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The purpose of this study was to develop Computer-Assisted Instruction
(CAl)in Mecilanics of Machinery(Velocity in Mechanisms) for the third-year students
at the Department of Mechanical Engineering, Faculty of Engineering, Mahidol
University. The subjects of the study were thirty students divided into two groups; a
control group and an experimental group. The expérimental group of thirteen students
studied through the combination of lectures and CAI self-study, which was developed
with Microsoft Visual Basic 5.0, while the control group of seventeen students studied
through lectures only. The effectiveness of studying via the two methods was assessed
by using pretest and posttest, which were then compared. The results show that the
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different at .001. Furthermore, the posttest mean scores of the experimental group
were significantly different from that of the control group at .01. The posttest mean
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CHAPTERI1

INTRODUCTION

BACKGROUND AND PROBLEM STATEMENT

Mechanics of Machinery is one of the compulsory course for the third-year
students at the Department of Mechanical Engineering, Faculty of Engineering,
Mahidol University. It includes variety of mechanics and the analysis of movements,
velocities and accelerations of mechanisms, force analysis of machinery, and balance
of machinery.(1) Since these are learned through lecture, it’s impossible for the
students to explicitly and thoroughly see the dynamics of machinery. Thus if the
teacher provides media such as Computer-Assisted Instruction (CAI) for students self-
study, it will create more effective comprehension and learning.

According to Ratree Panphinij’s study (2) in “Effectiveness of using
Computer Assisted Instruction (C.A.L) to support self studying of the Second Year
Pharmacy Students in Section of Tissue Culture, Department of Pharmacognosy,
Faculty of Pharmacy, Mahidol University”, Paiboon Jungsuwadee’s study (3) in

“Computer Assisted Instruction: Asthma and Therapy” and Charoon Jitruk’s study (4)
in “The Synthesis of the Thesis about Computer Assisted Instruction in Thailand for

’
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B.E. 2529-2538”, there was a similar conclusion that the scores of Computer-Assisted
Instruction group is significantly higher than the ordinary group.

Computer-Assisted Instruction generally doesn’t cause any add frustration
to the users while learning the new material, since it provides clear instructions and
objectives, repetition of concepts, and positive reinforcement, considering active
participation, and individual diﬁ'erences; and providing feedback to the student.(5)

Finally, there is no researches on, Computer-Assisted Instruction in
Engineering (4), so the researcher is interested in developing a Computer-Assisted
Instruction in Mechanics of Machinery for the third-year students at the Department of

Mechanical Engineering, Faculty of Engineering, Mahidol University.

OBJECTIVES

1. To develop a Computer-Assisted Instruction in Mechanics of Machinery.

2. To do a comparative study on the effectiveness between learning through

lecture and self-study with CAI and learning through lecture only.

3. To study learners opinions towards learning through CAI

SCOPE OF STUDY

1. The sample of this research is a group of 30 junior(third-year) students at
the Department of Mechanical Engineering, Faculty of Engineering, Mahidol

University. They were divided into 2 groups (experimental group and control group).
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An experimental group learned through lecture and self-study with CAI. A control
group learned through lecture only.
2. The contents of CAI is about velocity in mechanisms, will consist of
- Introduction
- Velocity in mechanism
1. Introduction
2. Velocity analysis
2.1 Relative velocity method
2.2 Instantaneous center of rotation method
2.3 Orthogonal components method
2.4 Auxiliary points method
2.5 Vector mathematics method

- Conclusion

3. Microsoft Visual Basic 5.0 is used for the development of CAL.

HYPOTHESIS

1. Learning through lecture and self-study with CAI is more effective than

learning through lecture only.

2. Students have positive opinions towards learning through CAL.
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EXPECTED RESULTS
1. A CAI in Mechanics of Machinery(Velocity in Mechanisms) which was

designed as a tutorial lesson for the third-year students at the Department of
Mechanical Engineering, Faculty of Engineering, Mahidol University.
2. This will be the guidance for developing more CAls for students at the

Department of Mechanical Engineering, Faculty of Engineering, Mahidol University.

DEFINITION

1. Computer-Assisted Instruction (CAI) is a program in Mechanics of

Machinery that developed by Microsoft Visual Basic 5.0.
2. Effectiveness of learning is the result of testing after ﬁm'shihg the

program.
3. Opinion is the student’s feeling expression through the questionnaire in
“The opinion in learning with CAI” after finishing the program.
4, Experimental group refers to the students who volunteer to learn through

lecture and self-study with CAIL

5. Control group refers to the students who learn through lecture only.
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CHAPTER IT

LITERATURE REVIEW

PARTI COMPUTER-ASSISTED INSTRUCTION(CAI)

The computers are of great use in education since they can store not only
materials used (in the curriculum) but also the past histories of the students working in
the curriculum. They can be programmed to collect detail information on each
students’ learning success and failures, and this information is used as a basis for
selecting new problems and materials.

Computer-Assisted Instruction (CAI), which had its origins in the early
1960’s, had grown from developments in both computer technology and education
technology. Education technology is the application of scientific knowledge of
learning to classroom instruction. Four steps in instructional design are necessary for
the most effective teaching. These steps are:

1. Analyzing the structure and propérl:ies of the subject matter.

2. Determining whether the students have the prerequisites to profit

from instruction.

‘
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3. Guiding each student step by step until he/she achieves competence

in the subject matter.

4. Evaluating the performance of the students in relation to establish

criteria. (6)

Those steps are similar to the model of instruction for CAI which includes:

1. Presenting information

2. Guiding the student

3. Practicing by the student

4. Assessing student learning (7)

There are many definitions of CAI such as

Anthony Ralston and Chester L. Meek (8) said that CAI refers to the use of
computer to present drills, practice exercises, and tutorials sequence to the student and
perhaps to engage the student in a dialog about the substance of the instruction. A CAI
(tutorial) dialog is achieved between computer program and student when the
responses derived from the program are highly responsive to the questions, answers,
and directives given by the student, while at the same time the dialog advance the
goals and means established by the author of the curriculum materials.

CAl is only a part of computer assistance in the process of learning and
teaching. It has proved successful where the goals of instruction are clearly defined,
achievement of those goals is highly valued by the organization providing, the
substance of instruction is suited to automated delivery, and the student is lacking

important skill, background, or motivation for self-instruction via less expensive

. media.
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Dennis Longley and Michael Shain (9) said that CAI is an application of
computer in education and training, in which the computer is essentially regarded as

an alternative to other conventional teaching aids such as tape, slide, videotape,

textbook or tutor.

John C. Nader ( 10) said that CAI is a learning tool for student which takes
the student through the subject while monitoring the learning and success rate. More

interesting versions of CAI packages include the use of color monitors, video, sound

and graphic-intensive compact disks.

Bryan Pfaffenberger (11) said that CAI is the use of instructional programs to

perform instructional tasks, such as drill and practice, tutorials, and test.

THE AGES OF COMPUTER-ASSISTED INSTRUCTION (12)

CAI emerged from the slimy ooze of programmed instruction and teaching
machines in the late 1950s and since then has zigged and zagged through four distinct
phases in its search for acceptance in education. Each phase is marked by its attitudes
towards hardware and software needs, towards the psychology of learning, and by its
interpretations of the barriers to wider adoption in schools and colleges.

1. The Age of Engineers The early Pleistocene of CAI, labeled here the Age
of Engineers, extends from 1958, when the earliest application of computer to
teaching were considered, until 1961, when the first conference on application of

digital computers to automated instruction was held. This is an age characterized



Anuchit Eklaknarat Literature Review / 8

primarily by hardware issues and, in particular, by how to connect terminals, slide
projectors, and other input-output devices to computers for practical instruction.

