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Teachers in the schools for blind, whether they are teaching in the elementary,

junior high, or high school, it is required of them to make some special
SCIGHCG edUCElthn f or t}le StU.dentS Wltll a arrangements for their students, so that the students can achieve the objectives
VlSU,aI mpament that is difficult to do by solely depending on the text books, as those books

are largely depending on visions. In doing so, choosing the appropriate study

material is a big part of the teachers' task. Teaching that doesn't depend on vision

Yoshiko TORIYAMA and choosing the appropriate teaching materials are the two essential skills of
University of TSUkub’d, Japan science teachers for students with a visual impairment.

2. Arranging the teaching content and the study material for learing through

1. General arrangements in teaching science for students with a visual .
experiencing.

impairment,
(a) Some arrangements for achieving the same objectives without using vision.
Teaching of science for students with a visual impairment requires two different

skills, The one s to figure the essence of the teaching materials, known as the The leaming process of students with a visual impairment takes the following
teaching skill of the subject”. The other is to understand the difficulties that arise steps; first they acquire some images from experience, followed by the

due to the students' disabilities and make arrangement for overcoming or lessen articulation thatleads to the communication with the teachers and friends. This
the difficulties, known as so called the "skill of managing disabilities". in tum enhances their own understandings, and finally, such understandings

eventually settle as a form of knowledge.
In Japan, based on the law enforced in 1947, it is required to teach the same

content regardless of the school categories, from the elementary level to the high In general, students with a visual impairment are lacking in experiences. So, itis
school level, However, the ordinary text books contain a lot of visual materials particularly important to provide some opportunities in which the students can
since its basic premises are to teach many students at once, Hence some of those build their image by experiencing the actual materials or phenomenon, For that,

materials are very difficult to understand for students with a visual impairment, teachers should be able to provide materials/devices which allow the student



to touch by their hands." For example, in studying "the heat transmission",
elementary school science text book says "apply waxon iron stick, then heat the
one side of the stick, and observe the way how wax will melt." Since students with
avisual impairment cannot observe the way how wax gets melt, it is dificult to
learn from this experiment method, Nevertheless, instead of "watching'the way
how wax gets melt, if one asks the students to "touch"the iron stick by the finger
and move the finger away from the heat as they feel the heat, the students can
experience the way how the heat transmits in a material (iron stick in this case).
And the Braille text books actually teach this arranged version of the experiment
method.

(b) Changing and amending unsuitable study materials for students with a visual

impairment,

It is common to find the experiment and observation techniques and materials
used in the ordinary schools which can cause some difficulties for students with
avisual impairment. In such cases, the teacher should make some changes or
amending without losing the content of the experiment or observation, Following

are some of the examples.
(i) Usage of big and strong objects.

For instance, in observing the plant's sprout, it is recommended to use a "morning

glory", as it is relatively strong and its seed and bud are large. In understanding

flower structure, using a "lily" or a "tulip" (relatively big and easy to touch), and
aballoon flower(relatively strong) are recommended. Also, instead of usinga
"medaka" (killifish), whose egg is too small in size to observe the incubation, one

should use eggs of "bullfrog" (an edible frog) to become larva.
(ii) Limiting the space/area.

Distinguishing a set of flower from weeds is very difficult. However, making a
ridge can solve this problem, If one plants a set on top of the ridge, the students
can distinguish that set by the place where it is planted. Aswell, one should
always place the equipments in the same place by using a box, so that the

students know where to look for the equipments,
(iii) Setting guide lines.

Always prepare the line or the scale, which can be read by the touch. This would
enable the students to move objects with order, You may also use the edge of the

desk or the edge of the paper as the guideline instead.

(c) Developing some original contents for students with a visual impairment.

