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Characteristics of Science Educational llustrations
and the Constructs of Educational
Computer Graphics

Ikuo KITAGAKIY, Member

SUMMARY In view of educational technology, we will make
here a report on an education-material graphics which supports
the development of sheet-tvpe education materials such as trans-
parency materials, instructional materials and the like. In science
education there are many cases where diagrams used resemble if
the disciplinary fields are analoguous with each other. Especially.
with respect to demonstration experiments, there are not a few
cases where a certain limited number of diagramatic units are
combined variously and after modifications a diagram can be
completed approximately. Based on these diagrammatic charac-
teristics. we determine the graphic functions and definite the figure-
data construction so as to increase the productivity of material
development. In this study. we also derive diagrammatic charac-
teristics in science instructional materials mainly from chemical
experiment models and determine the design criteria of education-
material graphics.

1. Introduction

In education diagram production is examined in the
development of test materials and courseware of CAI
(computer Assisted Instruction). As in CAl a great
number of diagrams for display are filed beforehand,
problems of, so to speak, diagram operation language
and diagrammatic data construction are raised so as to
make easy diagram production. However, in education-
material data base as CMI (computer Managed Instruc-
tion) diagrams used are in many cases made manually,
and the necessity of computer graphics concerning
paper tests and sheet-type education-materials seems to
be scarcely recognized comparatively. In recent years,
with the wide use of word-processors, schools has
increasing interest in the effective use of them for the
development of education-materials and the preparation
of meeting data, and therefore technics of the use to
make the work efficient and to produce education
materials and data as easily as possibme ought to be
examined as a know-how to promote this tendency.

This study is aimed mainly at the development of
sheet-type education-materials such as transparency
materials and instructional materials used in science
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education, and an education-material graphics to depict
diagrams by using a computer is discussed in it. There,
a system-design is made, considering that there are
many combinations of fundamental diagrams
characteristically in instructional materials in general.
Actually, in making a diagram concerning a demonstra-
tion experiment on the screen of a computer, there are
not a few cases where the diagram is completed approxi-
mately after some of the given experiment apparatus
have been selected and combined diagrammatically on
the screen and adjustment of positions, addition of
insufficient parts and other modifications have been
made.

These problems of diagram processing can be said
to be an important subject common to material develop-
ment in science material”~®, and the process to com-
bine existing diagrammatic elements on the screen can
be said to be a principal concept common to CAD,
although design criteria and processing systems them-
selves may differ in accordance with the purposes of
individual uses. Related to the concept, what kind of
operation commands are necessary is one of the big
problems. '

Heines J. M.“ suggests the necessity of callable
graphics code corresponding to a diagrammatic element.
CATAM system® which deals with vector analysis, has
stratified level of program unit aiming at the easiness of
operation. On the other hand, Hutton D. V.*® reports a
simulation of computerized numerically controlled
lathe, where the system defines proper command words
in terms of significant logical diagrammatic element.

As exemplified above, significant logical diagram-
matic element is a principal concept of computer
graphics. And the graphics design presented here also
follows the concept, but the main different point is as the
following.

The system constructs a desired diagram by com-
bining diagrammatic elements registered on a file. In
this case, we consider each element as a diagrammat-
ized apparatus which has a certain role rather than as a
set of lines, circles and others. In the detail, each dia-
grammatic element is given certain attributes and the
values of these attributes are determined in accordance
with the role. Consequently, there are some special cases
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that two apparatus of the same configuration but of the
different roles are filed separately as detailed in Sect. 3.
As a whole, letting diagrammatic element have each
‘role’ improves the operationality.

On the other hand. if a processing system is defined
for material development, the apparatus will vary in
accordance with the difference of disciplinary fields and
fundamental diagrammatic elements shound be filed by
disciplinary fields. Therefore, it is necessary to select
these diagrammatic elements precisely to some extent
for preventing time-consuming preparation work of
material development, that may be an indispensable
element to improve productivity of the system as a
whole. In these ways, a diagram processing system in
view of the both aspect of operationality and productiv-
ity can be said to depend directly upon the kinds of
diagrams, the nature of individual diagrams, interrela-
tion between them in the relevant disciplinary field.

Based on the above described discussions, there will
be made in this paper a preliminary study on diagrams
mainly of chemical experiment models in the science
course which have a lot of combinations of fundamental
diagrams and a design of an education-material
graphics in sceince education will be made based on the
preliminary study. And the problems of the system are
discussed from the execution by the users.