2. The Age of Acronyms The Age of Acronyms extended from 1962 until
1967. During this period, increased government and military funding led to the
initiation of several major CAI projects, which were characterized as much by their
clever acronyms (e.g. CLASS, PLATO, SOCRATES, SAID) as they were by their
computational and psychological orientations.

3. The Age of Titans The Age of Titans, in particular, PLATO and TICCIT,
which received extensive funding, publicity and critiéal assessment during this time.
Major evaluation studies, carried out by the Education Testing Service and published
in the late 1970s, marked the end of this era of inflated expectations and provided a
basis for a more sober and perhaps more productive assessment of the potential role of
CAl in instruction.

4. The Age of Small Wonders The Age of Small Wonders, begin in 1977
with the manufacture of the first complete microcomputers and continues through the
present day. It is marked by a major shift in school attitudes toward CAI and a

substantial revival of industrial interest in producing CAI hardware and software.
COMPUTER-ASSISTED INSTRUCTION ACTIVITIES (13-17)

CAl involves activities that fall into four major categories:

1. Tutorial

2. Drill and practice
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3. Games

4. Simulations

TUTORIAL

Tutorial attempts to emulate the interaction between a teacher and a student.
Typically, tutorial arranges and presents information in a meaningful fashion, fosters
interaction through appropriate question, both objective and subjective, process

various types of response and provide feedback.

One problem with much tutorial software is that it is to passive. That is it
requires too little interaction of the student with the computer. Tutorial software must
be written in such a way that it engages the student actively. Animation and other
deviations from the monotonous stream of text help eliminate the passive approach of

much tutorial software. Tutorial software, because of its capability for animation does

have many advantages over books.

DRILL AND PRACTICE

Drill and practice promote the acquisition of knowledge or skill through

repetitive practice. They usually give the student repeated practice on lower level

cognitive skills, and assume that the student who has some prior knowlédge of the
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~

content is seeking primarily to refine existing skills. Drill and practice is strongly
based on behaviorist models of learning
which include stimulus, response, and reinforcement. Most drill and practice use the
following design.

1. The computer selects and presents a problem.

2. The student responds.

3. The computer evaluates the student’s response and provides positive and

negative feedback based on the student’s response.

4, Step one to three are repeated until the student is ready to stop.
Drill and practice models are especially appropriate for lower level cognitive
skills. They may be adapted to teach higher level cognitive skills as well but this

requires more effort on the part of the lesson author.

GAMES

Games, like drill and practice, usually assume some previous knowledge of

the content being taught. It is therefore, best used for reinforcement of known

materials rather than teaching new materials.

Games such as “Hangman” can be used to teach and/or reinforce student’s

spelling skills. Other CAI games such as “Oregon Trail”, is a program that enables

learners to simulate the experience of traveling across the Oregon Trail in 1800s,

accept input and then
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respond to the student accordingly. Many of these games are well designed and

students may not realize that they are actually learning something.

However, teacher must use games with care. Many students, especially boys,
spend a lot of time playing computer games and it is important that the classroom

computer is not seen as another game machine.

SIMULATIONS

Simulations are normally models of real life situations, which enable students
to manipulate and experiment with it. The normal justification for using them is in
situations where the real thing is too expensive, too dangerous or too time consuming.
For example, students would not normally be able to observe the evolution of a
species as it would take too long but the whole process could be observed in a very
short period of time on a computer simulation. |

Simulations may be defined as the controlled representation of real world
phenomena. Instructional simulations assist students to acquire knowledge and skills
through surrogate experiences. The success of any simulation relies heavily upon the
degree to which it resembles the real experience. There are three general types of
instruction simulation:

1. Task Performance - generally goal oriented and designed to assist

students in the acquisition of skill relate to the successful completion of a specific

task.
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2. System Modeling — this type of simulation is used to assist students in the
acquisition of information, and the understanding about the system such as human
anatomy. System modeling simulations offer students the opportunity to manipulate

various system parameters and to examine their effects. Frequently these simulations

are process oriented rather than goal oriented.

3. Experience/ Encounter - these simulations are often used to provide

students with exposure to idea and experience otherwise unavailable. This type of

simulation tends to be goal oriented.
ADVANTAGES OF COMPUTER-ASSISTED INSTRUCTION (18-19)

1. Increase Interaction: Interaction refers to the active exchange of
information between the computer and the student. This means Computer presents-
Student responds-Computer reacts

2. Individualization/ Personalization

Based on the computer ability to monitor student progress/

understanding

Diagnose individual learning problem-prescribe solution

The computer free teachers for more “human” tasks, such as helping
individual student concerns, and providing pats on the shoulders for work well done

3. Self-Pacing
CAI allow all students-slow and gifted alike-to learn at their own

pace
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4. Administrative Strengths and Cost Effectiveness

CAI lessons can be used without the participation of the teacher. During

evening, weekends, in locations where teachers aren’t available, teacher is busy with

other students.

5. Offer multiple topics simultaneously with a single environment

6.

are low

10.

11.

12.

13.

14.

15.

16.

Provide instruction where a teacher is not cost effective

Initial cost may be expensive but reproduction and distribution costs

. Motivation 3

. Novelty of the computer

Efficiency associated with computerized instruction
Immediate Feedback

Computer provides fast and systematic feedback
Ease to Record Keeping

Lesson Integrity

Topic covered are covered each time the program is run
Irrelevant information does not undermine the lesson
Learner control

Determine the order in which units are administered

Determine when to proceed to: next frame, tests, practice exercises,

reviews, help.

17. The computer can bring real-world condition into classroom
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CAI DESIGN (20-21)

Designing CAI, based on 7 steps of learning process which are

1. Gain Attention

Before start learning, it is necessary to induce and motivate students.
Thus the lesson should begin with graphic, color or sound or combination, namely
multimedia. This motivation will prepare students ready to learn from the computer.

2. Define objective

Objectives of each lesson have to be defined by the developer.
Knowing objectives, students can view the lesson overall. They can mix the

knowledge base of themselves to the lesson.

3. Activate prior knowledge

Sometime students may have no idea about lesson that they will
learn. To recall their memory by using pretest or some shorted-attractive words or

pictures may be needed.

4. Present information

The heart of developing CAI is the presentation of involve picture,
words and sentence that ease and understandable. Present information by a picture can

help students memo and understand lesson effective than explanation by words.

5. Guide learning

This mean that let students be reasonable to think, analyze and finding
answer by themselves. Program designer should describe lesson generally and then

focus to the point so that students can find out answers.
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6. Providing informative feedback for reinforcement
7. Access performance

CAl is a kind of lesson, posttest is significant to access performance

after learning of students

RELEVANT RESEARCH

Saipin"Noppaket (22) has studied in “The Construction of Computer-Assisted
Instruction on Water Resource of Upper Secondary School Level” the results show
that the post-test scores of achievement are significantly higher than those of the pre-

test at the .05 level and the students are satisfied with CAI.

Kwanchai Rattanamanee (23) has studied in “Computer Assisted Instruction:
Hyperlipidemia and Therapy” the results show that the post-test scores are statistically
significant higher than the pre-test at an alpha value of .05 and the positive opinion

toward this developed computer program is presented.

Jiraporn Sriamonsuttanakul (24) has studied in “The Construction of
Computer Assisted Instruction in Public Health Nursing of Epidemiology and
Surveillance for Sophomore Nursing Students in Boromarajonani College of Nursing,

Bangkok” the result confirms that the CAI lessons can be used effectively for self-

learning practice of nursing students.