Developing the original curricula in addition to the arrangement of the study
materials and teaching materials is essential, For instance, in school for the blind,
University of Tsukuba where I had been working, for the seventh grade biology
students, the first half of the year (through April to September) had always been
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spent for observing leaves (two hours a week approximately), which was
followed by observing the animal skeletal specimen in the latter half of the year,
This is the original curriculum which has been taught since thirty years until the
presentday. The ordinarytext books for seventh grade (the first year in junior high
school) starts off from observation with a microscope, which is very difficult for
students with a visual impairment to do, Therefore, in the school for the blind,
the students observe some macro species by using the actual material, instead
of observing the micro species with a microscope, since the study objectives in
the period is to "understand the diversity in the animate nature," In addition, in
order to study micro species (which normally requires the use of a microscope
tovisualize), the students can "develop the knowledge with raised drawings

or figures " As T have shown here, analyzing the study objectives in a broader
perspective allows the teacher to develop the original curricula, which better suit

for students with a visual impairment.

3. Building a teaching plan on the characteristics of the visual impairments,
(a) Understanding the essence of the content,

Often times, teacher faces difficulties in teaching according to the text books
due to the students' visual impairments, However, as I mentioned earlier, the
student can acquire the study objectives if the teacher knows "what needs to be

understood in the lesson" clearly.

(b) Letting students to"do".

It is particularly important for the visually impaired student to do it by themselves,
since seeing somebody else's movement is difficult for them. The teacher should
include students from the preparation stage as much as possible, so that the
students can form a better and bigger picture of the activity, as well as motivating
themselves, Itis always necessary to arrange all of study contents, study materials,
and teaching materials for any experiments/observations, by considering the

characteristics of students' visual impairment,

(c) Keeping some spare time,

After charting out an experiment/observation plan, the teacher needs to try out or
rehearse in advance, Then, the teacher needs to discuss the content and write an
exact time table, In doing so, it is very important to build a plan with some spare
time incorporated. When the teacher knows that the experiment takes fifteen
minutes for students, it is always better to allot a time longer than fifteen minutes,
as the real situation takes more than it is supposed to be, If the teacher knows
that the activity takes fifteen minutes, he or she should allot with twenty minutes,
Otherwise, the teacher is likely to end up with hurrying the students, because
once the teacher realizes that they are running out of time, it is almost impossible
to rearranging the time table in the middle of the activity. The teacher mustbe
aware of the characteristic of the visual impairment, that in doing an experiment

for the first time, it takes much longer for students with a visual impairment than
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for the others. Also, the teacher should never use the word "urry" while teaching
students with a visual impairment , as it directly leads into the risk of causing

accidents,

(d) Including the systematic skill development in the teaching plan,

The teaching plan should include the systematic skill development, which is
necessary in conducting experiment/observation, Giving students enough time to
practice the basic and essential skills in the beginning of the year is also important,
Pouring water or liquid into a test tube, checking the amount of water or liquid
inside a test tube by touching the outside of the test tube, shaking a test tube,
knowing whether there is a precipitate or not by using a glass stick, are the basic

essential skills.

These operations might not need special practice for the ordinary students.
However in case of students with a visual impairment, the teacher must provide

careful instructions until the students can operate with confidence.

For other operations, such as lighting and closing of a gas burner, controlling the
size of the flame, making and collecting a gas, measuring the temperature or the
weight, it is better to instruct as they appear in the content. But it is also necessary

to give instructions prior to the actual experiments,

However, it must be noted that in a science class, developing students' skill

isachieved by allowing the students to conduct experiments/observation by

themselves and the skill development itself is not the objective of the class.

(e) Selecting the teaching content and focusing on the important operation,

For students with a visual impairment, it is inevitable to take much time for doing
new activities. Atthe same time, practice can make a dramatic change in their
speed, Therefore, it is important to spend time for teaching the important content,

instead of teaching many different contents,

In observing an object by touch without using the vision, the most important
part of the operation is to touch the object deliberately. Then, the students
create overall image and articulation and abstraction would follow, Once

the students had gone through this process, they can observe the next object
by deploying the standard, which they had created in the first process. The
comparative observation is only possible by going through these processes and

the organization of the data occurs simultaneously.