2. Diagrammatic Characteristics of Depicted
Diagrams- and Design Criteria of Educa-
tion-material Graphics

2.1 Decomposition of Diagram

This study does not intend to make diagram produc-
tion as a whole dependent on a computer. Instead, we
employ in it a method in which the part requiring
preciseness of description to some extent (hereinafter
called a “basic diagram”) is made on the screen and

outputted through the XY plotter, and the remaining

part is depicted manually afterwards. Especially, letters,
marks, symbols and the like seem easy to be depicted
manually and therefore they are omitted from the basic
diagram.

Now, let us depict the chemical experiment model
shown in Fig. 1(a ). Then, the basic diagram of it will be
the diagram in which the rubber pipe, gas pipe and flame
have been omitted from Fig. 1(a), namely, the diagram
shown in Fig. 1(b) which will be the object of this
education-material graphics.

Next, the basic diagram will be decomposed into
Block B. Unit U, Principal Unit V and others as shown
in Table 1. The base of the decomposition is as follows.

First, Principal Unit V can be considered to be each
of apparatus very often used in experiments. In other
words, as a diagram in a chemical experiment very
often consists of a combination of modelled apparatus
(or simple diagrams), we consider V as a logical dia-
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Fig. 1 An example of decomposition.

grammatic unit. On the other hand, Secendary Element
V means diagrammatic parts incidental to each appara-
tus (or apparatus not often used), and in the example of
Fig. 1 horizontal lines indicating the water in the tri-
angular flask correspond to V. In other words, V
denotes the diagrammatic parts depiction of which may
vary in accordance with the position of the apparatus or
the details of instruction, and therefore it can be consid-
ered to be diagrammatic parts lacking in generality.

Next, Unit U consists of not more than one Principal
Unit AND/OR Secondary Element, and is also a logical
diagrammatic unit.

Block B consists of one unit or plural units having
“strong relation” with each other, and is also a logical
diagrammatic unit. Here, the “strong relation” between
2 units means concretely superodination or coordination

" between them as shown in the following.

Now, let us denote the 2 units as U’ and U’ (1),
and when U’ is operated, U‘ also needs to be subjected
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Table 1 Decomposition of a diagram.
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to the same operation, U’ is definited to be superor-
dinate to U‘. We denote this relation as U‘ ¢ U’. Next,
when the relations U*' ¢ U’ and also U’ ¢ U'hold good,
it is definited that U‘ and U’ are coordinate and the
relation is denoted as U‘~U". For example, let us see
the 2 units, the stand and test-tube holder in the basic
diagram of Fig. 1 (b). There, if the stand is removed to
the left or the right, the test-tube holder also needs to be
removed in the same way and the same dimensions.
That is, the stand can be said to be superordinate to the
test-tube holder.

On the other hand, the example in Fig, 2 is a dia-
gram used in the course of physics. There although each
of 2 trucks can constitute a unit respectively, they can
be said to be coordinate with each other in view of the
relation shown in the figure. Thus, simply speaking, it
can also be said that the units being in contact with each
other are included in the same block. The broken lines in
Fig. 1 (b) show blocks made by this approach.

As above, the method of decomposing a diagram
has been shown in an example of chemical experiments.
Also in the case of physical experiments and geometric
diagrams in mathematics, basic diagrams can often be
decomposed in the way as shown in Table 1 to have
common units.

Characteristics of diagrams in science instructional
materials have been described in the above by putting
emphasis on relations between units. Here can be
mentioned one more characteristic, that is the geometric
similarity between principal units, In the depiction of
experimental models, sizes of units are in many cases
made proportional to dimensional relations between the
actual apparatus. There is such a case, for example, of
glass tubes which have the same diameter and are
different only in the length. Although they are different
apparatus, they can be correspondent with each other
diagrammatically by changing the length in the single
direction. The relation between a square and rectangle
in mathematics is similar to this example.

SCIENCE EDUCATIONAL ILLUSTRATIONS COMPUTER GRAPHICS

67

truck truck

O O (@)

Fig. 2 A diagram used in the course of physics.

2.2 Design Criteria

Based on the derived above characteristics of dia-
grams used in science instructional materials, we will
define the design criteria of this education-material
graphics as follows.

a. In accordance with the diagrammatic units such as
Block, Unit, etc. and levels of them, diagram opera-
tion commands will be classified into Block com-
mand, Unit command and, as the lowest level,
Principal Unit command and Element command.
Especially, at the level of Unit, relations of super-
ordination and coordination will be given to plural
Units to make stratification of them possible.

b. Principal Unit will be given the attributes of the unit
center and unit axis. These attributes are to make
clear the role of the Principal Unit as an apparatus
and are used as parameters to call it on the screen
and depict it.

