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ABSTRACT

The purpose of this study was to develop the Computer Assisted
Instruction (CAI) for Occupational Therapy (OT) for people with Spinal Cord Injury
(SCI) and study the results that could be used to prepare a manual.

People with SCI and their caregivers (n = 20 pairs) were randomly
assigned into CAIl and manual groups. The caregivers in each group took a test
before the study sessions and the people with SCI evaluated the clinical progression
of the OT function. After follow up, the post — test and satisfaction were used for
the assessment of the caregivers and the re-assessment of clinical OT function for
the people with SCI.

The results showed that the CAI group had a significantly higher score
(p-value < 0.05), had a number of clinical improvements more than a certain
parameter, and were most satisfied with CAl.

In conclusion, the findings showed that CAIl was an effective method
knowledge to caregivers and increase clinical improvement among people with SCI.
It is recommended that future studies be conducted with larger sample sizes and

developed for other injuries or diseases requiring rehabilitation.
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CHAPTER I
INTRODUCTION

1.1 Problem and requirement

The medical evolution makes currently progression of medical treatment
procedures and medical device in order to play an important role to people’s live.
Progression of this field has continuously made us live longer and better quality of
life. Some appropriate interventions can be carried out continuously and effectively.

The provisional intervention, today have rapidly evolved rapidly for
reducing the number of death, but people with disabilities remain increasing. This
situation can be seen from the health and welfare survey of the National Statistical
Office in the past 10 years: the number of people with physical impairment increased
from 0.4 million (0.7 percent of total population in year 1986) to 1.0 million (1.7
percent of total population in year 1996) and are likely to be increased over time.

Especially those who have been disabilities or physical movement are the
most approximately four hundred thousand people, representing 39.4 percent of all

people with disabilities in Thailand1). The most common cause of physical

impairment or movement is accident such as traffic accident, fall from height, etc. If
injured on the brain or spinal cord will cause a deficiency in the body called paralysis

which is common in clinical practice 2). If those people who have been the physical

impairment or disability in the body but did not receive the correct treatment. It often
has the duplicate of physical impairment that cause problems both physical and mental
well-being of their family, which caused quality of life declined. Proper care must be
made continuously to help those disabilities to have better quality of life can further
maintain their independence in a society any future (3).

Rehabilitation is essential for improving the quality of life of people with
physical disability. The need to gain cooperation from the rehabilitation team includes
several agencies that will have encourage disabled people to get back to work , do

social activities normally or near normal with most (4).
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Occupational Therapy (OT) is an important part of rehabilitation team.
The role of OT is provide treatment for the physical and mental disabilities
particularly the people with SCI. The major goal of OT treatment in people with SCI is
to help them able to perform the activities of daily living by preparation of muscles,
bones, posture and sense. Moreover, providing of an appropriate assistive devices and
home and environmental modification may be required. In general, occupational
therapist has to give home program of OT treatment for people with SCI and their
caregivers before discharge from the hospital by advice, brochures or CD-ROM.
However, the knowledge tools used at present are limited in terms of presentation,
content composition and browsing content is difficult to follow (4)(5)(6).

At present, the computers have been involved with our lifestyle almost
every aspect. In earlier, the computer is still limited but later on it was expanded to use
computers extensively. It was used for many aspects of education such as for
institutional management, for research and solve the problem, for managing data and
for teaching and learning (7). Computer —assisted instruction (CAIl) is a computer
application to do presentation of lessons which teachers and students can learn by
themselves. The concept of using CAI for education is an interesting format and
completed . It enhanced teaching and learning by making high-quality teaching and
save the time over the other method of teaching and learning in the same subject.

CAl is the combination of program lesson and teaching aids together.
They can be media and having method of making different learners to learn in the
same subject. Students can learn by their own requirements and meet the individual

different of their best (8). Key factors of computer-assisted instruction program is

conducive to learning, and teaching as individual because it can be studied by itself as
many time at any time with interesting video as well as soundtrack and other features
that make lessons more interesting and help greater understanding.

Computer-assisted instruction (CAIl) program is available since 1975,
provides on-line training for MEDLINE which become very important role in medical
education. Edward P. and his colleagues have begun using CAI for teaching medical
students. It emphasized on the realistic sound and movement and they found that the
students have more understand because of CAl is a technology for teaching. So that

students can learn the steps of problems and have the opportunity to practice their
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skills from the scenarios created. Sometime in some circumstances it cannot help the
students learning by direct experience. Computer-assisted instruction is a good thing
that the learners have opportunity to use their knowledge in making decision or change
their choices as the problem condition that computer assigned a safe and not to worry
about the harm to the patients. In addition, CAl is an effective way of teaching over
the other method due to its ability to interact with computer users. Therefore, CAl is
used for teaching, explaining, demonstration, and testing the users and also save times
and money, increasing knowledge of users too (9).

At present, CAl was introduced and used as an example to gain more
knowledge which focused on the use of patient care as important. Using of CAl in the
SCI patients who still have residual physical impairment, especially the caregiver of
those patients will be a very useful approach. The caregivers can bring to practice at
home after the SCI patient was discharged from the hospital. From the study of the
caregiver of Spinal Cord Injury, that found that state of stress in family of spinal cord
injury patients were made to the conclusion that the family loss four points which are
family loss, independent loss, lack of sufficient knowledge in providing patient care
and not be able to do some activities together. Many families having people with
disabilities in the house are concerned about the care of disabilities patients and no
guideline when they return to live at home especially knowledge about take care and

do some activities together (10). Tait and VVoepel-Lewis found the standard verbal and

written consent information for treatment is often poorly understand by patient and
their families (11).

Based on information mentioned above, providing information and
knowledge for people with SCI and their caregivers when return home are very
important. Computer-assisted instruction is the learning tool that consists of video,
audio and the selected information can meet their needs, moreover it is easy to use and
saves time. It would be useful, when the people with SCI return home and receive
appropriate tools to continue OT program and may result in progress of the OT

function.
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1.2 Objectives

1.2.1 To develop CAI of Occupational Therapy for people with SCI.

1.2.2 To compare the knowledge of OT for people with SCI between the
caregivers using CAl and manual.

1.2.3 To evaluate clinical improvement of OT for people with SCI using
CAl as compared to manual.

1.2.4 To evaluate the satisfaction of the caregivers who using CAIl as

compared to manual.

1.3 Boundary

1.3.1 Computer—assisted instruction was created using Macromedia
Authorware.

1.3.2 Computer—assisted instruction provided basic knowledge and
guidance on matter of OT for people with SCI with the content equivalent to manual.

1.3.3 The efficacy of using CAl and manual was compared in term of

progression of people with SCI knowledge gained and satisfaction by caregivers.

1.4 Hypothesis

1.4.1 Caregivers of people with SCI have the knowledge to lead the way to
practice when they returned to live at home.

1.4.2 Computer-assisted instruction that develop the knowledge of
caregivers of people with SCI different from the manual that contains content
equivalent.

1.4.3 People with SCI have clinical improvement after study CAL.

1.4.4 The caregivers of people with SCI are satisfied of CAI.

1.5 Expected benefit
1.5.1 The caregivers of people with SCI increased OT knowledge for SCI.
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1.5.2 The people with SCI improved the OT functional after using CAI for
guidance of rehabilitation.
1.5.3 The caregivers of people with SCI have satisfied of using CAL.

1.6 Definition

1.6.1 Computer—Assisted Instruction (CAI) refers to the CAl created by
Macromedia Authorware program that consisted of the content of OT treatment for
people with SCI.

1.6.2 Manual refers to the document consisted of the content of OT in
people with SCI with content equivalent to CAl.

1.6.3 Occupational Therapy (OT) refers to the unit providing treatment
for improving Range of motion, Muscle strength, Sensation, Balance, Activities of
daily living and assistive device and Home and environmental modification.

1.6.4 Clinical improvement refers to capability of the people with SCI
have the clinical improvement as evaluated by the researcher (Occupational therapist)
using OT assessment form.

1.6.5 Satisfaction refers to the caregiver had satisfied in CAIl or manual

knowledge tools.
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CHAPTER Il
LITERATURE REVIEW

2.1 Spinal Cord Injury (SCI)

The spinal cord is connected to the brain and is about the diameter of a
human finger. Spinal cord descends down from the brain to the middle of the back. It
is surrounded and protected by the bony vertebral column. The spinal cord is also
surrounded a clear fluid of cerebrospinal fluid (CSF), that acts as a cushion to protect
the delicate nerve tissues against damage from banging against the inside of the
vertebrae. The spinal cord injury (SCI) resulted in a decreased or absence of
movement, sensation, and body organ function below the level of the injury. The most
common sites of injury are the cervical and thoracic areas. Spinal cord injury is a

common cause of permanent disability and death in children and adults (4).

2.1.1 Causes of spinal cord injury
There are many causes of SCI. The more common injuries occur when the
area of the spine or neck is bent or compressed, as in the following:
1. Birth injuries, which usually affect the spinal cord in the
neck area
2. Falls
3. Motor vehicle accidents (where the person is either riding as
a passenger in the car or is struck as a pedestrian)
4. Sports injuries
5. Diving accidents, etc. (10)

2.1.2 Anatomy of the spine.
The spinal bone consists of 33 vertebrae, including the following:
1. 7 cervical (neck)

2. 12 thoracic (upper back)
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3. 5 lumbar (lower back)
4. 5 sacral (sacrum - located within the pelvis)

5. 4 coccygeal (coccyx - located within the pelvis)

2.1.3 The spinal Nerves

The spinal nerves come off the spinal cord and pass out through a hole in
each of the vertebrae called the intervertebral foramen to carry the information from
the spinal cord to the rest of the body, and from the body back up to the brain. There
are four main groups of spinal nerves which exit different levels of the spinal cord.
These are in descending order down the vertebral column:

Cervical Nerves "C": (nerves in the neck) supply movement and feeling to
the arms, neck and upper trunk.

Thoracic Nerves "T": (nerves in the upper back) supply the trunk and
abdomen.

Lumbar Nerves "L" and Sacral Nerves "S": (nerves in the lower back)
supply the legs, the bladder, bowel and sexual organ (4)(10).

2.1.4 The symptoms of spinal cord injury

Symptoms vary depending on the severity and location of the SCI. At first,
the patient may experience spinal shock, which causes loss of feeling, muscle
movement, and reflexes below the level of injury. Spinal shock usually lasts from
several hours to several weeks. As the period of shock subsides, other symptoms
appear, depending on the location of the injury.

Generally, SCI at high level (cervical) resulting in more severe the
symptoms. For example, an injury at C2 or C3 (the second and third vertebrae in the
spinal column), affects the respiratory muscles and the ability to breathe. A lower
injury, in the lumbar vertebrae, may affect nerve and muscle control to the bladder,
bowel, and legs.

Spinal cord injury is classified according to the person's type of loss of
motor and sensory function as follows:

2.1.4.1 Quadriplegia involves loss of movement and sensation

in all
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four limbs (arms and legs). It usually occurs as a result of injury at T1 or above.
Quadriplegia also affects the chest muscles and injuries at C4 or above require a

mechanical breathing machine (ventilator).

Quadriplegia

Figure 2.1 The quadriplegia people (12)(13).

2.1.4.2 Paraplegia involves loss of movement and sensation in
the lower half of the body (right and left legs). It usually occurs as a result of injuries

at T1 or below.
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Paraplegia

Figure 2.2 The paraplegia people (12)(14).

2.1.4.3.Triplegia involves the loss of movement and sensation
in one arm and both legs and usually results from incomplete SCI (10)(15).

Incomplete cord lesion

An incomplete lesion is the term used to describe partial
damage to the spinal cord. With an incomplete lesion, some motor and sensory
function remains. People with an incomplete injury may have feeling, but little or no
movement. Others may have movement and little or no feeling. Incomplete spinal
injuries differ from one person to another because the amount of damage to each
person’s nerve fiber is different. The effects of incomplete lesions depend upon the
area of the cord (front, back, side, etc.) affected. The part of the cord damaged depends
on the forces involved in the injury.

1). Anterior Cord Syndrome: It occurs when the damage is
towards the front of the spinal cord, this can leave a person with the loss or impaired
ability to sense pain, temperature and touch sensations below their level of injury.
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Pressure and joint sensation may be preserved. It is possible for some people with this
injury to later recover some movement.

2). Central Cord Syndrome: It occurs when the damage is in
the centre of the spinal cord. This typically results in the loss of function in the arms,
but some leg movement may be preserved. There may also be some control over the
bowel and bladder preserved. It is possible for some recovery from this type of injury,
usually starting in the legs, gradually progressing upwards.

3). Posterior Cord Syndrome: It occurs when the damage is
towards the back of the spinal cord. This type of injury may leave the person with
good muscle power, pain and temperature sensation, however they may experience
difficulty in coordinating movement of their limbs.

4). Brown-Sequared syndrome: It occurs when damage is
towards one side of the spinal cord. This result in impaired or loss of movement to the
injured side, but pain and temperature sensation may be preserved. The opposite side
of injury will have normal movement, but pain and temperature sensation will be
impaired or lost (10)(15)(16).

The most common symptoms of acute SCI are as follows:

. Muscle weakness or paralysis in the trunk, arms or legs
. Loss of feeling in the trunk, arms, or legs

. Muscle spasticity

. Breathing problems

. Problems with heart rate and blood pressure

. Digestive problems

. Loss of bowel and bladder function

o N o o B~ W N

. Sexual dysfunction
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2.2 Rehabilitation for spinal cord injury

Rehabilitation of the people with SCI begins during the acute treatment
phase. As the patient's condition improves, a more extensive rehabilitation program is
often begun.

The success of rehabilitation depends on many factors as follows:

1. Level and severity of the SCI

2. Type and degree of resulting impairments and disabilities

3. Overall health of the patient

4. Family support

It is important to focus on maximizing the patient's capabilities at home
and in the community. Positive reinforcement helps recovery by improving self-
esteem and promoting independence.

The goal of SCI rehabilitation is to help the patient return to the highest
level of function and independence possible, while improving the overall quality of

life - physical, emotional, and social dimension (10)(15).

2.1 Occupational Therapy (OT)

Occupational therapists (OTs) provide training in activities of daily living
including dressing, feeding, writing and homemaking. They may provide splints to
maintain range of motion or dynamic splints that assist in the performance of
functional skills. Occupational therapists should be able to evaluate and train SCI
individuals in the use of environmental controls if needed to enhance their interaction
with the environment. This is particularly important for the high-level tetraplegic.
Occupational therapists often collaborate in training and modification of equipment
necessary for independent living and quality of life.

Phase 1: Acute Recovery

During acute recovery, the focus is on support and prevention. The OTs
helps the patient gain a sense of control over a situation in which the patient likely
feels little independence. Occupational therapist may make splints to prevent
deformities in the hands. Additionally, daily arm and hand exercises are performed to
maintain normal function. Fitting and selecting the most appropriate temporary

wheelchair to enable mobility is important in this stage. Finally, teaching the patient
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and care providers appropriate positioning in bed and in the wheelchair is critical for
the prevention of pressure sores. Education regarding pressure sore prevention
continues into the rehabilitation phase.

Phase 2: Rehabilitation

During acute rehabilitation, OTs interventions focus on support, education
for the patient and family/caregivers, meaningful activities, choosing equipment and
restoring the patient’s self esteem and confidence. It is particularly important to
consider the patient’s discharge environment (i.e. home, community and social setting)
in order to prepare for community living. With the patient, the OTs creates an
individual program to meet the patient's needs. The following are key areas of
intervention common to numerous rehabilitation settings

1). Assessment and treatment of the upper limbs.

Early in the rehabilitation phase, the OTs evaluates the
patient’s strength and sensation in the upper extremity (UE) and lower extremity (LE).
The OTs makes use of therapeutic activities to both strengthen muscles and improve
hand function. Custom-made splints are commonly used to help position the hands in a
functional position and assist in preventing deformity .Individuals who retain wrist
function are taught to use tenodesis grasp (extending the wrist to bring the thumb and
index finger together and flexing the wrist to separate the thumb and index finger) for
picking up and releasing light objects.

2). Self care or activities of daily living retraining

Obtaining competency in self-care tasks contributes
significantly to an individual's sense of self confidence and independence. The focus is
on bed mobility, feeding, grooming, bathing, dressing and transfer. Assistive devices
and specialized equipment are prescribed by the OTs to help the patient achieve
greater competency and independence in their activities of daily living.

3). Home assessment and modifications.

Where possible, the OTs will make a home visit to assess the
need for changes and adaptations to the home. Examples of common adaptations
include: adding ramps or lifts to get into the home, widening doorways, adapting the
bathroom and kitchen for wheelchair accessibility, placing electrical switches at

wheelchair level, and choosing wheelchair-friendly flooring. Assessing the need for
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specialized equipment (i.e. hospital bed or pressure relieving mattress) also takes place
during rehabilitation. The patient will be encouraged to try different pieces of
equipment in relation to self-care, communication, and other activities of daily living.
These knowledge doesn’t provide to the hospital only. When the people
with SCI must be return home, these knowledge will be a tool for continue OT
program at home. But these knowledge can be difficult to make the people with SCI
and their caregiver can be understood . Because OT knowledge focus on exercise and
training for Activities of Daily Living. There are some theories that we present
information that will help to understand easily, faster of data and can be used as a

guide in the selection to provide knowledge as well (5)(6)(17).

2.3 Learning Theory

Learning theory: Learning is a process that enables people to change
behavior and thoughts. The people can learn from reading, hearing, touch and use of
technology. Learning of children and adults may be different, children learn in the
class for questioning while adults tend to learn by their experience. The instructors
will create an atmosphere that is conducive to psychological learning. Therefore, the
instructors must choose the form of teaching as well as interaction with a learner.
Materials can be useful for increasing understanding of the contentand increase

interest.

2.3.1 The boom taxonomy theory
The bloom's taxonomy theory that describes the learning process is a

sequence were:
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Cone of Learning

After 2 woeks

ik i Mature of Invelvement

50% of what we
hear and see

Passive

30% of what we see

20% of what we hear

10% of what we read

Figure 2.3 Bloom's taxonomy theory pyramid and Cone of Learning
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1). Remembering: For the first area in the revised taxonomy,
remembering, the focus is on retrieval of information. Under the traditional Bloom
theory, we would use phrases like recognizing, listing, describing, naming and
locating.

2). Understanding: Here the traditional taxonomy phrases
become interpreting, summarizing, inferring, paraphrasing, comparing, and
explaining. In the new digital world, The step towards refining basic search techniques
as a step along the path of understanding. Blog journaling would be another aspect as

bR 11

long as the focus was on simply “talking,” “writing,” or “graphic massage” a task-
specific entry.

3). Applying: refers to the ability to use learned material in
new and concrete situations. This may include the application of such things as rules,
methods, concepts, principles, laws, and theories. Learning outcomes in this area
require a higher level of understanding than those under comprehension. Progressing
up the Bloom’s ladder, the next level is referred to as applying. In the traditional
Bloom format, we are talking about implementation, using information, and executing
tasks. The step for understand that focus “VCO” or “Game”.

4). Analyzing: refers to the ability to break down material into
its component parts so that its organizational structure may be understood. This may
include the identification of parts, analysis of the relationship between parts, and
recognition of the organizational principles involved. Learning outcomes here
represent a higher intellectual level than comprehension and application because they
require an understanding of both the content and the structural form of the material.

5). Evaluating: is concerned with the ability to judge the value
of material (statement, novel, poem, research report) for a given purpose.

6). Creating: Putting elements together to form a coherent or
functional whole; reorganizing elements into a new pattern or structure through

generating, planning, or producing (18)(19).
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2.3.2 Cone of Learning
Dale's cone of experience is the tool it provides to help us make decisions
about resources or activities. When Dale formulated the cone of experience, computers
were not a part of educational or home settings, so they aren't part of the original cone.
Given the fact that computer technology actively engages the learner, who uses seeing,
hearing, and physical activity at the keyboard as well as a range of mental skills,
computer-based instruction probably becomes a higher level of the cone. The cone
describe were:
1). Reading = 5% after 2 weeks, that tend to remember.
2). Hearing word = 20 % after 2 weeks, that tend to remember.
3). Looking a picture = 30% after 2 weeks, that tend to
remember.
4). Watching a movies, demonstration = 50% after 2 weeks,
that tend to remember.
5). Discussion, give a talk = 70% after 2 weeks, that tend to
remember.
6). Doing, simulation the real experience = 90% after 2 weeks,

that tend to remember.

From the previous theories, it was found that the learning materials
in the form of images, video and a description of the demonstration can help to ensure
that caregiver receive the most effective to know. Cone of Learning show 50% after 2
weeks, that tend to remember if watching a movies or demonstration that found in
CAl as a knowledge tools (20).

2.4 Theory of CAl

The using of computer technology for education is often referred to
instruction computer programs; also known as courseware. The courseware referred to
variety of names including Computer — assisted instruction (CAl), Computer —

assisted learning (CAL), Computer — aided learning (CAL), Computer — based
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learning (CBL), Computer — based training (CBT), Computer — based instruction
(CBL) and Computer — based teaching and learning (CBTL) (20).

However, the most population ways of calling are computer — assisted
instruction (CAI), mostly used in USA and computer — aided learning (CAL), mostly
used in England and other countries in Europe (22).

2.4.1 Definition of CAI

Computer-assisted instruction (CAl) is the application of computer for the
teaching assistance. The input is the lesson which will be programmed together with
the teaching and giving a knowledge method respectively. The computer then would
present the lesson in the proper method for each learner. The program instructed may
have different content presentation such as tutorial, simulation or problem solving.
The presentation is done directly to the learners via monitor and speaker. This
enhances the opportunity for the learners to participate in the corresponding with the
computer via keyboard or mouse. The instruction material is the program or
courseware, which is normally kept in the spare memory of computer and always
ready to be retied for the use of exercise review and scoring.
At the present, the method of CAI is that each learner sits in front of the computer and
retrieves the program of each subject. Normally the monitor would display the
explanation and mostly would have sound or illustration. The retrieving can be done
repeatedly as much as the learner would like to. If the leaner understands the lesson,
here comes the test, which mostly is multiple choices. After finishing the test, the
computer would automatically check the answers, if it is correct, come the
compliment, but if it is wrong learner will be ask to do it again. The computer will
score the test and give the suggestion whether the learner has to repeat that same

lesson again or not.

2.4.2 Component of CAl
Computer-assisted instruction is the two ways communication via
computer which is the theory of human’s behavior development. However, it is the

communication between the instructor, which is not human, and the learner, which is.



Panintorrn Konggateyai Literature Review / 18

The instruction by CAI consists of three components, which are computer, lesson and
learner as the following detail.

2.4.2.1 Computer

Computer is the machine consisting of electronic circuit which
is able to manipulate the symbols. The operation is processed according to the
controller set. With the application of electric and magnetic circuit, computer can
effectively put — in, record, process, and display the information in great amount with
high rapid and accuracy. The information can be in the form of numeric, letter, or any
special symbol. The operating system of computer consists of: Input unit which are
keyboard, disk drive, tape drive and card reader. Processing unit, sometimes called
central processing unit )CPU(, which is the main function performing as a controller of
every system in the computer output device which are monitor, printer, and magnetic
tape.

2.4.2.2 Lesson

Computer-assisted instruction lesson is in the form of
programmed lesson. In presents the content will be divided and presented segment
depending on the size and order of content. Technique of presentation is presentation
is well — planned based on the theory of reception and media designing so that to be
effective for learning (21). The lesson would be continued by the reaction of the
learner from the beginning until the lesson. Learner responds by pressing the keyboard
and would get the feedback immediately. Learner can study individually depending on
his interest and ability.

2.4.2.3 Learner

Learner is the most important component because it is the
center of this kind of instruction. Learner is the component which is not under
controlled. Besides the CPU, learner is considered: other part of processing which
needs:

1). Perceptual system.

2). Motor system.

