are ever applied back on the job often remains a 

mystery to training managers- and a source of consternation for senior executives. 

Effective training programs have a "performance" focus, incorporating design and 

media that facilitate retention and transfer to the job. The repetition of learned 

concepts is a tried and true means of aiding retention, although often disliked by 

students. 

Some useful suggestions from Gagne to prospective CAI authors for producing eff ec-

tive lessons included (Gagne et al., 1981 ): 

• Leave the pace of the lesson under the control of the user. 

• Avoid the placement of too much text on a screen display. 

• Provide the learner with instructions on what to do next. 

2.11.5 Ten steps for developing effective CAI 

Allessi and Tro1lip (1991) provided an interesting model for developing CAI, the crucial 

ten steps of which are listed below. 
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Instructional 
Sequence 

* correct response 

I next sequence 

incorrect 
response 

Figure 2.3: lllustration of Gagne 's "Nine Events ofinstruction", following Gagne et al. (1981 ). 

I 

1. Determine needs and goals The goal of a lesson includes what the student should 

know or be able to do after completing the lesson. Determining goals therefore 

includes assessing the characteristics and instructional needs of intended students. 

2. Collect resources Resource materials subject to collection are: 

• Subject matter, such as textbooks, reference books, original source materials, 

films and, most importantly, other people knowledgeable in the area. 

• Instructional development; the materials involved include text on instructional 

design, story-boarding design sheets, graphic arts materials, and persons who 

have experience in instructional design. 

• Instructional delivery systems, such as the computer itself, software reference 

guides, and people experienced with the computer software intended to be 

used during development. 

3. Learn the content The designer must not only learn the content but also inter-

view the experts, and read texts and other instructional materials . An author cannot 

develop effective instruction which challenges the student in creative ways unless 

she or he become thoroughly familiar with the content. Shallow understanding can 

only produce a shallow lesson. 
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4. Generate ideas Generating ideas via brainstorming is very important. With 

brainstonning, the designer, with assistance from others, pursues the goal of gener-

ating as many ideas as possible. Brainstorming is strongly recommended, because 

it has proved to be a method that facilitates creativity and quickly produces a list 

that will include some interesting and good ideas. 

5. Design instruction The outcome of brainstorming will lead the author to elimi-

nate the worst ideas and then begin ordering, detailing, and refining the ideas that 

are good. This is done by performing concept and task analyses on the learned con-

tent. Such analyses bring to bear principles of learning to assemble a plan for an 

effective lesson. This includes preliminary choices about instructional methodolo-

gies and factors. 

6. Flowchart the lesson A flowchart is a series of diagrams describing the oper-

ations a computer performs. Flowcharting is important because CAI should be 

interactive, and interactions are best depicted as a visual representation of decisions 

and events. The flowchart includes information about when the computer will draw 

or animate pictures, what happens when the student makes mistakes, and when the 

lesson should end. 

7. Storyboard displays on paper Storyboarding is the process of preparing textual 

and pictorial displays so they will fit within the display limitations of the com-

puter. While the flowcharts depict the sequence and decisions of a lesson, the 

storyboards depict its content and presentations. This step includes drafting the 

actual instructional messages students will see, such as information presentations, 

questions, feedback, directions, prompts, pictures and animation. 

8. Program the lesson This is the process of translating what the designer has on 

paper into a series of instructions understandable to the computer. In this case 

programming is defined as any way to produce a lesson on the computer (not only 

referred to writing code in a standard language such as JAVA or PASCAL). Check 

the program for errors, and make changes until it does exactly what designer wants. 

9. Produce supporting materials There are at least four kinds of supporting mate-

rials required: student manuals, instructor manuals, technical manuals, and adjunct 
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instruction. Teachers and students have different needs, and materials for them 

should be quite different. Technical manuals are necessary when setting up a les-

son is complicated or requires sophisticated devices. Adjunct instruction includes 

worksheets, diagrams, exams, photographs, and assignment sheets. 

I 0. Evaluate and revise The lesson and support materials should be evaluated with 

emphasis on how the lesson looks and works. For instance, have other people with 

design experience go through it; assess the lesson by observing the results of real 

students studying the lesson and investigating how much they learn. This step in-

cludes both pilot testing and validation. 

2.12 Evaluation of CAI 

In a paper on the evaluation of technology-based learning, Alexander and Hedberg (1993) 

refer to the blurring of meaning between evaluation and assessment in the context of the 

effectiveness of such learning. In their view, assessment refers to the "collection and use 

of data based on student learning outcomes", while evaluation encompasses "assessment 

as well as the range of other methods of data collection" (such as: questionnaires on 

attitudes to computers, reactions to the program, ease of use, learner control, content, 

etc.; observations of class behaviour; interviews with open-ended questions; sumrnative 

and formative evaluations). 

The four main evaluation models for CAI (and technology-based learning in general) 

are: 

I. Objectives based model (Tyler, 1949). This uses evaluation as a means for de-

termining the extent to which educational objectives are achieved and is therefore 

essentially summative in nature. Based on the rationale of pre-post design, this 

model is easy to apply but students are seen as all the same, with no allowances for 

those with different abilities, backgrounds and interests. 

2. Decisions-based or Context, Inputs, Processes and Products (CIPP) model (Stuffle-

beam, 1975). This focuses on the decisions made during development of the lessons, 

with a view to improving them. While useful for evaluating complex programs, this 

model is difficult to implement and maintain. 
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3. Values-based model (Payne, 1994; Scriven, 1972). This model considers that eval-

uation should show not only whether learning goals have been achieved, but also 

whether the goals are worth achieving. It allows a program to be evaluated without 

the need to know about the objectives. Criticisms of this model include that it does 

not always measure outcomes and does not answer questions about how to make 

judgements and what the learner needs to assess. 

4. Naturalistic model (Guba and Lincoln, 1981). This model bases evaluation around 

participants' key concerns and issues, using qualitative data collection such as jour-

nals, observations and interviews. The results are then used to benefit the subjects 

of the study. A criticism of this type of evaluation is that participants may identify 

criteria which have little educational worth. 

2.13 Novelty effect in CAI 

There have been numerous studies attempting to resolve the question of whether multime-

dia and CAI improve learning. On the one hand, researchers have said that compared with 

traditional instruction, CAI improved student scores and attitudes toward learning, and de-

creased learning time (Fletcher-Flinn and Gravatt, 1995). Okolo et al. (1993) concluded 

that computer technology may improve academic achievement, motivation, and time on 

task, as a well designed program will motivate students to spend time learning and their 

scores should improve. However, not all researchers agree that CAI is an effective teach-

ing medium. For example Clark (1983, 1994) claims that media do not influence learning. 

He feels that any perceived advantage of CAI can be explained by other hypotheses, e.g. 

content differences between instructional methods with different media are not controlled 

and therefore the medium is not necessarily the cause of any significant effect; because 

the learning method is new, students automatically find it more exciting and this novelty 

effect will only temporarily improve learning; and, it is the method of instruction that 

fosters learning, not the medium. 

Anecdotal evidence warns against drawing conclusions when new fonns ofinstruction 

are introduced, particularly if it is technology-based, as the novelty of the instruments 

may, in the short-term, stimulate students to "try harder" (Alexander and Hedberg, 1993). 

This "novelty effect" is sometimes called the Hawthorne effect, described by Mouton and 
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Marais (1993) as follows: "The mere fact that human beings are studied leads to atypical 

behaviour" (p.86). That is, the subjects of a research project may feel flattered to be part 

of the investigation and may respond in ways that they feel are "desirable, admirable and 

rational". 

2.14 Student attitudes to CAI 

Cotton (2001, p. 8) has reviewed articles by a number of different authors, and sum-

marises various reasons given for liking CAI activities and/or favouring them over tradi-

tional learning. Students say they like working with computers because computers: 

• Are infinitely patient. 

• Never get tired. 

• Never get frustrated or angry. 

• Allow students to work privately. 

• Are fun and entertaining. 

• Individualize learning. 

• Are self-paced. 

• Do not embarrass students who make mistakes. 

• Make it possible to experiment with different options. 

• Give immediate feedback. 

• Are more objective than teachers. 

• Free teachers for more meaningful contact with students. 

• Are impartial to race or ethnicity. 

• Are great motivators. 

• Give a sense of control over learning. 
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• Are excellent for drill and practice. 

• Call for using sight, hearing, and touch. 

• Teach in small increments. 

• Help students improve their spelling. 

• Build proficiency in computer use, which will be valuable later in life. 

• Eliminate the drudgery of doing certain activities by hand (e.g. drawing graphs). 

• Work rapidly- closer to the rate of human thought. 

2.15 Evaluation of student attitudes 

An important too] in evaluating CAI is determining students attitudes, feelings, beliefs 

and experiences, often using the technique of focus group interviews (Gibbs, 1997). Focus 

groups take the form of a small-group discussion, typicaJly with 6--8 respondents directed 

by a researcher or an associate; the number of participants can be as few as 4 or up to 15. 

Focus groups can be useful to obtain certain types of information, or when circumstances 

would make if difficult to collect information using other methods. They have been widely 

used in the private sector over the past few decades, and are being increasingly used in 

this area. Krueger and Casey (2000) suggest that the key to successful focus groups is 

to have an interactive setting, where participants can draw each other out, sparking new 

ideas. The reaction of each person sparks ideas in others, and one person might fill in a 

gap left by others; one may even find a form of collaborative mental work, as participants 

built on each other to come to a consensus that no one individual would have articulated 

on their own. Group interviews can be used when (Mathers et al., 1998): 

• Limited resources prevent more than a small number of interviews being under-

taken. 

• It is possible to identify a number of individuals who share a common factor and it 

is desirable to collect the views of several people within that population sub-group. 

• Group interaction among participants has the potential for greater insights to be 

developed. 
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2.16 Hypothesis evaluation 

The idea of a null hypothesis was developed by the famous statistician, Sir Ronald Fisher 

(1890-1962). The object is to set up a hypothesis to be "knocked down" or rejected, the 

convention being to assume no effect or no difference from the hypothesized null value 

until sufficient evidence to the contrary is provided (Johnson and Christensen, 2000). Ary 

et al. (1996) explain that "it is called null because it states that there is 'no difference' 

or 'no effect' or that there is 'no relationship'. The null hypothesis is represented by the 

symbol Ho. 

In some cases, the null hypothesis can be rejected when the empirical data indicates 

that the difference between the sample groups is large enough that it is not likely to be 

due to chance. The researcher then adopts an "alternative hypothesis", represented by the 

symbol H 1 (Ary et al., 1996). Johnson and Christensen (2000) state that the alternative 

hypothesis typically asserts the opposite of H0 , and usually represents a statement of a 

difference or a relationship that is consistent with what the researcher actually believes 

is true. When engaged in hypothesis testing, researchers should follow the two rules 

(Johnson and Christensen, 2000, pp. 401, 406): 

Rule 1 If the probability value is less than or equal to the significance level, then the 

researcher rejects the null hypothesis and tentatively accepts the alternative hypoth-

esis (H1), which is some value other than the value stated by H 0 • The researcher 

also concludes that the observed relationship is statistically significant. 

Rule 2 If the probability value is greater than the significance level, then the researcher 

cannot reject the null hypothesis. The researcher can only claim to fail to reject the 

null hypothesis and conclude that the relationship is not statistically significant. 

2.17 Conclusion 

This chapter has presented an overview of the literature relevant to Computer Assisted 

Instruction and related topics. Some theories of learning, such as behaviourism, cogni-

tivism and constructivism have been discussed, including an assessment of their relative 

strengths and weaknesses. Essential differences in philosophy between teacher-centred 

and student-centred learning have been highlighted, as these are the focus of Thailand's 

69 



present moves towards educational reform. FinaJly, strategies for developing effective 

CAI have been reviewed, together with previous research on attitudes students have shown 

towards CAI. In the following chapter the above findings are used to develop the research 

methodology and analysis techniques for this project. 

70 



Chapter 3 

Methodology 

The use of Information and Communication Technology (JCT), as the literature review 

of the previous chapter has shown, offers great potential for enhancing education at every 

level from primary to the university courses. Toomey (2002) defined JCT for teaching and 

learning as a technology that is used for accessing, gathering, manipulating and presenting 

or communicating information. Bassi et al. (1996) predicted that advanced technology 

will revolutionize teaching and training. In recent years, the emphasis of educational 

values has shifted from teaching to learning (Djojonegoro, 2005). There has been a move 

from how the information is transferred, to how learning is encouraged in the classroom. 

The changing demographics of today's classroom environment justify reassessing how 

and why students learn. 

This chapter describes the methods and procedures used in the present study. It begins 

with the identification of the subjects and students who participated in the study. This is 

followed by a description of the choice of the three CAI topics. How the CAI lessons were 

developed as an instrument in the study is described, followed by the attitude surveys, and 

pre-tests and post-tests. Finally, the procedures for collecting data, the statistical analysis, 

and the hypotheses tested are explained. 

3.1 Population 

The target population for this study was a group of first year students in the first semester 

of academic year 2005 at the Nakhon Pathom Rajabhat University (NPRU). Students were 

enrolled in the course Information Technology for Life (subject code 4 000 107), which is 
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taken by all first year students as a general education course. The entire course is usually 

traditional instructor-based. 

3.2 Sample 

The sample for the study was drawn from the students in the Faculty of Management 

Science. Using a stratified random sampling technique, 122 students in the General Man-

agement program were selected as the control group, which was taught entirely by the 

traditional (lecture) method, and 93 Accounting Program students formed the experimen-

tal group which was partly taught using CAI lessons. The composition of the two groups 

is shown in Table 3.1. 

Table 3.1: Sample sizes and their gender composition. 
I Sample I Male I Female I N I 

Control group 23 99 122 
Experimental group 6 87 93 

The participants in the experiment were chosen according to their Grade Point Aver-

age (GPA) and overall pre-test scores, in such a way that the two groups were close to 

identical in their learning abilities and background knowledge. The instructors participat-

ing in the teaching volunteered to do so. The same instructor taught all three topics in the 

control group, while the experimental group undertook CAI lessons with the researcher. 

3.3 Research Design 

The purpose of this study was to investigate differences in student achievement when 

using CAI and traditional learning, and to compare student satisfaction based on their 

attitude toward CAI. A field experiment was set up to investigate the hypotheses expressed 

in this research. A desirable characteristics of CAI is to give students a chance to control 

the lesson flow; Allessi and Trollip (1991) (p. 12) refer to this as "instructional locus 

of control", where students have control of sequence, content, methodology, and other 

instructional factors. 

The CAI in this study was designed (see §3.5) in accordance with the guidelines pro-

posed in the previous chapter (see §2.11, particularly §2.11.5, p. 62). A flexible menu 
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was provided, students only having to click their mouse to select the topic they wished 

to study. They could skip familiar topics and repeat other topics at any time. Interaction 

between students and the lesson was also provided, as immediate feedback was given. 

The study utilized half-hour pre-tests and post-tests for each topic. 

In collecting data, the pre-tests, consisting of 30 questions on each of the three topics, 

were applied to all students participating in the experiment. The intention in using pre-

tests was to discover the students' base-level of knowledge. After the lesson on each topic, 

a post-test (consisting of the same 30 questions) was administrated to detect changes in 

knowledge. 

Following each CAI session, participants completed a 35-item questionnaire in which 

they attempted to express their feelings about the lesson. Finally, a 7-participant random 

sampling was carried out for a focus group interview in each topic. 

Data analysis consisted of calculating normalised gains from each student's scores. 

Student attitude surveys used a 5-point Likert scale (Gliem and Gliem, 2003; Mciver and 

Carmines, 1981 ), consisting of equal numbers of favourable and unfavourable statements. 

F-test and t-test analyses were used in comparing the two sample means in the study. 

Table 3.2 lists the dependent and independent variables in this research. 

Table 3.2: Independent and dependent variables in this research. 
I Independent variables I Dependent variables I 

Traditional learning Student performance 
CAI learning Student satisfaction 

3.4 Syllabus 

NPRU's syllabus for the Information Technology for Life course is outlined in §1.3.3. 

This is a "3/4" credit points course, meaning that the weight of the course is 3 credits and 

it entails 4 periods per week of teaching. Each period is 50 minutes, and the 4 teaching 

periods are divided into 2 periods for lectures and 2 periods for computer laboratory work. 

The semester consists of 15 weeks. The topics taught in the 15 weeks are summarised in 

Table 3.3, while the complete syllabus is given in Appendix A (page 123). 
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Table 3.3: Summary of Information Technology for Life sylJabus, Nakhon Pathom Rajabhat Uni-
versity. 

I \Veek(s) I Topics 
1-2 Getting started 
3-5 Hardware 
6-8 Storage 

9-11 Software 
12-14 Networks 

15 Security and copyright 

3.5 Development of CAI lessons 

The 3 subtopics selected from this syllabus for CAI presentation in this project were: 

l. Computer components and functions. 

2. The Internet. 

3. Data communication. 

The lessons developed are presented in full in Appendix B (on pages 129-166) as 

computer screen images. Programming of the lessons on the Microsoft Windows plat-

form was undertaken after an outline had been developed in "storyboard" form by the 

researcher. Two of the lessons were then fully programmed by the researcher him-

self, using the ToolBook™ software (see footnotes in §1.4.3, p. 18). The third les-

son was programmed by an expert programmer from Burapa University, Thailand, using 

the AuthorWare™ software under the direction of the researcher. These followed the 

I 0 steps for creating computer-based instruction (see §2.11.5) suggested by Allessi and 

Trollip (1991), implemented as follows: 

I . Determine needs and goals:- the knowledge content of the 3 topics was analysed, 

and it was observed that most of the material contained in these topics is actual 

information. Following the suggestions of Gagne et al. (1981) (see §2.9), the tuto-

rial format was considered most appropriate. As Gagne stated, tutorials are used in 

almost every subject area from the humanities to the social and physical sciences; 

they are appropriate for presenting factual information, for learning rules and prin-

ciples, or for learning problem-solving strategies. 
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2. Col1cct resources:- some Thai textbooks and the other resources were borrowed 

from the university's' library, and experts in education, instructional design and 

Computer Assisted Instruction from another university were invited to guide and 

offer useful suggestions. Storyboarding sheets were prepared, all graphics relating 

to the 3 topics were classified and selected from books and others references, or 

downloaded from educational websites. The sound tracks for the CAI lessons were 

recorded. 

3. Learn the content:- the researcher is an instructor with teaching experience in 

excess of 30 years, and has been teaching this course for 5 years. Thus, the re-

searcher/course designer had a thorough understanding of the 3 topics. 

4. Generate ideas:- discussions and brainstorming about the contents with a col-

league within NPRU and instructors at other Universities (Burapa University and 

Sripratum University (Chonburi Campus), Thailand) were very helpful. Valuable 

advice and excellent comments from those experts assisted the researcher to for-

mulate his ideas. It was decided to spend one period (50 minutes) on each topic, 

for both the control group and the experimental group, following the comments of 

AIJessi and Trollip ( 1991 ), namely that a lesson should be composed of a segment 

of instruction that deals with one or at most a few concepts that require fifteen to 

sixty minutes for students to complete. The contents of the three lessons are shown 

in Tables 3.4-3.6. 

Table 3.4: Topic 1-Computer components and functions. 
Topic I Contents 

l. Types of computers 1. Super computer 
2. Mainframe computer 
3. Mini computer 
4. Micro computer 
5. Notebook and laptop computer 
6. Embedded computer 

2. Main parts of a 1. Input unit 
computer and their 2. Central processing unit (CPU) 
functions 3. Memory unit 

4. Output unit 
5. Secondary storage 
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Table 3.5: Topic 2- The Internet. 
Topic I Contents 

The Internet I. Meaning 
2. Brief history 
3. Internet applications 
4. URL 
5. Internet connection 
6. World Wide Web (WWW) 
7. Web browsers 
8. Services and e-mail 
9. Search engines 
10. Intranet and extranet 

Table 3.6: Topic 3- Data Communication. 
Topic I Contents 

I. Connection types I. Meaning 
2. Point-to-point. 
3. Multipoint 
4. Switching network 

2. Communication 1. Wired system 
types 2. Microwave system 

3. Satellite system. 
4. Radiowave 

After the contents for each topic had been analysed, behavioural objectives were 

set up and reviewed in collaboration with external experts in IT and instructional 

design. Included were 15 multiple-choice questions (4 alternatives for each) at the 

end of each topic, as revision material. On completing their lessons, students could 

practice and evaluate their understanding by answering these questions. If a stu-

dent's answer was incorrect, immediate audio feedback would be given, along with 

a text message, and the screen would then automatically display the page corre-

sponding to the content of the question. Correct answers were accompanied by a 

distinctive tune/animation and a complimentary text message. There were no time 

limits set for studying each topic. Various navigation buttons were provided on 

each page, allowing students to move to previous or new content. Revision ques-

tions could be attempted as many times as desired. This lesson flow is illustrated in 

Figure 3.1. 
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Figure 3.1: Programmed branching model of instruction, used in the CAI lessons developed for 
Information Technology for Life at NPRU (Merrill, 1994). 

Figure 3.2: Flowchart of topics covered in the "Computer Components" CAI lesson developed at 
NPRU. 

5. Design instruction:- many ideas were generated during the brainstorming sessions 

between the researcher, instructional designer, and contents experts. Details of ap-

propriate activities in each topic were set up, and structures such as titles, table of 

contents, objectives, navigation, multimedia, and informative feed-back were de-

veloped. 

6. Flowchart the lesson:- Flowcharting of the lesson topics (as listed in Tables 3.4-

3.6) is illustrated in Figures 3.2-3.4. A blue-print flowchart was set up for devel-

oping the CAI lessons, following the guidelines of Allessi and Trollip (1991) (see 

§2.11.5, item 6, p. 64). 

7. Storyboard displays on paper:- textual, pictorial, and graphical material to be dis-
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Figure 3.3: Flowchart of topics covered in the "Data communication" CAI lesson developed at 
NPRU. 

Figure 3.4: Flowchart of topics covered in the "Internet" CAI lesson developed at NPRU. 
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played in the CAI lessons was recorded, followed by careful evaluation and revision 

in consultation with content experts and instructional designers. 

8. Program the lesson:- ToolBook™ Instructor 2004 and Authoiware V. 8.0 (see 

footnotes in §1.4.3, p. 18) were used to develop the CAI lessons. Once program-

ming of the 3 CAI lessons was complete, they were converted into executable files 

and written onto a CD-ROM for evaluation and revision. 

9. Produce supporting materials:- student aids were prepared, including notes on 

the 3 CAI programs, how to run them, computer system requirements, and how to 

operate and control peripheral devices while accessing the courseware. 

10. Evaluate and revise:- in order to test the operation of the CAI lessons, 3 of the 

junior computer education program students at NPRU were asked to act as pilot 

testers. The purpose of the project was explained to them, and their assistance was 

requested as a vital part of the production phase. These pilot students were encour-

aged to be very critical and to made notes about the lessons whenever they had a 

comment to make. It was also explained that they would be observed while taking 

the lessons, and that they would be asked a variety of questions about the material 

on completion of their testing. Finally, the CAI lessons were revised after care-

ful consideration of the students' suggestions, and the new versions were written 

to CD-ROM. Figure 3.5 shows the computer laboratory at NPRU where the CAI 

lessons were implemented. 

3.6 Attitude surveys 

Gay ( 1996, p. 155) states that attitude scales attempt to determine what an individual 

believes, perceives, or feels. Attitude can be measured toward self, and a variety of other 

activities. The Likert technique was employed in this study to survey student attitudes 

toward both the CAI and traditional lessons. Both the experimental and control groups 

were investigated. 

Students were requested to select one of five responses: strongly agree (SA), agree 

(A), undecided (U), disagree (D), or strongly disagree (SD). Each response was associated 

with a point value: SA = 5, A = 4, U = 3, D = 2, SD = 1. For negative statements, the 

79 



[H] 

Figure 3.5: The computer laboratory at Nakhon Pathom Rajabhat University, where the CAI 
lessons were taught. 

point values were reversed, that is SA = 1, A = 2, and so on. An individual's score was 

determined by summing the point values for the statements (Gay, 1996). Thirty attitude 

questions were selected from Bureau of Evaluation Services and Testing (BEST) , Indiana 

University Bloomington (Jacobs, 2005). These were translated into Thai and used as the 

attitude survey questionnaire in this study. After the students in the experimental group 

fini shed their lesson, they were all asked to anonymously complete the attitude survey 

questionnaire. At the end of the multiple-choice questions there was space for open ended 

student's comments or suggestions. 

3.7 Interviews 

The interview is an important data gathering technique in evaluation, involving verbal 

communication between the researcher and the participants. Interviews are commonly 

used in survey designs and in exploratory and descriptive studies. There are a range 

of approaches to interviewing, from completely unstructured, in which the participants 

are allowed to talk freely about whatever they wish, to highly structured, in which the 

participants are limited to answering direct questions. 
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According to Songer and Mintzes (1994), many researchers have come to the con-

clusion that the most complete view of a student's conceptual understanding is probably 

obtained by using a combination of both a qualitative method (such as interviewing) and 

a traditional quantitative method (such as multiple choice exams) where the choice of the 

particular form(s) of each is tailored to fit the research question. Furthermore, studies that 

employ multiple research probes have a high model validity and are more likely to fully 

and adequately represent a learner's understanding. 

3.7.1 Focus Groups 

Focus group interviews, described in §2.15 were used as another qualitative survey method 

in this research. Seven randomly selected participants from the CAI group were inter-

viewed for each topic. They were requested to participate in the interviews after com-

pleting each lesson, with 7 set questions being asked in the course of each interview (see 

Appendix C.l, page 167). 

3.8 Instrumentation 

The experiments were conducted in the computer laboratory/self-study room ofNPRU's 

central library. The equipment used is shown in Figure 3.6, and more specific details are 

listed below. 

1. Hardware:- 100 sets of hardware and other peripheral devices, consisting of: 

• Micro-computers with processor speeds of 800 Mz, 20 Gb hard disks, and on-

board sound systems. 

• Colour monitors with 15 inch screens. 

• Mouses, mouse pads, and keyboards. 

• Earphones. 

2. Operating system:- Microsoft Windows (XP) was used. 

3. Courseware:- one week before the experimentation was due to take place, the CAI 

CD-ROM was installed onto each computer's hard disk by the library technician, 

and tested for correct functionality. 
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Figure 3.6: Typical workstation used by CAI students in the computer laboratory of NPRU 's 
central library. 

4. Student's handbooks:- these provided information on how to start the lesson, how 

to use the peripheral devices (e.g. headsets), and how to adjust them. 