Hill, Bailey and Reed (25) have the conclusion that carefully written

computer based applications can be effective not only for teaching basic knowledge at
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this level, but can also be used as a means of allowing students to develop skills in
complex areas such as generating solutions to open-ended mechanical engineering
design problems. Then it can be seen that CAI has been used successfully in all basic
forms of teaching and learning in an undergraduate engineering degree course.

Dewhurst and Williams (26) bave compared the effectiven;ss of CAI with
| traditional methods. The study demonstrated that: (a) the CAI was as effective as
lecture in disseminating factual information; (b) students generally preferred lectures
to using CAI as a mode of study.

Kong and Kwok (27) have result that incorporating Pedagogical Content
Knowledge in a CAI system is a promising research direction in enhancing it
effectiveness. Both of teachers and students agree that Interactive Teaching and
Learning Environment for Graph Sketchi;lg (ITALEGS) is a powerful and flexible
system for both teaching and learning.

Buraskorn (32) who had developed a CAI for Digital Circuit Design by
Asymetric Toolbook II Instructor 5.01, divided students into 2 groups(experimental
group and control group). Experimental group refers to the students who learn by
lecture and CAI Control group refers to the students who learn by lecture only. This
CAI was designed as a tutorial lesson. The students had asked to do pretest before
learning and to do posttest after finished lesson. The result showed that the posttest
mean scores of the experimental group were higher than that of control group. Almost

all the students in experimental group had good opinion towards CAL
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PART I MECHANICS OF MACHINERY

(VELOCITY IN MECHANISMS)

MECHANICS OF MACHINERY (28-31)

The study of mechanisms is very important. With the continuing advances

made in the design of instruments, automatic controls, and automated equipment, the

study of mechanisms take on new significance.

Mechanisms may be defined as that division of machine design which is

concerned with the kinematic design of linkages, cams, gears, and gear trains.

Kinematic design is designed on the basis of motion requirements in contrast to

design on the basis of strength requirement.

MECHANISM, MACHINE

A mechanism is a combination rigid or resistant bodies so formed and

connected that they move upon each other with define relative motion.

A machine is a mechanism or collection of mechanisms which transmit force

from the source of power to the resistance to be overcome. An example is the crank,

connecting rod, and slider as shown diagrammatically in Fig 1.
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Fig 1 Slider-crank mechanism

From Fig 1, link 1 is the frame and it stationary, link 2 is the crank, link 3 is

the connecting rod, and link 4 is the slider.
VELOCITY IN MECHANISMS

Introduction

Because motion is inherent in machinery, kinematic quantities such as
velocity is of engineering importance in the analysis and design in machine
components. Velocity in mechanisms is very important because it will make we know
all about mechanism. From equation P =Fv (P = Power, F = Force, v = velocity), if
we know power and velocity of machine, we will know force and stress in any part of

machine. Otherwise if we want to know acceleration in mechanisms we must have to

know velocity in mechanisms first.
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Velocity analysis

1. Relative velocity method
1.1 Introduction
1.2 Plane motion
1.3 Velocity analysis method
1.4 Relative velocity of coincident particles on separate links
2. Instantaneous center. of rotation method
2.1 Introduction
2.2 Instantaneous center of rotation
2.3 Velocities analysis by instantaneous center of rotation
3. Orthogonal components method
4. Auxiliary points method

5. Vector mathematics method
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CHAPTER III

MATERIALS AND METHODS

SUBJECTS

The subject of this research is a group of 30 junior(third-year) students at the
Department of Mechanical Engineering, Faculty of Engineering, Mahidol University,

has characteristics as follow:

1. Studying in the third-year at the Department of Mechanical Engineering,

Faculty of Engineering, Mahidol University.
2. Has GPAX between 1.93-3.35

3. Has not studied in Mechanics of Machinery

4. Has enough time for this research
Thirty subjects are divided into 2 groups (experimental group and control

group). An experimental group learns through lecture and self-study with CAL A

control group learns through lecture only.
MATERIALS

1. CAI for Mechanics of Machinery (Velocity in Mechanisms)
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2. Microcomputer for development CAI is IBM PC compatible with
specification:
- Pentium MMX 200 MHz
-RAM 48 MB
- Hard disk 4.3 GB
- CD-ROM drive 16 speed
- Sound card 16 bits
- Monitor SVGA 1.6 million color
- Speaker 60 W
- Microphone low impedance
3. Microcomputer for students is IBM PC compatible with specification:
- Pentium 133 MHz
-RAM 32 MB
- Hard disk 2.1 GB

4. Pretest and posttest questions about Mechanics of Machinery (Velocity in

Mechanisms)

5. Questionnaire about opinions toward CAI
STUDY DESIGN

The study design is divided into 4 steps

1. ANALYSIS OF CONTENTS AND REQUIREMENTS

4
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1.1 Collect and analyze relative contents on Mechanics of Machinery

(Velocity in Mechanisms).

1.2 Set learning objectives based on from the key concepts of
Mechanics of Machinery (Velocity in Mechanisms).

1.3 Write topic outlines which correspond to the learning objectives.

1.4 Rearrange the topics and subtopics. The topics and subtopics
should be done step by step with correlative and consistent content.

1.5 Write details of each topics and subtopics.

2. LESSON DESIGN

2.1 Storyboard design

A storyboard is a story of lessons which corresponds to the

learning objectives. The storyboard is composed of frames, media representative

methods, and so on.

The storyboard which is created shall be done under the
scope of the lessons. A good storyboard comes from a good lesson and a good lesson
comes from good components. A good lesson, for example, may contain motivation
part, information part, application part, and conclusion. The storyboard is composed of

- Title

- Main menu

- Objective

- Key concept

- Information
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2.2 Lesson flowchart design

A lesson flowchart represents process of how the
storyboards are going on frame to frame. The lesson flowchart should be done after

the complete storyboards have been finished.
3. DEVELOPMENT OF CAI

Microsoft Visual Basic 5.0 is used for development of CAL This
software allows for the development of instructional material which incorporates
sound, graphics, and animation. The development is as the following:

- Planning a schedule for appropriate time frame of eaéh process.

- Preparing ;:omputer hardware and software, e.g., Microsoft Visual
Basic 5.0, Adobe Photoshop 4.0, Adobe Premiere 5.0, Microsoft Powerpoint 97,
Microsoft Word 97 and Sound editor.
- Preparing comprehensive study storyboards and lesson flowcharts.
- Designing interactive presentations.

- Inputting related information, graphics, and sound to developing

program until completed.
4. EVALUATION(32, 33)

The evaluation of the effectiveness between learning through lecture
and self-study with CAI and learning through lecture only a pretest and posttest are

carried out by experimenta.lv group(learning through lecture and self-study with CAI) .

i
i

f
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and control group(learning through lecture only). All of the subjects are asked to do a

pre-test first. Then each experimental group is studied the CAI by him/herself. After

completing the lesson, the subjects are tested using the posttest containing the

questions as same as in pretest. Compare the differences of mean of pretest scores and

posttest scores between experimental group and control group as follow:

1. Compare the differences of mean- of pretest between experimental

group and control group by using Pooled variance t-test.

n

nz

The statistic method is shown as follow:

The mean scores in pretest scores of the experimental group.
The mean scores in pretest scores of the control group.
Pooled variance of the sample.

The number of the sample in the experimental group.

The number of the sample in the control group.