3). Cognitive system (24)
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Computer-assisted instruction is a kind of instruction through
computer that uses the computer’s ability to present the multimedia such as text,
picture, graphic, graphic, motion, VDO and sound, using the reinforcement and
response. Some researchers defined CAI as an instructional method that involved
student’ interaction with computer program designed to achieve specific educational
goal (18, 19) some definitions of CAIl encompass all of these applications of
computers to instruction. In this study CAl is individualized, interactive and guided.

1). Individualized: Instruction is individualized because the
computer serves as a tutor one individual rather than as an instructor for a group.
Confined to individual users and can be effective for students working in pairs or
small groups.

2). Interactive: CAl is interactive in that in involves two — way
communication between a learner and a computer system. In some lessons the
computer poses questions, the learner responds, and the computer presents feedback.

3). Guided: To help learner to prepare themselves for the new
content in connection with prior knowledge or experience; simplifying a complicated
content into a clearer one, and panning the teaching strategy in orderly
steps.(23)(24)(25)

2.4.3 Process of CAIl construction
The most important step for effective CAIl was decided this step into 7
processes as follow:
2.4.3.1 Preparation
In preparation, designer must be well — prepared regarding the
purpose and objective of the lesson. They need to collect the information, study the
content so that to get the idea. This step is so important, designer have to spend a lot of
time preparing for the next step goals and objectives to determine goals and objectives
is to set the use of the program whether it is for compulsory, supplementary additional
exercise or test, including the objective after studying. Evaluation should be covered in

this step too.
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2.4.3.2 Collect resources

Collect resources is aimed to collect related information such
as content, development, designing and presentation. For example information
specialist, textbooks, books academic journal, for creating graphic, CAIl designing
specialist, manuals of computer and program and CAI specialist.

2.4.3.3 Learn content

Computer-assisted instruction designer needs to learn the
content is well. It may be done in many forms such as interviewing the specialist or
reading the textbooks related to the lessons. Understanding the information makes it
possible to create the challenging lesson for learners.

2.4.3.4 Generate ideas

To generate ideas, brainstorm which leads to creativity is
preferred so that to obtain opinions the team, in the limit time.

2.4.3.5 Design Instruction

1). Elimination of ideas

After brainstorming, designers would collect all the ideas and
make a decision which one is interesting the most, to eliminate ideas is to cut the
impossible ideas off, and collect only the possible ones. The consideration includes
questions and discussion

2). Task and concept analysis

Task analysis is to analyze the process and the content that
learners need to study for their understanding. Concept analysis is to analyze the
content that learners have to study carefully so that to obtain only the specific one.
This includes the analysis of the whole content carefully and cut the non-related off.
Task and concept analyze is very important because it is to find out the principle of
learning which is suitable to the content so that to design the plan of effective lesson.

3). Preliminary lesson description

Designers have to blend in the various ideas and design the
effective lesson. The blending must be done under the theory of learning by instruction
analysis which consists of sort of CAl and process. The last factor is to organize the
idea which finally leads to the sequence of lesson. Designers need to spend as much

time as they can especially in creating the work or activity that learners have to
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participate in. Besides, it is important to create the structure of CAIl which meets the
demand of CAI which meets the demand of each individual.

4). Evaluation and revision of the design

This step is significant in lesson designing. After designing, it
should be evaluated by the content specialist and learners. After the evaluation, be
followed by the more information collecting, more ideas eliminating, adjusting and
analyzing the CAl.

5). Flowchart lesson

Flowchart is the set of symbols explaining the working process
of the program. It indicates the information such as what would happen if the answer
is wrong or when the lesson end. Flowchart lesson has various levels, depending on
the detail. It also depends on the CAI lesson. For example, for tutorial or drill and
practice, normal type should be use and no need to have details, only the overall
pictures and lesson order is enough. For the complicated once such as simulation or
games, Flowchart needs to be in details with algorithm, repetition, rules and
regulations of games.

6). Create storyboard

This process is to prepare the content presentation and
illustration, pictures, together with multimedia on the paper before presenting on the
monitor. In this process, everyone in teamwork should be satisfied with the
storyboard. The participants of this process are content specialist, designing specialist
and target learners so that to check the content which may be confusing, skipped or to
hard or easy for learners.

7). Program lesson

This process is to change the storyboard into CAl. Program
used in this step may be Basic, Pascal, or others like Authorware, Toolbook. The main
factor of selecting the appropriate is hardware, sorts of lesson, and budget.

8). Produce supporting materials

Supporting materials can be divided into 4 categories, which
are learners’ manual, technical manual and other document. Instructors may need the
information of program installation, learners and CAI usage. Learners may need the

information of lesson management, retrieval. Technical manual is necessary if the
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installation is complicated. Other documents maybe pictures, examinations or
illustrations.

9). Evaluation and revise

The last step is the evaluation of lesson and every document
especially the evaluation of lesson presentation. The person in charge is someone who
had the experience in designing. The evaluation of how lesson works can be obtained
by the observation on the target learners while studying and after that. Besides,
learners may be tested after studying with CAIl. This step may include the pre-test and

the evaluation from the specialist.

2.4.4. Computer language used for the construction of CAI lesson
There are many programs used for the construction of CAl as follows:

2.4.4.1 General purpose programming language

It is the use of computer language such as BASIC, C or
PLOLOG to lay the structure outline and create the content for presentation. It’s
difficult to create the lesson and it needs skilful specialist and time. Moreover, it’s
hard to charge or correct. However, the feature of it is that users are the controller of
program.

2.4.4.2 CAIl programming language

It is the language specially used for CAI construction such as
PC Pilot, Tutor. Lately this language is rarely used and not popular. The feature of this
language is that users are free to create to lesson, but it also needs skills and the usage
is more complicated than the authoring system.

2.4.4.3 Authoring system

It is the use of authoring system specially developed to be CAI
tools such as Vital/Thai of Sukhothai University, Authorware, Toolbook, Director.
The feature of this system is that it is easy to understand and the presentation structure
is really practical. The weakness of this system is that the presentation is limit to it’s
own lesson. It’s suitable to same subjects only due to changing is hard to be
done.(27)(28)(29)
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Table 2.1 Comparison of the programs used for CAI construction

Program Specification Toolbook | Authoeware | Thaitas Chula

1. General specification 75.00 87.50 75.00 75.00
of hardware

2. For lesson construction

2.1 Font 88.00 88.00 52.00 68.00
2.2 Pictures and Graphics 66.66 66.66 30.55 36.11
2.3 Animation 72.72 63.63 36.36 45.45
2.4 Sound 100 100 0 100
2.5 Interaction 88.88 88.88 72.22 88.88
2.6 Evaluation 100 100 100 100
2.7 Special Task 84.21 89.47 63.15 68.42
3.Users Communication 94.73 94.73 68.42 84.21

1). The most program with specification of general hardware is
Authorware. Authorware is the cross-platform type which can be applied from
windows to Macintosh, while others are able to work on PC only.

2). The most program used in terms of front is Toolbook and
Authorware, next is Chula CAIl and Thaitas respectively. Toolbook and Authorware
used fronts from windows, so the fronts are various.

3). The most program used in terms of picture and graphics is
Toolbook and Authorware because both are big programs and widely used. They are
capable of supporting the use of complicated picture or designing the detailed ones.
They are also able to retrieve from various filed.

4). The most program used in terms of animation is Toolbook,
next is Authorware. Most programs, not all, can create animation. Able to drive the
animation from other from other program is the good advantage of the program.

5). The most program used in terms of Sound is Toolbook,

Authoreware, and
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Chula CAL. This feature is not found in Thaitas. It’s means that most programs consist
of this feature so that to gain attention from learners or to get the feedback, according
to Gagne.

6). The most program used in terms of interaction is Toolbook,
Authoreware and Chula CAIl. One of the most important things of CAl is that the
program must be able to interact to learners by asking or explaining.

7). Ever, program consists of the feature of evaluation, so that
to let learners know their own result.

8). The most program used in terms of special task is Toolbook
and Authorware, next is Chula CAIl and Thaitas respectively. Technique of pictures
changing can urge learners to be interested in what appears on the monitor. The more

interesting, the faster learners can learn.(28)(29)

2.5. Macromedia Authorware

Authorware is the multimedia program for presentation a data, information
or knowledge. The components were image, sound and VDO that can be work
together for interactive with user. These are become a popular program include
produce the education media in computer or call CAl (Computer Assisted Instruction)
Authorware program is a authoring system that were used to produce a presentation,
education and training. These program were easy to use and don’t have many process
to generate and don’t have many code seem the other program. The user who had a
basic computer can be learn and generate it. Moreover, this program that was designed
to work in many platform such as Window 3.1, 95, 98, Window me, Window 2000 or
Macintosh. The user can generate form Window 95 and can run in Window 3.1 as
well. Authorware programs start by creating a flowline, which is a flowchart showing
the structure of the developer's program. The developer can add and manage text,
graphics, animation, sound and video; develop interactivity and add navigational
elements such as links, buttons, and menus. Macromedia Flash and Macromedia
Director movies can also be integrated into an Authorware project. It’s can also be
used to extend the functionality of Authorware, which is similar to HyperCard's

XCMDs. Authorware's power can be even better utilized with the use of variables,
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functions and expressions. Authorware can interpret both its built-in proprietary
scripting language and JavaScript version 1.5.

Authorware has lost its specificity. More power was gained as more
scripting added graphical design, interaction and integration features, but Authorware's
special interaction-centered, clean, simple design was lost along the way. However,
there are still many Fortune 500 companies that use Authorware as their main
platform.(30)(31)(32)

Authorware: [Untitled] *

Fle Edt wiew Insert Modfy Text Xtras Commands Window Help
DS@BE - iy U B I U b o@m@E

T [Untitled]

Figure 2.4 Display of Authorware program and display

2.6 Computer-Assisted Instruction (CAl) in medical education

At present, CAI has an important roles in every medical organizations. It
has been introduced computer-assisted instruction tool in teaching and learning
especially in medical.(33) Rosenberg have conducted comparative study on the topic
of Dental in Dental students during the study of CAl and the previous instruction was
made of 12 topics with 5 topics exam that the students who study CAIl can make score
more, 6 indifferent topic and only one topic that has score less than and In the same
year.(34) Campagnolo Denise | in 2003 also used computer-assisted instruction that
related to the spinal cord injuries to use with the forth year medical students. There
was pre-and post-test that the average scores after study CAIl was more confident than
the average score before study.(35) Chaikoolvatana has found that the result of using

CAI to manage diabetes by making comparison between pharmacy students using CAl
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and education from classroom. He found that score of group studied using CAI have
higher score than the group that study in the classroom. (36)

2.7 Computer-Assisted Instruction (CAl) in rehabilitation.

The computer assisted instruction used in a group of people who are
disability. Researcher started to educate people with learning disability such as
cerebral palsy patients and patients with learning problems. The research in year 1990
has been introducing CAI to students who have mental retardation. Therefore, those
students can learn from the lessons more easily. Learning can be repeated and the form
of interesting which make it more efficiency in learning more. Moore has led to use
CAI for patients with autistic patients by emphasizing on respond to the social,
communication and thinking as a step of process to be developed. (37). Later on,
Wong has made CAI for cerebral palsy patients in typing and he found that after 3
weeks of practicing, patients have more precision. (38)

The development of CAI used with physical disabilities, paralysis or who
want to receive continuous treatment such as diabetes. In 1986, Rippey has made CAl
to educate the elderly who suffer from osteoarthritis, which contains message about
treatment and how to be careful. The test showed that older has increased knowledge
as significantly. The elderly have changed their behavior in way that better including
proper exercise. (39) Toth-cohen has brought CAIl on hand therapy for the therapist to
self-study. It was found that there is provide feedback and easy to use but there are
disadvantage which are unable to solve unexpected problems.(40) In 2004, Johnson
has made software computer for stroke patients which contains about physical training
and practicing when return home and we found that they are able to return home more
quickly and can return to practice at home themselves. It also help to reduce the costs
of training at the hospital also.(41) From both of these research has found that of
information such as software or CAL (Computer-assisted learning) , Computer —
assisted instruction are back to the self-study at home for patients and relatives to
follow as accurate and also reduce the training cost at the hospital.

Several researchers have focused on CAl to educate the caregivers, such as

Berridge in 1999 who has studied to educate relatives and patients with diabetes by
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providing information about disease and providing care and practice at home by
bringing computer-assisted learning (CAL) to help and we found that it can reduce
cost of staying in the hospital. Patients and relatives can understand more and can use

for more disability person. (42) In 2003, Glueckauf has made online website to provide

the information to caregivers, dementia patients by an administrator can go to find

information and leave the questions there. (43)

2.8 Computer-Assisted Instruction in Occupational Therapy

With the advanced of information technology, it is interesting in
application of CAI for rehabilitation of people who are physically handicapped. The
caregiver can be used CAI as a guidance for continuous rehabilitation of patient at
during stay at the hospital or return to home. In particular, the provision of OT
treatment is focused on rehabilitation and recovery of physical function, activities of
daily living and adaptive device and home or environmental modification. Computer
assisted-instruction program has been created for learning and training in OT student
and therapists. Hollis and Madill developed the OT education for OT student as online
learning (web- based instructional technology). They found that OT students have the
interaction and program is needed for higher order learning.(44) Thomas and Storr
found that OT student enjoy participating in web-base learning environment of
wellness, driver rehabilitation and ergonomic and positive to the effectiveness of this
web-base learning. (45) In, 2005, Tomlin found that the OT students who studied

from a computer-base interactive video of a client with CVA (Cerebro Vascular
Accident) have a higher rating of simulation scores, that explain to the video
simulations of client encounters may measure decision-making skill within a realistic
context. (46)
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2.9 Caregiver’s knowledge tools

Research has to be conducted for the development of learning materials for
the caregivers whom assigned to treat degenerative disease such as dementia,
Alzheimer or disability etc. To educate the caregivers, it will encounter stress as the
research from Cameron in 2010 and team, they found that the stress of caregivers in
stroke patient, found that the caregivers have stressed and depressed as the level of
severity of stroke patients especially in female and younger (47). In the same year,
Arango-Lasprilla JC and team found that the caregivers have stressed and depressed
up to 68% in the caregivers of injured spinal cord patients because they are lack of
correct knowledge and only 43% are satisfied in life and we found that they lack of
motivation in life (48). From the research, we found that information in treatment of
these types of patients is very necessary. The study of Berridge in 1999 who has
studied to educate relatives and patients with diabetes by providing information about
disease and providing care and practicing at home by bringing computer-assisted
learning (CAL) to help and we found that it can reduce cost of staying in the hospital.
Patients and relatives can understand more and can use for more disability person
(49). In 2003, Glueckauf has made online website to provide the information to
caregivers, dementia patients by an administrator can go to find information and leave
the questions there (43). And the research of OT, Yiu, the American OT has created
software that based on activities of daily living for the occupational therapist to apply
for caregivers, back pain patient, cervical care, energy conservations, infection control,
low vision, and weakness by choosing the format or posture related to the business of
daily living. It consisted of the software that appropriate for each patient. However, it
has to print out for the caregivers or patients for using as a guideline for rehabilitation
when return at home (50).

In the present study doesn’t found any research that focus on OT knowledge
for caregiver of people with SCI, particularly information technology of knowledge
tool. The researcher is interested to develop CAl of OT treatment for people with SCI,
by applying OT theory and the information technology together. Because of CAl have
image, sound and VDO which are the interested components as well. This study

focused on the caregiver of people with SCI for receiving the appropriate knowledge
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of OT treatment for continuous self-study at home. Also the clinical improvement of
people with SCI and their satisfaction were addressed.
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CHAPTER I
MATERIALS AND METHODS

3.1 Study design
This study was divided into two parts. The CAI of OT treatment for people

with SCI was firstly created using Authorware program. The second part was the
preliminary clinical study for applying the created CAI as the guideline for the OT
treatment of people with SCI. The knowledge related SCI and OT treatment (pre—and
post — test score) and satisfaction of caregivers as well as clinical improvement of

people with SCI were assessed.

3.2 Subjects

The people with SCI and their caregivers )n = 20 pairs( who received the
treatment at OT unit, Department of Rehabilitation Medicine, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand were recruited to this study.
Subjects (people with SCI and caregivers) were equally divided into two groups. The
first group received CAI (CAI group) and the second group received with content
equivalent of CAI (manual group).

The include criteria used for selection of the subjects are as follows:

1. The people with SCI who had medical diagnosis in term of complete
cord injury and rehabilitation phase.

2. Never received OT treatment before receive treatment at Occupational
Therapy Unit, Department of Rehabilitation Medicine, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok for four weeks.

3. People with SCI and their caregivers must bel8 years old at least.

4. They could read Thai language.

5. Caregivers could be use basic computer.
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3.3 Materials

1. Computer Assisted Instruction of OT for people with SCI.
2. Manual with contents equivalent to CAIL

3. Pre— and Post— test questionnaires.

4. Occupational Therapy assessment form.

5. Satisfaction assessment form.

3.3.1 Computer Assisted Instruction of Occupational Therapy for

people with Spinal Cord Injuries

3.3.1.1 Contents

The contents of CAI were the OT treatment in people with
SCI. The details of OT treatment in each chapters were obtained from standard OT
treatment and 11 years in clinical experienced in OT of researcher. The contents were
divided into six chapters as follows:

Chapter 1 Prevent contracture and deformities

Chapter 2 Muscle strength

Chapter 3 Sensation

Chapter 4 Balance

Chapter 5 Activities of Daily Living and assistive devices

Chapter 6 Home and environmental modification

3.3.1.2 Development of concept maps
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3.3.3.3 Display design and story board

3.3.3.4 Prepare resource

1). Computer Pentium (R), Dual-Core CPU and 1 GB of RAM

2). Macromedia Authorware 7.0 software
3). Adobe Photoshop CS3

4). Audio and Film Capture

5). Music and Sound effect

6). Image

7). Internet Explorer

3.3.3.5 Program development by Authorware program

1). Component of Authorware program
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2). CAI Constructions
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Figure 3.3 The CAI program screening

3.3.2 Manual

Manual which contents equivalent to CAI was prepared.

3.3.3 Pre- and Post- test Questionnaires

Pre—and post—test questionnaires were approved by OT experts. They were

used for knowledge evaluation of caregiver of people with SCI. Questionnaires

provided 4 choices and only one answer is corrected.
Pre—and Post—tested Questionnaire for Cervical level = 20 scores
Pre—and Post—tested Questionnaire for Thoracic level = 22 scores
Pre—and Post-tested Questionnaire for Lumbar level = 20 scores

Pre—and Post—tested Questionnaire for Sacrum level = 15 scores

3.3.4 Occupational Therapy assessment

The Occupational Therapy assessment form for people with SCI was

received from Department of Occupational Therapy, Chiang Mai University, Thailand.

The OT assessment form consisted of as follows:
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3.4.1 Range of Motion
3.4.2 Muscle strength
3.4.3 Sensation
3.4.4 Balance
3.4.5 Activities of Daily Living and assistive device
3.4.6 Home and environmental modification
3.3.5 Satisfaction assessment

The satisfaction assessment was scored as follows:

Score 5 = Most Satisfaction
Score 4 = Very Satisfaction
Score 3 = Immediate Satisfaction
Score 2 = Less Satisfaction
Score 1 = The least Satisfaction

The interpretation of the rating score were:
The average score 4.50 - 50.00 = Most satisfaction.
The average score 3.50-4.49 = Very satisfaction.

The average score 2.50-3.49 =Immediate satisfaction.
The average score 1.50-2.49 = Less satisfaction.
The average score 1.00 - 1.49 = The least satisfaction.

The content validity (Item Objective Congruence: 10C)

Congruence or Item Objective Congruence (IOC) is the items evaluated

the congruence by the content for correction in theory, appropriate for people with SCI

and their caregivers. Most of materials used in this study were evaluated the IOC by

the OT expert at Department of Occupational Therapy, Chiang Mai University,

Thailand.

The scoring criteria of IOC were:

The content were congruent to a research topic, the scoring = 1
The content may be congruent to a research topic, the scoring = 0
The content weren’t congruent to a research topic, the scoring = -1

The researcher has been edit follow the recommendation for completely.

The scoring were: IOC > 0.5 = accept
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I0C < 0.5 = unaccepted
The data was not congruent were:
1). Knowledge content of SCI disease in CAI and manual.

2). Pre-post tests that must be adjusted for each subtopics
content.

3.4. Methods

3.4.1. Procedures: Prior to subject research, everyone has been raised OT
at siriraj hospital by the researchers are as treatment 4 weeks.

3.4.1.1 CAI group

Before a day of discharge

1). The people with SCI were evaluate OT function from OT
assessment form by researcher.

2). The caregivers of people with SCI were evaluated a
knowledge by pre—test questionnaire appropriate for the level of injury. Then the
caregiver received CAI appropriate for the levels of injury for continue OT treatment
at home.

Follow—up (4 weeks):

1). The people with SCI and their caregivers returned to
follow-up after back home for a month (4 weeks).

2). The people with SCI were re-evaluated OT function from
OT assessment form by researcher.

3). The caregivers were evaluated knowledge by post—test
questionnaire appropriate for the level of injury.

4). The caregivers were evaluated for satisfaction assessment
of CAL

3.4.1.2 Manual

Before a day of discharge:

1). The people with SCI were evaluate OT function from OT
assessment form by researcher.

2). The caregivers of people with SCI were evaluated a

knowledge by pre—test questionnaire appropriate for the level of injury. Then the
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caregiver received Manual appropriate for the level of injury for continues OT
treatment at home.

Follow—up (4 weeks):

1). The people with SCI and their caregivers returned to
follow-up after back home for a month (4 weeks).

2). The people with SCI were re-evaluated OT function from
OT assessment form by researcher.

3). The caregivers were evaluated knowledge by post—test
questionnaire appropriate for the level of injury.

4). The caregivers were evaluated for satisfaction assessment
of Manual.

3.4.2 Statistical analysis

1). Paired t-test was used to compare the mean score of pre-
and post- test in each group and independent t- test for comparing between groups

2). The assessment of satisfaction of caregivers using either
CAI or manual was presented by satisfaction rating score.

3). Statistic formula

- Item Objective Congruence (I0C)

foc = L8
.'v
10C is  Item Objective Congruence
>R is  Sum of the congruence score
N is  Number of expert
- Mean
Il at
5o Simatt
=1

X 1S mean scores
> Xi is mean total scores of the group

n is amount of the subjects
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-S.D.
§p = 425;-#—::?
r-1
SD is the standard deviation
n is the amount of the subjects in group
> Xi is the total scores of the group
X is the total amount of each item with 2 square
- t- test
t = il _Ez g = [(Sf ..-"111)-2 + (S% f'112)3T
s? s si/np? (83 /np)’
I N ; n, -1 n, -1
t = ¥
NED? — (ED)°
= of = n-1
X is  the mean of the difference in each pair
D is  the difference of each pair
n is  the number of pairs
S is  standard deviation of variance

df is degree of freedom
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Subjects (n = 20)

v

Study CAI group (n = 10)

—

v

Study manual group (n = 10)

ﬁl

Before a day of discharge

v

1. The people with Spinal Cord Injury evaluated
Therapy assessments by researcher.

in Occupational

\ 4

2. The caregiver did pre- tested.

A 4

|

Receive CAl

Receive Manual

N

Return to home.

A 4

+—I

Follow up. (4 Weeks)

v

1. The people with Spinal Cord Injury re-evaluated in Occupational
Therapy assessments by researcher.

A

2. The caregiver did post- tested and satisfaction of CAI or manual.

x

Data analysis

Figure 3.4 The flowchart of procedure
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CHAPTER IV
RESULT

4.1 Development of CAl

Computer-Assisted Instruction of OT for people with SCI was created
using Authorware program. The CAI consisting of six chapters (Figure 9) as follows:

Chapter 1: Prevent contracture and deformities

Chapter 2: Muscle exercise and activities

Chapter 3: Sensation

Chapter 4: Balance

Chapter 5: Activities of Daily Living and assistive device.