¢. Contours used very often relatively will be filed as
Principal Units. In this case, if there are plural
Principal Units which can correspond with each
other diagrammatically by changing the length in
the single direction, either of them will be filed as a
representative, and in the Principal Unit commands
will be included length-change command in addition
to parallel-transfer, turning and other standard
commands.

3. Construction of Education-Material Graphics
3.1 System Construction

The system concept consists of (1) through (IV)

shown in Fig. 3,

(1) Principal Unit register routine. Principal Units to
be registered are examined and their contours
together with their Unit centers and Unit axes are
stored in the Principal Unit file,

At this time, Principal Units which are of the same
configuration may be given different attributes and
registered separately. For example, (a) and (b) in
Fig. 4 which are test tubes of the same contour will
be registered in the file and either of them will be
selected in accordance with the role or oper:
ationality. As described below, (a) is the test tube
to be held by a test tube holder, while (b) is that to
be inserted into another appratus. Or, in such a case
as shown in Fig. (c) where electrodes are to be
covered by test tubes as shown with broken lines,
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1 ; i depicting.
B 3.2 Diagram Depiction Routine
4 This routine depicts a desired diagram by using
boul various commands such as calling up Principal Unit(s),
depiction of lines and circles, turning and parallel trans-
Fig. 4 The attributes of test tubes and the usages. fer of contours, and the like. Some characteristic parts
of this system will be explained as follows.
the test tube of Fig. (2) can be used easier for fixing a. Decomposition of diagram and giving relation to
. the position. ‘ Units. In this study a desired basic diagram is
(1) Principal Unit reference routine. This is the rou- decomposed into diagrammatic units of Block and
tine to display Principal Unit(s) in the file. This is Unit, and Block is given its center B, while Unit is
employed to confirm the attributes and size of given its center U. The center B can be used as the
Principal Unit(s) registered in the file. However, if center of operation such as turning or expansion of
we make a hard copy of Priscipal Units beforehand the block, and U can be used similarly.
which can be seen at a glance, diagram depiction Especially, when the Unit includes a Principal
will become more efficient. Unit, the center of the latter is registered as U.
(II) Diagram depiction routine. This is the routine to While, if the Unit does not include any Principal
depict a diagram by using various commands. The Unit, any position can be registered as U. (Herein-
result of the depiction is stored in the basic diagram after, U is called “Unit center”, as far as no incon-
file. In Fig. 3, Block command and Unit command venience is there especially.)
are the commands to modify comprehensively the One of the characteristics of this education-
relevant Block or Unit as a whole. On the other material graphics is that it enables to give relation
hand, Principal Unit command is the command to to Units.
call the desired Principal Unit on the screen, while Therefore, we will now indicate the total num-
element command is the command to operate, so to ber of Units in a Block as “L”, definite relation
speak, elements such as lines, circles and the like matrix M of Lx L and denote its (j,/) elements as
separately. m;,{. Then:
(IV) Diagram output routine. This is the routine to

depict in colors the basic diagram completed in (III)

on OHP sheet (or ordinary sheet) through the XY

plotter.

Among the above described routines from (1)
through (IV), (1) and (II) can be considered to be

if U' cU’,my;,l=1 and m.,;=0;
if U~U’m;u=mlj=1,
if no relation between U‘ and U’ ,m;,/=ml,j=0.

(1)
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Fig. 5 Turning based on the interrelation between Units.

Transit closure for above described M will be given
by the following equation:

M=(M+E)-" (2)

where, E is unit matrix of L XL and only the
diagonal element equals 1 and others equal 0. By
making reference to M, the Unit will be shown
which should be subjected to the same operation
with that of U’. That is, U* for which i, /=1(/=
1,--,L,/%j) holds goods will be subjected to the
operation. i

Now, let us return again to.Fig. 1 (b) and use 3
Units of the test-tube holder (U'), test tube A (U?)
and combusting substance (U?®) (Fig.5(a)). Then, if
we consider the interrelation between the Units, M
will be given by the expression (3) and M by (4).

010

M={0 0 1]} (3)
000
111

M=[0 11 (4)
001

where, as #11,2= #:,3=1,when the test-tube holder is
subjected to a configurational operation, the test
tube and combusting substance should also be sub-
jected to the same operation. Moreover, is this
study, when the superodinate Unit is subjected to
turning, the subordinate Unit is required not only
turning of its configuration but also turning of its
Unit center to simulate indeed the actual operation.