5. CAI courseware:- consisting of the 3 CAI topics described previously. 

6. Test items:- both the control and experimental groups had to take a pre-test before 

each lesson. One week later, when they had finished their lesson, the students were 

asked to take a post-test in order to measure their knowledge gain. In developing 

the post-test, 60 multiple-choice questions (with 4 alternatives) were developed, 

corresponding to the behavioural and content objectives of the lessons. The test 

items were subjected to examination by experts in educational measurement and 

evaluation theory, then revised according to their suggestions. Nine students who 

had previously completed the subject Information Technology for Life were asked 

to do the tests. These students' answer sheets were corrected and the test items 

examined to determine the item discrimination, item difficulty, and reliability using 

the Kuder-Richardson KR-20 formula. In general, a value of reliability ;::: 0.60 is 

excepted, and the preferable range of difficulty is in the range 0.20-0.80. Some test 

items falling outside these criteria were deleted, replaced or modified, depending 
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on the pilot group findings. By way of a field trial, a class of 29 second year NPRU 

computer education program students were asked to do the modified tests. Their 

answer sheets were corrected, and again the scores and test items were analysed. 

Only thirty items met the desirable criteria described above, so these were selected 

(see Appendix D, pages 181-189). 

3.9 Experimentation 

3.9.1 Control Group 

Students in the control group normally attended classes with other students as directed 

in their timetable, on Thursdays 2:50-4:30 pm. Topics were taught in the order shown in 

the syllabus (see Table A.I). However, for the 3 topics chosen for CAI study, the control 

group was separated from the rest of the class and taught by a volunteer instructor in a 

traditional (lecture) style, using a white board and overhead/data projector. The volunteer 

instructor was a lecturer from another university in Thailand; he has 36 years of teaching 

experience to tertiary students of the same standard as the control group students. The 

same exercises offered to the experimental group were provided at the end of the con-

trol group. No extra content sheets were given to any students, as they could find any 

necessary material in the library. 

Figure 3.7 shows the control group attending a traditional (lecture) class being taught 

by a volunteer instructor. 

3.9.2 Experimental Group 

Students in the experimental group attended classes on Fridays 8:30-10:10 am. For the 3 

topics chosen for study by CAI, they went to the self-study room (computer laboratory) 

in the NPRU central library where the CAI lessons took place. Here there were over 100 

sets of microcomputers on which the CAI lessons had previously been installed. Students 

worked one-per-computer on the lessons. They were asked to read the instruction notes 

(see Appendix E) to understand how to use the lessons, and further assistance could be 

requested at any time if problems were encountered. Figure 3.8 shows some students 

working on a CAI lesson. 
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Figure 3.7: Photograph showing the control group attending a traditional lecture, delivered by a 
volunteer instructor. 

Figure 3.8: Photograph showing some students from the experimental group working on a CAI 
lesson. 
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After participants had finished each lesson, they were requested to anonymously com-

plete the attitude survey questionnaire for that lesson, and focus group interviewing took 

place within a week. Students were permitted to come and repeat their study with the CAI 

lesson at any time before the post-test took place. 

3.9.3 Measurement 

Post-tests were taken in the week after both groups had finished their lessons. Students 

were required to answer 30 questions on each lesson; the test duration was 25 minutes. 

Their answer sheet were corrected and the scores were recorded. 

3.10 Pre-tests and Post-tests 

As already stated (see §3.8, p. 82, item 6), both the control and experimental groups 

completed a pre-test before starting each lesson. The tests consisted of30 multiple-choice 

questions and lasted 25 minutes. On completing each of the 3 lessons they did a post-test 

consisting of the same questions. The answer sheets were corrected and the scores saved 

in a computer database; confidentiality was maintained at all times. Figure 3.9 shows 

some CAI students doing a post-test. 

3.11 Final exam 

The 90 questions in the final examination for the course Information Technology for Life 

were based on the material taught in the classroom only, including 30 questions on the 

three CAI topics. Although there was no computer laboratory examination, the computer 

laboratory scores obtained during the semester were taken into account in compiling the 

final result for the subject. The total score for the subject consisted of 70% from work 

done during the semester and 30% from the final examination. 

3.12 Statistical analysis 

Microsoft Excel™ 2003 was used to carry out the numerical analysis in this research. 

A matched-pairs t-test was used to look for any significant differences between the two 
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Figure 3.9: Students taking a post-test after finishing a CAI lesson. 

groups (see §3.12.1 ). Examples of related (paired) groups are (Burns, 2000, p. 198): 

• When the same subjects are tested twice in a "before and after" situation with an 

intervention. 

• When subjects in two groups are paired by selecting individuals who are as sim-

ilar as possible with respect to other external variables which may influence the 

outcome of the research . 

Improvements in students' knowledge were determined using average normali sed 

gains, as discussed in §4.4 (Hake, 1998). 

First, basic descriptive statistics, including frequencies, standard deviations, analysis 

of variance, and t-tests of significance, were determined. The level of significance, p, set 

for this study wasp ::::; 0.05. Babbie (2001) notes that this value is frequently used in re-

search studies and is adequate to show statistical significance; its physical interpretations 

is that the probability that a relationship as strong as the one observed can be attributed 

to a sampling error alone is no more than 5 in 100. The lower the number, the greater the 

significance when comparing quantitative data. 

Pearson Correlation was applied to investigate the relationship between student per-

formance using CAI and their attitudes. Burns (2000, p. 231) describes correlation as "the 
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act or process of showing the existence of a relationship between things". 

Student attitude survey results were analysed by looking at the means of students 

satisfaction levels for each item. Focus group interview results were also analysed and 

the main ideas arising from students' comments were classified. 

3.12.1 Hypothesis testing 

In statistical terminology, a non-directional test is often referred to as a two-tailed test 

of significant (Ary et al., 1996). Gay (1996) notes that tests of significance are almost 

always two-tailed, which corresponds to the possibility that a difference may occur in 

either direction e.g. if the null hypothesis states that there is no difference between the 

groups. On the other hand, a directional test is referred to as a one-tailed test (Ary et al., 

1996). Gay ( 1996) notes that a one-tailed test assumes that a difference can only occur in 

one direction e.g. if the null hypothesis states that one group is not better than the other. 

Croucher and Oliver (1990, p. 181) advise: "use a one-tailed procedure if and only if 

the researcher has some genuine prior reason for anticipating that a result will tend in 

a particular direction". Hays ( 1988, p. 272) suggests that a one-tailed hypothesis test is 

implied when the basic question involves terms like 'more than', 'better than', 'increased', 

or 'declined'. 

The t-test is used to determine whether two means are significantly different at a 

selected probability level (Gay, 1996, p. 477). In this study, the t-test was used to inves-

tigated the level of significance between two sample means e.g. to compare for similarity 

students' learning ability and background knowledge. 

3.13 Hypotheses tested in this study 

H 0 1 There is no significant difference in student performance based on CAI learning 

versus traditional learning. 

The purpose of this hypothesis was to compare the effectiveness of CAI learning 

versus traditional learning. Previous studies have indicated that the learning method 

affects performance. 

H 0 2 There is no significant difference in CAI student performance when comparing 

87 



weak, average and strong students. 

The purpose of this hypothesis was to find out whether CAI lessons are more bene-

ficial for weaker students than stronger students. 

Ho3 There is no significant difference in student performance on the final examination 

based on CAI learning versus traditional learning. 

The purpose of this hypothesis was to compare the effectiveness of CAI students 

knowledge retention versus that of traditional students, based on performance in the 

final examination. 

Ho4 There is no significant difference in attitude towards the method of teaching be-

tween CAI students and traditional ones. 

The purpose of this hypothesis was to discover the degree of student satisfaction 

between the two teaching methods. 

H 0 5 There is no significant correlation between CAI students' performance and their 

attitude toward CAI utilization. 

The purpose of this hypothesis was to discover the degree of the correlation, if it 

exists. 

H 0 6 There is no significant correlation between traditional students' performance and 

their attitude toward the method of teaching. 

The purpose of this hypothesis (as for H05) was to discover the degree of correla-

tion, if it is exists. 

3.14 Limitations of study 

In using high school GPA scores for matching students, it is assumed that the GPA ranking 

is consistent from school to school in the secondary system. 

The target population of this study was limited to first year students in the faculty 

of Management Science at Nakhon Pathom Rajabhat University, Thailand. The sample 

was limited to 5 classes of students with a major in Accounting and General Manage-

ment. The conclusions drawn from this study are therefore not necessarily applicable to 

all universities in Thailand, or to all courses. 
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3.15 Ethical issues 

The subjects in this study were not exposed to any unreasonable discomforts, risks, or 

violations of their human rights. Their rights to justice, dignity and privacy were recog-

nised. All participating students were volunteers; no additional credit was granted for 

participation. 

This study was conducted following the guidelines set out by the Australian Human 

Research Ethics Committee (HREC). In accordance with the HRECs' requirements, all 

participants signed an Informed Consent Form (see Appendix F, Figures. F.1-F.3, pages 

200-202), after the purpose of the study and other details in the Informed Consent Form 

were clearly explained. Also, a brief introduction about the experiment and privacy mat-

ters was provided, and an opportunity made for answering participants's questions. 

The participants' names and their student identification numbers were not known by 

anyone except the instructors and the researcher; this information was not published. 

3.16 Conclusion 

In this study two sample groups of first year students majoring in General Management 

and Accounting at NPRU Thailand were investigated. Three topics from a general edu-

cation course ( 4 000 I 07) were selected with a view to comparing learning performance 

using either traditional teaching or CAI. Three CAI lessons were developed following the 

guidelines of Allessi and Trollip ( 1991 ). Both the control and experimental groups were 

given a pre-test before the experimentation took place. One week after they completed 

the lessons on each topic, they were given the same test as a post-test. The differences 

in scores between pre-tests and corresponding post-tests were statistically analysed and 

used to support or refute the null hypotheses of the research. Finally, student attitudes to 

their teaching methods were investigated, including surveys and focus group interviews. 
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Chapter 4 

Results 

This chapter contains the analysis of data and an interpretation of the tested hypotheses 

examining the impact of the learning method. First, an overview of the study is given. 

Next, the results are presented and discussed, together with statistical analyses for each 

hypothesis, as developed in Chapter 3. Finally, all the experimental results are combined 

in a summary. 

Throughout this chapter, the experimental group is referred to as the CAI group, and 

the control group is referred to as the lecture group. 

4.1 Quality of tests 

To ensure that each test item in this study was appropriate, an assessment of the test items 

was carried out with respect to their difficulty, P, and discrimination, D (see Appendix G, 

Tables G. 1-G.3 on pages 203-205). Office of Educational Assessment (2005) gives the 

definitions of difficulty and discrimination as follows, 

Item difficulty is simply the percentage of students who answer an item correctly. The 

item difficulty index ranges from 0 to I; the higher the value, the easier the question. 

Item difficulty is relevant for determining whether students have learned the concept 

being tested. 

The difficulty means, P, and standard deviations, SD, of the test items for the three 

topics taught in this study are shown in Table 4.1. 
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Table 4.1: Mean difficulty, P, and its standard deviation, SD, for the test items in the three topics 
taught to the CAI and Jecture groups. 

I Topic I P I SD I 
Computer components and their function 0.46 0.172 
The Internet 0.43 0.161 
Data communication 0.52 0.148 

Item discrimination refers to the ability of an item to differentiate among students on 

the basis of how well they know the material being tested. It provides an estimate 

of the degree to which an individual item is measuring the same thing as the rest of 

the items. The item discrimination is "good" if the index is above 0.30; "fair" if it 

is in the range 0.10--0.30 and 'poor" if it is below 0.10. 

The discrimination means, D, and standard deviations, SD, of the test items for the 

three topics taught in this study are shown in Table 4.2. 

Table 4.2: Mean discrimination, D, and its standard deviation, SD, for the test items in the three 
topics taught to the CAI and lecture groups. 

I Topic I D I SD I 
Computer components and their function 0.40 0.150 
The Internet 0.41 0.181 
Data communication 0.51 0.143 

4.2 Results for Lecture and CAI groups 

In the first week of the experiment all participants were requested to take a pre-test on 

each of the 3 topics to be taught. The number of students who took these tests, classified 

by gender, is shown in Table 4.3. 

Table 4.3: Number of participants, by gender, taking the pre-tests. 
I Group I Male I Female I N I 
I L~;:;re I 2: I :~ 11;321 

To ensure that there were no differences in the learning abilities and background 

knowledge between the two groups, each student's Grade Point Average (GPA) was con-
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sidcred (see listing given in Appendix H on page 207) and it was necessary to remove 

some of the students shown in Table 4.3 from each group to maintain balanced groups. 

A t-test analysis was performed to confim1 that the mean GPAs for the two groups were 

not significantly different (see following section). Table 4.4 shows the final composition 

of the two groups; all subsequent data analysis was carried out only on these students. 

The gender imbalance in the two groups is a natural outcome of the enrolment pattern 

in Information Technology for Life, which is predominantly female; consequently, no 

gender-based interpretations were possible in this study, due to the small male sample 

size. 

Table 4.4: Number of participants, by gender, considered in the final analysis. 
I Group I Male I Female I N I 
I L~zre I 1

6
4 I ~! I :~ I 

4.2.1 Students' learning ability 

In testing for equivalence ofJeaming ability between the two groups, based on their GPA 

scores (plotted in Figure 4.1 ), the following null hypothesis was used: 

H 0 : There is no difference in students' learning ability between the groups. 

To test this hypothesis, an f-test was first used to test for equivalence between the 

GPA standard deviations of the two groups (Snedecor and Cochran, 1989). Based on the 

result, a t-test for two samples with unequal variances was applied. The t-test statistic 

was evaluated as t = 0.394 (see Table 4.5); hence, the null hypothesis was accepted. 

Table 4.5: Results of GPA t-test analysis, used to compare learning abilities of CAI and lecture 
groups. Xis the mean GPA. 

I Group I X I SD I Std. error I n I df I t-critical I t-stat. I p-value I 
Lecture 2.64 0.333 0.037 80 79 1.977 0.394 0.694 

CAI 2.67 0.495 0.055 80 
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Figure 4.1: Comparison of GPA scores for students in the CAI and lecture groups. 

4.2.2 Students' background knowledge 

To ensure the validity of this study, it was necessary for the two groups of participants to 

have the same background knowledge. The null hypothesis tested for this condition was: 

H0 : There is no difference in students' background knowledge between the two 

groups. 

All 3 pre-tests, each with a maximum possible score of 30, were taken into account 

in testing the hypothesis. The pre-test total scores are shown for all students in the two 

groups in Figure 4.2. At-test analysis, similar to that described in the preceding section, 

was carried out on the pre-test scores. The results are summarised in Table 4.6, which 

shows at-statistic of 0.794, meaning that the null hypothesis must be accepted. That is, 

the GPA and pre-test scores show that the two groups are identical in their background 

knowledge and learning abilities. 

Table 4.6: Results oft-test analysis on total pre-test scores, used to compare background knowl-
edge of CAI and lecture groups. X is the mean score by group, out of a possible 90. 

I Group I n I X I SD I df I t-critical I t-stat. I p-value I SEctiff I 
0.693 
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Figure 4.2: Comparison of total pre-test scores for students in the CAI and lecture groups. 

4.3 Analysis of Pre-test/Post-test results 

Pre- and post-test results for the two groups are listed in full in Appendix I (Tables 1.1-1.4, 

on pages 209-218). 

4.3.1 Lecture group 

The scores obtained from the pre-tests and post-tests in the three topics for the Lecture 

group, as shown in Figures 4.3-4.5, were investigated using paired-sample t -test analysis. 

The null hypothesis for this test was: 

H 0 : There is no difference between pre-test and post-test results for the lecture group. 

The t-test analysis results for the individual lessons, as well as the combined result for 

all 3 topics, are summarised in Table 4.7. The t-statistics obtained show that there was a 

significant difference between pre-test and post-test results for all 3 topics, individually 

and collectively. Thus, the null hypothesis was rejected, with the lecture group show-

ing a significant gain in knowledge in all three topics after attending their corresponding 

classes. 
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Table 4.7: Results oft-test analysis, comparing pre-test and post-test scores for the Lecture group. 
The maximum possible score for each test is 30. 

I Topic I pre-X I SD I post-X I SD I t I p-value I 
1. Computer components 9.05 2.349 10.64 2.711 4.315 < 0.001 
and functions 
2. The Internet 7.40 2.21 10.99 3.00 8.555 < 0.001 
3. Data communication 10.48 2.256 11.80 2.346 4.172 < 0.001 

TOTAL 1 26.93 ln4.o46 1 33.43 1 4.983 1 9.126 1 <: o.oo1 1 
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Figure 4.3: Lecture group pre- and post-test results for Topic 1. 
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Figure 4.4: Lecture group pre- and post-test results for Topic 2. 
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Figure 4.5: Lecture group pre- and post-test results for Topic 3. 

4.3.2 CAI group 

A similar analysis to the one described in the previous section was performed on the CAI 

group. The scores obtained from the pre-tests and post-tests in the three topics for the CAI 

group, as shown in Figures 4.6-4.8, were investigated using paired-sample t-test analysis. 
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The null hypothesis for this test was: 

H 0 : There is no difference between pre-test and post-test results for the CAI group. 

The t-test analysis results for the individual lessons, as well as the combined result 

for all 3 topics, are summarised in Table 4.8. As with the lecture group, the t-statistics 

obtained show that there was a significant difference between pre-test and post-test results 

for all 3 topics, individually and collectively. Therefore, the null hypothesis was rejected 

and it was concluded that the CAI group also increased their knowledge of the three topics 

after attending their respective lectures. 

Table 4.8: Results oft-test analysis, comparing pre-test and post-test scores for the CAI group. 
The maximum possible score for each test is 30. 

I Topic I pre-X I SD I post-X I SD I t 
1. Computer components 8.43 2.666 12.83 3.145 10.882 
and functions 
2. The Internet 8.26 2.337 14.28 4.438 11.482 
3. Data communication 10.79 2.708 13.84 3.227 6.659 

TOTAL 27.48 4.690 40.94 8.484 13.420 
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Figure 4.6: CAI group pre- and post-test results for Topic 1. 
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Figure 4.7: CAI group pre- and post-test results for Topic 2. 
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Figure 4.8: CAI group pre- and post-test results for Topic 3. 

4.4 Analysis of post-test results 

As explained earlier, one week after each lesson the students were required to take a post-

test. "Average normalized gains", (g), were used to quantify improvements in students' 
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knowledge (Hake, 1998). Physically, the average normalised gain can be thought of as 

the ratio of the actual gain to the maximum possible gain, expressed as a percentage: 

(g) = (G) x 1003 
(G)max 
(S'post) - (S'pre) X 1003 

= 100 - (S'pre) 
(4.1) 

where (G) and (G)max are the actual and maximum-possible average class gains, re-

spectively; (S'posr) and (S'pre) are the average class scores (expressed as percentages) in the 

post- and pre-tests, respectively. 

"High-g" courses have (g) 2: 70; "medium-g" courses have 70 > (g) 2: 30; and 

"low-g" courses have (g) < 30. 

Normalised gains achieved by the CAI and Lecture groups for the three topics are 

plotted in Figures 4.9--4.11, while the overall gains for the two groups are plotted in 

Figure 4.12. 
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Figure 4.9: Average normalised gains for CAI and Lecture groups in Topic I. 
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Figure 4.10: Average normalised gains for CAI and Lecture groups in Topic 2. 
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Figure 4.11: Average nonnalised gains for CAI and Lecture groups in Topic 3. 
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Figure 4.12: Combined average normalised gains for CAI and Lecture groups in the three topics. 

The first research question posed in § 1.6 was "Do students learn more in a CAI class 

than in a traditional (lecture) class?" The null hypothesis for testing in this analysis is 

therefore: 

H0 : The average normalised gains for the CAI and Lecture groups are the same. 

Independent-sample t-tests were carried out on the average normalised gains to test 

this hypothesis. Gay (1996, p. 477) defines independent samples as being" ... randomly 

formed, that is, formed without any type of matching. The members of one group are 

not related to members of the other group in any systematic way other than that they are 

selected from the same population". 

The t-test results are shown in Tables 4.9-4.11, from which it can be seen that the 

respective t-values for Topics 1-3 are 5.103, 4.138 and 2.953. Also, analysis of the 3 top-

ics considered together is shown in Table 4.12, with at-value of 5.787. As all calculated 

t-values were greater than the coITesponding critical values, the differences in average 

nonnalised gains between the CAI and Lecture groups in each case were concluded to 

be significant at the p = 0.05 level; therefore, the null hypothesis was rejected and the 

differences in gains were accepted as a significant difference in performance between 

the groups. Therefore, it was concluded that the CAI group students scored significantly 

greater average normalised gains in each of the three topics, and for the combined topics, 
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than did the lecture group students. 

It is interesting to note that the average normalised gains for both the CAI and lecture 

groups are largest for test 2, smaller for test l, and smalJest for test 3. This could be 

explained by the content of lesson 2 (about the Internet) being more familiar as general 

knowledge to both groups than the other two topics and therefore better captivating their 

interest to learn than did the other topics (computer components and data communication). 

It is also possible that the greater gains achieved in each test by the CAI group over 

the lecture group may, at least in part, be due to the novelty effect discussed in §2.13. 

However, the persistence of the gains of the CAI group into the final examination shows 

that this learning advantage is real. It is not possible to say from this short study whether 

the gain advantage would remain over a much longer CAI teaching period. 

Table 4.9: Topic I (Computer components and functions) t-test analysis for significance in dif-
ference between average nonnalised gains, {g}, comparing CAI and Lecture groups (t-critical 
= 1.975). 

I Group I (g) % I SD I t-value I p-value I SE in difference I 
Lecture 6.61 15.570 5.103 < 0.001 2.530 
CAI 19.52 16.420 

Table 4.10: Topic 2 (The Internet) t-test analysis for significance in difference between average 
normalised gains, {g}, comparing CAI and Lecture groups (t-critical = 1.976). 

I Group I (g)% I SD I t-value I p-value I SE in difference I 
Lecture 15.04 16.068 4.138 < 0.001 2.944 
CAI 27.22 20.866 

Table 4.11: Topic 3 (Data communication) t-test analysis for significance in difference between 
average nonnalised gains, (g), comparing CAI and Lecture groups (t-critical = 1.977). 

I Group I (g)% I SD I t-value I p-value I SE in difference I 
Lecture 5.88 14.486 2.953 0.004 2.846 
CAI 14.29 20.933 
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Table 4.12: Combined topic 1-3 t-test analysis for significance in difference between average 
normalised gains, (g), comparing CAI and Lecture groups (t-critical= 1.977). 

I Group I (g)% I SD I t-value I p-value I SE in difference I 
Lecture 9.18 9.78 5.787 < 0.001 1.930 
CAI 20.34 14.22 

4.4.1 Comparison between weak, average and strong students within 

groups 

A further analysis of the average normalised gains presented in the previous section was 

carried out to see whether the different forms of teaching benefited weaker students more 

than stronger ones within a group. To this end, the CAI and Lecture groups were each 

subdivided into 3 smaller groups based on the range of their GPA scores. The composition 

of the sub-groups within the CAI and Lecture groups are shown in Table 4.13. 

Table 4.13: Composition of CAI and Lecture sub-groups. determined according to GPA. 
I sub-group I GPA range I N(CAI) I N (Lecture) I 

Weak 1.56-2.22 15 6 
Average 2.23-2.88 41 55 
Strong 2.89-3.53 24 19 

The sub-groups were then tested for differences in (g) in each mode of teaching. The 

null hypothesis tested was: 

H 0 : H 0 : There is no difference in learning gains between weak-average, average-

strong, and strong-weak groups. 

The t-test analyses for the various CAI sub-groups are shown in Table 4.14, from 

which it can be concluded that the null hypothesis is valid when comparing the perfor-

mance of weak students with that of average students. In contrast, comparing the average 

sub-group with the strong one and the strong with the weak students, the hypothesis is not 

supported. 

103 



Table 4.14: Results oft-test comparison of average normalised gains, {g), between the three 
sub-groups (weak, average and strong) within the CAI cohort. 

I Sub-group compared I t I t-critical I p-value I SE in Li (g) I 
Weak-Average 1.349 2.020 0.185 3.227 
Average-Strong 2.580 2.009 0.013 3.625 

Strong-Weak 3.747 2.026 0.001 3.658 

The corresponding t-test analyses for the various Lecture sub-groups are shown in 

Table 4.15, from which it can be concluded that the null hypothesis is valid in all cases. 

Table 4.15: Results oft-test comparison of average normalised gains, {g}, between the three 
sub-groups (weak, average and strong) within the CAI cohort. 

I Sub-group compared I t I t-critical I p-value I SE in Li (g) I 
Weak-Average 0.066 2.447 0.949 4.765 
Average-Strong 0.318 1.993 0.751 2.727 
Strong-Weak 0.221 2.306 0.830 5.178 

4.4.2 Comparison of weak, average and strong students between groups 

The analysis described in the previous section was extended to test whether the average 

normalised gains were significantly different when comparing weak, average and strong 

students between the CAI and Lecture groups. At-test analysis was carried out, as shown 

in Table 4.16. It was concluded that there was no significant difference in performance 

when comparing the weak students; however, the average normalised gains of the av-

erage and strong students in the CAI group were significantly higher than those of the 

corrresponding Lecture group students. 

Table 4.16: Results oft-test comparison of difference in average normalised gains, !:!& {g} -
{g)CAI - (g}Lecture• for weak, average and strong students between groups. 

I Sub-groups compared I (g)cAI I (ghecture I t I t-critical I p-value I SE in Li (g) I 
Weak 14.00 8.69 1.035 2.306 0.331 5.135 

Average 18.35 9.00 3.599 1.997 0.0006 2.598 
Strong 27.71 9.83 4.651 2.020 0.00003 3.719 
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4.4.3 Final examination performance 

The final examination in Information Technology for Life took place during the last week 

of semester, three months after the experimentation was completed. The examination 

was of I hour duration and consisted of 90 multiple-choice questions covering the whole 

syllabus, including 30 questions on the three topics taught by CAI (10 questions per topic). 

In considering the total score for the 3 special topics, the following null hypothesis was 

postulated: 

Ho: There is no difference in the final examination scores for the CAI and Lecture 

groups in the three topics. 

A t-test analysis was carried out to test this hypothesis. The results are shown in 

Table 4. I 7, supporting the rejection of this hypothesis. The implication of this result is 

that there was a significant difference in final examination scores between the two groups, 

with the CAI group performing better than the Lecture group. 

Table 4.17: Results oft-test analysis comparing combined final examination scores, X, for the 
three topics (t-critical = 1.975). 

I Group I X I SD I t-value I p-value I SE in difference I 
Lecture 12.70 3.156 2.434 0.016 0.524 

CAI 13.98 3.464 

4.5 Analysis of student attitudes 

Students were requested to complete an attitude-survey questionnaire (see Figs. J.l-J.13 

on pages 221-233 for both the English and Thai versions) after each of the lessons. Each 

questionnaire was composed of thirty questions, based on a 5-point Likert scale. Students 

were asked to respond to each statement in terms of their degree of agreement or disagree-

ment. The difference between the two surveys was that in the control group survey certain 

questions referred to instructor characteristics, while in the experiment group survey the 

corresponding questions referred to CAI characteristics. 