Chapter 6: Home and environmental modification
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Figure 4.1 The flow chart of CAI
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This CAI had features that facilitate instruction. These feature include

color, images, sound ,VDO and interactive were shown in table 4.1

Table 4.1 the feature of each topic and subtopic of CAI

Chapter and topic Image | Color | Sound | VDO | Interactive
1.Introduction N N N
2. Main menu N N v N
3. Content menu N N N
Chapter 1 Prevent contracture
and deformities
- Splint N N N 7
- Positioning \ N| N N J
- ROM exercise \ N N N )
Chapter 2 Muscle exercise and
activities
- Muscle exercise N N v N N
- Activities for exercise N N N N N
Chapter 3 Sensation
- Absense N N| N N N
- Hypo sensation N N N N N
- Hyper sensation N N N N N
Chapter 4 Balance
- Long sitting N N N N N
- Cross sitting \ N N N J
- Chair sitting N N| N N J
Chapter 5 Activities of Daily
Living and assistive device
- Bed mobility N N N N N
- Eating N N N N J
- Dressing \ N| N N J
- Grooming N N N N N
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- Bathing and Toileting N N N N N
- Transfer N N| N N N
- Locomotion N N N N J

Chapter 6 Home and

Environmental modification

- Bedroom

- Bathroom

- Toilet room

- Kitchen room

<] 2] 2] 2] <2
<] 2] 2] 2] <2
<] <2 2] 2] <2
<] 2] 2] 2] <2

- Environment

4.2 Application of CAI for people with SCI

Table 4.2 Mean and SD of pre—and post - test score of caregivers in CAI group.

Parameter n Mean SD P - value
Pre-test 10 11.80 2.48 <0.01
Post-test 10 16.50 2.71

The results in Table 4.2 showed that there was difference between pre—and
post-test score in CAI group. The post- test score (16.50 +2.71) was significantly

(p <0.01) increase as compared to pre-test score (11.80 & 2.48).

Table 4.3 Mean and SD of pre—and post-test score of caregivers in manual group.

Parameter n Mean SD P - value
Pre-test 10 12.30 2.35 <0.01
Post-test 10 15.20 1.98

Similar results in manual group were observed (Table 4) that there was
difference between pre—and post-test score in manual group. The post-test (15.20 +
1.98) score was significantly (p < 0.05) increased as compared to pre-test score (12.30

+2.35),
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Table 4.4 Mean and SD of the difference score between pre-and post-test in CAI and

manual groups.

Group n Mean SD P - value
CAI (pre — post) 10 4.70 1.76 <0.05
Manual (pre - post) 10 2.90 1.96

There was significantly (p < 0.05) higher for increasing post-test score in
CAI group comparing to the manual group (Table 5). The average increased score of

CAI and manual groups were 4.70+1.76 and 2.90 + 1.96, respectively.

Table 4.5 Number of people with SCI with clinical improvement after using CAI or

manual.
OT assessment parameters Number of people with SCI
CAIl (n=10) Manual (n = 10)

Range of Motion 5 4
Muscle Strength 9 7
Balance 4 4

Activities of Daily Living 10 10
Sensation 6 6

Home and environmental 10 8

modification

The results of Table 4.5 showed that overall number of people with SCI in
CALI group were more clinical improved than in manual group. People with SCI using
CAI resulted in higher number of improvement in Range of Motion, Muscle Strength
and Home and environmental modification when compared to using manual.
However, no differences between groups were observed in Balance, Activities of

Daily Living and Sensation parameters.
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Table 4.6 The satisfaction score of CAI and manual groups.

Group Mean SD Interpretation

CAI (n=10) Content 4.64 0.57 Most satisfied
Technique 4.54 0.67 Most satisfied

Manual (n = 10) Content 4.26 0.82 Very satisfied
Technique 4.30 0.92 Very satisfied

Mean + SD for satisfaction in content and technique of CAI group were
4.64 + 0.57 and 4.54 + 0.67, whereas were 4.26 + 0.82 and 4.30 £ 0.92 in manual
group, respectively. The most satisfied in 12 subtopics and very satisfied in 4
subtopics were observed in CAI group and most satisfied in 3 subtopics and very
satisfied in 9 subtopics were observed in manual group.

Moreover, the comments of subjects who using CAI were added as
follows:

1. The picture is beautiful

2. Many useful and easy to learn

3. Should create CAI for several disease and other rehabilitation activities
such as physical therapy

4. Should be a DVD for using with DVD player

5. Should be a cartoon or animation for increase funniest

Similarly, the comments of subjects who using manual were added as
follows:

1. Easy to use

2. Should be made from plastic or material for waterproof

3. Should be a color picture

4. The size of the book should be small

5. The front size was small
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CHAPTER V
DISCUSSION

With the advanced of computer and information technology, the
application of computer for medical treatment is interested. The present study aimed
to create CAI of OT treatment for rehabilitation in people with SCI. This is the first
CAl of OT for SCI. It is a new innovative instruction for the caregivers and patients

that can be used as guideline for rehabilitation at hospital as well as at home.

5.1 CAl courseware

In this study, the multimedia CAI or courseware tutorial of OT for people
with SCI was developed. The CAIl of OT for people with SCI was developed
according to the OT theory and theory of learning for giving knowledge. This CAI
would serve as alternative materials of caregivers to be used as guideline for
rehabilitation of people with SCI at when return to home. The six chapters of CAl
consisted of the contents that add up idea providing the learner easy for studying and
understanding.

The CAI containing more attractive features that difference from the
traditional reading material such as image, color and interactive. These features
promoted learning and retention as well as a positive attitude toward the learning
experience. From the Bloom theory and Cone of learning, CAl was designed on
interactive technique that the caregivers can be participated and chooses for learning
allow their interesting and then image, VDO and audio that can be attractive and
demonstrate for practice as well. Moreover, the CAI structure composed of
hypermedia that offers the difference presentation, content ordering, flexibility and

easy to use for each caregivers.
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5.2 The knowledge (test score)

The preliminary results showed the CAI was an effective tool for
instruction of caregivers. From the results of 10 caregivers of people with SCI using
CAl, the post—test scores were increased. The similar increase of the post-test scores
was also found in manual group. These results indicated that both instruction tools
(CAI and manual) were efficient to improve the knowledge of caregivers of people
with SCI. These findings were agreed with previous study that instruction tools can
add the knowledge for the user who wants to study, where it can be book, paper sheet
or VDO (11,59).

When compared the pre—post score between groups, we found that the
average improvement scores of CAI group (4.72 £ 1.76) was higher than those in
manual group (2.90 + 1.96). These results indicated that CAl as the tool of learning is
possible to accomplish statistically significant and gain the knowledge required of OT
for people with SCI. Previous study suggested that learning with CAl would provide
interactive, color image, motion picture, sound, etc. The present finding was consistent
with Campagnolo who found that CAIl can increase knowledge more than
conventional teaching (35). These can be explained by the learning theory of Bloom
and Cone, who describing the sequence of learning. They described that listening,
graphic message and VDO can be enhanced for remembering, understanding, and
applying which consistent with the CAI that including audio, description format
presentation, interactive and VDO. The theory of Cone described that the ability to
remembering occur from reading (5%), hearing word (20%), looking picture (30%)
and watching movie (50%) of all two weeks. These emphasized that CAIl can be used

as alternative tool for learning(19).

5.3 The clinical improvement of OT function
The results showed that people with SCI in CAIl group were clinical
improved more than that in manual group in parameters of Range of motion, Muscle

strength and Home and environmental modification. However, no differences were
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observed among groups of Balance, Activities of Daily Living and Sensation
parameters. This may be due to the small sample size and the limitation of the period
of the study (4 weeks). There are many factors involved for clinical improvement such
as a recovery of spinal cord, in this study subjects were diagnosed as complete cord
injury which less recovery. The researcher took four weeks for OT treatment people
with SCI before discharge from the hospital. Therefore, it is possible to get almost

completely recovery for some assessed parameters before discharge.

5.4 The satisfaction

The results showed that caregivers who used CAIl have higher
satisfaction score than caregivers who used manual. These indicated that the
caregivers have the high satisfaction in CAIl session, especially the subtopic about
image color and technique that obtained the most satisfaction. Additionally, the
positive comments for the interesting and the useful of CAl were addressed as well.
These may affected the learning of knowledge in CAI group that increased more than
the manual.

The results obtained in this study are in agreement with previous
reports by Pannsada (2002), Isariya (2003) and Lysack (2004). These previous studies
indicated that the users have satisfaction of CAl more than manual, especially in topic
of presentation technique and easy to understand. However, there was only one
subtopic (the easy to use) that satisfaction score was lower than manual. This may be
due to the user took time to set up computer when using CAl while the manual was
easy to carry and pick up(28)(29)(59).

The results mentioned above indicated the useful and interesting of CAI
that can be used for increasing knowledge. The CAI was designed to be interactive
with control buttons so it could facilitate the user to have more active learning .The
user can choose the knowledge that interest and look at other knowledge for increase
experience and drive for practice. The caregiver of the people with SCI can use by
themselves to followed the OT program when return at home.
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5.5 General suggestion

1. This research is a pilot study. Therefore, number of subject in this study
was limited. Thus, clinical research using of CAIl required a large group of subject.

2. CAI for OT treatment may be useful for rehabilitation in the hospital
without occupational therapist.

5.6 Suggestion for further study

1. Creation of OT treatment by DVD is interested. It is appropriate for the
people who don’t have computer. Because DVD can choose the movies to play and
it’s easy to approach more than computer.

2. Creation of CAI for rehabilitation of other common diseases such as
Stroke, Back pain or Parkinson.

3. Increasing number of subject and long-term of study period are required

for further study.
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CHAPTER VI
CONCLUSION

This study was successfully to create CAIl of OT treatment for people with
SCI. The results showed that the CAI group had a significantly higher post-test score,
increasing a number of clinical improvements and were most satisfied as compared the
manual group. These findings suggested that CAl was an effective learning method
resulting an increasing knowledge to caregivers and increase clinical improvement
among people with SCI. However, further studies with larger sample size are required
before applying this CAI for routine rehabilitation in people with SCI. Moreover, the

creation of CAI for other injuries or diseases requiring rehabilitation is interested.
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A.1 The example of CAIl of Occupational Therapy for people with

Spinal Cord Injuries
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A.2 The manual Instruction of Occupational Therapy for people with
Spinal Cord Injuries

au A
naslszneumsIvenses
a o & o (% Eld' Yo < d' v v
ﬂﬂﬂ'iiN‘IJT]JﬂETTPﬁ‘]JQ‘Vﬂﬂﬁﬂﬂ]ﬂ!ﬂﬂ?ﬂﬂlﬁuﬁaﬁ

(Occupational Therapy for people with Spinal Cord Injuries)

(Y]

4" o d? A Y = a v A 3 a a ¢ A = a Jd 1
enmsidam e l¥lszneumsanuIdaneiliinenfinusises uniSauneuiune s aaou

a o o v Y Y < 4‘ U v

vostanssuihadmsudnlasvmnaduitlvdunas
Tay
wRaIwiIuNg neung Ing
v K a CS) J
nAneaan In aviglnsaidamsunng

aonfudiinemans luana wInedouiiaa

d' ad U a Y 1
Unn 1. ’Jﬁﬂﬁ)ﬁﬂuﬂ]iﬂﬂgﬂﬂlﬂ@ﬂlﬂﬂﬂ

1.1 mslviginsainnu

Yy Y

A 2 A v A Y
meuEmmmzu’m@"lummmmaauulﬁ’flﬂmﬂ

! 2

v ¢ Yy A A Aqyu "o . .
I¥ginsatmudoionazHanelviagluniin (Resting Hand Splint)

E]
I~ 4 o a a A A [ [ Y A ay =\ Y
Lﬂu@.ﬂﬂimﬂﬂJﬂﬁnﬂWﬁWﬁﬁﬂ‘]fuﬂ‘WLﬁ‘H nyrelumsdamvestoNoaz el

A

1 1w S 9 A d? Y ay =} v
agiumm Ao 3 Vol. NTTANIU Uszuna 20 09f1 VoHIND 10UTEUIY 20 BIA AIMN




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 61

d o ' a
‘ﬂ%‘aQﬂmthszﬂmmww%ﬁ@ﬂm1nﬁ1ﬁﬂ (Cock up Splint) (51A19NNINLLUNAIAAN)

Yy Y A v a Qy o
19l5zneevoie uazilassusnalalens aanw

w ] Sld' Yo [ d' (Y] U
1.2 msdammavesii lasumnadunlvdunds
1.2.1 MuduUMIAL
MU UAZUAY

U

Slald' Yo < d' v % k4 k4 4!
ﬂﬂlmgﬂ"lmumﬂmml"lmau‘nmuauﬂzummﬁlﬂmuﬂm

msnarvey U 1 MWSHU sTuaLEsLazyN
109 2 MIVTIU AU
v Y
109 3 MVUTNUTLHINVINITDIN

109 4 M3 darendunmseasd worielunmsaulildlarewien)



Panintorrn Konggateyai Appendix / 62

NMUYOUHIY

w

Slﬂld' Y < d' v [
ﬂ1ﬂ§jﬂ“lﬂ§1J1J1ﬂ!ﬂﬂﬂulsllﬁuﬁﬁﬂui’)u‘ﬁ\ﬂﬂ

[ 4
mynenneu Tuf 1 1euinm daenvunsaesing
{ a v v ] 4 1 i ' <
Tui 2 Mawsne Mundsisgie Idwegluseanios
1 v
Tuh 3 Mawsnw daeihimsdesdu
I E4 Y] T oy a
ey 4 1luginsaitlestuderiian naggalieenaldimoutlisesusinm
y v A o o
dui iivetlesiuumanasiu
A IR a A A Yy A S A I Y
ey 5 Ao gUnsalvie sequsnuileiedieldvelionazialeseanios

A 2 ~ 9 o A
LWE]!']Juﬂ'liLﬁiﬂllWﬁ@ilclUﬂ'ﬁﬂ'N']u"UﬂQNﬂ



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 63

J Q:l v <
1.2.2 MUuuadiv

d' w \ o U %% < lﬂ' g ol d' \ :.’I U
Hyun 1 ﬂ]ﬁ)ﬂ‘i’l"lﬁ"l‘ﬁi‘ﬂﬁ?l:'lﬂﬁ‘U‘U1ﬂ!‘i]ﬂﬂll‘llﬁuﬂaﬂﬂi’)i’)ulliﬁ‘ﬂﬂﬂ?

v 1 oA v o b Ao A Y aAd a A
NITAANT UIATHEUAZHAIAIATI INTITNNDANVUNINULNT UNADAVILIUAD LND
@ = a Y o A :/l 9 = A a
ﬂ@\jﬂu ATHY l@u]’lﬂm’l')'\\‘]ﬁuﬂuﬂiljmwu'l@ﬂ (NDINNUVUNIFTDOIVINUFA YA N ILIU

) A o v Y v
HuUIn maﬁmﬂumﬁammmuwm

d' % ' o . Yo < 3 U v d‘ Y t&' =S
Huun 2 miimmmmm’ﬂmummwﬁ"lmaummnnmmaﬂ@ I

_Y

[

v Y v
MIDAM TNATHZUAZHAINNTY MINNBANUNNAIIIMNUUTIUKHIFN

A o Yy~ 4 a ) A o Py, v v
IWBDINUVUNNADIVINUTIIAIANUTIY KUIDN LW@ﬂ@Qﬂuﬂ’liﬁNN’lﬂ’luﬁu’l

v

1 d' Yy 1 o v 1 ' o 1V d' (Y] v A g
1.3 ﬂﬁ‘]ﬂfjlﬂﬁ@uulﬁjﬂlﬂﬂﬂ (‘ﬂﬂﬂfjﬁjﬂlla : HAAZMMABIUDINU 30 mmmﬂu 1 391 tag
o A Y \
MIUAL 3 59U N0 131 1Y LAY NBHUDIU)

Vo lvia

[ [ [

' Yyay ¥ 3 A o o ' ) A a
Q@ﬂ“r‘iﬂ: im"lﬁgm"lﬂiummi}uw"lmaummg“lumuaumw gg@,ua UNUILIU

Y
(3 (%

{ [ ] { a a o Y
doiouazdornonvosdn lasuuadvn lvdundsenuyuldsausnuluy Hauasadylun

AININ



Panintorrn Konggateyai Appendix / 64

wanlna : daldgnld

D.

[

<] { o @ [ ' a
v lvdundeeglumueunae douaduivinm

v ] 9
Jollouazdonon voudn 1dsvuanun ludunddalddonenn1a9o  aen 9101iu dutlate

9

=2 o v v [
u,euumummﬁmmu"lﬂm ANNTIN

\ [

YIAY Yo 3 A o @ ' ] 9 v A a
mgu"lﬁn :Gﬂﬂslﬁzjﬂhlﬂ Uummm"lﬂlﬁuﬂm@gclumuaum1&1 ﬁﬂllﬁ‘ﬂﬂﬂﬂﬁ!’)ﬂ‘l
Y A Y YAy Yo 3 A o o ~ Yy a o o
VDUDUASUDADN "’IJ'OQEj‘ﬂulﬂﬁJ1|'lﬂﬁ]‘]_|T]nlellﬁuﬁﬁﬂlﬁﬂﬂﬂll‘lluﬂ'ﬂﬂ LAINANLVUAITUIY NN

aduiuliun danmw

Y
YN

= o BISJd' Yo 3 A [ [V (] 1 9 v A
se-mdigaden - daldAn lasuiadun lvdundseglumueunae dguadun

9 =t

a Y A Y Yo 3 A o @ o = a 9 9 o
VTLIN VBDUD !lﬁgﬂlﬂﬁ@ﬂﬂl'ﬂqWﬂ"lﬂiﬂu'lﬂlﬂﬂﬂhlellﬁuﬁaq JMMNMUU ﬂﬂﬂi!jmﬂlﬂﬂﬂﬂl’huagﬂﬂ

U

'
] =

a Y A 9 9 4 ~ Y o [ @
Uil?mﬂl@l]’f]6];‘”\1’f]!GU’UJ'mu’q@GH'J\‘]ﬂ'ﬁlﬂaﬂuulw'J Llaﬁlﬁﬂﬂﬂﬂﬂﬂiﬁllﬂlumﬁ Vl’lﬁallﬂuulllln 2N

NN



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 65

[

Y A v q ¥ YAy Yo g A @ o ' ' ) A

UVOND ‘ﬂﬂsl‘ﬁ Ejﬂulﬂiﬂﬂ']ﬂlﬂﬂﬂhhlﬁu‘ﬁﬁﬁ atﬂumuaumw Ej@jllﬁ VUIINU
¥ A oA YA Yo 3 A o o o o Ay A Y ]
ﬂlaummzvhm Gllﬂﬂﬁjﬂhlﬂﬁﬂ‘]ﬂﬂlfﬂﬂﬂulﬂlﬁuﬂﬂ\‘] FMNMUU IUNVDUD IﬂﬂulﬂﬂWQﬂ']u“b"lfl-éll'J'l 5

d - u o
ﬁu-m uag mgmﬂmmau aauUNU PNNIN

A A o Y YAy Yo g A o o ' ' P o Ay A

HIND ﬂcl,ﬁ Pjﬂhlﬂiﬂﬂ'lﬂlfllﬂﬂ]lellﬁuﬁﬁ\? ﬂgiu‘ﬂ’]u@u’ﬂ\?'lﬂ E\!@,!Lﬂﬁ]'ﬂ‘ﬂp\hﬂﬂ

Qy Qld' Yo 3 A o o ;I [ Qy 9 YR a oA
Ll,azﬂmﬂuwm E‘!ﬂvlﬂiﬂﬂ'lﬂﬁlﬂ‘ﬂhlsllﬁuﬂa\i NNUU fl]ﬂﬂﬁ'lﬂu')\i'ﬂl"]ﬂll'] Glﬁﬂ\?ﬂil')ﬂw\hll'ﬂ

Y 1 Y] o A Y ~ v W o Qy .dy Y [l

)1ﬂ©g1uaﬂymzmmmiﬂma (Llﬁﬂlﬂﬂﬂﬂﬂ@ﬂ daUNy MHIUUI Y NAaNN U Uagnoy aIU
2 o 1A Yo Y= a 2y Y ~ ! A o
HINILNUD Glqrifl]ll\?'ﬁ] Glﬂﬂ\?ﬁinm Iﬂuu')ﬂ@ﬂ ummfJfJﬂ’aﬁlﬂi)quWNmima@uthJ U

F2 F2 F2 F2
Uaetimnilaeneeniiniy) neid agduldsanu) vuia (hadudu danm




Panintorrn Konggateyai Appendix / 66

Yoazlnn
@ VYA Yo 3 A o o 1 ] 9 v A a
soazlnn: Ialddnlasvuadui lvdunas eglunueunae deua Iunvsnw
Yo ¥ 9 YAy Yo & Ay o o S w9 Yy  a v v
GI,GIW’JL"U'I AT UINIUDN Pjﬂulﬂiﬂﬂ'lﬂlﬂﬂ‘ﬂhl"uﬁuwaﬂ INNUU ﬂﬂiﬁlﬂ]’lﬂ@l‘lﬂll’ﬁfﬂﬁu'lﬂﬂ Lt

18eADDN MAAUNU AININ

@ Y o w Y o Y 9 1
maazi‘wn : ﬁ]‘iJGlW’lﬂﬂNfJ@ﬂﬁ]”lﬂl!u’lﬂﬁNan’J) NIV (LLﬁ’Jﬁ]‘UGlﬁL‘lﬂul‘]JE]Eﬁqu’J

[

nanddnrlowan) yuu Ghaduiu dgua SuAusnaiazlaiein wanvide -
9

[ % ]

Yy Y
¥ heduiu dgua YU nAUu mniy SuRwande — v daduiu Tdu denm

Yy 9
sugazlnn : Tuaeduluneni dguaduusne Joriaz i nuzvieen

Y
MUY AFUA VMUV FININ




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 67

@ ~ 9 @ a @ ] Y 9 a 9
?i?guﬁ$1'wn2 UVNHYIADDN WALAIUVDILIN UIVULASUDIN Waﬂulﬂll'lclﬂfﬂl')'l

AININ

Y 1 [ Yy Yo g A [ [ T T 9 v A Aa 1]
Yo : dalidn lasunadui lvdunas oglumueunaie dgua suiusnula
Y

[

@ i Y 9) 9 3 = (% [ Y ~ o v v [
NIV LT AT UINIVUDY EjﬂqﬂiUUWQL%UWq‘Uﬁuﬁaﬂ JOIUULASINYYADDN mﬁmmu‘lﬂm A

DN

o

v v A v VYA Yo 8 Ay o o ' ' v o
VAUNUASHIAIN ¢ %ﬂiﬁ@ﬂqﬂiﬂﬂ1ﬂlﬂﬂﬂqﬂ]ﬁuﬁﬁﬁ ’e)g“lumu’e)umw mua U
A Yy v 2y Bld'hlalw dd'lllww o o Y Y a
VIIU VUBDIN LS HIANTVUDN Iﬂ‘VI ATUUIARUN LVYFUVAY INUU JUUDINT WaD K18 — VI,
v Y
[ [ =\ a 9

P
< o a 0
ﬁu— a3 LLE’I$WHUL‘1JH'Nﬂﬁ3J Maauny IUNUYINIVUUNIND — L‘H?JEJ@ Hag NN -1y M

AAUNU AININ




Panintorrn Konggateyai Appendix / 68

d’ o Y & d‘d \
UNN 2. NTBINNIAINANNIUINUNITOOUUTI

o ﬁ' (Y] A o W A
(azmMmaeieany 5 — 10 W aadlu 1 seunaz M iuaz 2 59 Ae 111 Az i)

2. 1ndnielunih

VoA 1 9 d?
NN 1 YUNRUININUU — D3

i 3 81— uihn




Fac. of Grad. Studies, Mahidol Univ.

