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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

CAL
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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 modern 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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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



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 611, 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 Overview 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-
lalongkorn 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 Chulalongkorn 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 Chulalongkorn (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 of Information and Communication Technology, 2005).

Higher education in Thailand has progressed remarkably since the establishment of
Chulalongkorn (Weesakul and Team, 2004). University students constitute 28% of the
18-24 age group of the population; the budget for the operation of these institutions aver-
ages USS1 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 of universi-



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 | Instructors |

22 Limited Admission Universities 3100000 20300

2 Open Universities 640000 1170

41 Rajabhat Institutes? 220000 (Formal) 7700

270 000 (Non-formal)
1 Rajamangala Institute 94 000 4 600
of Technology (36 Campuses)®
51 Private Universities and Colleges 220000 9500

“Became Rajabhat Universities on 15 June 2004.
®Became 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 of being
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 form 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.



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 north-
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-



tural 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 lack 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 That 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) criticises education in Thailand,



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 EFA2000 (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:
1. 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

L4

Lopsided growth

Poor remuneration for university teaching staff

Lack of interest in research



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 leaming 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:

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

tudes, bearing in mind individual differences.

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

tions, and the application of knowledge to solving problems.

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.

Achieve, in all subjects, a balanced integration of subject matter, integrity, values,

and desirable attributes.

Enable instructors to create the ambiance, environment, instructional media and
facilities for learners to learn and be all-round persons, able to benefit from re-

search as part of the learning process. In so doing, both learners and teachers may

8



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 Rajabhat 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
2001 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. Legislatiob 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 480 000. 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 km? 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

10



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, 1975, 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, for 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 Teachérs’ College became “Rajabhat In-
stitute Nakhon Pathom”. The Department of Teacher Training became the Office of Ra-

11



jabhat Institute Councils (ORIC).

In 2004, His Majesty the King signed the Rajabhat Unversity Act, which was promul-
gated under royal decree on 14 June 2004 in Government Gazette No 121, section 23A,
and enacted from 15 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 1 graduate school,

as follows:

ot

. Faculty of Education

N

. Faculty of Management Science

w

. 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, 5 197 students in Kaw-Saw-Phaw-Paw (weekend) or part-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
Samuthsakorn Physical Education College, enrolled 138 students in full-time classes and
173 students in Kaw-Saw-Phaw-Paw classes. The University also employed 211 official
government instructors, 16 civil-service officials, 117 employed instructors, 41 permanent

employees and 118 temporary employees (NPRU, 2004a).

1.3.3 Information Technology 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 leaming 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 CAl 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.

13



4. Investigate correlations, if any, between previous knowledge and the instructional

methods.

1.4.1 Why CAI, why not e-learning or Web-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
(2001) 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 leamning 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-learning hardly exists in any
systematic form. Inevitably, then, most examples come from the three developed coun-
tries where the application of e-learning 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

The e-learning catchword claims it is for anyone, anyplace and anytime. However, this
only applies if there exists the required infrastructure of Internet 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 65444371 (July 2005) (Central Intelligence
Agency, 2005). This means that there is, on average, one telephone line per 10 people.
In Nakhon Pathom province the proportion of telephones is 1 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 17% of
secondary schools in Thailand had no telephone line at all. This poor telecommunications
infrastructure has seriously obstructed the use of the Intemet, users having to call up to
10 times for just a few minutes of connection time. Miller (2001a), 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 logon 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 $US 4-5 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
million. Up to 75% of the total expense on education in Thailand is for salaries and
regular wages (The Ministry of Education, 1999). Horton (2001) 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, 2001). 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-learning. Most developing countries do not have the resources, the technology in-
frastructure or the skilled workforce necessary to make e-learning 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 modern 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 leamners 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 (ICT) 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-
agesMacromedia Authorware! (formerly known as Macromedia)and Toolbook?.
There are also at least two authoring system developed in Thai Universities, CHULA
CAI, developed by Chulalongkorm University in 1984, and VTAL/THATI 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 of IT to enhance the quality of life 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 leaming 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 CAl is to offer students com-

'Adobe Systems, http://www.macromedia.com/software/authorware/?promoid=
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, CAl offers students almost complete freedom to choose when the instruction will
take place; it also both requires and makes possible a competency-baéed approach to in-
struction.

Thai education reform has concentrated on the pedagogy of student-centred learning.
CAl 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 CALl 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
80000 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 ICT, as outlined in the new Thai Education Act. While
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
2001-2010 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
Jor 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 CAl, 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
Jor 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 CAl 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-
Jjabhat 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 1 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. We 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 CAL
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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 ef 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”. 7

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
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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 leamning 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 leamer 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” e;cperiment 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 leaming 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. Thevcognitivist 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 weaknesses 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 leamner 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 | e Learning is change in the form or fre- | e Learning is discrete changes between | e Learning is creating meaning from
learning quency of observable behaviour. states of knowledge rather than proba- | experience.
occur? e Learning is demonstrated following | bility of response. e Mind filters input from the world to

the presentation of a specific environ-
mental stimulus.

¢ The primary concern is how the as-
sociation between the stimulus and re-
sponse is made, strengthened or main-
tained,

o Responses followed by reinforce-
ment are more likely to occur in the

future,

e Knowledge acquisition is a mental
activity that entails internal coding and
structuring by the learner.

¢ Concern about what the learner know
and how they come to acquire it.

e Address issues of how information
is received, organized, stored and re-

trieved by the mind.

produce its own reality.
e Learner builds personal interpreta-
tions of the world based on individual

experiences and interactions.

Continued on next page
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Table 2,1 — continued from previous page

Aspect Behaviourism Cognitivism Constructivism
Which ¢ Environmental conditions. e Emphasis on environmental condi- | e Both learner and environmental fac-
factors o The arrangement of stimuli and con- | tions such as explanation, demonstra- | tors interact to create knowledge.
influence scquences within the environment. tion, examples, non-examples, prac- | @ Context is important.  Content
learning? e Which point to begin instruction and | tice and feed back. knowledge must be embedded in the

which reinforcers are most effective?

¢ Focuses on mental activities that lead
up to a response.

e Acknowledges the process of men-
tal planning, goal-sctting and organi-

zation strategies.

situation in which it is used.

e Critical that learning occurs in realis-
tic settings and selected tasks relevant
to the student’s experience.

e Leamning must include activity, con-

cept and culture.

Continued on next page
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Table 2.1 ~ continued from previous page

Aspect Behaviourism Cognitivism Constructivism
What types | e Prescribe strategies for building and | e Complex forms of learning like rea- | o Advanced knowledge acquisition in
of learning | strengthening stimulus-response asso- | soning, problem-solving, information- | ill-structured domains.
are best ciation, e.g. cues, practice, reinforce- | processing.
explained | ment.
by this e Facilitate learning outcomes like dis-
position? criminations, generalizations, associa-

tions and chaining,
¢ Docs not adequately explain acqui-
sition of high level skills or deep pro-

cessing.

Continued on next page
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Table 2.1 — continued from previous page

Aspect Behaviourism Cognitivism Constructivism
How e Presentation of target stimulus and | ¢ Make knowledge mcaningful and | ¢ Model construction of knowledge,
should provision of opportunities for the | help leamer organize and relate new | promote collaboration, design authen-
instruction | leamer to practice making proper re- | information to existing knowledge in | tic learning environment.
be sponses. memory.
structured? | e Use cues to prompt the response.

e Use reinforcement to strengthen the

association.

Continued on next page
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Table 2.1 - continued from previous page

Aspect Behaviourism Cognitivism Constructivism
Rolc of e Dectermine which cue can elicit re- | o Acknowledge that prior knowledge | e Instruct student on how to construct
instructor/ | sponse. can affect learning outcomes. meaning, and how to effectively moni-
instruc- e Arrange prompts to pair with stimu- | e Determine most cffective way to or- | tor, cvaluate and update their construc-
tional lus. ganize information to tap into prior in- | tions.
designer e Arrange environmental conditions | formation. e Align and design experiences for the

so that students can make correct re-

sponses and receive reinforcement.

e Arrange practice and feedback so
that new information is assimilated or

accommuodated.

learner so that authentic, relevant con-

texts can be experienced.

Continued on next page
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Table 2.1 - continued from previous page

Aspect Behaviourism Cognitivism Constructivism
Goal of ¢ To communicate or transfer knowl- | e As in behaviourism: stress on effi- | ® As in behaviourism: stress on effi-
instruction | edge to the students in the most effi- | cient processing strategies. cient processing strategies.

cient, effective manncr possible.

o Use techniques of simplification and
standardization.