(n;-1) sf +(n - 1)s72

P n;+n;-2

Pooled variance of the sample in the experimental group.

Pooled variance of the sample in the control group.
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n; = The number of the sample in the experimental group.

n; The number of the sample in the control group.

2. Compare the differences of mean of pretest scores and posttest

scores within experimental group and control group by using Match paired t-test.

The statistic method is shoWn as follow:

_ (®-Dy)
SyVn
D = Mean of the different between each a pair of sample.
D; = The different between each a pair of sample.
Dy = The different of hypothesis.

Sp = Standard deviation of the different of each a pair of sample.

The number of the pairs of sample.

=)
I

and

nZD} -E Dy’
n(n-1)

3. Compare the difference of mean of posttest scores between

experimental group and control group by using Pooled variance t-test.
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5. OPINION EVALUATION

A questionnaire is designed to determine the subject attitudes toward
the developed CAI is performed after finishing the post-test evaluation. The
questionnaire contained 10 questions, by each 10 questions measure satisfaction on a
five point scale, i.e., 5 = strongly agree; 4 = agree; 3 = no feeling either way; 2 =
disagree; 1 = strongly disagree, and the last question is open-ended and asked the
subjects to write any comments they wished concerning the CAIL

The evaluation of opinion in learning with CAI is done by using

percentage. The statistic method is shown as follow :

f x100

percent = 5

f = Frequency of the opinion in learning with CAI.

n = Total of amount of the subjects.

6. DOCUMENTATION INCLUDED THESIS AND OPERATION

MANUAL
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CHAPTER IV

RESULTS AND DISCUSSION

Detail results from the methods in chapter III are in this chapter.

1. ANALYSIS OF CONTENTS AND REQUIREMENTS

The topics outline were set as followed.

1. Introduction
1.1 Introduction
1.1.1 Mechanics of machinery
1.1.2 Mechanisms and machine
1.1.3 Fundamental mechanisms
- Linkages
- Cams
- Gears
1.2 Linear displacement and linear velocity
1.2.1 Linear displacement of particle
1.2.2 Linear velocity of particle

1.3 Angular displacement and angular velocity
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1.3.1 Angular displacement
1.3.2 Angular velocity
1.4 Absolute velocity and relative velocity
1.4.1 Absolute velocity
1.4.2 Relative velocity
1.5 Relative velocity of two particles
1.5.1 Relative displacement of two particles
1.5.2 Relative velocity of two particles
2. Velocity in mechanisms
2.1 Introduction
2.2 Velocity analysis
2.2.1 Relative velocity method
- Intro~duction
- Plane motion
a) Translation
b) Rotation
- Velocity analysis method
a) Velocity polygon
b) Similar triangle
¢) Velocity image
d) Mixed mechanisms
(Four-links and slider-crank)
- Relative velocity of coincident particles on

’ separate links
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2.2.2 Instantaneous center of rotation method
- Introduction
- Instantaneous center of rotation
a) Instantaneous center of rotation
of any motion bodies
b) Kenedy’s theorem
c) Instantaneous center of rotation
of direct contact mechanisms
.d) Method for locating center of
rotating
- Velocity analysis by instantaneous center
of rotation
a) Rotation-of-radius method
b) Parallel-line method
2.2.3 Orthogonal components method

2.2.4 Auxiliary points method

2.2.5 Vector mathematics method

3. Conclusion
3.1 Conclusion
3.2 Appendix
3.2.1 Show picture of mechanisms

3.2.2 Show motion of mechanisms
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2. LESSON DESIGN

Lesson flowchart design is shown in Fig.2

ENTER
Introduction Velocit}.r in Conclusion
mechanism

- Introduction - Introduction - Conclusion
- Liner displacement and - Velocity analysis - Appendix

Linear velocity * Relative velocity method
- Angular displacement and * Instantaneous center of rotation

Aﬁgula: velocity method .
- Absolute velocity and * Orthogonal components method

Relative velocity * Auxiliary point method

- Relative velocity of two particles * Vector mathematics method

Fig 2 Lesson Flowchart
3. DEVELOPMENT OF CAI

CAI in Mechanics of Machinery(Velocity in Mechanisms) had developed
by Microsoft Visual Basic 5.0 with these principles
1. Separate subject into units.
2. Pictures and sound were present slowly.
3. Student can select what he/she wants.

4. Animation will show the motion of mechanisms.
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This CAI has 377 frames.
Introduction 63 frames
Velocity in Mechanism 302 frames
Conclusion 12 frames
Total 377 frames

o

4. EVALUATION

The pretest and posttest are shown in Appendix II. The results of this

research are divided into 3 sections that are:

1. The results of the comparing the difference of mean scores of pretest
scores between experimental group(learning through lecture and self-study with CAI)

and control group(learning through lecture only) by using Pooled variance t-test are

shown in tabie 1.

Table 1 The difference of mean scores of pretest scores between experimental group

and control group .
Group Number of students Mean SD t P
Experimental 13 22.77 3.47

.987 >.05

Control 17 21.41 3.92
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From table 1, the mean scores of pretest scores of experimental group is

2277 while that of the control group is 21.47. However, the difference is not

significant at .05 level(t = .987, p>.05).
This insignificant difference implies that both experimental group and

control group have comparable knowledge and capacity.

2. The results of the comparing the differences of mean scores of pretest
scores and posttést scores within experimental group and control group by using Math

paired t-test are summarized in table 2 and table 3.

Table 2 The difference of mean scores of pretest scores and posttest scores in

experimental group.
Test Number of students Mean SD t P
Posttest 13 51.15 7.69
18.257  .001
Pretest 13 22.77 3.47

From table 2, the results show that the mean scores of pretest is 22.77 and
that of posttest is 51.15. The analysis show a significant difference between the mean
scores pretest and posttest at .001 level(t = 18.257, p = .001). The higher mean scores

of posttest than that of pretest indicate that learning through lecture and self-study

with CAI causes higher learning achievement.
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Table 3 The difference of mean scores of pretest scores and posttest scores in control

group.
Test Number of students Mean SD t P
Posttest 17 43.12 5.17
30.091 .001
Pretest 17 21.41 3.92

From table 3, the results show that the mean scores of pretest is 21.41 and
that of posttest is 43.12. The analysis show a significant difference between the mean
scores of pretest and posttest at .001 level (t = 30.09, p = .001). The higher scores of

posttest than that of pretest indicate that learning through lecture cause higher learning

achievement.

3. The results of the comparing the difference of mean score of posttest

scores between experimental group and control group by using Pooled variance t-test

are shown in table 4.

Table 4 The difference of mean scores of posttest scores between experimental group

and control group .
Group Number of students Mean SD t ]
Experimental 3 51.15 7.69
3.422 <.01
Control 17 43.12 5.17

1 AnBIaK



Anuchit Eklaknarat

Results and Discussion / 34

From table 4, the mean scores of posttest scores of experimental group is

51.15 while that of the control group is 21.47. The analysis show a difference in

posttest scores between experimental group and control group at .01 level (t = 3.422,

p <.01). The higher mean scores of posttest scores of experimental group than that of

control group indicate that learning through lecture and self-study with CAI is more

effective than learning through lecture only.

S. OPINION EVALUATION

-

The results of evaluation of the opinions in learning with CAI are measured

by percentage. After finishing the posttest evaluation, the ten subjects evaluate the

opinions in learning with CAI. There are ten questions. The percentage of each

question is shown in table 5.