The number of questionnaires collected varied from experiment to experiment, as 

students were at liberty to participate or not. Unchecked responses were not taken into 

account in the final analysis. The number of students responding to the attitude surveys 

is shown in Table 4.18. All students were also asked a general question, "Do you have 
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access to a computer at home or in your dormitory?". Approximately 30% responded in 

the affirmative, in each group, as shown in Table 4.19. 

Table 4.18: Numbers of students responding to attitude survey questionnaires. 

Group Composition 
Male I Female 

I CAI I 6 
Lecture 29 

79 
82 

Number of 
responses 

11 
9 

N 

Table 4.19: Response of CAI and Lecture group students to general attitude survey question on 
access to a home computer. 

Group 
Do you have access to CAI Lecture 
a computer at home or Yes No NIA N Yes No NIA N 
at your dormitory 25 57 14 96 35 70 15 120 

30% 70% 33% 67% 

4.5.1 CAI student attitudes 

CAI students' responses to the attitude surveys are summarised in Appendix J.1, on 

pages 234-240. 88.4% of the students agreed or strongly agreed that the CAI content 

and lessons were excellent (items 1 & 2); 84.3% agreed or strongly agreed that the les-

son objectives were stated clearly, that the expectations of the students were made clear 

to them, and that the topic objectives were achieved in the lessons. A summary of the 

average responses for all items, by category, is given in Table 4.20. 

Table 4.20: Summary of average CAI group student responses to attitude survey items. 
I Category l Average Likert response l % (A+ SA) I 

Global items (1-2) 3.96 88.4 
CAI characteristics (3-9) 3.96 83.6 
Objectives (10-12) 3.93 84.3 
Difficulty ( 13-15) 3.26 51.8 
Student development ( 16-30) 3.70 73.4 
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4.5.2 Lecture student attitudes 

Lecture group students' responses to the attitude surveys are summarised in Appendix J. I 

on pages 243-249. The results for the Lecture group students were very similar to those 

of the CAI group, with 88.3% of the students either agreeing or strongly agreeing that the 

lecture presentations and content were exceJlent (items l & 2); 78. l % agreed or strongly 

agreed that the lesson objectives were stated clearly, that the expectations of the students 

were made clear to them, and that the topic objectives were achieved in the lessons. A 

summary of the average responses for all items, by category, is given in Table 4.21. 

Table 4.21: Summary of average Lecture group student responses to attitude survey items. 
I Category I Average Likert response I % (A+ SA) I 

Global items (1-2) 4.02 88.3 
Instructor characteristics (3-9) 3.84 73.5 
Objectives (10-12) 3.88 78.l 
Difficulty (13-15) 3.24 36.9 
Student development (16-30) 3.59 62.4 

4.5.3 Comparison of CAI and Lecture group attitudes to their re-

spective teaching methods 

The scores for every item in the attitude surveys were averaged for each group and tested 

for any significant differences in the means. The null hypothesis tested was: 

H 0 : There is no difference between the attitudes of the CAI and Lecture groups to 

their respective teaching methods. 

The t-test analysis is summarised in Table 4.22. 

Obtained t = 0. 789 as shown in the table 4.22 

Table 4.22: Results oft-test analysis comparing average of all attitude-survey items, X, between 
CAI and Lecture groups (t-critical = 2.002). 

I Group I X I SD I t-value I p-value I SE in diff. I 
Lecture 3.677 0.364 0.286 0.776 0.084 
CAI 3.643 0.280 

Although the t-value obtained justified accepting the null hypothesis, there were some 

interesting observations to be made in a number of the specific items, as enumerated 
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below. 

1. On the item that the lessons held their attention, CAI group students agreed more 

strongly (3.93) than Lecture group students (3.61). 

2. On the item that the CAI/Lecture lessons made difficult topics more easily under-

standable, the CAI group agreed more strongly (3.89) than the Lecture group (3.59). 

3. On the item that they can learn more from reading books than using CAI or at-

tending lectures, the Lecture group (3.13) agreed more strongly than the CAI group 

(2.82). 

4. On the item that the particular lesson motivated students to learn more, the CAI 

group (3.88) agreed more strongly than the Lecture group (3.57). 

5. On the item that they enjoyed learning the subject matter, the CAI group (3.98) 

agreed more strongly than the Lecture group (3.68). 

6. On the item that students felt they had to put in more effort with CAI/Lecture teach-

ing, the CAI group (2.57) agreed more strongly than the Lecture group (2.37). 

7. On the item that they prepared before coming to the CAI or Lecture class, the CAI 

group (3.52) agreed more strongly than the Lecture group (3.27). 

8. On the item that the CAI/Lecture teaching made the subject more interesting, the 

CAI group ( 4.09) agreed more strongly than the Lecture group (3.84). 

9. On the item that the CAI/Lecture teaching improved their understanding of concepts 

. in the topic studied, the CAI group (4.04) agreed more strongly than the Lecture 

group (3.80). 

4.5.4 Correlation between attitude to teaching method and perfor-

mance 

The purpose of this study was to investigate, using the Pearson product-moment correla-

tion method, whether there exists a relationship between students' attitude toward their 

lesson delivery method and their performance. 
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This procedure was first proposed by the English statistician, Karl Pearson (Burns, 

2000). According to Gay ( 1996, p. 646), the Pearson r coefficient is the most appropriate 

measure of correlation when the sets of data to be correlated represent either interval or 

ratio scales. Like the mean and standard deviation, the Pearson r takes into account each 

score in both distributions; it is also the most stable measure of correlation (Gay, 1996, 

p. 446). Calculated values of r range from -1 to + 1. An r of -1 means there is a perfect 

inverse relationship between the two variables; an r of+ 1 means there is a perfect direct 

relationship; an r of 0 indicates the complete absence of a relationship; the closer r is to 

-1 or+ 1, the stronger the relationship. 

The null hypothesis for this investigation was: 

H0 : Students who gain higher scores favour the teaching method more than those who 

gain lower scores. 

If this hypothesis is true, then students with higher scores should also exhibit higher 

levels of satisfaction in their attitude survey. In this study, only the first experiment (Topic 

1, Computer components and their functions) was investigated. The results of the corre-

lation analysis are shown in Table 4.23. 

Table 4.23: Relationship between attitude to teaching method and performance. 
I Group I N I r-coefficient I SE in diff. I 

Lecture 80 0.333 0.304 
CAI 80 0.065 0.361 

These results are quite different, with the CAI students apparently showing only a 

slight correlation (r < 0.20), while for Lecture students there is a low correlation (0.20 < 
r < 0.40) (Burns, 2000: p. 235). To test whether there is a significant difference between 

the correlation values from the two groups, the following null hypothesis was examined: 

Ho: The correlation coefficients shown in Table 4.23 are not significant. Equation 4.2 

was used to calculate the t-test parameters for the Pearson r-coefficients, following Hays 

(1988). 

T ../N - 2 t = _x....;;y,:===;;:::::-
y'l - rf;y 

(4.2) 

where rxy = correlation coefficient between x and y 

N = number of degrees of freedom 
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The results obtained are shown in Table 4.24. The t-values listed there justify the null 

hypothesis being rejected in the case of the Lecture group and accepted for the CAI group. 

Table 4.24: Results of test for significance of correlation coefficients, r, between attitude to teach-
ing method and learning outcome (t-critical = 1.990). 

I Group I N I r-coefficient I t-value I 
Lecture 80 0.333 3.119 
CAI 80 0.065 0.575 

4.6 Analysis of focus group results for CAI students 

There were 7 questions examined during the focus group interviews, which were con-

ducted in Thai. The same questions were for all three CAI lessons, but different students 

comprised each focus session. Students' responses were digitally recorded and later tran-

scribed into English and the main points were summarised as below. A more complete 

summary is presented in Appendix C (see sections C.2-C.4, on pages 167-174). 

What did you like most about the CAI course? The main response was that with CAI 

the lessons motivated students to learn, and they supported student learning. Re-

spondents also maintained that the CAI lessons made it easier for students to un-

derstand the subject matter. Students liked the multimedia aspects of the lesson, 

which they said made the lessons more interesting and meaningful. Students liked 

that they were not bored while learning with CAI. 

What did you like least about the CAI course? Nearly one third of the participants an-

swered that there was nothing they did not like; the rest said they needed more 

time to complete the lessons. Five students felt there was too much material pre-

sented to be completed in the available time. One student said he or she did not like 

self-paced learning. 

\Vhat is the most valuable thing you learned in tllis class? Most of the answers con-

cerned self-paced learning and student-centred learning. Students had a chance to 

learn by themselves and they felt they could gain more knowledge this way, as they 

had freedom in learning. 
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Some student said that they had a good chance to practice computer skills when 

they took CAI lessons. Some said that the lessons were flexible, allowing them to 

choose any topics, and being able to go back and forth wherever and whenever they 

wanted. 

\Vhat aspects of the lesson were most valuable? Students found this question difficult 

to answer. One third made no comments, while others described how the presence 

of colours and sound in the CAI lesssons motivated them to learn. 

\Vhat aspects of the lesson were least valuable? Nearly two thirds of students had no 

response to this question, perhaps being reluctant to criticise. Many said no aspects 

of the lessons were least valuable, that all aspects were good. 

Describe the strongest aspects of the CAI methodology. Students did not give direct 

answers to this question. Some interesting responses were that with CAI students 

themselves take on the responsibility for learning. Some said that CAI is better 

than just reading textbooks or being taught by an instructor. Others thought it was 

easier to learn with CAI, as the material was well structured and presented a useful 

summary of the contents. 

Describe the weakest aspect of the CAI methodology. Diverse responses were given to 

this question. Some said that students may not bother with the lesson and instead 

do other things on the computer. The matter of insufficient time to complete the 

lessons was brought up again. When faced with difficulties there was no instructor 

available to help them out. Some students wanted handouts to go with the CAI. 

Students' progress was held up when computers did not work properly. 

Open-ended comments. There were some interesting insights here. Many students said 

they liked CAI and would like to take other CAI courses. Some students said that 

this learning method decreased their anxiety or stress while they are learning. Some 

said it was not boring, whereas learning with an instructor is boring. Some ex-

plained that CAI encouraged them to learn, to know, to see, to proceed and to find 

out about things by themselves. 
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4. 7 Conclusion 

This investigation considered students of similar ability and prior knowledge. One group 

studied three topics in the subject Information Technology for Life by CAI while the other 

(control) group had traditional lessons. The level of significance in all statistical analyses 

was set to 0.05. 

Based on pre- and post-tests, within both groups there was a significant increase in 

knowledge in the three topics. However, comparing between groups for the three com-

bined topics, the CAI group performed significantly better than the Lecture group. Ac-

cording to the attitude surveys, there was a significant correlation between Lecture group 

students' attitude towards the teaching method and their performances in the examination, 

but this was not the case for the CAI group. 

Data from the focus group interviews provided strong evidence that the CAI students 

liked this mode ofleaming. 
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Chapter 5 

Discussion, Conclusion, Implications 

and Recommendations 

This chapter summarises the findings of the study. In addition, conclusions and a set of 

recommendations for future study are addressed so that additional research can be carried 

out to determine the applicability of the results. 

This research was conducted using a sample ofNakhon Pathom Rajabhat University 

students in Thailand. The findings of the present study generally support the conclusions 

made in prior CAI studies, such as Kulik et al. (1986). The CAI students performed bet-

ter on the overall post-test than did the students taught by a conventional lecture method. 

Students in the CAI group expressed a positive attitude towards the CAI format as imple-

mented in this study. Also, they tended to favour the major aspects of the CAI format, 

such as self-pacing and student-centred learning. Observations showed that students par-

ticipated actively during the CAI cJasses and focus group interviews. 

5.1 Summary 

With the continuing growth of technology and the increasing pressure for schools to raise 

test scores, teachers are being faced with the challenge of combining traditional teaching 

with technology to improve content achievement (Meyer, 2002). 

The purpose of this study was to compare the effects of CAI teaching with those of 

traditional teaching on student knowledge and satisfaction. A minor goal for the study 

was to investigate whether or not CAI supports weaker students more than the stronger 
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ones. Many studies have documented disadvantages of CAI, including those by Jenks and 

Springer (2002), Fletcher-Flinn and Gravatt (1995) and Milne et al. (1990). However, 

some have found CAI superior, such as Lepper and Gurtner (1989), Leeds et al. (1991) 

and Tseng ( 1999). This issue continues to challenge educators in their quest for a solution. 

The study examined a sample of first year undergraduate students who were enrolled 

in the Information Technology for Life (4000107) course offered at the Nakhon Pathom 

Rajabhat University in Thailand. This general education course has a very large enrol-

ment, from which 3 classes of General Management students were selected to be the 

control group, and 2 classes of Accounting students to be the experimental group. The 

average number of students in the control group was 122, while there were 93 students 

in the experimental group; there were 80 students who attended and participated in all 

three pre/post-test exercises, the results from these being used in the calculation of the 

Pearson correlation coefficients reported in §4.5.4. Attendance was not compulsory and 

varied from week to week. Only those students who attended each class were considered 

in the final analysis. Three topics were chosen for the experiments; the control group 

attended a lecture class, while the CAI group used CAI courseware on computers. Be-

fore the lessons took place, students in both groups took the three pre-tests. The students 

were divided into two equivalent groups on the basis of their GPA scores. At the end of 

each lesson, students were asked to complete a 30-item attitude survey questionnaire in 

order to investigate their feelings toward both the CAI and traditional methods. The post-

tests were conducted one week after the students had finished their study of each topic. 

Students' performances were considered from the pre-test and the post-test score. Nor-

malized gains were calculated to compare the levels of knowledge gained by the groups 

through the different teaching methods. Performances within groups were also calculated. 

The students' level of course satisfaction was measured through their attitude toward the 

two teaching methods. 

5.1.1 Review of the findings 

To compare the effectiveness of CAI versus traditional teaching, six null hypotheses were 

formulated in this study. Table 5.1 provides a summary of the results obtained in this 

study. 
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Table 5.1: Summary of hypothesis testing. 
Hypothesis I t-value Decision 

Hol There is no significant difference in student 5.787 Rejected 
performance based on CAI learning versus tradi-
tional learning. 
Ho2 There is no significant difference in CAI 
student performance when comparing weak, aver-
age and strong students. 

Weak-Average 1.349 Retained 
Average-Strong 2.580 Rejected 

Strong-Weak 3.747 Rejected 
Ho3 There is no significant difference in stu- 2.434 Rejected 
dent performance on the final examination based 
on CAI learning versus traditional learning. 
Ho4 There is no significant difference in attitude 0.286 Retained 
towards the method of teaching between CAI stu-
dents and traditional ones. 
Ho5 There is no significant correlation between 0.575 Retained 
CAI students• performance and their attitude to-
ward CAI utilization. 
Ho6 There is no significant correlation between 3.119 Rejected 
traditional students• performance and their attitude 
toward the method of teaching. 

5.2 Discussion 

This section discusses in more detail the interpretation of the statistical analysis of the 6 

null hypotheses listed in §3.13 (p. 87). There were several results that were not statistically 

significant and these are therefore not addressed in the discussion. 

5.2.1 H 0 1: No significant difference in student performance 

The first hypothesis indicated that there is a significant difference in student performance 

based on the CAI versus traditional teaching. This hypothesis was concerned only with the 

learning method, its purpose being to compare the effectiveness of CAI versus traditional 

teaching. Previous studies have indicated that the learning method affects performance. 

Capper (2001) stated that on average across different levels of education and training, 233 

CAI studies resulted in increased student performance from the 501h percentile to about 

the 651h percentile of the control group (Capper, 2001, p. 4). The results of the present 
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study show that the effect size of the CAI group was 0.92, corresponding to about the 

82nd percentile of the control group. 

Coe (2000) defined the term effect size as a way of quantifying the effectiveness of a 

particular intervention, relative to some comparison. Effect sizes can also be thought of 

as the average percentile standing of the average experimental participant relative to the 

average control participant. An effect size of of 0 indicates that the mean of the experiment 

group is at the 501h percentile of the control group; an effect size of 0.8 indicates that 

the mean of the experiment group is at the 791h percentile of the untreated group, and a 

value of 1. 7 corresponds the 95.5 percentile of the control group. Effect sizes can also be 

interpreted in terms of the percent of non-overlap of the experiment group's scores with 

those of the control group. An effect size ofO indicates that the distribution of scores for 

the experiment group overlaps completely with the distribution of scores for the untreated 

group, that is, there is 0% of non-overlap. An effect size of 0.8 indicates a non-overlap of 

47.4% in the two distributions, and effect size of 1.7 indicates a non-overlap of 75.4% in 

the two distributions. 

The t-values determined for this hypothesis in each experiment were greater than their 

corresponding critical values at the 0.05 level of significance, for each topic, suggesting 

that there is a significant difference in student knowledge depending upon the learning 

method. The overall results provided strong evidence that students performed better when 

studying with CAI than with the traditional lecture approach. 

5.2.2 H 0 2: No significant difference in CAI outcomes for ·weak, av-

erage and strong students 

Analysis of the second hypothesis indicated that there are two different outcomes when 

comparing the 3 sub-groups within the CAI group i.e. weak with average students, av-

erage with strong students, and weak with strong students. The calculated t-values were 

1.349, 2.580 and 3.747 respectively. In comparing the weak sub-group with average 

students, the calculated t-values were not high enough to substantiate a significant differ-

ence in performance. Hence, it was concluded that the CAI equally benefited weak and 

average students. However, in the comparison between average and strong students and 

strong and weak students, the results indicated significant a difference in performance for 

both sub-groups. In particular, the calculated t-value between strong and weak students 
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produced about triple the value for the weak-average sub-groups. This indicated that a 

strong significant difference existed here. Although by definition strong students should 

perform better than weaker ones in nearly every case, in this study the effectiveness of 

the CAI lessons on the average students was approximately twice as great as the weak 

students; on strong students it was approximately twice as great as for average students, 

and approximately three times as great as the weak students. 

In the lecture group it was found that the t-values in sub-groups weak-average, average-

strong and strong-weak were 0.066, 0.318 and 0.221 respectively. None of the overall t-

values obtained in each paired group indicated any significant difference in performance, 

even when comparing weak and strong students. This is perhaps not surprising, given that 

there are approximately 150 students in each lecture and it is physically impossible for 

the instructor to give each student individual attention within the 2-hour lecture period. 

Comparing the Experimental and Control groups among weak, average and strong 

students, the calculated t-values were 1.035, 3.599 and 4.651 respectively. These results 

indicate that there is no significant difference in outcome when comparing weak students 

from the two groups. These results suggest that CAI and traditional learning provide less 

learning support for weak students. In contrast, for the CAI group student performance 

for the average and strong sub-groups were significantly different compared with those of 

the Control group. From this it may be concluded that CAI lessons better support student 

learning for average to strong students. 

5.2.3 H 0 3: No significant difference in final examination performance 

The third hypothesis, which appears similar to the first, was included to look specifically 

at examination performance, rather than just week-to-week class performance. Its anal-

ysis revealed a significant difference in student performance in their final examination 

when comparing CAI students with Lecture students. Examination performance, mea-

sured a considerable time after the teaching was carried out, is a measure of retention of 

learning. These findings are in agreement with a survey of studies by Cotton (2001 ), who 

showed that the retention of content learned using CAI is superior to retention following 

traditional learning alone. 
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5.2.4 H 04: No significant difference in attitude 

The purpose of this hypothesis was to compare the degree of student satisfaction with 

their learning method. In general for the two groups there was no significant difference in 

student attitudes toward their method of learning. Both groups felt that overall the method 

of teaching was very good. In detail, there were some interesting attitude differences. 

In this study, it was found that more CAI students felt that the CAI lesson held their 

attention. Moreover, the results also showed that more CAI students felt that the lessons 

were not too hard for them, compared with the traditional group. Despite this, one of the 

interesting results was that more students in the Lecture group felt that they could learn 

more from reading books than being taught by an instructor. This means that students 

felt the instructor's te.aching method was no different to reading a textbook on their own. 

The study showed that more CAI students had a desire to take more classes taught this 

way. In addition, more CAI than Lecture students said they enjoyed learning the subject 

matter. In contrast, more Lecture students felt that they had to try harder when taught 

by an instructor, while the CAI group did not feel this obligation; nevertheless, there 

were more CAI students who prepared before corning to class than was the case with the 

Lecture group. Finally, there were more CAI students than Lecture students who felt the 

teaching method made the subject interesting, and more CAI students felt that the lesson 

improved their understanding of concepts in the field they had studied. 

5.2.5 H 0 5: No significant correlation between CAI performance and 

attitude to CAI 

The purpose of this hypothesis was to find the extent of correlation, if any, between CAI 

students' attitude to CAI and their performance. The calculated correlation was very small 

(r = 0.065), indicating no relationship between student performance and their attitude 

toward CAI. 

5.2.6 H 0 6: No significant correlation between lecture group perfor-

mance and attitude to traditional teaching 

The purpose of this hypothesis was to find the extent of correlation, if any, between stu-

dents' attitudes to traditional teaching and their performance. In this case the calculated 
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r-factor was 0.333, which is much greater than that of the CAI group. Thus, though there 

is a correlation between student performance and their attitude toward traditional teach-

ing, it is very weak. The t-value calculated was 3.119, implying a statistical significance 

for this relationship. It appears that students who gained high scores have a tendency to 

favour the instructor, while those students who gained lower scores are not so favourably 

disposed to the instructor. 

5.3 Conclusion 

Based on this study, it has been shown that students learning under CAI performed bet-

ter than students learning under the traditional lecture method. Within the CAI group, 

stronger students showed greater knowledge gains than weaker ones. The study suggests 

that there is a significant difference in student performance on the final examination, with 

CAI students gaining more knowledge than students following traditional lecture classes. 

It was also found that there is no significant difference in students' attitude toward their 

method of teaching; moreover, in CAI students there is no significant relationship between 

students' performance and their attitude toward the method of teaching. In contrast, there 

is a weak but significant relationship between attitude toward the method of teaching and 

their performance in students following a traditional lecture format. 

5.4 Implications 

The results of this study suggest that Thai university students can be taught successfully 

through the CAI lesson format. The students demonstrated that they are capable of taking 

responsibility for their own learning. Their knowledge gains from the experiments show 

that Thai students are not necessarily passive in their learning. If circumstances permit, 

the students are ready to play an active role, thereby making learning a lively and reward-

ing experience. Jn a CAI environment, it is likely that t11e students' learning potentials 

can be greatly enhanced. 

For Thai instructors, this study has shown that the presentation of the content does 

not have to be limited to lecturing. The use of new technology in education, such as CAI 

allows, provided students a chance to learn at their own pace. This is the national goal for 
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Thai education today. 

Another implication is that higher education teaching in Thailand should consider the 

utilisation of CAI. University administrators should consider providing funds for creating 

more CAI lessons, and both short and long training courses for instructors to practice CAI 

design and development should be promoted. 

The Thai National ICT project plan is an initiative set for the years 2001-2010. In 

particular, the ICT for Education master plan of The Ministry of Education is focused 

on the use of ICT as a major tool for educational reform (Waitayangkoon, 2004). The 

results from this study form a small contribution to the stated goal of developing CAI 

at all levels of Thai education. Miller (200lb) commented about the Thai National JCT 

project, "is challenged to bring about Thai educational reform by demonstrating to aca-

demic staff how to use technology to enhance teaching and learning and how to develop 

students with creative and critical thinking skills using student-centred, problem-based, 

experiential learning techniques". 

In the near future, the curriculum and subjects taught in the 41 Rajabhat Universities 

are likely to be similar to those presently taught. Therefore, it is recommended that a joint 

project of developing CAI courses for all Rajabhat Universities should be established. 

This would be a beneficial undertaking because it would distribute the costs of developing 

courses across the Rajabhat Universities, rather than duplicating effort with each of them 

working independently. 

5.5 Recommendations for Further Study 

The objective of this study was to investigate the short-term impact of CAI teaching ver-

sus that of traditional teaching on student knowledge and attitudes toward the method of 

teaching. To extend this effort, additional expanded studies should be performed to ex-

amine the long term retention of knowledge gained during the semester, for instance by 

looking not only at pre-test and post-test results, but also the knowledge of participants 

at various intervals after the semester's end. Further studies could compare different CAI 

and Web-based leaming or other types of e-leaming. 

This study was limited to the general education course at NPRU. Another area for 

future research would be to determine whether the result of this research could also be 
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applied to other subject areas in the Rajabhat Universities. It could also be extended to 

different majors, such as Science, Electronics, Languages, and so on, perhaps using larger 

sample sizes to compare the effects of CAI versus traditional teaching. 
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Appendix A 

Information Technology for Life syllabus 
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Table A.1: Information Technology for Life syllabus, Nakhon Pathom Rajabhat University. 

Category Knowledge Area Knowledge Item 

Getting started 1.1 Information Technology I. I. I Understand the basic concepts of IT 

(Weeks 1-2) 

1 .2 Types of computers 1.2.1 understand and distinguish between mainframe computer, microcomputer, per-

sonal computer, and laptop. Computer in tenns of capacity, speed, cost, and typical 

users. Understand the terms intelligent and dumb terminal. 

1.3 Main parts of a personal 1.3.1 Know the main parts of a personal computer in general: The central processing 

computer - unit (CPU); hard disk, common input/output devices, types of memory, removable 
~ storage devices such as diskette, zip disc, thumb drive, CD-ROM, DVD-ROM etc. 

Understand the term "peripheral device". 

Hardware 2.1 Central Processing Unit 2.1. l Understand the term "central processing unit" (CPU), know that the CPU does 
(Weeks 3-5) ca1culations. Logic control, immediate access memory etc. Hardware for inputting 

data into a computer such as mice, keyboards, trackballs, scanners, touch-pads, light 

pens, joysticks etc. 
2.2 Input devices 2.2. I Know some of the main devices 

Continued on next page 
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Category 

Storage 

(Weeks 6-8) 

Software 

(Weeks 9-11) 

Table A.1 - continued from previous page 

Knowledge Area I Knowledge Item 

2.3 Output devices 2.3.1 Know the most common output devices for displaying the results of process-

ing carried out by a computer, e.g. various visual display units (VDUs), screen or 

monitors, printers such as those commonly available, plotters, speakers, speech syn-

thesizers etc. Know where and how these devices are used. 

3.1 Memory storage devices I 3.1.1 Compare the main types of memory storage device in terms of speed, cost 

and capacity e.g. internal/external hard disk, data cartridges, CD-ROM, DVD-ROM, 

diskette etc. 

3.2 Types of memory 

3.3 Measuring memory 

4.1 Types of software 

3.2.1 Understand different types of computer memory: e.g. RAM (random-access 

memory), ROM (read only-memory). Understand when they are used. 

3.3.1 Know how computer memory is measured (bit, byte, Kb, Mb, Gb, Tb). Relate 

computer memory measurements to characters, fields, records, files, and directo-

ries/folders. 

4.1.1 Know the meaning of the terms "operating system software" and "applications 

software". Understand the distinction between them. 