Now, contour X is considered to be a Unit, and
a new contour converted from X by command is
denoted I'(A; w; X). Where, w is parameter inci-
dental to command A. For example, if we consider
contour X to be the test-tube holder and definite A
and w as follows:

A=turning of the Unit: and
w=130°,

then, Fig. 5(a) will be converted to I'(A,w,X),that
is, (b).

Next, in the case of U'~ U, since #tj, =M=
1 as shown in the above-mentioned derivative proc-
ess, if either of U’ and U' is operated, the other
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Fig. 6 Automatical positioning of a Principal Unit.

(h)

Fig. 7 Expansion and contraction of a diagram.
note: Dots and arrows show the Unit centers
and the axes. respectively.

should be operated in the same way.

Attributes of Principal Unit. Principal Unit is given
2 attributes of Unit center and Unit axis. At the
time of calling up the relevant Principal Unit on the
screen, if a Unit on the screen is designated as the
superordinate Unit, the Principal Unit will be de-
picted so that its Unit center and Unit axis may
correspond with those of the superordinate Unit.
Fig. 6(a) shows Principal Unit of the test-tube
holder. We will call up it on the screen, and after
declining it as in Fig. 6 (b) we will call up the test
tube of Fig. 4 (a) on the screen. Then, if we desig-
nate the test-tube holder to be the superordinate
Unit to the test tube, the latter will automatically be
positioned as in Fig.6 (¢) without any detailed
position adjustment.

Function of expansion and contraction. We give
Unit(s) a function of expansion and contraction in
the axial or vertical direction. For example, if we
turn the test tube of the above-mentioned Fig. 4 (a)
in the way as shown in Fig. 7 (a) and expand it at
1.5 times in the vertical direction to the axis, we
will obtain Fig. 7 (b). That is, when the diameter of
the test tube needs to be depicted a little larger for
inserting a thermometer into tube, this function can
be used .

Discussions

In this study we have developed an education-

material graphics mainly of the field of chemical experi-
ments by using Personal Computer PC-9801 E system.
Discussions on operationality and productivity of the
graphics can be summarized as follows.

i)

We decompose a basic diagram into Blocks and
Units, assign Block numbers and Unit numbers to
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each of Blocks and Units respectively, and give
relations of superordination and coordination to
Units in accordance with the necessity. However,
since these kinds of information are difficult to
display on the screen, there have occurred cases
where the relation-between 2 Units and the Block
numbers have become indistinct. Therefore, we
have employed the following procedure to prevent
these difficulties: in advance, the basic diagram is
roughly depicted on the auxiliary sheet, and when
decomposing it into diagramatic units, Block num-
bers and the like are written in; after that, at each
time when relations are given to Units in depicting
a diagram, the information of the relations are also
written in on the sheet; and when a Block is
operated, its number is confirmed with the auxiliary
sheet.

ii) In this study stratification of commands has been
tried, as we have put emphasis on the productivity
of material development and the operationality of
diagrams. This characteristic, however, often
causes a confusion in the operation procedure.
Therefore, we have-arrived at the conclusion that
we should give sufficient instruction in advance to a
new user, constantly display command levels on the
screen and-take other necessary means.

iii) The graphics system was executed by several
student-techers as a trial. Two problems described
above were picked up from the executions. Because
all of them were the new users and the system
concept is not simple, it looked like to be somewhat
difficult for them to operate it without the author’s
instruction. As a whole, the system will be used
more efficiently if some sort of instructional manual
is made.

5. Postscript

This paper has discussed the approach of an educa-
tion-material graphics. There, a chemical experiment
model in science instructional materials has been stud-
ied as an example, characteristics of the diagram has
been understood and, based on the results, an education
-material graphics has been developed focussing on
giving levels to operation commands, and stratification
of, attributes giving to and filing register of logical
diagrammatic units. Problems concerning oper-
ationability of the system have also been discussed.

As above, a field in which diagrams can be handled
comparatively easy with a computer has been examined
in this study. However, in earth sciences and biology we
very often use, as the same port of science instructional
materials, actual data and configurations rather than
modelled diagrams, that will make it necessary to exam-
ine the problems of image treatment, This will also give
rise to a new subject of an education-material graphics
linked with image data base.
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Fig. 3 How to deal with intersecting line segments.
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