Table 5 The opinions in learning with CAL

strongly agree no feeling disagree strongly
Opinion agree either way disagree
person | 9% | person [ 9% | peson | 9 | peson [ 95 [ peson | 9
1.Understand the 2 20 2 20 6 60
subjects clearly.
2.Ease to revise. 3 30 4 40 3 30
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3.Stimulate the
students to enthusiasm

in the subjects.

40

40

10

10

4.Involve the students

‘in the instruction.

50

30

20

5.Recognize the lesson

very well.

60

20

20

6.Help to review the
lesson that do not

understand.

40

60

7.Can study all the

time.

30

50

10

10

8.Seperating the lesson
into units make more

easier to learn.

10

50

30

10

9.The lesson is utility.

40

40

20

10.Use figure can
make the student
understand and
recognize the lesson

very well.

30

40

30

From table 5, The opinions in learning with CAI are as follow.

1. Understanding the subjects clearly. The percentage of strongly agree is 40 agree
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is 40 and no felling either way is 60, in order. It indicates that CAI can make the
students understand the subjects clearly.

2. Ease to revise. The percentage of agree is 30 no feeling either way is 40 and
disagree is 30, in order. It indicates that the students no feeling either way that CAI
ease to review.

3. Stimulate the student to enthusiasm in the squécts. The percentage of agree is 40
no feeling either way is 40 disagree is 10 and strongly disagree is 10, in order. It
indicates that CAI can stimulate the student to enthusiasm in the subjects.

4. Considering active participation. The percentage of agree is 50 no feeling either
way is 30 and disagree is 20, in order. It indicates that CAI can make the students
considering active participation.

5. Recognize the lesson very well. The percentage of agree is 60 no feeling either
way is 20 and disagree is 20, in order. It indicates that CAI can help the students
recognize the le.sson very well. |

6. Help to review the lesson that do not understand. The percentage of agree is 40
and no feeling either way is 60, in order. It indicates that CAI can help the students to
review the lesson that do not understand.

7. Can study all the time. The percentage of strongly agree is 30 agree is 50 disagree
is10 strongly disagree is 10, in order. It indicates that CAI can study all the time.

8. Separate the lesson into units make more easier to learn. The percentage of
strongly agree is 10 agree is 50 no feeling either way is 30 and strongly disagree is 10,

in order. It indicates that separating the lesson into units can make more easier to

learn.
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9. The lesson is utility. The percentage of agree is 40 no feeling either way is 40 and

disagree is 20, in order. It indicates that CAI is utility.
10. Use figures can make the students understand and recognize the lesson very well.
The percentage of strongly agree is 30 agree is 40 and strongly disagree is 30, in

order. It indicates that using figures can make the students understand and recognize

the lesson very well.
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CHAPTER YV
CONCLUSION

In this section of conclusion delineate in objectives of this CAI, tools used

in thesis, study design, conclusion and suggestions.

Objectives of this CAI are achieve

1. CAI in Mechanics of Machinery is developed and used at the

Department of Mechanical Engineering, Faculty of Engineering, Mahidol University.

2. The comparative study on the effectiveness between learning through
lecture and self-study with CAl(experimental group) and learning through lecture

only(control group) has been analyzed.
3. Learners opinions towards learning through CAI have been anélyzed.

The objectives of this CAI are achieved by tools and methodologies in

below.

Tools used in thesis

1. CAI in Mechanics of Machinery (Velocity in Mechanisms) is developed

as a self-study lesson.
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2. Microcomputer for development CAI is IBM PC compatible with
specification:
- Pentium MMX 200 MHz
- RAM 48 MB
- Hard disk 4.3 MB
- CD-ROM drive 16 speed
- Sound card 16 bits
- Monitor SVGA 16 million color
- Speaker 60 W
- Microphone low impedance

3. Microcomputer for development CAI is IBM PC compatible with

specification:
- Pentium 133 MHz
- RAM 32 MB
- Hard disk 2.1 GB

4, Pretest and posttest about Mechanics of Machinery ( Velocity in

Mechanisms ).

5. Questionnaire about opinions towards CAI.

Study design

1. Analysis of contents and requirements.
2. Lesson design.

3. Development of CAI
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Microsoft Visual Basic 5.0 is used for development of CAI. This
software allows for the development of instructional material which incorporates
sound, graphics and animation. Microsoft PowerPoint 97 is used to create text and
some images. Adobe Photoshop 4.0 is used for image editing. Sound editor is used for
sound editing.

4. Evaluation

The effectiveness of learning through lecture and self-study with
CAI and learning through lecture only is evaluated by using Match paired t-test to
compare pretest and posttest mean scores within experimental group and control
group that significant at p =.001. The comparative study on the effectiveness between
learning through lecture and self-study with CAI and learning through lecture onl); is
evaluated by using Pooled variance t-test to compare posttest mean scores between
experimental group and control group that significarit at p =.001.

5. Opinion evaluation

A questionnaire is designed to study learners opinions towards
learning through CAI is performed after finishing the posttest evaluation. The
evaluation of opinion towards learning through CAI is done by using percentage. The

results of this questionnaire show that the students have positive opinions towards -

learning through CAL

Conclusion

1. Microsoft Visual Basic 5.0 is good for developing Computer-Assisted

Instruction in Mechanics of Machinery ( Velocity in Mechanisms ). Microsoft
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PowerPoint 97 and Adobe Photoshop 4.0 is good for creating image and Sound editor

is comfortable for sound editing.

2. Two method of learning, learning through lecture and self-study with

CAl is more effective than learning through lecture only.

3. Students have positive opinions towards learning through CAI.

Suggestion

1. Further research shall use this CAI at another University.

2. Further research shall enhance decision support system, simulation,

artificial intelligent and CAI via the internet.
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APPENDIX I
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Fistwav tifonm]undyhhnheedudu
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3.1 AnuvIneuaAg Ay

fiiesiny

~)

Cl| O

m

1. A = arumnauazanud gy
o A [}
B = namaasnieddnsna
C = naln, nT8eins
X

D = na'laiugu

E = nagounj

4 4 R
2. diet@onand hinudasiadesilnng] m%’u
- . [ - Py ” W
die click suingrvazifonveuiiemdmimniade

b4
-

uy

3.1fu

< | = foundulmhesdey

= aguhmisesudu

. Sound : Back wav memﬂuﬁﬂunau'lﬂumvenw

Openwav Hienm]unamansind ssnsna, naln, n3esin, natnifug

First-wav wennﬂunau‘lﬂﬂmsewmu
Testwav tienmjamacsunnsi

3.11 nameasniesdnsna

fietung

L A = AIUSITOWATMINGYBIIM
nasmnoasindes Snsna
2. fenawlu A snilningfiazasu
uasiiiffowssoe

3. 1u

= foundulihnhserou

= Twhesss’hl

= adulimheeiTudu

Sound : Backwav tfiena]ufeundulihnheereu
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A
Forwardwav tienay]uTvihsede’y
4 . 2
Fistwav diene]unduhhniwesudu
. - i o
Voice0L.wav AITUSSEI0ATINMINGYBSIT Namaasnssssnsna

3.11a namaaiiadeednsna (de) feding
1L A = dwssseAanudifigeesin
nafmaafindesdnsna
B = apl
A C = fiussnovesagy

2. fwssos A snlnngiiasussiandeudowssog

g
dierngeunruudm]us falnngtu
3. diadeuundhihl4i B 1y B srquawazdenny

¢ walnnghiviu
c 4.1u

< | = founduTmhsedeu

@ < @ | - niuhimhsodudu

i o T
Sound : Backwav dienm]udsunduhinliserdou
Fistwav tienm]undyhndivedudu
Voice02.wav fussaondifguesist namaniindssinana