4.2 Operating system soft-14.2.1 Understand the main functions of an operating system. Understand the given 

ware examples. Be aware of the main advantages of using a GUI interface. 

Continued on next page 
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Category 

Networks 

(Weeks 12-14) 

Knowledge Area 

4.3 Applications software 

5.1 LAN and WAN 

5.2 Data communication 

5 .3 Electronic mail 

Table A.1 - continued from previous page 

Knowledge Item 

4.3.1 List some common software applications together with their use, e.g. word pro-

cessing applications, spreadsheets, database, presentation tools. Desktop publishing 

and multimedia applications. 

5.1.1 Know the definitions of local area networks (LAN) and wide area networks 

(WAN). Know about the advantages of group work and sharing resources over a 

network. 

5 .2.1 Know the meaning of the terms data communication, types of commw1ications 

and transmission media. Understand the terms modem, digital, analog, baud band-

width etc. Understand the terms Public Switched Data Network (PSDN), Integrated 

Service Digital Network (ISON). 

Understand the term electronic mail and know the use of e-mail. Understand what is 

needed to send and receive e-mail. Detail some of the information and communica-

tion technology (JCT) equipment needed to use e-mail. 

Continued on next page 
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Category 

Security and 

copyright 

(Week 15) 

Knowledge Area 

5 .4 The Internet 

6.1 Security 

6.2 Computer viruses 

6.3 Copyright 

Table A.1 - continued from previous page 

Knowledge Item 

Know what the Internet is. Understand the concept of the Internet and some of its 

main uses. Understand the economics of Internet mail systems relative to other mail 

delivery methods. Know what a search engine is. Understand the distinction between 

the Internet and the World Wide Web (WWW). 

6.1.1 Know about the purpose and value of backing up computer files to removable 

storage devices. Know how to protect a personal computer against intrusion. Know 

about privacy issues associated with personal computers, e.g. protecting the com-

puter, adopting good password policies. Know what happens to your data and files if 

there is a power failure. 

6.2.1 Understand the term virus when used in computing. Be aware how viruses can 

enter a computer system. Understand the dangers of downloading files onto your 

computer. Know about some anti-virus measures. 

6.3.1 Understand software copyright and some of the main security and legal issues 

associated with copying, sharing and lending diskettes. Understand some of the im-

plications of transferring files across a network. Understand the terms shareware, 

freeware, and user licence. 
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Appendix C 

Focus groups interviews 

C.1 Focus group questions 

Questions asked in focus group interviews for the experiments: 

I. What did you like most about the CAI course? 

2. What did you like least about the CAI course? 

3. What is the most valuable thing you learned in this class? 

4. What aspects of the lesson were most valuable? 

5. What aspects of the lesson were least valuable? 

6. Describe the strongest aspect of the CAI methodology. 

7. Describe the weakest aspect of the CAI methodology. 

C.2 Focus groups results (Experiment 1) 

1. \Vhat did you like most about the CAI course? 

Student 1 I liked the history of computers, computer components; computers are 

good, they support my learning. I can learn more conveniently, faster and with 

more understanding. 

Student 2 (laughing) I have no idea. 
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Student 3 I like it all, we can apply the knowledge to our daily life and work. 

Student 4 I like computer components and types of computers. 

Student 5 Deep in content. 

Student 6 Good, convenient for learning. 

Student 7 Good. 

2. \Vhat did you like least about the CAI course? 

Student 1 CD-ROM, none. 

Student 2 May be none. 

Student 3 None of them. 

Student 4 None of them. 

Student 5 None of them. 

Student 6 None of them. 

Student 7 None of them. 

3. What is the most valuable thing you learned in this class? 

Student 1 About computer operation, knowing this can be used in work. 

Student 2 Learning with CAI can apply to work in daily life. I have learned what 

computers can do. If I finish my studies, I will use comp~ters at work. I 

developed skills in using computers and gained more knowledge. 

Student 3 I had a chance to learn by myself, and know how to operate a computer. 

Student 4 I don't know what to say. 

Student 5 I don't know what to say. 

Student 6 I don't know what to say. 

Student 7 I don't know what to say. 

4. \Vhat aspects of the lesson were most valuable? 

Student 1 Parts of computer, computer operation. 

Student 2 Computer components and function. 
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Student 3 Computer components and computers'devices. 

Student 4 Known types of computer. 

Student 5 Don't know what to say. 

Student 6 Don't know what to say. 

Student 7 Don't know what to say. 

5. \Vhat aspects of the lesson were least valuable? 

Student 1 None were least valuable. Every topic is important. 

Student 2 I can not recall. 

Student 3 All topics were equally important. 

Student 4 None of them, content is important. 

Student 5 I have no idea. 

Student 6 I have no idea. 

Student 7 I have no idea. 

6. Describe the strongest aspect of the CAI methodology. 

Student 1 We can apply it for daily life, such as printing out reports. In self study 

students must be determined to learn, if they aren't they will not understand. 

Students must have responsibility. 

Student 2 It seems that learning by ourselves students have more responsibility. 

Students pay more attention to learning. With an instructor teaching in front 

of the class we can choose to learn or not to learn. Self study produces more 

knowledge. 

Student 3 I have learned how to study by myself. It is better than an instructor 

teaching because with CAI if students don't pay attention they will not learn 

anything. 

Student 4 Increase student's responsibility. More interested in learning. 

Student 5 More responsibility, more eager to learn than traditional teaching. 

Student 6 Don't know how to explain. 
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Student 7 Don't know how to explain. 

7. Describe the weakest aspect of the CAI methodology. 

Student 1 Ifwe do not understand, we can not do it. 

Student 2 Some students who do not want to learn may skip the lesson and do 

other activities like browsing the internet. 

Student 3 Should give more detail in difficult topics. 

Student 4 Students can be faced with some difficult parts of the lesson, because of 

difficult language and insufficient detail. 

Student 5 No comment. 

Student 6 No comment. 

Student 7 No comment. 

8. Open-ended session 

Student 1 Good, students gained more responsibility, and learned more content. 

Leaming with CAI students had to pay more attention. 

Student 2 Students increased their responsibility. Instructor teaching makes stu-

dents bored, they may fall asleep in class. Leaming with CAI, students pay 

more attention; this methodology is good. I think it is good. 

Student 3 Good, CAI lesson increased my friends' attention. They were eager to 

learn, they really wanted to know what is in the CAI lessons. They got to 

touch and play around with the computers. 

Student 4 Different from instructor teaching, where students may play up and chat 

while class is going on. But learning with CAI, if students do not pay at-

tention they will get nothing. Leaming with CAI, students have to learn by 

themselves, which is different from traditional teaching where an instructor 

will tell you what to think and students have to follow the instructor's ideas. 

But learning with CAI students have to think on their own. 

Student 5 Leaming with CAI is probably better than traditional learning, because 

students have to behave themselves. In a class with an instructor students learn 

less content because they are talking while they are learning. Leaming with 

170 



an instructor, he will always te11 you how to solve the problem. Learning with 

CAI students have to make their own decisions and solve their own problems. 

Student 6 Learning with CAI the students learned more contents. Students felt 

they wanted to learn and were eager to learn. Learning with an instructor, 

students lack eagerness to learn and do not have a chance to investigate for 

themselves; they just sit and listen to what the instructor says. 

Student 7 Learning with CAI is good, it made me learn more contents. It is good 

because I can learn by myself and learn more (laugh). Good, student's respon-

sibility was increased. 

C.3 Focus groups results (Experiment 2) 

l. What did you like most about the CAI course? 

Student 1 I liked to learn how to construct web sites. 

Student 2 I have learnt how to send and receive email and about using password~. 

Student 3 I have learnt the meaning of email and web sites. 

Student 4 I like everything. I got a lot of information. I have learnt by myself. I 

would like to have handout sheets for students for revision. 

Student 5 Same as my friends have mentioned, my friends have covered every-

thing. I have learnt how to search for knowledge on the Internet and there is 

no need to go to the library. 

Student 6 I have gained more knowledge. Should have revision sheets for students. 

I was writing notes from the screen and there wasn't time to learn. 

Student 7 I have learnt that the Internet is valuable for many things, such as edu-

cation and research. 

2. 'Vhat did you like least about the CAI course? 

Student 1 I don't like history of the Internet. 

Student 2 I prefer to have an instructor teach, I don't like studying by myself 

(alone). 
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Student 3 Study time too short for self-study. Time was spent writing notes; need 
handouts. 

Student 4 Same as my friends, less time, cannot take note within the given time. 

Student 5 Same as my friends. Not enough time to take notes within given time. 

Have to rush to take notes when I watch the monitor. 

Student 6 The same. I want handouts, books or notes. My hand got tired when 

taking notes. 

Student 7 Should print out sheets and give them to students. Instructor should in-

terrupt every now and again to explain things while the lesson on the computer 

is going on. 

3. What is the most valuable thing you learned in this class? 

Student 1 Knowledge of how to send email, capable of sending email overseas. I 

didn't know how to send email before, after studying with CAI I now know. 

Student 2 Same as my friends, I have learnt how to apply for an email account. 

Student 3 I learnt to use the Internet. I can apply this when I have to do a report 

and submit it to my instructor. I will be able to search for information by 

myself. 

Student 4 Same as my friends. I am able to find information on the Internet and I 

can do my report in order to submit it to my instructor. 

Student 5 I have learnt about job seeking. Using the Internet we can find and apply 

for jobs as we wish. 

Student 6 Regarding jobs, I have learned that there are sites with a lot of jobs in 

the same place. 

Student 7 About e-commerce, email, chat and education etc. 

4. \Vhat aspects of the lesson were most valuable? 

Student 1 Colourful, contained sound, motivated students' enthusiasm to learn. 

Learning by reading a book may cause students to feel sleepy. 

Student 2 Over all completely good. Relevant. This can not be done by reading a 

book. 
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Student 3 Over all, Good. 

Student 4 Don't know what to say. 

Student 5 Don't know what to say. 

Student 6 Don't know what to say. 

Student 7 Don't know what to say. 

5. What aspects of the lesson were least valuable? 

Student 1 Over all is good, but not enough time. 

Student 2 Over all is good, self study offers the opportunity to revise. Reading 

book we can not practice. 

Student 3 None of them. 

Student 4 None of them. 

Student 5 None of them. 

Student 6 Same as my friends, None of them. 

Student 7 None of them, as well. 

6. Describe the strongest aspect of the CAI methodology. 

Student 1 Good, very good. I have practised. I know how to send an email. 

Student 2 Learn by ourselves, self-study, and no need to learn from a book. 

Student 3 Colourful, motivating, made me more interested in learning. 

Student 4 Feel free to learn, study and develop understanding myself, reading my-

self. No need to learn from books or an instructor. 

Student 5 Good, it's free. Practice thinking and understanding by myself. 

Student 6 Comfortable. If someday we can not come to class we can learn from a 

CD-ROM. 

Student 7 Studying by myself is better than reading books. Figures and sound 

(in CAI) made me understand better than reading books or learning with an 

instructor. 

7. Describe the weakest aspect of the CAI methodology. 
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Student 1 Some parts of the content contained not enough explanation. 

Student 2 Too little time, need handouts. Should have a handbook for students. 

Student 3 None of them. 

Student 4 Every thing is good. 

Student 5 Over all is completely good. 

Student 6 None of them. 

Student 7 None of them, over all is good. 

8. Open-ended session 

Student 1 This learning style is very good, students will pay more attention to their 

learning and not feel sleepy. 

Student 2 Made me know how to learn by my self. 

Student 3 I have learnt about the history of the Internet. I was able to use the CAI 

lessons my self; practising this way is better than reading books. 

Student 4 Encourages students to know, to see, to proceed and to find out about 

the contents. 

Student 5 Freedom to learn; more enthusiastic than with an instructor teaching. 

Because students keep talking while an instructor is teaching, they do not 

attempt to learn. Leaming with CAI, students have to think, read, and take 

notes by themselves. This can make them learn and gain knowledge. 

Student 6 Made me able to access the Internet, learn more about the topics and 

opened up the world. 

Student 7 Made us familiar with computers, and to gain more skill in using com-

puters. 

C.4 Focus groups results (Experiment 3) 

I. \Vhat did you like most about the CAI course? 

Student 1 I wasn't anxious or uptight, because there was no instructor involved. 

We can play around with the computer, it is interesting. 
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Student 2 I like microwave communication systems. It is interesting, high fre-

quency. Before this class I did not quite understand, but after the class I un-
derstand. 

Student 3 I like it, it is good practice for students to work with a computer. 

Student 4 I like it, learning myself. I took notes to be able to revise the lesson. 

Student 5 I liked the figures and pictures presented in the lesson. This made it 

more meaningful and more interesting. 

Student 6 It is not boring. The diagrams, pictures and sound contained in the 

lesson made it interesting. 

Student 7 It is not boring. If it was taught by an instructor the contents would be 

plain and may have caused students to feel sleepy. This is self study. 

2. What did you like least about the CAI course? 

Student 1 Too much contents. I had to take a lot of notes. Should state only 

important parts. 

Student 2 Too much contents, I bad to take notes a lot. 

Student 3 Too much contents. I didn't quite understand the CAI figures (too wide) 

should have more details. 

Student 4 Contents is boring. Complicated navigation. Some student don't know 

how to navigate properly and end up skipping some content unintentionally. 

Student 5 Confusing navigation. Sometimes jump over pages and sometimes don't 

have enough time to take notes. 

Student 6 Too much contents, not enough time. 

Student 7 The same. Too much contents. If I want to summarise I have to read 

everything, but there is not enough time given. Appropriate time should be 

longer, but if there is too much time then it is boring. 

3. What is the most valuable thing you learned in this class? 

Student 1 I have gained more knowledge than when learning with an instructor. I 

get more when I learn by myself. 
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Student 2 (laugh) I am free, if we were with an instructor we have to ]earn what 

he teaches, but ]earning with CAI we can jump back and forth as we wish. 

Student 3 Practise learning by ourselves, no instructor to teach, thinking by our-

selves, looking by ourselves, opening pages ourselves. I have gained knowl-

edge about data communication. 

Student 4 Before I knew a little bit, but I know more after this lesson. I have 

gained the skills for using a computer. I have freedom of learning. Graphics 

in CAI lesson made me more interested in the lesson. I now know what the 

new technology is. 

Student 5 I have practised to finish my notes in time. I have read and revised. I 

have practised computer skills such as clicking to search for information and 

website navigation. 

Student 6 I have benefited from reading, thinking, v.riting and summarizing the 

notes. 

Student 7 Interesting, I can play around with a computer. I have learnt a lot of 

things and was able to choose topics in the order I liked. 

4. What aspects of the lesson were most valuable? 

Student 1 Satellite system sending information covers the whole world, I have in-

creased my knowledge from before. 

Student 2 Radio system can send information in every direction. I can not remem-

ber other uses. 

Student 3 With the Internet we can chat with friends. Lessons contain sound, dif-

ferent from books. 

Student 4 Satellite communications help us received up-to-date news. Reading a 

book can cause sleepiness, but learning with CAI is interesting because of its 

graphics and sound. 

Student 5 Using satellites, we can catch up with things going on around the world. 

Student 6 Regarding conununication devices such as fibre optics, I now know each 

device's properties and which is most appropriate to use in different circum-

stances. I know the cost of t11ose devices. 
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Student 7 With satellites, we can receive news from around the worJd. 

5. \Vhat aspects of the lesson were least valuable? 

Student 1 None of them, they are all usefuJ. 

Student 2 None of them. 

Student 3 None of them, as well. The objective page and introduction page are not 

necessary, there is no need to have them. I didn't pay any attention to these 

pages because in fact we have to learn anyway. 

Student 4 None of them. 

Student 5 None of them. 

Student 6 None of them. 

Student 7 None of them. 

6. Describe the strongest aspect of the CAI methodology. 

Student 1 More interesting than reading books. Leaming with a traditional class 

is boring. CAI is better because it is composed of figures and sound, and is 

more interesting. 

Student 2 Best in content, because it is already summarised. Do not waste time 

reading a thick book. 

Student 3 Included sound made CAI more interesting. 

Student 4 Brief contents, easy to read and easy to understand. 

Student 5 Student who do not like to read can listen to CAI lessons. 

Student 6 Easy to learn, because of the graphics figures. 

Student 7 Good brief contents. Sound made it easy for me to understand. 

7. Describe the weakest aspect of the CAI methodology. 

Student 1 I think, none of them. 

Student 2 None of them .. 

Student 3 Some computers did not work properly. It is up to the learner. No 

weakest point in the CAI lesson. 
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Student 4 I would like to see one topic on one page, then there would be no need 

to tum over to other pages. It is confusing. 

Student 5 None of them. 

Student 6 None of them. I would like to have another CAI course ike this, I like it. 

Student 7 I could understand it well; no weakest point on CAI methodology. 

8. Open-ended session 

Student 1 I want to learn with CAI again, I do not want to learn by instructor 

teaching as it is boring. This style of learning is self study, it's fun. 

Student 2 Leaming with CAI is fun, better than an instructor teaching. We can 

practice our understanding, we have to do our self practice and take responsi-

bility for our work. 

Student 3 I understand what I have learned, we have to employ our own ability. If 

we do not want to learn, we will not understand. Leaming with an instructor 

teaching is sometimes boring because we have to sit and listen all the time. 

But learning with CAI I sometimes have a chance to talk to my friends. I have 

freedom. 

Student 4 Contents is completely perfect, but should have more figures, especially 

in small details. I feel anxious when learning with an instructor. I feel stressed 

when learning with an instructor, but learning with CAI made me happy and 

it was fun. 

Student 5 I would like to have this kind of class take place more and more. CAI 

lessons made students gain more responsibility. I wish other courses could 

have CAI lessons. 

Student 6 CAI is a good learning method. It gives students practice in paying at-

tention to learn and they learn more; it is much better than sitting and listening 

to an instructor. It's boring if an instructor keeps telling students what he has 

read from books. Some students might fall asleep. Leaming with CAI, if stu-

dents do not make enough effort, they cannot learn. This lesson motivated 

students to learn. 
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Student 7 I want to see learning by CAI take place again, because it is not boring. 

Students can spend their time efficiently. Students gained more responsibility 

and were eager to learn because of audio and graphics in the CAI lessons. 
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Appendix D 

Test items 

1. iitl 'tiiiLilufltlnm16LMV1111tlntf ~fl·u.1110 u1Lii1 

iitl'Jfl tlT.:lJ'lfli:Jl"lUfl'lU.flfll·HJft~'l'lfifilili luL11L ilu 

n. disk drive 

'II. printer 

l'I. computer 

~-system 

2. ;ftltiinft11 ~ 

tit! r - :£i] ..ol - r n. 1 L tlfl'ltllJ'l'l'lU>lfl•L ULl'l1tl~l'ltllJ'l'l'lUl!tl1 

..i... ~ • .I 
VllJ'llU1til mtyVlltl'I 

'II. iiill'ttiiJ\;1u;itlf ii'll'W'ILiinrvh 

'U.J'[,i11'ltllJ\;'llJ;lflf 

l'I. LlJULrltlJl'ltllJn'lLllltlf ii11u1flll1.1qjn·h 

UJ iPl11'1fllJYl'lLlJlflf -- - ..... .. . 
~. lJW'ltllJ'l'l'lL"1tl1lJ'llU1111Ulnn'l1 

LlJUL n'1Jl'lfllJ\;'lL"1tlf 

3. l'lfllJYl'lLl1ltlfnillll°LJI m-!i"\un11'1'1tJ1n1Ntl1fl11'1 

n, UJtli11'1fl>.l'rl'lL"1tlf 

l'I. LlJUL vim 
~. itJLtltlfl'l!llJn'lL"1tlf 

4. iifl "Liil~LilULl'ltNl'lfllJi1'lL"1tlfil fi~fiurn1Ji 'l'ln'1'11 

tt::l'l1n u.iiiiltiuiiti1;JHViol1 u.t1::hJiiu.ilui1iJn 

n. tulJlijn(notebook) 

11. U.ftUYititl(laptop) 

l'I. \;~Ltl (PDA) 

-3. l'l!llJYl'll.Olflfnill'lli~lli'l (embedded 

computer) 
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'IUlltJLft'll.iJtlflflU •••••• _._ ••••• ·-····· 

~1U'lU 30 iftl L'lt\1 25 U1n 

5. L~tl~tHn11\iiLrihMl'ltllJ\1'lu;ttlf Lll1tllJLYitJ1.J 

fl"ltJi'.itl luumtlr.:'111'11U smart card u.tru\'l.u.i11tl~h1t1 
• - • ,J ~- il ,J • - .I ..i.. .I .. \ V11Ufllil'l1 n'lULl>'IL Un'lUfl11'1cyYl~fll Vli;Jtl~LntJ?iltl~ U 

..j .: 
LnNU 

n. input unit 

'II. control unit 

fl. central processing unit 

-3. output unit 

6. i1u'l6111tl~1.l'lTu~l'ltllJn1L1J1tlf ~~fl~vi1"11'1l1~Lilu 
ti1~uu.1n lu'lltu:::H-31u 

n. input unit 

'II. control unit 

l'I. central processing unit 

-3. output unit 
..j • - .. • .. .. l ..j 7. UJfl'llU'ltJnJ'lltl'Jfl U1'1ltl'JflL'll1JJ1 ULl'l1tl'1 

l'ltllJ~'lu;ttlfu.ft'l l'ifl4110'IJU iitil;jfl"l::ijOft'1\tlti-3 N ~ 
n.'lltl1t1~1u'lcuu.fl::1J111n:: 

-3. '11tl1t1Mu~l-I 

8. oUfl \!'I iiitl'llil'lu1111l..l~1,..R'n 
n. floppy disk 

'II. hard disk 

l'l.ROM 

'1.RAM 



" , ' •.i- .!'. ..: ..: v 21. 'llfl 1oinen'l 1V1\Jn~1fl·U.nnY1qoi mm nu storage 

register 
!'I ... ..:.ii..:,~ n. fllJ1uALUY11'!.!U1YILnu tl'Jft'fl"1:::1'111Un11 

th:::lJ'lflr.Jfl 

'II. fllJLU control unit ii11.1u1~1nur.Jmivlff ~ 

'ttli"l1nn111'i1u'lN 

!'I • " ..: v ·' • .r l'I. tlfJ LU CPU l'l11-IU1Y1Clfl0l1\ll'I Uuftl'l1n'l 
!'I • .,..:. ·.Y ;i. fllJ 1u CPU m1-1u1l'lmur11.,;i nm11 

tl1:::lJ'lflr.Jl'I 
• .r..: "" • •.1.1 • •1'..:, 22. 1'11n'l'fl1flL Yltl"l:::u1 Luu1:::lJ'lflr.Jfl "l:::tJnLnU L'l'fl Lll'I 

n. storage register 

'II. memory unit 

l'I. instruction register 

'1. arithmetic unit 

23. iiti '°LDld'.lW11tt1~U'l°ffl-ll'lfllJYi'lLl1ltlfll.iiA°fl-lUUfl 
n. machine language 

'II. assembly language 

l'I. high level language 

.:i.BASIC 

24. thutfr.:ntiu\uiiti 1"'~ui1Jiifl'Jft U'\i;iq111 

n.DVD 

'II. CD-ROM 

l'I. hard disk 

'1. removable disk 

25. re1Jn11ii·H1\Jlll'I~ Mi. instruction cycle 

n. n11Cltllll~A 

'II. 01ra1r.JftfiY1tfltfuiu 

l'I. n11ll1vi1LL't.lii'l'llfl.:! operand 

"· 011Vt1lli1u1.1'1l;i'IJfJ'1thkci1111tl 
- !'I Y. ,_..le - ..I 26. ft'lUtfr.:nflUl'ltllJYl'lLf;ltlfLU"lltl""' l'llJ'lCUt'llJ1Jl1l YI 

cron·h volatile 

n. uej~t'ln 

'IJ. mf Pi~t'lrl 

3 

27. Ll.lllj1"''1-lu'ltJl'l'l1lJ~1llfln <i'lt'11>.111Clii1'11U7'llJOU 

t1.l1un1>.J ~l1'1Ju1oi l1.1ajn11~'llJULti'l'Ull 

n. LYl11:::LtlTUnm"l:::1JniiufY111li.l1finn-3noi1 
' • v ' ..: - ,Jr \lU'ltJl'l'lJlJ"IJllftn ntiu'fl"l:::tJnL1tln 1-u 

'II. L ~Y11::thu~<1:::liJ n tii'11U'llfl'l ttlru n nJ 

1 -rhiiu ~<l:::1Jnil1L ii1i.J1 t u1.1ii'ltJl'l'l1i.Jmfl'n 

l'I. L Y111:::ihnhmriu!f fl1Jflft1re;i1tll.llA'l'IYltJ 

.:i. Li'.lu111Ui"Ull Yitt1rumi.J~ij'!lu1111l1.1c\in-h 
<1:::ii1;i1unrnhu~n,.u11111finn-i1Vi 

28. ucJ'IJ diskette ~un;1ntt'ltiitlr.:ntiu0111'1vuJu 
~oi1ilu1hutfr.:nf1ul111 'lltl'11"1tJlJYi'lLliltlf 

n. input unit 

'II. output unit 

l'I. memory 

'I. secondary storage 

29. t'titi.i nfi1?'4it;in~ti" Lifmnu uejuuunn (floppy 

disk) 
.: ..I • .!'I .J .,.,.: - • n. YiUYllJOU1HfltlnLuU .. 'lU1 , .... fllJ l1tJO'l1 

1-i1u111tif (sector) 

'!I. ~u~iinutl-ltitimilunreu~Lllfluu(frame) 

1fin1 ullit1:::nrernriuiti1Jft'Ull 1 'ltni 
l'I. ucJ'IJ~lliti;iu'lLililtif1mnrfou ~'1<l:::1-D'!Ji 

.t..I • i] . - . .:i. YIUllliJnUU-l'flflnL U'l-31 UO!ft:::'l'IL1tln'l1 

UY111'1 {track) 

30. Lf1LWO u\:i~t'ln~\iiuu\in LYlfl'l li\tJ.:i 

nJYILJ'l~fJULWl n11Yln Ufl:: ll1Yi~~itl -i1ti:::h 

n.CAD/CAM 

'!I.VCR 

fl.VGA 

-3.CD-ROM 

Figure D.3: Test I (cont.) 
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9. Wiutln~ ttl-1Unrn~l-ll.:i1u1.uu•1'1tl.:if'ltlJ.J~'lU11tlf "I:: 
CJnuiu'l-1 cu ft'lu'lui 

n. memory unit 

'II. secondary unit 

l'l.RAM 

.:i. CPU 

1 o. ri'lu1h::ntiu~11'i"cy 'lltl.:J'llu'lutlr.:J.J'lftC.Jtlnft1..:it1ti 

n. n11u:.0111i;itif (transistor) 

'II. Nft111ltlf (register) 

l'I. =iitl (chip) 

.:i. 'Ulittll'll (diode) 