2.20Miien0

%

1A = 9 Y a 1
M 1 1vesans- ¥ (iyranalva)

Nl

1A Y
NN 2 NY — NYAD

-

%

M9 3 wuni ldmadhe —am

2.3 naatenyiglumsrngle
W

[
=1

Y

naaamdlen ldenuazusaiga 15

M.Sc. (Biomedical Instrumentation) / 69

ugilnssiuswiiilen

ginsaiusmsien Taelimsldussgaamanlealiignensdass iy

HAndhaneonainthn wu madhanlils nhewasdudu



Panintorrn Konggateyai Appendix / 70

2.4 naaitelumsenlvia

ld' o v ) ald' Yo < d' v % d'
nmn i1 7111147]11461411&18 (!Ni’)@‘ﬂulﬂ ‘ummim‘n"l‘uauwmmaau"lm%um

sznv’a)

o ]

v [ 4
gnldsvnadunlvdunds on/dnluadu - asldnasnaloy @b ligesaa
Tidquagieauasaudausnuluy)
I v Y < daudd'usld'ild'yu G AN o
M 2 hlunfasuderdunseiai a3l eiedilasumaduitlvdu

U 4' 4 Vv v Y
vaunaau lviafmuusaliiuaels)

' ' ) \‘ P
gnl&sumadui lvdunds on/dnludlddasnaloyiu-as @b ligasald

9 1 o 1 =2 a
Hauasieiiaeaudusnaluy)

Y~ A 2 A o vy Yy A a wlll ! A qu
ﬂ1”!&5@!W1]ﬂ]uﬁ1ﬂ15ﬂlwulliq@]’]uiﬂﬂiﬁﬁj@jllﬁﬂﬂﬂ’]uﬂﬂﬁnﬂlﬁ? a9 ‘Hifﬂfh’

v v
a =

gahwiin Taeisuio.s Alansu a9 lva



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 71

2.5 naitelumamalvia

ld' o \l ) ald' Yo < d' v % d'
nmn i1 ‘nﬂumueumm (!Ni’)ﬁ‘ﬂ‘lﬂ ‘umﬂmu‘n"lmauwmmaau‘lm%um

sznla)

\\ -
3 A [ Y 3 o w Y 19 Y=2 a Y o
‘Lnﬂ!‘t]Uﬂllﬂlﬁu‘ﬁﬁﬁ'JNl,ﬂluuu‘UQTQ'J umma”lﬁa“lﬁmmnmclmg (™M

[

114851

e oSt

[ ] Y [] o 1 = a
lugagalidguarieidesudausnuluy)

L)

Id'o 'Q‘l Y < daudd'usld'sld'yu :;d'u
mn 2 TIﬂHTn‘IN]JHﬂﬂ!ﬂluﬁiﬂﬂﬁﬁ)!ﬂﬂﬁﬂﬂiﬂl’lﬂ (!Nﬂ@ﬂllﬂ 1I‘1J1ﬂ!°‘111|7|ll‘llﬁ‘l~!

[ d' Y v 1 Y
vaunaau lvimuusaliueala)

A A
%

[ 1 FJ o
gnlasuuadui ludundenisInaldtainaluyoniu-as @i ligasaalst

quagigihauaosudausmluy)

e

i’

v 4
umﬁuﬁummsm

v
a

v Yy ) Yy A a Y A
Wmli\WHMTﬂEJGI,‘HQ@llmﬂﬂﬁﬂ!‘lﬂﬂil’)ﬂmulﬁlum"l‘”] 1io

Zh |

v
01

Mdgahwin Guidszana v Alansy aaiusHnaduaY



Panintorrn Konggateyai Appendix / 72

2.6 nanielumsee lva @nuay)

ld' o v A ald' Yo < d' v % d'
nmni nﬂuﬂmwmum (!N@Q‘Vﬂﬂ ‘]J‘]J1ﬂ!‘i]Uﬂ‘lﬂlﬁuﬂﬁﬂlﬂﬂi’)uﬂ‘ﬁﬂu!!u?

sznv’a)

Anldsuaiuilydunds wo Inaeanu 1gieninaluy @i ligagae i

9 1 o 1 =2 a
Hauasieiaeaudusnaluy)

U

Id'o |o‘; Y < daudd'usld'lﬂld'ﬂl ::z:'u
mn 2 m“lmnmuuammumawemmmwﬂm‘lw (ma@ﬂ"lmumﬂmuw"lmau

Y] d‘ Y v v Y
vaunaau lvfmuusaliueala)

Anlasuaiuilydundee na (eanuIdtensnaluy @i ligaseld

9 1 o J = a
HauarIeneaudIusuluy)

'
= a

v 2 A P, vy Yy A a v A qy
ﬂ'liJLli\HWiJ"’lJuﬁ'lll'liﬂlfWil!ﬁG]'I‘LliﬂﬂclﬁZ\J@lllﬁﬂﬂﬂ'luﬂﬂil']m@luu"llul‘ﬂ'l"] 1’?5'(’]1‘]5

] @ A A a [ 1 A a 9
NUIVUN SuNYszauns Ya nlansy 819 NUTNUAULYY



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 73

v & Y
2.7ﬂa13~l!1\!§ﬂuﬂ1iﬁﬂﬂlﬁﬂ®ﬂ

U

ld' o \J Q'J F% < v A t& Bld' 4 < d' v v
nmn1 ‘ﬂﬂ‘u‘ﬂ114@1]14@?)!1!14!!%1319]3!581] (!Ni’)ﬂ‘i’l]lﬂiﬂﬂ1ﬂ!%ﬂﬂ“l‘llﬁu‘ﬁﬁﬂ

wmaou v lunsznyla)

YAy Yo g A 1y o v Y= a v Y o '

Rjﬂhlﬂi‘ljﬂ']ﬂmﬂﬂ"l“llﬁuﬁﬁ\‘] qamaﬁaﬂiuum‘izumimwmmﬂmaﬂ (ﬂ']‘l/ﬂllll
1 Y9y 1 o 1 2 a Y

z;(ﬂcmﬂﬁmuama‘nmmummnmwmaﬂ)

vd'o 'q:: Y < daudd'uald'ildyu c:d'uu
mn 2 ‘nﬂ‘lﬂn‘lﬁlmﬁ?)!‘IlNTi‘EE)WQ“r‘i’J!ﬂEN‘mJi‘]J"lﬂ (!NE)N‘VI"lﬂTLI‘LnﬂHl‘LI "l‘lli;ﬁl“r‘iaﬂ

_Y

naau lvIdunsaline91d)

-

% d { % [ ) =) % 1 o 1 1
Anlasuuianun ludunassedosenliiounzdausnauilua @i lugasg

Tidquasieiaesudensnuialvud)

e o -+ i - :
= A 42’ A 9 Y Y 9 A a A
11!!&5\1LW1I"U‘L!?Hil15ﬂl,WllLli\i@]TL!I@IElﬁl?‘iﬁj@jlmﬂﬂ@nu%‘iﬁl’)m‘ﬂa'muﬂlulﬂ']c} nio

Tdgarhmin Gundszana % Alansu aasuSnalatonan



Panintorrn Konggateyai Appendix / 74

v tg = v
2.8 nammﬂumsmaamamn
v d' o \ a'J Y < 4' Sld' Yo < 4' v % d'
mn 1 ﬂﬂuﬂmwuaamu (mag‘n"lﬂimnﬂﬁmw"lmauwmmaau"lm“!uum

szanvla)

YAy Yo 3 A o [ ~ Y Y ~
ﬁjﬂllﬂiﬂﬂ'lﬂl"l]ﬂﬂllﬂlﬁu‘ﬁaﬁ L‘VifJfJﬂ"U'E]ﬁ@ﬂ(luLlu'Jﬁgu"lﬂclﬁﬂa']flu‘llu&ﬁﬂﬂﬂﬁiﬂ

@i ligagemsmasu lnlidquasieinesulaeuvumdeans )

'd' o 'Q‘J Y < daudd'usld'ﬂldalu ::d'tu
mmn 2 ﬂﬂummuunamumawammﬂmﬂm"lﬂ (maww"lﬂ‘mmﬂﬁmﬂ"lwu

U

[ d' Y Y J Y.
vaunaeu lvadmunsaliuelsls)

i e
Sld' Yo 3 A Y] [ = 9 L) =l ~
EJ‘VI"lﬂi‘1J‘1JmmJ‘Vl"l"llﬁu‘HmmfJfJﬂmﬂﬁaﬂalﬂﬂa“lﬂmlumﬂaﬂmﬂ Glmlmzﬂaﬂ

Y
1

F4 ]
W lnavu@auanseiszassdosonldondu)@ih ligassmanaou Tua Tidquaseine

=)
i]uﬂﬁTEJLL"lJL!L‘ViEJEJﬂSﬂiQ)

Y a L 2 A D, vy Yy A a A
ﬂ'lll!li\?!WllGlluﬁ1ll1§ﬂlWlllli\1@nuiﬂﬂﬁlﬁﬁjﬂllaﬂﬂﬁWumUﬁnm‘]Jﬂ’llemlu&ﬂ’]c] 130

Y 2’ o A g a @ 1 A a
Gl“mﬂmwuﬂ Liuﬂuﬂ‘izmm Ya ﬂjﬁﬂill mwmnmﬂmmmu



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 75

y & y A
2.9 NANIHDNTZANVOND
ld' o \J Q'J v < 4' Sld' Yo < d' v v 4'
mn 1 ﬂﬂummuuaamu (!N@Q‘ﬂulﬂ5‘1]‘1]19]!%‘1]‘7“51!ﬁu‘ﬂﬁﬂ!ﬂﬁ@uﬂﬁ’ﬂu!!u%

szula)

Ejﬁ"lﬂsummimﬂ"lmaummmmuuuTm iﬂﬂuuﬂi ﬂﬂ"U@iJi’)"]Ju Tuuiszuy

Y o ' Yy ' o 1 ' 4
@i higarnIndauasieiaesugasiamanaoulia)

q

U

ld'o W Y daudd‘uﬁld‘ﬁld‘ﬁl o:sd'u
nn 2 °nﬂu1n1muuammumawammmﬂﬂm‘lﬂ (mmﬂ"lmumﬂmml"!mau

“

ummww‘lmauﬁamnmmuuﬁmu%maaﬂmaﬂﬂmam% mﬂuu

% 4' 4 Vv v Y
vaunaau lviafmuusaliiuaels)

[ ] ] Y Y 1 o 1 ] A
'I‘VI'l"lll?!ﬂ61)"N11’1Ej@jlm“]i’)ﬁlﬂ'l@l@i]‘l!ijﬂ%)ﬂﬂ'ﬁmﬁ@uulﬁ'))

ﬂ'lilll,ﬁQLWN%Hﬁ']NiﬂLWﬂJLLiQ@']HIﬂ81 é’@,uaﬂwmnmwammmq ‘Hif]sl&b'ﬂxi

v ]
ﬂiz@ﬂﬂjﬂilfl"lju (

v v
% a

o d‘ a [} 1 d‘ a 1 A
nidn Sundszanu Va ﬂjaﬂiil 219NUsHurhile



Panintorrn Konggateyai Appendix / 76

2.10naatitelumssevoiie
ld' o \J Q'J Y & 4' Sld' Yo < d' (Y] w 4'
mi 1 lunifasuderdy  elednlasumnaduilvdundsnaeulnalumn

szanv’la)

%

Y, d Ay o o o o Yy A g v
hlﬂi‘l]ﬂ'lﬂmﬂﬂhhlﬁl‘lﬂEN'J'N!lmuﬂuiﬁgﬂ'lﬂuuqaell@llﬂlm'] Gluuu')'igu']‘l] (ﬂ']

o ' ' vy ' o 1 ' A
Mligagelddquatisinesugarramsmaou lna)

ld’o VW Y daudd‘u&ld'ald'yu c:it='Q.l
nn 2 ‘ﬂﬂ‘lﬂ]ﬂ-ﬁﬂ‘l—!ﬁﬂ!ﬂnﬂii’t’)‘WQ‘ﬂ?!ﬂﬂQ‘ﬂﬂiU‘lﬂ (mﬂ@ﬂ"lﬂi‘ﬂﬂ1ﬂ!i]‘].mu!°llﬁ°l—!

o A v v v,
naunaou lviafmunsaliinaels)

1



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 77

2.11ndauitameluile

1 d‘ o A
mn1n-uuuoe

A

9 Yo 3 A o o @ ~ = ) A 9 "y
wm”lmumm%uw"lﬂmuwmmmﬂﬂmnuumm PWNNTUUNT Y50 UHALADYATUNION

e

3 Y o o a 9/ Y s 9 @ a A a
fl]'lﬂuuﬂll@vl')‘l‘ﬂﬁ]iﬁJil')ﬂ!‘ﬂﬁ'IEll,‘ﬂ'l!m')WEJ']EJ']?JLﬂi\?ﬂﬂﬂﬂﬁﬂll'lWQLﬂNﬂulﬂiJ



Panintorrn Konggateyai Appendix / 78

2.13 nanuifelumsseazlnn

ld' o v A 914' Yo < d' v % 4'
nmni nﬂuﬂmwmum (!N@Q‘Vﬂﬂ ‘]J‘]J1ﬂ!‘i]Uﬂﬂﬂlﬁu‘ﬁﬁﬂ!ﬂﬁ@uﬂ‘ﬁﬂu!!u%

sznv’a)

1A o v Ay Yo & A o o A v v
NN 2 ﬂﬂuﬂ'l‘]r!ﬂ‘lrﬂ’i\ﬂﬂ (!NE)NT'lulﬂ5‘]J‘U']ﬂ!‘i]‘lJTl"l‘llﬁuﬂaﬁ!ﬂaﬂuﬂﬁﬁﬂ‘lu!ﬁﬁiuw

k'

22319)

4
o = 9

YAy Y g A @ @ ] Qs}l a 9 '
Ejﬂqﬂﬁﬂﬂ1ﬂlﬂﬂﬂ1ﬂlﬁu‘ﬂaﬂ INUIAIVU (Izjsg]uaﬂaﬂwqwinmﬂmﬂﬁuﬂa) gnLun

Iaanihen

Y a 2 2 2 ¥ o A a Y A q9
ﬂ’]ilUjQLW?J“Uuﬁ'IN']ﬁﬂLWNl!ﬁQﬁ'IUTﬂﬂiﬁ@ﬂllﬁﬂﬂﬂﬂﬁnmﬂum“ﬂﬁ] ﬁifﬂﬂfﬁ!\?

Y

o ] A A a o 1 A A 9
Wivin Sundszanm Vs ﬂi'ﬁﬂill DNNUINIUA UV



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 79

2.14 nanuitelums midaaazlnn

i1

ld' o v A ald' Yo <3 d' v % d'
nmni ﬂﬂuﬂmwmum (!N@Q‘Vﬂﬂ ‘U‘U1ﬂ!‘i]Uﬂ"lsllﬁu‘ﬁﬁ&!ﬂﬁi’)u"lﬂﬂuuuﬂ

sznla)

(%

YAy 9 3 4y o o @ Y o W1 ) Yy 1o
Anlasvuanun ludunas mzan ldneaunds @i higasaadndauasiei

AOAUUINNUTZUD 45 DIFNNUUIRIAT )

\ d' o v c'» A ald' Yo [ d' (Y] w d' Y YV
mi 2 mlumueuai euedilasvinadvilvdundunasulvamunseliy

a9l

[

YAy ¥ 3 A o Y N 9 a dgl Y
QJ‘VIUlﬂ5UUTﬂ!ﬂUﬂUlﬂlﬁuﬁﬁﬁu’OL!ﬂ'NﬁHT (MUBDUITDIUTNIUBN)INVIVU AININ

& il w10 -

Y R 4 A o vy A a v ‘ A qu
ﬂ’]illlﬁ\uW'JJsUuﬁ'lll'ﬁﬂLWlll!i\WﬂUTﬂﬂﬁlﬁﬂﬂllﬁﬂﬂﬂﬂinmﬂum“UTﬂ Wﬁﬂﬂlsb'qq

) % -Q' d' a [} 1 d' a 9
mn Gundszana v N lansu 019NUTIUAU



Panintorrn Konggateyai Appendix / 80

2.15 nduelums me—yu azlnn

ld' o v ) ald' Yo < d' v % d'
nmn i1 7111147]11461411&18 (!Ni’)@‘ﬂulﬂ ‘u‘mmim‘n"l‘uauwmmaau"lm%um

sznv’a)

Y 3 A @ [ o w N 9y 9
”1ﬂiuu1ﬂ1ilu1/|"lﬂlﬁuﬁaﬁ UOUTINTY ﬂT\‘l‘lﬂi’)ﬂﬂiﬂﬂLlH?ﬂﬁ"NﬁT@'Jll‘]J‘VI"NﬂTLlGUWQ
Y Y o w A a Y o v v Y9y ] o 1 = a
LAaIUUNVINUUINANATIAUH IO ULIAY (m‘m"lu’qu’sﬂw@@Lmﬂfwm@muaminm
9
Wien)
A o v A yay vo Al o o A v ¥
mn 2 ‘nﬂumuauﬂzum (mﬂg‘n‘lﬂ TJ‘]J'Iﬂﬁ]ﬂﬂuléllﬁu‘ﬁﬁQ!ﬂﬁﬂuﬂﬂ?ﬂ‘lu!ﬁﬂiuﬂl

22319)

it gl g e ki

Y Ao

2 4 A v P, A a A qu
ﬂ']1lll5QLWNﬂIu@"]ﬂJ’]iﬂLWﬂJ!ﬁQ@TUIﬂﬂiﬁﬂ@jllﬁﬂﬂﬂﬂﬁljﬂﬂl’”ﬂ’]q ‘Viﬁﬂclflfflﬂ

v

o o A A a [ 1 A a
Wnn Gundszanm » 0 lansu 8219NUSHU



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 81

2.16 naielunssan

U

- ' A yay v R VAV |
mni 7]11147]11»!(’)149]3!!?1\1 (mﬂ@ﬂ"lﬂ‘mmﬂmml"lmauwmmaau"lm‘luumszum

. .. . j .J‘. n'-“
oy ¥ g 4y o o o o . Y oy 1
E\! 9 UU'IﬂLEI]']JVIhl"UﬁuWﬁQ HOUATUAN ANHTIN DD UUIDLUTIUDIU (ﬂ’l‘ﬂ’lulll'Ljﬂ

' Y9 ] o 1 Y 9y a g
ﬂnﬂwmuamammﬁ)uaumwﬂﬂu)

1A o v ° A yay Yo s Ay o A v )
nmn 2 ﬂﬂumuauﬂm (!N@ﬂﬂl’lﬂ UU]ﬂ!‘ﬂUﬂ“l‘Uﬁ‘M?’iﬁﬂ!ﬂﬁﬂuﬂﬂ?ﬂ‘lu!!ﬁﬂiuu

2231a)

e

Y A 2 2 A Y v ¥ s = . g ¥
ﬂ']ll!,li\uwNTUﬁTNTiﬂLWN!LiQﬂTUIﬂﬂiﬁPjﬂllﬁﬂﬂ@TuﬂUﬁnm‘lﬂlUT“] ﬁi@ﬁlﬂffﬁ

G

9
o

o A A a [ 1 A a
Wmn Gundszanm v nlansy 029NUT U



Panintorrn Konggateyai Appendix / 82

2.17 nanuifelumstvidaaan

v

ld' o v A ald' Yo < d' v % d'
nmni m‘lumuwmum (!N@Q‘Vﬂﬂ ‘1J‘1J1ﬂ!‘i]Uﬂ“ﬂlﬁuﬂﬁd!ﬂﬂ@uﬂﬂﬂu!!u%

sznv’a)

I Yo . d’ [ @ @ = ] Y o ]
Edulﬂ‘i‘UUW]Lfﬂ‘UVIhleUﬁuﬁaﬂ HOUASLUAN ANNTW N UUINIYR - 31DV (ﬂ'Wl'lhlll’qﬂ

P '

o 1

' Y9 v 1
1 lidauatioidorueglunuins)

v A o ' A vy vo & A o o A v v
mn2 wflumuaumm (!Ni’)ﬂ‘i’l"lﬂ3UU1ﬂ!i]Uﬂ‘l‘llﬁuﬂﬁQ!ﬂai’)uulﬂ'Jﬂ1‘14!!§QIHN

PR

|

1 < 1 o - Y] ) I @
n1d5uvianun lvdunas seaz Inn Tasdauanseilsznos Auvt’ls denmn

q’;’ ~ Il Y
UMNUU YAV IDDN Glfl’i’s’qfﬂ

)
7

Y a 4 A P vy
ﬂ’lllLlj\uwNﬂ]uﬁ’lﬂ’lﬁﬂlWN!ﬁQ@nuIﬂﬂiﬂEﬁ]’

. 9) A a A 9y
UAaNANTUNUILIUVIUNG ‘Hi’ﬂclﬁlfi]ﬂ

9 v
v a

o d' a 3 1 Ad' a
nidn Sundszana % nlansu 99NUsUN



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 83

Y g = Y t4
2.18 pmaelumsnIzantazvitiaavaIm

ld' o v A 914' Yo < d' v % d'
nmni nﬂuﬂmwmum (!N@Q‘Vﬂﬂ ‘]J‘]J1ﬂ!‘i]Uﬂ"lﬁllﬁu‘ﬁﬁﬂlﬂﬂi’)u"l‘ﬁﬂu!!u?

sznv’a)

Yo <] dl‘ . [ [ c?/l 9 1R Y o
"lmummﬂu‘w"lmﬁuwm UDUAZLUAI AINIW INUUNTLANVDLUIVY - A (DN

9)
?
1 1 Yy ] o 1 1

lugagalddguarieidesueglunnins)

L)

T A 0 R A yay yo s Ay o o A v v
min 2 Mlumiiadesn (!Nﬂﬁ‘ﬂ‘lﬂ uu1ﬂmuﬂ"lmau‘nmmaau‘lmmuusﬂuu

PR

Ao

d‘d‘ o :.o/ v Y 9y 9 =K 9/_ ' \ d’
U"Iﬂﬁ]ﬂ“l/lllsllﬁuﬁaﬁ UMDYV NITANVDINIVU ﬁﬂ"lf'l\?ﬂ"lilﬂa@u"lW'J

Q

Y~ S D, vy g A oa D, A
ﬂ”lmlﬁﬁﬁ/‘lllﬂluaTﬂJTiﬂlWﬂJLliﬂ@WHTﬂﬂiﬁFjﬂllaﬂﬂﬁTuWﬂiL']ﬂ!ﬂa"IfJWl"ILU']"] Hio

Y
%

Tdgarhmin Guidszana v Alansu aasfiusnadae



Panintorrn Konggateyai Appendix / 84

2.19 NANBI I

(%

YAy ¥ 3 A @ Y ~ Py 9 9 ' A
Edﬂhlﬂiﬂﬂ']ﬂmﬂﬂlléuﬁuﬁaq N® — Wif]f]ﬂu')!ﬂ'lclﬂq@]ﬁlfjﬂﬂ'ﬁlﬂa@ublﬁg

AeenananssulumIeenmag

4 [~ | d' \ o Y & U
1. doadavraasulnd elumssanmasnaiietii )
d
ginsal
<3 a o o
115 za1unde vunadssuna 1243090 Aadodiunas wioumesailszuia

A quy v 2 s
[RERLe ﬂi@i“ﬁﬂﬁlu‘ﬂuﬂluWﬂﬂﬁN (ﬂﬁWfJﬂ"IiL“D’ﬂTﬂZ)

ad o
IEN1INNIAN

A 9 < a 1 ] W A A 9 ] £
1.Lﬁﬂuﬁ@ﬁlﬂﬁiuﬂﬁﬂNﬂNﬂﬂﬂiﬂ%ﬁﬂﬂﬁi@ﬂi%ﬂ'luvlll LFUATINNAY LU

v
F18- VI



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 85

1 2
21muAnwen Taems ldgaimingas 18

< [ 2]
1hvuryvinanais unu doaina) adenside Taz

o W & W
2. enav ey (glumseenmasnaniieinva)

qinsal

A 9

Y 3 A Y Y o A A v
1..EJ'N’N5'E)fJL‘]J1‘lL"]$E]ﬂEI'I’J/EI'I\11H‘Jﬂi]ﬂiﬂ'lu (AABDINUUDLIUNIDLA) LW@&l‘Villﬂ')'lll

dargUUNZ0NMAINTOIMNINTTUAI 9



Panintorrn Konggateyai Appendix / 86

o ' 4 1
Gl’Jf]EJ'NQ“]Jﬂﬁm YWYIYINLULVU

240y EesEl (so95uuSHuderen uag Yatouau)

o ] T
3.91nsaitlszaesdoiio (rewgdoiie lulndoiionn)

= 1

E4
4 gouild ¥3o udInarad 1w 10— 15 Fu

ag
IBms
v A a v o = 2 v YA Yo
1. adeweiusnade lva dudareusy srgazsrenandy daudign lasy
<} ! o Y] 4 o w o A 1
maR D ludundsosntsing Moosnings WiomnanTsuae 9
ad o
IEmseonings
= £ dgl Y ] ci

1. eananlununiaenan tazidu - ag igasaemsmaoulug

9
' [ J a o a 1
2. o l¥swnuginsaiszaesiie Uszasdoiie Tumsnduingrulug 18

Y YR a Y < (] :I A a aa
LaInNvY 9 ﬂiﬂﬁ@]q1uﬂ15ﬂEJ‘]_Ibl’I"i"U‘L!'IﬂLaﬂﬁ\i sy Fhvanihiauviua 500 Yaaans



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 87

Y 1 Y
¥ wfugdnsaitlszassiouazlFiniunide lumsnerfagiduviae I laluduseduee

Q

Y1 o o Y A a o iy '
lgswnuginsaidszaeteie Tumsvguiagaulvg

a 1 v o % & Y A % &
3.ﬂﬂﬂﬂlﬂdclﬁﬂ$ﬂ§'l (29NNMAINATNIUBDUIND HAZNATNIUDUUN)
d
ginyal
Y
o o o 1 a a 1 <
LUDaUINUNLLT 9TUIU 10-5 an 1y UDANATAN Qﬂmuuﬁ NADNYIVUIALAN
@ a o o < <
/AINDNATHAN ATUIU 10 -5 A/ LUANZUIN 10 — 15 LA
2.0¢051 / NABITBAUN / Brewaadn
o A Aa o < .
3. Qﬂﬂimﬂizﬂm VIGJS’JEIGl.uﬂﬁﬁEJU’JGIQﬂluMLﬁﬂ (short opponen splint)

o

I5MIeannag

9

Y YA Yo 3 A o v o a v v 2 U Y A 2
L.awgnlasumanunlydunds danuduiaglaila uaaansenszandoield

) y 4 & 9 yw . a A o <
v ldmsnszandelotui1a’l3) tenodesis effect (lumsndugnueanioinguuia@n naze

Y A A ' 9 1 9 a 1
"U'Elll@LW'E]ﬂﬁ@ﬂ@jﬂﬂ'ﬂaaﬂﬁzﬂi’]/ﬂﬁ'ﬂiiﬂiﬁ/ﬂ Glu‘ﬂﬁ‘ﬂ’lﬁ@l’l\?"]