¢ Assume knowledge can be analysed,
decomposed and simplified into basic
building blocks.

e 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 Whichis 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 of ISD. 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 ef 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 thev 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 1s 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 leamners, prior to and during a leam-
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
leamners, 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.
e 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 of learning, 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 leamers

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 of learning
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,
neceds, and interests, and when the students themselves are actively engaged in creating,
understanding, and connecting to knowledge (McCombs and Whistlef, 1997). 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 Whatis 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 (1983b, 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 leam 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

Learning outcomes

o Discipline-specific verbal information
o Lower order thinking skills, e.g. recall, iden-
tify, define abstract and isolated facts, figures and

formulas.

e Interdisciplinary information and knowledge.
e Higher order thinking skills, e.g. problem-
solving.

e Information processing interpret, communicate

information.

Goals and objectives

o Teacher prescribes learning goals and objec-
tives based on prior experiences, past practices,

and state and/or locally mandated standards.

o Students work with teachers to select learning
goals and objectives based on authentic problems
and students’ prior knowledge, interests and ex-

perience.

Continued on next page




oy

Table 2.2 ~ continued from previous page

Instructional variable

Teacher-centered

Student-centered

Instructional Strategy

o Instructional Strategy prescribed by teacher.

e Group-paced, designed for ‘average’ student.
o Information organiscd and presented primarily
by teacher, e.g. lectures, with some supplemental

reading assignments.

eTeacher works with students to determine learn-
ing strategy.
eSclf-paced, designed to mceet needs of individ-
ual student,
eStudent given direct access to multiple sources
of information, e.g. books, online databases,

community members,

Assessment

» Assessment used to sort students.

e Paper and pencil exams used to assess students’
acquisition of information. e Teacher sets perfor-
mance criteria for students.

o Students left to find out what teacher wants.

o Assessment is integral part of learning. Perfor-
mance based, used to assess students’ ability to
apply knowledge.

e Students work with teacher to define perfor-
mance criteria.

e Students develop self-assessment and peer as-

sessment skills.

Continued on next page
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Table 2.2 — continued from previous page

Instructional variable

Teacher-centered

Student-centered

Teacher’s role

o Teacher organises and presents information to
groups of students.

e Teacher acts as gatekeeper of knowledge, con-
trolling students’ access to information.

e Teacher directs leamning,

¢ Teacher provides multiple mcans of accessing
information.

e Teacher acts as facilitator, helps students access
and process information.

e Teacher facilitates learning.

Student’s role

e Students expect teachers to teach them what’s
required to pass the test. e Passive recipients of
information.

» Reconstructs knowledge and instruction.

e Students take responsibility for leaming.
e Active knowledge seckers.

¢ Construct knowledge and meaning.

Learning environment

e Students sit in rows.

e Information presented via lectures, books and

films.

e Students work at stations with access to multi-
ple resources.
¢ Students work individually at times but also

need to collaborate in small groups.




2.7 Whatis CAI?

According to Finnegan and Sinatra (1991), CAl provides pragmatic learning and allows
adult learners to have control over their level and pace of learning. 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 leamn 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 the 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 100 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, 2001). 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—basedv 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 leamer 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-instruction. 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:

1. Presenting Information To teach something new, the instructor 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 émphasis 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 Technology'® 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

'AECT, http://www.aect .org/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 leaming 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. Modes 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 Inthe 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 CAl is individualized instruc-
tion, lessons can allow each leamer 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 CAl 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:

1. 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 leamers.

* 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.

Web-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 of WBI 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 leamners search out and create their own knowl-

edge bases. Practical reasons for the decision to use CAI instead of E-learning or
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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 Allesst and Trollip (1991),

who classify CAI into five major types as described below.

1. 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 ez 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.

. 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.

. 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 CAI compared
with traditional teaching. In many cases, the use of multimedia instruction has proven to
be effective (Kulick ef 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 ef 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 Soctology 100
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 ef 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 schooel in South Africa, came
to a similar conclusion. Grimes ef 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 ef 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, Char}g (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 CAl, 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 computer-
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 wére 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 ef 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 Learning processes are dependent on the leamer 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
information, 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 CALI.

Motivation Proper motivation is essential to learning. Several theories of motiva-
tion suggest CAI techniques that will enhance motivation. Some unique aspects of
CAlI, 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, 1987), and Keller (Keller and Suzuki, 1987). 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 CAl 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 of instruction 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 CAl 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 turn, 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 information, such as stating

facts or presenting information 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
nceds 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:

1. 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 of Bransford’s components interacts with the others
to affect learning. Even for a single criterial 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 leamned 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 charactenistics 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 ef al., 1982).

2.11.3 Instructional design for CAIl

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 norm.
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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
CALI 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 list 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 neceded. 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

58



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

revision.

(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 evaluation just 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 wheiher 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 instructor, 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 (1) 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 leamers 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
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instruction correlate to and address the conditions of learning; they are listed below and

also illustrated schematically in Figure 2.3.

1. 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 leam.

2. Inform learners of objectives  Early in each lesson, students should encounter a
list of learning 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 completiimg 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 of instruction 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 leamner 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 1s 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 effec-

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 leamer with instructions on what to do next.

2.11.5 Ten steps for developing effective CAl

Allessi and Trollip (1991) provided an interesting model for developing CAl, the crucial

ten steps of which are listed below.
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next sequence

Figure 2.3: Illustration of Gagne’s “Nine Events of Instruction”, following Gagne et al. (1981).

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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. Generate ideas  Generating ideas via brainstorming is very important. With
brainstorming, 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.

. 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.

. 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.

. 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.

. 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.

. 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.

10. 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; summative
and formative evaluations).

The four main evaluation models for CAI (and technology-based learning in general)

are:

1. 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 CAl 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 forms of instruction
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 Hawthomne 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 CAIl

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 tool 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, typically with 68 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 ef al., 1998):

 Limited resources prevent more than a small number of interviews being under-

taken.

« Itis 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 idca 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 Hj.

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; (Ary et al., 1996). Johnson and Christensen (2000) state that the alternative
hypothesis typically asserts the opposite of Hy, 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 Hy. The researcher

also concludes that the observed relationship is statistically significant.

Rule2 Ifthe 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
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present moves towards educational reform. Finally, strategies for developing effective
CAl have beenreviewed, together with previous research on attitudes students have shown
towards CAL In the following chapter the above findings are used to develop the research

methodology and analysis techniques for this project.
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Chapter 3

Methodology

The use of Information and Communication Technology (ICT), 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 ICT for teaching and
learning as a technology that is used for accessing, gathering, manipulating and presenting
or communicating information. Bassi ef 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 leaming 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 CAl 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.

] Sample | Male | Female | N |
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 CALl 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 {lexible 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; Mclver 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.
[ Independent variables | Dependent variables |

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 syllabus, Nakhon Pathom Rajabhat Uni-
versity.

| Week(s) | 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:
1. 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
10 steps for creating computer-based instruction (see §2.11.5) suggested by Allessi and
Trollip (1991), implemented as follows:

1. 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. Collect 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 1deas:— 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
Allessi 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 | Contents

. Super computer

. Mainframe computer

. Mini computer

. Micro computer

. Notebook and laptop computer
. Embedded computer

. Input unit

. Central processing unit (CPU)
. Memory unit

. Output unit

. Secondary storage

1. Types of computers

2. Main parts of a
computer and their
functions

N o LW O B W N e
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Table 3.5: Topic 2— The Internet.
i Topic ] Contents |
The Internet 1. 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 | Contents
1. Connection types

. Meaning

. Point-to-point.

. Multipoint

. Switching network
. Wired system

. Microwave system
. Satellite system.

. Radiowave

2. Communication

types

W N e B WD e

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 CAl 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” CAl lesson developed at NPRU.
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10.

played in the CAl lessons was recorded, followed by careful evaluation and revision

in consultation with content experts and instructional designers.

. Program the lesson:— ToolBook™ Instructor 2004 and Authorware 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.

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.

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
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Figure 3.5: The computer laboratory at Nakhon Pathom Rajabhat University, where the CAl
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
finished 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.1, page 167).

3.8 Instrumentation

The experiments were conducted in the computer laboratory/self-study room of NPRU’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.1). 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 of 30 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 ¢-test was used to look for any significant differences between the two

85



[H]

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 normalised
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 was p < 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 ¢-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

Hyl 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.

Ho2  There is no significant difference in CAI student performance when comparing
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Hy3

Ho4

Hy6

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.

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 CAl students
knowledge retention versus that of traditional students, based on performance in the

final examination.

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.

There is no significant correlation between CAl students’ performance and their
attitude toward CAI utilization.
The purpose of this hypothesis was to discover the degree of the correlation, if it
exists.

There is no significant correlation between traditional students’ performance and
their attitude toward the method of teaching.

The purpose of this hypothesis (as for Hy5) 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 Untversity, 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.