11. i.iu'lt11.f1::J.J'lftC.Jirnfl1.:i 1h::ntiu'ltlwmri'luili1.:i1 

n. 'llU'ltii'i1U'lCUUft::i.lU'ltJl'l'l1J.J<i1 

'll.i.lu'lt11'1'l1J.J<i1uft::'llu'lt1L!lt1n:: 

l'I. i.iu'luf'i1u'ltuuft::'llu'lt1l'l'lUf'llJ 

.:i. i.itl'lul'l'l1lf'lJ.JLlt1::"11tl'ltil'l'l1J.J<i1 
.!! ~-..;. " ..; .!'I .. • -12. 'lltl L"1 YIYl1'1lU1YIL1JUfttlnft1'11::\l'l1.:i ALU nu 

'llu'ltm'l1J.J<i1 

n. 'llu'lul'l'lt.Jfl" 

11. i.iu'lmriu;Jm;1ft.;1re.:i 

"'· 'llu'lufu;Jtil;lft 

.:i. i.itl'lt1L1t11MC.Jfl 

13. \lu'lu°Llil ~li1'llu1~n"l11cu1'i1 <t::li'lfl::h nu 

;Jtll;jfl~ 

n. 'llU'ltJf'i1U'lCU 

'II. 'llU'lrJLllttn:: 

"'· 'llu'ltJl'l'l1J.J.q, 

.:i. 'llil'lfJPl'ltJfji.I 

14. ft'lU'tli'lltl'ILl'l1fl.:il'ltlJ.J-ri'lLL!ltlf ~li1'1lu1~1.\m11 
LurouLYiuu L-llu iJ1nn•h-utiun•h, t'li-11.J't'll. c,in~"' 

n. 'llU'ltJl'hU'lCU 

'II. i.tu'ltJLllttn:: 

"'· 'llu'ltJl'l'l1i.i.q1 

.:i. \lil'ltJl'l'llJfji.I 

2 

15. ttl1u.n1J.J~i.:it~u·1~ti.:il'ltiJ.Jn'l1i;itlhi1.:i1u'liuYi Lrlti 

LUl'llft:)n'lf c,imlhJH cu~ 

n. 'llU'ltJFl'l1J.J<i1 (memory) 

'II. ll1fl'll~l\n (hard disk) 

f'I. U.7J.J {RAM) 

.:i.reJ.J (ROM) 

1 s. bit fititi:: 11 
n. 1t1'llt1tl..:i'llan fitl i.ift'm.1u'lunu'llan Ru 
'II. Lft'll\lftn l\tl'I 

l'I. <i1u'lUiR'lLfl'll~Ur.:ntl1JrlU 2 li'l 

-1. Lfl'llj1Ufttl-l 

17. ntl '\i;i i'itlJ'lU~"l::Utlnrl1JLl'l~'lf'ltli,ri;'lLLlltlfi1 "I:: 
tlili1tl:: 11 

n. operation code 

'II. obstruction code 

l'I. operandatory 

.:i. operand 

18. •nn1ht.:i ADD A, B thu'loui]u,,r11tlfiimm1 

n.ADD 

'D. A 

f'I. B 

.:i. A LLft::B 
. .J - .I !'\_ 19. register c,intitinLLtJ1JJ.J1Ll'tfl'lillQ1J1::tl'lf'l 111 

n. 'll'lu\un11~cu nu '\.11'1 

'II. 'li'lt1Lun11mn ntJ ftU 

l'I. -l1'lt1LUn'l11.UW'l.JLYit1uL'D..:iLllnn:: 

.:i. 'li'lll\\i1f'l~..:il'lflJ.Jn'l~f lhnu'!Ji•niu 

20. ft'lU1"~ Lhm1'11ULUUtiU~tJU.7n tuiuL!lfl'IJl11'1 

'1.lr.:l-l'lt1r.it1 

n.memory 

'II. instruction register 

l'I. control unit 

.:i. decoder circuit 

Figure D.2: Test 1 (cont.) 
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1. tiuLY1flfLWI (internet) \unulho::1.1 
.. I ... #' 

n. L1'11tl111tlf\fl).JVi'lLllltl 1 

- ..-!:. I .J "' f .,. 11. l'ltl lJYl'lLUl!l 111l1LW\l'lfl~U'\7flWlltl).Jf;lfln\l 
.... 

f'I. 7::1J1JLf'IHl'!l1tll'l1ni\ 

.:!. Ll'iiti,j1tJl'lfl).J~'lLlll!lf~~u.6il'lfl.:IU'IW1i1tl 
.J • -L'lltl).Jlllfln\l 

2. -iltl °LlllLiluiJ"t{u~;i1\~Ln111tiU1nflfLWI 
n. il<t{t1n11n1runn6 

11.iJ"t{un11n1rn\.111 

f'l.il"l{t1n11n11A1111u 

-3.iJ"l{un1-3n11~ntt1 

3. twlmrill'l'l1Jf'l).Ji11U.fl).J111ln1i;tiumtifLUl;ir.:Piute;n . . .. 
n.W3C 

'll.3WC 

f'l.C3W 

-t. World Internet Organization (WIO) 

4. iitl llllLiluti.:i~mril vi1-31ta~!lmil<it1u.fl::m1;.ntt1 
.J -- ~-LntJ'l0\Jfl\lLY1tl7L \JJ1l 

n. lnternetA 

'll. Internet B 

f'I. lnternet2 

-3. Internet 3 

5.l'ltl1U\l°Lll L"fu\-iitiuLY1tlfLUi;iLi]U11f1u.m \ul.l1::LY11'1 

\vm 
n. i'lf1ft1n1n!i.1\.117int11fiti 

'II. i.J\.11':iY1tJ"lfltJi.JiA111ft 

l'I. i.J\.11':iY1tJ"lfttlLOttlll11'111'111lf 

-3.i.1"1"l1ntnfl'ul'l111ft1'Uflrunf 

1UJ1tJL'll11iifll'ltllJ ....................... . 

~1\l'l\l 30 -ilti L'li\1 25 u1YI 

6. 7::1JtJLflttli1utiurntifL Ulll~ NECTEC<il11~-l~wltin 
'n.l'I. 2535 ;itliifl \111 

n. \ntJl'l11 (ThaiSARN) 

'll. LYltll'llJ (ThaiCom) 

l'I. fJUL illll {Uni net) 

1. l'lfJtUUlll (Schoolnet) 

7. L11LttiniQ\~u"7mrn11tiuLY1tlfLulll ?1t1::b 
n.ISDN 

11. IP 

1'1.ISP 

-1. USTP 
.. ~_..i.. • .J .. ~ 8. 'lltl 1.1>1Yl Li.IL "1i.i1::Yl"l::l'l!liJD1'ltJt::t1t1n111'1fl\lY111 mn 

(distance learning) 

n. m1l'lt1un"lro17i<iu 

'11. n111'1tliiiri1 
... 

"· m1l'ltl\l'l11tW'lot 

1. n111'1tl'W'l~l'l"ll'llllf . . ~~. 
9. \.llJ1t!Lft'11 IP 'll\l11'1 8 bit Ln1Jf'l1Lfl'lll1\ll'ltH U>tnl'l1 

n.255 

'11.256 

f'l.257 

-1. 258 - ' .. ~-. " ~- . 10. "11M'ltltl1-I sc.npru.ac.th 'lltl111 l'ltl'!lflLl'lLi.i\ltltltJ 

L\l1::~lJ Lc;!LlJY 

n.sc 
11.npru 

"· ac 
-3. th 

Figure D.4: Test 2. 
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11. •nnfli'ltithi com1.ait.or.th iffl'tu!PltlLl'IW1i1tJ 

Yfti~zlu 

n. com1 

'II. ait 

l'I. or 

-l. th 

12. ;;!fl L61Lilt.1fNi'lm1'li.Jua1'l-l\-11ri1'1 

n. com 

'II. gov 

l'I. org 

.:i. mil 

13. if ti 1.ul~iu.11uti.:i l'lri1uun11Plmn lum.iu;tl 

L1'1Ll.JU'lltl./ILYlfJ 

n.edu 

'II. net 

l'I. or 

.:i. ac 

14. n1unP1n111ilf tN n1:1fui'!.:iiftiijfl 'tJinl'!Ln Ufl:;;j 

• .i .. -~ .. .i ·-1'111l.JU1L 'lltl Cltl\1-l U01'10'tt'll'l')1Ultlnn11L 'lltliJUltlOlJ 

r.:1JlJti'LIL Yltlfi. ui;il uif tl '"' 

n. L;tll.Jllitichuti.iL;;i.i 

'II. L :tttll.JfitintJ backbone 

l'I. L;tll.JIJitic.hutYJ1~l'IYl 

.:i. L;tii.illitintJ lease line 

15. unP1n'tt1 ;jL1t.1'Wi.11nun LLlli<i1LUUilfti.:i\i 

ti'LILYltlfLUUI \l'n;ln'tt'll'l11LfttlnL~iJlfitl 1::tltJ 
- , • .._.. ...J 
tlULYltl1L 'l.WIU.lJU WI "1-l"l:;"Wl~"' 

n. L;til.Jllitinutl'l1.:i1i1t1\-ltin 

'II. L;;ltll.JlfitlntJ back bone 

l'I. L;fll.JllitlntJtYITAl'l,f 

.:i. L;tll.Jllitimum111L'ltl (gateway) 

16. \-11nun;ln111;jl'l11i.1<i1Lilu~tl.:il-ia11m~til.Ji>itlritJ 
... ' ~- 'ln - . r.:tJULl'l1tl'IJ1tJ Vll-J1::tJ::Yl1-l flLnUM1l.J1£Jl131U 

un;lmnilffl-11 n1~tln1N"lt.1f fl Liii 
n. ul111{ {bridge) 

2 

'II. L11ULU1tlf (rounter) 

l'I. LnOWltl (gateway) 

./I. rnYIWltlf (repeater) 

17. '!zntltlii..i~ (hyperlink) Pltlfl::'l1 

n. 01n;fll.JLm:i:;wi1.:il'ltil.JYi'lLmflu1~u 
Ll'lffl'lhtJ 

'II. n11L;tli.!LfJ./17::whn:;tJtJLl'l°1tl1!1tJ fltl./I 

m.iu;u'ltl 

l'I. n17L;;ltli.!LtJ-lr.:tJrntlnl'l1ruutiULY1tlfL~ 
.i ~ • """- ,._ .. ./I. n11L'lltllJ1tH1::\-l'l1./I ': 1'1ltl\M'ltl1Lt.1111nUt;j 

l ~u'1n11Y11..itiuL YltlfL ilvi 
18. lhunP1n111'1iti-m1n~uuttlnLn1l.J l'lh-iLllUL~"I ;u 
Lfl-l uni'1n!f1"1:;Lfttlnifti \,. 

n.http 

'II. html 

l'l.URL 

.:i. L'l'l"ILl.Jmntlf (page maker) 

19. u1tlunP1n111iA'tl-ln1rntNLtnu web site unP1n'tt1 

"l::iliti.:itl1~tJ if ti"' 
n. L-N"lwmntlf {page maker) 

'II. ll'l'lU1'11fll'IL«'ltlf (downloader) 

l'I. L"iu u111~.:i (web browsing ) 

.:i. U11'lL'ltlf (browser) 

20. iftl1£.i~1iittl1U111l.J m-Uviti.:i'!tnutfln'lltl./I 

n. Microsoft Internet Explorer 

'II. Netscape Navigator 

l'l.msn 

.:i. l'l!~n;rtl 

21. if fl l«'I H~1\-lfu~w1iltltj'lltHL1iu'l'!l-n 
n.URL 

'II. HTTP 

l'I. HTML 

.:i. UNDP 

Figure D.5: Test 2 (cont.) 
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22. •nniif'lmh~ saijaillburapa ac th ifti'l.oi~r.:ljn-i 

;tlLl'i~tl~PltlJJ~'lLWtlf 

n. saijai 

'II.@ 

"· burapa 

.:i. ac 

23. ifti'LliYi1.i.i1i:n'l1L1ti-1 n111.ifnft'ti..,~mtl (web cam) 

L ~tltlr.:ntlUn'l1L onflUL YltlfL iii;i 

n. 'lt.l™rut1'flLMY1ffiunl'{ (e-mail) 

'II. L'Ylflliii;i (telnet) 

"· n1:'llurht1'lrli:l (file transfer protocol) 

.:i. 0111\unuwtiu'lftu (online-chat) 

24.unio1n1:1'lfltjYiim1~nmft't11'l'llli!J'W'ln.l.!fii u.Pi 

Uiti..i011HLtli1>.:il'lfl~'lLt1lflfilw1~nmft't1:0f'l'1Ln L#iti 

Yiunilim:t'lti-itltjYiul'ln.l.!fii <i::Jlti-ilifu'1n'l11.uiftil" 

n. 'lu™ruooLflf'IYlffiunl'{ (e-mail) 

'II. LYlftLiii;i (telnet) 

l'l.n'l:'llUChtJ'lrM (file transfer protocol) 

..i. 0111\uYluwtiu'lftu (online-chal) 

25. lhilnilin1:t1UJtl-ln'l1lll'l'lUL'l!ftlll (download)L"l'lfl'I 

<i1nt'iuLYltlnili;i unil\m:t1"l::Hu'1n111.uiftlllll 

n. 'lt.l™rutJ'flLflf'lnffiunn (e-mail) 

'II. LYlftLllvi (telnet) 

r1.n1nucht1'lrlfl (file transfer protocol) 

.:i. u'1n11i!iu·wl (search engine) 

26. L~UL'!IYl'Yhiiu1n'l1 n'l1iliu'l!1 (search engine) u.ft:; 

LUU~Utli.J ;itiiftl 1.lll 
n. Internet explorer nu google.com 

'II. Netscape Navigator nu yahoo.com 

rl. Internet explorer nuNetscape Navigator 

.:i. google.com nu yahoo.com 

3 

27. lhuni'1nl:t11uu~4'C11m1b:i-i'lu u.a::ilfti.:in111.i.'il)n 

LLt.iun1.-»1t.J1u.mJ.Jtl1:;~ni;l excel fli.inu unil\ni:t1oi:; 
.. 1." 1. " ~ - .. _, ~ .J Lmm 'llT.:UU U'lltl IJll "M"l" u'1::lltJ11'1Ylillll 

n. t'itm1tifo'l111 (internet) 

'II. 1iinil11'1LUlll (extranet) 

rl. t'iuY11'1LUlll (intranet) 

-l. U.ftU (LAN) 

2a.u"hl'nu.>J iA'ti-lmffi1116itinufli'lu.Y1u~1llil1t1 L#iv . . 
i\uLUflfNl'h\i-i'ltJ utlu'ii\'1111 f'l'l1Lfiflnl-lfr.:uu1.111 

n. t'it.Ul'ltlfLiii;i (internet) 

'II. LiinoDYl11LUlll (extranet} 

Pl. t'iul'l11L ill1I (intranet) 

.:a. 'll'ltJ1111-l (direct sale) 

29. i!nio1ntt'liA'tl-10111.-il1:Su'l'ln ~1.iiulmmft1n'l!ft1u 
unil\ntt1 "l::LfltlO\-ifuln'111.u'1Jtl\M 

n. portal web page 

'II. multi web page 

Pl. home page 

"'· search engine 

30.'lrlfi°'ltlflfl (fire wall) ;'itltl::l1 

n. ri1u.,,-1YiA1'H~L ~m'.ltHnutiPIMtJ 
1.i.inuttuu1l'lreii1u 'lltl-lfNl')n'l1 

'II. 1::UUiltl-iriu °l'li'ftl'ltlJJTI'lLlilt:if 'lltl-lt:i.:il'\m1 

"· 7::lrulil1'1"1Afll.J ~"l::Loi'lm1.ur.:uu 

Ll'lreii1t1 'llfl~&.:il')m, 

'1.r.:uuu1111131'Ull'l'lJJui~u1..,lun11ilfl.:inu 

t"'"°"" 1.uti~l'i'n11 

Figure D.6: Test 2 (cont.) 
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"'-ii._, _, . .J ..I 1. '1111 Ul'IL lltHl'lur.:ntitJ'll!H01tn-l111'lll1t Yll'IJ.1\17N"tll'll 

n. ~ri.:i ~fu 

11. ~ri.i ~fu 1i1'lft1t 
·- ..I • .._, l'I. i;iru 11tinl'l1.:i '111'lll17 l;jn.:i 

.a. ~fu n&imm1il~ ~tinl'l1.i ~ri-1 
2. ~emm (media) tu1iti-1m1~1111'1utl.ie&milu~'llUl'll 

n. ~ell1i1Ulft'l-t:: riu ae~LilU'll11-lL'llft'l 

'I. atill1i1U'lltl-ll'IHl'l nu ~fl~Li1Ufl101f'I 

l'I. tti~1iluti1mf'I nu~ll1i1ulft'l-t:: 
.a_ ~ellm'llUO'llftUYl1-101J~fl~01'11UllLftUY11-l 

3. ie""iiiean?tru::mn;tiJJ'tti.iuuui"'oiti'jO'I 

n.'bj41rlllll'l'l1JJU1'l'lltl-lft1U~flft17 
'II. t-dti111n11w1::1itu-11Yi1iiu 

l'I. t-dflft11t.11l'l1::ifll'l'l1JJLJi1i!U 

.:i. L;tlJJoitJ01JMIJJW'll.fltlm'l'li'l1wM'l 
.. ,_ii - .J t . .J • 4. 'lltl llllL Uft0lttu::n111'11flJJ £J.:iU1JU'jO'll'lfl'jl'llU1JlJO-lY11-lfJ 

(half duplex) 

n. m7fuft'cul\11cu1YlQ 

'11.n17iil'lloif!~Yl~~&1111 
fl. n17fu ftC\Jl\11 cu tY1 ni f'IU 

.:I. n17'1ll'll t'rl~Yl,f 
.. - ... - .J t •-5. ~tlflUL-lU ATMJJi'IOltCU::n17L'llfli.I U.:IUUll Ll'I 

0. '11111U'!OI 

1 

'lll¥\Uli'l'llifll'l11U ..•••.•••.••••••••.•..•• 

41U'lU 30 i1J L'li'l1 25 U1ii 

6. m11;tmlu.:iuU11'l-tft1vi111 -!l'l!lLLriilcy'll1M1u1" 

n. mr H 111uft'cy 1\111U!lth-1 'bjiitJr.:ih16111w 

'II. m1;u1tlMFlft1UL~fliJiu-1 
11. m1Uriilcyw11u-!l'l-1iwiim7furi-1itn,Jft 

.i. 9n'l'IJJlllJJnit1 

7. iti 1"'dlumn;t1i.1Tu.iuU11'11ft1u·v1 

n.111JUlll1'l 

'II. UU1JUl'linr.:"11u 

"'- uuuoiu'hl 

n. Lw11::i111-1nuilcy"'1 inlJl'l'llunu 

'I. 1Wrt::fl-tfti~Jli''l£Jl'l'l1JJLTJ~-l'!l'll 

"· Ll'ITl::iiifllJflLilu 41u'lU1J1n 

.:i. Ll'l71::iimn~tilJ'ttJ.1'111'11tlLftU'W11-tA''l£JrlU 

9. n1n;ei.1Tu.iuU11Ll'lre,hu11~111i.:i(sv.itching network) 

'11'lvwiilcyi.ntul'i1u'llll 

n. m1il.:iitil;jftYIWi.irlU -. - ~ 'll.'1111"110111'11!Hl'l'l1JJ'i'1111-lft1Ufttlft17 

l'I. 0111JO'l1111011'ltHl'l1U~tlel17flfttllilL'lfl1 

.i. m1'i11111nti.\'autlmuwni.iil 
- ~ ..... ~-· - .. _ _, .. ..I 10. 'l-!1nunrinlt1JJ11fllJft UJJJ1nun Ufl::l'l&:1n1rn-31!tllJll" 

bjoiti1dt1~ -Un~nlt'l'l::LHtlnmn~tlJJLtHUtJUllll ~-l'l::;i~'!" 
n. llUU'j l'llllitl'jfl 

'I. 11Ull'llft1£J'jOI 

II. UUU~lll~-l 

.a. UUU'NUWlU 

Figure D.7: Test 3 
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11. a-i~un~ntti"l::fA'twhu-10-1 Lrltl"l::Lflflnti~flnft1-I 
(media)iun11atll'\11fiflfl::h 

n. fl'l1).Ji'l::Mnium1~111~-1 

11. r.;v::vn~ 

"'· l'l'l1).J1niu0111fohu{tll.Jfl 

-1. gn'ln{tl 

2 :I! " - • ~.. .. .I .I - ·- .. 1 • 11fl U'lnfl'l'l1111gnP1tl·rn1nflq111 Ln£J'lnuft'l!H'J1Jll1n11tn 

Mm ft1mnfiv1~ (twisted pair cable) 
" .. _ .J - .J .I ' • -n. ~'l!nrn.l'lnHru-n.i lltl~1.11-1nu).J1n 
i .. - .J - _, .I • ' - ~-l-·--'11. 11nrn.l'lro-1ru-n-1 '1tl~1'11-1nu .ifil!:..lll 

l'I. 111'1'lthunt11-1 
~ - ..1 ... 4. LuUl'l1tMUfl~).Jfill'l!J11U'lU 

13. 1rt11::rn11J'loi 1!tl-IYl'l-l~tll'l1711UUtift1u (wired cable) 

11u11ft1u~ ~-1iKfl.llil'l1iJu1nfim 
.J 

n. Lrttlrt'l1lJft'lUn).J 
.J • 

'II. Lrttll'l'l1lJLL'll-ILL1-I 
.J .. 

t'I. Lrtflftl'll'l'l1).JPl1UYl1U 

4. L~tliJtl-10111Un'lU"l101'1U1lJUilLMiin'!nvh 

14. ft1u~uC111nfirn 1 ~ iiuY1u-!ltJ-1vrn011atJ"1'~ 
1!tl.m'l-I 

n. 11!tJ.m1-1 

'II. 2 -!lfl.nt14 

'" 3 -!lfl-1Yl1-I 

-1. 4 iifl-IYl'l-1 

15. 1m1~Ul'ILOSUTJIUl'I UTPnu STP lli1-1nutiti1-1'!1 

n. 1'11tJ UTPii1mht1t1nil~).J Uftl'l'ltl STP llfil 
'II. 111tJUTP '.Yrn11111h£Jtft1.1::~i1 Wlil'l1fJ STP ii 

'" ft1EJUTP iinuLAN LLlllJ TOKEN RING Uli 
STP Hnu LltJ1J ETHERNET 

-1. ft1tJ UTPii'llUl'!Lft!J'l Wlit11t1 STP utl-ltlilmilu 

5 LlrtPlnti°i (CATEGORY) 

2 

15. r.;u::~1m11::t1u ft'IMfu11'1iti-ll'lfl1Jii'lLPltln1~tlL~tllJrlU 
!Pit1U'l'l"IU~Ui11Ln~m fitiifti'lll 

n. 30 mei1 

11. 50 u.11111 

l'I. 100 L).JPlf 

-1. 150 LlJPlf 

" • .I- ~ • i <'- .. 17. LnUfl'llll.ft01llClnLlJU'J1-ILL\I Ul'l'ltJU'ILLflnL'llUft(coaxial 

cable) ii\.l1htJ::'7 

n. 1~tJ1iilJl'l'l1l.f11i-1u1-1iiinuft1t1 

'II. iJtl-lrlU01~C\JU\t1fi°cyty'ltu 

"· i.JLi]uft1t1ri-1ft'cycu1cu 
.J 

-1. LYltlt'l'l1).Jft'lfJn).J 
.,_ ... ..1.- ~ .... ..i ,._ .. 

18. 'lltl U'll'ltl'HlflU-lftOttW:: U'll'lflqlil'lltNl'l1UU'ILLtlnL'llEJft . 
n. li-1{fll,jt1U'i-1LLUU broad band LLfl:: base 

band 
~-' .J • ~ .. - ·- .. 'II. Tlt'l'I UJU Yl-ILlJtlLlJftJUL YltrunUft1tJ~1JfllLnflU'l 

"· tlM1111"11nm1run'lu11fl-1t1iuLUirniin'!nw-i 

-1. 'tfi-Ntl°Ui 1111uM1Y111fl-1un'ltu~liiuft1!J 

19. ifl'lll hlli_ft'ntttu..'411.1m::fti1 t\11.1ful'\1t1Tf!utJmiiua 

n. tiriur.:1J'utmA°vmY1-i-1'!nfl 
.J .. 