A &
Openwav tifanm]uregswasidon
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1 .
3.12 na'ln, 1AT84AN3

fefne

LA=
s lenauminovestunaritndels

na 1n(Mechanism)
(A3 948n5(Machine)
B = vnliuds
C = bongnada
2. Yennu A sslingfiasusmiandeudowussne
dietlringsunsuuda B, ¢ Taling
3. iiedeunndindi B, C snlnagjanguiu
uaziile dlick wiignsazBonvewnaz]y

4.1y

= foundulbnhivensu

@ | - oduTmlwoSudu

Sound : Backwav tisnarufeunfuhhnivedeu
Fistway  tienmjunduhimhveisudy
Voice03.wav 101
Openvav dienmandrlsfudy, eongnnsc

1.12a na'ln, 1n3 84803 (d8)

feting

1. A = naln (Mechanism)

B = 38483 (Machinery)
faecnaln
siuteRIuMInovesnaln

(]
30

C

D
3 - A -

E = M85 10ANUNLIGYBAURT BISNT

2. Gudusnbringtiio A ues B

3. dledeuundini A ssalnngdhnju A quosesd

fetine D uazju C ilnginmfeudomwssme

4, dedeuundin B walsingdhnus quaswasd

fMefun E ﬂﬂﬂgifuufsmauwssmu

s. iedeuundin ¢ JJuC seyuduuazdie click vz

ihgsioaziden
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< | = fsunduhuifeedsy

@ | - nsvlimheesudu

Sound : Back-wav tiienatjufoundihhmbesden
Fistwav tisnmjunduhhnihsedudu
Voice04.wav fiefinanaln
Voice05.wav fitefinaini adng
Open.wav tisamuirecunaln

fhefuio
1. A = A Slider Crank Mechanism
diedeuundhlifuay 1,2, 3, 4 ssh Wiy
quasiesiifesuendeudealnngty
1 = fuazdui Wilinsndenn
(frame and it stationary)
2= G303 (crank)
3 =fuds (connecting rod)
B 4= Rudou (slider)
B = gl
C .C= 'nqamrﬁm;:

3.12b fedWna In

D = gamaaln

D ' 2. poudufuszinngam A uazuB dwu Cues D
witlinling

< | 3. dedernndingl B el b B yuitu uazidlecick
szuammshauvenaln Ju B semely uanju C
wllﬂanu

4 dhadeunndindt ¢ sz hhuc yudu uazdle
olick i C esgantoiiy, 13 C sewelyl, fu B uaz
D a:ﬂnnqifu

5. dledevundinit D sz uD yutu uazile
click 7 D JuD sziot), JuB uazam A szalingd
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< | = fsunauimiieedou

Sound : Backwav tiienai]udsunduliuiivereu

Voice06.wav f19351N0 1

Voice07.wav f165110 2
‘Voice08.wav 165110 3
Voice09.wav fi185u10 4
Openwav thpnrijugmaen, gamaaln
Stop.wav dienmjamgamahan
3.13 nalafug fiefng
1. A = nalnfugniidudnalszneuvesnaladg
A 1Rud
\ B = fliudelee (Linkages)
b C = qauiits (Cam)
c D = (W84 (Gears)
D 2. meududuszlnng A noufousrwtunden
wimmfuSalnagus, ¢, uas D nieudsiiian]y

3, deidevnndsi B, ¢, uaz D srlnngilingudy
uaztle cick wihgnoazdon

4.11_:1

< | = feunduhhnhsedou

@ | - nsuhimheedudu

Sound : Backwav tiienmjudeundulihnfiseriou
Firstwav  tienm]undulthniisedudu
Openwav tienm]uB,C,D
Voice06.wav qzsmuna'lnﬁrusm
Voice07.wav frusie Tos (Linkages)
Voice08.wav qmﬁrm (Cam)

Voice09.wav (MBY (Gears)

i
i

f
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3.13al fude o fefing

L A = fefineammnsvesdureTo

B = Aegnnaln
2. fvTINg A wﬁeaqﬂﬂngﬂazussﬁaﬂfamﬁm
deussmoeuezalsingi]uB uasjuduq
3, dodeuandin@t B venngilangutu uasdle click
- wiingsiwazidon
— 4.1u

‘ <
] <1 = tounduliimhsedeu

@ | - niuliwihsesudu

Sound : Backwav tienaijufioundihimfhieedeu
Fistwav (e unduhhrfivedudu
Open.wav LiBnRIJuB
Voicel0.wav UssowaTamInovesiudo (o3

3.13a2 Muse o4 (A) fetuie

1. fudsles
1 = daufegiuit (Frame or Ground)
2 = ffudamyufseu (Rotate Completely)
niandeufinduainduin (Oscillate)
3 = Fduhunsadeud
4 = FnudanadsuiindylindunmTenyu
Wssudufunnuonvesfusislos

2. A = garsvhene

B = wiiamy
C = ngamahinu

' D = gamaala

P 3. Sufussiinagamnaln 4 fureloy, JuA, uaz
JuB oty dedeuundind A ssng) uyuiudle
click widgnoaziBon

’ 4. 1ilp click 1 A szofumiahauveanaln uaziuc’
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szﬂﬂnm‘fu

5. disidsuundin B wilsingu B quasuazsed
fesinmlnngtumdendes

6. dimidounndinil ¢ wlnnganguthunzidle dick
sengamsimuvesnaln nazjuD salving¥u

7. 1ile click i D sxnduhimieuiude 2

8. fu

< | = Soundulimhisedou

Sound : Back.wav thenm]ufeundulimieereu
Open.wav m‘aﬂﬁﬂuqmsﬁmﬁ, gamna’ln
Stopwav  tiienm)amgamshen
Voicel Lwav s5uodwneTos 1
Voicel2.wav sTinsfiudelos 2
Voicel3.wav sEuofiune[sq3
Voicel4.wav sinofiuselos 4
Voicelda.wav Miame

3.13b gmﬂ’m fesuie
) - J
1. A = mefuegnide
amgmﬁrm
[ J - J -
A 1 = Knife Edge Follower (famuyilahduduia
fugndisadhalarouvas)
2 = Disk Cam

2. firefne A szAsominagfiazursiandeudes
xﬂam:mmﬁ’nzﬂnnqamgm‘fmnn} 999y
3. dledeunnduiiay 1, 2 sitbf iquoauasii
srefnetsingumdeudns dedsusndoem]uss

adumilowAuuasfefinosswig

4. 1u

<{, = founduliminedeu
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@ - niuhhnhsesudu
Sound : Backwav tijena]ufeunduhinfisedeu
Fistwav diansjunduhhnfiweisudu
VoicelS.wav 105118 1 (Knife Edge Follower)
Voicel6.wav #105110 2 (Disk Cam)
Voicel7.wav ﬁ‘mi‘m&ann{m
3.13c (W84 AT
1. A = fefneies
A B = amies
C= Qﬂmﬂaqé‘ufg
1 2. fefine A seheoqlningiiasusinlnondeutos
dieussmesusalningam B 1fu C uaz] auduq
3. dhedsuundind ¢ sasingiangudu dle click
B wﬂﬂnnnmﬁeeguq
4 1fu
< | = foundulhmliseneu
C
@ | - nduhimbhsesudu