88



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 (4000 107) were selected with a view to comparing learning performance
using either traditional teaching or CAIL 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 1; 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 lecture groups.

l Topic [P | SD |
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 CAl and lecture groups.

| Topic | D | SD |
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.
[ Group | Male | Female | N |

Lecture | 23 99 122
CAI 6 87 93

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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sidered (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 confirm 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.
| Group | Male | Female | N |

Lecture 14 66 80
CAl 6 74 80

4.2.1 Students’ learning ability

In testing for equivalence of learning ability between the two groups, based on their GPA
scores (plotted in Figure 4.1), the following null hypothesis was used:

Hy: 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 ¢-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 CAl and lecture
groups. X is the mean GPA.
| Group | X | SD | Std.error | n | df | ¢-critical | ¢-stat. | p-value |
Lecture | 2.64 } 0.333 0.037 80| 79| 1977 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:

Hy: 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. A t-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 a t-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 of ¢-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.

| Group [ n l X | SD | df | t-critical | t-stat. | p-valueT SEis |
Lecture | 80 | 26.93 | 4.046 | 79 0.794 1.975 | 0.428 | 0.693
CAI 80 | 27.48 | 4.690 | 0.524
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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 -test analysis.
The null hypothesis for this test was:

Hy: 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 ¢-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 of ¢-test analysis, comparing pre-test and post-test scores for the Lecture group.
The maximum possible score for each test is 30.

‘ Topic |pre-X | SD [postX | SD | ¢ | p-value
1. Computer components 9.05 | 2349 | 1064 | 2711 | 4315 | < 0.001
and functions

2. The Internet 740 | 2.21 1099 | 3.00 | 8.555 | < 0.001
3. Data communication 1048 | 2256 | 11.80 | 2.346 | 4.172 | < 0.001
| TOTAL ] 26.93 | 4.046 | 33.43 | 4.983 | 9.126 ] < 0.001 [
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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 ¢-test analysis.
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The null hypothesis for this test was:
Hy: 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 ¢-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 of ¢-test analysis, comparing pre-test and post-test scores for the CAI group.
The maximum possible score for each test is 30.

| Topic |pre-X | SD |postX | SD | t | p-value |
1. Computer components 8.43 | 2.666 | 12.83 | 3.145 | 10.882 | < 0.001
and functions

2. The Internet 826 | 2337 | 1428 |4.438 | 11.482 | < 0.001
3. Data communication 10.79 | 2.708 | 13.84 | 3.227 | 6.659 | < 0.001
TOTAL 2748 | 4.690 | 40.94 | 8.484 | 13.420 | < 0.001
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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 .
— o) — Eme) 409 (4.1)

100 — (Spre)

where (G) and (G),__ are the actual and maximum-possible average class gains, re-

max

¥

spectively; (Spost) and (Spre) are the average class scores (expressed as percentages) in the
post- and pre-tests, respectively.

“High-¢” courses have (g) > 70; “medium-g” courses have 70 > (g) > 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 1.
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Figure 4.11: Average normalised 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:

H,: 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 a t-value of 5.787. As all calculated
t-values were greater than the corresponding critical values, the differences in average
normalised 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 1, and smallest 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 1 (Computer components and functions) ¢-test analysis for significance in dif-
ference between average normalised gains, {(g), comparing CAI and Lecture groups (t-critical
= 1.975).

[ Group | {(9)% | SD | ¢-value | p-value | SE in difference |

Lecture | 6.61 | 15.570 | 5.103 | < 0.001 2.530
CAI 19.52 | 16.420

Table 4.10: Topic 2 (The Internet) ¢-test analysis for significance in difference between average
normalised gains, {(g), comparing CAl and Lecture groups (¢-critical = 1.976).

[ Group [ {(9)% | SD [ t-value | p-value | SE in difference |

Lecture | 15.04 | 16.068 | 4.138 | < 0.001 2.944
CAI 27.22 | 20.866

Table 4.11: Topic 3 (Data communication) ¢-test analysis for significance in difference between
average normalised gains, (g), comparing CAl and Lecture groups (¢-critical = 1.977).

[ Group [ (9)% | SD [t-value | p-value | SE in difference |

Lecture | 5.88 | 14.486 | 2.953 | 0.004 2.846
CAIl 14.29 | 20.933
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Table 4.12: Combined topic 1-3 ¢-test analysis for significance in difference between average
normalised gains, (g), comparing CAI and Lecture groups (¢-critical= 1.977).

| Group | (9)% [ SD [ ¢-value | p-value [ SE in difference |
Lecture | 9.18 | 9.78 | 5.787 | < 0.001 1.930
CAI 2034 | 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.
[ sub-group | GPA range | N(CAI) | N (Lecture) |

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:

Hy: Hy: 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.
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Table 4.14: Results of ¢-test comparison of average normalised gains, (g), between the three
sub-groups (weak, average and strong) within the CAI cohort.

| Sub-group compared | ¢ | t-critical | p-value | SEin A (g) |

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 of ¢-test comparison of average normalised gains, (g}, between the three
sub-groups (weak, average and strong) within the CAI cohort.

| Sub-group compared | ¢ | t-critical | p-value | SEin A (g) |

Weak-Average 0.066 | 2.447 0.949 | 4.765
Average-Strong 0318 1 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. A t-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 of ¢-test comparison of difference in average normalised gains, A (g) =
(9Ycar = (9) Lectures for weak, average and strong students between groups.

['Sub-groups compared | (9)ca; | (D rece |t | t-critical | p-value | SE in A (g) |

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 1 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:

Hy: 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 4.17, 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 of ¢-test analysis comparing combined final examination scores, X, for the
three topics (f-critical = 1.975).

| Group | X | SD | t-value | p-value | SE in difference |

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.1-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.

Grou Composition Number of N
P 'Male | Female responses

CAl 6 79 11 96

Lecture | 29 82 9 120

Table 4.19: Response of CAl and Lecture group students to general attitude survey question on
access to a home computer.

Group
Do you have access to CAl Lecture
acomputerathomeor | Yes | No [ NNA| N | Yes | No | NJA| N
at your dormitory 25 57 14 196 | 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.

| Category | Average Likert response | % (A + SA) |
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

106



4.5.2 Lecture student attitudes

Lecture group students’ responses to the attitude surveys are summarised in Appendix J. 1-
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 excellent (items 1 & 2); 78.1% 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.

| Category | Average Likert response | % (A + SA) |
Global items (1-2) 4.02 88.3
Instructor characteristics (3—9) 3.84 73.5
Objectives (10-12) 3.88 78.1
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:

Hy: 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 of £-test analysis comparing average of all attitude-survey items, X, between
CAI and Lecture groups (z-critical = 2,002).

[Group | X [ SD [t-value | p-value | SEindiff. |
Lecture | 3.677 | 0.364 | 0.286 0.776 0.084
CAl 3.643 | 0.280

Although the ¢-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 CAl/Lecture lessons made difficult topics more easily under-

standable, the CAl 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). A

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 CAl/Lecture teaching made the subject more interesting, the

CAI group (4.09) agreed more strongly than the Lecture group (3.84).

9. Onthe item that the CAl/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 methed 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 7 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:

Hy: 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.
| Group | N | r-coefficient | SE in diff. |

Lecture | 80 0.333 0.304

CAl 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 ¢-test parameters for the Pearson r-coefficients, following Hays

(1988).

N —
_ TV —2 (4.2)

where r.y = correlation coefficient between z and y

N = number of degrees of freedom
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The results obtained are shown in Table 4.24. The ¢-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 (¢-critical = 1.990).

| Group | N | r-coefficient [ ¢-value |
Lecture | 80 0.333 3.119
CAl 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 leamn, 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 CAIL

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.

What is the most valuable thing you learned in this 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.

What 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 leam.

What 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 CAl, 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 CAIL

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 Ievel 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 of learning.
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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 of Nakhon Pathom Rajabhat University
students in Thailand. The findings of the present study generally support the conclusions
made in prior CAI studies, such as Kulik ez 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 classes 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 CAl, including those by Jenks and
Springer (2002), Fletcher-Flinn and Gravatt (1995) and Milne et al. (1990). However,
some have found CALI 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 | t-value | Decision |
Ho1l There is no significant difference in student 5.787 Rejected
performance based on CAI learning versus tradi-
tional learning.

Hy2 There is no significant difference in CAl
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
CALI students’ performance and their attitude to-
ward CAI utilization.
Hy6 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 Hyl: 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 50" percentile to about

the 65™ 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
8274 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 50" percentile of the control group; an effect size of 0.8 indicates that
the mean of the experiment group is at the 79" 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 of 0 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 Hjp2: 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 ¢-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

116



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 ¢-values in sub-groups weak-average, average-
strong and strong-weak were 0.066, 0.318 and 0.221 respectively. None of the overall ¢-
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 ¢-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;3: Nosignificant 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 CALl is superior to retention following

traditional learning alone.
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5.2.4 Hjy4: 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
feit the instructor’s teaching 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 coming to class than was the case with the
Lecture group. Finally, there were more CAl 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 Hy5: 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 CAl

5.2.6 Hy6: 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. In a CAl environment, it is likely that the 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 (2001b) commented about the Thai National ICT
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 learning or other types of e-learning.