11. mn'llfl).Jtmr.:u::ft'u1 

l'I. uuw1miillf'l).JnULUUO~lJ 

~- iinuf::U1J LAN 

20. ft'lu°Lll 'lltl-lft1EJWLLm,j-)LLft~ ifl111.1il'l~ft~flUlLl\-I 
n. w11m\lmY1fl1ftRniutu 

'II. 'biiim111::-MIUUt1~ LY1fi::Ul'l-3Uiwnei1).JWLLm 

'l'tfl1ft;niytuetj11ti'l 
J. - .. i .. :. rl. ~U'lUfl'11lJrtf11ftlll0\11fl !JLLO'l'llUUtln 

~. WUrl'lif'ljl.ltltj1fl1JUtlOYlft1ft;niu\u 

21. ft'ly;f 1"furrh jacket 11fl-ift1uwun1ii1LLl'I~ l111.1il1i! 

ti::lf 
n. l'l::itiuuft-i 

~- trint111t1-ii\M1J 

l'l.un-1riur1111JL~tn111u"l1nm1'111'!i'lu 

.i. i1tJ-lnun11run'lu"l1n11~uuiJ1\l~nirlw1 

Figure D.8: Test 3 (cont.) 
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22. -lifl'liii ~ hhmnm Hft1t1'lt1iu'i'lLtluiitinf'rn'lll 
n. Lila~ 
'II. o!imJfl 
"· mnLl'l~flUL\4') 
..i. 'liilillvin-lifl 

23. ~fln111-111u"'lri H1.t11tim-iuicycy1cuuflt1n-l1 'lu 

r.:t1::m.:iLYi11riu 

n. l\1mniit1'l~ 
'II. fl1tlUoiLlflnL;jtlft 

"· t11t1'laLln'l'l11LlM 
-i. t11t1nftJJ 

24. ffl'lri Rflifl'lA'LUWU11tl.:Jft1EILEJLlO'l U1ut\.:I 

n. ilLl1JUMl'lifn'11~ni1 

'11.ilLlUUMl'lllLlrlUni1 

"· 11r11c;in n11 
.:i. 'liJi'jn1111::~tlUnflU\4JJIM1EJLU 

25. t11EJlrl1u!lret1Ll~n{fiber optic) 'titl::h1ilu~D'l11ri.:i 

o!imJfl 
n. hhlh 
'II. ti'lU1<1wJniiin 

"· ti1u1•111li1,..iinlmh 
.:J. ILll.:J 

2s. "lflltinu11t1·m11Hn11an111n::uuiJJLfln'ln fltiit1'l11 
n.~1'li~1t1'lun17ft.:JVJU~.:iJJ1n . 
11.n11~C11~.:i~~t11nJJ1n 

.J fl. icycy1cuc;inrumu1JJmlu11m 
.:i. ~l'li~lA'L~n1::un'lCU~MULYhiiu 

27. Lnn::LMl.'J'lri ftmilri.:ift'cyty1cuiJJtf11ml ~.:i41Lil~~ 

ft1u..io.:i 1~ut11t11111 (line of sight) 

n. 1n11::LU'i11::ftmil liitHJJtl·mluriu~'ltlft1tlfl1 

~.:i<t::ri.:iicyty'lcuU 

11. 1n11::r.:t1::Yrn~<1::1\1JJ11nri.:iA'cycy1cuU 

'l::~tl.:Jtl~Ur.:tl::ft1Ell'l1 

fl. L n11::'1l'lu::~ft't1 il1.111Llit1n11ri.:it\cy cy1tu 

.:i. 1n11::ri'lutil.:i'lltHlftn 'l::Uflu-1ft'cyty1t1.1 

3 

2s. il11A"n.:ini~flllliflan"11nul~'li''llfln 1'luH11111LYiuii 
41U'lUUfltl~~l'I 'l::liitl.:i't.rrlfll'l.:I 

n.2 111'l'3 

'II. 3 fl'l.:i 
fl. 4 fl'l.:i 

-l. 5 ll'l'1 
29. 111'lLntJJJtfo{cyty1ClUl1ti41'1tl1ilJi1fl~UftU ~'ltlfl~U 
11illt'lri 

n. iiun11L1fl ( infrared) 

'II. riiu~'rlfl (radio wave) 

fl. iJJUoi7L'ln (micro wave) 
4~ t'l;uiu (short wave) 

30. o!Jn'lrin1h1'lA'c;inlii£J-1 ifin'lnufl~U~Ylfl 

n. 'Wnr.:'l1t1r1~u 
'll.n7::'11t1r1iu'ltl1'tlu~flY11.:i 

'"- tif.'1111hlum1ri..iim.it1~1 
.J,,.i1. • ~u· .:I. 111JJ11tl1'l111'llll'lflUL'\4tl~ UIL\l'lll'ID'lnU!.t'I 

Figure D.9: Test 3 (cont.) 
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Appendix E 

Guide sheets ~1hHm 1 ~um~ O'UfHJ1J'~11~8{'ll -w'ff8'U 

,r8~ 

8~rhh ~ 1181J'lHl ~lfl~ 8 ~fi81J'tbi~8{11(1~ f)l':i vh~l'U 

1rlm! fl~i1111~8~fll':i 1~UI'li~O'Ufi81Jlbil'l8{ 'li10'ff8'U 1 ·11\Jiju~~~if 
1. IU~'ffi~'li'lfl~8~fl81Jlh~8{ 

2. 'ff11Jlj~~ 

3. fl~flfl~fl~ 1afi8'U . ., . "' mu"Hu 

1~8'U 

mm1w~ou 

8~ 

" o<!:lo ~ QJ ~ , ' -=! 
1J'Uli'U1\l8fi81Jl'l11~8'.i 'Uflflfl1ll\l~I'Uli.l1J'I'll'.iO'U mlJ.fll'l'l 

~1J88fl\llfl1J'I'll~ ou 

~1J1uu~'ffnu\l} 

hh~l'l~i) 

Figure E.l: Student guide sheets for Experiment 1. 
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4. tr nffnm11~1ilunr~~n~lJ 'hJil-HnH:Jty 1~u1ilum~ a'W mlJlh'li'u~t'r nffm:nff'W 1" 11r ut'rnffmn11~tilun 
~ d <V il ~ iJ , ~ 1 d\1] V .J .::! • 'j) t .d.:::t Q.l d I 4 (1.1 , ~ 

fl~fl'Yil11'\Jvt'Ju~ ~l'W'lfltllJB ~ti~'J~fll~ 'li~11 ~ lJB~l'Jfl'M'W1 1111'Yil~'YI~ 'Wflfffl111'W111~ fl~fll1 1'\JUI'Ju~ 

hl111lJih~1J " ~ ~flll 

5. 'li'ufl1:i:id'~ ! triutrnfffllll wmhBnll:iffll~~ 1'W1J'YII~ tJ'W Uflftfnn ~tHflftfl ~~~hfifllJ'liiU~-:j 

J'W ttiu~111flv~li:i1£J~ ~ ~~o~~lllff'W 111'liu'Wu~ 

6. fll:i1H'11fl11lJ~~'\Ju~tiio~ 111'11nfffl111 fl~fl~ hr~u'W~tl ih 1w~ ~task bar (mu11~1mh~~~ 

'*1vliu '\Ju~i'W 1~1) ~~mw ~l'WciH 

~ '~"----~~«~=-==~"*'-~«WWh 

R : , ~:: ~ ':J.?! v ~ ... 12;39 PM ~ 

7. fll'Yf'\Ju~d1'W~fi11JfJlJfl1llJ~~'\Ju~lffV~(VOlume COntrol) n11~tl'J1flt)~'W ~~fll'Yf~l'Ucil~ 

~lJigu'W~'W-~~ t~mhl1'W~fl11lJ~~ 
, d 

lJlfl-'WutJ '\Ju~lfftJ~ 

11Yl! flfffl1111-M'tmff:fi tJ V~~)J 1J'W d1'Uf111JfllJ fl11lJ~~'\Ju~lff£J~ 11~1mflllJlff~'Wl1 r u~~ I ~utJi' 1Jfl11lJ 

~~'\Ju~tiiv~1,Y wumm~ m~l'~111mf'W 11Yr~~nu~nw~i1~ 1J'Wl1U111u(desk top) 1~uil~ d1'Wfl111fllJ 

fl11lJ~~'\Ju~tiia~ 

8 ..t , "' 1 , ,.,. "'"-'1 X , "' "' . llJB11u~fll'Juufl111fl1Jl'li'J V'W l'lfl~fll'l~lJ ~1'W1J'W'\J11lJu'\Ju~ 1Jl'li'J V'W 

" 11djm uu.Uur~11)J 11Yo'W v'W fl11lJ1h~ ff ~rl'vnr~i' ~ ~~mv.~1'Wci1~ 

'\ 

111'11nfffllll fl~fl~~lJ " '1~1'lf" (NO) l'llfl~u~fll'JI~fl!~tJ'W11~~'l 

ul'iu1l! nffnmnJ~v'W 111 urnnml'u hh~ otJI'iu 11Yr~~n~~lJ "om~n" (CANCEL) 

'\Ju 1 ,Y,r flfffllll ~~ tJ'W mh~iifl11lJ~'\J01J1J'YII~ o'W flulJVhl11u { 'lf1offu'W ( CAI)if 

Figure E.2: Student guide sheets for Experiment 1 (cont.). 
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~]jtlfll'i 'l ~unt~ tJ'U fltllJW1l~tJ{'!f-wrwu 
.,; 
l'Jtl~ 

uwvm{l't1~(The Internet) 

trlmr nf1nm~tJ~fll'j 'l ~uvu~ oufltJlJW1t~tJ1'!51oft'tJu 'll1'1lfill'9l~~if 
1. tu~iY1~'11tfl~tJ~fltllJW1t~tJ{ 

2. iY1lll:JYI~ 

3. fl~f)fl~f)~ 1tJfltl'U 
j) 4 d' Q.l d 'j} t d 

ti'Ul1'UllltlfltllJ'Vl1l~tJ'j 'Uf)flf)fllll~l'lll"!ti'Yll'Jti'U ~llJill'Vl 
,. 

V • d 
~l'UCll~'U 

t$itl'U ~lJtltl f)l!lOti'YU~ ti'U 

l1ftll~ lJt5 ti'U 

1111~w~n 

Figure E.3: Student guide sheets for Experiment 2. 
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t6I 

!J(IV:))tta~Wt~}Gl61t~ftGYtlll£11AilJ11ln.lmLtY~HpGttll£1 LRU~U_tl~l an. 
,. 

('ltJ::)NV:)) "U!;!IUil, ft~~U!;!Y~l G!-6tlll£1f1Lr1EUUWG 11ltlll~f11LRU~U_ttL»!-611 

l.!:-£11tlll£1U!;!nLUt-G~UUl (QN) "~lfCL, ft~~U!;!Y LRU~U_tl~l 

H~tll~MLUI:-~ t-iYU!!~t-Q::!.f1ftltYtlQtl2~lftltYGk1-f1GW~::I1 

tlll £11Af1t-Gn.G~Ltn.tlf1tll~ X ft~~U!;!Y~L tlll ~11Af1ULI1UQQUUI:-Q~Q~I '8 

1:-ll~lt-Gn.t-~ftltY 

rtt.fltYtttp ~j!G~I (dOl ){S~p)G11L~H.tlf1 H~~mtl£f1U!;!Y~l tl_tlUL11t-EH. ::LrtH.IGM ~ll:-ll~lt-Gn.t-~ 
. . ,. 

ftltYr1.ff1G~I 1:-11G~H.tl~j2LftiULI1t,\!ll 1:-ll~lt-Gn.t-~ftltY rtt.fltYtttpnrt ft~!:-Qf1L~_!!Lftl~l LRU~U_tl~l 
. ,. ,. 

1:-llQII:-Qrl. llQtl-ULft p (6 

1:-~ftltY~tlH.LYG~It-11-tl~tlG~Ift~ . ,. . 

1:-L~tll~ MLUI:-~ (}~1 tl~t-Gn. Q~OL~ 

~l!H~tll~f1GW) 1uq ){SUl ~ 1:-Ml L!,! fl~tlGYGL ~U!;!Y LRU~U_tl~l 1:-ll~lt-Gn.t-~ftltYfl_ffl!.LU ·9 

pattG!l>l1l tllllfl~~ll~l::l11llf.~I:-QULI11:-G!:I tl_tl 
. . ,. 

t-~n~tllU~t~~ U~Yt-G~ lllU~U_tt tl0~11Af1tlll:-~ll~f.RU£!t~f1M LRU~U_ttG~I j 1:-!-::HtYGk~-·~ 

L~u~::& f1~L!,!ftL16f1L 

1:-Qf,IQrl.tH.UI1Y::I1LtlLRUUUtl ~IAHIA~II LtlH.UiA.Uart::&t-lb ~~ Ul:-f.l6fl~lGflllllbtlL~ I:-Gf.IGrl.tH.IAUI1Y 
~ " ,., 'Cl< a p , PF ' " ' P' p " 11\p lr' 11 ((; f' (f; , F ~ 

UQ~I::&LRU~U_tlG~H. 11ltlllLRU~U_tt~Gk1-t!lftll6 tlll£1UQ~IQ~I fu£lUlli:-Qf1t,rt~U!;!YUQ~I::I1LRU~U_tl ·p 



~ijfl f)ll 1 '*1Jl'H~ V'Uflfl :Utbtfl t:J{'lf1Vfffi'U 

t~fl~ 

"' 'J) 
f11 'H1'flffl'.i'Ufllq!~ 

" u nftmn f11':iYilf111:JJtoU11 'il m':i 1'*1JV1t~ V'U 1-H'rit:~~ttl'i'tiYvnt:J'U hwnuftmn 'illmhtt'U~'lhm':i 1'*1JVJt~ V'Uil 

rlfi'U~'il~ t~:JJ t '*11h ttm:JJ 1JVIt~ V'Uflfi:Utbtflt:J{'lf1Vfffi'U 
'J) • "' t'Ulff1JVIt':iV'U 

trit:~u nftml lflfl~ nn l '*1JVI!~ V'UflfllJ'Yhtflfl{ 'lf1Vfffi'U 1-H'tJ i}1J~~~lf 
1. t11flff1f'IC)$'tflrfl~flfi:JJW1tflfl1 

2. ff1:U\!Vl~ 

3. flilnfliln~ '1t:~flfi'U 
" d 'j} • d 

1JVIt':iV'U fll:Ufll'W fll'Um~'U 

()at a. :.Communication. exe 
A~l:lii6&t@n 
AuthotWaf'e'R.IJntiiY;e 'j} Q d fV e!i. , • 

1J'Uli'U l'ilflflfi:JJ'W 1!flfl'j 'U f)flf)lll'il~ t'Ulll 

1-H'unftnlll 'jflffnfli m'W1J'Uli'U11'ilfl'il~ttl~v'U1tl1flv5fi1'UiJ~ ~~m'W wwlofl'1tl 

Figure E.S: Student guide sheets for Experiment 3. 
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t1nf1mnffllJ1Hlli1um~vu lf1.u'mium~u~i~"l i~vm'Jfl~n fl~n tJ'U~Bl~B\1 Ju"l 

l-nnt1nf1mnl'l'u~m'Jfl11lJ'li1m'Hi1u i-H'fl~n fl~n~~lJ1\ImnJ ~1 T iu1\lmwiYu~~ 11'1wiHUB\Imuwnvt 

unfftnllflt)~f)l'J ell'Ul\l1Q'lh~ff~fl1-H' fl~f) fl~f) ~ ~lJ1~f)CllJ ~1 0 iu1~f)CllJffli1~ 11'1'Ucll~'\lt)~f)'jt)1Jfll'Vf 

'Hlnt1nf1mn l'l'u~m'JBBO'\llnm'u~vu 1-H' fl~n fl~n ~ ~l11~nCJlJ ~1 E iu1~nCilJffll~\111'1uci1\l'liB~mu1Jm'Vf 

fll'Vffll'Ucil~ltl'Ufll'Vf ~1BOl\llifB'H1 iutJl'll~V'Uif 

~11'1uciH'U11)ju '\IB\Ifl'JB1Jfll'Vf ii~mh'Hi'tJ tll'U1Vfl11lJ'iY~~1nium'Jt~vu 1i'lif 
fl~n~lJ Sound trlul'l'u~nuV1~tfftJ\11J'J'WlV 

fl~n~lJ Pause trlul'l'u\lm'Jil~tfftJ~tJn tJ1V~1fl'Jl1 

fl~n~lJ Exit trlul'l'u~m'JBBO'\llfl1Jl'll~ ou 
fl~n~lJ Menu trlul'l'u~m'JmttJhJti1um~vu lf1 ~u tu"l 
fl~n~lJ Prev trlul'l'u~m'J vuuncl'tJ 1uwW1l~lJ 
fl~n~lJ Next trlul'l'u~m'Jtil~'H-W'lo~1u 

. ' !ill ,. 

fl~n ~Bfl11lJ e-hurut>'Hl n11'1uci1~~1o)ju'llu\lmu1Jm'Vf t)juflu~mn:hurwu'Hww)Jt~lJ 

li1JtJ"tlnlfll1 
~1J1nen1'1o lf1~u l~B~ 'tl~iim'Vf 'HU~ffB iiu~~ 1i~ m'Vf 11'1uci1~ fl~n~m'Vfif trlul'l'u~mnhutJtJNnlfl'l 

e ~u 
J' ...... ~~ \\ .... ··• \ 1\ 

........ ,-":::!• 

e 
Figure E.7: Student guide sheets for Experiment 3 (cont.) 
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\}f1 llhllf1'HHI::IiJ~.ij'{) 1111i1..1' l~Ofll'l hn:J~ 
., "'' <'i 'j}"' .,., ., "' 1""'"'' <'i 'j} 1 t ., do 'j} 'j} cl 'j} 1" 

111n'U nffn1:11 mu n'llt>f-1~ ":: lJI'I1t>f11:1 'J m:: 'Vf'J 11 11 'U nffn1:11 mt>n'llt> l1lJ 11 "~"1n'Yl'YI1'llt>?{~'Yl1m tl'J "u t'\1 11 

Q.1 ~ ~ d 'j) V I ~ .,.I 
'Uf1fff11:11 flt'lf1 'Yl 'llt>fl11lJ ')lr.J-3l'Ufl~U'U'U 'YI1~~1'Ut'll~'ll11lJt>'llt>~f1'Jt>llill'Vf "::u'J1f1t) f1'Jt>ll'J10~1'Ufi::II'U'U 

"' 'j} • d 

l'lllJflTW ~l'Ut'll~'U 

Figure E.8: Student guide sheets for Experiment 3 (cont.) 
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'l1of1mn l111J1'Hl 1thlfl~1l~l~ou ~u hl 1V~oft~fl ~ .u'uft111J mt'Ul)J\i 1vimt1um~m..J1u'l11.u'utl'V~ hl 'H~U 'Hlfl 
., <!i "' r .t a r 1 V "" .J V 1- 1 d • V • 'Uflfffl1:11 &mh~l1\lft1l:::l·wu~u 'Hftt'lflll 'UUft111J uvmno u~llfl'.i)J nv~V~l'Ut'll\11umuum'Vf )lrJ\IlUflt'lfll'i 

l1U1J 

mnH'ulfftl\11J'i)rJ1tl 

m'i11fuft111J~\I'UU\IIfftl\l h1'11of1om ft~fl~ 11vflv'U~11 eh 1YI'I ~task bar (mv'U~l'U~l\I"{V~ 'lf'1oi1v 

'Uv\11u 1V~1) ~\lfll'Vf ~l'U~l\1 

r~~:~·~ r:f:~~'C·tz~PM ,;:" 
~ \' ,~ <x v.~~;,~~J.ittwr1 £.:X;«~:z- '"f){~(: mf,=i#Jflz 

fl1Vf'UU\1~1'U~ft111fJ1Jft111J~\I'UU\IlffM(volume control) n1l~1hlfl!}~'U ~\lfll'VI~l'U~l\1 

1-H'l1of1o1:111-*1mrl':f111u'1~1J uu~1'Uft111fJ11 fl111J~\I'Uv\llffM ucl'1t'llmmrl'~u'H~vt'l\l ,viu11fufl111J 

~\I'Uv\llffrJ\11..1 VfUI'H1J1~ 'Hcl\11llmfu 1-H'fl~ou~nw~il'I1J'Ul1'1!11lv(desk top) 1viuiJV~ ~1'Uft111fJ1J 
ft111J~\I'UU\Ilfftl\l 

'UU 1-H''l1offfl1:111~tl'Uvth'liifl111J"{'U0111Jl11~ tl'Uftvlllhl~u{'lf1ol1e>u(CAI) if 

Figure E.9: Students' guide sheets experiment 3 (cont.). 
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Appendix F 

Consent form 

UNIVERSITY OfTEcilNOLOGV,·svDHEY 
CONSENT fORM"STUDEtlt RESEARCH 

1. Mr:,. Ms:.. .•. :_, ....• , .. ,. •.....• ,.:, .. ,'.:-~ ...... ,, .... , agree,_to·participate in the· research project enti~ed ~sing 
C~I sot'M:lre tofeach anJnfonnation Technology t;ir.life course Jn. Thailand"i 'Ahich is. being conducted 
by fvlr'.,somporn·Sirisa'/\6(f,,S5170M~:'3 )v1alaimari ~oad, Muang Nakhonpathom:73ooo~Thailand; 
phone: (+65) 034 261 :412 (home~; mob; (+66) 070 495 994, in candidature for his Doctor of T ectinOl0gy in 
$(.;ien-::e Q'egre~atP!~Univefslyof.lec!o'Jlogy,_s_~nev;~ · , .. 

llind~~ ·~rthe.!Jl!FJOse·oi_~~-resear~hkt~ tvestigate st~deft achievemerisu~ng a ¢ompUtei: 
,e.Jded.ln'str~oo -CG~) apPl'oaCf'I toJeSching,"i:ll)dtctCQn\Pllfe theresullstoJhose tomtradi:tioj)aL~delive/~ 
me1hodsJ;urre~ly_ in,. use:) fi!;>a·. Wl~~anqJhat -~Valuation ophe";diff~ert. teaching methods ¥.+ii .. be 
achieved PY taking ate$ (consisting of inultiPJe' c.t:iQiCe~questions>;_and compteting'a questionnSire'; This 
stOOyj$in0tiVatedby.lij6deii>;Eiducidi~ltr~rii:J~~mich~n(mae~ngl)it~king-~Vai:tage.01a~if:lg 
lechnotogy to help· the c;lasS-c)(jfif lt)strudQr .to teach and re'ii~ l1eW oorient ilsing computers: Only one 
toP:i¢,_p.f:~.~(s,CIUfatlori,~IJ.'i~J~lbY.C~fh~-o~~Pics.""liJolto\f\>1Taditio~deJlverYin~ctsi 

I _UfJderstaOcl _that !tiY partfdpStii:irf ii'!: tf'lj~ r~ear_c.t:i_.is yc>IUnt~: arid ¥.ill not iOVO(\/e m ¢ il:f ~~r{pfl\'Siqlf 
risks. .althOUgh I -may possibly.fe~_Onromforta~ ln:a psychological o(emolional Serise;11, fOr ex~p~,J 
qo not like the newm ethod .Qf ool.itse ·~livery; or j(l lacl(the neee'SS$"(.skils):>r iiiclertakin!1 CompUter 
PJded instructiOri~cours~~ ('am:'·av.,ere't~ -~- tian~·: contad·Mr.Sompom,,Si~d or; his supervisor 
Dr~Waiter K~c:ett.·.aJternatElly~.ifJ shotitd_have ~rnsJhatJ may not feel at eaSe._disctissing Wtti eithe\' 
ot these pe()pie:;t unde~rld Iha~ I \;ill.be able to cll~uss th.em .'Aith th~ RU\IP ~ce:..President(academjc~ 
ASsistarit<F1ro( D(·Nat8k8ri Arlgtong(034~261051). v.hO:is in no~ involved in_thiS prOjed;FUrthei; t 
i.inderStancl ttiat lam •ea, io _Wthdrawm'f_ partiClp'ailqri rom this· research project at any tim~ I ~~ti'and 
wthout gi'1fng a reason; sUch wthdt8'N31 'Aili not prejUdice m 'l i.ilure c:are·or academic progress: . . . 

:...--:. 1 ,.:, ' 1 •• ';,_.j '• · .e: ,:-~· :: ~. ~ ·.. • • --;= ;-. 

1 ·ag;e~ that_ fy!r:scin\i;lci_m Strisa~a-~s afiSV\ef~~:lf{y questions: tjly and cleS!"'Y;.t furitler'.~9reeJhat 
tile re$earch 'data gattleredtrorri this pro;ect.may tie published in a bm that does not identify me in.an) 
~·v~ ... ;~'· -! ,~· -:· ._:· :'..: .. -: 

Witnessed b·-p · 

NOTE:'· .· . . . . ' · - · .... · · : . -, · · :· · .·. .. ·-· 
This study has been approved by the .JJni~~ity of 'Technology; S-yclney Human;Rese_arth: Ethics 
C:orrim~ee.,. If~- }la~;~.:compl~nts:or tesEir'l!'l~oilS ~t any aspect of ~·partid~a~ior!·ln this 
research "Mich you cannot .res<?1ve· wth the· researcher; you m sy contacUhe. Ethics Committee th~OUgb tne Research EthicS 9tticer. Ms Susanna_ Da'tis (ph:. !)? <9514_1i79, Susanna.Davis@uts,ed4:au):,AA_'r 
cemplaint ydu make V\111. ti~ tre.ated iritonfi~~ and in\festigated f.lllY' .ar:i~ you~n be_ inf()nnet:i .ort~ outcome'.::·· ,c •• .·· :•. ·' '· ,.,, · ·' ,._,.,. · "" .. " · '···· ., ..... ,. ''" · .. - •··· · ' ' .-. · '· · · ., ·'·"" ··- ... · · ..... •· ........ _,., .. · • ., •. , · .... , 

Figure F.l: English-language version of consent form completed by all students participating in 
the research. 
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2Jm1VJtn ~m VJl"I tu tan. Lil?l.:i;c;i;:lrJ 

uu.:i~'tluuti-aJJ L1f1i'lJJLf'lN n111~ti'1l?l~un~m:t1 UNIVERSllY OF 
TECHNOLOGY SYDNEY 

" " .J '1J1YH"l1 U1tl, U1..:1~1'l ..................................................... tlU~Li1f'l2JLl"INn11':14°m1?l'1"n11viin.JU1LLfl: 
ti ... , ... .. ... ',.J .... 'I' 'I' ... .J ..... ... 
1:LJ.JU~fl n11L"litJVIL1UUl"l'fl2Jl'i'lLUl'fl111'ltli\?lU "'l'll1 LVlrh'ULfltla11auLV11'1Lri'fl'll'llJI" cu J.Jit1'lVltJ1at1n'llnn 

nJ ~ _, ~ .. - ~ .J - ~ .r • ... .J • ~ ... 
'Ul"I -'J.J uf:LVll'I L'Vltl ~'l"ltJ'l!?l 'U1tl~2Jl'i1 M~'li'\111 'fltJU1'ULi"l'JJVI 85/70 it~3 OU\U11~WLLJ.JU 'fl.U.J'fl-1 

4'.:iwr"" ul'ln13" 13000 tV11f'i.,,Yl<u1u) +66 034 261 412 il'fln'fl +66 010 495 994 ;..:ii{fl4't1n1~.:i~m=i·1'fltj 

1u1:~rnJ'hyqpL'fln ~1'D1 Doctor of Technology in Science cu i.iit11VJtn~mVJl"ILUfotj,Lijtl..:i;r;ilji:J 

;r,.,, L ~1L i1h1'111Qtl1:~..:i ~'Jl'fl..:i..:11tJ14'uU;\11 ~4't1'1'fl..:im1~m:ni..1ii.iqV1 fi~am..:im1iii ntt1'D fl..:iun~m:t1Lrl fl 
lii'f'l-aJ .. rrhuwaiiht1M1u ui"l:~tF1n11LmurnYit1t1~fln11~flunu~fi011M1uuuutln~t"'t1~'lltl u~:ihrn-~1 

L ;J 11'"1 ~'11 "l::i1 m n.h:Lihrnflmn''foulu~..:i~tl'11fidtr;i t1 n11V1 '91~tltJ( uum~fl n 111tiu) ut'l:n11l'ttltJ 

LLUUM:ltlr:l12J '11u14'tidLn£'1"110UU'l t 1Ji.i'JI 'M n11AnH1~JJtJ l iuj~u1 fl'l12J n1'lit1J 1'Vl1'1 L VI flt u Lfl ni.11'll'lt1a flU 

luim1uu Lt'ltl l ii'l"lflJ.J~'lL111flftlfutl t-1 L ~tlu1 l uuVJ Liuuluii. i{fl4°EJ"l::vi ~u1uv1ift1ul"lfl i.i~'lL(;lflfii'ltia'f!u 
J' ... 'I' , "' "' - I .. :, '\'.. ,.I "" .J , _.... ti -11ul-!1 3 UYIL1t1U Ll'ltJ L'llL'lfl1L1t1Uu1::2Jltu1JY1L1t1ua: 1 'll'l u.i..:i ri'lUUYIL1t1Ufl'l.l L'll'lfi~flu ni;i 

i1YiL9'1Li1h;l'11m1dhi'l2JLFlNn1114°tJflf'1~"1:liii1f'l'l12JL~EJ'1Vl1'101tJll1'rl1"'1Lii"1~U ti..:imj.J1 i1'1'1L~1 
tl1"1i11"1'l1i.!f~n tl1'"1liiRflt1i'lu1t1l"lu1tli'.iLi..l>J~U L"liu~nll.iPit1t1'lltltJ":lfim1Ljuuuuult.tiii'l u1?l i1m~1'111"' 
Yintt:lum1tift1'Vlr:1t1Ul"lflJ.JYhLV!flM'lEli'lflU 

;J1.,,L~11111::'"un;l'11 i..1ni1'VfL~1i1;fflA..:iitJl'1l1lu..i1u'il4't1d if1m~1A1m1ciii"'lii'flri11 'W1EJ~J.Jm rui'l1'A~ 
... ./ .?I ...J_ r'! - .., .c .. ... ' .., "'.J .. 