2.1991nsallszAns %18 lumsnsuiaguinadn



Panintorrn Konggateyai Appendix / 88

9
3.utuiuing Taolidel¥gilnsaidae Tadl¥iiewouiaguuaidn ldludae

Q
v

Yya v A Qy ‘;y a ] 1A Qy Qy Y 1A Qy Qy v 1A
Tae UM UNe+ 1Y , HINAUUUD +~ UINANW, UINIUUUD + UIUN , UINIILVUUD +

A IS =} = A W 19 [V A
4.L‘W3Jﬂ’ﬂllEﬂﬂiﬂﬂﬂﬁi%ﬂlmuﬂ"llﬂﬂ Anviuing iﬁaaﬂaﬂmu"lmmmqm Niov

Q

v o

A 1] ~ 1 Y A Y I Y
FANLSINTUNAIING 1TU ]lllﬁu'ﬂw'l Wuau

Vv
Aa A

d' L= a o U Yy A v
Huun 1 H’JNEﬂNN!!iQ‘ﬁﬂ‘U“ﬂﬂ !!ﬂ’d13~l1iﬂﬂ§$ﬂﬂﬂlm~léﬂﬂ

@ <]

YAy ¥ A @ o a a1 ¥ ] Yy A g Y ¥ Y A
Ejﬂulﬂﬁ‘LI‘LI'Iﬂﬁ]iJ‘V]Ul"lj’ﬁu'ﬁﬁﬁﬁEJTJ?JE]ﬁiﬁ@]%ﬂiﬂﬂﬂi"]ﬂﬂﬁﬂi%ﬂﬂ"l]@ﬂ@ﬂ']iub IR ENRRIRINRGN

eilassingluile

[

1 <3 1 Y] o 4 Qy
Anldsvuanun lvdundaldginsaitszaoaila (Short opponent splint) Iagldnisnszan

Y A g Y 9 Y A A ' o A
6llf)ilf)i'ﬂ\ihl’ll 1an aamau@mmaﬂaammqium

A o o 3 Y Y Ay Yy v Y A A v o A
TifJ‘]Ji]ﬂ’JGlQ‘llHWﬂlﬁﬂIﬂfJbl‘lfﬂﬁﬂi%ﬁﬂﬂ"l]’f)lli’)ﬂﬁll’l L Qﬂﬂl@ﬂﬂﬁﬂlW@ﬂﬁﬂﬂ’JﬁQiuNﬂ



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 89

v v

a A

‘:‘ 2 IS a2 U W v
HUuN 2 ‘L!’JNﬂ!iNN!liQﬁﬂﬂﬂU’JﬂQulﬂ!ﬂQ

4 o a d‘ [] Aa o 9
ﬁTNTiﬂﬂi$QﬂﬁLﬂﬂJﬁIﬂNIu HUINNITAIU LW?J‘If’JfﬂUﬂTi‘VifJU"l]llllﬂ



Panintorrn Konggateyai Appendix /90

(% A o % & Y v
4. INTYIUND (ﬂﬂﬂﬂ1ﬂﬂﬂﬁ13~lluﬂ“rﬂl’l1‘iﬂ tag fAan)
¢
gUnsal
[ =
1.aneIUND

@ 4 Qa: @ t4 [ ' o
2 Aituilotiiotaiionsaeenugingal (elastic bandage) (1%nTaids liamnsonile

I5MIeannag

[

U w A Y Y o A Ao o Y] v @ 1Y
l.ﬂufﬂﬂimuilﬂiﬂtﬂﬂf NWW‘L!iJ’é]ﬂ‘]J‘VH)‘Uﬁ]ﬂﬁEJ"qulﬂaU'Nﬂu'l UAagNauraN

A

v v v v 9
2. muanuen lasmsmnimidnideis niamunarlumsinenssuliuiuiy

y [ A Yy o A Ya o 9 @ A o
msiludnseruile Taslsdnwuile liaanuaiu tag I050UNH109

d‘ . 3o o % & U U
5. NILATUIADY (slldmg board) (ﬁﬂﬂﬂ'lﬁ\iﬂa'lil!uﬂﬂ?"lﬁﬁ HagaAan)
¢
gunsa
¢ , v < , D, < vy v v vy
l.ﬁvlaﬂﬂﬂﬁﬂ/ ﬂﬁ’ﬂ\ivlll!!f’ll\‘] / ﬂﬁﬂ\iﬁﬂ\ﬂﬂ’]ll‘ﬂ‘ﬂllﬂlﬁl%’]gzﬂ']usll']\iﬂﬂﬁﬂ\‘]ﬂ']u ‘lllﬂ'lil
' 1 09/1 9 A o 9 [
813ﬂ5$3J1m 50 5. ﬁf’)ﬂﬂ”luzﬂa@ﬂ NITDINTU LW@V]”I']JU@Y]?J"I]U

2182 Gou

1 \ 3 [ 4 I ]
3.€imuﬁax\. Liivedaiionadesnugunsal (clastic bandage) (1¥nsaida’lai
o A 9.
T50Mie 19)
I5MIeannag
A 4 o A 1 Y~ a 1 ] 9 (% 9
Loy alasduesa wsonaod 1uaa Tunemiee1ae 5y M — a9, $1e — N

A A g} v Ao 4 A U A A o [2)
2.LW3Jﬂ'TIlIEJ"IﬂIﬂEJﬂ”IiLW?JH"IWHﬂT]@’Jﬁulﬂﬂ H39NA04 HIONUANNFUVDI TAY



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 91

1 v 9
a'lasuesaniininndesseuiuaziiuanuen lagnsnasdogaiimin

Y Y 4
3. guihmiinue vaansie vinaaua % - 3 Alansu

i
g

d A o J
Q‘I.Iﬂiﬂl u@%ummmuam@ﬂﬂm

U

ad [
IHNMIDNNIAN

e

o

9
1Lyyudeiotn as %150 A5

1 Y
2.44918 — A1 11 50 AT

Pl

o w Y A Y Aa A o o Jd K
'é)’f)ﬂﬂTﬁﬂIﬂfJﬂﬁ‘Vilquﬂl@iJ@ ﬂﬁ%lﬂ”li‘]JﬂﬂJ@"l]lliﬂﬁJ’f)M’f)iul%ﬂ VYU — 2N



Panintorrn Konggateyai Appendix / 92

7. Yarhwia
gilnsal vanundourhila

Ismseenmas Wnila — Warhvanmul Tasmsdadeiie iluuuiaiag

|

Yy '

J a o o o [ dy <
Qﬂﬂﬁﬂ! AUHINUTINITULIAD mcﬁaulm/lﬁmlmtautﬂﬂ 5191 Uszanm 25 U

ad o w
I5N1390NNIAN

A A AY A a o v Yy A Yy
uyun 1 N?Nﬂ‘luulﬁﬁﬁﬂﬂﬂﬂ !lﬂﬁnﬂiﬂﬂigﬂﬂsﬂﬂuﬂﬂﬂ

AT

2K KR a g‘ % 9 Y A 9 Y
Anaeamiiulaslys msnszanvoiione e



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 93

3 Y
Huduiniu Whiluganax

A g YA o R YAy a I
e ldiei ldavu ludniideaauda

F

oA o A b Y A 9 g
NMAUUIUU ﬂﬁﬂﬂﬂaEI'NIﬂﬂcl"]fﬂ'lﬁﬂﬁzﬂﬂ"llﬂllﬂﬂ'lﬂl’h

C%

v v
a A

d' a A A U Y Y
Hyun 2 ‘H’JNﬂ!iuu!!iﬂﬂﬂﬂﬂﬂﬂﬂiﬂﬂ!ﬂﬂ

Y Yy v

1" R A glw 9): a A TNy 1 a o A Qdayw A Qy Qyw A
1/]1@\1@111411]1!(16]514’JWUU1%1$Q ulﬂllﬂ HINIWUD+ UIY , HINIUUUD + UINANW, UINULUUD

v v v
A A o 1 a 9 o v @
FUHIUN, ‘L!’J‘H’Jllllﬁl’:] + UINDY MAAUNU)



Panintorrn Konggateyai Appendix / 94

—

A
N YA

—)

Y
NI

1 G to o A
NUHYIAUIVIILNUD

9. l3iwiiue
d

gunsal

Y oy '
1. lSmtud e

a A <
2. Hngensnsoayallnua
an o
I5MseenMag

Y
a v A < o 1 '
Lldiadfendiv ldnividuiaearsnieayatnudslaeirfiazg 1dun

Yy v 9 v v v v v
A Aa o a 9 o

9
T uiiie+ 17% , Hiuiie + Hanane, 1auwiiie + Hiwa , 4iuwiiie + Hades i

aaunu

A A A A A Y A Y A < 2
2.!>W1]ﬂ'3’]111’7u']°llﬂ\‘]uﬂflﬁ'li‘ﬁiﬂﬁuﬂ ﬂiﬂ!a@ﬂllﬂﬂl‘luﬁuﬂW’W]ilﬂ'l’]ﬂJ!HNll’]ﬂﬁUu



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 95

10. 81929
d
ginsal
1871929593 5 — 10 1dU

35M3eannag

s}qy = 9y Qy ISy 1 9 A = Qy dy -Qy @ A ¢Qy
1. 19 flendpe01999 souihfiazg Tduntiaiie +i% , daiaide + Hanans,

9 Y Y 2 Y 4 Y 2
Wauiie + 1w, Haudiie + Hdes |, 11% + 1INa19 19019 + HIUT, HIUG +

e 2De

o8 Maduiu
2. NI NNANNEn TasmaiusuIue s 1d

=)

% \ v &
11. 3NFUV (‘II'Jfﬂ‘h!ﬂ15i’)i’)ﬂ!!§~1ﬂﬁ13~l!ui’)ﬁ3i1"|ﬂ)

qinsal.

NIYIU ﬂ%’umq@fmmmmm

NP VRN



Panintorrn Konggateyai Appendix / 96

12. uazin (elumssenusandisioazlnn)

F 9
13. inz elumsesnusanarmeazlnnuaz i)

aa v v Y v A ) A Y
AN UK DYUIV LAY mzmﬂmmzuammmua LWJJﬂ’NllfﬂﬂTﬂﬂﬂiﬂ’Nﬂ’Jqu\i

<} { [ @ Y A 1 :’ @ .
‘1J‘1J1ﬂlfﬂuﬁhléllﬁu1/im euoa ﬂﬂéﬂlla LW‘JJﬂ"J"IllEnﬂIﬂme’iﬂNuWi‘L!ﬂﬁ

e
=D.
—S
De
afte

] @

UINAUToII 130 uihmiinvesuea



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 97

t:' Y v Y f A=
UNN 3. MINITAUNTIVIANNIAN

31aui hifinnuidn

=S
N3

o))

o 1A =) o/ =) = A 1
LYNUATIVNG NULAA HITDITDYLAIINNITNANUHIDUDINAY ‘Viii’)]lll

=

! y < o a %
Z.ﬁaﬂlaﬂﬂ mméf‘m mm%’@u w%mmwumm L“Wi?gfl]z‘ﬂﬂﬁ} INALNANANDY

\ l!'d YR t% \ a F% S| <&
3.2 'GT’JHTI?JF]'NN;ﬂﬂ‘IJ?)EIﬂ'N‘IJﬂﬂ ¥V mmsﬂmmﬂumuu)

=S
N3

o))

o A A o A ~ A '
l.ﬁﬂuﬂiﬁﬁ]@, FMUURQ NIDIDYULLANIINNTITINANUNIDUBDINAU Wi@llll

=

| g < o a o
2.1’iaﬂlaﬂ\1 ﬂ'g'llle?fu ﬂ')'lll%}@u ﬁ%{@ﬂﬁ']illﬂull'lﬂ”] LWiWﬁ)z‘Vlﬂﬁ) INALHANANY

a

Y v a ~ 9 I < [} 9 a
3.1%')@]ﬂW')1’iEJ'IU QUIIUN B / 21M5AASWHTIY W WIVUU YNV ST

Q

PN ' A 9 3 Y
AnNNANNINEIY ?‘NGlUﬂigUgﬂﬁ']ﬂ 130 V13013 L‘]Ju@'lu

o 1 A a A . 1 o = Y A <
HUIFIUNB Tﬂﬂmwwmnmm i}ncluﬂigﬂ‘é’, Nﬂiiu U Y199 NISUSIUAUSUIY



Panintorrn Konggateyai Appendix / 98

AU

3.3 aaufidnnuaninnnnind (@ed /unld)

ad
IHNI

'
a A ] a2 9 o

Y a qs.: ' o A I
1.1%3@'6]?131!%/1!% QAUUINIUUUS 1BU d1a AITNUaIN TSI ERGIIETEY L‘].I‘L!é]}‘l!

Q Q U

[

= A ¥ W A 9 A < o Y a
2.0 8NRYINITAUNTIAD NUAITNIOU UIDANULEYUNING LW‘J’I%@’IEI]VI']GlTﬂﬂﬂ

Q

OUATY



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 99

= = '
uni 4.mselnmsnssm

4.1 MITaNamunse (M3 1ia)
A { [ <} { @ @ v a o 1 o
4.1.1 Guanfdn lasvnadun lvdunddniaiasuma lunuvdean Taglih
a A d’l @ a 1 =S 9 A [ 19
Aanssu nmapeuda T luiimneae 4 Taelidgua aosgiiesnnuiasads ogdne 9

A . OIS o a 4 [ 3’ @
4.1.2 uauen laems wasuniuiuiaauns Wd‘lﬂaﬂ FIUNITIDITUUIVUN

'
] v Aa o

i‘]_I'1_I'lﬂ!ﬁ]1JﬁUl"l]ﬁ"l!‘l"iﬁﬂ‘LNWQﬂ'ILLWQGluVi'ILH?JEJﬂ"U'I W%}’Elll‘ﬁ'lﬁﬁ)ﬂiiil‘ﬂgﬂﬂﬁlﬂ

v
v A o

AY Yo 3 A o @ 1
‘Vl]lﬂ °]J°]J']ﬂH]Uﬂllﬂlﬁuﬂaﬂuﬂwxiﬂ']qucluvn

v
v o a

Mavaaus wdouiinanisunou

vealdaznidudng



Appendix / 100

Panintorrn Konggateyai

A Q'J =~ 2 v ! Yy a 9 IS4 v
4.2 MUAKYSASIVHIASI (NITNTININDUVIIA ADINHALATIENADAIA)

=S

YAy Yo 3 A [ @ o = = 9 @ 1
ﬁdﬂhlﬂiﬂﬂ'lﬂl‘ﬂﬂﬂhlgllﬁuwa\i U PIAY1IVULA YN Tﬂﬂumua ABYITTINDYNN

A

ﬂ"lfll‘l/l"llf]\‘lfﬂ']ﬂﬂf]ﬁﬁ\i

9 o Yya A tﬂy Y] a [ a A A
ATUNTON 1ﬁﬂﬂﬂﬁﬁll‘ﬂilﬂ13l@@1]¢]'31u1’|ﬁ‘ﬂ’]\1§n\1  HAT NINTIUNUNIT

Tuoniionila

Y a 2
4.3MUIVATUITUUIA

=

@ < { @ @ v a @ [
1a5uuraun ladunds edaguiuudos Taoiidaua noosziaegni

9

AT
Y @ ya A dy @ a 1 a A 1 A £
AU AN Glﬂﬂﬂﬂ'iﬁNﬂﬂﬂ']‘ilf]@ﬂ@l')sluﬂﬁﬂ'lﬁﬂﬁ q Ha ﬂ‘ﬂﬂi‘ill‘l/lllﬂ']iﬂ']ﬂn’lﬂlf]ﬂ’ﬂ'lﬂllf]ﬁu@ulﬂ

S A =< A 1
BNUINUI LWDAIUANNITNITIN

\ Q'J b4 Y I
4.4 MUINYVIVINAL

=\

yd‘ Yo 3 A o v o 9 9 ~ 9 19 o
E‘rnllﬂﬁllll']ﬂlﬂ‘llﬂuhlﬁuﬁaﬂu@ﬁﬂﬂﬂl'mn\uﬂﬂq Iﬂﬂuﬁﬂllaﬂ@ﬂﬂﬁgﬂﬂ\‘]ﬂgﬂ']u‘ﬂﬁﬂ

9 v o A 1 A A YA dy a 1 A o A
NIBDUNUNININTTUAN LL‘U‘U?J?]M?J’JIWflﬂlﬂilﬂ']ilﬂﬂilﬂluﬂﬁﬂ']\‘lﬁﬂ HAZLUUADINDNININT T

FIUNU



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 101

v Y

a i @ 1 < . . L 1 a
Trnanssunlimsdudd wumsiuvesiiu Taslidqua aovlszaesedialndsa



Panintorrn Konggateyai Appendix / 102

w

d‘ a wAaAa o d‘ \J
Unn s. ﬂ151]§]‘].Iﬂﬂﬁ]’)ﬂiﬂi%‘iﬂ?ﬂ!!ﬁ%!ﬂiﬂﬂ‘lﬂﬂ

5.1MINANAZUAIN
ginsaivoe
R J 3 o A 9 0o ' Yy A a Y
1.gilnsaigseny ududanTefnvumyed Huiluvisndesiusnudu)
Y 0 { [ 3 A o Y T
soudt 1 fidguasildnnduaney  (lednlasuuauin ludundsluamnse

1 A Y
Gﬂgﬂlﬂaﬂ@ulﬂqqﬂlaﬂ)

Yy Y
v =K

] v w a 9 A o DI v =
ﬁﬂlla%Qﬂﬂﬂwaﬂﬁgl!ﬂﬂ K1Y IDUIN Tﬂﬂ%ﬂjﬁﬂl’]ﬂ’]ﬂiﬂﬂ’]u‘ﬁuq{ﬂqmu

Y o Y ) A A v A a o '
@@uaﬂumﬂﬂmumwm LLZ‘]%L@@H?J'E)?J”I“’!]']JTI‘]J?L’JQ!H’Julfl’iﬂ Lae

azInn oAU INANAZIAL




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 103

wwuhn 2 Iqunsaivaeenan

Bld' Yo 3 A o [ [ cfz' d?
Ejﬂllﬂiﬂﬂ']ﬂlﬂﬂﬂllﬂlﬁuﬂﬁﬂ YNIVIENUU

EaRl [ 1 o,
(¥ginsaitreenvr Tasmsldtoilondeeiunisuesginsal)

) = A o Y A A a v v Y o o  a
1%ﬂﬁlﬂﬁﬂﬁu"l]uﬂifﬁ)ﬂﬁ'l?"l]'l%@lﬂiﬂiﬂﬂ]ﬂﬂ!@]ﬂ\iﬂ'lu@]iﬂ"lﬂllLLE]’J@U@’JWQT’]@%MQ

& e e g M w WY
suud 3 gilasvnadvitlvdundailanaaues

(%

An1dsy

3 A [ [ ] 3 d%' [ a = Y 3 dg’
U’]ﬂmﬂﬂhlsllﬁuwa\i YNLVIPNVYU (fﬂUUEL%ﬂHﬂﬂNLmﬂﬂmﬂnmﬁllu)




Panintorrn Konggateyai Appendix / 104

1Y 9J = = = Y 9 Y o [ a
AUITNMIVNAIINIDUDULAIIATUA TIVTULAIAUAINANASLLAN

UUDH 4 MINMUBUAZIAY

o

YAy ¥ 3 A o @ 1 d?, 9 4
EJ‘VI]’lﬂi'lJ']J']ﬂH]UVI"lEUﬁUﬁ'ﬁQu'ﬂuWQ']fJ YNVIV UV NN UN

1Fiipd VU UIREANT 0T 1IN UABY FUAINAN

5.2M3gnHa
d
gilnsalre
1.1 lads

g
2. gilnsaiadsenan



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 105

Y o Y g-’l d' Sldl Yo <4 d' U U ]
ldnndunou (Nedlasumaduiludunasliaanse

Q

<
uuun 1 gguam

Y A v
‘U’Jﬂ!‘ﬁﬁi’)ﬂ‘uli’)ﬁulﬂmﬂ)

A Y] v = A a o A A A a Y
ilf]GUE]QZ‘!ﬂllaﬂ1”1’1“\1I@U1/]11iljmﬁjhlﬂa@ﬂuaﬂﬂﬂUjljmﬁgIWﬂm@qEj

=

Yo 3 A @ v v W dg’ o
Vlulﬂiﬂﬂ']ﬂmﬂﬂlls“ﬁuwa\‘] AUATIANUVUUN

Y v

a & A yay vo g A o oA
HUUN 2 HAUa¥IVVINVUADY (!N6@‘ﬂulﬂi‘]J‘]J1ﬂ!‘i’l‘].l‘ﬂ"l‘llﬁu“r‘iﬂx‘i?»l!!iﬂl!‘llu‘l/‘lﬂilz

U Y Y
neaduealaing




Panintorrn Konggateyai Appendix / 106

=} 9 9 == A a o 2 A A a
m]manmgmmuwuﬂaumﬁnmw’J"lwaaﬂmﬂﬂmmnm

YAy Yo 3 A [ v v o 42‘ o
az Innvedn 1dsuuanun ludunas audignaiug

YA Yo 2 A o o 1 S o Ay o P Y
Ej“l/lllﬂ'ﬁ ‘]JWﬂ!mJ“I/]ll"Uﬁ‘lﬂ’i'ﬁ\‘l‘]ﬂEII@]Elfni'ﬁQu1ﬂuﬂﬂﬂlﬂﬁﬂﬂﬂ\1ﬁﬂﬂ‘lﬂﬁ 1an

= g} v Ay A v o d? o
waguasihminnvole AUAIGNIUIY

q




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 107

uuun 3 15 laasre

Y Y .& Sld' Y < d' v % d' 14 A" 2 =
“l‘vmsﬂammu) me@‘n"lmummuﬂ"lmﬁu'ﬁm‘nnmum@msﬂuue"luwm(

o <

v v Y v ]
gnldsumanui ludundas wowiie lihfen

&%

ulang

Y v :} % v W 4? a 4 [
ﬂﬁf)»?!l‘lluﬂll‘llullu?ﬂ ﬂuﬂ’)ﬁj‘ﬂﬂluiﬂﬂ wasumsnae iy

3 o o o Y v Y A Y
G]Juuullﬂﬂi‘lﬂig‘ﬂﬁﬁ']ﬂfﬁﬂuql‘lﬂ i]ﬂﬂ11/]1\11ﬂliﬂﬂif]ﬂ

1¥3iadu

[ [ &%

[ [ v ]
gnlasuadui ludunds wewnile lSutiulads




Panintorrn Konggateyai Appendix / 108

9

[ =X A o 09/1 o o
UvY M?ﬂ U ’JaﬂﬂluiﬂﬂLﬂﬂﬂuﬂﬁ%ﬂﬂluﬂullﬂi]uﬂigﬂQﬁn\lﬁﬂ

Q

™ Y v Y Y
lNhlﬂ %ﬂﬂﬁﬂTQlﬂ!iﬂ‘Uiﬂﬂ

Vv
= % o

uuui 4 aNVUAIYAN B (‘iﬂﬂTh‘Hﬂ‘lJ‘ﬁxﬂEl)

1.