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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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 | 1.1.1 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 terms 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 | 2.1.1 Understand the term “central processing unit” (CPU), know that the CPU does
(Weeks 3-5) calculations. Logic control, immediate access memory cte. Hardware for inputting

2.2 Input devices

data into a computer such as mice, keyboards, trackballs, scanners, touch-pads, light
pens, joysticks etc.

2.2.1 Know some of the main devices

Continued on next page
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Table A.1 — continued from previous page

Category Knowledge Area 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.

Storage 3.1 Memory storage devices | 3.1.1 Compare the main types of memory storage device in terms of speed, cost
(Weeks 6-8) and capacity e.g. internal/external hard disk, data cartridges, CD-ROM, DVD-ROM,
diskette etc.

3.2 Types of memory 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 Measuring memory 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.

Software 4.1 Types of software 4.1.1 Know the meaning of the terms “operating system software” and “applications

(Weeks 9-11)

4.2 Operating system soft-

ware

software”. Understand the distinction between them.
4.2,1 Understand the main functions of an operating system. Understand the given

examples. Be aware of the main advantages of using a GUI interface.

Continued on next page
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Table A.1 - continued from previous page

Category Knowledge Area Knowledge Item
4.3 Applications software 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.
Networks 5.1 LAN and WAN 5.1.1 Know the definitions of local area networks (LAN) and wide area networks

(Weeks 12-14)

5.2 Data communication

5.3 Electronic mail

(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 communications
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 (ISDN).

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 (ICT) equipment needed to use e-mail.

Continued on next page
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Table A.1 - continued from previous page

Category Knowledge Area Knowledge Item

5.4 The Internet 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).
Security and 6.1 Security 6.1.1 Know about the purpose and value of backing up computer files to removable
copyright storage devices. Know how to protect a personal computer against intrusion. Know
(Week 15) about privacy issues associated with personal computers, €.g. protecting the com-

6.2 Computer viruses

6.3 Copyright

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:

1.

What did you like most about the CAI course?

What did you like least about the CAI course?

. What is the most valuable thing you learned in this class?

. What aspects of the lesson were most valuable?

What aspects of the lesson were least valuable?
Describe the strongest aspect of the CAI methodology.

Describe the weakest aspect of the CAI methodology.

C.2 Focus groups results (Experiment 1)

1.

What did you like most abeut the CAI course?

Student 1 1 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 1 like it all, we can apply the knowledge to our daily life and work.
Student 4 1 like computer components and types of computers.

Student 5 Deep in content.

Student 6 Good, convenient for learning.

Student 7 Good.
. What 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.
. 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 computers 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 S 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.
. What 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.
. What 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 S I have no idea.

Student 6 I have no idea.

Student 7 I have no idea.
. 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.
. Describe the weakest aspect of the CAI methodology.

Student 1 If we 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.
. Open-ended session

Student 1 Good, students gained more responsibility, and learned more content.

Learning 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. Learning with CAl, 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 CAl, if students do not pay at-
tention they will get nothing. Learning with CAl, 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 Learning with CAl is probably better than traditional learning, because
students have to behave themselves. In a class with an instructor students leam

less content because they are talking while they are learning. Learning with
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an instructor, he will always tell you how to solve the problem. Learning with

CATI 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 leamn. Leamning with an instructor,
students lack eagemess 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 CAl 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)

1. What did you like most about the CAI course?

Student 1 Iliked to learn how to construct web sites.
Student 2 | have learnt how to send and receive email and about using passwords.
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 Ihave gained more knowledge. Should have revision sheets for students.

I was writing notes from the screen and there wasn’t time to leamn.

Student 7 1 have learnt that the Internet is valuable for many things, such as edu-

cation and research.
2. What did you like least about the CAI course?

Student 1 Idon’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 S 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.
. What is the most valuable thing you learned in this class?

Student 1 Knowledge of how to send email, capable of sending email overseas. 1

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 1
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.

. What 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 fny 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. 1 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 leamn, 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 S 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 S 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. Learning with CAl, 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)

1. What 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 1like it, it is good practice for students to work with a computer.
Student 4 T like it, learning myself. I took notes to be able to revise the lesson.

Student 5 1 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.

. 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 had 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.
. 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 learn what
he teaches, but learning 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 1 have benefited from reading, thinking, writing and summarizing the

notes.

Student 7 Interesting, I can play around with a computer. I have leamnt a lot of

things and was able to choose topics in the order I liked.
. 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 CAl 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 communication 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 those devices.
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Student 7 With satellites, we can receive news from around the world.
. What aspects of the lesson were least valuable?

Student 1 None of them, they are all useful.
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.
. Describe the strongest aspect of the CAI methodology.

Student 1 More interesting than reading books. Learning with a traditional class
is boring. CAl 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.
. 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 [ would like to see one topic on one page, then there would be no need

to turn 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 1 could understand it well; no weakest point on CAI methodology.

. Open-ended session

Student 1 1 want to learn with CAI again, I do not want to learn by instructor

teaching as it is boring. This style of leamning is self study, it’s fun.

Student 2 Learning 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. Learning 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 leaming 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 CALI lessons.

Student 6 CAl 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. Learning with CAL, if stu-

dents do not make enough effort, they cannot learn. This lesson motivated

students to learn.

178



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
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2. falanann Lignding

n. 1ﬂtﬂﬂ7’ﬁﬂNﬂ’)lﬂﬂflﬂutﬂéﬂﬁﬂﬂnﬁQMQf
ftinnalugjiige

. FinsuRanef HuumEnnds
Tlulaspaufamaf

A, sarruranRamef fyustuginds
lulmsranfumef

Q. filepufamefilvunainndn
AR
3. pouRameftiale MAtunimennsaienia

n. hilmrmeuRumnef

1. dfimpufiumef
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1. phlefmniiawmed
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n, Wmtjn(notebook)

1. uauvie(laptop)

. Aale (PDA)

1. aesRase fatinidsia (embedded

computer)
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5. Wednansliiaenosiaees uBmifoy
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FuAedn doulailudiuddngiian Adeuiuatedu
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4, control unit
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8. fala ApwdasaaudmAn
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n. ROM
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A. high level language
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Figure D.3: Test 1 (cont.)
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Figure D.2: Test 1 (cont.)
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Figure D.4: Test 2.
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Figure D.5: Test 2 (cont.)

185



22. /et sajjaigburapa.ac.th Felaiizaghe
Towtomeniumef

N, saijai

1.@

A. burapa

3. ac
23, felanlinedes milindesinle {web cam)
WevszneunisliBumesiin

n. WreeBiannsetind (e-mail)

1. AL (telnet)

A. MzautngINE (ile transfer protoco)

1. meaumuesulad (online-chat)
24 AN Anduruiguanlioy ud
Foamsliiteirniiame Mmainedeimin Tng
%ﬁnﬁnmﬁqﬂrj#uﬂ?ﬂgu azdipalduinsludela

n. WredidBisansetind (e-mail)

1. AL (telnet)

A.mzaudnt NG (file transfer protocol)

1. mzaununeeulald (online-chat)
25. finAndatnisananiivas (download)ined
snfunefidn dnAngazlfiiingg ludela

n. IlneiieBiannssting (e-mail)

1. AR (telnet)

a.nsnucetHe (file transfer protocol)

3. 15nagAuM (search engine)
26. Gulp LN nsfum (search engine) uas
Wuditien Aedela

n. Internet explorer 11U google.com

1. Netscape Navigator N\U yahoo.com

#. Internet explorer NMuUNetscape Navigator

3. google.com AU yahoo.com

27. dinAnsuludgdanislran wazdeanastiyn
uwuntfllsunsantszynst excel danfu tinAnuase
Ganlrzunluinls Seaslszudnitgn

n. sumefida (internet)

1. \oninsnils (extranet)

A. Bunsuta (intranet)

q. uau (LAN)
2815w dsanstindafudaunusowing lan
AunfRosrilienn Yionfign Aandenldzzuula

n. fumeidda (internet)

1. iBnfveutia (extranet)

A. Sunsuiis (intranet)

1. 1R (direct sale)
29, ThAnmdeans i ivled Aliinmmainuay
InAny sudenlduinasludels

n. portal web page

1. multi web page

A. home page

4. search engine
30.emand (fire wall) Asozls

n. funsfaidunnietlesusaaiy
WiturzumaTete 1998

1. mnufleasiulafarouiames sni0ednms

A, suLEsesey dRendinlurzu
1ATRTY TRINANS

1. ssuunesgatuduse lunstinaiu

Tasnssu Tunedng

Figure D.6: Test 2 (cont.)
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Figure D.7: Test 3
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Figure D.8: Test 3 (cont.)