Uf'fl Dr Walter Kalceff 'll.:JL1JUt}1"111tlVlumH1'Dfl'1U1EIAJ.J'Vf1 f'l1~'lA£'1 Uffi(;l(;\111'flnlJ r;j'll'lElf'l1A11111~11tl 

£'11. ru3mcy~i.1 ti1'1Yl'fl'1 1fl~'fltimru~1:htJ1'!11m1 J.JmilV1t11flt1f1'11n:Jumtl!J.J{t'Vl1l"i'nYI 034-261041 )Lil 
Ufl:i1YiL9'1iiiiM::~"l::Clfl'Ui'l'flfln~1nm1Lihi'lJ.JLULl'l1~mn4't1d'!;l111fl?l'11L'lt'l1 (;112J~i1'rlL~1~t'l..:ln11 t"'EJ;'.j 

lfl'fl.:Jf LL"l-1 Lu ~~fl'"' ,~;:i au Ufl::n17CI tl'Ui'llJ'fl n L~nl'l'l12Ji'lJ.J;j'fl\1~:liii1L:Jfl L"'1£ii'fl n11L'1t1ulufl'l.l1fl i;J'jJ?)..:I 

i1YiL~1 

;J1m~1'1lf1uufiu-l1 u1t1AJ.J'r17 rui'\1'~~1~l-il'l'l1J.Jnr-'°'1..:iu4'..:i Tu\t1111f1uf\1n1J.J'll'fl..:li1Yn9'1l'!n,\1ci1J.Jflrl1..:i~ 
" - ... " " 1111:11. .. , ,, • " ..J., J! ... ., ~ .. - ' ·~ " l ' .. .., t'l'lULLfl:'ll"'L"l'WUfl'l LLfl:'D1YH"l1EJUl'I '"U1 'llfllJfl'Vl Lvt"l10'11U'l~t1Uflfl n11J'l'IJ.JYtL~tlLL'l'lf L'1ltllilfl'1 2.Jf::li l:HVl'l .. 
i1'rlL~1tiJ'11tu01rull'lnmJ.J 

fl..:l:a?l ...•.....•.• , •...•....•.•.......•..•.•.•• , .................. tj1.~f'l'l12JtlUtlfllJ 1''W~ ..•••. ./iJc!U1tJU/ 2548 
.J .,.J .. 

fl~'ll'fl ............. , .............................................. 'rlEJ1U 'lUYI ...•.. ./J.JCj'WltJU/254 8 

Figure F.2: Thai-language consent form completed by all students participating in the research. 
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'IU/1tlL\.l"l 

m1~n'l!t1tl1;;fum1111n,,~'flutt.11u f'lru:::nni..im1,,nmunruti.m11vh~4't.1~L~t.1'lif'fl-lnt11!f'lf'la u.t.f.:i;t.11ila 

(Sydney Human Research Ethics Committee) 'lltM i..im':lvitn~mVlf'ILULt1a, 'Dlililtl mnvhuiiift\ji.n1"11~ 

vhul~l~fum1~1'li..iij'flLLrll'IJ \.lT'flLLrlt'lll~l~ 1•nn~;11~4'a ttl1"1~lill1i'fl f'lru:::mrnn11'"lntnunru (Ethics 

Committee) tt.11mhum~ L~1\.ltJ1~ '"lnt.11m1rut"1Jn1n11~4't.1(Research Ethics Officer) Ms Susana 

Oavis(LVl1~-ni 02-9514-1279} "11'fl Susana.Davis@luts.edu.au fi11'fl'3L1t1u'll'fl'3Vhu"'l:::l~fum1Yl"t11ru1 
~ ' .. .J ' .. ~ .. ~ - ' "--~ "' ... ~tJ ~1u 'fl u1~Ll'I i..i vi u.a ::VJ nfl u 1~r.i :::t;i n Lm.J L'l LuUf'l'l12.Jau LL a::vi1"1J'"I:: ~111 ru LL'"l-l ~mm rn"t11ru1"t1 n 

Piru::nn~m1'"lntnu11ru 

Figure F.3: Thai-language consent form (continued). 
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Appendix G 

Item difficulty and discrimination 

Table G.1: Item Difficulty and Discrimination for test items in "Computer Components and Fune-

tions". 

Item Difficulty Discrimination 

I 0.60 0.38 

2 0.24 0.25 

3 0.44 0.25 

4 0.68 0.25 

5 0.54 0.21 

6 0.68 0.35 

7 0.31 0.67 

8 0.23 0.56 

9 0.38 0.55 

10 0.31 0.22 

11 0.32 0.28 

12 0.29 0.28 

13 0.57 0.28 

14 0.59 0.27 

15 0.35 0.67 

16 0.79 0.43 

17 0.44 0.75 

Continued on next page 
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Table G.1 - continued from previous page 

Item Difficulty Discrimination 

18 0.76 0.36 

19 0.42 0.27 

20 0.50 0.45 

21 0.32 0.55 

22 0.32 0.25 

23 0.35 0.36 

24 0.73 0.56 

25 0.40 0.50 

26 0.27 0.44 

27 0.25 0.35 

28 0.62 0.55 

29 0.56 0.45 

30 0.68 0.35 

Table G.2: Item Difficulty and Discrimination for test items in ••Tue Internet". 

Item Difficulty Discrimination 

1 0.65 0.38 

2 0.78 0.63 

3 0.39 0.75 

4 0.22 0.50 

5 0.74 0.75 

6 0.48 0.50 

7 0.48 0.88 

8 0.70 0.38 

9 0.70 0.25 

10 0.43 0.25 

11 0.35 0.25 

Continued on next page 
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Table G.2 - continued from previous page 

Item Difficulty Discrimination 

12 0.57 0.38 

13 0.70 0.25 

14 0.48 0.50 

15 0.74 0.25 

16 0.57 0.63 

17 0.39 0.38 

18 0.52 0.25 

19 0.52 0.38 

20 0.39 0.25 

21 0.30 0.50 

22 0.22 0.25 

23 0.57 0.63 

24 0.70 0.25 

25 0.70 0.50 

26 0.74 0.25 

27 0.52 0.38 

28 0.39 0.25 

29 0.39 0.25 

30 0.43 0.38 

Table G.3: Item Difficulty and Discrimination for test items in "Data Communication". 

Item Difficulty Discrimination 

l 0.43 0.57 

2 0.38 0.43 

3 0.52 0.57 

4 0.76 0.29 

5 0.67 0.57 

Continued on next page 
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Table G.3 - continued from previous page 

Item Difficulty Discrimination 

6 0.24 0.43 

7 0.57 0,71 

8 0.48 0.57 

9 0.43 0.71 

10 0.67 0.29 

11 0.52 0.57 

12 0.62 0.29 

13 0.48 0.71 

14 0.38 0.43 

15 0.38 0.57 

16 0.67 0.71 

17 0.48 0.57 

18 0.24 0.29 

19 0.33 0.43 

20 0.57 0.43 

21 0.71 0.29 

22 0.62 0.71 

23 0.52 0.57 

24 0.29 0.43 

25 0.57 0.71 

26 0.43 0.57 

27 0.76 0.43 

28 0.71 0.43 

29 0.43 0.71 

30 0.62 0.43 
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AppendixH 

Students' GPA Scores 

Table H.1: GPA scores of control group. 
No. GPA No. GPA No. GPA No. GPA 

1 2.48 21 2.12 41 2.69 61 2.86 
2 2.68 22 2.91 42 2.25 62 2.56 
3 3.32 23 2.53 43 2.41 63 2.88 
4 2.40 24 2.24 44 2.52 64 2.76 
5 2.42 25 2.88 45 2.74 65 3.16 
6 3.05 26 2.21 46 2.36 66 2.64 
7 2.65 27 3.53 47 2.36 67 2.18 
8 3.11 28 2.23 48 2.96 68 2.86 
9 2.96 29 2.39 49 3.05 69 2.79 
10 2.48 30 2.19 50 2.69 70 2.67 
11 2.59 31 2.38 51 2.19 71 2.23 
12 2.39 32 2.23 52 2.72 72 3.21 
13 2.94 33 2.84 53 2.80 73 2.28 
14 3.20 34 3.15 54 2.32 74 2.58 
15 2.92 35 2.69 55 2.44 75 2.62 
16 2.95 36 3.34 56 2.59 76 3.21 
17 2.23 37 3.00 57 2.24 77 2.33 
18 2.35 38 2.86 58 2.52 78 2.46 
19 2.68 39 2.28 59 2.51 79 2.64 
20 2.41 40 2.58 60 3.06 80 2.20 
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Table 11.2: GPA scores of experiment group. 
No. GPA No. GPA No. GPA No. GPA 

1 3.44 21 2.46 41 2.15 61 2.91 
2 3.35 22 2.34 42 2.79 62 2.81 
3 3.04 23 3.03 43 2.52 63 3.00 
4 1.60 24 2.69 44 2.15 64 2.78 
5 2.65 25 1.91 45 2.02 65 2.25 
6 2.48 26 1.94 46 3.21 66 2.19 
7 1.87 27 2.77 47 2.34 67 2.24 
8 2.18 28 3.47 48 3.37 68 2.82 
9 3.38 29 3.47 49 2.32 69 2.08 
10 1.89 30 3.48 50 2.48 70 2.72 
11 2.88 31 2.63 51 3.39 71 3.46 
12 2.53 32 3.31 52 3.20 72 2.70 
13 0.39 33 3.26 53 2.38 73 2.49 
14 2.78 34 2.56 54 2.68 74 3.25 
15 1.93 35 2.38 55 2.55 75 2.73 
16 1.56 36 2.50 56 2.85 76 2.57 
17 2.25 37 1.99 57 3.47 77 3.31 
18 3.13 38 2.69 58 2.61 78 2.69 
19 1.86 39 2.79 59 3.37 79 2.44 
20 2.43 40 2.70 60 3.11 80 3.25 
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Appendix I 

Pre-test and post-test scores 

Table 1.1: Control Group pre-test scores. 

No. Experiment 1 Experiment 2 Experiment 3 

1 10 9 11 

2 11 5 13 

3 14 9 11 

4 8 8 13 

5 8 5 IO 

6 13 3 13 

7 8 6 5 

8 12 7 14 

9 12 9 11 

10 IO 6 7 

11 6 9 9 

12 9 10 13 

13 11 7 IO 

14 6 9 8 

15 14 7 14 

16 6 6 12 

17 9 6 10 

18 6 6 IO 

Continued on next page 
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Table 1.1 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 

19 9 7 12 
20 6 7 9 
21 11 8 13 

22 10 6 12 
23 8 4 12 
24 8 7 16 
25 9 9 11 

26 4 7 11 

27 13 7 7 
28 11 10 14 

29 8 12 11 

30 7 6 9 

31 9 4 10 

32 9 9 10 

33 8 8 11 

34 9 9 6 

35 9 6 9 

36 6 10 8 

37 11 9 11 

38 6 6 8 

39 6 7 10 

40 11 2 7 

41 IO 6 7 

42 7 10 9 

43 7 9 12 

44 9 7 10 

45 10 8 8 

46 12 8 13 

47 12 6 8 

Continued on next page 
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Table I.I - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 

48 10 6 IO 

49 8 3 5 

50 7 7 11 

51 7 5 9 

52 8 6 9 
53 7 9 11 

54 8 7 IO 

55 II 6 II 

56 12 11 9 

57 11 11 10 

58 9 6 10 

59 8 8 12 

60 14 10 11 

61 12 2 9 

62 5 8 15 

63 8 9 12 

64 9 5 13 

65 6 10 8 

66 8 10 12 

67 9 8 11 

68 11 9 12 

69 12 5 11 

70 13 6 7 

71 8 7 13 

72 10 6 13 

73 12 8 7 

74 7 9 IO 

75 7 6 9 

76 9 6 12 

Continued on next page 
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Table 1.1 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
77 10 9 12 
78 7 7 II 

79 9 13 11 
80 4 13 14 

Table 1.2: Experiment Group pre-test scores. 

No. Experiment 1 Experiment 2 Experiment 3 

1 6 IO 9 

2 II 5 12 

3 5 5 13 

4 15 9 IO 

5 8 6 10 

6 11 5 12 

7 6 6 9 

8 6 9 IO 

9 8 7 13 

10 12 9 15 

11 IO 9 6 

12 12 8 14 

13 10 IO 8 

14 7 7 5 

15 11 7 IO 

16 IO 7 14 

17 6 IO 9 

18 I5 11 8 

19 4 6 11 

20 9 12 I2 

Continued on next page 
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Table 1.2 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
21 8 9 12 
22 3 11 13 
23 7 IO 11 

24 8 7 11 

25 3 12 13 

26 8 4 10 
27 5 6 9 
28 5 5 6 
29 8 8 14 
30 9 7 II 

31 6 8 12 
32 14 11 7 

33 9 11 9 
34 10 14 13 

35 6 9 13 

36 8 IO 7 

37 7 7 10 

38 13 7 12 

39 7 14 14 

40 9 9 II 

41 8 8 10 

42 8 9 14 

43 6 10 10 

44 8 9 17 

45 12 9 9 

46 6 6 8 

47 5 12 12 

48 14 7 13 

49 8 9 9 
Continued on next page 
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Table 1.2 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
50 12 8 17 
51 10 9 II 
52 9 10 11 
53 8 7 8 
54 7 9 13 
55 6 5 13 

56 7 6 11 

57 11 7 10 
58 11 5 6 
59 9 7 12 

60 9 7 9 
61 8 10 12 

62 8 7 7 

63 7 14 14 

64 8 8 9 

65 IO 7 16 

66 9 10 11 

67 5 9 13 

68 7 4 9 

69 6 13 11 

70 7 6 5 

71 9 7 7 

72 14 11 8 

73 4 4 11 

74 9 5 13 

75 11 10 9 

76 6 9 8 

77 8 7 15 ) 

78 11 8 14 

Continued on next page 
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Table 1.2 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
79 10 8 7 
80 8 8 13 

Table 1.3: Control Group post-test scores. 

No. Experiment 1 Experiment 2 Experiment 3 

1 14 8 12 
2 13 6 11 

3 12 13 15 
4 12 9 12 

5 IO 12 9 

6 11 10 13 

7 9 7 10 

8 11 12 13 

9 9 10 IO 

10 14 12 10 

11 9 15 7 

12 IO 14 9 

13 9 8 15 

14 15 11 12 

15 14 13 17 

16 11 8 14 

17 9 5 13 

18 8 11 12 

19 9 12 10 

20 11 12 IO 

21 14 14 13 

22 IO 8 14 

Continued on next page 
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Table 1.3 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 

23 14 15 12 
24 12 11 13 
25 12 13 11 

26 12 10 14 
27 14 14 9 
28 12 13 12 
29 9 12 12 
30 IO 11 11 

31 16 IO 15 
32 6 6 11 

33 12 8 16 
34 12 15 9 

35 7 11 13 

36 IO 13 8 

37 9 10 11 

38 12 12 13 

39 6 9 13 

40 IO 11 13 

41 11 11 13 

42 13 12 11 

43 11 6 13 

44 7 9 9 

45 11 IO 10 

46 9 14 10 

47 10 5 14 

48 15 IO 12 

49 14 11 13 

50 9 14 11 

51 8 9 12 

Continued on next page 
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Table 1.3 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
52 5 15 16 
53 8 6 13 
54 14 15 12 
55 18 16 13 
56 IO 7 12 
57 10 17 12 
58 13 15 9 
59 IO 10 12 
60 11 7 10 
61 IO 15 12 
62 9 16 14 
63 9 8 14 

64 7 11 13 

65 7 16 9 

66 13 11 10 

67 8 5 8 

68 6 9 6 

69 10 13 14 

70 11 10 12 

71 5 17 15 

72 13 13 6 

73 7 9 8 

74 15 13 12 

75 13 10 11 

76 11 12 18 

77 15 11 10 

78 7 7 12 

79 11 9 11 

80 8 11 15 
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Table 1.4: Experiment Group post-test scores. 

No. Experiment 1 Experiment 2 Experiment 3 

1 12 21 18 
2 14 17 14 
3 11 18 15 
4 17 10 13 

5 11 13 8 
6 7 10 12 
7 14 9 10 
8 16 17 11 

9 16 12 23 

10 11 12 14 

11 8 3 7 

12 10 8 12 

13 18 19 14 

14 11 7 16 

15 12 14 12 

16 18 12 11 

17 9 13 16 

18 14 29 23 

19 11 11 14 

20 16 16 10 

21 19 14 13 

22 12 14 14 

23 6 11 13 

24 13 12 15 

25 8 14 15 

26 9 10 11 

27 14 13 19 

Continued on next page 
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Table 1.4 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
28 9 10 15 
29 7 IO 14 
30 8 21 14 
31 9 12 12 
32 18 18 16 
33 9 10 9 
34 16 20 19 
35 9 12 15 
36 14 16 16 
37 12 14 13 

38 10 19 17 

39 17 18 15 

40 10 4 13 

41 12 13 13 

42 12 21 13 

43 10 8 14 

44 11 9 12 

45 14 17 12 

46 15 19 14 

47 13 18 13 

48 18 20 21 

49 13 17 12 

50 14 13 11 

51 17 20 16 

52 14 15 16 

53 12 14 12 

54 14 12 14 

55 11 19 8 

56 11 10 14 

Continued on next page 
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Table 1.4 - continued from previous page 

No. Experiment 1 Experiment 2 Experiment 3 
57 15 10 10 

58 20 24 16 
59 11 12 13 
60 14 15 13 

61 14 14 15 
62 12 13 11 

63 15 22 22 
64 12 21 12 
65 12 13 18 
66 12 14 10 

67 14 12 8 

68 20 19 17 

69 11 14 14 

70 17 16 14 

71 17 15 19 

72 11 12 11 

73 11 15 13 

74 13 10 13 

75 10 12 12 

76 13 10 10 

77 16 15 13 

78 12 15 16 

79 13 15 13 

80 15 16 18 
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Appendix J 

Attitude surveys 
;e IJNIVERSl1Y OF 
-·~ TECHrtOlOGY SYDNEY 

Doctor of Technology Research Project 

Development and Evaluation of a CAI course in "lnfonnation Technology for Life" 

at Nakhon-Pathom Rajabhat University, Thailand. 

The purpose of this swvey is to investigate student attitudes toward CAI lessons. Your assistance is requested 10 evaluate 

various aspects of the given CAI lesson. which is composed of 3 topics from the course lnfonnation Tcclmology for Life, 

course code 4000107, as shovm below: 

• Computer and components.. 

• The Internet. 

• Data communica1ion. 

After you have finished the lesson. please indicate your opinion about the various aspects of lhe CAI ICSSOll by marking 

lhe relevant box with I tick(,/') OD the questionnaire fonn. 

Your responses will have absolutely no effect on your grade in Ibis cowse. All responses will be kept in strictest 

confidence. I greally appreciate your time and efforl in completing this swvey. 

Participant's gc:ncral jnformatioo (please tick ./ the relevant boll} 

Gender 0 male 0 female 

Do you have your own compulcr at home or al the dormitory? 0 yes Ono 

Item List Strongly Disagree Undecided Agree Strongly 

disagree agree 

0 Nakhon-Pathom Rajabhat University is the ./ 

best university in Nakhon-Pathom province. 

Please answer ques!ions below 130 items) 

Item List Strongly Disagree Undecided. Agree Strongly 

disagree agree 

Global Items 

I Ch·crall 1 would ra!c the quality of the CAI 

conlents as cxccllcnl. 

2 Overall. I would ra!c the quality of the CAI 

lesson as excellent. 

Figure J.l: Experimental group questionnaire fonn. 
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Item List Strongly Disagree Undecided Agree Strongly 

disagree agree 
CAI Characteristics 

3 CAI lesson was ori,>anized well. 

4 CAI lesson made difficult topics easily 

understandable. 

s CAI lesson held my attention. 

6 CAI lesson uses teaching methods well suited to 

the topics. 

7 CAI lesson made the subject interesting. 

8 CAI lesson provided me with a lot of 

knowledge on the course topics. 

9 I would like to take another course taught using 

CAI. 

~ 

10 Objectives of this CAI topic were clearly stated. 

11 I knew what is expected of me in this topic. 

12 The CAI topic objectives were achieved in the 

lesson. 

Difficulty 

13 The level of difficulty of this topic was 

appropriate for me. 

14 This topic is one of the most difficult I've taken. 

15 I can learn more from reading books than using 

CAJ. 

Student Devel®ment 

16 I had to put in more effort when learning with 

CAJ. 

17 CAI lesson required more time and effort than 

others at this level. 

18 I felt frustrated while taking CAI lessons. 

19 I always prepare before coming to class. 

20 Studying with CAI made me keen to team 

more. 

21 I feel that I performed up to my potential with 

CAI lesson. 

Figure J.2: Experimental group questionnaire fonn (cont.) 
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Item Lisi Strongly Disat,'Tec Undecided Agree Strongly 

disagree agree 

22 The: CAI lesson improved my understanding of 

concepts in this field. 

23 I developed the: ability lo solve ac1ual problems 

in this field with this CAI lesson. 

24 I developed skills in critical thinking with this 

CAI lesson. 

25 The CAI lesson increased my interest in the 

subject matter. 

26 I enjoyed learning about this subject matter. 

27 I felt free when taking the CAI lesson. 

28 This CAI lesson made me more aware of my 

interests and talents. 

29 I bad adequate time to complete the exercises in 

this CAI lesson. 

30 CAI lesson motivated me to do my best 

Suggestions 

...................................................................................................................................................................... 

............................................................................................................................................................................... 

................................................................................................................................................................................ 

.......................................................................................................................................................................... 

.............................................................................................................................................................................. 

......................................................................................................................................................................... 

................................................................................................................................................................................. 

.................................................................................................................................................................................... 
............................................ ......................................................................................................................... 

........................................................................................................................................................................ 

....................................................................................................................................................... 
.................................................................................................... .................................................................... 

................................................................................................................................................................. 
.......................................................................... _ .. .......................................................................................... 

Figure J.3: Experimental group questionnaire form (cont.) 
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Thank you 

Rcsearcber 



Doc!or of Technolot,'Y Research Project 

Development and Evaluation of a CAI course in "Information Technology for Life" 

at Nakhon-Pathom Rajabhat University. Thailand. 

The purpose of this SUTVey is to investigate student altitudes toward instructors' style and methods in tradilional learning. 

Your assistance is requested to evaluate various aspects of the given lesson. which is composed of3 topics from the 

course Information Technology for Life, course code 4000 !07, as shown below: 

• Computers' components and functions. 

• The Internet. 

• Data communication. 

After you have finished the lesson. please indicate your opinion about the eittent of your agreement or disagreement by 

placing a tick{./) in the appropriate column. 

Your responses will have absolutely no effect on your grade in this course. All responses will be kept in strictest 

confidence. I greatly appreciate y<>ur time and effort in completing this survey. 

Participant's i:eneral information { please lick ./ the rele\·ant boit) 

Gender 0 male 0 female 

Do you have your <>WO computer at home <>r at the dormitory? D yes On<> 

Item List Strongly Disagree Undecided Agree Strongly 

disagree disagree 

0 Nakhon Pathom Rajabhat ./ 

University is the best university in 

Nakhon Pathom province. 

Please answer quesrjons below (30 items) 

Item List Strongly Disagree Undecided Agree Strongly 

disagree disagree 

Global Items 

I Overall, I would rate the quality of 

this lesson as e:tcellent. 

2 Overall, I would rate this instructor 

as excellent. 

Figure J.4: Control group questionnaire form 
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Item List Strongly Disagree Undecided Agree Strongly 

disagree disagree 

lnstrul;1Q[ C!rnra!;l!:ci:lli~s 

3 My instructor organized this lesson 

well. 

4 My instructor makes difficult topics 

easily understandable. 

s My instructor held my attention. 

6 My instructor uses teaching methods 

well suited to the lesson. 

7 My instructor made the subject 

interesting. 

8 My instructor is knowledgeable on 

course topics. 

9 I would like to take another course 

from this instructor-. 

Obj!:Clives 

10 Objectives of this topic were clearly 

stated. 

11 I knew what is expected of me in this 

topic. 

12 Announced topic objectives agree 

with what is taught. 

Ojfficultv 

13 The level of difficulty of this topic 

was appropriate for me. 

14 This topic is one of the most diflicult 

I've taken. 

15 I can learn more from books than 

from this instructor. 

:£tugenl 12!:~1Ql!ffi!:DI. 

16 I had to put in more effort when 

learning with this instructor. -
17 The lesson required more time and 

effort than others at this level. 

Figure J.S: Control group questionnaire form (cont.) 
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Item List Strongly Disagree Undecided Agree Strongly 

disagree disagree 
18 Leaming with this instructor is very 

frustrating. 

19 I always prepare before coming to 

class. 

20 Studying with this instructor made me 

keen to learn more. 

21 I feel that I performed up to my 

potential with this lesson. 

22 I learned a lot from this lesson. 

23 I developed the ability to solve actual 

problems in this field. 

24 I developed skills in critical thinking 

with this lesson. 

25 This lesson increased my interest in 

the subject matter. 

26 I enjoyed learning about this subject 

matter. 

27 I felt free , with out anyone forcing 

me to study. 

28 This lesson made me more aware of 

my interests and talents. 

29 I had adequate time to complete the 

exercises in this lesson. 

30 An instructor motivated me to do my 

best. 