[

YAy ¥ < { o v o 9 3 9
Anldsvinadun lvdundeaudoseniadodig

Au@ealuniueure

4
A o 9

= ~ A 3’ o d'Bl v oo
UAIVU HBIARENATY 1AsulaRihmin YNNI TeIU 1A LA

v v
VITUUN




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 109

4.

=¥ A @ 9 @ Y Y
llEjﬂllﬁﬂ@ﬂﬂﬁgﬂﬂ%waﬂ'J']iJﬂﬁE]ﬂﬂfJ Wi@ﬂﬂﬂﬂ'\ﬂﬂ'\ﬂiﬂlﬁﬂﬂi@ﬂ

BUUN 5 M3gNIHINIEAUBY (INMUBUAZUAI)

F4 3
o = o

J Ay Yy A a S 4 S o Ay A Y oo w
NUIHUANVOADNATUNNANALLAY mﬂumﬂaﬂugﬂumumuﬂ‘ﬂmmuaaﬂumqﬂmum




Panintorrn Konggateyai Appendix / 110

5.3M3a3HdU

v 1
Y otflal U

HUUN 1 Jguani

U

= Bld' v < d' (Y] (v ]
Annduaou (e lasumaduilvdunddliainse

Q

1 A Y
mamaaﬂmm‘lmaﬂ)

9 ﬁld' Yo 3 A o [ =1 a 9 [V =
paLa 1JEj'ﬂhlﬂiﬂﬂ"lﬂLﬂﬂﬂnlﬂlﬁuﬁaﬂaﬂuﬂumElxﬂﬂﬂﬂi%ﬂ@QUSL’JQ&@THWQQL@%W?H%

d' Y 1 23 d' Sld' Yo < d' v v A
HUUN 2 YRUarsbUINvUAD U (!NBQ‘VﬂﬂiUU1ﬂ!ﬂ‘U‘Vﬂﬂlﬁuﬂﬁﬂﬂ!!’i@!!ﬂluﬂﬂ%z

U Y Y
e alaing

[

{ a3 { @ Y ng Y
gnldsumanun ludunas whovunsaesdieldmas




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 111

v Y
A o % o

I Yo 3 = o [ 9 ~ a Y 1 :zl o 9
Alasuuanuin lvdunadldedundutiulads idines q'la dutiulaasuoudn o




Panintorrn Konggateyai Appendix / 112

o <

Ay v Ay o o qya o Y o A v Y, o E S
E!‘VI]lﬂ51]1]']ﬂlfl]ﬂ1/]hl"\]ﬁu1’?a\fla]ﬁlf]T]Qﬁ@\ﬁ]’]\iﬂﬂl@]ﬂ\fhﬂ'lﬂﬂ'luﬁaﬂ "l]’lﬂﬂﬂlﬂﬁﬂu!ﬂua\i

9 v
v A

o Y Y o 9 A @
I UNNVDADN LUAINDY YD UAIAIUDU TﬂﬂllE\!@jllaﬂ@flﬂﬁgﬂf]\uW@ﬂ'J’lil‘]Jﬁﬂﬂﬂﬂ

HUUA 5 MMEAUDI (NINUBUAZIAY)

Ay v v =
T]‘llf]ﬁﬁlﬂﬂ'luhlﬂﬂ']u'ﬁuﬂ ANUDU




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 113

5.4mssudszmuerms

d' Y d' | Y] w A
uui 1 lnseaelumssulsemuervisonluia

1A309320 U570 5E MU IMT0A TUNA (clectrical self- feeder)  Fguadoa

=~ = Y A @ A o 9 o
IOITYUDINT (mmﬂui}m“lmﬂm)awulwumim Gluﬂi@w$mm‘§ﬂﬂ%u¢lﬂ1umummi

1 H { U d { 73 Q 1 % 4
(1) udrdaldnthnvesdnldsuiaun lvdunds Tagagiitunldududu2) oniugu

E]

i%ﬂ%!?ﬁﬂlﬂ\i%’é)uﬁﬂ@Wﬁﬁ

a y A d Y A
Huuun 2 Glmmqu\uwu uazqﬂnimﬂizﬂeweua

7 Y A AA A v . . .
gUninillszAvaole LUULNAILTOU)cock up splint with universal cuff(



Panintorrn Konggateyai Appendix / 114

% a 3 i ) < @
ﬂizmuﬂ?mﬁﬂau ﬁﬂﬂQUUﬁ'J'N!LGUuGU’ENéI@LGUU Glcffl’JNGlJmﬂllmz‘iUﬂizmummi

ad
IHNI

v A ' o A 9 s Y A
AADIATOIBIGNYLVUNUUDUIU LLae ﬁﬂﬂJQﬂﬂiﬂ!ﬂﬁgﬂﬂﬂsUﬂiJﬂclu

A9 @ 9 [ =S 9 1 = 9
HoAunia nsounuIFeUToU JIurouTeUTOU

@Tﬂ’f)TVi15%Uﬂi3‘VITL!Iﬂﬂi%ﬂﬁﬂﬂuﬂlulﬁ@ﬁﬂﬂWﬁﬁ 1AL WOULSY

A 4 g 4 A o -
W enLUUAY LaNvIslatsuuumeie suIniln

‘ﬂ‘ Y d v =S Y Y a Y
Hyun 3 Gl"ﬂQ‘lJﬂiﬂ!‘ﬁ’ijﬂluﬂ1§!ﬁﬂﬂ‘l§9u!!ﬁ$%i’)u!ﬁiuﬂ1u

i

L . o - o { o [} l [ -
gunsailumsidoudou (universal cuff) muzdmsugnide 'l uaenunsonszandoiiola



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 115

P4

gilnsaliasududouli g

Yy 9 Y Ao Y o Y o Y I A Yy 9 Y
ANNYOU — 0N NWUANTEATHBITE LATUAANIYYTIIIN LﬂuﬂWiLWNﬂIUWQGlI’E]QﬂWiJGK’E]u - fgou

A o A L gy
uazmiﬁamwuuﬂwu”lﬂ

5.5 MmN




Panintorrn Konggateyai Appendix / 116

g a A 9 A ] o % SJd' v o A Y ) o
Q‘]Jﬂiﬂ!“b"lfllﬁiil "I LLﬂ'JVI'JJU;GlﬁﬂJ Iﬂf]!fﬁiﬂ%ﬁTHiUEj‘Vl ﬂﬂﬂ?ll@ulﬂllililuﬂﬂuﬂ

[ Y
uad o ldloaeanyawlng lumsiszaes udnihauld

5.6 MIUAINE
gilnsaizao

[
1. Augnun (dununszaw)

] 1
2. nszauialvgy

a a1 Slqy ~ Y
3.“]5’U!L°]J°]J3JW'N1“]51J'JLﬂEI'J]lﬂ

U &” v t%
m3laaervin

A Ay A o R R =
uyun 1 Nﬁ‘l‘?ﬂ!ﬁﬁﬂiuﬂ‘lﬂmuﬂﬂu (fniﬂi\?ﬂflﬂﬂ!!ﬂ%!!‘lﬂﬂ““!ﬁ@)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 117

AN Yo 3 A o o v A o A v A A (o
m“lﬂsummimmhhlﬁuﬁm TININILNS 150 Hauaeanlsy

e

Y 1
Fuu'ld dszana 80 —90 osen Aguamelduvudumiia

1.

i
A
.

qu 9 o 9y Y @ 491 Y @
mﬂuuiuummmuﬁm AIAUTDUINWATIUH AN

[ dy = 9
lavvuaeanaiu

9 1 Y di} Y A Y
Aauasiedade 1Misousoy

o

! 3 ! o o qu/
gnldsumanun lvdundselumssnuvuisaestneu
a 24 § Qa.ll
msaanszay) lsaudnunununszauds(laglddeiionsaes

9y @ A 1 a
6UN‘]JiiZﬂ‘]Jﬂ"lﬂl!,‘WE]‘]f’)‘(’l(?]@1

v
WU Aa

d' v 'Y U M=) =
HUUA 2 aanaslamenuea(mMInsai e uadnsaveauul)



Panintorrn Konggateyai Appendix / 118

(%

Yy ¥ g A 1% @ v Aa o A v A A (o d? 9
g«j‘l/l"lﬂiumﬂmmnhhlﬁuﬁm HININUENN 19D W?L@ﬂﬂﬂﬂﬁﬂﬂluﬂflﬂ

(] dy k) &
U520 80 —90 aern lauviudonumitg

VA A
mslaaeda



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 119

Y ¥
@ <] v a o

YAy Y A @ [ A v oA 1 A o Y
gm"lmummﬂuw"lmauwmmmmuwamammm Glmmumamﬁmmu

3.

Y
T uddadude s eusoe

d' v 1 Yy A
HUUN 3 MINITININOUVINA

A 1y
GGRILENG T

[

YAy Y g A o v o A A ' L a P Y o q9
Ej“l’lllﬂﬁﬂ‘lj'lﬂmﬂﬂlléllﬁuﬁﬁ\‘] HWUNRYYAUTU UL YN Glﬁ!ﬂlulﬁf]“l’lﬁ%ﬂl’l\‘] L!.ﬁ')ﬂﬂclfﬁ

= ] Ay Y o A o
L13YUIDY IﬂfmEmllaﬂE)EJ‘]Ji%ﬂ@\iﬂWUﬂﬁ\HWﬂﬂ’J'ﬁJﬂﬁﬂﬂﬂﬂ

A A
[GRHIG



Panintorrn Konggateyai Appendix / 120

[ S Y

YAy ¥ 3 A o v ~ = 1 dy
Ej“l/l"lﬂ ‘]J‘]ﬂﬂl%ﬂ“l/l"léllﬁuﬁﬁﬂ UINYIAVTIU UL 8N Glﬁ!!fllulﬁﬂ“lﬂﬁ%lﬂ\i

=

o Y o qYa 9 v v o A o
TAIUN Llﬁﬁi]ﬂﬂl‘l'il,itl‘]_li’ﬂtl IﬂElilPjﬂlmﬂ@EI‘JJ5$ﬂﬂﬂﬂ1uﬂaQLWﬂﬂ’J1ﬂJﬂaﬂﬂﬂEJ

e

N3DdALaD

SN A

d' g’J Y =
Ui 1 3 eras LI THADH (ﬂ1§7|§3ﬂ'ﬂilﬂ)

1. 2.

1

Bld' Y 3 A o v o A v o o A Y=\ o o 9 9
EJ‘VI"lﬂiumﬂL%Uﬂ‘lﬂlﬁuﬂmmwmmﬂumu‘m Wiﬂﬁ?m‘ﬂ\‘]ﬂiﬂﬁgﬂﬂqﬂ Gl‘])'

Y A 3 Y =X o
VBUDNIFDIVNNAY Velcro 99NNNU




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 121

3.

v , 4 9 v 2
Aguasiglumsaoauvudoniulaaiumilg

6.1

[

Y o 9 Yy = & 9 9 o F YAy ] Ay o o
Tull@]’lll’]ﬂ’]uﬁu'] ANLE D 9DUATUTI AN ﬂi’]ﬂlﬂlulﬁﬂﬂﬂﬂWuIﬂﬂ@V]hlﬂﬁUU']ﬂlfl]']_lﬂnlsllﬁuﬁa\i

[} QSJ‘ Y ' Y
%3811.!ﬂ1’5Elﬂl,mjuvldﬁmﬂnd&mﬂllﬂ

v
U A

d' v &’ Y % L 2
HUUN 2 HINIHaIDdAa 9N I8N UID (ﬂ1§‘i’l§ﬁﬂ'ﬂﬂ~lﬂi’)ﬂﬂ)

YA Yo 3 A o v o Aa v o o A v A o 1 Y
EJ‘VIll@li1J1J']ﬂ!ﬁ]‘U‘VIhlﬂJﬁUWﬁQUQWQWﬁQﬂ‘UﬂHLWQ ﬂﬁ@ﬁﬂlﬁﬂﬂﬂiﬂﬁgﬂﬂqﬂ ARIGIININY]

& v 4 Sy o D, Yy = & 9 9 o F I
Lﬁ@ﬂ”liﬂﬂﬂ”lﬂﬂl!ﬂ Tuuﬁ?u?ﬂﬁluﬁunl ANED DDUATUYION DOALUULTDDNATU




Panintorrn Konggateyai Appendix / 122

A A
NINOALaDEN

3
v/ v v A

Sld' ) 3 A [y o A v A = dy =
Fjﬂllﬂﬁﬂﬂ']ﬂlﬂﬂﬂll‘llﬁuﬁﬁﬂuﬂwxiﬂTLlWQﬁﬁ'ﬂ‘VHW’]ﬂQ PNADITDDDNNINATHE

9 Y k4
Y =X A Q/

IMNUU ﬂﬂllﬂ]ulﬁ@@’ﬂﬂ%ﬂﬁ’ﬂ\‘i{hﬂ

d' o 1 Yy A
HUUN 3 MINIIAINDUUINA
A 0 9
GRIANNGTY
r

[

gy ¥ ] A o o & o a L a9 Y o 9y
ﬁjﬂllﬂiuu']ﬂlfl]‘Uﬂllﬂlﬁuﬁaq HUNYIAVIUVULS YN DALV HLIFADNASUIN lla'}]fﬂﬂclﬁ

~ ¥ Ay Y o A o
L138UIDY IﬂﬂllE\!@jllﬂﬂﬂﬂﬂizﬂ'ﬁ]\?ﬂ’]ﬂﬂﬁ\?!Wﬂﬂ?’lNﬂaﬂﬂﬂﬂ




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 123

@ <]

Wd‘ 9 A [y Y] M ~ =3 = dy Y Y] =\
E\!Tﬂﬂﬁﬂﬂ']ﬂﬁ]ﬂﬂl’lmﬁuﬂaﬂ HUUNYYAVIU U U] ANABDLADNNATUNAIDDNIINATHY

=\

= a v Y v qIa ¥ v Y o A o
ANLAUUBDDNNASUN LLﬁ’J%ﬂl‘miﬂ‘Uiﬂﬂ TﬂfJilI?Jﬂ!!,ﬁﬂTf]fJ‘]J5%ﬂﬂﬂﬂ1u*ﬁﬁﬂm@ﬂ’nuﬂﬁﬂﬂﬂﬂ

] U \ Y =
ﬂ1§1ﬁﬂ1ﬂlﬂ\1(ﬂ157]5\19]'3?]91!"1!1\191)

(%

YAy Y 3 A o v @ Aa o A v A o @ Y o 3
E‘f‘ﬂllﬂ5UU']ﬂl%‘]J‘ﬂhlsllﬁuwaQU\?W\iﬂ']l!W\jﬁﬁﬂﬁjlﬁEl\jl]il]ﬁgﬂﬂllﬂ JUVINIET DN

Y
1990 Totuda Tdduneh Tadvimanansaeadng aeldnaduan




Panintorrn Konggateyai Appendix / 124

A Yy 9 Y Y v A A vy
LE]EI\WI’Jhlﬂ‘lfl'lxiﬂ'lusll']\ﬂﬂﬂﬂﬁslsl)'ﬁﬂﬂl“l’l']ﬂ“]JWlEl\i ma“lwnu

£ S = £ Y
A0 NINTUAINIUNT VU 11D 192

Y A 9 a v o 1 =S @ @ Y A yJ
U U AYUVINANAZUAIAINUFUIAYINU fﬂﬂﬂTQlﬂ\ﬂW!ﬁﬂ‘Uﬁ@ﬂ

| v A
ﬂ1‘§1ﬁﬂ1x‘i!ﬂ@ (MINIINIA)

(%

YAy ¥ 3 A o v W = = o 0511 9 9 Y o
E{VIulﬂi‘ﬂ‘ﬂ']ﬂﬁ]‘llﬂuhlﬁuﬁaﬂu@!ﬁﬂﬂﬂﬂ’n VULAYY IVUINITDIVINDLVINN T‘Llilﬂ'lll‘l]

Y
duni ldumanaiaaoadng




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 125

Aalst
A F4
v <K =

92 ] = Y] a v o 1 A @ A
TN UUANIN NN “lll‘liﬂslﬂflﬂ 197 umtﬂaaumqwaﬂmummmwummnu (FL)

Yy  a o Y A = Y= v q Y ¥
HBDUBN umwaﬂm3umﬁJcmaﬁumwemmqmﬂﬂmzm %ﬂiﬂ!ﬁﬂ‘ﬂiﬂﬂ

M309AMAUNT  (MSNTININDUNIIA)

v A v a o 2o Y ¥ = Yy 9
HUNYYAYTINAININ LN TﬂEJLE]EN@]’J%JVI"IWHHiﬂWIuﬂuQ Iﬂﬂﬁl%’ﬂl@ﬂi’)ﬂ 3 7H]

v A = Y Y Y= 9 o 1A v v a9y
NURYT PANNTUINATUATIVIND DN “lﬁﬂﬁ@ﬂ% NUFULAYINUNUDNATU




Panintorrn Konggateyai Appendix / 126

o & o Y = o Y v q YA v
AMNUUUIAINTY LA ANNTNUNNDDNITNUVINNT DIV N i]ﬂalﬁﬁfllliﬂﬂ

NINOANINUNY (mimaﬁaﬁ)

YA Yo 3 A o v o ~ = =3 o 9 FY £
Anlasvuadun lydunduiavdeavinufes Been lunmedmladmils
Taglddoson MAUMes AINUNIAIUATITN000 THDIdUYT HusRednu

v a9
NUBNATU

4.

=

= o Y o gy 9 v v o
ANNINNIDDNVINVINITOIVN ﬂﬂclﬁliﬂ‘]_li'l’]ﬂiﬂﬂuaﬂllaﬂﬂﬂﬂigﬂ@\j‘ﬂ']\iﬂ'luﬁaq

A o
Wonuilanane




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 127

5.7 MIUAINI

d
gilnsalre

d A A a o M 3
gunssiasua i Inaiionauivu lAiindiu

[

v Aq YA o o Y AA o A I Y
ﬂiihlﬂi@]ﬂlﬁﬂl,mﬂﬂﬁl‘]m@ﬂﬂﬁWHiﬂEjﬂ’)ﬂﬂilﬂWﬁQﬂJﬂllﬂJﬂJ'lﬂ Hag tuUNNY

) v Y { ] { 9 4
dmsudihedn luansoeudalaeila



Panintorrn Konggateyai Appendix / 128

: Yy v
5.8 MIDIVUI - U@

gilnsaizao

| |'
, | )
| )

[l Bt <>
- 8 )
“ﬂ-._____i — |

Y ¥ -

< o o o o o o U g’
doliudmsverusiwazitndru shidrelwwes dmsumidile lueruniuagidn

Y 1 o ¥ ¥ { 3 o
g TasansonsounuTadu Idias vie nuninmnuilaanng ganseludn

Eweds da
o TIC

[

Y <3 . 1 0 Y
id ATt uRUgINsEilad1dz (Commode chair) agd1eldanunsoiunldlanumgn
4

Y = 790 ¢ Y A a 9 o 9 1 dlllﬂl
ANDINITD 1J§$falﬂﬁﬁl‘]ﬂﬂ']ﬂWﬁ']ﬁﬂﬂ!ﬁ)']g?jﬁﬁ\iﬂa']\i NIDUDITONATUAN N LA

Y ) o 9 @ 1 1 ~
uieuoud msulslumsvuaeluniueu Wwnee)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 129

9 v 1 9 A
p0n1 tazuuy e ueaeile

J 2] oy
gunsalgelumaviyunenii



Panintorrn Konggateyai Appendix / 130

R [ 9 o @ a2 g
qﬂﬂimﬂmﬂumiﬁmﬂu TﬂfJﬂ"Iithﬂﬁ&’ﬂ']‘]&l%'ﬁgwuﬁﬂﬂﬂﬁ']ﬂﬂﬂﬂTLl

5.9M36N8A7

R o [ 9 o
Qﬂﬂiﬂ!%?ﬂﬁTﬁﬁUﬂ'ﬁﬂWﬂﬁ?

d v a % Y YA o 9 A a 9
Qﬂﬂitﬂ‘ﬂ?ﬂlﬂﬂﬁﬂﬂﬂﬂz!!ﬂﬂﬂ? !mzmﬂmqﬂ'm MINNAIHTDNAITAN Gl“]fﬁluﬂﬁ

[

o YAy v 3 A o o A v a 9 Yy <
immgm"lmuummu‘ﬂ"lsuauwmmaﬁzmﬂummuwaﬂmmmazma"lﬂamu




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 131

d 4 U o a 2’ o I
qﬂnsmﬁaﬂumsmﬁeué’wm MAIONATTANUIVUNLUT LUAZLUILTI ATNYD
v w Y, A ' ' Yy & o v A A Y o YAy Yo 3 A
LNIAINU Gl"]fii!ﬂﬁﬂiﬂhﬂﬂi%ﬂ]%‘l ammmmuﬂiuuauﬂu mfmmamamgm"lmumm%um"lm

qUrag

U a ] d? a'/ 1 Y o = 9) 1
ilads Hrelumsgniiuisannmueunaielaeyn Iinularedes uazldnsla