22. #els # binnnm Wawlowtadudonadls

n. Beq

1. foya

n. nMrpdeulun

1. Wlsmnde
23. Fanareniiala Wistamudygationndi u
TuzN v

n. SEnAuIg

1. awlruandons

a. anuleufaduss

1. mnnay
24. ¥ola AodaliulSourssaslonia duse

n. fuuumiagniands

1. HupuMisasuaunda

A. TIAIQN NN

1. hifimrasvieunduwuanislu
25. awtrius feaviAn(fiver optic) Warinthudsinda
foyn

n. v

2. 6nauiman

A, Beuininlni

2, 4A9
26. eseuranislinisdeserzunlulanan Aofals

n. Aldanlunramugann

1. msﬁnﬁ:ujw'mmn

A é’rym'\mgnmmutﬂadum

o PnfelFiamsiRand o
27. mrzwala sorildefynnailanon Jkuiludes
A0 1€uaTBA (line of sight)

n. wzuAazsm il SauswniuiusinanaT
Juasdedrygnald

2. mﬂmumﬂeﬁﬂ:ﬂﬁmmdqﬁ’mmﬂm‘lﬁ
azfipsoglurzazatuan

A. nTiAuside dusdannssadygnu

a. mnzdaulfansstan ssumBAggn

3

28. ErdinamiBadedesaiildolan Tnuldanidion
dmwautianiign szdedldian

n.2 a3

1 3 AN

A 4 an

1 5AN
29. m'zLﬁuudqa’mmmwﬂmmﬁmm{uﬁu i
siiale

n. Bursusa (infrared)

2. n%u’mq (radio wave)

A. Wlazan ( micro wave)

Q. n‘ﬁ'ué'u (short wave)
30. falangnslagndns Auaiusmiing

n. Linszanaiu

2. nzaeeAnllseufiana

p. SaruFalumsdiiayam

4 .
. sunroturnsdulieglutuaidgaiuld

Figure D.9: Test 3 (cont.)
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Figure E.1: Student guide sheets for Experiment 1.
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Figure E.2: Student guide sheets for Experiment 1 (cont.).
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Figure E.4: Student guide sheets for Experiment 2 (cont.).
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Figure E.6: Student guide sheets for Experiment 3 (cont.).
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Figure E.7: Student guide sheets for Experiment 3 (cont.)
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Figure E.9: Students’ guide sheets experiment 3 (cont.).
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Appendix F

Consent form

UNIVERSITY OF TECHHOLOGY, SYDHEY
CONSENT FORM - STUDE HT RE SEARCH

I Mr;, Ms_. - vee emresn s - agree to° parlicipate in the research project énfitied Using
CAI sotmre to teach an [nformation Technology foF Lite course in, Thailand™; which is being conduced
by Mr. Som pom Snsawad B850 Moo i3 ° -Malaimen Road, Muang Nakhonpathom 73000 Thailand;
phone: (4—65) 034.261:412 (hom €}, mob (+86) 070 495 994, in‘cendidature for his Doctor of. Technologym
Science degres. at the Universiy of, Techﬂogy.&’ydney* ’

i understand that the: purpose .of th;s research IS to mestxgate studert achnevemerds usng a Cemputer
Aided Insiructxon (CA) approach o teactung, and 10" com pare the resulisio those fom tracitionak delivery
methods: mrrerﬁly in use.’f also. undersimd thét evaluation of the different- teachmg methods: Wil be
achieved by taklng atest (conszstmg ‘of mumple ‘choice’ queshons), and’ comp&etmg a mestlonnaira This
study is molwaled by modem “educational trends which are’ mcreasng!y taking: advartage: of advancng
lechnology to help the ciassroom jhstudor to teach and revise new content using computers Only ong
16pic, of one hour' s duration, wn betaught by CAF the other. topics wll followiraditional’ delivery methads;

| understand that my pertidpation: i this tesearch is' volunteer and ‘will not involve me in any physical
nsks. a!though 1:may possibly’ el moomfortabb ina psychologxcal orem otional. sense’if, for, example;i
do ndt like the newm ethod of ooursa delwery, or lfl lack the nece'ssary skils for, mdertakng Computer
Asded Instrudnon ‘cowrses; | am’ aware that | can contad Mr Sompom Sirisawad or" hls supemsor
Drwaiter Kelceft Altematem it} should have concerns thatl may not feel at ease _discussing with either
ot these people, T understand that | wil be skie to eﬂscussthem with the RINP' uoe-Pres'dent(academnc
Assnstant Prof. Br Natakan Angtong (034-261051) who is in no “way m\rolved in th's project: Further; |
understand that |’ s kee 1o v«ithdrawmy participationi’ fom. this:fesearch project ‘at any time | 'Msh and
without giwng areason, such withcrawal will ot pre;uchce my fulure care or academic progress

'agree that Mr. Sompom Sirisawa d has answered all my questlons illy and’ clearly. | further; agree thet
the research data gathered from this pm;ect ma\} be pubhshed in & form thet does not dentlfy me. many

way:

. N <

Sii'g;nedigx T
f S

Nitneséed by -

HOTE:"
This study has been appraved by the Umversuty o( Tec?nology, Sydney Human Research Ett‘éc<

Commmee Af you have Ay complaims of feservabons ‘about any aspedt of yolr” pamupahon in this
research wnch you cannot resolve with the vesearcher; you may contact the Ethics Comm itee through
the R esearch Ethics Officer, Ms. Susanne Davis (ph | 02 -9514 1278, Susanna. Davis@uts. eduat)-Any
cmnplamt you make will be treated n conidenoa and mvesﬂgated mny and youwll be unformed of the

outcomeé,”

Figure F.1: English-language version of consent form complefed by all students participating in
the research,.
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Figure F.2: Thai-language consent form completed by all students participating in the research.
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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 Func-

tions™.

Item | Difficulty Discrimination
1 0.60 0.38
2 0.24 0.25
3 0.44 0.25
4 0.68 025
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
10 031 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 “The 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
1 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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Appendix H

Students’ GPA Scores

Table H.1: GPA scores of control group.

No. | GPA || No. | GPA || No. | GPA || No. | GPA
1 (248 {f 21 | 212 || 41 | 2.69 || 61 | 2.86
2 12684 22 |291 | 42 |225 ]| 62 {256
3 13324 23 | 253 | 43 | 241 | 63 | 2.88
4 12404 24 | 224 | 44 | 252 ) 64 | 2.76
5 | 242 25 [ 288 || 45 | 274 || 65 | 3.16
6 | 305 26 | 221 46 | 236 | 66 | 2.64
7 | 265 27 | 3.53 || 47 | 236 || 67 | 2.18
8 | 3.11 | 28 | 223 || 48 | 296 | 68 | 2.86
9 12961 29 1239 49 }3.05) 69 | 2.79
10 | 248 || 30 | 2.19 || 50 | 2.69 || 70 | 2.67
11 | 259 || 31 | 238 51 | 219 71 | 223

12 | 239 || 32 | 223 || 52 | 272 ) 72 | 3.21
13 1294 || 33 | 284 || 53 | 280 73 | 2.28
14 | 320 || 34 | 315 54 | 232 74 | 2.58
15 {292 || 35 | 269 (| 55 | 244 || 75 | 2.62
16 [ 295 | 36 | 334 | 56 | 259 | 76 | 3.21
17 | 223 || 37 | 3.00 )| 57 | 224 | 77 | 2.33
18 | 235 | 38 | 286 | 58 | 2.52 | 78 | 246
19 | 268 || 39 | 228 ) 59 | 251 || 79 | 2.64
20 | 2.41 || 40 | 2.58 || 60 | 3.06 || 80 | 2.20
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Table H.2: GPA scores of experiment group.

No. | GPA || No. | GPA || No. | GPA || No. | GPA
I 1344 | 21 | 246 || 41 | 215 || 61 | 2.91
2 335 22 1234 || 42 {279 || 62 | 2.81
3 1304 23 |3.03) 43 |252] 63 |3.00
4 1160 |} 24 | 269 ) 44 | 215 )] 64 | 2.78
5 1265 25 1191 45 [ 2.02 | 65 |2.25
6 2481 26 | 194 ] 46 | 3.21 | 66 | 2.19
7 187 | 27 [ 277 || 47 | 234 || 67 | 2.24
8 218 || 28 | 347 || 48 | 3.37 || 68 | 2.82
9 |3381 29 [347 ] 49 | 232 || 69 | 2.08
10 | 1.89 || 30 | 348 || 50 | 248 | 70 | 2.72
11 {288 || 31 | 263 | 51 [ 339 71 | 3.46
12 [ 253 )| 32 | 331 || 52 {320 72 | 270
13 1039 |} 33 {3261 53 | 2381} 73 | 249
14 | 278 || 34 | 256 || 54 | 2.68 || 74 | 3.25
15 1 1.93 [} 35 | 238 | 55 | 255 75 | 2.73
16 | 1.56 || 36 | 2.50 || 56 | 2.85 || 76 | 2.57
17 1225 37 [ 1.99 || 57 {347 || 77 | 3.31
18 | 3.13 || 38 | 2.69 || 58 | 261 || 78 | 2.69
19 1 186 | 39 | 279 || 59 | 337 | 79 | 244
20 [ 243 | 40 | 270 || 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.