. <

Sound : Back wav tiienajudsunduhhmfeereu
Fistwav tienatjundyhhniiedudu
Openwav dienmuC (gnimitedud)
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3.14 il filesng
1. A = Tendfoui
1,2,3,4 = duden
A a,bcd= fhnaﬁ
2 darfhgiew A wlnngluisumdeudos e
) uér1,2,3,4,8,b, ¢, dutazn] wbuaSreilngdu
1 a 3. BenfnevTaudeuond i 1, 2, 3, 4 Fseaking
3 . g oy click Aoy
- Suitufmouiigndessaalingiedeanang v/
: f Suitudmenibigndessnlrngindenang X
4 d oy
i
I X || > > | = hifowde
?
E X | = gennindon
:

Sound : Fisstwav tiienm]ulibranude'h)
Exitwav tisnajuesnvindioiy
Yeswav tiedenfimeviignes
No.wav _u‘ft’n‘a'enﬁ‘muﬁ'lﬁqnﬁm
VoiceQl —x wav ol 1 -x
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32 manssiauasanudmuduveseymn fesue

1. A = M5 ounassSanudu

A B = msnszdamuduvessyme
¢ (Linear Displacement of Particle)
C = snuFanmduveseymn
B (Linear Velocity of Particle)
. D = vageuAuf
c 2. aeusSufussilning A semfeundos ndmiu A
> esw:a'ldﬂuﬁ'zﬂﬂn;]' B, C, Duasijuduq
3. diedeunndind B, C, D sxnngjanpuidu

. »
dis click watigwazBoaveniniu

@< 4. 1y

- < | = founduimihesdou

@ | - néiuluthsedudu

Sound : Backwav ienm]udounduhhnfisedeu
Openwav dienmjumsnszSanundy, anudaanundu
Testwav  diienmjamaceunang
Fistwav tienatjunduhinfinedudy
Voice20.wav fasi3 ounnsnszinanudurion

fiefug
1. A = aunszianunduvessymn
A (Linear Displacement of Particle)
B = fefnemsnsinanndy
C = ghvtn
5 2. meudufuszilsing A uas B lno B szilnngfias
wssimmfeundorsusy udn]uc uasjuduqsnling

s8A1
3. diedeunndini C salsing] uuufu die ctick ¥

hgnoazisea

4. 1)y

321 msnsziammduveseyma
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< | = foundulhniivensu

0 . aduhhihisesudy

Sound : Backwav tienaudsunduhimiseneu
4 o v
Open.wav ienA]ugRIson
4 . 2
Fistwav frenajundulivwieedudy

Voice2L.wav fefingnmsnssiasuudu (1)

3212 nnszianuaduveseynn (ve) fedng

74
1. A = amuasinsiadsuRvesymIA
B = sfngntsnssiannadu

A A 5 2. peusudusisingam A uazdefing B nieu
W v : @ Tngeztlsingnmitaznmuasdennufiazussia
A susuudrtalnag]y
3. 1u
<'| = founduhimheerdeu

> | = hhnheedsltl

< >

A - - ; )
Sound : Backwav tiisnm]ufeunauhhnhnedeu
quwmi.wav tﬂenm] u'ldmfnedo'lﬂ
Voice22.wav 8i1noniznsssaniundu (2)

i
i
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3.21 b nunseiamuduveteyain (ve)

f10TU10

C_.
r%‘ C
A
X
10
A
Y L
X
B

L A = anugaamsasziamuduveseyain

B = ATMUAMAUMINER A, B

C = fefnonnnsziamudy
2. meuuduszsingam A uazdieduie C niey
dos udsmiunm A swnchluesinngam B u

susuudatainagai

3.1y

< | = toundulmhesdsu

> | = himhesdelyl

Sound : Backwav dienm]ufeunduhimiedeu
Farwardwav tienm]ulihnhedsl
VoiceZ3.wav sfnonanszianuadu (3)
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321 ¢ mansstaAdUvEIEYNIA (AB)

f1e510

1. A = amuaamInssiamuduveseyma

B = fefuomsnszianmndy

C = mnomy
2. peusuduszlaIngn A uazdiesine C e2alsing
) =1 o [ <
dennuflazursfiandeudoseusy ndsnmanjuc

P 2

uanjupuqeiningiu

4 4 4 X 2
3. dledeuundinii]uc ssvnliuc yuiu de dick
szidngnvasbon

. s J °

4. diemsuundint R, R, AS sz Iijuguauasil
- Z
fmsfinnlsngiu

5. 1u

< | = founduTnifiveriou

> | = himheedsh

Sound : Backwav tilonanjufeunduhimbheereu
Forwardwav isnam]uisede Ty
Openwav tifenm]umnomy
Voice24wav sFuomianazianundu ()

321 d auaszianunduveseynn (de)

fetine

X <

1. A = nmuan AS hunadifi Bidhlnd A

B = fefmomsnizin
2. aoudsdussiningam A uozfefine B Taok
sf1ne B ssunngdennufiasusmiandeudossusy
udalnngiy

3. 1u

< | = feundulilmihverieu

X | = sensinmanszinnundu

Sound : Back.wav tisena]ufeunduTimbvedeu

T
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a
Exitwav tienmuesneinmanszinatndu
Voice25.wav e5mnansnssianundu (5)

322 amurnaduvedeyma

diefng

A

1. A = anuFmnnduveseymn
(Linear Velocity of Particle)

B = definsaaunianundu

C = gfmn
2. asududussning A uaz B lau B wilningde
avuiiazussiandeudossusy udn]uC uas] 1Buq
sulnngesnin
3. dleidevundinf ¢ sartnngiangudu dis click sz
hgswazidon
4.1

< | = foundulinvedeu

@ | - csuhintisedidy

Sound : Back wav tiisnas]udeundyhinfinedeu
Openwav Glonai]ugianie
Fistway dienmjunduhhnfisesudu
Voice26.wav fefnenanadannuudu (1)

322 a anudmnuduveseynin (vie)

st

1. A = MugAINIRABLAveIBYMA
B = fefnoanudnundu
2. nowusuRusilnngam A uasdefino B ok

8510B saUTazusIRAsuIUdI]
Uningy] Wuqdu
3. 1u

< | = bsundulimtieedsu

> | = himhseds
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Sound : Back-wav thiena]udeundulhniserieu
Forwardwav tienaja'hihnbeeds’hl
Voice27.wav 851noaImuSmundu (2)

PIO0L PRNET

3.22 b A annudueaynIa (@s)

[ -
(AL R

1. A = amugasnnuiiige A dle B sglad A

B = fefueamA

C = aql

D= ﬁ1éimou;1]
2. meudufusninngam A uazdefino B Taoh
efnoelnngdeniiazussianfeundosusy
ufaSalrngluc uasjuduq
3. dedewnndini]uc sslnnguguawazde

82D wﬂnng’ufu

4 1u

< | = toundulhndisedsu

X | = genninanuSaanndu

Sound : Backwav tilena|udsundylmbiseren
Exitwav fisnay]ussnninanudaaundy
Voice28.wav fiefinsanudaamndu (3)

3.23 nadeuaIwd

fiesu

A
1 a
2 b
3 c
4 d

1. A = Tenddhou
1,2,3,4 = #uden
a,b,c,d = fnou
2. dadigion A salngPureundsuios inde
uf11,2,3,4,abcd nuzx]ué‘uq@uzﬂnﬂqfu
3. enfreuTaadenund i 1,2, 3, 4 Feexaling

ueraS et click fasy

Suihuneuiigndesssilrnginiennne v/

Sufhudnern higndessslnngmieemne X

| 4.1y ;
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> | = lldowdeh

X | = sanenehoy

‘ (] 4
Sound : Firstwav titena]xhifewsie
) 4 .
Exitwav  iBnA1juBBASINAIOIY
o . - o 4
Yeswav Uisidsnfineufignfed
Nowav disidsndmeuiilignies