Suggestions 

···--·············-···---···-·-·--··-···· .. ---· ..... -•oo ... •O•H•U••·-·-····· .. -····-----·-··--·-·-··-··_,.••<H• ... ---·-····-·H•-·•·-·---··..-·--··---·-···-

•••H•O••••un••••----•••H••••--•-•O-.... • .. --••••--••••--•-•••H'"O••oou•••n•••"-•OOO•-•••••H"'"""'--•••••••n••••••••"•H•••-•••u••n•••••••-••H•••._. .. u-•-•••-•-• 

Thank you 

Figure J.6: Control group questionnaire form (cont.) 
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llUU1Hlt/0Jll 

1flHOl1ltU 111un'.i111Ji'~llQUllloiifll1lilllYlfl hi lnii 
.: ~ ~ _, - , ,, .. - , . - 1 1 .. .ii ... l•V'l: nl•'l'l~Ult1ll::u1::i>JlJHil fl11 'll1Jl111UlJflOU'1'11lflll1'll'lUl1f)lJ ''IYl lflfl U ilU1'f1111UlllfllYt0Y'lflw 

111 u111111uuiunYtigumili11 il1::mn111u 

111111rrn11mud' ljliu iiti'l111il1::1un~ 1::1111111tflfl~i101lioflflll1riiiiio 11n1';uunoun11Anfi'lurrou (CAO llJ 
11uh1mfl1u 1nvrrn1'flJ111f!1~vi1fl 1linh14000107 ~iiniinw11Aiimn mui\'11fo1 

• 
• - , .. 0Ulflfl11Ufl 

• n11~fl1'fll.w'OJ;!ll 

111111t'fn11m1J01iiiiHnlR1 iioiioiin111 i;iiu "OlJil,f'l'l!Ufl •::9m~11H1l1ufl'll1ltiu .. 0M'linifm,ni1u flflu.(e 
ti101u fllllfl'll11{no'llo'l'liniin11nl'l 1 

i'ouinh1t115inouG!!ou11uuirn1101u 11i11Rlrim~fH'l!111u ./ n1hdo;i~1..,gu,11 
l'l'lff Q Y1U Q 'lltY'l 

0 jj D1iiii 
.. ...:... . 4 ... J' 

lll!lfl!ltl JJ ri 0111111 uutJOUl11lflll'J in turny 

1il1flln1t1~01111110 ./ Mlu1itH~'1Hn11fl11ufifl1);u..,~ef11111fnoiio'l'linifn111(~on::11io'l nhifu> 
BJ fl UH 

,, ..; .. .. '11011 11UflU 1lin'fui'lo 1lin'fu 1iiuult lltUfl'lU 

0 

"..; '11011 

2 

OUl'l~'l i')IJ 
111111mntiu11yfigufl1ui11 1nu ./ 

rrmuuflflllflmnriAril'(fl lui'nti'flumtliu 

D.llll1ll. 
,: 1 .. .: 

1f1Ufllll'S'lll f!Wlll'n'Vfl'l l\l 0111 U1Jl11WlJU 

ti!il u mw'ti' AUlfl .. - , 
1flUfllll'S'lll fjillfl1ll'VOUll11HJUflflllll'llflfl1 

i'lurrou(CAI) d' eijlumw'fi' i\11m 

Figure J.7: Experimental group questionnaire form (Thai) 
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num1 

nruffoll!l!:iio-n1111luumllln1mol''li1unou 
OCAllii 

3 un11uufltllJn1mof i1unou fJO i'Annrnl'lu 
OOH~ 

4 \J'111lUUflOlJn119lllfY1Ul'fOU 'li11irh1~0~1no1i1' 

1i'Ju1~M~ltl 

s un1'luuflolJn11flofi11mou i11101:~ui11' 

-G'1n1fun.1 h ium'i11uu 
6 1i nou iuuTI1'luutiolln11flot 1'1unou jjmllJ 

111ll1:nu 

s un1'luufloun11flol'-i1vnou 1~m!luu11h\'1v 
fllllll 

9 -G'rn1(1ov1m'luu A'·wun1'luuflOlln11tiol'-i1v 
nouoo 
i91q1h::1ur! 

10 U'l11°l11uf1olJYi11flol'i11111ou Mii1u 
iflq1h::rwfB'oiiwi111tu 

12 'lJ'l1lllltJflfllJYi11flfll'Y11111ou Ruiiu 1tl9111J 
iflqtl'i::n.ul'~U11M~ 

flJllJll10~1tJ 
I CS - ,/t 13 ti1111u10-nu -.c~'lJ'l1llV\JflOlJn11fltl'iYl1Jl'lfl\J 

14 

15 

rl' jjfl111JllUJl::l'IU nu.u'n11f1 
uTI1'l11utiolJn11flfli'Y111nouil 11'1uun11tn.1;i 
111o~l'{fl 1li1~f1n1MA'u11111uulJ1 

{1n1f11nuflllllf noo11011.111li ~aolJlflffll 
tl1111Ti 11 uufl'1IJ'IJ'l1tl uutiollli ltflflf Yl unou 

omf111UJfl'YIM 
... .. .. ... ,,, J 16 mm uu lf1uinm1w1u111111111fl01Ylt1nouu 

lh llf i' 1111 r ilio~ Hr11rn11111u111iunm11JU1ilu 

oii1unn 

1lin'h.1A'1u 
orh~ii1 

Figure J.8: Experimental group questionnaire form (Thai) cont. 
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noon 

17 1JYlllU\.lfltJlJn'llflOlii1Ui'IO\J n11lf{1'1'11{u\'o~ 

H11n11'7uulJ1ooi111n1°7t1ll~l1·1 lll1::~11 

1~t11nu 

- ... fl0lJ'l'l'll9l0lY1tli'IO\J 

19 ,,.,,1{11fllt1lJ~'l riDu1-U'11?ull liluHtl011'"11floi' 

,;'ltlfUltl 

20 ,,.,,,r1fiin m::~o;o!llou1m°1tllllJ1o::u 1rlo 

i'i vui\'1 U1Jl1Ll tJ\.lfltJlJlt'llfltJl,;'lUl'ftJll 

.. • "r 1Jl1ll UUfl0lJl'l1lfltJl Y1U n'tJU 

- ... fltJlJl'l 11fltJlY'lUl'!O\.I 

23 4 ... ,,, ' .. .. 
1Jl111tJ\.lf1tJJJl'l1lfltJl Y'lUl'fO\.I Y1U'l'IVllU1 llflll:: 

f111ul'!1u1rn 1unm1otlqi111'111n{1n1(1 

24 .,. - "' r ..,. .,. Ul11lU\.lf1tJlJl'l119ltJl Y'lUl'ftJ\.I Y'lU'l'l·flllllllflll:: 

YIH~1\J fl1lflfltJUHiilit-ft1tin:li' .. o-1.u'l'1'11(1 
25 ... - tf't I .: .. 

1Jl11lU\Jf1tJJJ'lt1LfltJlY'lUl'!tJ\J Y'lUl'l'IJJl:fltJ 

fl'lUJfl'\11t 1u1lf fll1l'll0~{1y11f1 ll1' ?! ~iu 
26 

... - ,,. tJYll l U\.lfltJlJl'l1lfl 01 Y1Ui'IO\J 

27 - ... fltJlJl'l 'llfltJlY1Ui'IOU 

28 tJY!llUtlfltJlJW'llfltJl,;1UrftJU ,j1uhl"W'1'1'11r1 

fll ::11linii~ tnllJl'ful t11n::fl11lll'f1unow1f'lll 

'110~~1-G'n11r110~ 

29 mn~lf\un11n11111u"Hmit1 lll11m'lllll 
... .,, ... 

fltJlJ'l'l'llft0lY1Ul'ftl\.I lJfl'lllJLlllll::l'flJ 

30 um'l11uftouii1moi'nunou ,;1um::~hr 
',.,,,,, 1A1lfl\J oorn~".11nlft11un1uun.,o-1 ,,,..,, 

1lirih1A1u 

orh~ti 
i>imil t IMllA1U 1iiui\'111 

oih~t~ 

Figure J.9: Experimental group questionnaire form ffh;u1 conL 
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J.1 Summary of attitude survey results 

J.1.1 Experiment 1 (Experiment Group) 

.lv = 104 

Gender: Male= 5, Female= 88, NA= 11 

Students owned computers: yes= 28, no= 64, NA= 12 

Table J.1: Attitude survey results from Experiment Group for Experiment 1. 

Questions SD D u A SA 
Global Items 

1. Overall, I would rate the quality of the CAI con- 0 0 6 84 13 

tents as excellent. 

2. Overall, I would rate the quality of the CAI les- 0 0 13 81 9 

son as excellent. 

3. CAI lesson was organized well. 0 I 9 81 12 

4. CAI lesson made difficult topics easily under- 0 1 18 69 16 

standable. 

5. The CAI lesson held my attention. 0 4 13 68 18 

6. The CAI lesson used teaching methods which 0 1 8 83 12 

are well suited to the topics. 

7. The CAI lesson made the subject interesting. 0 0 6 64 33 

8. CAI lesson provided me with a lot of knowledge 0 l 17 75 11 

on the course topics. 

9. I would like to take another course taught using 0 3 15 61 25 

CAI. 

Objectives 

10. Objectives of this CAI topic were clearly 0 I 9 75 18 

stated. 

11. I knew what is expected of me in this topic. 0 0 19 77 8 

NA 

I 

1 

1 

0 

l 

0 

1 

0 

0 

1 

0 

Continued on next page 
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Table J.l - continued from previous page 

Questions SD D u A SA NA 
12. The CAI topic objectives were achieved in the 0 0 13 85 6 0 
lesson. 

Difficulty 

13. The level of difficulty of this topic was appro- 0 0 12 82 9 1 
priate for me. 

14. This topic is one of the most difficult I've 8 31 36 28 1 0 
taken. 

15. I can learn more from reading books than using 3 27 36 37 1 0 

CAI. 

Student Development 

16. I had to put in more effort when learning with 2 13 19 65 5 0 

CAI. 

17. CAI lesson required more time and effort than 1 35 25 40 2 I 

others at this level. 

18. I felt frustrated while taking CAI lessons. 16 48 16 19 4 I 

19. I always prepared before coming to class. 0 12 42 48 1 I 

20. Studying with CAI made me keen to learn 0 3 16 75 9 1 

more. 

21. I feel that I performed up to my potential with 0 2 17 75 9 l 

the CAI lesson. 

22.The CAI lesson improved my understanding of 0 3 6 77 17 1 

concepts in this field. 

23. I developed the ability to solve actual problems 0 4 18 67 14 I 

in this field with this CAI lesson. 

24. I developed skills in critical thinking with this 0 2 22 64 15 I 

CAI lesson. 

25. The CAI lesson increased my interest in the 0 I 14 71 17 1 

subject matter. 

26. I enjoyed learning about this subject matter. 0 1 13 65 24 1 

Continued on next page 
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Table J.1 - continued from pre,ious p3ge 

Questions SD D u. A SA! NA' 

27. I felt free when taking the CAI lesson. 
;I 

0 3 13 60 26 2 

28. This CAI lesson made me more aware of my 0 3 22 67 11 I 

interests and talents. 

29. I had adequate time to complete the exercises 0 2 19 70 12 I 

in this CAI lesson. 

30. This CAI lesson motivated me to do my best. 0 1 15 67 20 I 

Suggestions/comments: 

1. I liked it, it was fun. 

2. I want to study more lessons like this. 

3. I want more time to learn, because I like very much to learn with CAI. 

4. There should be more of this kind of learning. 

236 



J.1.2 Experiment 2 (Experiment Group) 

N=90 

Gender: Male= 5, Female= 73, NA= 12 

Students owned computers: yes= 23, no= 52, NA= 15 

Table J.2: Attitutude survey results from Experiment Group for Experiment 2. 

Questions SD D u A SA NA 
Global Items 

1. Overall, I would rate the quality of the CAI con- 0 1 5 75 8 1 

tents as excellent. 

2. Overall, I would rate the quality of the CAI les- 0 2 16 66 5 I 

son as excellent. 

3. CAI lesson was organized well. 0 2 8 75 5 0 

4. CAI lesson made difficult topics easily under- 0 3 27 56 4 0 

standable. 

5. The CAI lesson held my attention. 0 2 20 57 11 0 

6. The CAI lesson used teaching methods which 0 3 20 62 5 0 

are well suited to the topics. 

7. The CAI lesson made the subject interesting. 0 4 10 63 12 1 

8. CAI lesson provided me with a lot of knowledge 0 0 17 58 15 0 

on the course topics. 

9. I would like to take another course taught using 0 2 20 61 6 0 

CAI. 

Objectives 

10. Objectives of this CAI topic were clearly I 0 13 71 5 0 

stated. 

11. I knew what is expected of me in this topic. 0 l 17 63 8 l 

12. The CAI topic objectives were achieved in the 0 1 12 67 9 1 

lesson. 

Difficulty 
Continued on next page 
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Table J.2 - continued from previous page 

Questions SD D u A SA NA 
13. The level of difficulty of this topic was appro- 0 I 18 63 8 0 
priate for me. 

14. This topic is one of the most difficult I've 8 24 21 30 6 1 
taken. 

15. I can learn more from reading books than using 2 18 39 25 6 0 
CAI. 

Student Development 

16. I had to put in more effort when learning with I 13 17 53 6 0 

CAI. 

17. CAI lesson required more time and effort than 0 19 20 49 1 I 

others at this level. 

18. I felt frustrated while taking CAI lessons. 3 37 21 24 5 0 

19. I always prepared before coming to class. 0 8 31 47 4 0 

20. Studying with CAI made me keen to learn 0 2 17 63 7 1 

more. 

21. I feel that I performed up to my potential with 0 1 23 55 11 0 

the CAI lesson. 

22.The CAI lesson improved my understanding of 0 0 10 70 10 0 

concepts in this field. 

23. I developed the ability to solve actual problems 0 I 23 55 11 0 

in this field with this CAI lesson. 

24. I developed skills in critical thinking with this 0 0 18 60 12 0 

CAI lesson. 

25. The CAI lesson increased my interest in the 0 3 13 63 10 I 

subject matter. 

26. I enjoyed learning about this subject matter. 0 l 21 59 9 0 

27. I felt free when taking the CAI lesson. 0 2 11 55 21 I 

28. This CAI lesson made me more aware of my 0 2 13 65 IO 0 

interests and talents. 
Continued on next page 

238 



Table J.2 - continued from previous page 

Questions SD D u A SA NA 

29. I had adequate time to complete the exercises 0 1 9 67 13 0 

in this CAI lesson. 

30. This CAI lesson motivated me to do my best. 0 0 17 60 13 0 

Suggestions/comments: 

1. Teaching with computers is good, but students want handouts. It is convenient and 

makes it easier to understand. 
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J.1.3 Experiment 3 (Experiment Group) 

N= 95 

Gender: Male= 7, Female= 75, NA= 13 

Students owned computers: yes= 23, no= 55, NA= 17 

Table J.3: Attitutude survey results from Experiment Group for Experiment 3. 

Questions SD D u A SA NA 
Global Items 

l. Overall, I would rate the quality of the CAI con- 0 2 6 81 5 1 

tents as excellent. 

2. Overall, I would rate the quality of the CAI les- 0 2 8 79 5 I 

son as excellent. 

3. CAI lesson was organized well. 0 4 4 74 13 0 

4. CAI lesson made difficult topics easily under- 0 3 24 56 12 0 

standable. 

5. The CAI lesson held my attention. 0 5 13 57 19 I 

6. The CAI lesson used teaching methods which 0 2 10 76 7 0 

are well suited to the topics. 

7. The CAI lesson made the subject interesting. 0 I 9 66 18 l 

8. CAI lesson provided me with a lot of knowledge 0 2 8 69 16 0 

on the course topics. 

9. I would like to take another course taught using 0 4 9 65 16 l 

CAI. 

Objectives 

10. Objectives of this CAI topic were clearly 0 I 11 74 9 0 

stated. 

11. I knew what is expected of me in this topic. 0 I 16 61 15 2 

12. The CAI topic objectives were achieved in the 0 3 12 75 5 0 

lesson. 

Difficulty 
Continued on next page 
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Table J.3 - continued from previous page 

Questions SD D u A SA NA 
13. The level of difficulty of this topic was appro- 0 3 14 74 3 1 
priate for me. 

14. This topic is one of the most difficult I've 4 33 26 25 5 2 
taken. 

15. I can learn more from reading books than using 0 24 25 37 9 0 

CAI. 

Student Development 

16. I had to put in more effort when learning with 0 7 20 54 14 0 

CAI. 

17. CAI lesson required more time and effort than 3 24 28 36 3 1 

others at this level. 

18. I felt frustrated while taking CAI lessons. 7 35 19 29 5 0 

19. I always prepared before coming to class. l 3 26 59 5 1 

20. Studying with CAI made me keen to learn 0 3 16 61 15 0 

more. 

21. I feel that I performed up to my potential with 0 1 13 72 9 0 

the CAI lesson. 

22. The CAI lesson improved my understanding of 0 1 12 61 20 1 

concepts in this field. 

23. I developed the ability to solve actual problems 0 2 11 62 19 1 

in this field with this CAI lesson. 

24. I developed skills in critical thinking with this 0 2 13 63 16 1 

CAI lesson. 

25. The CAI lesson increased my interest in the 0 2 12 56 25 0 

subject matter. 

26. I enjoyed learning about this subject matter. 0 I 15 62 17 0 

27. I felt free when taking the CAI lesson. 0 1 5 66 23 0 

28. This CAI lesson made me more aware of my 0 2 18 65 10 0 

interests and talents. 
Continued on next page 

241 



Table J.3 - continued from previous page 

Questions SD D u A SA NA 

29. I had adequate time to complete the exercises 2 4 10 66 11 2 

in this CAI lesson. 

30. This CAI lesson motivated me to do my best. 0 I 13 64 17 0 

Suggestions/comments: 

1. It is a good method of teaching, but there should be handouts for students. 
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J.1.4 Experiment 1 (Control Group) 

N = 151 

Gender: Male= 35, Female= 112, NA= 4 

Students owned computers: yes= 55, no= 90, NA= 6 

Table J.4: Attitutude survey results from Control Group for Experiment I. 

Questions SD D u A SA NA 
Global Items. 

1. Overall, I would rate the quality of this lesson 0 3 12 124 12 0 
as excellent. 

2. Overall, I would rate this instructor as excellent. 0 0 9 111 31 0 
Instructor Characteristics. 

3. My instructor organized this lesson well. 1 4 17 106 21 2 

4. My instructor makes difficult topics easily un- 4 13 50 75 8 1 

derstandable. 

5. My instructor held my attention. 1 10 37 86 16 1 

6. My instructor used teaching methods well suited I 8 29 94 18 1 

to the lesson. 

7. My instructor made the subject interesting. 0 5 36 94 15 1 

8. My instructor is knowledgeable on the course 0 l 16 89 44 0 

topics. 

9. I would like to take another course with this 2 3 35 87 21 3 

instructor. 

Objectives. 

l 0. Objectives of this topic were clearly stated. 1 4 26 104 15 1 

11. I knew what is expected of me in this topic. I 3 28 97 21 1 

12. Announced topic objectives agreed with what 1 4 20 111 12 3 

was taught. 

Difficulty 
Continued on next page 
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Table J.4 - continued from previous page 

Questions SD D u A SA NA 
13. The level of difficulty of this topic was appro- 1 6 47 89 7 1 
priate for me. 

14. This topic is one of the most difficult I've 4 41 60 39 6 1 

taken. 

15. I can learn more from books than from this 15 51 43 41 0 I 

instructor. 

Student Development. 

16. I had to put in more effort when learning with 2 20 38 80 10 I 

this instructor. 

17. The lesson required more time and effort than 4 42 52 49 3 I 

others at this level. 

18. Leaming with this instructor is very frustrat- 23 66 28 27 5 2 

ing. 

19. I always prepare before coming to class. 7 13 60 65 3 3 

20. Studying with this instructor made me keen to 2 2 60 81 5 l 

learn more. 

21. I feel that I performed up to my potential with 2 4 33 100 11 l 

this lesson. 

22. I learned a lot from this lesson. I 4 37 92 10 7 

23. I developed the ability to solve actual problems 1 3 33 98 8 8 

in this field. 

24. I developed skills in critical thinking with this 0 6 20 106 12 7 

lesson. 

25. This lesson increased my interest in the subject 0 3 31 100 8 9 

matter. 

26. I enjoyed learning about this subject matter. 1 9 39 81 13 8 

27. I felt free, without anyone forcing me to study. 0 8 27 86 22 8 

28. This lesson made me more aware of my inter- 0 5 31 97 11 7 

ests and talents. 
Continued on next page 
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Table J.4 - continued from previous page 

Questions SD D u A SA NA 
29. I had adequate time to complete the exercises 0 4 35 92 13 7 

in this lesson. 

30. The instructor motivated me to do my best. I 4 31 95 13 7 

Suggestions/comments: 

1. 15 of the 22 students said that the instructor spoke too quickly, making it difficult 

for students to take notes. 

2. Students commented that they should be given a handout of the course outline. 

3. The instructor's teaching was good. 

4. The lesson was boring. There should be some activities for the students during the 

class. 
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J.1.5 Experiment 2 (Control Group) 

N = 103 

Gender: Male= 28, Female= 67, NA= 8 

Students owned computers: yes= 24, no= 63, NA= 16 

Table J.5: Attitutude survey results from Control Group for Experiment 2. 

Questions SD D u A SA NA 

Global Items. 

I. Overall, I would rate the quality of this lesson 0 I 9 81 10 2 

as excellent. 

2. Overall, I would rate this instructor as excellent. 0 0 8 68 25 2 

Instructor Characteristics. 

3. My instructor organized this lesson well. 0 I 5 70 27 0 

4. My instructor makes difficult topics easily un- 2 7 40 49 5 0 

derstandable. 

5. My instructor held my attention. 0 8 43 43 9 0 

6. My instructor used teaching methods well suited 0 4 12 77 10 0 

to the lesson. 

7. My instructor made the subject interesting. 0 2 20 65 15 I 

8. My instructor is knowledgeable on course top- 0 2 15 41 45 0 

ics. 

9. I would like to take another course with this 0 0 26 56 21 0 

instructor. 

Objectives. 

IO.Objectives of this topic were clearly stated. 0 I 19 68 13 2 

11. I knew what was expected of me in this topic. 0 0 21 71 10 I 

12. Announced topic objectives agreed with what 0 I 17 71 14 0 

was taught. 

Difficulty. 
Continued on next page 
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Table J.5 - continued from previous page 

Questions SD D u A SA NA 
13. lbe level of difficulty of this topic was appro- 1 3 33 59 7 0 
priate for me. 

14. This topic is one of the most difficult I've 7 33 40 20 2 1 
taken. 

15. I can learn more from books than from this 9 44 22 21 4 3 
instructor. 

Student Development. 

16. I had to put in more effort when learning with 2 19 32 45 5 0 
this instructor. 

17. The lesson required more time and effort than 11 32 25 31 3 1 

others at this level. 

18. Leaming with this instructor is very frustrat- 21 43 23 13 2 1 

ing. 

19. I always prepare before coming to class. 2 16 54 26 5 0 

20. Studying with this instructor made me keen to 2 5 33 56 6 1 

learn more. 

21. I feel that I performed up to my potential with 1 0 21 69 12 0 

this lesson. 

22. I learned a lot from this lesson. 1 3 18 64 14 3 

23. I developed the ability to solve actual problems 1 3 20 66 10 3 

in this field. 

24. I developed skills in critical thinking with this l 2 11 75 12 2 

lesson. 

25. This lesson increased my interest in the subject 1 1 22 65 12 2 

matter. 

26. I enjoyed learning about this subject matter. 1 8 31 50 9 4 

27. I felt free, without anyone forcing me to study. I 2 16 59 23 2 

28. This lesson made me more aware of my inter- 1 4 26 62 8 2 

ests and talents. 
Continued on next page 
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Table J.5 - continued from previous page 

Questions SD D u A SA NA 
29. I had adequate time to complete the exercises 0 0 23 64 14 2 

in this lesson. 

30. The instructor motivated me to do my best. 0 4 28 56 13 2 

Suggestions/comments: 

1. 5 of the 8 students said that the instructor spoke too quickly, making it difficult for 

students to take notes. 

2. This instructor should come and teach the whole course to me. 

3. There should be computers available for students to practice their work. 

4. The instructor is knowledgeable. I was not frustrated in his class, and hence was 

eager to learn. 
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J.1.6 Experiment 3 (Control Group) 

N = lOG 

Gender: Male= 23, Female= 66, NA= 17 

Students owned computers: yes = 27, no = 58, NA = 21 

Table J.6: Attitutude survey results from Control Group for Experiment 3. 

Questions SD D u A SA NA 
Global Items. 

I. Overall, I would rate the quality of this lesson 0 2 18 75 10 l 

as excellent. 

2. Overall, I would rate this instructor as excellent. 0 3 12 74 15 2 

Instructor Characteristics. 

3. My instructor organized this lesson well. 0 1 14 79 12 0 

4. My instructor makes difficult topics easily un- 0 3 34 60 9 0 

derstandable. 

5. My instructor held my attention. 1 5 33 63 4 0 

6. My instructor used teaching methods well suited 0 2 23 70 10 1 

to the lesson. 

7. My instructor made the subject interesting. 0 3 26 64 13 0 

8. My instructor is knowledgeable on the course 0 0 17 63 24 2 

topics. 

9. I would like to take another course with this 0 2 29 61 13 1 

instructor. 

Objectives. 

10. Objectives of this topic were clearly stated. 0 0 26 66 12 2 

11. I knew what was expected of me in this topic. 0 1 25 69 10 1 

12. Announced topic objectives agreed with what 0 2 25 67 12 0 

is taught. 

Difficulty. 
Continued on next page 
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Table J.6 - continued from previous page 

Questions SD D u A SA NA 
13. The level of difficulty of this topic was appro- 3 6 42 49 6 0 
priate for me. 

14. This topic is one of the most difficult I've 6 17 40 38 4 I 
taken. 

15. I can learn more from books than from this 7 16 35 41 5 2 
instructor. 

Student Development. 

16. I had to put in more effort when ]earning with 2 14 38 44 8 0 

this instructor. 

17. The lesson required more time and effort than 5 17 38 42 3 1 

others at this level. 

18. Leaming with this instructor is very frustrat- 12 23 29 35 5 2 

mg. 

19. I always prepare before coming to class. 2 8 49 42 4 1 

20. Studying with this instructor made me keen to 2 6 32 62 4 0 

learn more. 

21. I feel that I performed up to my potential with l 2 25 69 9 0 

this lesson. 

22. I learned a lot from this lesson. l 3 22 66 9 5 

23. I developed the ability to solve actual problems l 4 18 69 9 5 

in this field. 

24. I developed skills in critical thinking with this l I 15 73 12 4 

lesson. 

25. This lesson increased my interest in the subject l 2 20 70 9 4 

matter. 
26. I enjoyed learning about this subject matter. 1 2 25 65 9 4 

27. I felt free, without anyone forcing me to study. 1 3 15 63 19 5 

28. This lesson made me more aware of my inter- 1 2 28 63 8 4 

ests and talents. 
Continued on next page 
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Table J.6 - continued from previous page 

Questions SD D u A SA NA 

29. I had adequate time to complete the exercises 0 6 26 61 8 5 

in this lesson. 

30. The instructor motivated me to do my best. I 3 16 70 12 4 

Suggestions/comments: 

1. 4 of the 8 students said that the instructor spoke too quickly, making it difficult for 

students to take notes. 

2. 2 of the 8 students said the lesson was very good. 

3. There was not enough time to complete all the material presented in this lesson. 
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