2
e

Experiment 1

Experiment 2

Experiment 3

[T R . T 7 T - VL R S

s gt e e b b b et
O NN b W - O

10
1
14
8
8
13
8
12
12
10
6
9
11
6
14
6

9

- B - - T " RV - R - RV

o NN S S -

11
13
11
13
10
13
5

14
11
7

9

13
10
8

14
12
10
10

Continued on next page
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Table L.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 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 10 6 7
42 7 10 ?
43 9 12
44 7 10
45 10 8 8
46 12 8 13
47 12 6 -8

Continued on next page
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Table I.1 - continued from previous page

No. | Experiment 1 | Experiment 2 | Experiment 3
48 10 6 10
49 8 3 5
50 7 7 11
51 7 5 9
52 8 6 9
53 7 9 11
54 8 7 10
55 11 6 11
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 1
70 13 6 7
71 8 7 13
72 10 6 13
73 12 8 7
74 7 9 10
75 7 6 9
76 9 6 12

Continued on next page
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Table .1 - continued from previous page

No. | Experiment 1 | Experiment 2 | Experiment 3
77 10 9 12
78 7 7 11
79 13 11
80 4 13 14

Table 1.2: Experiment Group pre-test scores.

No. | Experiment 1 | Experiment 2 | Experiment 3

1 6 10 9
2 11 5 12
3 5 5 13
4 15 9 10
5 8 6 10
6 11 5 12
7 6 6 9
8 6 9 10
9 8 7 13
10 12 9 15
11 10 9 6
12 12 8 14
13 10 10 8
14 7 7 5
15 11 7 10
16 10 7 14
17 6 10 9
18 15 11 8
19 4 6 I
20 9 12 12

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 10 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 11
31 6 8 12
32 14 11 7
33 9 11 9
34 10 14 13
35 6 9 13
36 8 10 7
37 7 7 10
38 13 7 12
39 7 14 14
40 9 9 1
41 8 8 10
42 8 9 14
43 6 10 10
44 8 9 17
45 12 9 ?
46 6 6 8
47 5 12 i2
48 14 7 13
49 8 9 0

Continued on next page
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Table 1.2 — continued from previous page

No.

Experiment 1

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Experiment 2 | Experiment 3
8 17
9 11
10 11
7 8
9 13
5 13
6 11
7 10
5 6
7 12
7 9
10 12
7 7
14 14
8 9
7 16
10 11

13
4 9
13 11
6 5
7 7
11 8
4 11
5 13
10 9
9 8
7 15
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 10 12 9

6 11 10 13
7 9 7 10
8 11 12 13
9 9 10 10
10 14 12 10
11 9 15 7

12 10 14 9

13 9 8 15
14 15 11 12
15 14 13 17
16 11 8 14
17 9 5 13
18 8 I 12
19 9 12 10
20 11 12 10
21 14 14 13
22 10 8 14

Continued on next page
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Table L3 — 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 10 11 11
31 16 10 15
32 6 6 11
33 12 8 16
34 12 15 9
35 7 11 13
36 10 13 8
37 9 10 11
38 12 12 13
39 6 9 13
40 10 11 13
41 11 11 13
42 13 12 11
43 11 6 13
44 7 9 9
45 1 10 10
46 9 14 10
47 10 5 14
48 15 10 12
49 14 1 13
50 9 14 11
51 g 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 10 7 12
57 10 17 12
58 13 15 9
59 10 10 12
60 11 7 10
61 10 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 1
76 11 12 18
77 15 11 10
78 7 7 12
79 11 9 1
80 8 L 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 1 11 14
20 16 16 10
21 19 14 13
22 12 14 14
23 6 11 13
24 13 12 15
25 14 15
26 9 10 1
27 14 13 19

Continued on next page
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Table L.4 — continued from previous page

No. | Experiment 1 | Experiment 2 Experiment 3
28 9 10 15
29 7 10 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 1
51 17 20 16
59 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 3
80 15 16 I8
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Appendix J

Attitude surveys_
f:‘umvensmor

3 TECHNOLOGY SYDNEY

Doctor of Technology Research Project
Development and Evaluation of a CAl course in “Information Technology for Life”
at Nakhon-Pathom Rajabhat University, Thailand,

The purpose of this survey is to investigate student attitudes toward CAJ | Your assi ¢ is req d to evaluate

various aspects of the given CAI lesson, which is composed of 3 topics from the course Information Technology for Life,
course code 4000107, as shown below:

®  Computer and comp

®  The Internet.

®  Data communication.
After you have finished the lesson. please indicate your opinion about the various aspects of the CAl lesson by marking
the relevant box with a tick (¥) on the questionnaire form.
Your responses will have absolutely no effect on your grade in this course, All responses will be kept in strictest

confidence. I greatly appreciate your time and effort in completing this susvey.

Participant’s gencral information (please tick v the relevant box)

Gender QO mak O femate

Do you have your own computer at home or at the donnitory? Q yes [ PN

Sample

ftem List Strongly Disagree | Undecided | Agree Strongly
disagree agree

0 | Nakbon-Pathom Rajabhat University is the v
best university in Nakhon-Pathom province.
. bow (30_items)

ftem List Strongly Disagree | Undecided | Agree Stongly

disagree agree

Global Items
] Overall, | would rate the quality of the CAl

contents as excellent,

2 Overall, I would rate the quality of the CAl

lesson as excellent.

Figure J.1: Experimental group questionnaire form.
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Item

List

Strongly Disagree | Undecided | Agree Strongly
disagree agree

3 CAI lesson was organized well.

4 CAl lesson made difficult topics easily
understandable.

5 CAl lesson held my attention.

6 CAIl lesson uses teaching methods well suited to
the topics.

7 CAl 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
CAL
Objecti

10 Objectives of this CAI topic were clearly stated.

11 | T'knew what is expected of me in this topic.

12 The CAl topic objectives were achieved in the
lesson.

ifficul

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 1 can learn more from reading books than using
CAlL
Student Development,

16 I had to put in more effort when learning with
CAL

17 | CAl lesson required more time and effort than
others at this level.

18 I feht frustrated while taking CAL lessons.

19 1 always prepare before coming to class.

20 Studying with CAI made me keen to leam
more.

21 I feel that 1 performed up to my potential with

CAI lesson.

Figure J.2: Experimental group questionnaire form (cont.)
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Ttem List Strongly Disagree | Undecided | Agree Strongly
disagree agree
22 The CAl lesson improved my understanding of
concepts in this field.
23 1 developed the ability to solve actual problems
in this field with this CAJ lesson.
24 1 developed skills in critical thinking with this
CALl lesson.
25 The CAl lesson increased my interest in the
subject matter.
26 I enjoved ieaming about this subject matter.
27 1 felt free when taking the CAl lesson.
28 This CAl lesson made me more aware of my
interests and talents.
29 1 had adequate time to complete the exercises in
this CAl lesson.
30 CAI lesson motivated me to do my best
Suggestions
o Thank you
Researcher

Figure J.3: Experimental group questionnaire form (cont.)
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:,l UNIVERSITY OF
%% TECHNOLOGY SYONEY

Doctor of Technology Research Project

Development and Evaluation of a CAI course in “Information Technology for Life”

at Nakhon-Pathom Rajabhat University, Thailand,

The purpose of this survey is to investi gate student attitudes toward instructors® style and methods in traditional leamning.
Your assistance is requested to evaluate various aspects of the given lesson. which is composed of 3 topics from the
course Information Technology for Life, course code 4000107, as shown below:

®  Computers’ components and functions.

®  The Internet.

®  Data communication.
After you have finished the lesson, please indicate your opinion about the extent 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. 1 greatly appreciate your time and effort in completing this survey.
Barticipant's general information ( please tick ¥ the relevant box )
Gender O make O femate

Do you have your own computer at home or at the dormitory? a yes Ono

Sample
Item List Strongly Disagree | Undecided | Agree Strongly
disagree disagree
0 | Nakhon Pathom Rajabhat v
University is the best university in
Nakhon Pathom province.
le I
Item List Strongly Disagree ]| Undecided | Agree Strongly
disagree disagree
Global Items

1 Overall, I would rate the quality of

this lesson as excellent.

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
tru _hara

3 My instructor organized this lesson
well.

4 My instructor makes difficult topics
easily understandable.

5 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.
Objectives

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.
Difficulty

13 The level of difficuity of this topic
was appropriate for me.

14 | This topic is one of the most difficult
I’ve taken.

15 | 1 can leam more from books than
from this instructor.
Student Development.

16 | I had to put in more effort when
leaming with this instructor.

17 The lesson required more time and

effort than others at this level.