S 4
U % U %

o o A 4 4 9 R Yy Ay Y =2 o
Tamduvestiulaogniuiis (udiheszaviilddoiiondoenuiuiiulaudafeda)

Y % 1 9 @ = v Y < A Yy < @
NITATHN ‘D"JfJGluf‘ﬂifﬂﬂﬁ’Jﬂ']ﬂmflﬂllﬂ/ﬂaﬂaﬂl"llu NI ammu"lﬂ/ﬂaﬂa

du eaausalumsldiieTunmsendvesdihe

'
= o

5123 dsurelunIgRIUIY



Panintorrn Konggateyai Appendix / 132

d v ] Y Yo [ a @ A 9 @
Qﬂﬂim%?ﬁﬂuﬂ’]iﬂﬁﬂu‘“’] lFd M5 umMInanazAIRINIoN15aNga7

R YR o o A Y o v Y &
Q‘ﬂﬂiﬂ‘l‘]f')flﬁluﬂ'lii"]fﬂxi@]’%’ﬁ]ﬂﬂﬂ']@ﬂﬂﬂ (P ﬂ'liil']fl@l')ulﬂ/ﬂﬁﬂﬁﬂl"llu

ad Y U
IHNMIEYEUNI

Y QU % té =
mathamlagl¥insoie

A ; N
o 9 v Y v v @ Y 4
gilnsaigaelunmsdreadihennides lilndaudeiunienindesl/mnauiig
4 { a @ { @ a3 1 o @ o A
)Hoist (iThnnsesiloNldszunleaseanlunmsendidn1dsvuanun lvdunda s q

Tagaou lause wieunayia Wunundfumyuianeld  manzdmsy galdeaunso

A 9 v Y < T ] A
ma@umﬂmm"lﬂ LmzlﬂuﬂﬁNE]HLLNEJ“B’JEJL‘VFE]@



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 133

Y U Yy Y t3 k'Y < a2
NITYYAIUVUVINIHTIHT 1NABIVYU ‘11] {918

Ui 1

Y 1 A 3 9 g A A ' v 2 ~
maﬂmaewuaeLmu”lﬂmmwzﬂzwnwaﬂizm1m1ﬁﬁm15aﬂﬂmwuwmmm

Y I Y :/} 9 ' 3 F) =
llﬂ A9AAUH  IMNUUALATIY INUVINITDIVININUUAY

Y o

< < < a 4 < < '
Yandondo udniudeduligFafesnniiga dendedudauminizaiugie

9) @ Y ! < 2
818ﬁ3ﬁ6ﬂ1933ﬂ31\1 TVULASIANY

5. [ 6. ‘

Yo 3 A o o qu o P Y ' o ) Y
ulﬂ'iﬂ“]ﬂﬂmﬂ‘lflhl"llﬁuﬁa\‘] Gl“b'l;lf’llu‘ﬂ\‘lﬁﬂ\1"UNlfﬂ1%313&Lﬂlu‘vﬂﬂﬂﬂﬂ31ﬂ91uﬂu1

e

v A 2 o o v A o o o 2 A
Taedaua Yuusna Wude tagia Ina metlosnumanaenas Flasuuia@un

Y v Y v I Y W 9 9 =2 A @ ' Y Y
vlﬂlﬁuﬂaﬂﬂll@’]iaﬂuaﬂ ﬂuﬁjllﬂﬂ’]uwu'lfl]uﬂ\nﬁfmfﬂﬂﬂﬁﬂ’mblqﬂﬁﬂﬂiﬂfJ




Panintorrn Konggateyai Appendix / 134

v
=

d' Y \ :.,1 :.,1 IS4 % % a
UUUN 2 {AUarIIUNUUABY (v;mmuﬂaumg q'llaﬂi’)ﬂﬂi%ﬂﬁ)x‘iﬁa\‘iiﬂfﬁlﬂﬂﬂimm

< g 4 ol d‘ U w
!slm‘llﬂﬂTL!‘i’iﬁQ!W@‘ﬂi’)ﬂﬂuﬂ1iﬂﬂ1ﬂﬂﬁﬂ)

YA Yo < 4 [y v s Y < d'd v Y
NTﬂﬂi‘U‘U1ﬂ!°i)1jﬁllellﬁuﬂﬁ&!ﬂluﬁﬁ)ﬂlu‘lﬂmﬂfN‘i382’,11131"!61]58341&!111%1’13“53

U

2 a Ys Y o« & & v a
anmwuwmmm"lﬂ a9naolvH  ANMNUU UNVINIADIVININUUIAYN

Vandende uanduderiulisanaunniga dendoriu l¥msmuaadie

U \J = v Y <
AINIATISHINAEINVADLYY

v o Y 9 A o Y, Y Y o 2 Y o w Y, ) =2 A
1%&L%u‘ﬂm’ﬂQ"UNm1‘1/1’JNLL"U‘LJEJﬂWJ"lﬂmuﬁu1 DUAUANUDY ﬂUGI’J"l‘ﬂﬂWﬁHﬁ)HNMEN

[ YA Y
fﬂﬂﬂ'l‘ﬂNGlWLiUU‘i’E]U




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 135

[
Y

d' Y U Y Y Y o U =S v A
UUUN 3 MIENGAIVVIVINHUIE (IHNTTHIVRNNNITNTININ)

NNdoTY TG

[

YAy Y 3 A o Y] A Y @& a a ) v A < Y
Z‘!ﬂllﬂﬁuu’]ﬂmﬂﬂllmauﬂa\j la@uaalmu%ﬂl@ﬂ\jiﬂﬂﬂ']uu 45 9ANUIAYN aONaD

v Y qIY Yy A v Y I 9
ﬁ]ﬂmﬂwﬂ1u°lﬂamﬂwu"lﬂmuﬁmmﬂuaﬂ

W

aud lilines Tagdui Ny ammalvisaudon

Y Y v ) Y Y o
MILEAIUVVLVINNIUTIH 31NaBdIAEN th RIS

=

a v '
HUUN 1 NYQHaYIY

v qQIY & ~ o A v Y ] YA Yo
i]ﬂ1WﬁE]L“IJ‘Ll’J’NL‘I/'IEJ‘]Jﬂ‘]JLG]ENLLlIlIL‘Uﬁ/’I’I\?ﬂ']UViu'I Qﬂllﬁﬂi%ﬂﬂﬁﬁ”ﬂﬂ,ﬂ U

s ludunds daldiunselUndodu




Panintorrn Konggateyai Appendix / 136

v
1%

Y J @ < < { o @
1¥nszamdredrmnaszrnadssnudoiu 4 lasuuianun lvdundsas
Y 1 1
o v A =

[ Ay & 9 @ o @ Y A
umuﬂmmmﬂum"lﬂﬂammuiﬂﬂ@@uawmﬂlmmmzﬂizﬂmwm‘l’sma

HoarumInaenas

[

a < v W @ < [}
é}ﬂllaﬂﬂﬂﬁnmﬂlﬂmﬂ ﬁtﬁsﬂﬂ]ﬂ‘llﬂ']\ﬂﬂ\‘] ﬂu@?l‘lﬂﬂ\i élﬂleuu YNV IDINITTATUTIY

@ [ YA Y
gNAIvDN %ﬂﬂ']alﬁ!jflfﬂﬁ’ﬂﬂ

d' S ' gg :’J N Y v U d'
HUUN 2 HRQUATIYUINVUADY (unmumum “!!aﬂﬂﬂﬂﬁzﬂﬂﬂﬁa\ﬂﬂﬂﬂﬂ"ﬂ

a S v Y v A % v
mnmwmﬂmuﬂmmai’]mnumﬁmmﬁm )

yd' Yo 3 A o v o 1 9 o 1 Y < v oA
] UlﬂTU1JW]L%‘U‘ﬂhl“llﬂ”L!“ri‘ZN‘L!1ﬂ'i8ﬂTLJ‘15’)ElEﬂElGl’J’N\‘]WWﬂ‘i%H’N\‘]ﬁfJHJuﬂ’]J!G]EN




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 137

° z 9 o A Y o 1 Y Y
WIVIMADIUVNAIINAUNININ ﬁ]ﬂ“l/l']“l/l']\ﬂﬁﬁﬂﬂﬁ@ﬂ

v
ya

d' Y % Y Y v ° (% IS v
HUUN 3 MIENSAIUVVUINTI UV (lﬁu1$ﬁ1ﬂiﬂﬁdﬂuﬂ1§ﬂiﬁﬂ3ﬂ)

(%

YAy ¥ g A o o A Y & a a o v A
QﬂqQSUUTQLﬂUWqTﬁUWﬁQ LADUADLVUBALNUN Iﬂ‘(’J‘VﬂHN 45 DIAINUVIN Y

< Yy o v Y Y 9 Yy I A Y =
a9nNae AN Tﬂﬂﬂlmmmuﬁlﬂa BIGISA! fJull‘]Jﬂ"lu‘ﬂu']!aﬂuﬂfJ




Panintorrn Konggateyai Appendix / 138

A Ao A v Y o Yy 2 o Y qya Y
DDUUDIUNINUUYUATUATIIVUIY ﬂum"lﬂam"uu ANININ Ltazmﬂmﬁﬂmaﬂ

Y Y Y 1< (Y] Y
maghaaonasty T — nau Tadin
d [y a 9 F) 9 [ 9 "9 1
ginsaitie 51990 (sezAadiudiaazdiuvaslndan o171 hivdesndt 0.82
Y
—0.9 a3 uazvenneis lidesnd 4 wuamas genniiuediatios 30 wuAIAT 130
Y
pgluszozioon)
d' Y Y Y Y 4 (Y] 9!4' [-y; LA =
suuil 1 mséhedauudisuynh enanziugimsnssiilinesd)

<
NAoy P Toa

o

YAy ¥ 3 A o o A Yy 3 9 9 9 Y
@w"lmummfuuw"lmauwm m@uaawummuwuﬂaﬁ’m

) v oy y A vy 4 A 9y 2 a 9 o v &
YAMMMITNATUUVNUBDIADIUU INNINUINIVU la@uaﬂlmu%ﬂiﬂﬁﬂﬂ BRIRGRINH




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 139

[ 9 Y o Y [ 9 Y 2 Y
ﬂum"lﬂmuwmﬂﬂamn ﬁ]ﬂﬂ'lﬂ'l\?!iﬁ%lm'ﬂﬁﬁﬂﬂi@ﬂ

<
1nTadqy P Joy

1

yd’ F) 3 A o v v Y I A 9 < 9 [ v Y o
I%J‘I/I"lﬂ'i“lJ‘mﬂLﬂUﬂ"lﬂlﬁUﬂmﬁ]ﬂamﬂmeIﬂﬁﬁn a9nNav ﬂumlulﬂﬂdaﬁ)!ﬁllu%ﬂ

1 9 PE=! Y
NINN LLae L‘I/Iﬂ‘lrﬂ'iﬂ‘ﬂiﬂﬂ




Panintorrn Konggateyai Appendix / 140

v Y

‘ﬂ‘ Y Y Yy v Y o t:'d YA Yy A
UUUN 2 MIENGAIVVIVINUUN (IHINSTIHIVHNUNITNTININDUUINA)

<
NAoy == T

YAy Yo s A o o A Y 3 9 Y Y o 1Y) vy
I?J‘I/Illﬂ 1J‘mm‘mn"lfUﬁuwmmﬂuaamummumwmumJ Tnmuﬂizmm
9
=

Y o & A v
4599771 MMAUNMNUNH INNINUNIVU

woudd lldTaduTasmssunindunssusna Taduldiiune damld

~ Y
1389308




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 141

<
nnlody e oy

YA Yo 3 A o v v Y & o o Y I Y o
Ej“l/lllﬂ 1J1J']ﬂmﬂw"léllﬁuﬁﬁ\iﬂﬂa@lmuﬂ'luil 45 f]\?ﬁ’]ﬂﬂjﬂﬁ'lll a9nNao U

~ Yy J v o Y 2 o 1 Y q Y Y
NINUVUHVYBDIDIUU ﬂu@]’J"l“]J a9LlvYU AN uazmﬂmiﬂmaﬂ

'3

Y < LY dw :
11N avtYH l‘l‘IJ —Nay NvvIuUN

G
gUnsairie

g o

X b <3| a 4 | Yy < o @ 9y 9/ 4
!fsﬁﬁm‘im1 LﬂUWﬁ'lﬁﬂﬂ W?@ "lwlllﬂﬁ W?@Lﬂuﬁﬂlmuﬁ’]ﬁﬁﬂlell']ﬁjwﬁﬁ'lll'ﬁﬂ

duwy 1 a ¢ Y any P & a o &
Tausila hidluaiin w0019 YszgnaouuuTadaun 1a (ViA1dAsiuAs niodaaanuny

vy J
HOIUUAY)

v o A ) A 9 A Y o
UAUENINHAY 1FTIN o aEAIn IuN1581e6 )



Panintorrn Konggateyai Appendix / 142

[

dailiy = IMPOIUNN

1. 2.

[

YAy ¥ 3 Ay o o A Yy & a 9o SR o v
Ejﬂllﬂ'iUUWﬂ!ﬂUﬂll"Uﬁuﬁﬁ\‘] LUABIVUTANTIDDTIUUT NN 45 93ANULINTD

< Y Y 9 A v
A9Aa8 ININIVINNINNIN

3.

Y Y
IFipsusnuduasatny audalil idde 1w Sammanaziin i susos




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 143

[

vy ¥ & Ay o o A ¥ & a g S o
Ejmhlﬂﬁﬂﬂhlﬂﬁ]llmllsllﬁuﬁaq [ADUADLUVUBALNIDDTUU 1/113ng 45 9IAINUINID

< Y Y 9 Yy & 9 A 9
BRIRBER emm”mm%aaamummmmm

3.

@ { [ @ o I~} 1 [
l¥ipsunnauudulnadd dudlrll dowu  dammanazm i eusos

5.10M3tnao U1

Y < d 1
ammuuazqﬂnﬁmmﬂ




Panintorrn Konggateyai Appendix / 144

dgordulidh  Sudeldundumasudle szuuldih Tasmsansany vt
Y v

A ~ Y Y A o o ' Y a 2q ¥
’mmsmﬂaaumiuizﬂzmﬂﬂaq"l,ﬂ HUINUDNUIN uaziwmﬂaumnqﬂ umum%muquwmﬂ

A

1 9 ~ =} I Y
HUY Y QUANeRIEE 110 vise Ue Hluau

Y o y & ¥ & A o P o
aammmuﬂsuuau"lﬂ Lﬂuamﬂlu'ﬂmmsaﬂsmauuauﬁluumsm"lﬂ KU1 NU

'
S o

9 [l ] Y Y [ o
AN El\ihlﬂﬁnlﬁﬂﬂ"lﬂﬂiﬁNﬂﬁlllﬂ LLﬁBGl@QﬂWiﬂiUﬂ’NNﬂu

U

d =< ° YA v v Y Yq YAy Yo g A
Qﬂnsmmsﬂummﬂﬂwmmmm’ﬂﬂmnumamm Glclfélu@ﬂulﬂﬁﬁﬂﬂm‘ﬂﬂhlﬁll

v Y
AUNAINDOULTINIA

U =)

Y o« ~ A A A QA ] < Y 1
ANVUUUVNUN ADY llEJ’LlfJf]ﬂiJ']ﬂ1ﬂ°l/lL“U’L!LWE)Gl‘Hﬁ1ﬂ1§ﬂlellullﬂﬁ'$ﬂ3ﬂllﬁ$ﬂﬂ
¥

Q Q

F4

< Yy a o v v g v o o
v nawu Insaeaderen uazlarhile lumsdudeu ludunh luszeznadu o



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 145

[ [

A o £ 2 Y & ' 3 o A A Yy &
qmammﬂﬂumsmuammu LW@ﬁﬂﬂ’ﬂm%‘Uﬂ’muazﬂﬁli"f&lﬂﬁﬂﬂ‘ﬂ‘ﬂﬂﬂﬁﬂﬁ]ﬂ

Q

f_h
, | L ]
smzsmﬁmm’f@m‘imﬁ@ﬁmﬁuuwaﬂﬂﬁu Iraguuy ¥ Luui uuUea dod

= 9

dy = tﬂ' Qd' (] a 1 1 9 1 :} a " Y
IS INTRE! 1J‘UﬂﬂLi@ﬂqmﬁ{]ﬂ‘ﬂquﬁﬁLﬂuulﬂllﬁi1ﬂ1ﬂf)uelﬂ\1ﬁ\‘] daunvyosin ﬂﬂJQﬂ!‘l’iQﬂJ"lﬂJhlﬂ

£} U

uas e ldgann



Panintorrn Konggateyai Appendix / 146

y

d v Yo ya 3 = '
qﬂnsmmmzﬂnm cl,GIf‘f‘IiJIill°I/I?J"I'f‘l”liLﬂiQ’I/l"’lJ"l

[

d v -4 Y Y < o @ a '; v o1 A o A v
qﬂnmqmaaanaammaewumzﬂuau nsmaan"lmgmammzmn%nﬁumaq

d v d‘ Y % d'
Q‘l.lﬂim‘lnﬂ!ﬂﬁi’)uﬂ1ﬂﬂ3 Y TRY Y]

I o I Ea=! 9 1 ) 1q Y A T A A a
wanUseNuv e Lﬂuqﬂﬂsmwm&iumswqwamn”luime L‘Wi’)slﬂflcluﬂWi U NI AU

=R A a 9 . %
MIHNTU - LAUVUTIAME Tﬂﬂiﬂﬂﬁﬁﬂﬂﬁgﬂﬂ“lﬂllﬂﬂﬂ'n



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 147

[

A 1 a A 91 @ <] @ Yo Y1 A a
IATDIFIYWYUAULLLUTUT GlG]ﬁ')llﬂ‘iJ wandseAuvnnuue Glﬂ)’ﬂ‘lJEJ“lJ’JEJ N Y

3 1 Y 4
lisiung megelumsngsgniiu wioauluszezniedu

9 oy [ 9 9 Y <3 o Yo Y1 Av a "o
”lumausmum%hsamu wanisenuvuuen 1%ﬂﬂﬁjﬂ38 ‘nmmu”lmum
9

orelumsnggniu vioauluszoznmed

e

A v A
INIDIYIYDU

ot

i .‘__

ER a gl o I A A dy . 122
Q1Jﬂimma“lumivmmmumumm 1“5883%1I’0LE]E]3J13J£N



Panintorrn Konggateyai Appendix / 148

d 1 ] 1 Y] af
aunsalgrelunseuniiade 01919 32U U mouth 150 head stick 1unsiila

q

. I 1 a A Y 1 = A 1 A o a
Mouth stick (Hunnanaradnuse 1 dautlarelinnuilagielumsidening e

viladle n3e nautlunouiunes Taomsldhadiudaiuny

[

. Id 1 a A sld'd a = 9 = [ A v A
Head stick Lﬂull%ﬂWﬁTﬁﬁﬂﬁiﬂqﬂJ%ﬂﬂ@]ﬂﬂ'ﬂﬁiﬂg Gl“lfﬂluﬂ”lilaﬂﬂ’f]@]q Waniisde

A a LA{ 9
"I ﬂﬂll‘ﬂUﬂﬂﬂJW'Jmﬂi Wuau



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 149

atnsaitelumsnailuneuiiomes 1¥ailnseitszassdeiie audy tham

wsoauae Tasldauniuevanldlunsnauilu

d = v A Ya KX A o 1 AR o o A 9
ginsalmelumsiveuniade Taslnauastananudiunganuihionas lsuyu

Y A a
Lmzmam“lumimuaummmu

d a gy Y ldgl A a o
ginsaliasuan I IvguuionnuazaIn lumsneuiy



Panintorrn Konggateyai Appendix / 150

Fudndaluannsald

7 Yy A A A s s
mdnsnanldrhivelunsaumsindounveunesivos 1

Fa
i lumsadnund 1@



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 151

gilnsaiaolumsnruaumsiiauvesginssiniesls luihneluieslasly

FTundudnrungu

IS J a g’ o AA Ay 1R
Lﬂuqﬂﬂimma“lumimmmmwumm 11!58837]%8!’001111]’(.\\1



Panintorrn Konggateyai Appendix / 152

Jd 1 1 a
gunsaitielumsldaguilaemsaeaguinin lundunaradnudr 1diedason

Y [ Y Y A ] a
NIDUNUFDAUNUUVINUNUNATTAN

d " v Y
ginsaigglumauasiininegn

" o)
4

gilnsaidielumsldseaidmen

s 2 A 9 y
Q°]Jﬂﬁﬂ!"lf')ﬂ(luﬂﬂliﬂﬂslﬂ"’llui_lum:]%uﬂrllﬂ\Tﬁf’)lf’l]u



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 153

= X )y Y a v X
UNN 6 5383!6@)34!!@3ﬂ]iﬂiﬂﬁﬂ1W'}J1u!!ﬁ$ﬁQ!!'3ﬂafz)N ITUSIDON

3| A Sld' Yo 3 A o o 1 9 <3 dy = Aa o
Lﬂuj3ﬂg'1/]Q‘VlllﬂiU‘U']ﬂ!fl]‘]_Wlul‘llﬁLl“Via\‘lsllﬂ!3@Qﬂuaﬂlﬂll‘lﬁnﬂiﬂlﬂ@MM@T?EHJWU

v
[ ya K

2 v 9 = A 4
'J@]Qﬁﬂsllﬂﬁulﬂﬁzﬂjﬂ llagﬁ’]il’]ﬁﬂ!élnﬂ\inﬂWUﬂulﬂﬂfNeuu

4
4

A d‘ a LY d' Y Y a o
538z 1A NANNGINTINIT0AAAT gilnsaiinToalda1a 18 wu adad i
g z I @ Iy [
Uan T $ueves dudu @nuuaszayvavu 'l 45 o3en uag asaa 9n 45 o3en)

A 9 tﬂy 9 Y 1 A [
3282 2 A9 ANUNINUDINTIODUNNATUUN (IRNIZUNNLT Y %33Jﬂ111]n’nﬂu)

U £ Q' Y
6.msdSuamwinuuazdainaen

6.170910Y

3'-0" 915
Minimum




Panintorrn Konggateyai Appendix / 154

ad A 9 ~ ' Y < Y ' Y
VI UWUNNINNWIWIADNITHYUABIVY 360 E’Ni’n"lﬂ (‘1.]5%3“&!’081\11!68 1.5
Yy

' A A a P a ] '
* 1.5 NI NUAT) ullli’lllwuﬂﬁluﬂqiqqqlﬂﬂQ!laZQﬂﬂimﬂuq ﬂﬁgﬂ UAIUNITN WINNITANINY

v Yy _ 2
N9V Uszum 0.8 AT

i ¢ Y
Maiumesmsﬂuﬂm

2 = v A v Awv Y A ' 9 v
1.1989 AITUANVFITEAVRAGINUNUIADVUINDTZAINABDNITYIYAY (ﬂﬁ%il’liu

v ] 4 I~ o
048 wn3) vazauarveudssliarsnume Iidewuamusainnldazainuazéroaq’ld
2
ALAINIU
= 9 9 Y ] %
2 Mdzmdeies asaaeainldmesld elunissulszniuernis use

1/5£NOUNINTTUAIS VUIABS



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 155

6.2 ¥199011U111

Y

AA A Y ~ ' Y < Y ' b7
VYU YWUNNINNWGIWIADNIT Y UABIVY 360 E]Qf’n"lﬂ (‘]Jizll'lﬂ‘lflﬂ'l\iuﬂtl 1.5

* 1.50195131919)

CO 1 & YA Yo 3 A o @ ' 9
gunsaimag egluszezidouvesdi lasuuanun ludunds wu s1auvud
iq 1 ] <3|
Wlday oasgwy 1fudu

4 ]

A I di’ 1A A 9y 1 Y A a 3| dy 9 v 9 oy
WU L']Ju‘wu"lmu niv th!tWL!ﬂENﬂuﬂTiﬁu aatluszey AWHUTUNUHTOIUN
3| = o Y 1 @ = A

WHsEAUAEINT 0195AY ANTH N9aa 1Few

< '
Uszg Tarwnhadieaneln dodudn 14 Uszana snnni 0.8 was

6.3 1109823

o
ccccccc

‘E’gm depth

Lavatory Clearances




Panintorrn Konggateyai Appendix / 156

A d‘ 1 9 dy Y g‘ < o A | @
NUN DYNUDY 2.25 ATTIUUAT Wuwa\ju']ﬂ')’]l]lﬂuuﬂﬂﬂuau llaglﬂujgﬂﬂ

k4
o 9

RN UNIN D
Y
Todam quuIniiy 42.5 -47.5 IUALAT
¢ v v ' 3 A P a4 A =
ginsaimeluriesdin ajuaznszadaiiens 3nssezlononds nizangy
dy a 1 9 Y dy a
VNN 90 1FUANAT B NANHTNFININWY 60 LFUAINAT
Y a 9 9 FY Y] 9 " Y [
51291 ATazAamUIaazaIurad Todu 11 1itlesni 0.82 — 0.9 IAT LAY

Y Y
Wrnnuds lidesndn 4 sudues geoniuediados 30 imudas ieagluszezido

6.4 ¥i93A352

D

OO 06’. 7
09 [@)°]

Stove U-Shaped Refrigerator Stove

¥ v
A A

[l 1 4 1 [
wuh luidesndn 1.5 * 1.5 msrawas (Wodzainaemsvyudoriula 360 09e)

v ]
A

= Yo [ I = [
nuldiagiuan iWumaSsuaueny
d
gilnsaimeluvios

J 4 ) v 9
R EE RS TR LR B 7960 — 80 .1 (AMIVADIVU)

F4
BNANUFININAY 60 — 80 .3, HAzANUEN 12,5 15.5 .41,

Y

A Ay ' YA ' 4 Yy & Y =R Y
NUNATUAWNUDIDWNANUD LA LGH“]J?ZﬂE]’UEﬂWﬁﬂ’JiIﬁ\‘I LWE]GlWa?JLGUuL"UTﬂQ]lﬂ

PR s A yA < ' Y
qALAIN 'ﬂﬁg @.Lﬂﬂ"ll@\‘ll,!ﬁ%ﬁ!ﬂﬂimlﬂﬁﬂﬂi%@u muagimzazuamanm

U



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 157

ginsainsedlimelunds

]
=

gunsaielumsdachvaialugi

v A

AAINDDOULTI

A a =KX a o %
nilaviauuusaaan UM



Panintorrn Konggateyai Appendix / 158

[

nszandes dmsugenis lundenidehog

Twist i the shal allews
W 1 b b
Tt o right Bor Gustom wse.