4, Some considerations in experiment/observation
(a) For spatial recognition: imaging an object asa whole,

Visual impairments cause a difficulty in grasping an overall image, since they can
only recognize what they can touch, In other words, they can not even recognize

the existence of the object in front of them, unless they touch. In addition, in
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order to recognize a big object by touch, the student must be able to organize the
sporadic information that keeps coming as he/she moves the hands over one
picture, And regardless to say, all these are happening inside his/her mind. This
recognition ability is a skill, being acquired only by accumulating experiences

according to the systematic teaching plan.

For doing experiment/observation, it is particularly important to enable the
students to have the overall picture of what they are doing, Prior to the actual
experiment, the teacher must check each equipment and chemical with students,
and place those in appropriate positions, If the lab is unfamiliar to the students,
the teacher must start from introducing the place. If the experimental equipment
is large, the teacher should start the experiment by letting the students to touch all

the parts of the equipment.

In order to understand the overall picture, the size of the equipments should
notbe too big. For instance, while experimenting how the light travels straight,
reflection, and refraction, the teacher should provide a small apparatusin which
the students can recognize the position of each light source, a mirror, a tank, and
alight probe, so that the every student can do the experiment by his/her own

equipment.

As for students with low vision, it is also necessary to make special arrangement
for understanding the overall image, such as using pictures and photos, as they
are not good in conceptualizing the overall image. Moreover, the teacher must

pay attention to the students' movements in the classroom when doing activities

ina large class room, as it is hard for the students with low vision to be aware of

the movements of others,

(b) For time recognition: understanding the schedule,

Understanding the activity procedure is a difficult task for students with a visual
impairment , since they are not able to oversee other people's movements, Thus,
itis an important task of the teacher to instruct the students, to relate their activities
with the time schedule and constantly remind them where they are in the time
schedule.

In particular,

1) Talk about the whole procedure before the actual activity starts.

2) Let the students involve in an activity from the start till the end,

3) If the activity requires some collaboration of a few different tasks, let the
students exchange the tasks so that they can develop the whole picture of the

activity.

4) Explain about the whole procedure as well as the other people's tasks, and give

a cue upon starting an activity by saying "Let's begin!",

() The active inquiry using the touch, and the verbal feedbacks by the teacher.
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The active inquiry is important for gathering information by using touch, The
students need to use both their hands to touch all the parts of the objects, or
measuring the distance and angle from the point of reference, These inquiries
are the basics of the leaming process, and the students themselves must take the

initiative,

The verbal feedbacks from the teacher helps developing the students' uncertain
feelings into firm images. However, the teacher should wait until the students
finishtheir inquiry, as the students are concentrated on building a whole image
from the partial information they read with their fingers, Once the students finish,
the teacher should give them verbal feedbacks in the right timing, Without this

feedback, it is difficult to build a firm accumulation of the experience.

Selecting a good study material is a key for the success. As inquiring an object
only by touch would take long time, the teacher has to provide enough time
for the students by providing some carefully selected objects. In the museums
for instance, where there are several exhibits available for touching, inquiring
of every object in a short period of time would not let the students learn much,
Instead, the students should spend enough time for inquiring a few objects and
build some images on the objects. Then, the students should articulate and

exchange those images to each other,

5. Significant aspects of oral communication in teaching the visually impaired.

The voice plays the central role in a class of the school for the blind. For students
with low vision, there is a time when the teacher uses the blackboard to show the
letters or the form of expression, but yet the teacher should never fill the board
(for example) with the summary of the lesson as it often happens in the ordinary

schools,

The voice of the speaker (teacher) disappears in the same moment as it comes
out in the air, and also the listener has to wait till the end to understand what the
speaker is trying to say. So, the act of learning solely by voice of the speaker
requires the students' concentration and good memory. For becominga good

speaker (teacher), the following aspects are to be considered,
1) Provide an overview in the beginning of the talk.
2) Explain logically, and be aware of the structure behind the logic.