Figure J.5: Control group questionnaire form (cont.)
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Item List Swrongly | Disagree | Undecided | Agree Strongly
disagree disagree
18 | Learning with this instructor is very
frustrating.
19 | ¥ 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 | Hearned a lot from this lesson.
23 1 developed the ability to solve actual
problems in this field.
24 | Ideveloped skills in critical thinking
with this lesson.
25 ] This lesson increased my interest in
the subject matter.
26 | 1enjoyed learning about this subject
matter.
27 | 1felt 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 | Aninstructor motivated me to do my
best.
Suggestions
Thank you

Figure J.6: Control group questionnaire form (cont.)
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229




Toirusuuzduq

.................................
....................................

................................................................................................................................................

vousUnM

o o
Aide

Figure J.10: Experimental group questionnaire form (Thai) cont.

230



7*. UNIVERSITY OF
#/% TECHNOLOGY SYONEY

HUUABUNIY
Ta39m13380 InuriimudquivasamvimaTulad
4 o - - , - '
1o Msnamaztsziiuwa n1s1funSsunouiamo ¥ avaon “Su1 mn Tl Tadmsaumaie 3~

& umInndsswiguasigs dszneng

1 v e - - Sy ~ - '

wwureveil A3 Samnlizaads sensueandvonindnuiiie wniGvuneniuneisvaou (CAD tu
- A A« v - P
winimaTuladmsaumaiodin s1aden 4000107 indnw 1dnu uda dos
< 4 ~ s N
*  oanlsznouveunioansuiunoiuazniniiy
- <4

®  Fumeiila

e nifemsdoua

i 4 Yy »
wvuaouowil hifinalaq Anindnut Midu Joumfinua szomituidunnwdy voiindnvau oo

Mo muauddnvenindneies q

S wad . , 4 . 4
1 A udAD VI (WsaldwSsamne v aslusedmion
msl QO s O wua
- 4 0y >4 3 ™ . ..
nAnmniitnisaneuiunos Wi misinennhi a 3 Ozt
o~ Py - PR
nidpumi AR a

. 4 P4 - . L
Tsaldinsoamns v asluvesiiassfunaaiiunionimddavenindnu Feaz 1909 ninu)

A28013
. » v » o
Joi 510M3 Tiviudae | Bintu | Wedls | iudee | viudae
UMM #u BN
o | winnfesiiguanigniu v
ronfugaudnuifiafiga luimIaunslyu

$of 30013 Tivtudo | Taviu | hindds | siudoe | viudae

UG A UMW

DN
" - ﬂ’
t | Tasnmsan ganmyes iemhuumdouil

+ &
aghunwal Axn

- o«
2 | Tavnmsou guamessunouneuianes

* ‘, ¥4 o
swaow(CADH eghunuat funn

Tdsanan

Figure J.11: Control group questionnaire form (Thai)
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Figure J.12: Control group questionnaire form (Thai) cont.
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J.1 Summary of attitude survey results

J.1.1 Experiment 1 (Experiment Group)

N =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|NA

Global Items
1. Overall, I would rate the quality ofthe CAlcon-| O | O | 6 |84} 13 | 1
tents as excellent.
2. Overall, I would rate the quality of the CAIles-| 0 | 0 |13 |81} 9 1
son as excellent.
3. CAl lesson was organized well. oOjJ1}9|8}12} 1
4. CAI lesson made difficult topics easilyunder- | 0 | 1 |18 (69| 16| O
standable.
5. The CAI lesson held my attention. 0 |4 (13[68] 18] 1
6. The CAI lesson used teaching methods which | 0 | 1 | 8 |83 |12} O
are well suited to the topics.
7. The CAI lesson made the subject interesting. 0 0] 6 |64])33
8. CAl lesson provided me witha lot of knowledge | 0 | 1 | 17175 11 | 0
on the course topics.
9. I would like to take another course taughtusing | 0 | 3 |15(61] 25| 0 |
CAL

Objectives
10. Objectives of this CAI topic were clearly | 0 | 1 | 9 |75] 18| 1

stated.

11. I knew what is expected of me in this topic. 0 {0 [19177} 8 0

Continued on next page
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Table J.1 — continued from previous page

Questions SDI{D|U|A|[SA{NA
12. The CAI topic objectives were achievedinthe | 0 | 0 | 13| 85| 6 0
lesson.
Difficulty

13. The level of difficulty of this topic wasappro- | 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 thanusing | 3 {27 |36 |37 | 1 0
CAL

Student Development
16. I had to put in more effort when learningwith | 2 [ 13 |19 ] 65| 5 0
CAL
17. CAI lesson required more time and effortthan | 1 |35 |25 |40 | 2 1
others at this level.
18. I felt frustrated while taking CAI lessons. 16 |48 16| 19| 4 1
19. I always prepared before coming to class. 0 (1242148 1 1
20. Studying with CAI made me keen to leam | O | 3 |16 | 75| 9 1
more.
21. I feel that I performed up to my potential with | 0 | 2 | 17 {75 9 1
the CAI lesson.
22.The CAI lesson improved my understandingof | 0 | 3 [ 6 |77 | 17 | 1
concepts in this field.
23. I developed the ability to solve actual problems | 0 | 4 18167} 14} 1
in this field with this CAI lesson.
24. 1 developed skills in critical thinking with this | 0 | 2 2216415 ] 1

CAl lesson.
25 The CAI lesson increased my interest inthe | 0 | 1 | 14|71 | 17 1

subject matter.

26. I enjoyed learning about this subject matter. 0 | 1113|6524} 1

Continued on next page
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Table J.1 - continued from previous page

Questions SD{iDiUJ A SA?i NA
27. 1 felt free when taking the CAI lesson. 013|13]60]26] 2

28. This CAl lesson made me more awareof my | 0 | 3 |22 |67 | 11 | 1
interests and talents.

29. 1 had adequate time to complete the exercises | 0 | 2 | 19|70} 12 | 1
in this CAI lesson.

30. This CAI lesson motivated me to do my best. 0 |1 |15|67}20 | 1

Suggestions/comments:

1. Iliked it, it was fun.

2. 1 want to study more lessons like this.

3. I want more time to learn, because I like very much to learn with CAL

4. There should be more of this kind of learning.
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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 CAlcon- [ 0 | 1 | 5 |75 8 1
tents as excellent.
2. Overall, I would rate the quality of the CAlles- | 0 | 2 | 16 | 66 | 5 1

son as excellent.

3. CAI lesson was organized well. 0}]2) 8175

4. CALI lesson made difficult topics easilyunder- | 0 | 3 |27 |56 4 | O
standable.

5. The CAI lesson held my attention. 012120157111} 0O

6. The CAI lesson used teaching methods which | 0 | 3 (20162 5
are well suited to the topics.
7. The CAI lesson made the subject interesting. 0|4 (10763 |12 1
8. CAl lesson provided me witha lot of knowledge | ¢ | 0 | 17 (58| 15 O
on the course topics.
9. I would like to take another course taughtusing | 0 | 2 | 20|61 | 6 0
CAL

Objectives
10. Objectives of this CAI topic were clearly | 1 | 0 | 13| 71 5 0
stated.
11. I knew what is expected of me in this topic. 0|1 [17]63] 8 1
12. The CAI topic objectives were achievedinthe [ 0 | 1 12167 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 wasappro- | 0 | 1 | 18|63 ]| 8 0
priate for me.
14. This topic is one of the most difficult I've | 8 {24 121130]| 6 1
taken.
15. I canlearn more from reading books thanusing | 2 |18 |39 (25| 6 0
CAL
Student Development
16. I had to put in more effort when learningwith | 1 | 13117 (53| 6 0
CAL
17. CAI lesson required more time and effortthan | 0 |19 12049 1 1
others at this level.
18. I felt frustrated while taking CAI lessons. 3 1371211241 5 0
19. I always prepared before coming to class. 01831147 4 0
20. Studying with CAI made me keentoleam | 0 | 2 |17 |63 | 7 1
more.
21. I feel that I performed up to my potential with | 0 | 1 [23 |55} 11 ] O
the CAI lesson.
22.The CAI lesson improved my understandingof | 0 | 0 | 10170} 10 | O
concepts in this field.
23. I developed the ability to solve actual problems | 0 | 1 |23 |55 11 0
in this field with this CAI lesson.
24. 1 developed skills in critical thinking with this | 0 | 0 | 18 601121 0
CAl lesson.
25. The CAI lesson increased my interestinthe | 0 [ 3 | 1363 ) 10 | 1
subject matter.
26. 1 enjoyed learning about this subject matter. 1 12159 9 0
27. 1 felt free when taking the CAI lesson. 2 [11}55]21 1
28. This CAI lesson made me more aware of my 2 [13{65[ 10| O

interests and talents.