I Jd A { IS o o
ginssitivoudouunas ginsaliaSudw annsanlaou iy dou dou e azieu TAdmsy

sznovens 1@



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 159

AQ' k'Y £
ﬁ’Q!!’Jﬂﬁ@NﬂWﬂ‘H - HONUIU

dszgmadning

FY =R = 9 T 9 dgl (Y Y Yy <
ANNNIN AITUFBAANI908191BY 0.8 AT (VUBLAUANUNINVBIdDIUY
< o o a 1
Wudna) nazilaniieldvds
100 0.8 1WA
[ A g’ @ A a A
szanvesdszg arsdluuuuuu@emiminwuinennuazainlumsaila
Y = A [
voudthe waz asazlinnuau luda

U

d' Id 1 A Aa o A v Y
7]‘1]1]1]53@ A UL U VIN 812 LWﬂﬂ'J'lﬁJﬁgﬂ'JﬂsluﬂTiWﬂUﬁ]Uﬂi@ﬂu‘ﬂﬁz@lﬁlﬂ

Wa-ta

NNan




Panintorrn Konggateyai Appendix / 160

o v Y <
arIvasivu

ANNTU N 1:12 1T 1:20

ee SSD.

U = 9 1 [ 9 1
NI Y \‘]ﬁﬂ\iﬂl"l\‘]l.!ﬁ%ﬂ%iﬂuulﬂu@ﬂﬂﬁ'l 0.8 1ag

=

~ Aa A 9 Ad o ¥ &
AN NNAONYIUNU 4.5 LUAT 1T NN ] 4.5 AT ITADNUNNNABIVU

' 9
I [ 2 %

A& s A 9 & A A v Aa ' 9 A
1’15@!ﬂu1/n\uaﬂ?%ﬂ@@\ﬂﬂuwuvﬁgﬂﬂlﬂﬂ']ﬂu Iﬂﬂ‘ﬂWﬂuﬂJﬂ?TuﬂT?@ﬂTﬂuﬂﬂ 0.1 tUA3 1139 10

EEUALIAT

A

1< o 1 a
VD UUDINIIAIA ﬂ?iﬂﬂlﬂﬂﬁﬂgﬂﬂﬂWﬁﬁ@ﬂ 0.05 N7 1’7?@ SIHUALUAT N

o A Y Ado Yy & A& G . -
ﬂ@ﬂﬂuﬂ’liau%ﬂ‘ﬂ@ﬂ Hagnn 9 4.5 1T IZADIUNNNADIUU mmﬂumuammﬁmtﬂuwuw

4

v A [ A v Aa 1 9
sEAUAEINY TaenWniinueee1ation 1 As

! Y v U
‘ﬂNﬁ1ﬂﬁ1‘Uﬂ‘U°ﬂNﬂNi$ﬂ‘U

9 v ¥ & Ao @ Yo 4
Vnﬂﬁ'lﬂﬁTﬂ'iﬂaﬂlﬂluﬂUWNWﬂﬁﬂﬁl%ﬂﬂiﬂﬂuﬁ



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 161

)
NNIAH

9 £
Y v W

v ! ) A Yy ] 9 A Ay A A
AITNNINY Glff]QVIW\?Gluﬂ']‘isllULﬂﬁf)uﬁ@LGUu@fNﬂ1§Wu1’lﬂ1u“llN PANUUNUNNITD

e,

A 1 Y
NOYWUBY 0.9 1UAT

' 1 1 @ [ 4 < '
3383‘”1\‘153“31\11]53%@1@\11”1‘! ﬂ'ﬁ‘l’ﬂ\?ﬂu@ﬁﬂﬂﬁ@ﬂ 1.81 Lumlﬁﬂclﬁjimﬂlumu
laazaan
a o v 9 @ 9y 9
NIUAUATINTUADIUULLAY ﬂummmﬁ’mmﬂﬂuhlﬂ AITNIN ﬂ§'$3J1ﬂJ 1.2 1IR3

9 [ Yy < v Y
nag ﬁWﬁﬁUiﬁﬁ@L“ﬂu’ﬁ')l‘lﬂul’lﬂ ﬂizmm 1.5 14913

v a ly & v "y
ﬂ')']iJﬂ')’l\?‘llfNVl'l\ilﬂuellﬂlgﬁaf)ﬁlulaﬂ? 180 8971 NINWNDYNUDY 1.2 LUAT LAY

Y
@OV 90 09A1 NINDETDY 1 1UAT

[

(2 [
adas 1l , dan'lW, 5Tun aaeasunsuilsyg, mihdanied asedluszeziie

dy =2 Y1
oD IVBIRIY

o D) A Yy & A 9. Y Y =YY
ﬂ:mJqwaqTmmii]z“lwqamwmmmummaamumapjﬂ’mi}z”lﬂmm”lﬂum



Panintorrn Konggateyai Appendix / 162

A.3 Pre — and Post test Questions
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A.4 The Occupational Therapy Assessment
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a ' d' Y 1
1. !!‘]J‘U‘Ijig!NT—!‘U)Qﬂ]i!ﬂaﬁ]u‘l“rﬂﬂlﬂﬁﬂlf’)ﬂﬂ

) v A Y
G ld] ‘lﬂ\‘iﬂ'ﬁ!ﬂﬁlﬂiﬂﬁ?sﬂﬂx‘ﬂlﬂﬂﬂ VI

PROM AROM PROM AROM

Shoulder

Flexion ( 0-170 ®471)

Extension ( 0-60 9471)

Abduction ( 0-170 83¢1)

Horizontal abduction(0-40 84%1)

Horizontal adduction (0-130 941)

Internal rotation ( 0-70 ®4¢1)

External rotation ( 0-90 94f1)

Elbow

Flexion ( 0-150 ®4f1)

Extension (0 ®34f1)

Forearm

Supination ( 0-90 D3f1)

Pronation ( 0-90 83f1)

Wrist

Flexion ( 0-80 ®4f1)

Extension ( 0-70 ©3f11)

Ulnar deviation ( 0-90 83f1)

Radian deviation (0-20 94%1)

Thumb

MCP Flexion ( 0-50 9481

IP Flexion ( 0-90 93¢

Abduction (0-50 931
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v v A Y
S ld] ‘H)Qﬂ1§!ﬂﬂ®1ﬂ?‘i3‘ﬂf’]ﬂ”ﬂ®ﬂﬂ VI

PROM AROM PROM AROM

Index

MCP Flexion ( 0-90 84¢1)

MCP Hyperextension ( 0-45 D4f1)

PIP Flexion ( 0-110 93¢ )

DIP Flexion ( 0-80 94f1)

Abduction (0-25 93f1)

Middle

MCP Flexion ( 0-90 84f11)

MCP Hyperextension ( 0-4593¢1)

PIP Flexion ( 0-110 94f1)

DIP Flexion ( 0-80 ®4%1)

Abduction (0-25 93f11)

Ring

MCP Flexion ( 0-90 8311)

MCP Hyperextension ( 0-4593f1)

PIP Flexion ( 0-110 94f1)

DIP Flexion ( 0-80 ®4f1)

Abduction (0-25 93f11)

Little

MCP Flexion ( 0-90 ®3¢1)

MCP Hyperextension ( 0-45 83f11)

PIP Flexion ( 0-110 ®3f11)

DIP Flexion ( 0-80 94f1)

Abduction (0-25 93¢1)
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v v A ¥ 1
S ld] ‘U?Qﬂ1§!ﬂﬁﬂﬂnl°r‘i'flsll9\1‘ﬂf‘)ﬂﬂ N

PROM AROM PROM AROM

Hip

Flexion ( 0-120 ®471)

Extension ( 0-30 93f11)

Abduction ( 0-40 9981)

Adduction ( 0-35 94f1)

Internal rotation ( 0-45 9471)

External rotation (0-45 94f1)

Knee

Flextion ( 0-135 83A1)

Ankle and Foot

Plantarflexion ( 0-50 949¢ )

Dorsiflexion ( 0-15 948 )

Inversion ( 0-35 947 )

Eversion ( 0-20 ®4f1)
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a < v A
2. !!‘UU‘IJ58!3»11!?13131&!51!3!&5\151]63ﬂ'ﬁ]N!‘Hﬂ

Left Right
1(2(3 Joint Action Muscles Spinal Joint 1
level
Elevation upper trapezius C3-4
Adduction mid trapezius C3-4
-4 é
= rhomboids C3-5 =
£ =
2 Abduction seratus anterior Cs-7 =
Depression lower trapezius C3-4
Flexion anterior deltoid Cs-6
Abduction mid deltoid C3-5
Horozontal pectorarlis major
adduction C5-8
S Extension Latissimus dorsi C5-8 2
g =
= Horizontal Post deltoid s
abduction C5-6
External rotation C5-6
Internal rotation C5-6
Flexion Biceps C5-6
Brachialis C5-6
e e
g Brachioradialis Coé g
3 3
extension triceps C5-8
g supination Supinator Co :’;
o o
E pronation Pronator teres Coé E
Flexion Carpi radialis Cé
Carpi ulnaris C8
3 3
=3 extension Carpi radialis =3
brevis Cé6-7
Carpi ulnaris C7
Flexion MP jt Lumbicales 1,2,3,4 C7-8
. 2
"3 Dig sublimus C7-T1 ‘{_%
- @
s Dig profundus C8-T1
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Left Right
1{2]|3 Joint Action Muscles Spinal Joint 1
level
Flexion MP jt POLL BREV C6-8
IP jt POLL L C8-T1
Extension MP jt OPOLL BREV Cs
; IP jt POLL L C7 ;
g 5
= Adduction Adductor poll Cs =
Abduction POLL L C7
POLL BREV C6-7
Opponen Opponen poll C8-T1
Flexion Sternoidomastoid C2-3
:
= extension Extensor group C1-8 a
Flexion Rectus abdominus T5-12
Rotation External
oblique
.E Internal oblique T5-12 S
= s
= Extension Thoracic 4
Lumbar
Pelvic elevation Quadratus
Lumborum
Extension Glutius maximus L5-S2
Abduction Glutius medius L5-S1
Adduction L2-4
s : s
= External rotation L3-S5 =
Internal rotation L4-S1
Flexion Iliopsoas L2-4
Sartorius L2-3
~ Flexi Bi F . A
E exion iceps Femoris L5-S2 E
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Extension Quadriceps L2-4
Left Right
1123 Joint Action muscles Spinallevel Joint 11213
Inversion Anterior tibialis L5-S2
? Eversion Peroneus longus L5-S1 .
; Plantra flexion Gastrocnemius S1-2 %
Soleus
Flexion Digitorum longus L5-S2
; Extension Digitorum longus L5-S2 ~
Digitorum brevis L5-S2 ®
= Flexion Hallucis brevis L5-S2 =
E Extension Hallucis longus L5-S2 E
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3. yuuilszuaunadinsdszariu

STAUANNEINITO STAUANNAINIGTO STAUANNEINITE

a v oY v A v A v A
fadasdszdniu IUN.rrrnne IUN.reiinnn IUN. i

Bed mobility

NANAZLUAIAT

M3gNIA

NITUBUINNING

Grooming

G}
NINY

utlgalu

Truruia

) ¥
ANNU

N
LENHUN

v g
21315501

Eating

sulsemuens

NI

Dressing

la-neaide

ld-0ean1ang,

AEFASIER

Fd
ld-aoamanarulu

Bathing

@

F
N591UHINAN

EY

MITITHNUY

2 o
NI1ILYAN
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0]
STAUANNAINGE STAUANNAINITO STAUANNAINIGE
finsdszdriu e T e T ST T
0|{1(2(3|4|5|6|0|1[2|3|4|5|6|0|1[2|3|4[5/|6
Toileting
MIMANVALDIA
nasuny
Transfer
waeuthod lindy

= Yy <
18 /avluy

waoudnead lndu

<
Fodu/Tadw

Locomotion

Yy & A
M3 lFao U

a £
AUNNUUHNULITYY

AFIAY

Communication

Note

FZAUANNTINGD 0 = Dependence
1= Maximal Assistance
2 = Moderate Assistance
3 = Minimal Assistance
4 = Independence with adaptive device

5= Independence with supervision

6 = Independence
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4. vuvlszdumsiuianuian

1.M35u3unan/y  Intact Impair z Absent .

2.M35U550unfu  Intact

G
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3. MsSusduela Intact Impair z Absent .

U

v Yo ' Y v
4. MITUIMUTIHIVBIVDND

Left Joint Right

Int Imp Abs Int Imp Abs

Shoulder
Elbow
Forearm
Wrist
Thumb
Index
Middle

Ring

Little
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5. yuvilszivamninuazdunadesluglasvinadvitlvdunas

Yoyainali/
R [
Lilszonginsaiang ... Aoy
........ Tdnan, Idmauan, ldwhui@en
a Yy
........ A ladeauieq
4 4
panwazthy L 190 Y
1 09/1 q Y
....... mnnn 29y Wlagu ...
v Y
zamundgs L. lwvagusy UBNIVAYUBY
a 9 dy ~ A
4 ANMNUTIUTOUTY ... wuGey ANA03 DU oo
Y
5.5z0z00u)a—b) ... .1,
2
6.328921001 )c-d) ... ..




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Biomedical Instrumentation) / 193

swazaa | amwinumay | amwinua ANWTHMIZAN Note
" 4y 4
dunadonves | AuAdoNd
Y o Y
Hihe e mangay | i
Mz aN
IRIEET) TR EYiY 131980 AM3e .
qQu..wu | wnnanunda
Yy <
Yo AOIYU
= = [P=| 9 1
25505z | 3L T qaitosndn 5 4y,
q9 ... .
IS = %
3N TR EY1 Y AMNIY 1:12
QUL WU | L1220
491 A a =\ = 9 1
anunmadau | 3. Tl 121911111 90
PNLLBY. | W,
A 4 1=
saunlums |3l 1.50 x 1.50 42
Yy <
nyudoIdiu VUM W2
v Y
(navasu)
=S = = A
6B TR CHiY 4 48 B30 1.
4Ly, [ MISZAUReINUN
Yy <
GRISY
d‘ o = = 1 lﬂy
79uszg |0l ogluszeziooN
q9 ... .
Aw Y =\ (= 1 dy
gnvunthan |4 ... lud ogluszeziooN
qa ... .
d J
9.1lan vl TR EY Y ogluszezioon
qa ... .
FA
0.ama | 5 il agluszozioon
qa ... .
U 1 dsl
11.51770 ogluszezioon




Panintorrn Konggateyai

Appendix / 194

Tunmegu

sweazPga | amwinuuag MU ANUHINZAN
2 v o v 4
FUNAAdNUDY Fanaaaun
|l
. Nz aN 3
Wilae MINza
Nz aN
9 1 [ A
12. 8 .95 EAU q9 47.5 W50 .
L 4 o v A o Ao
wunnelu sEaU FEAUAEINUNITA
9 9 = [ 9 I~
VLG RIY RN RIS
Todm a0
qa ... 9%y,
! Y 9 = 1 o o
13.019819n | 1 ... Y 49 60 FEMTU 0.
<3 [
qa ... 9%y Aol g9 11NN
85 ¥IUS VI ..
Lo % = =t 1 dﬂl
14.#p1in R E Y agluszazioow.
qa ... %),
9 = 1 1 dy
1551080 | 5. Y ogluszezidow.
qa ... 9%y
[ oy =] (= [ tﬂy
16.901 R LYY ogluszezidoy
qa .. %),
9 dy 9 1 491
17.91d0/ v uiy | ogluszezioon
PUADY ...
[ 4 =] (=
18. asua/ | 4. g 1.50 x1.50 32
S o A A )
9935 WNUN ... 3
=1 [P=} o [ Y
a0 80 ¥ M VAD ..
< [
qa ... %3y WY YINNIISS .




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biomedical Instrumentation) / 195

A.5 The satisfaction Assessment
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B.1 DATA OF PRE-POST TEST SCORES

Questionnaire score test
Pair Pre-test Post-test
CAl
Cervical 1 15 16
level 2 12 17
(20) 3 15 20
Thoracic 4 14 19
level 5 13 20
(22) 6 10 17
Lumbar 7 12 16
Level(20) 8 10 15
Sacrum 9 9 12
Level(15) 10 8 13
Manual
Cervical 11 15 17
level 12 10 17
(20) 13 13 14
Thoracic 14 12 16
level 15 11 16
(22) 16 16 17
Lumbar 17 12 15
Level(20) 18 14 16
Sacrum 19 8 11
Level(15) 20 12 13
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B.2 DATA OF SATISFACTION RATING SCORE

2.1 CAl

Content Satisfaction level )n=10( Stat Interpretation

5 4 3 2 1 |Mean| SD

Content and continuity

1.The sequence of content 5 3 2 0 0 | 4.3 |0.82 | Very satisfied
2.The appropriation of content 7 3 0 0 0 | 4.7 |0.48 | Most satisfied
3. The content give attitude 7 3 0 0 0 | 4.7 |0.48 | Most satisfied
4 .The content were easy to 8 1 1 0 0 | 4.7 | 0.67 | Most satisfied
understand

5I1t’s can be practical 8 2 0 0 0 | 4.8 | 0.42 | Most satisfied

Image , color and technique

1. The appropriate of image of 8 2 0 0 0 | 4.8 | 0.42 | Most satisfied

meaning

2. The appropriate of image size 7 2 1 0 | 0| 4.6 |0.69 | Most satisfied

0]
N
o
o
o

3. The appropriate of image with 4.8 | 0.42 | Most satisfied

content volume

4. The appropriate of front color 7 2 1 0 | 0| 4.6 |0.69 | Most satisfied
5.Color of subtitles 7 2 1 0 | 0 | 46 |0.69|Most satisfied
6. The color of background 7 2 1 0 0 | 4.6 | 0.69 | Most satisfied
7. The format of content 5 2 2 0 0 | 4.1 |1.10 | Very satisfied
8. The presentation technical of 6 | 4 0 0 | 0 | 46 |0.51 | Most satisfied
subtitles

9. The appropriate of front size 5 2 3 0 | 0| 4.2 |0.91 | Very satisfied

10. The interesting of display 9 1 0 0 0 | 4.9 |0.31 | Most satisfied

11.The easy to use 5 3 1 0 0 | 4.2 |1.03 | Very satisfied
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2.2 MANUAL
Content Satisfaction level ) n=10( Stat Interpretation
5| 4 3 2 | 1 |Mean| SD

Content and continuity
1.The sequence of content 4| 3 3 0 | 0| 4.1 |0.87 | Very satisfied
2.The appropriation of the content | 4 | 3 3 0 | 0| 4.1 |0.87 | Very satisfied
3. The content give attitude 5] 3 2 0 | 0| 4.3 |0.82] Very satisfied
4 .The content easy to understand | 6 | 3 1 0 | 0| 4.5 |0.70 | Most satisfied
S5It’s can be practical 5| 3 2 0 | 0| 4.3 |0.82| Very satisfied
Image , color and technique
1. The appropriate of the image of | 6 | 2 2 0 | 0| 4.4 |0.84 | Very satisfied
meaning
2. The appropriate of image size 6 | 2 1 1 | 0| 4.3 |1.06 | Very satisfied
3. The appropriate of image with 7| 2 1 0 | 0| 4.6 |0.69 | Most satisfied
content volume
4. The appropriate of front size 4 1 2 2 2 | 0| 3.8 |1.23] Very satisfied
5. The format of content 51| 2 2 1 | 0| 4.1 |1.10 | Very satisfied
6. The interesting of image 5] 2 2 1 | 0| 41 |1.10 | Very satisfied
7. The easy to use 8| 2 0 0 | 0| 48 |0.42 | Most satisfied
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B.3 Siriraj Institutional Review Board

2 PRANNOK Rd. BANGKOKNOI Tel. (662) 4196405-6

BANGKOK 10700 FAX (662) 4196405

MAHIDOL UNIVERSITY
Skincg sy
Siriraj Institutional Review Board

Certificate of Approval

COA no. S51527/2010

Protocol Title i Computer- Assisted Instruction (CAI) of Occupational Therapy in People with Spinal Cord Injury
Protocol number 310/2553(EC2)
Principal Investigator/Affiliation :  Miss Panintorn Konggateyai / Department of’ Rehabilitation Medicine
‘ Faculty of Medicine Siriraj Hospital, Mahidol University i
‘ Research site Faculty of Medicine Siriraj Hospital
Approval includes :
‘ 1. SIRB Submission Form
|
|

2. Proposal
3. Participation Information Sheet
4. Informed Consent Form

Assessment Form

w

6. Questionnaires
|
|
|

Principle Investigator’s curriculum vitae

| Approval date October 7, 2010
[ Expired date E October 6, 201 |
This is to certify that Siriraj Institutional Review Board is in full Compliance with International Guidelines For Human Research

Protection such as the Declaration of Helsinki, the Belmont Report, CIOMS Guidelines and the International Conference on

Harmonization in Good Clinical Practice (ICH-GCP).

- - A
< /wj_L?»_.——-‘ Al‘)@a—?

|
|
|
(Prof. Jarupim  Soongswang, M.D.) date
Chairperson
|

i g JC oo October 15,2010

(Clin. Prof. Teerawat Kulthanan, M.D.) date

Dean of Faculty of Medicine Siriraj Hospital
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