3) Make the usage and the pronunciation of the defined terms (technical term) as
clear as possible, so that the students can share the same images from the same

term,

In teaching science, instruct the usage of technical terms by doing experiments/
observations through the following steps; 1) let the student develop an image of
the term from the empirical experiences, then 2) let them articulate and share the

image.

4) Provide the information on the notional system (which symbols or characters

are being used).
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How we can apply those aspects to the real teaching situation? Let me draw an
example with the case of reading out a formula in class. For the students with
visual impairments to write down a formula correctly, the teacher must read out
the formula several times, At first, read out the formula, but tell the students not to

take notes, This helps the students to recognize the length of the formula,

During the second time, explain the structure of the formula, In particular, if

the formula contains fractions, explain carefully the fractions, their segments,

the denominator, and the numerator, so that the students can understand the
structure by heart, Yet, the students should not take notes. The note taking starts
from only after the third time, This time, the teacher reads the formula cluster by

cluster and instructs the students to memorize and take notes,

Wait for a few seconds after reading out each cluster so that the students can take
notes, For the fourth time, read the whole formula in a certain speed in order to
show the overview of the formula, Also, let the students to check their notes in
this time, By taking these steps, the students can write formulas correctly though

they can not see the board,

Once a new technical term is introduced in the class, make sure that that term is
constantly in use, and let the students get accustomed to that term X-axis, Y-axis,
quadrants of 2D-graph. . .etc, Once the term is introduced, it is important to keep
using them, and the students can share the same image from those terms, In
addition to teaching the study content, the teacher should enhance the students'
knowledge about the Chinese characters and Chinese words as the society's living

expressions.

Teaching students with a visual impairmenttakes more time than teaching the
ordinary students with visual aid. So, it is crucial to prepare enough study materials

for every single student to maximize the every minute of the lesson.

0. Instruction on note taking,

Taking notes fast and reading one's own notes are difficult tasks for both blind
students and low vision students, Therefore, the students need to make the
decision on what to write down, A good note taker knows that he/she should
write down 1)only the necessary points, 2)after understanding the points,
3)precisely and carefully, instead of trying to write down everything,

In teaching Chinese characters for students with low vision for example, the
teacher must make sure that the students understood the structure of the letter
(the combination of the parts). Itis most effective to instruct the students to write
precisely and carefully, and keep their work load minimum. As for calculation,
the teacher should instruct them to write only the crucial expression precisely and
carefully, so that the students do not make mistakes while writing. For instance,
when solving the formula stated below, students with a visual impairmentshould
write down only what appears in the left column, but should skip writing down

the rest (shown in the right column),



the formula to write down
@D 2X+1=4X+5

(3)-2X=4

BX=2

)

)

the formula to skip writing
(2 2X-4X=5-1

@ (2X)+(-2)=4+(-2)

The teacher needs to instruct the students in the beginning on what formulas are
to be written and what are all to be skipped and during the course the teacher
should provide enough time for the students to decide. This is one example of
what the teacher should instructthe students, to overcome the difficulties based on
the visual impairment, which I believe is a big part of "teaching" in the education

for the visually impaired students.

Develop Tools for Sciecnec Education for
Visually Impaired Students-Collaboration
with Teachers in School

Koichi Kodama
Aichi Universithy of Education

Voice Tester

Tam a researcher in particle physics and education is not my field.
In 2001, ata party with graduates of my lab -+

Maeda-san, who is now a teacher in Okazaki school for visually impaired, asked if

we can make a volt and current meter with voice output (i.e. voice tester ).
Taccepted since it seems to be a good theme for graduate thesis for my students,

I could use my knowledge which I'had for my research work,

Maeda-san’s problem

Avoice tester in Okazaki was old ( produced in 1981 ) and disappeared in the



market already.

Repair was not possible,

It was actually NOT VOICE but with Morse like code.
Students had to learn the code,
Itis not very user friendly and takes some time.

How to realize voice output

Convert voltage to number using A/D converter.