VoiceQl — x .wav fouded 1-x
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o g a
3.3 MINITIAURSATINIT AT

o -~
195110

>

1 A = madounsasziadaudieu
B = mInsziayy
(Angular Displacement)
C = S ufap
(Angular Velocity)
D = snudntutseniheanuSuday
uazamSuBudu
E = nagsuaand
2. mousuduscalaing A feundeudos winniiu
A vemohlufrSalnng]urnq iy
3. disdeuandindl B, ¢, D, E sslnnganguiiu die

click z1ihgnwazidon

| 4. 1u

< | = Seunduhlmheereu

Q. nau hhmhesusn

Sound : Backwav tienajubeunduhhnivereu
Finstwav dienaaunduhintseusn
Openwav GionajaiB, C,D
Testwav GlanmjuE
Voice29.wav 7sts sumisnszinsaguneu

3.31 mInssiat

fistne

A

L A = mynssiadgy
(Angular Displacement)
B = fiefnamanasiaibaum
fie nunlasudumitvesiagulsTaluSay
C = ghotn
2. asuuRuszilsing A uae B Tao B e2alning
deanuiiazusmiandemdossusy uda C uasijy
fqsalnagiu 4
3. dodeuundund ¢ slringrfangudu dle click v
ingnoazidon

4.q]u
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< | = toundulmihveriou
@ | - révhimbheeusn
- [ [}
Sound : Backwav dienm]udsundulimivedeou

Fistwav lenmjundvihnheeusn

Open.way n’famﬂuqﬁ’mdn

Voice30.wav fi851non1sasssasay (1)
feting

331a msnszindug (As)

L A = amugansnssinga
B = fsfnentinsziaam
siurmisveTag huSag (angutar position)fvas
T 11ﬁ'mﬁéuﬁmﬁ¢é'uﬁqﬁeg'ﬁuﬁ (fixed reference
line) ﬁaﬁuﬁmﬁwmﬁmﬁﬂsiﬁeeﬁmzﬁsw 6,
Siimurie Toumdeuiiondionis AB Tugs A’
fumisveadmde Touideegi AB° foyu 6,
Tno 6,, 0, Faifioudu ox Fudhududrbaflegiud
ﬂnnlémﬁ1uﬂﬁaveqﬁmdeTuqhu§mw?aﬂw
sz fie AO = 6,-6, .
mioysimsnssiaduuie mdian 138 degree)
2. asuuduszalningam A uazhtefing B Tacam
wxinagiiasamuasdsfinoslnngfenniias
vsstandeudsssusuudatalnngudentu

3. qu-

< | = teunduihrlisedeu’

X | = senninnisnssiniayy
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Sound : Backwav dianar]uffeunduivivheedeu
Exitwav  ienm]usenvimsnseiabiyi
Voice3L.wav febuomanssiadag (3)

33 anuSudup

fiefung

1 A = s uSu

(Angular Velocity)

B = fhefuwminiaSayy

C = gfsou
2. neudydusaling A ues B Tao B wnlsing
femudazurmianfeudorsusy ndwimbn]uc
uazjusieg 1:1[110{11{11
3. dledeuanduniil ¢ snilnngs] ugm‘fu tife click 92
dhgnunziSan

4 1u

< | = Geunduhlndisedou

@ - aduThnfiseusn

Sound : Back.wav  tilena]ufeunduhhniinedeu
Fistwav tisnatjundyTiwhseusn
Open.wav tlenmugdandie
Voice32.wav fefunonnunFaduu (1)
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3322 arwTuSayu (de) fefng
L. A = amudgasnsmasasuy
B = fsfinoanniufuy
B 2. peuSuduszilsingam A uozdefine B TanB
wnlnngleniuiiasusmians sudotousy wisnn
ﬂuﬂuﬁm:ﬂnﬂg‘gu
3. qu
o 4 ]
& 1> < | = teundulimiwerdsu
> | = hhnhwedehl
Sound : Backwav tifenm]ufeunduhhnliserou
Forwardwav dienmuhimfinese’
Voice3d.wav fiefnsanuuBup (2)
3326 amuS By () fhefing
- o -
A 1. A = avuaashrmevesnTuaiufa
I B B = fisfinevesfimmevesnanuuSugm
® 2. asududussalningam A ussfisfine B TaoB
6 winnglesndissusmiandeudosounmianin
4
C,\ | thnjuseqdalnngdu
. - _
N J 3. 113!
. X[I< < | = bounduhimheedsu
X | = sennnmusiaSu

p) p”
Sound : Back wav tiienm]ufeunduliuiisedeu
. 4 a
Exitwav disam]uesnsinanuiaSau
Voice34.wav fhefunoiimniavesniuniuSup
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333 swdinfus sz dnanuiadag fliesing
o
uazaunT A I
v v ¢ ) d &
1. A = mudiiuirsninanuEudap
-4
uazASAndu
B = ATRUNARUEINTUEY
A C = fmefinenmB
) & * d'
Amunt B dhieymenitandde o
ffuaeuyrnil A Salintv AB i R
2. newisunuezilaing A, B uaz C Tno C e21li1ng
" ----- «t - o s
e c deamiazusniemdsuiorsusy ndwnmiud
. .
\\ Usngudngiu
\
\
\ 3. 1]1!
1
[
\
B \ < | = founduhhmhisenou
= C a2
A R B . < >
> | = Whrtwedel
d aduhhniiveusn

Sound : Backwav fenm]ubeundyliwiisousn
Farward.wav tisam]ulthifivedsh

Fisstwav tfenm]unduhhnthseusn
Voice3S.wav fi1efitng C
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3.33a aAnudinius (de)

fiiesng

A

L A = smuaasanudiiufszvinanudasa
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APPENDIX II

Table 6 Pretest and posttest scores of control group.

No Pretest Posttest

1 24 50

2 24 . 44

3 23 49

4 25 43

5 19 39

6 23 45

7 27 52

8 20 41

9 21 45
10 22 43

11 13 33

12 13 39
13 18 35
14 22 4]

15 22 45
16 26 49
17 22 40 .

Mean 21.41 43.12
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Table 7 Pretest and posttest scores of experimental group.

No Pretest Posttest
1 25 59
2 21 53

‘3 21 51
4 19 33
5 25 56
6 | 21 46
7 21 51
8 25 57
9 20 42
10 24 49
11 20 50
12 22 56

13 32 62

Mean 22.717 51.15
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APPENDIX IV
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1. sy CD #1% Tsunsss Machinel a1y drive §1131 CD-ROM
2. 1 drive #1%5U CD-ROM 1flu drive D, E %30 F amnsaSen1sTsunsy1dine
3. 1 drive @30 CD-ROM 1§y drive Suiluandreninde 2 sz@onldTilsunsusiudi
1ae'141& @94 copy file Machinel 84’131y drive C Aoundaieson e Talsunsu
4. msiFen19Tusunsunseeir 1@ Taodh 1oy directory Machinel Tao1¥ Windows
Explorer 158 My Computer udaun file ﬁf]ﬂ?ﬂ’j 1 MachO1.exe #38 Mach02.exe

I3 v 4 |3
[{enuLAI39 double click 1 file e g Tsunsy

aw its description.

NINUAAINITN file MachO1.exe, Mach02.exe 114 Windows Explorer
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