Continued on next page
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Table J.2 — continued from previous page

Questions SD{D|U|A|[SA|NA

29. 1 had adequate time to complete the exercises | 0 | 1 | 9 |67 | 13 | O
in this CAI lesson.
30. This CAI lesson motivated me to do my best. 0 1]0j17]60|13 | O

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
1. Overall, I would rate the quality of the CAlcon- | 0 [ 2 | 6 |81 ] 5 1
tents as excellent.
2. Overall, I would rate the quality ofthe CAIles-| 0 | 2 | 8 |79} S 1
son as excellent.
3. CAl lesson was organized well. 0| 4(4174|13]1 0
4. CAI lesson made difficult topics easily under- { 0 | 3 {24 |56 | 12
standable.
5. The CAl lesson held my attention. 0| 5113|5719 1
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|19 |66} 18] 1
8. CAl lesson provided me with a lot of knowledge | 0 | 2 | 8 [ 69| 16 | O
on the course topics.
9. I would like to take another course taughtusing | 0 | 4 | 9 } 65| 16 | 1
CAL

Objectives
10. Objectives of this CAI topic were clearly | 0 | 1 11(74] 9 0

stated.

11. I knew what is expected of me in this topic. 0|1 [16f{61]15] 2
12. The CAI topic objectives were achieved inthe | 0 | 3 | 12 751 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 [ 332625} 5 | 2
taken.
15. T can learn more from reading books thanusing | 0 |24 25|37} 9 | 0
CAL

Student Development
16. I had to put in more effort when learningwith | 0 | 7 {2054 14| O
CAL
17. CAI lesson required more time and effortthan { 3 {24 128 36| 3 1
others at this level.
18. I felt frustrated while taking CAI lessons. 7 135119129} 5§ 0
19. 1 always prepared before coming to class. 1 | 3126(59] 5 1
20. Studying with CAI made me keentoleam | 0 | 3 } 1661} 15| O
more.
21. I feel that I performed up to my potential with | 0 | 1 [13{72] 9 | O
the CAI lesson.
22.The CAI lesson improved my understandingof | 0 [ 1 [12}61} 20 | 1
concepts in this field.
23. 1 developed the ability to solve actual problems | 0 | 2 | 11 62119} 1
in this field with this CAI lesson.
24. I developed skills in critical thinking with this | 0 | 2 |13 63| 161 1

CAl lesson.
25. The CAI lesson increased my interestinthe | 0 | 2 {1256 25| 0

subject matter.
26. 1 enjoyed learning about this subject matter. 0| 1]15]62 171 0
27. 1 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

interests and talents.

Continued on next page
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Table J.3 — continued from previous page

Questions SD|D| U} A|SA|NA

29. 1 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. 0O | 1}13]l64}17} O

Suggestions/comments:

1. Itis 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 1.

Questions SDID|U| A |SA]|NA

Global Items.
1. Overall, I would rate the quality of thislesson | 0 | 3 |12 |124 | 12| O
as excellent.
2. Overall, I would rate this instructorasexcellent. | 0 | 0 | 9 {11131 | O

Instructor Characteristics.

3. My instructor organized this lesson well. 1 14117110621 ] 2
4. My instructor makes difficult topics easilyun- { 4 | 13|50 75 | 8 1
derstandable.

5. My instructor held my attention. 1 {10({37| 8 {16 1

6. My instructor used teaching methods wellsuited | 1 | 8 |29 | 94 | 18 | 1
to the lesson.
7. My instructor made the subject interesting. 0| 5|36]94 |15
8. My instructor is knowledgeable on the course | 0 | 1 |16} 89 | 44 | 0
topics.

9. 1 would like to take another course with this | 2 3135} 87 |21 3

instructor.

Objectives.

10. Objectives of this topic were clearly stated. 1 |4 }261104] 15| 1
11. I knew what is expected of me in this topic. 1 {3 (28197 |21} 1

12. Announced topic objectives agreed with what | 1 [ 4 20111 )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 wasappro- | 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 | 1
instructor.

Student Development.
16. I had to put in more effort when learning with | 2 {20 (38 | 80 | 10 { 1
this instructor.
17. The lesson required more time and effortthan | 4 42|52 49 | 3 1
others at this level.
18. Learning 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 keento | 2 | 2 |60 | 81 | 5 1
learn more.
21. 1 feel that I performed up to my potential with | 2 [ 4 |33 | 100 | 11 | 1
this lesson.
22. 1learned a lot from this lesson. 1 1413719210} 7
23. 1 developed the ability to solve actual problems | 1 | 3 | 33 98 | 8 8
in this field.
24. 1 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. 1 enjoyed learning about this subject matter. 1 | 9{39]81 |13 8
27. 1 felt free, without anyone forcing me tostudy. | 0 | 8 2718 |22} 8

8. 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. 1 (413195 (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 SDID|U|A|SA|NA

Global Items.
1. Overall, I would rate the quality of thislesson|] 0 | 1 | 9 |81] 10| 2
as excellent.
2. Overall, I would rate this instructorasexcellent. {| 0 | 0 | 8 | 68| 25| 2

Instructor Characteristics.

3. My instructor organized this lesson well. 0Ol 1}5]170]127| 0
4. My instructor makes difficult topics easilyun-| 2 | 7 }40749) 5 | O
derstandable.

5. My instructor held my attention. 0 8143143 9 0

6. My instructor used teaching methods wellsuited | O [ 4 {1277 [ 10| O
to the lesson.
7. My instructor made the subject interesting. 0 | 2[20(65]15
8. My instructor is knowledgeable on course top- | 0 | 2 | 15} 41| 45 0
ics.
9. 1 would like to take another course with this| 0 | 0 |26 |56 | 21 | O
instructor.

Objectives.
10.Objectives of this topic were clearly stated. 0 |1]19j68|13| 2
11. I knew what was expected of me in this topic. | 0 [ 0 |21 } 71 10} 1
12. Announced topic objectives agreed withwhat | 0 | 1 117 }7 114} 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. The 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. 1 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 effortthan | 11 |32 25}31| 3 1
others at this level.
18. Learning with this instructor is very frustrat- | 21 |43 | 23 | 13| 2 1
ing.
19. I always prepare before coming to class. 2 |16[54126}) 5 0
20. Studying with this instructor made me keento | 2 | 5 |33 |56 | 6 1
learn more.
21. I feel that I performed up to my potential with | 1 | 0 |21 69| 12| O
this lesson.
22. 1 learned a lot from this lesson. 1 |3 ]18]64]|14 | 3
23. 1 developed the ability to solve actual problems | 1 | 3 [20] 66} 10 | 3
in this field.
24. I developed skills in critical thinking withthis | 1 | 2 f 11 ]75] 12| 2
lesson.
25. This lesson increased my interest in the subject | 1 1 [22]165] 12| 2
matter.
26. I enjoyed learning about this subject matter. 1 | 8|31}50| 9 4
27. I felt free, without anyone forcingme tostudy. | 1 [ 2 | 16 | 59 23

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|Uj}]A|SAINA

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 =106
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|jU|A|SA|NA

Global Items.
1. Overall, I would rate the quality of thislesson | 0 | 2 [ 18|75]| 10| 1
as excellent.
2. Overall, I would rate this instructorasexcellent. | 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 easilyun-{ 0 | 3 [34[60] 9 0
derstandable.

5. My instructor held my attention. 1 | 5133[63( 4 0

6. My instructor used teaching methods wellsuited | 0 | 2 {23 |70 10 | 1
to the lesson.
7. My instructor made the subject interesting. 0 |3 |26]64} 13} O
8. My instructor is knowledgeable on the course | 0 | 0 | 17163} 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. 1 knew what was expected of me in thistopic. | 0 | 1 | 25| 69 10| 1
12. Announced topic objectives agreed with what | 0 | 2 |25 67|12} O
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 wasappro- | 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 1
taken.
15. I can learsn more from books than from this | 7 |16 | 35|41 | 5 2
instructor.

Student Development.
16. 1 had to put in more effort when learning with | 2 | 14 [ 38 {44 | 8 0
this instructor.
17. The lesson required more time and effortthan | 5 | 17 | 38|42 | 3 1
others at this level.
18. Learning with this instructor is very frustrat- | 12 {23 [ 29|35} 5 2
ing.
19. I always prepare before coming to class. 2 | 814942} 4 1
20. Studying with this instructor made me keento | 2 | 6 [32]62| 4 | O
learn more.
21. 1 feel that I performed up to my potential with | 1 | 2 [ 25/69| 9 0
this lesson.
22. I learned a lot from this lesson. 1 [ 3122|166 9 | 5
23. I developed the ability to solve actual problems | 1 | 4 | 18169 9 | 5
in this field.
24. I developed skills in critical thinking with this | 1 | 1 | 1573 12 | 4

lesson.

25. This lesson increased my interest in the subject | 1 | 2 |20 |70 | 9 4
matter.
26. I enjoyed learning about this subject matter. 1 | 2]25(65] 9 | 4
27. 1 felt free, without anyone forcingme tostudy. | 1 | 3 151631 19

28. This lesson made me more aware of my inter- | 1 | 2 281 63| 8 4

ests and talents.

Continued on next page
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Table J.6 — continued from previous page

Questions SDID|U| A |SA|NA
29. I had adequate time to complete the exercises | O | 6 | 26| 61| 8 5

in this lesson.

30. The instructor motivated me to do my best. 1 1311617012 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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