Pre-recorded voices of numbers are played for each digit of the converted

number,

105 is played like ‘one’ zero”‘point’ five’
No voice synthesizer,

Computer Connected Type

Standalone Type

Activities after development

I'went JASEB regular meeting for demonstration,

This was my first time in joining JASEB (2004 July 30,31).
Standalone Type was much more favored there because ...
It can be used outside.

PCis not very stable ( sometimes freezes ).

Maeda-san and I organized a small seminar,
9teachers in school for visually impaired students attended.

Science Partnership Program @ Aichi University of Education on 2004 August
2425

Merits -+

I can provide longer term availability and more frequent improvements

compared to company.

Something like a free software [?

Low cost light probe
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Light probe is a powerful tool for science education, but is expensive (10,000 -

30,000 yen) for developing countries.

Prof. Toriyama asked if a low cost light probe is possible.

JASEB meeting on 2005 July,
Technically it seems not be difficult.

Collaboration with teachers at Tsukuba and Okazaki was really essential to know

it ithas ENOUGH performance,

Cost for parts is about 500yen.,
Low cost light probe
Presentation @ ICEVI

I presented low cost light probe ina poster session.

Prof, Toriyama had a workshop using 10 of them.,
Hamada-san from Tsukuba, Prof, Toriyama’s students and I also participated.

I feel it was welcomed and actually meaningful,

Kuala Lumpur on 20006 July

Now I should like to find a way to provide it with minimum cost.
What's next -+

Can visually impaired students have a profession in developing embedded small

PC inside home electronics ?
Use a standalone type voice tester to teach hardware and software.

Low cost light prove could be a kit, which visually impaired students can make

with themselves,

Tam trying because I met a blind teacher who make electronic circuit using

soldering iron !

Summary

I could have a good collaboration with teachers in school for visually impaired,
Maeda-san in Okazaki

Prof, Toriyama

Hamada-san, Yamada-san, Ishizaki-san and other teachers in Tsukuba

Tam using only a small fraction of my time now and should like to continue
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An Alternative Method in Science
Education-For Students with a Visual
Impairment

Before the experiment, it is important to take a plenty of time to let them touch

and practice using each appliances on the table.

Yoshiko Toriyama, Koichi Kodama

In nature, there are various information that stimulate all human senses,
Therefore, it is possible for the students with visual impairment to observe and do

experiments through their senses other than the eyesight,

Students with visual impairment can fully enjoy observations and experiments
by using all the senses that they hold, since information of nature is diverse, and

therefore does not only depend on the visual information.

The Characteristics of Observation and Experiment ~Points to Consider in

Teaching~

In the order for the students to engage themselves in the study activities, it is
necessary for them to understand the setting that surrounds them, and the process

that they are expected to follow.,

To understand the overall experiment, it is very helpful for the students to carry
out the experiment by themselves from the beginning to the end.

By understanding the operation and reaction of the experiment, they can

comprehend the relationship of cause and effect,

When an experiment involves more complex and advanced appliances and the

chances of accidents are high, there is a need for the teacher to assist,

Buteven in the case, once the students acquire basic knowledge from these basic

experiments, they will be able to understand more advanced experiments.

The kinds of basic practices are; putting water into the test tube, putting  powder
(saltand sugar) into the test tube, mixing by shaking the test tube, and verifying

whether the solid dissolved or not,

Some of these tasks are easily understood, for individuals with vision, However,
in order to carry out the experiment by themselves, repetition of basic practice is

strongly recommended for the students with visual impairment,



For the blind to notice the existing light and changes in it's color, light probe is very

useful,
The pitch of the light probe changes depending on the brightness of the light.

When the light is bright (white color ), the pitch will be high, and when it is dark
(black), the pitch will become low.,

In using the light probe effectively, have student understand the flow of the
experiment, Be sure that students understand WHAT and WHERE to measure

with the light probe in the experiment,

Every time the light probe has a change in its pitch, have students reinstate the
meaning behind it.

Reinstate the meaning by gathering together sound, smell, temperature change;
all things students were able to observe by their senses and light probe during the

gas generating experiment,
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